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Abstract. Against the backdrop of the digital economy, the issue of information
product piracy has become increasingly complex due to technological empower-
ment, seriously undermining the legitimate rights and interests of legitimate plat-
forms and their enthusiasm for innovation. This study constructs a game model
involving the government, legitimate platforms, pirate platforms, and heteroge-
neous consumers, incorporating Salience Theory and network externalities. Four
policy combinations are designed: Weak Regulation + No Incentive (WN), Weak
Regulation + Incentive (WI), Strong Regulation + No Incentive (SN), and Strong
Regulation + Incentive (SI). The research systematically analyzes the impact
mechanisms of platform quality innovation level, penalty intensity, consumers’
salience thinking degree, and the strength of network externalities. This paper
provides a systematic solution for digital platform piracy governance featuring
“quality innovation as the core, policy combinations as the means, and demand-
side guidance as the supplement.”

Keywords: Digital Platforms; Piracy Governance; Policy Combinations; Sali-
ence Theory; Network Externalities; Numerical Simulation

1 Introduction

As a key force reshaping global factor resources and economic structures, the digital
economy is driving profound transformations in production, lifestyle, and governance
models. China’s digital economy has entered a new stage of in-depth application, stand-
ardized development, and inclusive sharing. Against the backdrop of the booming dig-
ital economy, information products, as the core carrier, have witnessed continuous mar-
ket expansion. In 2024, China’s software and information technology service industry
achieved software business revenue of 13.7276 trillion yuan, a year-on-year increase of
10.0%, with total profits reaching 1.6953 trillion yuan, a year-on-year increase of 8.7%

© The Author(s) 2026

T. Benazzouz et al. (eds.), Proceedings of the 2025 7th International Conterence on Economic Management and
Model Engineering (ICEMME 2025), Advances in Economics, Business and Management Research 375,
https://doi.org/10.2991/978-94-6239-602-9_34


https://doi.org/10.2991/978-94-6239-602-9_34
http://crossmark.crossref.org/dialog/?doi=10.2991/978-94-6239-602-9_34&domain=pdf

362 N. Zhao et al.

(Data source:
https://www.miit.gov.cn/jgsj/yxj/xxfb/art/2025/art 82c3dba8d5f442beb4c49b04{bfd0
e33.html). The rapid expansion of user scale and the widespread penetration of digital
technologies have brought enormous profit potential to the information product market,
while also triggering fierce competition. Product and service innovation has become
crucial for legitimate platforms to attract traffic and enhance core competitiveness.
However, the characteristics of information products-ease of replication and low mar-
ginal costs—coupled with the concealment and fragmentation of infringement methods
empowered by digital technologies, have made piracy more difficult to curb in the dig-
ital economy context. Phenomena such as “second-level reprinting” of short videos,
high-quality counterfeiting of micro-dramas, and illegal dissemination of audio-visual
resources are rampant. These not only harm the legitimate rights and interests of legit-
imate platforms but also severely dampen innovation enthusiasm and disrupt the digital
economic ecosystem. Moreover, piracy governance in the digital economy faces dual
challenges: on the one hand, network externalities amplify the impact of user scale on
product value, enabling pirate platforms to quickly accumulate users through low-cost
replication and form competitive checks and balances with legitimate platforms; on the
other hand, the diversification of digital product forms (e.g., software, audio-visual con-
tent, data services) has intensified the differentiation of consumer preferences. The co-
existence of price-sensitive and quality-sensitive groups provides a living space for pi-
rated products.

Existing research on information products has analyzed the formation logic and key
influencing factors of digital piracy from multiple perspectives, including market sub-
ject behavior, consumer psychology and decision-making, and market environment
characteristics. On the supply side, Jin et al.(2022) combined the bundling strategy of
information products with piracy issues, exploring the inhibitory or catalytic effects of
bundling models on piracy through theoretical analysis, which provides a new perspec-
tive for understanding the correlation between digital product marketing models and
piracy governance . Peng et al. (2023) focused on the key variable of legal protection
intensity, analyzing the impact of piracy on digital commodity market decisions under
different contract forms, and revealing the interaction mechanism between institutional
environment and market behavior. On the consumer behavior front, Koay et al. (2022)
verified through empirical research the predictive effect of consumers’ past piracy ex-
perience on their subsequent behavior, highlighting the driving role of behavioral iner-
tia in piracy diffusion. Yi et al. (2022) explored the synergistic mechanism between
product display strategies and anti-piracy measures based on the theory of consumer
valuation uncertainty, providing theoretical support for enterprises to accurately re-
spond to consumer decision-making uncertainty. The Salience Theory proposed by
Bordalo et al. (2013) offers an important perspective for explaining consumer choice
behavior. Zhao et al. (2025) used this theory to study the free strategy choices of soft-
ware enterprises under the influence of internal and external factors, indirectly reflect-
ing the impact of consumer preference characteristics on information product strategy
choices. In addition, Kim et al. (2018) revealed the “invisible hand” role of piracy in
the market through economic analysis from the perspective of the information product
supply chain, expanding the understanding of the piracy industry ecosystem. Dey et al.
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(2019) focused on the law enforcement spillover effect of online piracy, analyzing the
restrictive effect of law enforcement intensity on piracy behavior, and providing refer-
ence for institutional-level governance.

Existing studies have proposed targeted piracy governance strategies from multiple
levels, including enterprises, platforms, technology, and law. At the enterprise strategy
level, Ma et al. (2022) studied the choice of online sales models for information prod-
ucts under the threat of piracy, providing decision-making basis for enterprises to opti-
mize channel layout and reduce piracy impact. Wu et al. (2008) discussed version dif-
ferentiation and piracy control strategies for digital information products, emphasizing
the enhancement of legitimate product attractiveness through differentiated product de-
sign. Guo et al. (2020) focused on the upgrading strategies of information products
under the influence of piracy, providing ideas for enterprises to maintain market com-
petitiveness and innovation motivation under piracy pressure. Nie et al. (2022) regarded
piracy as an entry deterrence strategy in the software market, analyzing the market
game logic of enterprises using piracy to prevent new competitors from entering, which
enriches the understanding of enterprises’ non-traditional competitive strategies. At the
platform governance level, Bender et al. (2021) focused on music streaming platforms,
studying how platforms attract creators through incentive mechanisms to improve the
quality of legitimate content supply and inhibit piracy. He et al. (2022) analyzed the
relationship between platform dynamic incentives, consumer adoption, and digital con-
tent innovation based on a three-agent evolutionary game model, providing a theoreti-
cal framework for platforms to optimize governance mechanisms and coordinate vari-
ous forces to participate in piracy governance. At the technology and legal level, Pun
et al. (2021) proposed the application of blockchain technology in combating counter-
feit products, providing a new technical path for digital product copyright protection.
Wu et al. (2020) discussed the implementation effect of Digital Rights Management
(DRM) technology, exploring the decision-making logic of enterprises on whether to
adopt this technology for piracy control. Li et al. (2021a) took the digital publishing
industry as the research object, empirically analyzing the relationship between digital
piracy, creative productivity, and enterprise customer service investment, providing
empirical support for formulating governance strategies at the industry level.

In the digital economy era, the interaction between innovation and piracy has be-
come more complex. Relevant studies focus on their mutual influence and collaborative
governance. At the innovation incentive level, Mariani et al. (2020) emphasized the
important role of big data analytics enterprises in the digital innovation of consumer
goods companies, providing a perspective for understanding innovation models em-
powered by digital technologies. Liu et al. (2020) constructed a theoretical framework
for digital innovation management, laying the foundation for exploring the collabora-
tive path between innovation and piracy governance. Gostrec et al. (2024) conducted
preliminary research on digital innovation taking the Croatian music industry as the
research object, providing a case reference for the combination of innovation and piracy
governance in specific industries. At the policy and market mechanism level, although
Yang et al. (2021) and Li et al. (2021b) focused on the field of green products, their
research on the impact of government subsidies on technological innovation and market
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coordination provides indirect reference for coordinating innovation incentives and pi-
racy governance through policy tools in the digital product field. Hu et al. (2020) stud-
ied information disclosure and pricing strategies in online product sales, providing ref-
erence for digital product enterprises to balance innovation returns and piracy govern-
ance through market mechanisms.

In summary, current research has the following limitations: First, most studies do
not fully combine the development characteristics of the digital economy, and insuffi-
cient attention is paid to the new forms and mechanisms of piracy behavior empowered
by network externalities and digital technologies. Second, government regulation is re-
garded as an exogenous variable, and the government is not included as a game subject
for interactive analysis with legitimate and pirate platforms, making it difficult to reflect
the dynamic process of collaborative governance practices. Third, research on piracy
governance and innovation incentives is mostly carried out separately, ignoring the co-
ordination of policy formulation in the digital economy, and rarely considering the dual
impact of consumers’ internal preference heterogeneity and external network external-
ities, resulting in policy recommendations lacking pertinence to the demand structure
of the digital market.

Based on this, this study is based on the background of digital economy develop-
ment, incorporates the government as a copyright governance subject into the game
model, integrates Salience Theory and network externalities, and focuses on solving
the following issues: (1) under the dual influence of consumers’ internal preferences
and network externalities in the digital economy scenario, how do the pricing and qual-
ity decisions of legitimate and pirate platforms adjust? (2)When the government aims
to reduce the market share of piracy, how to optimize the “regulation-incentive” col-
laborative policy by combining the consumer preference structure and network exter-
nality intensity of the digital market? (3)When the government aims to maximize social
welfare, what is the dynamic adjustment path of regulatory and incentive policies under
different piracy levels, preference structures, and network externality scenarios?

2 Problem Description and Model Assumptions

2.1  Problem Description

This study constructs an information product market consisting of 1 legitimate plat-
form, 1 pirate platform, the government, and heterogeneous consumers. The legitimate
platform improves the quality innovation level through technological, product, and ser-
vice innovation, thereby affecting consumer utility. The pirate platform copies legiti-
mate content through technologies such as OCR and web crawlers, providing pirated
products without brand and after-sales services. Consumers are divided into price-sen-
sitive and quality-sensitive types, and choose to purchase legitimate products, pirated
products, or not purchase based on utility maximization. The government combats pi-
racy through fines and encourages legitimate innovation through subsidies, forming
four policy combinations: Weak Regulation + No Incentive (WN), Weak Regulation +
Incentive (WI), Strong Regulation + No Incentive (SN), and Strong Regulation + In-
centive (SI).
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By constructing a game model of the above subjects, this study solves the equilib-
rium solutions under different policy combinations, analyzes the impact of policies on
product prices, demand, profits, consumer surplus, and social welfare, explores the
mechanism of action of quality innovation level, piracy level, penalty level, salience
thinking degree, and network externality intensity, and provides a basis for government
policy formulation.

2.2  Model Assumptions

(1) Consumers are divided into price-sensitive (assigning higher weight to price) and
quality-sensitive (assigning higher weight to quality) types, accounting for w and 1 —
w respectively (0 < w < 1).

(2) Consumer preferences: Based on Salience Theory, the degree of salience think-
ing ¢ is introduced (§ € (0,1)). The smaller § is, the higher the weight consumers as-
sign to preferred attributes. For example, the weight coefficient of quality for quality-

o .2 . . T .
sensitive consumers is —, and the weight coefficient of price is s the weight coef-
ficient of price for price-sensitive consumers is 1i_5’ and the weight coefficient of qual-
26

1+68°

(3) Network externalities: Expressed by intensity y, consumer utility increases with

the platform’s user scale (demand D). The impact of network externalities on legitimate
products is y D,,q.,, and on pirated products is ¥y D,.q,-.

(4) Product quality: The quality of legitimate products q,, = e (e is the quality in-
novation level, e > 0), covering generalized dimensions such as product quality, brand
effect, and after-sales service; the quality of pirated products q,- = Se (B is the piracy
level, 0 < f < 1), without brand and after-sales service, and the quality is always lower
than that of legitimate products.

(5) Consumer utility and choice: Consumers’ valuation of product quality 8 € [0,1],
following a uniform distribution. Purchasing pirated products requires bearing hidden
costs k (including investigation risks, information leakage risks, etc.); consumers only
choose a single version of the product or not purchase, and there is demand for both
legitimate and pirated products in the market (D,,, > 0, D,- > 0).

(6) Government policies: Under strong regulation, pirate platforms are fined ap,,D,
(a is the penalty level); there is no fine under weak regulation. Under incentive policies,
legitimate platforms are given innovation subsidies ue®D,, (u is the incentive level);
there is no subsidy under non-incentive policies.

(7) Cost setting: The marginal cost of legitimate platforms consists of innovation
costs (replication costs are normalized to 0), and the total innovation cost is €2D,,,; pi-
rate platforms only bear replication costs (normalized to 0) and no subsequent upgrade
and maintenance costs.

ity is

2.3 Symbol Explanation

The symbols are explained in Table 1.
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Table 1. Symbol Explanation

Sz:ll- Explanation
s Consumers’ degree of salience thinking; the smaller § is, the higher the weight on
preferred attributes
y Intensity of network externalities
e Quality innovation level of legitimate platforms (e > 0) (decision variable)
B Piracy level of pirate platforms (0 < f < 1)
a Government’s penalty level on pirate platforms
Government’s innovation incentive level on legitimate platforms (decision varia-
H ble)
W Proportion of price-sensitive consumers (0 < w < 1)
Qm/qr Quality of legitimate/pirated products (q,,, = e, g, = fe)
Dm/Dr Sales price of legitimate/pirated products (decision variable)
Dy, Market demand for legitimate/pirated products (total demand is the sum of de-
/D, mand from two types of consumers)
Ty [Ty Profit of legitimate/pirate platforms
cs Consumer surplus (sum of consumer sprplus of two types of consumers on legiti-
mate and pirate platforms)
sw Consumer surplus + profit of legitimate platforms + government fine income -
government incentive expenditure

Note: i € {WN,WI,SN, SI}, representing Weak Regulation + No Incentive, Weak
Regulation + Incentive, Strong Regulation + No Incentive, and Strong Regulation +
Incentive policies respectively.

3 Model Construction

3.1 Consumer Utility and Market Demand

Utility Function Setting. Combining the characteristics of Salience Theory and net-
work externalities, consumers are divided into price-sensitive and quality-sensitive
types, and their utility functions for purchasing legitimate and pirated products are con-
structed respectively. For price-sensitive consumers (assigning higher weight to price,

with a price weight coefficient of ;—6 and a quality weight coefficient of %): Utility
of purchasing legitimate products: Uy, ,, = 6 -%qm +¥Dpqm — ;—Epm; Utility of
purchasing pirated products: U, = 0 -%qr + yD,.q, — p — k. For quality-sensitive
2
s 146
and a price weight coefficient of 12+—8): Utility of purchasing legitimate products: Uy n, =

consumers (assigning higher weight to quality, with a quality weight coefficient of

0 -13_—6qm +¥Dp G — %pm ; Utility of purchasing pirated products: U, =0 -

142__6%“ + VDrQr —DPr— k.

Where 6 is consumers’ valuation of product quality (following a uniform distribu-
tion over [0,1]), & is consumers’ degree of salience thinking (the smaller § is, the more
significant the preference), ¥ is the intensity of network externalities (the larger y is,
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the stronger the network externalities), g, is the quality of legitimate products, e is the
innovation level. To highlight and compare the quality difference between legitimate
and pirated products, this study assumes q,, = e, q,, = e (quality of pirated products,
B is the piracy level, 0 < f < 1); p,, and p, are the prices of legitimate and pirated
products respectively; k is the hidden cost of pirated products (including investigation
risks, information leakage, etc.).

Derivation of Market Demand. The consumer choice boundary is divided by solving
the “utility indifference point”. Combined with the market share of the two types of
consumers (price-sensitive accounting for w, quality-sensitive accounting for 1 — w),
the demand function is derived:

Solution of indifference points for price-sensitive consumers:

Let U, , = Uy, the indifference point between legitimate and pirated products is

2
ml’m‘pr‘*k*’y(DQO_DrQr)

solved as: 6, = . When 8 > 6,, consumers choose legitimate

124,_65(51171—617')
products; when 8 < 6, they tend to choose pirated products. Let U, . = 0, the indif-

. . . +k—yD
ference point between pirated products and non-purchase is solved as: 8, = W

T+6dr
When 6 < 8, consumers abandon purchase due to insufficient utility of pirated prod-

ucts.
For quality-sensitive consumers, similarly, the indifference point between legitimate

28

ml’m—pr*‘k‘ﬂ’([’mqm_[)rqr)

and pirated products is solved as: 8,/ = , and the indifference

1_3_5(Qm_51r)
point between pirated products and non-purchase is: 8,y = m.
T+adr
Price-sensitive market: D,,,,, = w(1 —6;), Dy, = w(8; — ) ; Quality-sensitive
market: Dy, = (1 — w)(1 —0y7), Dgr = (1 — w)(8y — Byr); Total demand: D, =

Dpm + Dy Dy = Dy + Dy .

3.2 Platform Profit Functions

Profit Function of Legitimate Platforms. The profit of legitimate platforms comes
from product sales revenue minus innovation costs. If the government implements in-
novation incentive policies, additional subsidy income is obtained, which is specifically
divided into two scenarios:

Non-incentive policies (Weak Regulation + No Incentive WN, Strong Regulation +
No Incentive SN):

b = (Bl — €Dk

Where e?D}, is the innovation cost, which is positively correlated with the innova-
tion level e and sales volume D}, reflecting the industry characteristic of “high inno-
vation and high investment”.

Incentive policies (Weak Regulation + Incentive WI, Strong Regulation + Incentive
SI): }, = (p, — e*)DL, + ue?D},.
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Where  is the government’s innovation incentive level, and ue?D}, is the innova-
tion subsidy, which directly covers part of the innovation cost to encourage platforms
to increase R&D investment.

Profit Function of Pirate Platforms. Pirate platforms have no innovation costs, and
their profits come from product sales revenue. Under strong regulatory policies, gov-
ernment fines need to be deducted, which is specifically divided into two scenarios:

Weak regulatory policies (WN, WI): } = pLD}

Strong regulatory policies (SN, SI): } = piD} — apt,Di

Under strong regulation, the government imposes fines on piracy (a > 0), and the
fine amount is positively correlated with the price of legitimate products pi, and the
sales volume of pirated products D/.

The difference in profit functions between the two types of platforms reflects the
orientation of policies— incentives for legitimate platforms are “positive empower-
ment”, while penalties for pirate platforms are “negative constraints”. The government
can achieve the dual goals of “encouraging innovation” and “restraining piracy” by
adjusting the ratio of u and a; legitimate platforms can adjust their innovation invest-
ment and pricing strategies according to government policies, while pirate platforms
need to balance sales volume and fine costs to avoid violation risks.

3.3  Government Objective Function

The government’s decision-making objectives are divided into two categories, corre-
sponding to different policy orientations, as follows: Objective of reducing piracy
Dy
DL, +DL
ulation, with the core of compressing the market share of pirated products through pol-
icy intervention and safeguarding the legitimate rights and interests of legitimate plat-

forms.

Objective of maximizing social welfare: SW' = CS' + nt, + apl, D} — ue?D}, .
This objective balances the interests of multiple parties, where CS* is consumer surplus
(including the utility surplus of two types of consumers), 7}, is the profit of legitimate
platforms, ap}, D¢ is government fine income, and pe?D}, is government incentive ex-

share: min This objective focuses on copyright protection and market order reg-

penditure. The specific expression of consumer surplus is: CS' = w (f:ol Uy, do +

1 6. 1
Jy. Upm d0) + (1 - ) (feol, Ugrd9+ fy Uqm do).

4 Game Decision Sequence and Equilibrium Solution

4.1 Decision Sequence

Following the sequential game logic of “government — legitimate platform — pirate
platform — consumers”, the specific decision-making process is as follows: Phase 1:
The government determines the policy combination, including regulatory intensity
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(weak regulation a = 0 / strong regulation ¢ > 0) and innovation incentive level (in-
centive y > 0/ no incentive ¢ = 0), forming four policies: WN, WI, SN, and SI. Phase
2: Based on government policies, legitimate platforms formulate product pricing p,,
and quality innovation level e to maximize their own profits. Phase 3: After observing
the decisions of legitimate platforms, pirate platforms formulate product pricing p, to
maximize their own profits (considering fine costs under strong regulation). Phase 4:
Consumers make choices between legitimate products, pirated products, and non-pur-
chase based on the principle of utility maximization, forming the final market demand.
This study uses backward induction to solve the subgame perfect equilibrium, deducing
from consumer demand to government policies.

4.2  Weak Regulation + No Incentive Policy (WN)

The Weak Regulation + No Incentive policy means that the government neither im-
poses punitive measures on pirate platforms (& = 0) nor provides innovation subsidies
to legitimate platforms (1 = 0), relying entirely on market spontaneous regulation to
adjust the competitive relationship between legitimate and pirate platforms. The gov-
ernment only acts as a passive maintainer of market order and does not actively inter-
vene in platform decisions and market supply and demand. The optimal equilibrium
results under this policy are:

. - . . Sk(1-B)+yBeWN* 5w

Optimal pricing of pirate platforms: p/V* = 0 OB e

Optimal pricing and innovation level of legitimate platforms:

1+8)(eWN 2=y (1-B))+yeW N p+ks)
2(2-y(1-p)(1-6)

eWN* — k(1+8)2-y(1-B))
4(2-y(1-B)(1-8)

Optimal demand and profit:

WN+ _
Pm

DWNx — A-w)2-y(A-B)+ws(2-vB)
m 2(2-y(1-p)(1-96)

DN = w(8, — 6p) + (1 — w)(0y — By)

2
TN = (ol — eI DI

WNx*

— AWN*x nWNx*
Ty =Dr Dr

Under the scenario of weak regulation and no incentive, the market relies entirely on
spontaneous competition. The innovation level and pricing of legitimate platforms are
positively correlated, while pirate platforms seize the price-sensitive market through
low-price strategies; the improvement of network externalities will simultaneously ex-
pand the demand for both types of products, but due to the marginal cost advantage, the
demand growth of pirated products is more significant.
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Corollary 1: The increase in the innovation level e of legitimate platforms will raise
the prices of both types of products, reduce the demand for legitimate products, and
increase the demand for pirated products (because the increase in e pushes up the pric-
ing of legitimate products, and price-sensitive consumers switch to pirated products);
when the intensity of network externalities y increases, the demand for both legitimate
and pirated products rises, and the demand growth in the quality-sensitive market is

greater than that in the price-sensitive market (the weight coefficient 1J2r—5 of quality-

sensitive consumers has a more significant transmission effect on network effects); the
increase in the proportion of price-sensitive consumers w will increase the demand for
pirated products and decrease the demand for legitimate products.

Therefore, for the government: The weak regulation and no incentive policy is only
applicable to markets with low piracy (f < 0.3) and low price sensitivity (w < 0.4). If
the proportion of price-sensitive consumers in the market is too high or the piracy level
is high, it is likely to trigger rampant piracy, and timely regulatory intervention is re-
quired to avoid the continuous weakening of legitimate innovation motivation. For le-
gitimate platforms: They need to focus on the quality-sensitive niche market, build dif-
ferentiated advantages by enhancing the innovation level e, such as improving product
function integrity and after-sales service quality, and avoid falling into low-price com-
petition with pirate platforms; at the same time, they can amplify network externalities
by cultivating user communities and enhancing product synergy to offset the price ad-
vantage of piracy.

4.3  Weak Regulation + Incentive Policy (WI)

The Weak Regulation + Incentive policy means that the government does not punish
pirate platforms (¢ = 0), but encourages legitimate platforms to increase R&D invest-
ment and improve product quality innovation level by providing innovation subsidies
(1> 0).

Government’s optimal incentive level: uV* = Q=9EyQ-p)

2eWI¥*
Optimal pricing and innovation level of legitimate platforms:

I — 1+8)W 2-ya-B)+yeW! p+rs)—2uW W (146)
" 2(2-y(1-p)(1-8)

eWI* — k(1+8)2-y(1-B))
4(2-y(1-B)(1-8))-2(1-6)(1+6)

. . . . L WIs S(k+yBeW w)
Optimal pricing of pirate platforms: p;/""* = D) AP TBAT5)e)

Optimal demand and profit:

(1-0)2-y(1-B)+ws2-yB)+2u"* (1+8)w
2(2-y(1-B)(1-6))

Wix _

Dy =

WIs _ Wi W2 WI*
Tm = (pm —e +u

wt = p DY

2
eWI* )D;/nVI*
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Incentive policies reduce the pricing pressure of legitimate platforms by subsidizing
innovation costs, achieving the dual effects of “price reduction + quality improvement”;
the optimal incentive level y is negatively correlated with the innovation level e, re-
flecting the logic of “targeted subsidies”, that is, tilting more resources to platforms
with weaker innovation capabilities.

Corollary 2: The optimal incentive level u is negatively correlated with the innova-
tion level e (the lower e is, the greater the government subsidy intensity to reduce the
innovation threshold of legitimate platforms); u is negatively correlated with § (the
smaller § is, the higher the consumers’ degree of salience thinking, the greater the pref-
erence for a certain attribute, and thus the higher the incentive level required, and the
longer the return cycle of innovation investment); when e is lower than the threshold
e, incentive policies will reduce the pricing of legitimate products, increase the de-
mand for legitimate products, reduce the demand for pirated products, and decrease the
piracy share; when e is higher than e;, incentive policies will push up the pricing of
legitimate products (due to increased pressure to recover innovation costs), and the pi-
racy share will instead rise; the larger y is, the lower the threshold e; (network effects
amplify innovation returns and reduce the effective innovation level threshold of incen-
tive policies).

For the government, when implementing the weak regulation and incentive policy,
it is necessary to establish a “dynamic monitoring mechanism for innovation level”—
increase subsidy intensity for legitimate platforms with weak innovation capabilities
(e < ey) to help them quickly seize the market; appropriately reduce incentives for plat-
forms with high innovation levels (e > e;) to avoid excessive pricing due to over-sub-
sidy; at the same time, cultivate network effects (such as building a cross-platform user
interaction ecosystem) to reduce the threshold e; and expand the effective coverage of
policies. In addition, it is necessary to set the applicable boundary of incentive policies.
When the piracy level § > 0.4, simple incentives are difficult to curb piracy, and reg-
ulatory measures need to be combined. For legitimate platforms, they should actively
use government subsidies to reduce pricing, attract price-sensitive consumers, and in-
crease R&D investment to improve e, forming a combined advantage of “low price +
high quality”; for quality-sensitive consumers, they can focus on promoting innovative
functions and product value to further expand market share. Subsequent numerical sim-
ulations will focus on verifying the advantages of this policy under different innovation
levels and consumers’ degree of salience thinking, especially whether its performance
in promoting social welfare is consistent with theoretical inferences.

4.4  Strong Regulation + No Incentive Policy (SN)

The Strong Regulation + No Incentive policy means that the government imposes strict
penalties on pirate platforms (a > 0), curbing piracy by levying fines linked to the price
of legitimate products and the sales volume of pirated products, but does not provide
innovation subsidies to legitimate platforms (4 = 0). The optimal equilibrium results
under this strategy are as follows:

. .. . oNs _ Sk(1=R)+yBeSNT sw+a(1+8)psN*(1-p)
Optimal pricing of pirate platforms: p;"* = (L4 8) @B~y B (L16))




372 N. Zhao et al.

Optimal pricing and innovation level of legitimate platforms:

shx _ 48N 2—y-p)+yeSN p+ks) +aeSN (146)8
Pm- = 22y (1-B)(1-8)+aB(1+5))

oSN = k(1+6)(2=y(1-))
42-y(1-B)(1-8) +ap(1+8)

Optimal demand and profit:

DSN* — (A-w)2-y(1-B)+wé(2-yB)+a(1+5)Bw
m 2(2-y(1-B)(1-8)+aB(1+6)

2
T = (R — e D"

T = (2 — ap D

Strong regulation raises the cost of piracy through punishment mechanisms, forcing
pirate platforms to raise prices and creating a fair competitive environment for legiti-
mate platforms; both the pricing and demand of legitimate platforms increase with the
increase of penalty level a, but consumer surplus is damaged due to rising pricing, pre-
senting a situation of “piracy suppression - consumer welfare loss”.

Corollary 3: The increase in penalty level a will raise the pricing of pirated products
(passing on fine costs), reduce demand, and increase both the pricing and demand of
legitimate products; the inhibitory effect of & on pirated demand is more significant
when consumers’ degree of salience thinking is greater (§ is smaller) (price-sensitive
consumers are more sensitive to the price increase of pirated products, and quality-
sensitive consumers have higher quality requirements); network externalities y are pos-
itively correlated with legitimate demand and negatively correlated with pirated de-
mand, and the larger « is, the more significant the inhibitory effect of y on pirated de-
mand (punishment + network effects form a double squeeze).

Therefore, the strong regulation and no incentive policy is more suitable for markets
with a larger proportion of price-sensitive consumers. It can quickly curb the spread of
piracy by increasing the penalty level a; however, it should be noted that this policy
will push up the pricing of legitimate products, which may harm consumers’ interests.
Therefore, it is necessary to combine a “price constraint mechanism for legitimate plat-
forms” (such as setting price caps and requiring public disclosure of cost composition)
to avoid excessive pricing; at the same time, guide legitimate platforms to increase in-
novation investment, especially for markets with a larger proportion of quality-sensitive
consumers, offsetting the negative impact of rising pricing on demand through the im-
provement of e. In addition, the setting of @ needs to balance the piracy suppression
effect and market affordability, and balance the interests of multiple parties. For legiti-
mate platforms, they should seize the market opportunities brought by strong regula-
tion, moderately increase pricing to recover innovation costs, and increase R&D invest-
ment to improve e and strengthen quality advantages; for price-sensitive consumers,
they can launch tiered pricing strategies (such as basic version + premium version) to
lower the entry threshold.
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4.5  Strong Regulation + Incentive Policy (SI)

The Strong Regulation + Incentive policy is a “combined intervention policy” of the
government, which not only imposes penalties on pirate platforms (¢ > 0) to directly
curb piracy but also provides innovation subsidies to legitimate platforms (u > 0) to
enhance their product competitiveness. Under this policy, the optimal equilibrium re-
sults are as follows:

Government’s optimal policy parameters:

six — _ B@y(A-F)
(1+8)(B+w(1-5))

_ 1=9@-y(a-p)+a’""p)
H ZeSI*

Optimal pricing and innovation level of legitimate platforms:

st (A+8)(eST 2y (1= +yeSI” B+k8) —2uST ST (14.8) +aS*eSI (14.6) B
mo 22-y(1-B)(1-8&)+aST*B(1+6))
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Optimal pricing of pirate platforms: pS'*
Optimal demand and profit:
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The “punishment + incentive” combination achieves dual goals—punishment curbs
piracy supply, and incentives enhance legitimate competitiveness, forming a synergistic
effect of “cracking down + supporting”; the policy effect is constrained by the thresh-
olds of e and a, showing “win-win” or “partial optimization” results in different sce-
narios.

Corollary 4: When the innovation level e is lower than the threshold e, and the pen-
alty level a is lower than a4, the policy combination will simultaneously reduce the
pricing of both legitimate and pirated products (incentives cover part of the innovation
costs, and penalties limit the price increase space of pirated products), increase legiti-
mate demand, reduce pirated demand, and improve social welfare; when e is higher
than e, and a is higher than a, the pricing of legitimate products decreases but the
pricing of pirated products increases (pirated products are forced to pass on more costs
under high penalties), the growth rate of legitimate demand is less than the decline rate
of pirated demand, and the total market size shrinks but the piracy share decreases; the
smaller § is (the greater the consumers’ degree of salience thinking), the higher the
threshold @, (higher penalty intensity is required to cooperate with incentive policies
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to offset the attractiveness of piracy due to price preferences); the larger y is, the lower
the threshold e, (network effects strengthen the innovation returns of incentive policies
and reduce the optimal innovation level threshold).

The policy combination is the optimal choice for high-piracy scenarios. At the same
time, network effects (such as promoting platform interconnection and data sharing)
are used to reduce the threshold e,, enabling more small and medium-sized legitimate
platforms to develop through the policy combination. In addition, it is necessary to
guard against the risk of market shrinkage under the scenario of high a + high e.
Measures such as issuing consumption vouchers and subsidizing the use cost of legiti-
mate products can be adopted to expand the market size, achieving a multi-objective
balance of “piracy suppression, innovation improvement, and welfare guarantee”. For
legitimate platforms: They should fully utilize the dividends of government incentives
and regulation, increase R&D investment to improve e, and expand user scale with the
help of network effects, forming a positive cycle of “innovation - users - revenue”;
launch differentiated services for consumers with different preferences to further con-
solidate market position. As a combined policy, its synergistic effect will be verified
through cross-analysis of multi-parameter changes in subsequent numerical simula-
tions, providing a more accurate basis for policy adaptation.

4.6  Core Inferences and Management Implications of Policy Equilibrium
Comparison

Corollary 5: Weak regulatory policies (WN/WI) are more suitable for scenarios with
low piracy (8 < 0.3) and low network externalities (y < 0.5), where policy costs are
low and consumer welfare losses are small; strong regulatory policies (SN/SI) are more
suitable for scenarios with medium to high piracy (f = 0.3) and medium to high net-
work externalities (y = 0.5), which can quickly curb the spread of piracy, but the reg-
ulatory intensity and consumer burden need to be balanced.

Corollary 6: Consumer preference structure (8, w) determines the direction of policy
adaptation: when § < 0.5 (consumers have a relatively high degree of salience think-
ing), emphasis should be placed on punishment («); when § > 0.5 (consumers have a
relatively low degree of salience thinking), emphasis should be placed on incentives
(u); when w > 0.6 (a higher proportion of price-sensitive consumers), policies should
be based on strong regulation to avoid rampant piracy; when w < 0.4 (a higher propor-
tion of quality-sensitive consumers), incentive policies can be prioritized to improve
legitimate competitiveness through innovation.

Government policy formulation needs to establish a “three-dimensional adaptation
framework”—based on the piracy level £, guided by the consumer preference structure
(8, w), and regulated by network externalities y, dynamically adjusting regulatory in-
tensity and incentive efforts to avoid “one-size-fits-all”; legitimate platforms need to
accurately identify the preference characteristics of the target market, optimize pricing
and innovation strategies in a targeted manner, and maximize policy dividends; at the
entire market level, the core of the policy combination is to guide resources to concen-
trate on compliant and innovative fields through “encouraging legitimate innovation +
restricting piracy supply”, building a sound industrial ecosystem.
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5 Numerical Simulation

It fixes three groups of parameters respectively and analyzes the marginal impact laws
of a single parameter on the profit of genuine platforms m,,, the profit of pirated plat-
forms m,., consumer surplus CS, and social welfare SW. The policy types include four
categories: Weak Supervision + No Incentive (WN), Weak Supervision + Incentive
(WI), Strong Supervision + No Incentive (SN), and Strong Supervision + Incentive

(SI).

5.1 Impact of Platform Quality Innovation Level e

The impact of the innovation level is shown in Figure 1.

P=0.5 a=0.5 5=0.6 y=0.5 P=0.5 a=0.5 5=0.6 3=0.5

P05 a=0.5 5=0.6 7=0.5 . £0.5 a=0.5 50.6 0.5

Fig. 1. Impact of Platform Quality Innovation Level e

As illustrated in Figure 1, under all four policies, 7, increases linearly with e—con-
sistent with the theoretical expectation that quality innovation enhances legitimate plat-
forms’ differentiated advantages. The steepest growth occurs under the SN policy:
strong regulation suppresses pirate competition, allowing legitimate platforms to fully
capture innovation returns. In contrast, the W1 policy shows the gentlest slope because
government subsidies share part of the innovation costs, moderating profit growth. For
7., a linear decline with e is observed across policies, with steeper drops under strong
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regulation (SN/SI). This validates Corollary 1, higher e widens the quality gap between
legitimate and pirate products, and regulatory constraints further squeeze pirate plat-
forms’ market space. Consumer surplus (CS) rises linearly with e, with the largest
growth under the WI policy. This aligns with Corollary 2: quality innovation improves
product utility, while government incentives reduce consumer access costs—creating a
dual boost to CS. Social welfare (SW) also increases with e, and the W1 policy achieves
the highest SW level. The SN policy, however, shows the smallest growth margin, con-
firming Corollary 2’s warning that excessive reliance on regulation (without incentives)
may limit the social welfare gains from innovation.

5.2 Impact of Penalty Level a

The impact of the penalty level a is shown in Figure 2.

P=0.5 €=1.0 506 y=0.5 P=0.5 =10 5-0.6 y=0.5

J=0.5 e=1.0 5-0.6 y=0.5

W

0ISE (—emwn

Fig. 2. Impact of Penalty Level a

Figure 2 reveals that under weak regulation (WN/WI), &,,, and m, are irrelevant to
a—consistent with the theoretical design where weak regulation imposes no penalties,
leaving pirate platforms unconstrained. Under strong regulation (SN/SI), m,, rises lin-
early with a: higher penalties increase pirate platforms’ operational costs, indirectly
enhancing legitimate platforms’ market share and pricing power. The SI policy outper-
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forms SN in m,, because incentives further strengthen legitimate platforms’ competi-
tiveness.For m,., strong regulation leads to a linear decline with a, with a more pro-
nounced drop under SI. This reflects the synergistic effect of “penalty + incentive”
(Corollary 4), which compresses pirate platforms’ profit margins from both supply-side
constraints (penalties) and demand-side shifts (legitimate platforms’ enhanced compet-
itiveness).Consumer surplus (CS) remains stable under weak regulation but decreases
slightly with a under strong regulation. This supports Corollary 3: while strong regula-
tion curbs piracy, it may enable legitimate platforms to exercise monopolistic pricing,
partially eroding consumer welfare.Social welfare (SW) follows a similar trend: stable
under weak regulation but declining linearly with @ under strong regulation. This con-
firms Corollary 4’s caution that excessive penalties can cause social welfare losses,
emphasizing the need to balance anti-piracy efforts with market vitality.

5.3 Impact of Consumers’ Salience Thinking Degree &

The impact of consumers’ salience thinking degree § is shown in Figure 3.

0.5 e=1.0 a=0.5 y=0.5

P0.5 e=1.0 a=0.5 y=0.5

P=0.5 e=1.0 a=0.5 y=0.5 P05 =10 a=0.5 y=0.5

Fig. 3. Impact of Consumers’ Salience Thinking Degree 8

Figure 3 shows that 1, increases linearly with § across all policies. The steepest
growth is under the SN policy: as § rises (consumers become more quality-sensitive),
strong regulation ensures legitimate platforms’ quality advantages are converted into
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profit gains. The WI policy has the gentlest slope, as subsidies reduce the urgency for
legitimate platforms to capitalize on consumer quality preferences. For m,., a linear de-
cline with § is evident, especially under strong regulation. This validates Corollary 1:
higher § amplifies consumers’ sensitivity to pirate products’ quality defects, and regu-
latory constraints accelerate pirate platforms’ user loss. Consumer surplus (CS) in-
creases linearly with &, with the largest growth under the WI policy. This aligns with
Corollary 6: higher § drives platforms to optimize product quality, and incentives lower
access costs—jointly boosting consumer welfare. Social welfare (SW) also rises with
&, with the WI policy achieving the highest SW. This confirms Corollary 6’s insight
that consumers’ salience thinking guides market resources toward high-quality legiti-
mate products, and a balanced “weak regulation + incentive” framework maximizes
this positive effect.

5.4 Impact of Network Externality Intensity y

The impact of network externality intensity y is shown in Figure 4.

Pe0.5 e=1.0 a=0.5 5-0.6

P0.5 e=1.0 a=0.5 5-0.6

P0.5 e=1.0 a=0.5 5-0.6 p05 10 a~0.5 s-0.6

Fig. 4. Impact of Network Externality Intensity y

As shown in Figure 4, m,, increases linearly with y across all policies. The steepest
growth is under the SN policy: strong regulation suppresses piracy, allowing legitimate
platforms to fully leverage scale advantages from network effects. The WI policy has
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the gentlest slope because subsidies reduce the need to rely on network effects for profit
growth. For i, a linear decline with y is observed, with steeper drops under strong
regulation. This validates Corollary 1: pirate platforms have smaller user bases, making
it hard to form effective network effects. As y rises, users increasingly switch to legit-
imate platforms with larger scales. Consumer surplus (CS) rises linearly with y, with
the largest growth under the WI policy. This aligns with Corollary 5: network effects
improve product utility, and incentives lower access costs—creating a dual boost to CS.
Social welfare (SW) also increases with y, and the WI policy achieves the highest SW
level. This confirms Corollary 5’s recommendation that high network externality sce-
narios benefit most from a “weak regulation + incentive” framework, which maximizes
the positive spillover of network effects.

5.5 Overall Conclusions of Numerical Simulation

Based on the numerical simulation results of the four groups of parameters, the follow-
ing core conclusions can be drawn:

Platform quality innovation is the core driving force: Consistent with Corollary
1 and Corollary 2, improving e significantly boosts m,,, CS, and SW across all policies.
It is the fundamental solution to piracy governance and market optimization.

Regulatory policies require dynamic balance: Penalties () effectively suppress
piracy (Corollary 3) but may harm CS and SW if overused (Corollary 4). The WI policy
achieves a win-win for all stakeholders in most scenarios, balancing anti-piracy efforts
with consumer and social welfare.

Demand-side factors play a critical transmission role: Lower & (salience think-
ing) guides resources to legitimate platforms (Corollary 6), while stronger y (network
externalities) amplifies legitimate platforms’ scale advantages (Corollary 5)—both
contributing to market optimization.

Policy combinations need targeted adaptation: As proposed in Corollary 5 and
Corollary 6, policies must align with market conditions. For example, the WI policy
works best in high y scenarios, while increasing « is appropriate for high piracy sub-
stitution rates (f3).

These findings reinforce the paper’s core argument: digital platform piracy govern-
ance requires a “three-dimensional adaptation framework”—rooted in piracy levels (),
guided by consumer preference structures (8, w), and adjusted by network externality
intensity (y)—to dynamically balance regulation and incentives.

6 Conclusions

By constructing a multi-agent game model combined with numerical simulation, this
paper explores the key paths and policy choices for digital platform piracy governance.
The core conclusions are as follows: Platform quality innovation is the fundamental
driving force for piracy governance. Its improvement can significantly promote the syn-
chronous growth of genuine profits, consumer surplus, and social welfare, and its pos-
itive effects need to be maximized through reasonable policy combinations. Regulatory
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and incentive policies need dynamic balance. Excessive penalties can suppress piracy
but will damage consumer welfare, while the weak supervision + incentive policy
achieves a win-win situation for all parties in most scenarios. As key demand-side fac-
tors, consumers' salience thinking and network externalities—with the former guiding
resources to tilt towards high-quality genuine products and the latter amplifying the
scale advantage of genuine platforms—jointly optimize the market ecosystem. Policy
formulation needs to establish a three-dimensional adaptation framework. Based on the
piracy level, consumer preference structure, and network externality intensity, regula-
tory and incentive efforts should be flexibly adjusted to avoid "one-size-fits-all" and
build a sound industrial ecosystem for the high-quality development of the digital econ-
omy.
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