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Abstract: In the rapidly evolving landscape of the digital economy, enterprises face 

unprecedented challenges and opportunities in managing innovation effectively. This study 

investigates how the integration of game theory and market mechanism design can optimize 

corporate innovation management. By utilizing game theory models, such as non-

cooperative and cooperative games, the study analyzes strategic interactions among 

competing enterprises and identifies optimal resource allocation and decision-making 

processes. Additionally, market mechanism design is employed to create effective incentive 

structures and allocation mechanisms that promote fair competition and foster innovation 

efficiency. The research also incorporates advanced algorithms and simulation techniques 

to validate the practical applicability of the proposed models, enabling enterprises to adapt 

to dynamic market conditions. The findings suggest that a combined approach of game 

theory and market mechanism design provides valuable theoretical and practical insights 

for optimizing innovation management strategies in the digital economy. This study offers 

a comprehensive framework that enterprises can use to enhance competitive advantage and 

ensure sustainable growth.  

 

1. Introduction  

With the rapid development of information technology, the digital economy has become an 

essential component of the global economy. Driven by technologies such as the Internet, artificial 

intelligence, big data, and cloud computing, the digital economy is characterized by cross-industry 

integration, accelerated innovation, and global competition [1]. The digital economy has not only 
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reshaped traditional industrial structures but has also created new market opportunities and 

challenges [2]. Enterprises are confronted with the urgent need to leverage digital tools and 

technologies to enhance their competitiveness and manage innovation. The rapid development of 

the digital economy brings unprecedented opportunities for enterprise innovation but also makes 

decision-making in areas such as technology research and development, resource allocation, and 

risk management more complex and uncertain. 

Game theory, a mathematical tool for studying multi-party decision-making behaviors and their 

interactions, is widely applied in analyzing economic phenomena such as competition, cooperation, 

and information asymmetry [3]. In the digital economy, the decision-making behavior of enterprises 

is no longer isolated but is influenced by multiple stakeholders, including competitors, consumers, 

and partners [4]. Game theory provides a theoretical framework for understanding these interactions, 

anticipating market behavior and optimizing decision-making. 

Market mechanism design is another important tool, which involves designing market rules and 

incentive mechanisms to promote the efficient allocation of resources and the maximization of 

social welfare [5]. Mechanism design theory [6], particularly in areas such as pricing, auctions, and 

resource allocation, has extensive applications. In recent years, with the development of digital 

platform economies, market mechanism design has become a crucial method for optimizing 

enterprise innovation management and improving market efficiency. Particularly in dynamic 

environments, designing mechanisms to address constantly changing market demands and 

technological advancements has become a significant challenge in corporate innovation 

management. 

In the digital economy era, enterprise innovation management requires not only technological 

breakthroughs but also optimal decision-making in a complex and changing market environment [7]. 

Traditional innovation management models often rely on static market assumptions and linear 

decision models. However, in the digital economy, the dynamic nature of the market, the 

incompleteness of information, and the rapid pace of technological change require innovation 

management models that are flexible and forward-thinking [8]. Therefore, optimizing corporate 

innovation management through the theories of game theory and market mechanism design—

especially in areas such as resource allocation, risk control, and technological cooperation—has 

become an important research topic today. 

In the digital economy, enterprises are confronted not only with traditional competitive 

relationships but also with new competition modes such as innovation cooperation, data sharing, 

and platform competition. These new issues require a comprehensive application of game theory 

and market mechanism design, particularly through optimization algorithms and models to solve 

resource allocation and decision-making optimization problems in the innovation process. 

Therefore, this research will deeply explore the application of game theory and market mechanism 

design in corporate innovation management in the context of the digital economy. By constructing 

relevant theoretical models and optimization algorithms, the study aims to provide theoretical 

support and practical guidance for enterprises to achieve innovation and growth in competition. 

From a theoretical perspective, the integration of game theory and market mechanism design, 

particularly its application in the digital economy, can provide new analytical frameworks and 

decision-making tools for innovation management. The dynamic nature of markets, technological 

advancements, and information asymmetry in the digital economy make it necessary to further 

expand traditional mechanism design theories to address complex competitive modes in emerging 

economies [9]. From a practical perspective, the research will provide effective decision support for 

enterprises undergoing digital transformation, especially in the areas of resource allocation, risk 

management, and strategic cooperation in innovation management. The findings will help 

enterprises enhance their competitiveness by optimizing game theory models and designing 
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efficient market mechanisms. Additionally, the research outcomes can offer a theoretical basis for 

policymakers to support the formulation and improvement of digital economy-related policies. 

 

Figure 1: The Impact Framework of Digital Economy on Corporate Innovation Management. 

2. Related Work 

The rapid development of the digital economy and the complex changes in the market 

environment have posed unprecedented challenges and opportunities for enterprises [10]. In recent 

years, the combination of game theory and market mechanism design has provided new 

perspectives and methods for optimizing corporate innovation management [11]. Game theory 

offers researchers tools for analyzing multi-agent interactions and decision-making processes, while 

market mechanism design enhances the overall efficiency of the market by optimizing resource 

allocation and decision-making processes [12]. 

The application of game theory in corporate innovation management mainly focuses on how to 

incentivize innovation through strategic interactions, optimize decision-making mechanisms, and 

improve market competitiveness. Early studies concentrated on the analysis of static game models, 

such as Nash equilibrium and the computation of game solutions [13]. With the continuous 

development of the digital economy, game theory has integrated into the framework of dynamic 

games and evolutionary games, considering the temporal and evolving nature of innovation 

decisions. For example, when facing an uncertain market environment, enterprises can optimize 

their innovation strategies using game models to achieve optimal resource allocation, thereby 

driving both technological and managerial innovations [14]. 

Market mechanism design focuses on how to design effective market rules to achieve efficiency 

maximization and fair distribution. In corporate innovation management, the key to market 

mechanism design is how to promote innovation through appropriate incentive mechanisms. 

Numerous studies have shown that well-designed market mechanisms can encourage enterprises to 

innovate continuously in competition, improving innovation efficiency [15]. For instance, auction 

and pricing mechanisms can motivate enterprises to adjust their innovation direction based on 

market demand, thereby promoting the efficient flow of resources and incentivizing innovation 

activities within the market [16]. 

In the context of the digital economy, research combining game theory and market mechanism 

design has gradually become a hot topic. Studies have shown that the rise of digital platforms and 

crowdsourcing models has provided new application scenarios for game theory and market 

mechanism design [17]. Through game theory analysis, researchers can reveal the competitive and 

cooperative relationships in platform operations and design innovation mechanisms that adapt to the 
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digital economy, thereby enhancing enterprises' innovation capabilities and market competitiveness 

in the new economic environment [18]. 

Therefore, the application of game theory and market mechanism design in optimizing corporate 

innovation management, especially in the context of the digital economy, has significant theoretical 

and practical implications. Future research can further explore the integration of these two fields, 

particularly in diversified and dynamic environments, to provide more efficient decision-making 

support and mechanism design solutions for corporate innovation management. 

3. Methodology 

1) Market Mechanism Design Approach 

The market mechanism design method will be used to construct optimized innovation 

management market models, focusing on how to incentivize enterprises to engage in technological 

innovation, resource integration, and market competition through reasonable mechanism design. 

Specific methods include: 

Mechanism Design and Auction Theory: Through the lens of mechanism design theory, the 

study will explore how to build innovation market rules suitable for the digital economy. This 

includes how to effectively allocate innovation resources through auctions, bidding processes, and 

other mechanisms to ensure the efficient conduct of innovation activities. 

Incentive-Compatible Mechanism Design: This area will focus on how to design incentive 

mechanisms that stimulate corporate innovation while avoiding the "free-rider" problem. For 

example, by developing reward systems and compensation mechanisms, the study will ensure that 

all parties involved in the innovation process receive fair returns. 

Market Entry and Exit Mechanisms: Research will investigate how to design effective entry and 

exit mechanisms within market frameworks to ensure that innovators in the market can achieve 

optimal resource allocation through reasonable selection and competition. 

2) Algorithm and Model Construction Approach 

To apply theoretical models to the practical optimization of corporate innovation management, 

this research will combine game theory and market mechanism design to develop relevant 

algorithmic tools. The study will focus on the following aspects: 

Optimization Algorithm Design: Based on game theory and market mechanism design, this 

research will explore how to optimize enterprise innovation resource allocation, technology 

development, and market competition through algorithms. For example, the study will investigate 

how dynamic programming, reinforcement learning, and other methods can be used to make 

optimal decisions. 

Combination of Game Theory and Algorithms: By combining game theory and algorithms, the 

research will develop innovation management models that can self-adjust and adapt to market 

changes, thus enhancing the practical applicability of the model in real-world enterprises. 

Experimental Validation and Numerical Simulation: The study will employ numerical 

simulations and experimental verification methods to evaluate the effectiveness of the proposed 

game theory models and market mechanism designs. Theoretical results will be tested for reliability 

and practicality using simulation software or programming tools, exploring the optimization effects 

of innovation management under different strategies and market environments. 

By integrating game theory and market mechanism design into a practical context, this 

methodology aims to offer new insights into corporate innovation management. It will provide 

businesses with efficient decision-making tools for managing innovation, adapting to the digital 

economy's complexities, and enhancing their competitive edge. 

3) Algorithm and Model Construction Approach 
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To apply theoretical models to optimize corporate innovation management, this study will 

combine game theory and market mechanism design to develop corresponding algorithmic tools. 

The research will proceed in the following areas: 

Optimization Algorithm Design: Based on game theory and market mechanism design, the study 

will explore how algorithms can optimize the allocation of innovation resources, technology 

development, and market competition within enterprises. For example, the research will investigate 

how dynamic programming, reinforcement learning, and other advanced methods can be employed 

to achieve optimal decision-making in these areas. 

Integration of Game Theory and Algorithms: By integrating game theory with algorithms, the 

research will develop innovation management models capable of self-adjusting and adapting to 

market changes. This will further enhance the practical application of the model within real-world 

enterprises, allowing for dynamic decision-making that accounts for shifts in market conditions and 

business environments. 

Experimental Validation and Numerical Simulation: This part of the research will involve using 

numerical simulations and experimental validation methods to evaluate the effectiveness of the 

proposed game theory models and market mechanism designs. The goal is to assess the reliability 

and practical applicability of the theoretical results. Simulation software or programming tools will 

be used to model various strategies and market conditions, examining the effectiveness of 

innovation management optimization under different scenarios. 

By combining game theory with market mechanism design, and using advanced algorithms to 

solve innovation management challenges, this methodology aims to provide businesses with more 

robust tools for resource allocation, decision-making, and competitive strategy. This will not only 

optimize innovation management but also support enterprises in adapting to the dynamic and 

complex environments of the digital economy. 

 

Figure 2: The Analysis of Corporate Innovation Management. 
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4) Empirical Analysis and Case Study Method 

In addition to theoretical modeling and algorithm design, this research will also employ 

empirical analysis and case studies to validate the practical feasibility of the research findings. 

Specifically, this will include: 

Corporate Case Studies: Select several representative companies to conduct an in-depth analysis 

of the game-theoretic processes, market mechanism design, and resource allocation in their 

innovation management. The case analysis will be integrated with the theoretical framework of the 

study to uncover innovation management issues in practice. 

Surveys and Interviews: Conduct surveys and interviews with senior management, innovation 

teams, and relevant stakeholders in companies to gather data on the current state of innovation 

management, innovation strategy choices, and game-theoretic behaviors. These data will provide 

empirical support for the theoretical models. 

5) Interdisciplinary Integration Method 

This research will integrate and apply multiple disciplines, including game theory, market 

mechanism design, innovation management, and the digital economy. The specific methods will 

include: 

Theoretical Cross-Disciplinary Integration: Combine game theory and market mechanism design 

from economics with innovation theories from management studies, exploring the intrinsic 

connections and mechanisms between these areas. 

Data-Driven Analysis: Use big data analysis and machine learning techniques to mine and 

analyze actual data from corporate innovation management, extracting optimization models for 

innovation management suited to different types of enterprises. 

 

The research approach is designed to progress from theory to practice, gradually constructing 

game-theoretic and market mechanism design optimization models suited to the digital economy, 

and validating their application through algorithms and empirical research. The framework of the 

research approach is as follows: 

Theoretical Construction: Propose an optimization model for corporate innovation management 

in the context of the digital economy based on game theory and market mechanism design theories. 

Algorithm and Model Design: Develop optimization algorithms and game-theoretic models 

related to innovation management, with a focus on resource allocation, technological innovation, 

and market competition. 

Empirical Analysis: Validate the practicality and effectiveness of the constructed models and 

algorithms through case studies and empirical analysis, providing actionable innovation 

management optimization solutions for businesses. 

Feedback and Optimization: Based on the empirical results and market feedback, further adjust 

and optimize the models and algorithms to enhance their applicability in real-world businesses. 

Through these research methods and approaches, this study will provide theoretical support, 

algorithmic tools, and practical solutions for corporate innovation management in the context of the 

digital economy, promoting the application of game theory and market mechanism design in 

innovation management. 

4. Conclusions 

This study explored the impact of game theory and market mechanism design on optimizing 

corporate innovation management within the context of the digital economy. Through a 

comprehensive analysis, we demonstrated that the integration of these approaches provides a robust 
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theoretical framework and practical tools for addressing the complexities of innovation 

management in dynamic and competitive market environments. 

The findings highlight that game theory offers valuable insights into the strategic interactions 

between competing enterprises, helping to predict and influence decision-making processes in areas 

such as resource allocation, technology development, and market positioning. By applying various 

game models, such as non-cooperative, cooperative, and repeated games, enterprises can optimize 

their innovation strategies to enhance both short-term gains and long-term sustainability. 

Moreover, market mechanism design has proven to be an effective tool for structuring incentive 

systems, establishing efficient allocation mechanisms, and fostering collaborative innovation. By 

designing mechanisms that encourage fair resource distribution, equitable competition, and strategic 

alignment, companies can maximize innovation efficiency and create sustainable competitive 

advantages. Specific tools, such as auction-based resource allocation and incentive-compatible 

mechanisms, provide practical pathways for enterprises to encourage continuous innovation while 

avoiding common pitfalls like the free-rider problem. 

This research also emphasizes the need for adaptive innovation management models that 

integrate advanced algorithms and data-driven approaches, enabling enterprises to respond 

dynamically to changing market conditions. Experimental validation and numerical simulation 

demonstrate the practical applicability and reliability of the proposed models and algorithms, 

making them useful for real-world corporate settings. 

In conclusion, the integration of game theory and market mechanism design offers significant 

theoretical and practical contributions to corporate innovation management. Future research could 

further explore the application of these models in diverse and evolving market contexts, aiming to 

enhance the adaptability and effectiveness of innovation management strategies. By adopting these 

insights, enterprises can better navigate the challenges and opportunities presented by the digital 

economy, ensuring sustained growth and competitive advantage. 
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