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Abstract: This paper systematically explores the key applications of game theory in computer algorithms. Confronted with
computational problems characterized by multi-agent interactions, distribution, and high interactivity (such as resource allocation,
path planning, and security protection), game theory provides a core paradigm through its equilibrium concepts for resolving
conflicts between individual rationality and system efficiency. The paper focuses on its application in two major areas: Firstly,
in intelligent decision-making and planning (e.g., intelligent traffic flow coordination, multi-robot path planning), where non-
cooperative game models are established and learning algorithms are utilized to seek equilibria, effectively enhancing system
efficiency and safety. Secondly, in the field of information and security, by constructing attack-defense game models (e.g.,
information security configuration, Al adversarial scenarios), it provides a theoretical basis for quantifying security strategies
and formulating optimal decisions. Finally, this paper summarizes the limitations of current research and offers prospects for
future directions such as integration with deep learning and online dynamic games.
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solving tool. The structure is as follows: Chapter 2 will lay
the theoretical foundation, introducing the core concepts of

1. Introduction

With the rapid development of information technology, game theory and its integration paradigm with algorithm
many core problems in computer science, such as multi-agent Qe51gn; Chapter 3. will .explore th.e.appllcat%on of game thepry
collaboration, resource allocation, and security protection, n the. ﬁe.ld Of intelligent de(.:lslon—mgkmg and planmpg,
increasingly exhibit characteristics of multiple entities, including intelligent transportation, multi-agent path planning,
distribution, and interactivity. The essence of these problems and resource'scheduhng; Qhapter 4 will analyz§ the role‘ of
lies in the complex interactions among multiple autonomous game thepry mn the'ﬁeld of information anq Securle, covering
decision-making entities (agents, programs, users) within a information security assessment and artificial intelligence
shared environment striving to achieve their respective goals. adversarial games; finally, Chapter 5 will summarize the
Traditional centralized algorithms aimed at finding global paper and outline future research directions.

optimal solutions face significant challenges in such scenarios.

Game theory, as a mathematical theory studying strategic 2. Founqatlons Of_ Game Th_eory and
interactions among rational decision-makers, provides a Algorithm Design Paradigms

powerful framework for understanding and modeling this
interactive behavior. It treats each entity as a "player" seeking
to maximize its own benefit, offering a new paradigm for
analyzing and designing distributed algorithms through core
concepts such as "strategy," "payoff," and "equilibrium."

Introducing game theory into computer algorithm research
holds profound significance. Firstly, it enhances the rational
decision-making capability of algorithms. By formally
defining payoff functions, game models can precisely capture
the tension between individual rationality and overall system
efficiency, guiding algorithms to make better decisions in
complex environments—for instance, avoiding congestion in
transportation systems or achieving cost-effectiveness
maximization in security defense. Secondly, it provides a
systematic approach to resolving conflicts and fostering
collaboration among multiple entities. Concepts like Nash
Equilibrium and Pareto Optimality offer benchmarks for
predicting potential stable states of a system, while various
learning algorithms (e.g., WoLF-PHC) provide computational
pathways to achieve these stable states, thereby enabling
system coordination and order to emerge while preserving
individual autonomy.

This paper aims to systematically elaborate on the key
applications of game theory in computer algorithms,
demonstrating its powerful capability as a modeling and

Game theory provides a rigorous mathematical language
for analyzing strategic interactions. A standard game model
consists of three basic elements: Players, Strategies, and
Payoffs. Based on whether players can form binding
agreements, games can be classified as cooperative or non-
cooperative; based on the sequence of actions, they can be
static or dynamic; and based on information structure, they
can be complete information or incomplete information
games.

Equilibrium is the core of game analysis, describing a
stable state of strategy profiles where no player can increase
their payoff by unilaterally changing their strategy. Nash
Equilibrium is one of the most important equilibrium
concepts, referring to a situation where all players' strategies
constitute a set of mutual best responses. Furthermore, Pareto
Optimality describes an ideal state of resource allocation
where it is impossible to make any one player better off
without making at least one player worse off. Key theoretical
tools for measuring the efficiency of game-theoretic
algorithms are the Price of Anarchy (PoA) and the Price of
Stability (PoS), which measure the gap between system
performance under selfish decision-making and the global
optimum or the best equilibrium, respectively.

The integration of game theory and algorithm design
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essentially involves abstracting computational problems into
game models and using equilibrium concepts as the solving
target or termination condition for algorithms. This paradigm
shift offers several advantages:

1) Natural Modeling: Many distributed computing
problems can be naturally modeled as multi-player
decision processes.

2) Rationality —Guarantee: Pursuing equilibrium
solutions guarantees the strategic stability of the
algorithm's outcome.

3) Distributed Implementation: Many game-theoretic

algorithms (e.g., best response, learning algorithms)
are inherently distributed, suitable for scenarios
lacking a central coordinator. However, challenges
also exist, such as the computational complexity of
equilibria, the potential non-existence or multiplicity
of equilibria, and the efficiency loss of equilibrium
solutions (high PoA).

3. Application of Game Theory in
Intelligent Decision-Making and
Planning

Intelligent decision-making and planning problems are
ubiquitous in the physical world, characterized by multiple
entities needing to make optimized decisions under spatial or
resource constraints. Game theory provides a unified
modeling and solving perspective for these challenges.

In the field of intelligent transportation systems, Qu Dayi
et al. addressed the lane-changing problem for mixed traffic
flows (coexistence of Connected Autonomous Vehicles
(CAVs) and Human-driven Vehicles (HVs)) in vehicular
networks by establishing a non-cooperative game model [1].
This model uses the vehicle's own driving state (e.g., speed,
distance) as the payoff function and introduces a dynamic risk
model to quantify the collision probability during lane
changing. Simulations conducted on the SUMO platform
showed that compared to the traditional gap acceptance model,
this game model effectively improves road utilization and
driving safety.

In the field of Multi-Agent Path Finding (MAPF), Xiong
Wenbo et al. framed the MAPF problem as a non-zero-sum
stochastic game [2]. Each agent's (robot's) goal is to reach its
destination, with its payoff related to path length and collision
occurrence. The authors employed the multi-agent
reinforcement learning algorithm WOLF-PHC and its
improved version, FA-WoLF-PHC, to learn Nash equilibrium
strategies. FA-WoLF-PHC adaptively adjusts the learning rate,
effectively  accelerating convergence and reducing
oscillations during the learning process. Experiments showed
that its learning speed improved by 16.01% compared to the
original algorithm, enabling the generation of conflict-free
optimal paths for multiple agents.

In the field of resource scheduling, Zhang Shuyao et al.
studied the complex problem of slot allocation in bulk port
yards [3]. The authors modeled the behavior of multiple cargo
lots competing for limited slots as a dynamic game and
innovatively introduced the concept of Satisfaction
Equilibrium—where each cargo lot has a psychological
expectation for the allocation result, and the system reaches
equilibrium when the utility of all cargo lots meets their
expectations. Their proposed BSAABC algorithm, by
dynamically adjusting the game order and allocation
strategies, significantly improved the average satisfaction
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level of the cargo and the overall allocation efficiency of the
yard, outperforming traditional greedy algorithms and rule-
based algorithms.

These applications demonstrate that game theory can
effectively coordinate decentralized, self-interested decision-
making, optimizing overall system performance metrics (such
as throughput efficiency, safety, and resource utilization)
while satisfying individual demands.

4. Application of Game Theory in
Information and Security

The core of the information and security field is adversarial
interaction, which (is precisely) the classic application
scenario for game theory. The essence of strategic interaction
between attackers and defenders can be accurately captured
through game models.

In the field of information security assessment, Zhu
Jianming et al. constructed a three-layer security architecture
game model comprising a firewall, an Intrusion Detection
System (IDS), and intrusion tolerance techniques [4]. This
model describes the interaction between the enterprise
(defender) and the intruder (attacker) as an incomplete
information game. Analysis showed that the detection rate
and false positive rate of the IDS are closely related to the
configuration performance of the firewall, and the value
(cost-effectiveness) of an enterprise's information security
strategy highly depends on whether its configuration is
optimized. The study provided Nash equilibrium solutions
under different parameter conditions and pointed out that
improper default configurations could even lead to negative
benefits from security technologies, offering a quantitative
basis for optimizing enterprise security investment
allocations.

In the field of artificial intelligence adversarial games,
Zhao Meiyong et al. applied game theory algorithms to build
a Gomoku Al [5]. The core is the Minimax search algorithm,
which assumes the opponent always makes the move worst
for us, and we choose the strategy most beneficial to ourselves
from all possible responses. By incorporating Alpha-Beta
pruning to significantly reduce the number of nodes searched
and using Zobrist hashing to avoid repeated calculations,
search efficiency was greatly enhanced. The design of the
evaluation function quantifies the board situation into a
payoff value, guiding the Al to make moves towards winning.
This demonstrates the powerful decision-making capability
achievable by game theory algorithms in complete
information zero-sum games.

The two cases in this chapter represent two typical
scenarios: incomplete information non-zero-sum games
(security) and complete information zero-sum games (game
Al). Together, they prove that game theory is an effective tool
for analyzing and designing adversarial algorithms, providing
a theoretical basis and computational means for rational
decision-making.

5. Conclusion and Outlook

This paper has systematically reviewed several important
application areas of game theory in computer algorithms. In
intelligent decision-making and planning, game theory has
successfully addressed problems such as vehicle lane-
changing coordination, conflict-free multi-agent path
planning, and port resource optimization allocation,
enhancing system efficiency and safety. In information and



security, game theory provides core methods for
quantitatively assessing the value of security strategies and
building powerful adversarial Als. These applications fully
demonstrate the powerful utility of game theory as a modeling
tool and algorithm design paradigm; through the core concept
of "equilibrium," it guides decentralized individual rational
behavior towards system-wide desired target states.

However, current research still has some limitations. Firstly,
many game models simplify the real world, and their
assumptions (such as complete rationality and perfect
information) are often difficult to fully satisfy in practical
systems. Secondly, the real-time performance of some
algorithms (still needs improvement), especially in highly
dynamic environments or scenarios with a large number of
participants. Finally, multi-objective optimization problems
have not been perfectly solved; how to balance multiple
objectives such as efficiency, fairness, and security and find
Pareto optimal equilibria remains a challenge.

Looking forward, research on the application of game
theory in computer algorithms can delve deeper into the
following directions:

1) Integration with Deep Learning: Utilize the powerful
representational learning ability of deep neural
networks to approximate complex payoff functions or
equilibrium strategies, addressing the curse of
dimensionality in large-scale games.

Online Learning and Dynamic Games: Research
online game algorithms for environments with
unknown or dynamically changing parameters,
endowing systems with stronger adaptability and
robustness.

Multi-Objective Game Optimization: Deeply explore

2)

3)
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equilibrium concepts beyond Nash, such as Pareto
equilibrium, and design effective algorithms to find
solutions satisfying multi-objective constraints.
Practical System Deployment and Industrialization:
Promote the transition of more game-theoretic
algorithms from simulation verification to actual
system  deployment, addressing engineering
challenges in the industrialization process.

Through continuous and in-depth research, game theory is
destined to contribute more core strength to building more
intelligent, coordinated, and secure distributed computing
systems.

4)
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