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Abstract: With the rapid iteration and wide application of new—generation information technologies such as cloud computing, big data, and
artificial intelligence, data centers, as the core infrastructure of the digital economy, have continued to expand in scale, carry an increasing
variety of businesses, and present an explosive growth trend in network traffic. As a core technology for data center network optimization,
load balancing can reasonably allocate network traffic and resources, avoid problems such as link congestion and node overload, and directly
determine the service quality, resource utilization, and operational stability of data centers. However, most traditional load balancing
algorithms are based on fixed rules or static strategies, which are difficult to adapt to the characteristics of dynamic traffic fluctuations, complex
and variable topology structures, and strong heterogeneity of business requirements in data center networks. In practical applications, there are
problems such as low resource utilization, high response latency, and insufficient robustness. Reinforcement learning, as an intelligent
decision—making method based on trial—and—error learning, has the ability to independently learn optimal strategies in dynamic and uncertain
environments. It can continuously adjust decision—making strategies through continuous interaction with the environment, which is exactly
suitable for the dynamic optimization needs of load balancing in data center networks.Aiming at the core pain points of load balancing in data
center networks, this paper conducts research on the optimization of load balancing algorithms based on reinforcement learning, aiming to

break through the limitations of traditional algorithms and improve the operational performance and service quality of data center networks.
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Firstly, it systematically sorts out the traffic characteristics and load balancing challenges of data center networks, deeply analyzes the defects of

traditional load balancing algorithms, and demonstrates the adaptive advantages of reinforcement learning applied in dynamic load balancing
scenarios. Secondly, it comprehensively summarizes the progress of load balancing technologies in data center networks and the application of
reinforcement learning in network optimization, clarifying the deficiencies of existing research and the research entry point of this paper.
Thirdly, it constructs a load balancing model based on reinforcement learning, completes network topology abstraction, state space definition,
and action space design, improves the Deep Q—Network (DQN) and Proximal Policy Optimization (PPO) algorithms, and designs a
multi—agent collaboration mechanism to achieve collaborative load balancing of multiple nodes and multiple links. Then, by building a
simulation experiment environment and designing comparative experiments, the effectiveness of the proposed optimization algorithm is
verified from three dimensions: convergence, performance improvement, and robustness. Finally, the research achievements of this paper are
summarized, and future research directions such as combining Graph Neural Networks (GNN) to improve topology perception ability and
lightweight model deployment are prospected.Experimental results show that compared with traditional load balancing algorithms (such as
ECMP, WRR) and basic reinforcement learning algorithms, the load balancing optimization algorithm based on reinforcement learning
proposed in this paper has significant improvements in key indicators such as link utilization, average response latency, throughput, and load
balancing degree. It can effectively respond to dynamic fluctuations of network traffic in data centers, has strong robustness and adaptability,

and provides a new technical scheme and theoretical support for the efficient and stable operation of data center networks.

Keywords: Data center network; load balancing; reinforcement learning; deep reinforcement learning; multi—agent reinforcement learning; dynamic
scheduling
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