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Abstract

Introduction: Microservice architectures (MSAs) have transformed the development of scalable distributed systems by
breaking monolithic applications into smaller, independent services. Despite their advantages in scalability, flexibility, and
maintenance, MSAs face significant challenges in achieving state consistency and fault tolerance. This study aims to address
these issues by leveraging Paxos consensus algorithms to enhance the reliability and performance of microservice systems.

Method: The proposed approach integrates Paxos consensus mechanisms into microservice systems to ensure state
consistency and fault tolerance. Simulations and real-world case studies were conducted, comparing our methodology with
existing optimization frameworks, such as SPNs and NSGA-II. This method emphasizes dynamic resource allocation and
automated scaling under various workload conditions.

Results: The results demonstrate that Paxos-based optimization reduces latency by 25%, increases throughput by 30%, and
enhances resource utilization efficiency by 20%. Additionally, it achieves a high consistency rate of 99.9%, ensuring reliable
state updates across distributed nodes. The system also showed robust fault tolerance, maintaining 95% operational success
during node failures.

Discussion: The findings highlight the superiority of Paxos in optimizing microservice deployments, particularly in
dynamic cloud environments. This study underscores the importance of integrating consensus protocols into optimization
frameworks for improved performance, reliability, and scalability. Future research could explore further enhancements in
energy efficiency, security measures, and deployment across diverse cloud scenarios.

Keywords: Consensus Algorithms, Fault Tolerance, Microservice, Paxos Protocol, Resource Allocation, Scalability
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