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ABSTRACT 

In modern distributed systems, ensuring efficient data replication across multiple regions is critical to achieve low latency, 

high availability, and fault tolerance. This paper presents an innovative approach to adaptive multi-region data 

replication using machine learning (ML)-driven latency prediction models. The proposed framework dynamically adjusts 

replication strategies based on real-time latency predictions, which are learned from historical network performance data. 

By employing advanced ML techniques, such as regression models and time-series forecasting, the system can predict 

network latency and adjust replication decisions to minimize response time and reduce operational costs. The adaptability 

of this model allows it to react to changes in network conditions, traffic load, and regional failures, ensuring optimal data 

distribution and redundancy. This adaptive model is integrated into a multi-region architecture, where data is replicated 

intelligently across geographically dispersed data centers to balance consistency, availability, and partition tolerance. The 

paper also explores how the prediction model can enhance decision-making regarding data placement, allowing for 

smarter resource allocation and reduced overheads in cloud infrastructures. Through extensive experiments, the 

effectiveness of the proposed approach is demonstrated, showing significant improvements in system performance and user 

experience compared to traditional replication strategies. The proposed adaptive framework can be leveraged across 

various applications, including cloud storage, content delivery networks, and global e-commerce platforms, to improve 

data access speeds and ensure seamless user experiences globally. 
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