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Introduction: The increasing demand for energy-efficient computing has driven the development of
advanced techniques to optimize power consumption in modern systems. While Dynamic Voltage and
Frequency Scaling (DVFS) has been widely used for power management, traditional implementations
struggle to adapt dynamically to workload variations, limiting their effectiveness. This research
introduces an innovative approach that integrates Reinforcement Learning (RL) into DVFS to
overcome these limitations. Using Q-learning, a model-free RL technique, the proposed algorithm
autonomously learns and applies optimal CPU voltage and frequency adjustments in real time.
Experimental results demonstrate a significant 20% reduction in power consumption compared to
conventional DVFS methods. The model's adaptability across diverse workloads highlights RL's
potential in enhancing energy efficiency. As energy optimization becomes increasingly critical, this
study underscores the transformative role of RL in achieving sustainable and high-performance
computing systems.

Methods and Material:Optimizing power consumption is a critical challenge in energy-efficient
computing. Dynamic Voltage and Frequency Scaling (DVFS) has long been a key technique for
managing power, but traditional implementations struggle to adapt to the increasing complexity and
variability of modern workloads. To address these limitations, this paper proposes an innovative
approach that integrates Reinforcement Learning (RL) into DVFS, enabling intelligent, real-time
adjustments of CPU voltage and frequency.At the core of this approach is Q-learning, a model-free RL
technique that iteratively learns the optimal policy for voltage and frequency scaling.

Result and Discussion: Unlike conventional DVFS methods with fixed configurations, the proposed
system dynamically adapts to workload variations, achieving a 20% reduction in power consumption.
Comprehensive evaluations on server data demonstrate the superiority of RL-based DVFS in
balancing energy efficiency and computational performance.This research also explores the integration
of RL-based DVFS into the Power Management Unit (PMU), covering key aspects such as
communication protocols and real-time decision-making. By enhancing adaptability in power
management, this research advances sustainable, high-performance computing. The following sections
detail related work, the proposed algorithm, architecture, training process, results, and future
directions.

Conclusion: This research demonstrates the effectiveness of Reinforcement Learning (RL) in
optimizing Dynamic Voltage and Frequency Scaling (DVFS) for System-on-Chip (SoC)
environments. The proposed RL-based DVFS system exhibits superior adaptability to workload
variations, achieving significant power savings while maintaining or enhancing computational
performance. Key findings highlight the impact of exploration-exploitation strategies and learning
rates on decision-making, validating RL's potential for autonomous power management in SoCs.
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