
   Journal of Quantum Science and Technology (JQST)  

Vol.1 | Issue-1 | Special Issue Jan-Mar 2024| ISSN: 3048-6351       Online International, Refereed, Peer-Reviewed & Indexed Journal       

 

  87 

 @2024 Published by ResaGate Global. This is an open access article 
distributed under the terms of the Creative Commons License [ CC BY NC 4.0 ] and is available on www.jqst.org 

Energy-Aware Caching Strategies for Faster Data 

Retrieval in Low-Latency Pipelines 

Rajas Paresh Kshirsagar, 

 N.Y. University, USA , rajaskshirsagar@gmail.com 

ABSTRACT 

As data processing demands continue to grow, ensuring low-latency and high-efficiency 

data retrieval becomes crucial for modern systems. Caching mechanisms play a 

significant role in reducing access times, but conventional caching strategies often 

overlook energy consumption. This paper introduces energy-aware caching strategies 

that balance data retrieval speed and energy efficiency, focusing on optimizing cache 

placement, size, and access patterns in low-latency pipelines. Through comparative 

analysis and simulations, the proposed strategy demonstrates a significant reduction in 

energy consumption with minimal impact on retrieval times. The findings offer a 

roadmap for designing more sustainable low-latency systems. 
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Introduction 

In modern applications, such as online video streaming, machine learning workflows, and 

financial trading systems, low-latency data retrieval is essential for smooth operations. 

Traditional caching systems focus on maximizing speed by storing frequently accessed data 
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closer to processors. However, with increasing data sizes and environmental concerns, it is 

becoming essential to design caching strategies that also consider energy efficiency. 

Energy-aware caching strategies aim to optimize data retrieval without compromising energy 

consumption, thereby aligning performance with sustainability goals. With the rise of energy-

hungry data centers and edge devices, it is imperative to adopt strategies that intelligently 

manage the trade-off between retrieval latency and power consumption. This study explores 

various energy-aware caching techniques suitable for low-latency pipelines and proposes a 

hybrid solution that offers optimized performance and energy savings. 

 

Literature Review 

Several studies have focused on optimizing cache systems to enhance retrieval speed. 

However, fewer studies address the challenge of balancing performance with energy efficiency. 

Some of the most relevant studies are reviewed below. 

 

1. Cache Replacement Policies: Algorithms such as Least Recently Used (LRU) and 

Most Frequently Used (MFU) focus on speeding up data access. These policies, while 

effective, do not account for energy consumption. More recent research introduces 

energy-efficient variants like LRU-E, which adjusts replacement decisions based on 

energy metrics. 

2. Energy-Aware Computing in Data Centers: Works by Albers et al. (2018) highlight 

the growing energy demands of data centers and propose various workload 

management techniques to minimize energy consumption. However, these solutions do 

not specifically address the caching layer. 
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3. Edge Caching for IoT Systems: Caching strategies at the edge nodes have been 

explored by Wang et al. (2020) to enhance performance for IoT systems. While energy 

efficiency is often mentioned, the focus remains on minimizing latency rather than 

balancing it with power consumption. 

4. Hybrid Caching Mechanisms: Hybrid solutions that combine RAM and SSDs for 

caching have gained attention. These systems reduce latency but often lead to higher 

power consumption. Energy-aware strategies that dynamically manage the use of these 

two layers are still in their infancy. 

This study builds on existing works by focusing on energy-aware caching strategies tailored 

for low-latency pipelines, proposing a method that considers both access patterns and energy 

efficiency metrics. 

Methodology 

The methodology adopted in this research involves designing and evaluating energy-aware 

caching strategies. The proposed strategy optimizes data retrieval through a hybrid caching 

system, which dynamically adjusts between RAM and SSD caching based on the data workload 

and power consumption metrics. 

1.  System Architecture 

The architecture consists of two primary caching layers: 

• Primary Cache (RAM): Stores high-frequency data with ultra-low access times. 

• Secondary Cache (SSD): Serves as an overflow for less frequently accessed data, 

offering a trade-off between speed and energy consumption. 

A predictive algorithm dynamically adjusts the data placement between RAM and SSD to 

minimize power usage. 

2. Energy-Aware Caching Algorithm 

The following steps are executed in the caching algorithm: 

1. Workload Profiling: Monitor the workload to identify high-frequency and low-

frequency data patterns. 

2. Energy Metric Calculation: Calculate the power consumption for storing specific data 

chunks in RAM versus SSD. 

3. Cache Decision Engine: Based on the calculated metrics, data is dynamically moved 

between the RAM and SSD cache. 

3. Simulation Environment 

The proposed algorithm was tested using a Python-based simulation environment. The 

workload included real-time data feeds and streaming data, simulating a low-latency 
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environment. Power consumption was measured using energy profiling tools integrated within 

the simulation. 

Results 

The results indicate that the proposed energy-aware caching strategy offers substantial energy 

savings while maintaining competitive retrieval speeds. Table 1 summarizes the key 

performance metrics observed during the simulation. 

Metric Traditional LRU Cache Energy-Aware Cache 

Average Latency (ms) 12 14 

Energy Consumption (W) 25 15 

Cache Hit Ratio (%) 85 83 

Power Savings (%) - 40 

The proposed caching algorithm demonstrates a 40% reduction in power consumption with 

only a 2% decrease in cache hit ratio and a minimal increase of 2 ms in latency. These results 

validate the effectiveness of the energy-aware strategy for low-latency pipelines. 

Performance Analysis 

The energy-aware strategy achieves a favorable balance between latency and energy 

consumption by adjusting cache usage based on workload patterns. Even during peak data 

access periods, the system maintains low latency with minimal power usage spikes. This makes 

it suitable for deployment in systems where both performance and sustainability are crucial. 

Scalability 

The simulation also tested the system’s behavior under increasing workloads. The energy-

aware algorithm dynamically scaled cache usage, maintaining energy efficiency without 

significant performance degradation. 

Conclusion 

This study presents an energy-aware caching strategy tailored for low-latency pipelines. By 

dynamically managing cache placement between RAM and SSD layers, the proposed strategy 

reduces power consumption by 40% while maintaining competitive retrieval speeds. The 

results demonstrate the potential of energy-aware caching for building sustainable data systems 

without compromising performance. Future work can focus on refining predictive algorithms 

and exploring further optimizations with new storage technologies such as NVMe and 

persistent memory. 

http://www.jqst.org/
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