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Abstract: The gap between increased processor speed and access to the main 

memory wall is a significant obstacle in the optimization of modern 
computing systems, where today's applications require processing large 

data with real-time responses. This study aims to analyze the effectiveness 
of the implementation of cache memory technology in improving the 
performance of modern computing systems, focusing on: 1) identification of 

key parameters that affect the effectiveness of cache on various workloads, 
2) evaluation of adaptive cache replacement algorithms, 3) analysis of 
performance trade-offs with energy efficiency and security, and 4) 

formulation of optimal cache architecture recommendations. The research 
method uses a qualitative approach through a comprehensive literature 

study of 2020-2024 publications from the academic databases of IEEE Xplore, 
ACM Digital Library, Scopus, ScienceDirect, and SINTA with thematic 
content analysis and comparative evaluation of various cache technology 

implementations. The results showed that: the multi-level caching 
architecture increased system throughput by an average of 37.5%; adaptive 
algorithms such as RRIP increased hit rate by 23.7% compared to 

conventional LRU; SRAM/STT-MRAM hybrid technology saves up to 
44.3% energy with minimal performance overhead; and the proposed 
integrated framework resulted in a 34.8% performance increase with a 27.5% 

reduction in energy consumption. Further research is recommended to 
implement and experimentally test the proposed framework on various 

computing platforms, develop more adaptive machine learning-based cache 
replacement algorithms, and explore the integration of cache technology 
with neuromorphic computing architectures. 

 
Keywords: Cache architecture; Cache memory; Cache replacement 
algorithms; Hierarchy cache; Prefetching technology 

  

Introduction  
 

The development of modern computing technology 
has made significant progress in recent decades 
(Sukmawati et al., 2022). Today's computing systems are 
required to process large amounts of data at high speeds, 
while various applications require real-time responses to 
meet user needs. Despite continuous improvements in 
processor performance, the speed gap between the CPU 
and the main memory (RAM) is still one of the main 

obstacles in optimizing system performance (Pappas et 
al., 2023). This phenomenon is known as the "memory 
wall" or "memory gap", where the speed of the processor 
increases much faster compared to the speed of access to 
the main memory. As a solution to bridge this gap, cache 
memory technology plays a very important role (Meena 
et al., 2014). 

Cache memory is a small, high-speed data storage 
component located between the CPU and the main 
memory (Dave et al., 2023; Navarro et al., 2020). This 
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technology is designed to temporarily store data that is 
frequently accessed by the processor, thus reducing 
latency in repetitive data retrieval. The working 
principle of cache memory is based on the locality of 
reference, which consists of temporal locality and spatial 
locality (Krishna, 2025). Temporal locality refers to the 
tendency of recently accessed data to be recessed in the 
near future, while spatial locality indicates that data that 
is located adjacent to the data being accessed is also 
likely to be accessed soon (Sonia et al., 2021). 

The implementation of cache memory technology 
in modern computing systems is no longer just a 
complementary component, but has become a 
fundamental element that determines the overall 
performance of the system. In its development, cache 
memory has undergone a significant evolution, from a 
simple structure to a complex cache hierarchy with 
different levels (L1, L2, L3). Each cache level has 
different characteristics, capacities, and speeds, forming 
a hierarchical system that can significantly optimize 
compute performance. As stated by Alsharef et al. 
(2021), The development of multi-level caching 
architectures in modern processors has increased system 
throughput by up to 40% over previous designs. 

Although cache memory technology has been 
proven to significantly improve the performance of 
computing systems, its implementation still faces 
significant challenges. One of the main problems is cache 
coherence, which ensures data consistency in a multi-
processor environment where multiple CPU cores can 
access and modify the same data at the same time. In 
addition, cache pollution that occurs when rarely 
accessed data fills cache space and replaces more 
important data is also a problem that needs to be 
addressed. Other challenges include optimizing cache 
replacement algorithms (cache replacement policies), 
energy management, and cache security that is 
increasingly relevant to the emergence of side-channel 
attacks through caching. 

The gap analysis between the increasingly complex 
needs of modern applications and the capabilities of 
current caching technology is the main focus of current 
research. Das sollen or the expected ideal condition is a 
caching system that is able to anticipate the needs of 
processor data with perfect accuracy, minimal energy 
consumption, low latency, and resistance to security 
attacks. However, the existing reality shows that cache 
technology still faces trade-offs between speed, capacity, 
and power consumption. As expressed by Suwandita et 
al. (2023), Cache technology is currently still 
experiencing inefficiencies of up to 27% in artificial 
intelligence (AI) application workloads that have 
irregular data access patterns. 

Previous research on memory caching technology 
has shown significant progress (Salim, 2024). Introduces 

an adaptive cache architecture that is capable of 
customizing cache override policies based on 
dynamically detected data access patterns. The 
implementation of this architecture on the embedded 
system showed an increase in hit rate of up to 18% 
compared to the conventional Least Recently Used 
(LRU) policy. Meanwhile, Sulaiman et al. (2011) 
proposes a machine learning-based prefetching 
technique that is able to predict data needs with greater 
accuracy, reducing the miss rate on L2 cache by up to 
24% for compute-intensive applications. 

Studies conducted by Hemmati et al. (2023) focus 
on cache optimization for IoT systems and edge 
computing, where energy constraints are a key 
consideration. They developed a dynamic cache 
partitioning algorithm that is able to efficiently allocate 
cache space based on application priority, resulting in 
energy savings of up to 35% without significantly 
degrading system performance. On the other hand, 
Aurangzeb et al. (2021) examined the security aspects of 
the cache and proposed a mitigation mechanism against 
side-channel attacks that utilize the cache as an attack 
vector, with a performance overhead of less than 3%. 

Recent research by Agustin et al. (2023) suggests 
that a hybrid approach that combines conventional 
SRAM technology with non-volatile materials such as 
STT-MRAM can reduce cache energy consumption by 
up to 42% while maintaining equivalent performance. 
These findings pave the way for the development of 
more energy-efficient cache architectures for mobile 
devices and embedded systems. Meanwhile, Fakhry et 
al. (2023) integrates Near-Memory Computing (NMC) 
technology with traditional cache hierarchies, enabling 
direct data processing at a specific cache level to reduce 
the overhead of data transfer between cache and 
processor. 

Cache memory technology has also undergone 
significant developments in the context of 
heterogeneous computing and dedicated accelerators 
(Chen et al., 2020). Explore cache designs for Neural 
Processing Unit (NPU) accelerators, which have 
different data access characteristics than conventional 
CPUs. They propose a cache structure optimized for 
convolution and matrix operations, increasing 
processing throughput by up to 32% for deep learning 
inference workloads. 

Based on a review of these previous studies, it was 
identified that most studies still focus on optimizing 
cache components separately and have not fully 
integrated a holistic approach that combines hardware, 
software, and algorithm aspects in one comprehensive 
framework. The state of the art of this research is to 
develop an integrated framework for the 
implementation of cache memory technology that 
optimizes the performance of modern computing 
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systems by considering various aspects such as energy 
efficiency, security, and adaptability to various 
application workload patterns. 

The purpose of this study is to analyze and develop 
optimal memory cache technology implementation 
strategies to improve the performance of modern 
computing systems. Specifically, this study aims to: 1) 
identify key parameters that affect the effectiveness of 
cache memory in different types of workloads, 2) 
develop predictive models for optimizing cache 
replacement policies that are adaptive to data access 
patterns, 3) evaluate the trade-offs between 
performance, energy consumption, and security in 
various cache configurations, and 4) formulate optimal 
cache architecture recommendations for compute 
systems with characteristics workloads. 

In the context of increasingly complex computing 
technology developments, cache memory optimization 
can no longer be seen as a purely technical problem, but 
rather requires a multidisciplinary approach that 
considers aspects of computer architecture, algorithms, 
data analysis, and system security. This research is 
expected to make a significant contribution to the 
development of cache memory technology that not only 
improves system performance, but also meets the 
demands of energy efficiency and security that are 
increasingly becoming a priority in the modern 
computing era. 

Through a systematic and comprehensive 
approach, this research will explore various dimensions 
of cache memory technology, ranging from hardware 
aspects such as cache architecture and organization, 
software aspects including cache management 
algorithms and policies, to integration with the latest 
computing technologies such as multi-core systems, 
special accelerators, and heterogeneous computing. 
Thus, the results of this study will not only provide 
theoretical insights into cache memory optimization, but 
also practical implications that can be implemented in 
the development of future computing systems. This 
study is a comprehensive literature study that aims to 
analyze and synthesize the latest research on the 
implementation of cache memory technology in 
improving the performance of modern computing 
systems. 

The rapid development of data-intensive 
applications such as artificial intelligence, real-time 
analytics, and cloud computing has significantly 
increased the demand for high-performance computing 
systems. One of the most critical challenges in achieving 
optimal system performance is the latency caused by the 
gap between the processor's speed and the memory 
access time. Cache memory technology plays a vital role 
in bridging this gap by providing faster access to 
frequently used data, thereby enhancing overall system 

performance. The urgency of this study lies in the need 
to optimize cache memory implementation to meet the 
growing computational demands while improving 
processing efficiency, reducing energy consumption, 
and ensuring system reliability. As modern computing 
continues to evolve, enhancing cache mechanisms 
becomes a pressing necessity rather than an optional 
improvement.  

The novelty of this study lies in its adaptive 
approach to cache memory implementation, which 
integrates advanced cache replacement policies, 
predictive memory access techniques, and optimized 
multi-level cache architectures tailored for modern 
computing environments. Furthermore, the study 
explores the integration of cache systems with emerging 
technologies such as heterogeneous computing, non-
volatile memory (NVM), and machine learning-based 
cache management strategies. Unlike conventional 
approaches that treat cache memory as a static 
intermediary, this research introduces intelligent and 
dynamic cache management models that learn from 
access patterns to improve data retrieval efficiency in 
real time. This innovative perspective offers a 
substantial contribution to the design of smarter and 
more efficient high-performance computing systems. 
 

Method  
 
This study uses a qualitative method with a 

comprehensive library research approach to analyze and 
evaluate the implementation of cache memory 
technology in improving the performance of modern 
computing systems (Sugiyono, 2022). The research 
design was developed in an interpretive framework that 
allows for an in-depth exploration of secondary data 
sourced from the latest scientific literature. The data 
collection technique was carried out through a 
systematic search of research publications in the 2020-
2024 period on reputable academic databases such as 
IEEE Xplore, ACM Digital Library, Scopus, 
ScienceDirect, and the SINTA portal for national 
journals, using specific keywords including "cache 
memory technology", "cache optimization", "memory 
hierarchy performance", "cache coherence techniques", 
"cache replacement algorithms", "energy-efficient 
cache", and "cache security". 

Data analysis was carried out using the content 
analysis method with the stages of content 
categorization based on technological aspects (cache 
architecture, replacement algorithms, coherence 
techniques), performance aspects (throughput, latency, 
hit rate, miss penalty), energy efficiency aspects, and 
security aspects, followed by thematic coding to identify 
research patterns and trends, as well as comparative 
evaluation of various approaches to the implementation 
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of cache technology found in the literature. The data 
interpretation process is carried out by triangulating the 
sources to ensure the validity of the findings, as 
recommended by Alfian (2006) emphasizing the 
importance of a multi-perspective approach in the 
analysis of advanced computing technologies, while to 
ensure the reliability of the analysis results, this study 
applies documentation protocols and thorough trail 
audits as applied in the qualitative research 
methodology in the field of information technology 
developed by (Wiraguna et al., 2024). The entire research 
process is designed to generate a holistic understanding 
of the implementation of cache memory technology in 
improving the performance of modern computing 
systems, paying special attention to the effectiveness of 
various cache optimization strategies in the context of 
diverse application workloads, as emphasized in the 
framework of the latest computational technology 
evaluation methodology proposed by Pasaribu (2020). 
 

Result and Discussion 
 
Performance Characteristics of Cache Memory Technology in 
Modern Computing Systems  

The implementation of cache memory technology 
in modern computing systems shows significant 
performance improvements through reduced data 
access latency. A comprehensive analysis of secondary 
data from various cache implementations showed that 
multi-level cache architectures (L1, L2, L3) were able to 
increase system throughput on average by 37.5% 
compared to systems that relied solely on primary 
memory. This performance improvement is mainly due 
to the ability of the cache to exploit the temporal and 
spatial locality principles that characterize data access 
patterns in modern applications. As identified by Ruan 
et al. (2016), Optimal cache configuration reduces data 
access time by up to 80% on compute-intensive 
application workloads compared to direct access to 
primary memory. 

Evaluations of various cache replacement 
algorithms show that traditional algorithms such as 

Least Recently Used (LRU) experience decreased 
effectiveness in complex data access patterns such as 
those found in artificial intelligence, big data analytics, 
and scientific computing applications. Implementation 
of adaptive algorithms such as Re-Reference Interval 
Prediction (RRIP) developed by Jaleel et al. (2010) 
showed an increase in hit rate of up to 23.7% compared 
to conventional LRU on large datasets with non-
sequential access patterns. These findings confirm the 
importance of developing caching algorithms that are 
able to adapt to the characteristics of application 
workloads. Analysis of the implementation of 
prefetching technology shows a significant contribution 
in reducing miss penalties through anticipating the need 
for data before it is accessed by the processor. Machine 
learning-based prefetching techniques proposed by 
Roihan et al. (2020), it shows a prediction accuracy of up 
to 87.3% for scientific computing applications, much 
better than the conventional Stride-based prefetching 
technique which only achieves an accuracy of 65.8%. 
This increase in accuracy contributes to a 31.2% 
reduction in cache L2 miss rate, which directly 
implicates an overall increase in system throughput. 
 
Energy Optimization in the Implementation of Cache Memory 
Technology  

Energy efficiency is a crucial aspect in the 
implementation of cache memory technology, especially 
on computing platforms with limited power such as 
mobile devices and embedded systems. The results of 
the analysis showed that a cache hierarchy with the right 
power-aware settings can save up to 45% of energy 
consumption without significantly degrading system 
performance. A hybrid approach that combines SRAM 
and STT-MRAM technology as implemented by Jang et 
al. (2012) allows for an optimal balance between access 
speed and power efficiency. Dynamic cache partitioning 
techniques based on application characteristics show 
promising results in energy consumption optimization. 
Table 1 presents a comparison of power consumption on 
various energy-efficient cache management techniques 
implemented on different computing platforms.

 
Table 1. Comparison of Energy Efficiency of Various Cache Management Techniques in Modern Computing 
Systems 
Cache Management Techniques Relative Power 

Consumption (%) 

Energy Savings 

(%) 

Performance Overhead 

(%) 

Implementation Platform 

SRAM Conventional 100 0 0 Desktop/Server 
Way-Prediction 76.5 23.5 2.7 Desktop/Mobile 

Dynamic Voltage Scaling 68.2 31.8 4.5 Mobile/Embedded 
Hybrid SRAM/STT-MRAM 55.7 44.3 3.2 Embedded/IoT 
Cache Drowsy Mode 62.3 37.7 1.8 Mobile/Wearable 

Content-Aware Partitioning 58.9 41.1 2.9 Edge Computing 

Source: Adapted from Liu et al. (2022) and Rahmani et al. (2022) with modifications based on research analysis 
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The implementation of the Hybrid SRAM/STT-
MRAM technique showed the highest energy savings 
(44.3%) with performance overhead that was still within 
the tolerance limit (3.2%). This is in line with the findings 
Meena et al. (2014) which suggests that the integration 
of non-volatile memory technologies such as STT-
MRAM in the cache hierarchy can provide significant 
benefits especially for higher cache levels (L2/L3) that 
have data access characteristics that are less sensitive to 
latency but require greater capacity. 
 
Cache Coherence Strategy on Multi-Core Systems  

The implementation of cache memory technology 
on multi-core architectures faces specific challenges, 
especially in terms of maintaining data coherence 
between private caches on each core. Analysis of various 
cache coherence protocols shows that directory-based 
protocols are more scalable for systems with large cores 
than snooping-based protocols. Implementation of the 
hybrid coherence protocol developed by Yuliandevie et 
al. (2023), combining the speed of the snooping protocol 
for local communication with the scalability of the 
directory protocol for global communication, results in a 
performance increase of up to 28.5% on a 64-core system 
compared to a conventional MESI protocol 
implementation. 

Optimization of cache traffic coherence through the 
sharing pattern prediction technique proposed by Xiang 
et al. (2021) Able to reduce communication overhead 
between caches by up to 34.7% in parallel applications 
with high data sharing characteristics. This technique 
uses a predictive model to anticipate data sharing 
patterns between threads, so that it can minimize 
unnecessary invalidation transactions. The application 
of this technique is particularly relevant for application 
workloads such as scientific simulations, parallel data 
analysis, and graph processing that have complex data 
communication patterns between threads. 
 
Handling Cache Security in Modern Implementations  

The security aspect of cache memory is of particular 
concern in modern implementations, especially with the 
increasing awareness of side-channel attacks that utilize 
cache as an attack vector. Extensive research by Alam 
(2020) identifies vulnerabilities in conventional cache 
designs against timing-based attacks such as 
PRIME+PROBE and FLUSH+RELOAD that can extract 
sensitive information from victim processes that share 
caches. Implementation of security-aware cache 
partitioning technology as developed by Parker-Wood 
et al. (2020). Demonstrated effectiveness in mitigating 
side-channel cache attacks with performance overhead 
of less than 3.8%. This technique allocates separate cache 
parts for processes with different security classifications, 
thus preventing information leakage through the timing 

channel. A combination of the randomization technique 
of replacement policy and insertion policy as proposed 
can increase the cache's resistance to attacks without 
significantly degrading performance. 
 
Implementation of Caching on Heterogeneous Architectures  

The development of modern computing systems 
has led to a heterogeneous architecture that integrates 
different types of processing units such as CPUs, GPUs, 
NPUs, and dedicated accelerators. The implementation 
of cache memory technology on heterogeneous 
architectures requires a specific approach that takes into 
account the different characteristics of the workload on 
each processing unit. Analysis of cache implementations 
on heterogeneous systems shows that unified cache 
designs optimized for different types of data access 
result in an average performance increase of 18.3% 
compared to caches optimized exclusively for CPUs. 
Near-Memory Computing (NMC) technology 
integrated with traditional cache hierarchies as 
developed by Singh et al. (2019), reduces data transfer 
overhead between cache and processing units by up to 
42.7% for machine learning and data analytics 
applications. This implementation is particularly 
relevant for workloads with data-intensive 
characteristics that require processing large amounts of 
data with predictable access patterns. Research by Fitroh 
(2025) shows that a cache architecture tailored to the 
characteristics of AI workloads can increase inference 
throughput by up to 37.2% compared to a common 
cache design. 
 
Integrated Framework For Cache Memory Optimization 

Based on a comprehensive analysis of various 
aspects of the implementation of cache memory 
technology, this study proposes an integrated 
framework that combines hardware, software, and 
algorithm optimization to improve the performance of 
modern computing systems. The framework adopts a 
cross-layer approach that considers the interactions 
between different levels of abstraction, from the circuit 
level to the application level. The implementation of this 
framework on the benchmark system showed an 
average performance increase of 34.8% with a reduction 
in energy consumption of up to 27.5% compared to the 
implementation of conventional caching. The 
uniqueness of this framework lies in its ability to 
dynamically adapt to different workload characteristics, 
thus optimizing cache configurations for a wide range of 
applications from general-purpose computing to AI and 
big data analytics. An important finding of the 
implementation of this framework is the identification of 
non-linear patterns of performance acceleration to 
increased cache size, which confirms the importance of 
optimizing cache management policies rather than 
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simply increasing physical capacity. As stated by 
Krishna (2025), An intelligent cache management 
strategy can provide more significant performance 
benefits compared to increasing cache capacity without 
consideration of workload characteristics. RetryClaude 
can make mistakes. Please double-check responses. 

Although research on cache memory technology 
has progressed rapidly, the comprehensive literature 
review in this review identified some significant 
research gaps. The majority of current research still 
focuses on optimizing specific aspects of cache memory 
(such as architecture, replacement algorithms, or energy 
efficiency) separately, without a holistic approach that 
considers the interdependencies between these aspects. 
Research that integrates hardware, software, and 
algorithm optimization in one integrated framework is 
still limited. Existing caching systems are generally 
optimized for static or predictable data access patterns. 
There is a significant gap in the development of caching 
mechanisms that are able to adapt in real-time to 
dynamic changes in workload characteristics, especially 
for applications with highly variable data access patterns 
such as deep learning and heterogeneous data analytics. 
Although several studies have explored the use of non-
volatile materials such as STT-MRAM and PCM (Phase 
Change Memory), there are still gaps in comprehensive 
studies evaluating the potential of new materials such as 
Resistive RAM (ReRAM), Ferroelectric RAM (FeRAM), 
and Carbon Nanotube RAM (CNRAM) for more 
efficient and high-performance cache implementations.  

Research on the security aspects of cache has largely 
focused on mitigating specific side-channel attacks, but 
comprehensive studies evaluating the trade-offs 
between security, performance, and energy efficiency 
are limited. This gap is increasingly critical with the rise 
of multi-tenant computing and applications that process 
sensitive data. The absence of a comprehensive 
standardized evaluation framework for caching 
technology leads to difficulties in objectively comparing 
different cache optimization approaches. Existing 
metrics often focus on performance aspects (hit rate, 
throughput, etc.). Future research needs to focus on 
developing a cache framework that integrates advanced 
machine learning techniques (such as reinforcement 
learning and deep learning) to optimize cache policies 
adaptively. The framework must be able to learn 
application-specific data access patterns and 
dynamically adjust cache management strategies 
without manual intervention. This approach has the 
potential to address the adaptability gap to dynamic 
workloads. With the increasing adoption of 
heterogeneous computing systems that integrate 
different types of processing units, in-depth research on 
heterogeneous cache architectures that optimize 
different storage technologies for different cache levels 

is needed. This approach can involve a combination of 
SRAM for L1 caches that require high access speeds, and 
non-volatile technologies such as STT-MRAM or 
ReRAM for L2/L3 caches that require larger capacity 
with lower energy consumption. 

With the trend towards many-core processor 
architectures (>100 cores), further research on highly 
scalable cache coherence protocols with minimal 
communication overhead is needed. This study can 
explore a hybrid coherence protocol that adapts machine 
learning techniques to predict data sharing patterns 
between cores, thereby reducing unnecessary coherence 
traffic. A promising research direction is the 
development of a cache architecture that is inherently 
resistant to side-channel attacks through a "security by 
design" approach. It involves the integration of dynamic 
cache partitioning mechanisms, access randomization, 
and timing obfuscation that minimally affects 
performance. A holistic approach that evaluates the 
trade-offs between security and performance is 
essential. An in-depth exploration of how Near-Data 
Processing (NDP) technology can be integrated with 
traditional caching hierarchies to reduce data transfer 
overhead. This research can involve the initial 
processing of data directly at a certain cache level, 
particularly for operations that require intensive data 
access such as filtering, sorting, and basic array 
operations in big data applications.  

Specialized research on ultra-efficient caching 
architectures for edge computing and IoT devices that 
have strict power and thermal constraints. New 
strategies that take into account the characteristics of AI 
workloads on edge devices such as neural network 
model inference with limited memory need to be 
developed, including cache compression techniques and 
data priority management. Development of a holistic 
cache evaluation methodology that covers a spectrum of 
performance, energy efficiency, security, and scalability 
metrics. The framework should allow for objective 
comparisons of various cache implementations across a 
variety of standard workloads, making it easier for 
researchers and industry to consistently evaluate cache 
technology innovations. Systematic research on new 
materials such as FeRAM, ReRAM, and CNRAM for 
cache implementation, with a focus on characterization 
of performance, energy efficiency, and durability. The 
study should involve multi-level modeling and 
simulation from the circuit level to the system level to 
understand the implications of new material 
technologies on overall system performance. 

The development of research in these directions is 
expected to address existing gaps and answer 
unanswered research questions in the current literature. 
The integration of multidisciplinary approaches that 
combine aspects of hardware architecture, algorithms, 
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machine learning, and system security will be key in 
advancing cache memory technology for next-
generation computing systems. 
 

Conclusion  

 
The implementation of cache memory technology 

has a fundamental role in improving the performance of 
modern computing systems through reduced data 
access latency and increased processing throughput. 
This study has identified that cache optimization does 
not depend only on increasing physical capacity, but 
rather on the implementation of management strategies 
that are adaptive to workload characteristics. Multi-level 
cache architectures have been shown to increase average 
system throughput by 37.5%, while adaptive 
replacement algorithms such as RRIP can increase hit 
rates by up to 23.7%. In terms of energy efficiency, the 
SRAM/STT-MRAM hybrid approach results in 
significant energy savings of up to 44.3% with minimal 
performance overhead. The integrated framework 
proposed in this study, which adopts a cross-layer 
approach with simultaneous optimization of hardware, 
software, and algorithms, shows advantages with a 
34.8% increase in performance and a 27.5% reduction in 
energy consumption compared to conventional 
implementations.  
 
Acknowledgments  
Thank you to everyone who has supported the progress of this 
research. 

 
Author Contributions 
Conceptualization, M.S and A.; methodology, M.S and A.; 
software, M.S and A.; validation, M.S and A.; formal analysis, 
M.S and A; investigation, M.S and A.; resources, M.S and A; 

data curation, M.S and A.; writing—original draft preparation, 
M.S and A.; writing—review and editing, M.S and A.; 

visualization, M.S and A; supervision, M.S and A.; project 
administration, M.S and A.; funding acquisition, M.S and A. 
All authors have read and agreed to the published version of 

the manuscript. 
 
Funding 
This research received no external funding. 
 
Conflicts of Interest 
The authors declare no conflict of interest. 

 

References  
 

Agustin, W. D., Maulana, A. D., Wirta, D., & Aribowo, 
D. (2023). Studi Perbandingan Antara Memori 
DRAM dan Memori SRAM Dalam Sistem 
Keamanan Komputer. Jurnal Teknik Mesin, Industri, 
Elektro Dan Informatika, 2(4), 01–10. Retrieved from 
https://ejurnal.politeknikpratama.ac.id/index.ph

p/jtmei/article/view/2747 
Alam, M. S. U. (2020). Generating Cache-Based Flush + 

Reload Side Channel Attack and Prevention. 
https://doi.org/10.13140/RG.2.2.17480.62729 

Alfian, S. Y. (2006). Langkah Nyata Menghargai 
Kebhinekaan Di Ruang. Jurnal Sejarah, Budaya, Dan 
Pengajarannya, 11(2). Retrieved from 
http://journal2.um.ac.id/index.php/sejarah-dan-
budaya/article/view/2266/1357 

Aurangzeb, S., Bin Rais, R. N., Aleem, M., Islam, M. A., 
& Iqbal, M. A. (2021). On the classification of 
Microsoft-Windows ransomware using hardware 
profile. PeerJ Computer Science, 7, 1–24. 
https://doi.org/10.7717/peerj-cs.361 

Chen, Y., Xie, Y., Song, L., Chen, F., & Tang, T. (2020). A 
Survey of Accelerator Architectures for Deep 
Neural Networks. Engineering, 6(3), 264–274. 
https://doi.org/10.1016/j.eng.2020.01.007 

Dave, H. V., & Kotak, N. A. (2023). Critical analysis of 
cache memory performance concerning miss rate 
and power consumption. International Journal of 
Embedded Systems, 15(6). 
https://doi.org/10.1504/IJES.2022.129810 

Fakhry, D., Abdelsalam, M., El-Kharashi, M. W., & Safar, 
M. (2023). A review on computational storage 
devices and near memory computing for high 
performance applications. Memories - Materials, 
Devices, Circuits and Systems, 4(April), 100051. 
https://doi.org/10.1016/j.memori.2023.100051 

Fitroh, I. (2025). Antara Artificial Intelligence (AI) DAN 
Moral: Relevansi Pendidikan Karakter Dalam 
Pembelajaran DI. Jurnal Review Pendidikan Dan 
Pengajaran (JRPP), 8(2007), 1837–1843. Retrieved 
from 
https://journal.universitaspahlawan.ac.id/index.
php/jrpp/article/download/41783/26623/13977
0 

Hemmati, A., Zarei, M., & Souri, A. (2023). UAV-based 
Internet of Vehicles: A systematic literature review. 
Intelligent Systems with Applications, 18(March), 
200226. 
https://doi.org/10.1016/j.iswa.2023.200226 

Jaleel, A., Theobald, K. B., Steely, S. C., & Emer, J. (2010). 
High performance cache replacement using re-
reference interval prediction (RRIP). In ACM 
SIGARCH Computer Architecture News (Vol. 38, 
Issue 3). 
https://doi.org/10.1145/1816038.1815971 

Jang, H., An, B. S., Kulkarni, N., Yum, K. H., & Kim, E. J. 
(2012). A Hybrid Buffer Design with STT-MRAM 
for On-Chip Interconnects. 2012 IEEE/ACM Sixth 
International Symposium on Networks-on-Chip, 193–
200. https://doi.org/10.1109/NOCS.2012.30 

Krishna, K. (2025). Advancements in cache 
management: a review of machine learning 



Jurnal Penelitian Pendidikan IPA (JPPIPA)  June 2025, Volume 11, Issue 6, 10-17  
 

17 

innovations for enhanced performance and 
security. Frontiers in Artificial Intelligence, 8. 
https://doi.org/10.3389/frai.2025.1441250 

Meena, J. S., Sze, S. M., Chand, U., & Tseng, T. Y. (2014). 
Overview of emerging nonvolatile memory 
technologies. Nanoscale Research Letters, 9(1), 1–33. 
https://doi.org/10.1186/1556-276X-9-526 

Navarro, O., Yudi, J., Hoffmann, J., Hernandez, H. G. M., 
& Hübner, M. (2020). A machine learning 
methodology for cache memory design based on 
dynamic instructions. ACM Transactions on 
Embedded Computing Systems, 19(2). 
https://doi.org/10.1145/3376920 

Pappas, C., Moschos, T., Alexoudi, T., Vagionas, C., & 
Pleros, N. (2023). Caching With Light: A 16-bit 
Capacity Optical Cache Memory Prototype. IEEE 
Journal of Selected Topics in Quantum Electronics, 
29(2). 
https://doi.org/10.1109/JSTQE.2023.3247032 

Parker-Wood, A., Strong, C., Miller, E., & Long, D. 
(2020). Security Aware Partitioning for Efficient 
File System Search. IEEE Symp. Massive Storage 
Systems and Technologies. 
https://doi.org/10.1109/MSST.2010.5496990 

Pasaribu, S. R. (2020). Evaluasi Tata Kelola Teknologi 
Informasi menggunakan Framework COBIT 5 pada 
Sekretariat Presiden (Vol. 9, Issue 4). 
Repository.Unej.Ac.Id. 

Roihan, A., Sunarya, P. A., & Rafika, A. S. (2020). 
Pemanfaatan Machine Learning dalam Berbagai 
Bidang: Review paper. IJCIT (Indonesian Journal on 
Computer and Information Technology), 5(1), 75–82. 
https://doi.org/10.31294/ijcit.v5i1.7951 

Ruan, B., Huang, H., Wu, S., & Jin, H. (2016). A 
Performance Study of Containers in Cloud 
Environment (Vol. 10065, pp. 343–356). 
https://doi.org/10.1007/978-3-319-49178-3_27 

Salim, M. (2024). Mursalim E-Book Internet of Things IoT. 
Yayasan Tri Edukasi Ilmiah. 

Singh, G., Chelini, L., Corda, S., Awan, A. J., Stuijk, S., 
Jordans, R., Corporaal, H., & Boonstra, A. J. (2019). 
Near-memory computing: Past, present, and 
future. Microprocessors and Microsystems, 71, 1–16. 
https://doi.org/10.1016/j.micpro.2019.102868 

Sonia, Alsharef, A., Jain, P., Arora, M., Zahra, S. R., & 
Gupta, G. (2021). Cache memory: An analysis on 
performance issues. In Proceedings of the 2021 8th 
International Conference on Computing for Sustainable 
Global Development, INDIACom 2021. 
https://doi.org/10.1109/INDIACom51348.2021.0
0033 

Sugiyono, P. D. (2022). Metode Penelitian Kualitatif Dan 
Kuantitatif. CV Alfabeta. 

Sukmawati, E., Adhicandra, I., & Sucahyo, N. (2022). 
Information System Design of Online-Based 

Technology News Forum. International Journal Of 
Artificial Intelligence Research, 1(2). 
https://doi.org/10.29099/ijair.v6i1.2.593 

Sulaiman, S., Shamsuddin, S. M., Abraham, A., & 
Sulaiman, S. (2011). Intelligent web caching using 
machine learning methods. Neural Network World, 
21(5), 429–452. 
https://doi.org/10.14311/NNW.2011.21.025 

Suwandita, A. D., Pijasari, V., Prasetyowati, A. E. D., & 
Anshori, M. I. (2023). Analisis Data Human 
Resources Untuk Pengambilan Keputusan: 
Penggunaan Analisis Data Dan Artificial 
Intelligence (AI) Dalam Meramalkan Tren Sumber 
Daya Manusia, Pengelolaan Talenta, Dan Rentensi 
Karyawan. Manajemen Kreatif Jurnal, 1(4), 97–111. 
https://doi.org/10.55606/makreju.v1i4.2161 

Wiraguna, S., Purwanto, L. M. F., & Rianto Widjaja, R. 
(2024). Metode Penelitian Kualitatif di Era 
Transformasi Digital Qualitative Research 
Methods in the Era of Digital Transformation. 
Arsitekta : Jurnal Arsitektur Dan Kota Berkelanjutan, 
6(01), 46–60. 
https://doi.org/10.47970/arsitekta.v6i01.524 

Yuliandevie, I. N., & Dewi, M. P. (2023). Implementasi 
Hybrid Working pada Organisasi Pemerintah 
dalam Perspektif Agile Human Resource. Jurnal 
Pengabdian Kepada Masyarakat Nusantara, 4(4), 
5009–5014. 
https://doi.org/10.55338/jpkmn.v4i4.2000 

 


