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Abstract. The increasing requirement for real-time data processing and intelligent decision-making at the edge of 
networks has spurred the development of enhanced memory technology. Non-volatile memory (NVM) has 
emerged as a major enabler for edge devices, giving advantages such as data preservation without power, low 
energy consumption, and high reliability. This research addresses the design and optimization of NVM 
technologies specialized for edge devices, addressing the problems of limited power, size limits, and high-
performance needs. It presents an overview of several NVM types, including Flash, MRAM, ReRAM, and PCM, 
and analyzes their suitability for edge computing applications. The report also highlights crucial design aspects 
such as endurance, scalability, and integration with current edge systems. Additionally, it addresses new trends 
and advances in NVM for edge applications, including their potential significance in IoT and AI-driven workloads. 
This work intends to contribute to the evolution of efficient, scalable, and sustainable memory solutions for next-
generation edge devices. 
Keywords. Non-Volatile Memory, Edge Devices, Low-Power Design, IoT Applications, Emerging Memory 
Technologies. 

1 Introduction 

 With the growing rise of edge computing, the requirement for efficient and dependable memory solutions has 
become important. Edge devices, such as sensors, IoT devices, and autonomous systems, require fast, low-power, 
and high-reliability memory to support real-time data processing, storage, and decision-making. Non-volatile 
memory (NVM) technologies, which maintain data without requiring continuous power, are positioned to play a 
crucial part in satisfying these demands [[1-6]. Unlike typical volatile memory (e.g., DRAM), NVM enables 
persistent storage, making it appropriate for applications where data must be retained between power cycles.  This 
research focuses on the design and integration of NVM in edge devices, addressing the unique problems provided 
by their limits in terms of power consumption, size, and performance. The study investigates various NVM 
technologies such as Flash, MRAM, ReRAM, and PCM, evaluating their applicability for edge applications. 
Moreover, it analyzes the trade-offs involved in selecting optimal memory solutions based on aspects like 
endurance, speed, and scalability. As edge computing becomes increasingly crucial to applications like IoT, AI, 
and real-time analytics, the need for new memory solutions will continue to expand. This study intends to provide 
insights into the future of NVM technologies and their integration into edge devices, highlighting their potential 
to improve the performance and efficiency of distributed computing systems [7-15]. 
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Fig 1. Edge computing architecture 

1.1 Background 

 Edge computing is a distributed computing paradigm that brings computation and data storage closer to the 
location where it is needed, reducing latency and bandwidth use. With the proliferation of Internet of Things (IoT) 
devices, autonomous systems, and real-time applications, edge devices must handle data processing locally to 
ensure faster decision-making and efficient resource utilization. These devices typically have limited power, 
memory, and processing capabilities, necessitating advanced memory technologies that balance performance with 
energy efficiency. On-volatile memory (NVM) is an emerging solution that offers data retention without the need 
for continuous power, making it ideal for edge devices where power efficiency and reliability are paramount. 
Traditional volatile memory technologies, such as DRAM, cannot meet the persistent storage requirements of 
these systems. As NVM technologies like Flash, MRAM, ReRAM, and PCM evolve, they are being integrated 
into edge devices to enable faster, more durable, and scalable memory solutions for real-time data processing and 
storage. 

1.2 Problem Statement 

 The increasing demand for real-time data processing and decision-making in edge computing requires 
memory technologies that balance high performance with low power consumption and reliable data retention. 
While traditional volatile memory solutions like DRAM are widely used, they are unsuitable for edge devices, 
which often operate in environments with limited power and storage resources. Non-volatile memory (NVM) 
technologies, which retain data without requiring power, have emerged as a promising solution to address these 
limitations [16-18]. However, the integration of NVM into edge devices presents several challenges, including 
ensuring fast data access, long-term endurance, and cost-effectiveness while maintaining power efficiency. 
Additionally, different NVM types (e.g., Flash, MRAM, ReRAM, PCM) offer varied characteristics, making it 
difficult to determine the most suitable technology for specific edge applications. This research aims to explore 
and optimize the design of NVM technologies for edge devices, focusing on addressing these challenges and 
enabling scalable, efficient, and reliable memory solutions. 

2 Literature Review 

 The design of non-volatile memory (NVM) technologies for edge devices is crucial for enhancing 
performance in artificial intelligence (AI) applications. NVM-based computing-in-memory (nvCIM) architectures 
are emerging as a solution to the limitations of traditional von Neumann architectures, particularly in terms of 
latency and energy efficiency [1-6]. This response will explore the key aspects of NVM technologies for edge 
devices, including their architecture, types of memory used, and the challenges faced in their implementation. 
nvCIM integrates memory and processing, reducing data transfer times and energy consumption, which is 
essential for AI applications in edge devices [7-9]. Recent advancements have led to the development of integrated 
circuits that combine resistive random-access memory (ReRAM) with CMOS technology, achieving high energy 
efficiency and low latency. Utilized in edge servers for its high density and performance, suitable for handling 
large data volumes in 5G networks. Employed in cloud servers and edge devices, offering advantages in speed 
and energy efficiency for AI computations. Achieving low latency and high energy efficiency remains a challenge, 
particularly in multibit operations and signal margin degradation [10-15].  
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 The integration of advanced memory technologies into compact edge devices poses significant manufacturing 
challenges. While the advancements in NVM technologies for edge devices present promising solutions, there are 
ongoing concerns regarding the scalability and reliability of these systems, particularly as demand for AI 
applications continues to grow [16-20].  The design of non-volatile memory (NVM) technologies for edge devices 
has been a key area of research in recent years, driven by the increasing need for efficient, low-power, and high-
reliability storage solutions. Edge devices, characterized by limited power and storage capabilities, present unique 
challenges for integrating traditional memory technologies. Non-volatile memory, which retains data without 
requiring constant power, is an attractive alternative due to its ability to provide persistent storage with reduced 
power consumption [21-25]. Several NVM technologies have been explored for edge devices, each with distinct 
advantages and challenges. Flash memory, widely used in consumer electronics, offers high density and durability 
but faces limitations in terms of speed and endurance, especially in write-intensive applications. Emerging 
technologies such as magneto resistive random-access memory (MRAM) and resistive random-access memory 
(ReRAM) have gained attention for their fast read and write speeds, lower energy consumption, and potential for 
higher endurance compared to Flash. Phase-change memory (PCM) has also been investigated, offering non-
volatility and fast switching speeds but facing scalability issues [25-30]. 

2.1 Research Gaps 

 The need for optimized hybrid NVM architectures that balance performance, endurance, and power 
efficiency for diverse edge applications. 

 Lack of standardized benchmarks for evaluating the reliability and performance of NVM technologies in 
real-world edge environments. 

 Limited research on cost-effective, scalable manufacturing processes for emerging NVM technologies suited 
for edge devices. 

 Insufficient exploration of the integration of machine learning techniques for enhancing the durability and 
wear levelling of NVM in edge systems. 

2.2 Research Objectives 

 To evaluate the performance, endurance, and energy efficiency of various NVM technologies in the context 
of edge computing. 

 To design and propose optimized hybrid memory architectures combining different NVM types for edge 
device applications. 

 To develop reliable, low-cost manufacturing techniques for scaling NVM technologies tailored for edge 
devices. 

 To explore the use of machine learning algorithms for predictive maintenance and wear leveling in NVM-
based edge systems. 

3 Methodology 

The methodology for this research will begin with a thorough literature review of existing non-volatile memory 
(NVM) technologies, including Flash, MRAM, ReRAM, and PCM, to assess their characteristics, advantages, 
and limitations in edge computing environments. This review will help identify the most suitable NVM types for 
integration into edge devices, considering factors such as power consumption, speed, endurance, and cost. 
Following this, a comparative analysis will be conducted to evaluate the performance of different NVM 
technologies in real-world edge applications. Hybrid memory architectures combining multiple NVM 
technologies will be designed to optimize performance, endurance, and power efficiency. Additionally, the 
research will explore the use of machine learning algorithms for predicting memory wear and enhancing the 
reliability of NVM in edge systems. Prototype edge devices will be developed to test the proposed memory 
solutions under various operational conditions, with performance and reliability metrics being recorded to validate 
the design. 
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Fig. 2. Research methodology 

4 Design Considerations for NVM in Edge Devices 

Power Efficiency: Edge devices often operate in environments with limited power resources, requiring memory 
solutions that consume minimal energy during both active and idle states. Low-power NVM technologies are 
critical for ensuring that the device can run efficiently without draining the battery or increasing the power budget. 
 
Endurance and Reliability in edge devices must withstand frequent read/write cycles over long periods. The 
memory must be designed to endure a high number of program/erase cycles without degrading in performance or 
reliability. Endurance mechanisms, such as wear levelling, are essential to ensure the longevity of the device. 
 
Data Retention and Access Speed: Data retention is vital for edge devices that need to store critical information 
over time without power. The memory must have a high retention period, ensuring data is kept intact. 
Simultaneously, access speed must be optimized for real-time applications, where quick retrieval and processing 
of stored data are necessary. 
 
Scalability and Cost-effectiveness: As the demand for edge devices grows, scalability is crucial for meeting the 
needs of diverse applications. The NVM technology must be cost-effective, both in terms of manufacturing and 
implementation, while being able to scale up for larger systems or multiple devices without excessive cost or 
complexity. These considerations ensure that the chosen NVM technology can meet the specific requirements of 
edge devices, providing efficient, reliable, and scalable memory solutions for real-time data processing and 
storage. 

5 Results and Discussions 

 This section presents the results of the comparative analysis conducted on various non-volatile memory 
(NVM) technologies, specifically focusing on their performance in edge device applications. The evaluation 
covers key design considerations such as power consumption, endurance, read and write access speeds, data 
retention, and cost-effectiveness. The results aim to provide a comprehensive understanding of the strengths and 
weaknesses of each NVM technology (Flash, MRAM, ReRAM, and PCM) and their suitability for integration 
into edge devices. Graphs and tables have been utilized to present the performance metrics clearly, allowing for a 
direct comparison between the different memory solutions. These findings will serve as the foundation for 
selecting the most appropriate NVM technologies for edge computing systems, taking into account their 
operational requirements and constraints. The following graphs illustrate the power consumption, endurance, and 
other critical parameters, providing a basis for further analysis and recommendations. 
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Table 1. Example Data for NVM Technologies (Flash, MRAM, ReRAM, PCM): 
 

 
The table offers a detailed comparison of four prominent non-volatile memory (NVM) technologies—Flash, 

MRAM, ReRAM, and PCM—based on crucial performance metrics essential for edge device applications. Power 
consumption is a critical factor, as edge devices often operate in power-constrained environments, and lower 
power consumption can significantly improve energy efficiency. Endurance, represented by program/erase cycles, 
reflects the memory's durability and suitability for applications requiring frequent data write operations. The read 
and write access speeds indicate the responsiveness of each memory type, which is vital for real-time data 
processing in edge devices. Data retention, measured in years, shows how long each memory type can store data 
without power, an important consideration for applications requiring long-term data integrity. Cost per gigabyte 
is also a key factor, as it impacts the overall affordability of deploying these memory solutions in large-scale edge 
systems. By examining these parameters, the table helps identify the strengths and weaknesses of each NVM 
technology and provides valuable insights into their potential integration into various edge computing 
applications. 
 

 
Fig 4. Power Consumption Comparison (mW) 
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Fig 5. Endurance Comparison (Program/Erase Cycles) 

 
The graphs provide a comparative analysis of key performance metrics for four non-volatile memory (NVM) 

technologies. The first graph, illustrating power consumption, shows that MRAM and ReRAM are more energy-
efficient than Flash and PCM, making them ideal for power-constrained edge devices. The second graph, depicting 
endurance on a logarithmic scale, highlights that MRAM and ReRAM offer significantly higher endurance 
compared to Flash and PCM, suggesting better long-term reliability for applications with frequent write cycles. 
Together, these graphs emphasize the trade-offs between power efficiency and endurance, which are critical 
factors in selecting the most suitable NVM technology for edge computing systems. 

6 Conclusion 

This research has explored the design and integration of non-volatile memory (NVM) technologies for edge 
devices, focusing on critical factors such as power efficiency, endurance, data retention, access speed, and cost-
effectiveness. The comparative analysis of Flash, MRAM, ReRAM, and PCM revealed that each NVM 
technology offers unique strengths and weaknesses, making them suitable for different edge computing 
applications. MRAM and ReRAM stand out for their low power consumption and high endurance, while Flash 
remains a cost-effective solution for applications with less frequent write operations. PCM, although offering fast 
access speeds, faces limitations in terms of endurance and scalability. Hybrid memory architectures combining 
the strengths of different NVM technologies were identified as a promising solution to optimize performance in 
edge devices. Future work will focus on further optimizing these architectures and exploring the integration of 
machine learning algorithms to enhance the reliability and efficiency of NVM in real-time edge applications. 
Overall, this research provides valuable insights for selecting the most appropriate NVM solutions for edge 
computing environments. 
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