2025 IEEE International Conference on Cloud Computing Technology and Science (CloudCom) | 979-8-3315-6634-0/25/$31.00 ©2025 IEEE | DOI: 10.1109/CLOUDCOM67567.2025.11331581

File Systems’ Impact on SSD Performance and
Energy Efficiency

Sarah Massie, Stephanie Sithu, Jacob Higdon, Bryan Harris, and Nihat Altiparmak
Department of Computer Science and Engineering
University of Louisville, USA
{sarah.massie,stephanie.sithu,jacob.higdon,bryan.harris.1,nihat.altiparmak } @louisville.edu

Abstract—The rapid expansion of digital services, particularly
generative Al and cloud computing, has significantly increased
the energy demands of data centers. This growth poses serious
threats to both the economy and the environment by straining
power grids, driving up electricity costs, increasing greenhouse
gas emissions, and exacerbating water scarcity. While energy-
aware computing practices have emerged as a promising solution,
the role of operating system components, especially file systems
remains underexplored. In this paper, we investigate the perfor-
mance and energy efficiency implications of three widely used
Linux file systems: ext4, xfs, and f2fs. Using a high-performance
NVMe SSD, a power meter, and a diverse set of synthetic and
real-world 10 workloads, we conduct a systematic evaluation
across varying request sizes and concurrency levels. Our results
reveal that f2fs excels in low-intensity random write workloads
due to its log-structured design, while xfs consistently delivers
the best energy efficiency under high-concurrency scenarios. We
highlight how file system design choices can significantly influence
system-wide energy consumption and advocate for energy-aware
system software design as a critical step toward sustainable cloud
infrastructure.

Index Terms—storage and file systems, SSD, 10 performance,
energy efficiency

I. INTRODUCTION

Everyday activities of regular Internet users, such as stream-
ing video, engaging with social media, using generative Al
tools, and accessing various cloud applications place a sig-
nificant load on cloud data centers. In addition, organizations
across industry and academia increasingly rely on cloud-based
or on-premises data centers to drive breakthrough innovations.
However, this reliance comes at a substantial environmental
and economic cost due to the high energy consumption of
data centers, especially with the recent surge in Al adoption
and the growing scale of infrastructure. In 2022, data centers
consumed approximately 460 TWh of electricity (equivalent to
around $46 billion), and this figure is projected to double by
2026 [1]. To contextualize, this level of energy usage rivals
the annual consumption of large industrialized nations such as
Germany or France [2].

Operating systems play a critical role in the efficient man-
agement of computing resources, directly influencing both
performance and energy efficiency. There are currently over
8,000 data centers worldwide, with roughly one-third located
in the United States [1]. Each data center typically houses
thousands of physical machines, each running at least one
operating system. In cloud environments, multiple operating
systems often run concurrently on a single physical machine

via virtualization. Consequently, even a modest percentage
reduction in power consumption at the operating system level
can lead to significant global energy savings, which is an
essential step toward decarbonization.

As hardware technology evolves, operating systems must
adapt to leverage these advancements while maintaining effi-
ciency. One notable hardware shift in recent years has been
the transition from traditional Hard Disk Drives (HDDs) to
flash-based Solid-State Drives (SSDs). SSDs have gained
widespread adoption due to declining costs and increased
capacities, driven by improvements in flash technology and
internal drive architecture. Unlike HDDs, which rely on me-
chanical components for data access and are limited by seek
time and rotational latency, SSDs are fully electronic and offer
faster access times. Moreover, NVMe SSDs support parallel
request handling through internal parallelism and advanced
controllers, enabling significantly higher IO performance, pro-
vided the system software is optimized accordingly. In this
context, the operating system, particularly its file system
component, is crucial for harnessing the full potential of SSDs.

File systems are responsible for organizing, managing, and
providing access to data on storage devices such as HDDs
and SSDs. They structure data hierarchically through directo-
ries and files, manage file-to-storage mappings via allocation
strategies, and track available space using free space man-
agement techniques. Additionally, file systems handle opera-
tions such as file creation, deletion, access, and modification,
facilitating seamless interaction between users, applications,
and data. Advanced features may include permission manage-
ment, access control, error detection and correction, caching,
encryption, defragmentation, and backup/restore capabilities.
The design and implementation of a file system directly affect
a system’s IO performance and energy efficiency [3].

In this paper, we investigate the IO performance and energy
implications of three widely used Linux file systems: ext4 [4],
xfs [5], and f2fs [6]. ext4, the successor to the traditional
Linux file system, offers journaling and enhancements in
capacity and performance, making it the default in many
distributions such as Debian and Ubuntu. xfs is optimized
for high performance, parallelism, and scalability, and is the
default in Red Hat Enterprise Linux (RHEL) and Rocky Linux.
f2fs, or flash-friendly file system, is specifically designed for
SSDs, employing a log-structured architecture to align with
the characteristics of flash storage.
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A key concept in energy-efficient computing is energy
proportionality, which posits that energy consumption should
scale proportionally with performance [7]. In other words,
higher energy usage should yield correspondingly higher
performance. However, energy considerations are often over-
looked in system software design, where performance tradi-
tionally takes precedence. Our empirical evaluation using a
modern flash SSD, a power meter, diverse 10 workloads, and
the latest stable Linux kernel (6.16) measures 10 performance
per unit of energy, such as bytes transferred per joule. By
integrating performance and energy into a unified metric,
we aim to contribute to the broader field of energy-aware
computing. Our findings offer valuable insights for both the
development of future file systems and the optimization of
existing ones, supporting efforts to reduce the energy footprint
of data centers and promote sustainable technology practices.

II. BACKGROUND AND RELATED WORK

This section first describes the design choices of the ext4,
xfs, and f2fs file systems, followed by a review of related work.

A. File System Design Choices

A file system is a method and data structure used by an
operating system to manage and organize files on a storage
device. It provides mechanisms to store, retrieve, and update
data, ensuring both data integrity and efficient access. Design
choices in file systems can significantly affect system perfor-
mance and energy efficiency [3]. This study focuses on three
widely used file systems in Linux environments: ext4, xfs, and
f2fs. Below, we summarize their key design characteristics.

extd [4] is the fourth extended file system developed for
Linux in the late 2000s, offering substantial improvements
over its predecessors, ext3 and ext2. Like ext3, ext4 supports
journaling, which enhances reliability by maintaining a log
of changes before committing them to the main file system,
particularly useful during system crashes or power failures.
ext4 also supports larger volumes and files, surpassing the
limitations of earlier versions. Performance enhancements
include extent-based file allocation (allocating contiguous
blocks), delayed allocation (efficient grouping of block allo-
cations), and faster file system checks by skipping unallocated
block groups and unused inode table sections. Due to its
balance of performance, stability, and reliability, ext4 is the
default file system in many Linux distributions, including
Debian and Ubuntu.

xfs [5] originated at Silicon Graphics in the early 1990s and
was later ported to Linux. Renowned for its robustness
and scalability, xfs is optimized for handling large files and
parallel IO operations through its use of allocation groups. It
efficiently handles concurrent IO from multiple applications,
making it well-suited for multi-processor systems and high
IO workloads. This parallelism is particularly beneficial for
SSDs, which are designed for concurrent 10. Like ext4, xfs
includes extent-based allocation and delayed allocation, along
with delayed logging and advanced metadata operations. Its
ability to manage large data volumes and deliver fast access

makes it a popular choice for high-performance computing
and big data applications. It is the default file system in Red
Hat Enterprise Linux (RHEL) and Rocky Linux.

f2fs [6] (lash-friendly file system) was developed by Sam-
sung in the early 2010s specifically for NAND flash-based
storage devices such as SSDs. f2fs employs a log-structured
file system architecture [8], writing all modifications sequen-
tially in a log-like format (out-of-place writes). This design
improves SSD performance and longevity by minimizing
write amplification, a phenomenon where a single write oper-
ation triggers multiple internal writes. Since sequential writes
are generally faster on SSDs, log-structured designs can
improve random write performance by converting them into
sequential operations. However, this approach also generates
frequent obsolete blocks that must be reclaimed via a periodic
garbage collection process, separate from the SSD’s internal
garbage collection. Additional features of f2fs include multi-
head logging for separating hot and cold data, and adaptive
logging for efficient block allocation.

B. Related Work

Benchmarking is essential for evaluating system perfor-
mance and energy efficiency. Numerous prior studies have
examined the performance and energy impact of file systems.
Early research primarily focused on HDDs and older file
system generations [3], [9]-[11], highlighting the importance
of data localization to reduce disk head movement [9]-[11],
and advocating for metrics such as storage performance per
joule to better assess energy efficiency [3], which we also
adopt in this study.

Subsequent work shifted focus to SSDs, analyzing perfor-
mance and reliability [12]-[16]. These studies explored file
system scalability [12], [13], the impact on write amplifica-
tion [14], IO performance using SATA SSDs [15], and relia-
bility in the context of SSD failures [16]. While some online
forums and benchmarking websites have shared performance
data [17]-[20], a systematic and rigorous analysis remains
lacking. Benchmarking file and storage systems is particularly
challenging due to the complexity of modern storage stacks,
which include caching layers, kernel interactions, and con-
current kernel tasks [21]. Thus, a transparent and methodical
benchmarking approach using diverse workloads is essential
to capture the full spectrum of system behavior [22].

Beyond limited studies in mobile and embedded con-
texts [23], the energy efficiency of file systems on SSDs
has not been thoroughly investigated in desktop and server
environments. Moreover, the Linux kernel evolves rapidly, and
recent changes can significantly affect performance and energy
efficiency, necessitating frequent benchmarking. Innovations in
the storage subsystem, such as widespread adoption of faster
PCIe generations and NVMe SSDs, further motivate a reeval-
uation of file system performance under modern conditions.
Our study addresses this gap by systematically evaluating
the implications of file system design choices on the 10
performance and energy efficiency using recent hardware and
kernel versions.
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Finally, distributed file systems have gained prominence
in cloud and scientific computing environments due to their
scalability and fault tolerance. Prior work has evaluated the
performance of distributed file systems such as Ceph [24],
GlusterFS [25], and Lustre [26] in FUSE-based environ-
ments, showing that performance varies significantly with
data characteristics and workload patterns [27]. Their findings
underscore the importance of aligning file system features with
specific scientific data analysis needs to optimize throughput
and reliability. Our work is orthogonal to this line of research,
as distributed file systems typically run atop local file systems.

III. IMPLICATIONS OF FILE SYSTEM DESIGN CHOICES

This section explores the impact of file system design
decisions on IO performance and energy efficiency.

A. Experimental Setup, Methodology, and Metrics

Our test storage device is a flash-based 2 TB Samsung 990
PRO PCIle 4.0 NVMe SSD with a heatsink, connected to a
PCle 4.0-compatible Dell Precision T3600 workstation. The
system is equipped with a 12th-generation Intel i7-12700 CPU
(3.6/4.8 GHz, 4E/8P cores, 20 threads), 16 GB RAM, and
a 1 TB SK Hynix PC801 NVMe SSD used exclusively for
the operating system (not for IO testing). We used Ubuntu
24.04 LTS with the latest stable Linux kernel version 6.16. To
measure energy consumption, we employed an Onset HOBO
power meter [28], which continuously records the system’s
power usage to embedded memory, thereby eliminating any
software overhead on the test system.

We developed an in-house automation script to system-
atically execute a series of tests across the evaluated file
systems: ext4, xfs, and f2fs. For each file system, the process
includes periodic SSD preconditioning (using fstrim and
blkdiscard as appropriate), formatting and mounting the
file system, executing various IO workloads, and unmounting
the file system. This process is repeated for each file system,
and the entire experiment is conducted 10 times. We report
the average and standard deviation across these 10 runs.

For all file systems, we used the noat ime mount option
to disable last access time updates. To minimize the effects
of caching, we either performed direct IO (via fio) or ensured
that dataset sizes significantly exceeded the available RAM
(rocksdb). We evaluate file system performance and energy
efficiency using three primary metrics:

IO Performance: Depending on the workload, IO perfor-
mance is measured in terms of bandwidth (bytes/sec) or
throughput (IOPS or ops/sec).

System Power Consumption: Power consumption of the en-
tire system is recorded every second in watts using the HOBO
power meter, which is connected to the system’s sole power
supply. To ensure accurate timestamp synchronization, both
the test system and the power meter were synchronized using
the same time server.

Energy Efficiency: Energy efficiency is calculated as the
ratio of IO performance to system power consumption as
follows:

10 Performance (bytes/sec or IOPS)
System Power Consumption (watts)

Energy Efficiency = (1)
This metric provides a clear indication of how effectively
a file system translates power usage into IO performance.
Measuring overall system power consumption is essential, as
high-performance 10 workloads place significant demands
not only on the storage device but also on system soft-
ware and other hardware components, particularly the CPU
and RAM, due to frequent IO submission, scheduling, and
completion operations [29]-[32]. Since one watt equals one
joule per second, the equation above directly translates to
bytes/joule or I0/joule, representing the amount of IO perfor-
mance achieved per unit of energy consumed. Higher values
indicate better energy efficiency, making this a valuable
metric for reducing the energy footprint of data centers.

B. Workloads

We evaluate 10 performance and energy efficiency using the
following storage 10 workloads:

fio [33]: We used the flexible IO tester (fio) version 3.36 to
generate microbenchmarks. The io_uring interface was se-
lected due to its popularity, high-performance characteristics,
and support for asynchronous 10 [34]. The IO depth, which
defines the number of outstanding 1O requests issued to the
storage device, was set to 64 based on the internal parallelism
capabilities of our test SSD. All tests used direct 10 to
bypass the page cache, ensuring that all IO requests were
sent directly to the storage device. Each test included a 30-
second measurement window followed by a 30-second idle
period to allow the system to cool down.
We evaluated five types of 10 operations on a 100 GB file:
random reads, sequential reads, random writes, sequential
writes, and a random mixed workload consisting of 50%
random reads and 50% random writes. Additionally, we used
two IO sizes: 4 KB and 128 KB. To simulate both parallel
IO and concurrent multi-tenant behavior common in cloud
environments, we ran experiments with one, four, and eight
processes issuing IO requests from multiple cores in parallel.

RocksDB [35] with YCSB [36]: To complement synthetic

benchmarks, we also evaluated real-world application work-
loads. While fio is useful for testing system IO limits, realistic
application patterns are better captured using actual software.
For this purpose, we used the RocksDB key-value store,
which is optimized for low-latency lookups and is well-suited
for flash SSDs. We paired RocksDB with the Yahoo Cloud
Serving Benchmark (YCSB), a widely adopted framework
for evaluating the performance of cloud data-serving systems
such as BigTable [37] and Cassandra [38].
For benchmarking, we initialized a RocksDB database on our
test SSD with 12 million records, each containing a single
4 KB field. This setup occupied approximately 50 GB initially
and grew over time as certain workloads inserted additional
records. YCSB includes six realistic workloads that simulate
common cloud service patterns:
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+ Workload A — Update-Heavy Workload: Issues a mix of
50% reads and 50% writes, where updates do not require
reading the original record. This simulates session store
behavior, recording recent user actions.

« Workload B — Read-Mostly Workload: Issues 95% reads
and 5% writes, simulating scenarios like photo tagging,
where most operations are reads.

o Workload C - Read-Only Workload: Issues 100% reads,
emulating a user profile cache where profiles are con-
structed elsewhere (e.g., in Hadoop).

o Workload D Read-Latest Workload: Inserts new
records and assumes the most recent ones are the most
popular. This simulates user status updates where users
seek the latest information.

o Workload E - Short Range Queries: Performs short-
range scans instead of individual record accesses. This
simulates threaded conversations, where posts are clustered
by thread ID. Like Workload D, it also inserts new records.

« Workload F — Read-Modify-Write: Reads a record and
then modifies it, simulating user databases where records
are frequently updated.

As with fio, we ran rocksdb-ycsb workloads using one, four,
and eight threads to evaluate concurrent access behavior.

C. Experimental Results

Figures 1, 2, and 3 present the (a) IO performance, (b)
power consumption, and (c) energy efficiency of fio workloads
using 128 KB request sizes, under one-, four-, and eight-
process scenarios, respectively. Results for 4 KB request sizes
are shown in Figures 4, 5, and 6. The numbers on the bars
represent the mean values across 10 runs, and the error bars
indicate the standard deviation.

Observation 1. f2fs achieves the best 10 performance for
random write and random mixed workloads in low 10
intensity (IOPS) scenarios.

Applications issuing large 1O requests (e.g., 128 KB) can
saturate the available storage bandwidth with relatively low
IO intensities (IOPS), as seen in Figures 1, 2, and 3. In these
experiments, the maximum throughput achieved is approxi-
mately 54 K IOPS, which is relatively low for a device capable
of providing over 1 M IOPS but still sufficient to provide
6.6 GB/s bandwidth (close to device saturation) due to large
request sizes. Such low IOPS levels exert less pressure on the
file system and system software responsible for IO submission,
scheduling, and completion. In these 128 KB experiments, f2fs
performs comparably to other file systems for sequential writes
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and outperforms them in random write and random mixed
scenarios.

Observation 2. f2fs achieves the best energy efficiency
for random mixed workloads in low IO intensity (IOPS)
scenarios.

f2fs delivers superior IO performance in random write and
random mixed scenarios due to its log-structured design, which
efficiently converts random writes into sequential ones, an
advantage for flash SSDs under low IOPS conditions. Al-
though this conversion introduces additional processing over-
head, resulting in higher power consumption, the performance
gains in random mixed workloads outweigh the energy cost,
making f2fs the most energy-efficient file system in these
cases. However, in the 100% random write scenario, the extra
energy consumption does not yield a significant performance
benefit, resulting in lower energy efficiency compared to other
file systems.

Observation 3. f2fs suffers from write performance in high
10 intensity (IOPS) scenarios, especially as 10 concurrency
increases.

Modern flash SSDs with high internal parallelism and PCle

100 -
3.5-

4.0+ support can handle millions of small IO operations
per second. Applications issuing small requests (e.g., 4 KB)
place significantly higher stress on the file system, allowing
us to evaluate scalability. As shown in Figures 4, 5, and
6, f2fs consistently exhibits the lowest write performance
across random write, sequential write, and random mixed
scenarios. This is likely due to lock contention in shared
data structures managing its log. Under high concurrency,
such as in the four- and eight-process cases, these structures
become bottlenecks. Even in the single-process case (Fig. 4),
Sf2fs struggles to maintain performance under high IOPS. In
Fig. 6, both ext4 and xfs scale to 1.62 M IOPS for sequential
writes, achieving 6.18 GB/s bandwidth and nearly saturating
the device. In contrast, f2fs remains below 3 GB/s, less than
half the performance of the others, due to its inability to scale
under high IO intensity and concurrency.

Observation 4. Overall, xfs is the best option for energy
efficiency.

For read operations, all three file systems generally show
comparable 10 performance and energy efficiency. However,
when considering all request sizes (4 KB and 128 KB), re-
quest types (read, write, mixed), and access patterns (random,
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sequential) tested with fio, xfs emerges as the most energy-
efficient option, achieving the highest energy efficiency scores
in more than half of the experiments. This holds true even
when its 10 performance is similar to that of ext4 in some
cases. The superior energy efficiency of xfs is likely due to
its high-performance parallel IO design, which handles high
IOPS without incurring additional power consumption. Further
discussion is provided on this in Section IV.

Figures 7, 8, and 9 show the (a) IO performance, (b) power
consumption, and (c) energy efficiency of rocksdb-ycsb appli-
cation workloads under one-, four-, and eight-thread scenarios,
respectively. As in the fio experiments, the bar values represent
the mean of 10 runs, and the error bars indicate the standard
deviation.

Since all rocksdb-ycsb workloads involving writes (A, B,
E, and F) operate at high IOPS levels, Observations 1 and 2
cannot be confirmed using these workloads, as they pertain to
low IO intensity scenarios. This highlights the importance of
microbenchmarks, which allow comprehensive analysis across
a wide range of IO behaviors, despite being synthetic. In
contrast, macrobenchmarks such as rocksdb-ycsb reflect real-
world application behavior but offer less flexibility in workload
characteristics. However, rocksdb-ycsb workloads do support
Observations 3 and 4. In high-intensity workloads involving
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writes (A, B, E, and F), f2fs continues to underperform in
general (Obs. 3). For read workloads (C and D), all file
systems perform similarly, consistent with fio results. Overall,
xfs remains the most energy-efficient file system across all
rocksdb-ycsb workloads (Obs. 4).

IV. DISCUSSION

Our experimental results reveal several important insights
into the performance and energy efficiency characteristics
of modern Linux file systems when used with flash-based
NVMe SSDs under varying IO workloads. These findings have
implications for both system software design and practical
deployment decisions in cloud and data center environments.

A. Microbenchmarks vs. Macrobenchmarks

The combination of synthetic microbenchmarks and real-
world macrobenchmarks provides a more comprehensive un-
derstanding of file system behavior. Our findings show that
while microbenchmarks are essential for fine-grained control
over 10 patterns, enabling us to isolate specific performance
and energy characteristics as well as stress-testing scalability,
macrobenchmarks are equally important for validating those
findings in real-world contexts. For example, the poor scala-
bility of f2fs under high-concurrency write workloads observed
in fio is also evident in rocksdb-ycsb.
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B. Impact of 10 Intensity and Concurrency

One of the key takeaways from our study is the significant
influence of IO intensity (IOPS) and concurrency on file
system behavior. Under low IO intensity scenarios with large
request sizes (e.g., 128 KB), f2fs demonstrates superior perfor-
mance for random write and random mixed workloads. This
is primarily due to its log-structured design, which efficiently
converts random writes into sequential ones, an operation
well-suited to the characteristics of flash SSDs. However,
this advantage diminishes under high IO intensity scenarios,
particularly with small request sizes (e.g., 4 KB) and increased
concurrency. In these cases, f2fs suffers from performance
degradation, likely due to lock contention in its internal
data structures. This bottleneck becomes more pronounced as
the number of concurrent processes increases, highlighting a
scalability limitation in its current implementation.

C. Implications for Cloud and Edge Environments

The insights from this study are particularly relevant for
cloud and edge computing environments, where storage sys-
tems must balance performance, scalability, and energy effi-
ciency. In multi-tenant cloud environments, where concurrent
access to shared storage is common, file systems like xfs
that scale well under high concurrency and maintain energy
efficiency are advantageous. On the other hand, in edge com-
puting scenarios where workloads may be less concurrent and
energy constraints are more stringent, f2fs may offer benefits,
especially for write-heavy applications with low IO intensity.
These trade-offs highlight the need for workload-aware file
system selection in modern computing environments.

D. Energy Efficiency as a First-Class Metric

Our results underscore the importance of considering energy
efficiency, not just raw performance, when evaluating file
systems for cloud-scale deployments. While f2fs achieves
high performance in certain scenarios, its energy efficiency
varies depending on workload characteristics. In contrast, xfs
consistently delivers strong energy efficiency across a wide
range of workloads, even when its performance is comparable
to ext4. This suggests that xfs’s design, which emphasizes
parallelism and scalability, allows it to handle high IO loads
without incurring significant additional power consumption.
As energy costs and sustainability concerns continue to grow
in importance, especially in large-scale data centers, such
characteristics make xfs a compelling choice for general-
purpose deployments.

The primary design feature behind xfs’s high-performance
parallel IO capability is its use of allocation groups, which
divide the file system’s storage space into independent, self-
contained units. This design enables concurrent operations
on different units in parallel. The independence of allocation
groups allows xfs to effectively leverage multi-core processors
and high-performance flash SSDs with internal parallel 10
capabilities. The minimum size of an allocation group is
16 MB, and the maximum is 1 TB. In our experiments, the
file system was configured with four allocation groups, based

on the default mkfs.xfs settings in Linux, similar to the
default configurations used for the other file systems tested.
For increased parallelism, the number of allocation groups can
be configured to match the number of CPU cores in the system.
In xfs’s design, individual files can span multiple allocation
groups, and during file allocation, xfs may favor less busy
allocation groups to distribute the load. For very large and
rapidly growing files, xfs strategically places new extents in
less-contended allocation groups to maximize parallel I10.
The use of allocation groups exemplifies an energy-aware
system software design, one that improves IO performance
while maintaining proportionally lower energy consumption.
Such optimizations are achievable when system software de-
velopers carefully consider the architectural characteristics of
the hardware they interact with and align their designs accord-
ingly. For example, legacy file system optimizations tailored
for HDD mechanics may not only fail to benefit SSDs but may
also negatively impact energy efficiency. To reduce the en-
ergy consumption of data centers, system software developers
should adopt an energy-aware mindset, evaluating the energy
implications of their design choices relative to the perfor-
mance benefits achieved, akin to a profit-loss analysis. Given
the significant potential for energy savings at the operating
system level, energy-aware components such as file systems
are essential for mitigating the environmental and economic
impact of data centers. These optimizations can help achieve
sustainability goals without compromising performance or the
societal benefits enabled by cloud computing infrastructure.

E. Limitations and Future Work

While our study provides valuable insights, it also has sev-
eral limitations. First, we evaluated only a single SSD model.
Future work could extend this analysis to include a broader
range of storage configurations, such as RAID arrays of SSDs,
to assess scalability and redundancy impacts. Our bench-
marking methodology combined synthetic microbenchmarks
and real-world macrobenchmarks; however, future work can
also incorporate Filebench [39] to evaluate metadata-intensive
operations. Beyond performance and energy efficiency, the
impact of file systems on SSD longevity remains an important
area for exploration. Finally, deeper analysis of f2fs under
high-concurrency workloads, such as profiling lock contention,
memory usage, and internal queueing behavior, could inform
targeted optimizations or inspire new file system designs that
better balance performance, scalability, and energy efficiency.
It is important to note that this study focuses solely on the
performance and energy implications of file systems. Further
investigation is needed in scenarios where other factors, such
as data reliability or security are primary concerns.

V. CONCLUSION

This paper investigates the impact of file system design
choices on IO performance and energy efficiency. Our evalua-
tion shows that while log-structured designs can improve SSD
performance in low-intensity write scenarios, they may lead to
significant performance degradation under highly concurrent,
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write-intensive workloads if not carefully implemented. This is
a critical concern as modern NVMe SSDs can exert substantial
pressure on the shared data structures of log-structured file
systems. Our findings also demonstrate that energy-aware file
system designs are feasible, offering performance improve-
ments without incurring substantial energy costs.
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