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Abstract. System restorations are crucial for maintaining operational continu-
ity, yet the lack of comparative performance data makes selecting the right roll-
back tool a significant challenge. This paper addresses this gap by conducting
a quantitative performance analysis of four popular techniques: NixOS Gener-
ations, Snapper, Timeshift (in RSYNC mode), and Windows System Restore. We
evaluated each tool based on two key metrics: rollback duration and snapshot
storage size, using a controlled virtualized environment. Our results reveal sig-
nificant performance disparities, with rollback speeds differing by up to a factor
of four, indicating that filesystem-integrated, copy-on-write tools are demonstra-
bly more efficient for performance-critical applications.

1. Introduction
A system restoration, or rollback, can be defined as returning a system to a previously
recorded state, called a restore point or snapshot (Yun et al., 2008). This is useful for main-
taining system availability and operation continuity, providing a reliable way to quickly
recover from software failures, human error, or other disruptive events. For critical sys-
tems where uptime is imperative, the ability to revert to a known-working state is invalu-
able.

A wide range of system rollback tools exists, each with distinct performance char-
acteristics and specific operating system or filesystem dependencies. Consequently, se-
lecting the appropriate tool is a critical upfront decision, as migrating a production envi-
ronment to accommodate a different tool later can be costly and impractical.

A review of the existing literature reveals a significant gap: there is a lack of
comparative performance data on system rollback tools. This lack of quantitative data
makes informed decision-making difficult. Therefore, the primary objective of this paper
is to address this problem by conducting a comparative analysis of four distinct rollback
techniques. This paper benchmarks the restoration time and storage overhead of four
popular and architecturally diverse solutions: NixOS System Generations (Dolstra and
Löh, 2008), Timeshift (RSYNC mode) (Linux Mint, 2025), Snapper (openSUSE, 2025),
and Windows System Restore (Microsoft, 2025).

This research makes two primary contributions. First, it provides a quantitative re-
sult comparing the restoration time and storage overhead of key rollback tools, revealing
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performance differences of up to four times between them. Second, it presents a detailed
analysis of the architectural trade-offs and requirements between these approaches, pro-
ducing a set of practical guidelines to help engineers and system administrators select the
most suitable technology for their specific operational requirements.

This paper is organized as follows. Section 2 presents related works. Section 3
provides the necessary background. Section 4 details the methodology. Section 5 dis-
cusses the experiments and analyzes the results. Finally, Section 6 concludes the paper.

2. Related Work
Aiming to improve the reliability and fault tolerance of mobile devices, Lin et al. (2001)
introduced a novel rollback recovery system for PalmOS, a dominant mobile operating
system at the time of publication. Although the platform is now outdated, the lightweight
checkpointing mechanisms described by the authors share foundational similarities with
modern tools, such as Windows System Restore. The work’s primary contribution was
demonstrating the feasibility of a low-overhead recovery system in a resource-constrained
environment.

In the context of data center environments, where Virtual Machine Clusters
(VMCs) are common, system failures can significantly impact operational continuity. To
address this, Cui et al. (2014) developed HotRestore, a restoration tool capable of rolling
back a VMC to a previously recorded state in mere seconds. The authors’ work demon-
strates the role of rapid system restoration in reducing the operational overhead caused by
such failures in large-scale virtualized environments.

Addressing the performance overhead of data protection features in most open
source storage systems, Yang et al. (2019) proposed S3R5, a storage system architecture
based on the Redirect on Write (RoW) principle. The authors compared the snapshot
restoration performance of S3R5 with that of Ceph, a widely used Copy-on-Write (CoW)
based storage platform. Their results demonstrated that RoW implementation in S3R5
reduced the rollback time by up to 44.40%.

In summary, the discussed articles highlight the relevance of System Rollback
Tools in various critical computational environments. Despite this established importance,
a direct analysis of modern rollback tools and their underlying architectural trade-offs is
largely absent from existing research. Our work addresses this gap by providing a com-
parative performance analysis of such tools. We evaluated restoration time and disk usage
by snapshots, while also examining the architectural principles and practical requirements
of each approach.

3. Background
System restore, or rollback, is a process which allows the restoration of critical operating
system and application files during a crash event (Yun et al., 2008). Four system rollback
tools that employ different techniques will be compared in this article, and each of them
will be explained in the following sections

3.1. NixOS system generations
NixOS is a Linux distribution configured and managed entirely declaratively, in contrast
to the imperative approach used by most other systems (Dolstra and Löh, 2008). To allow



users to easily recover from upgrades or mistakes that render the system non-bootable or
unstable, the system creates system profiles, called generations whenever changes are
made to the system. Each generation is an immutable snapshot of the system.

This process is initiated when a user runs the command
nixos-rebuild switch. This command evaluates and builds the system
configuration present in /etc/nixos/configuration.nix and stores the result
in /nix/var/nix/profiles/system/. Then, an activation script is run, updating
the current system environment into the new profile. Each system profile is linked to
a numbered generation in the bootloader menu, which can be selected at startup. This
enables users to rollback the system into any non-garbage-collected previous generation.

3.2. Snapper + BTRFS
BTRFS (B-Tree File System) is a Linux filesystem that utilizes a Copy on Write (CoW)
mechanism. This feature is leveraged by tools like Snapper to create and restore highly
space efficient system snapshots (openSUSE, 2025).

The CoW principle dictates that when data is modified, changes are written to a
new block, rather than overwriting the original location. BTRFS implements this using a
CoW-friendly B-Tree data structure (Rodeh et al., 2013). Whenever a node in the tree is
changed, the path between that node and the tree’s root is duplicated, and modifications
are applied only to the copied nodes (Rodeh, 2008). This is very effective for creating
snapshots, as it only requires creating a new root pointer to the existing unmodified tree.
Subsequent changes to system files will cause new blocks to be written, diverging from the
snapshot without altering its original blocks, as shown in Figure 1. Restoring the system
from a snapshot is similarly straightforward, as it simply involves making the snapshot’s
root the new default filesystem root.

Figure 1. (a) A basic B-tree and (b) Inserting key 19 (Rodeh et al., 2013).

3.3. Timeshift + RSYNC
Timeshift is a system restoration tool for Linux. In its rsync mode, which can be used
on any Linux distribution or filesystem, snapshots are created by making copies of sys-
tem files. While the initial snapshot is a full copy of all files, subsequent ones reduce
disk space usage by using hard links for any unchanged files from previous snapshots.
Timeshift utilizes the RSYNC utility to reconstruct the copied files in their original loca-
tions (Linux Mint, 2025).

The rsync algorithm, on which the utility is based, was designed to efficiently syn-
chronize files, originally between computers on a network (Tridgell, 2025). The algorithm
works by dividing the destination file into a series of non-overlapping fixed size blocks. It
calculates a weak 32-bit checksum and a strong 128-bit MD4 checksum for each of those



blocks. It then searches through the origin file to find all blocks of data that have the same
weak and strong checksum as one of the blocks in the destination file. Finally, it builds a
copy of the origin file at the destination by using a sequence of instructions, where each
instruction is either literal data that is missing from the destination file, or a reference to
one of its existing blocks (Tridgell and Mackerras, 1996).

3.4. Windows System Restore
Volume Shadowcopy Service (VSS) is a framework in Microsoft Windows that is used
by applications to create point-in-time snapshots, known as shadow copies. This service
is the underlying technology for many Windows features, including the native Windows
System Restore tool. VSS coordinates three key components:

1. Requester: Applications that initiate the snapshot process (e.g. the System Re-
store utility).

2. Writers: Components that collect data and ensure data consistency by preparing
their associated application for the snapshot, by flushing caches or freezing I/O
operations.

3. Providers: Software or hardware components responsible for creating, maintain-
ing and restoring shadow copies themselves. Windows includes a default software
provider that uses a Copy on Write (CoW) mechanism.
To create a snapshot, a requester asks VSS to signal the writers, which prepare

their data. The provider then creates the shadow copy containing the state of the selected
volume. When restoring a system, the CoW provider uses the stored data to revert the
volume to the state captured in the snapshot (Microsoft, 2025). The interaction between
VSS and its Writers, Requesters, and Providers is shown in Figure 2.

Figure 2. Coordination of Writers, Requestors and Providers (Microsoft, 2025).

4. Methodology
4.1. Computational Environment
All experiments were conducted on a single machine, which contained an Intel Core i7-
1165G7 processor with 4 physical cores and 8 threads, 16GB of DDR4 memory, and
500GB of SSD storage. The operating system used was Linux NixOS 24.11 (Vicuna).
For the virtual machines, which did not run simultaneously, each was configured with 2
CPU cores, 4GB of RAM, and a 64GB virtual disk.

4.2. Procedures
This study adopted an experimental approach to measure and compare the performance
of different system rollback tools. In addition to the previously mentioned tools, the
following software was used to conduct the experiments in a controlled environment:



• Quickemu: A front end for Qemu (A popular type 2 hypervisor), used to create
and manage virtual machines for testing.

• vmstat: A Linux utility used to monitor system resource usage. It was employed
to detect system-level anomalies (e.g., high CPU steal time) that could interfere
with test validity.

• BTRFS Assistant: A graphical interface for Snapper, used to streamline
the creation of BTRFS snapshots.

The experiments consisted of the following: Quickemu was used to create four
virtual machines, one with NixOS (Linux), two with Fedora (Linux), and one with Win-
dows 10. On these virtual machines, the respective restoration tools were configured:
NixOS with its System generations, one Fedora VM with Snapper, the second Fe-
dora VM with Timeshift, and Windows 10 with its native System Restore. For
each configuration, 10 system rollbacks were executed. During each rollback operation,
vmstatwas running on the host system to monitor resource usage and ensure no system-
level anomalies interfered with results. Figure 3 provides a test diagram.

Figure 3. Test environment diagram.

To measure the disk space occupied by snapshots, a different technique was re-
quired for each restoration tool. For NixOS and Timeshift, the space used by each snap-
shot was determined by directly measuring the size of its corresponding storage direc-
tory. For Snapper, the snapper list command was used, which provides the pre-
cise disk space for each snapshot. A different approach was necessary for Windows
System Restore, as it does not provide a direct method to measure individual snapshot
sizes. Instead, it only reports the total space consumed by all snapshots. Therefore, the
vssadmin list shadowstorage command was executed after each snapshot was
created. The size of each individual snapshot was then calculated by measuring the in-
crease in the total space consumed.

5. Experiments and Results

5.1. Restoration Time

Figure 4 illustrates the rollback durations for each tool, highlighting a significant perfor-
mance gap between them. NixOS generations and Snapper were the fastest, exhibiting



low median rollback times of approximately 20 and 26 seconds, respectively. Timeshift
occupied the middle of the spectrum, with a median duration of 54 seconds. In con-
trast, Windows System Restore was the slowest and least consistent tool, showing a much
higher median time of approximately 88 seconds and the widest performance variance.

Figure 4. Time comparison of different system restoration techniques.

NixOS and Snapper demonstrated the highest efficiency. The rollback mecha-
nism for both is primarily a metadata operation. In the case of Snapper, this involves
re-pointing the filesystem’s root to a different BTRFS subvolume, an almost instanta-
neous change. For NixOS, a rollback is functionally identical to a standard reboot into a
different, pre-existing system configuration, where the system environment is constructed
by the activation script with symlinks to the Nix Store. Consequently, for both tools,
the measured rollback time is dominated by the system’s reboot sequence rather than the
restoration operation itself.

In contrast, Timeshift’s performance is limited by its file-based approach. A
restoration requires the physical transfer of data from the snapshot location to the live
filesystem. While the RSYNC algorithm minimizes the amount of blocks transferred, the
disk I/O operation is inherently more time and resource intensive than the metadata-only
changes performed by Snapper and NixOS.

Finally, the lower relative performance of Windows System Restore can be at-
tributed to the architectural overhead of its Volume Shadow Copy Service (VSS) frame-
work. The restoration process requires complex coordination between multiple software
layers (the requester, writers, and provider), each of which adds latency. This intricate or-
chestration makes the process fundamentally slower compared to the more direct methods
used by the other tools.

5.2. Snapshot Size

Table 1 exhibits the average space taken by each individual snapshot for each of the tools.



Timeshift recorded the largest average snapshot size at 11.32 GB. This is because
its file-based approach creates full copies of files, without compression. This large foot-
print, however, is alleviated by not creating copies of unchanged files. In consequence,
after the initial snapshot is created, subsequent ones will occuppy less disk space.

Timeshift’s file-based approach yielded the largest average snapshot size, at 11.32
GB. While its initial snapshot is a full, uncompressed copy of all relevant files, the stor-
age footprint of subsequent snapshots is reduced by using hard links, rather than making
duplicate copies.

In contrast, Snapper and Windows System Restore demonstrated more space-
efficient results (13.92 MB and 30 MB, respectively). Both tools leverage their underlying
filesystem’s Copy on Write (CoW) capabilities. This means snapshot only stores altered
disk blocks between system states, rather than entire files.

NixOS had the lowest footprint, with each generation averaging only 80 kB. This
low size is because NixOS generations do not contain programs or dependencies them-
selves, but rather directions to packages located in the system’s Nix Store. As packages
can be shared across all generations, the snapshot size reflects only the changes in config-
uration scripts and symlinks needed to construct the system environment.

Table 1. Average disk space occupied by system snapshot per restoration tool.
NixOS System

Generations Timeshift Snapper
Windows System

Restore
Average space

occupied by Snapshot 80 kB 11.32 GB 13.92 MB 30 MB

6. Conclusion

The primary objective of this study was to analyze popular system rollback tools. Our
experiments revealed significant disparities in both rollback duration and snapshot size.
The results consistently showed that metadata-based approaches, such as NixOS genera-
tions and Snapper, offered the fastest restoration times and the lowest storage overhead.
In contrast, the file-based approach employed by Timeshift’s rsync mode resulted in high
disk usage and moderately slower restorations. Lastly, Windows System Restore was the
least efficient in restoration performance.

These findings are significant for system administrators and DevOps engineers.
For performance-critical systems, our results indicate that modern copy-on-write tools,
such as Snapper, or recovery-focused operating systems, like NixOS, are the most effec-
tive strategies. While Timeshift offers greater filesystem flexibility, it comes at a clear
performance cost. The data suggests that Windows System Restore may be unsuitable for
enterprise environments that require swift and predictable recovery.

It is important to note the limitations of this study. The experiments were con-
ducted on virtual machines with a single hardware configuration and an NVMe SSD.
Performance characteristics, especially for I/O-heavy tools such as Timeshift, may differ
on other storage media such as HDDs. Furthermore, this analysis was limited to four rep-
resentative tools; other solutions, such as native ZFS snapshots, were not included. Future



work could evaluate the resilience of these restoration tools in critical failure scenarios,
such as filesystem corruption, interrupted snapshots, or partial disk failure.
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