Toward Efficient Package Maintenance: An Empirical Study of
Patch Sharing across Four Linux Distributions

Jian Peng3t§
Institute of Software, Chinese
Academy of Sciences
Beijing, China
pengjian23@otcaix.iscas.ac.cn

Wei Chen'#8
Institute of Software, Chinese
Academy of Sciences
Beijing, China
wchen@otcaix.iscas.ac.cn

Jiaxin Zhu' T8
Institute of Software, Chinese
Academy of Sciences
Beijing, China
zhujiaxin@otcaix.iscas.ac.cn

Guoquan Wu' 18
Institute of Software, Chinese
Academy of Sciences
Beijing, China
gqwu@otcaix.iscas.ac.cn

Jun Weil#8
Institute of Software, Chinese
Academy of Sciences
Beijing, China
wj@otcaix.iscas.ac.cn

Yuwei Zhang"
Institute of Software, Chinese
Academy of Sciences
Beijing, China
zhangyuwei@iscas.ac.cn

Wei Wanght§
Institute of Software, Chinese
Academy of Sciences
Beijing, China
wangwei@otcaix.iscas.ac.cn

Abstract

As a cornerstone of cloud computing and artificial intelligence,
the Linux operating system has given rise to many popular distri-
butions (distros), such as Fedora and Debian. A distro includes a
rich collection of software packages derived from third-party open-
source projects (upstream). Due to the nature of reusing upstream,
some packages originate from the same upstream projects, noted
as homologous packages. Maintaining packages is a core but te-
dious task for distros, which relies on continuously developing code
patches. The maintenance of homologous packages could benefit
from cross-distro collaboration. However, their shared origin may
also lead to redundant efforts and delayed reuse of valuable main-
tenance work performed by other distros. To measure potential
inefficiencies and explore possible solutions, this paper conducts
an empirical study of patch sharing among homologous packages
across four representative distros spanning three distinct families:
Debian, Ubuntu, Fedora, and openEuler. We find that homologous
packages are prevalent across distros, even across different distro
families. Specifically, there are 13,873 homologous packages shared
between Debian and Fedora, accounting for 40.3% and 56.1% of
all packages in Debian and Fedora, respectively. For homologous
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packages with the same upstream version, we found that 19.5% of
the patches are shared between Fedora and Debian, and 46.7% be-
tween Fedora and openEuler. However, these shared patches often
exhibit remarkable propagation latency, with a median lag of 530.0
days between Fedora and Debian and 169.0 days between Fedora
and openEuler. These results highlight the importance and neces-
sity of cross-distro-family patch recommendations. We identified 17
shared Fedora-exclusive patches and contributed them to openEuler,
among which 15 patches were successfully merged, demonstrat-
ing the potential of cross-distro-family patch recommendation and
inspiring further research in this area.
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1 Introduction

The Linux distributions have become the essential software infras-
tructure for cloud computing and artificial intelligence. Over the
years, numerous open-source Linux distributions have emerged,
including prominent examples such as Debian, Ubuntu, and Fedora.
In addition to the Linux kernel, a Linux distribution typically in-
cludes a wide range of software components and applications, such
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as compilers, libraries, frameworks, and end-user programs, many
of which originate from third-party open-source projects. These
third-party open-source projects serve as the foundational sources
for the software integrated into the distribution and are commonly
referred to as upstream projects. The source code released by up-
stream projects is typically bundled with patches and configuration
scripts into packages maintained by distribution maintainers [1].
Packages across different distributions may be derived from the
same upstream project. We refer to such packages, which originate
from the same upstream project but are included in different distri-
butions, as homologous packages. For brevity, we refer to a Linux
distribution as a distro throughout this paper.

Although each Linux distro carries out its own development
and maintenance, many homologous packages encounter similar
technical challenges and maintenance efforts. However, existing
approaches to systematically identify and analyze these commonal-
ities remain inadequate, limiting opportunities for collaboration,
knowledge sharing, and the dissemination of best practices. Conse-
quently, effectively uncovering and leveraging cross-distro homo-
geneity has become a key challenge in enhancing the efficiency of
package maintenance and reducing overall costs [2].

The inherent diversity of the Linux distro ecosystem further
exacerbates collaboration challenges. Major distros are typically
grouped into several distinct distro families [3], among which the
Red Hat and Debian families are the most prominent, adopting
the RPM and DEB package management systems [4], respectively.
These two systems differ substantially in package structure, patch
management, and tool chains, introducing technical barriers to
patch migration and effort reuse. To enable a comprehensive inves-
tigation of package maintenance practices across these paradigms,
this study selects Fedora, a long-standing and widely used repre-
sentative of the Red Hat family, and Debian and Ubuntu from the
Debian family. We also include openEuler, an RPM-based distro
from a different family, in which we have participated.

We study patch sharing across distros from three perspectives:
(1) the pervasiveness of homologous packages across distros, (2)
the characteristics of shared and non-shared patches within the ho-
mologous packages, and (3) the timing of patch introduction across
distros. We also explore the potential for cross-distro patch rec-
ommendations. We identified homologous packages across Fedora
41, openEuler 24.03, Debian 12.7, and Ubuntu 24.04. Our results
show that Debian and Ubuntu share the largest number of homol-
ogous packages, accounting for 96.6% and 89.1% of their package
sets, respectively, which aligns with their derivative relationship.
Subsequently, we identified homologous packages that share iden-
tical upstream versions and conducted cross-family comparisons,
specifically between Fedora and Debian, and between Fedora and
openEuler. Our results show that 50.29% and 85.34% of the analyzed
packages in the Fedora-Debian and Fedora—openEuler comparisons
exhibit divergent patch sets. Even among the packages that share at
least one patch, the overall patch set overlap remains limited, aver-
aging 46.73% for Fedora—openEuler and 19.45% for Fedora-Debian.
Moreover, shared patches experience introduction delays between
distro families, with median values of 530.0 days for Fedora-Debian
and 169.0 days for Fedora—openEuler, highlighting that cross-distro-
family patch sharing and propagation remain considerably delayed.
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Beyond the quantitative results of patch sharing, we demonstrate
the practical potential of cross-distro-family patch recommenda-
tion. From homologous packages with identical upstream versions,
we manually selected 17 patches that were present in Fedora for
prolonged periods of time but absent in openEuler, based on their
technical relevance and potential value. All 17 patches were sub-
mitted to the openEuler community, successfully applied to the
corresponding packages, and passed the CI checks. As of this writ-
ing, 15 patches have been reviewed and accepted by openEuler
package maintainers. This demonstration sheds light on the po-
tential of cross-distro-family patch recommendations to reduce
redundant maintenance efforts and improve package quality in an
effective and efficient manner. The data and scripts used in this
study are publicly available on Zenodo [5].

The main contributions of this paper are as follows:

e We present a comprehensive quantitative empirical study of
package patch sharing among Linux distributions from distinct
families, highlighting evidence of shortcomings in package
maintenance.

e We identified and contributed 17 Fedora-exclusive patches
from homologous packages to openEuler, demonstrating the
potential of cross-distro-family patch recommendation and
motivating further research in this area.

e We curate a dataset of homologous packages and their corre-
sponding patch sets across four mainstream Linux distribu-
tions.

2 Preliminaries and Motivation

2.1 Linux Distros and Their Software Packages

A Linux distribution (distro) is an operating system based on the
Linux kernel. Apart from the Linux kernel, it also incorporates a
rich variety of open-source applications and components. For exam-
ple, popular distros, such as Debian, Ubuntu, and Fedora, include a
wide range of software such as desktop environments (e.g., GNOME
or Unity), office suites (e.g., LibreOffice), and terminal emulators
(e.g., GNOME Terminal or Konsole) [6]. Each distro manages its
own software repositories, release cycles, and policies, offering cus-
tomized solutions to meet diverse user needs and use cases [7]. The
early distros introduced two widely known package management
systems, i.e., RPM and DEB, to manage the software applications
and components. These packaged applications and components are
referred to as packages, In particular, source packages are used dur-
ing development, whereas binary packages are used for release. For
brevity, we often use the term package to refer to source packages
in this paper.

2.2 Development and Maintenance of Linux
Distro Packages

In the Linux ecosystem, upstream typically refers to the original
open-source projects maintained by their respective communities
(e.g., LibreOffice and MySQL), which continuously release new
versions of code that include bug fixes, new features, and other
improvements. Distros (such as Debian, Fedora, and openEuler)
integrate, package, and adapt the software from upstream projects
to construct their own tailored systems. At the same time, distros
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are related through lineage, giving rise to several major families?.
Distros within the same family share a number of similarities. As
shown in Figure 1, Debian is the root of the Debian family, while
Ubuntu is derived from Debian and reuses Debian’s code, package
management system (DEB), repository structure, etc. In turn, Linux
Mint? is a derivative of Ubuntu and, indirectly, of Debian. This
derivative model enables rapid propagation of innovation and im-
provements throughout the Linux ecosystem, while also fostering
collaborative software maintenance and adaptation [8].

Red Hat Family

Slackware Family

e.g. Debian

SR ¢
: > e o0
CX-ARUTRNLY  Indirect Derivative Distros LI

Distro Families
A Distro Family (e.g., Debian)

Figure 1: Linux distribution family tree.

Figure 2 shows an illustrative example, where package devel-
opment and maintenance in Linux distros involve monitoring up-
stream releases, integrating new versions, and adapting them through
patch management and configuration. In addition, derivative distros
often import and update term packages from their parent distros
rather than directly from the original upstream projects. Each pack-
age has a Git repository maintained by distribution developers. A
package’s Git repository serves as the source shared by all releases
of a distro that include the package. It mainly contains patches
and configuration files. Code from upstream projects is kept sep-
arate and remains unmodified. Packages are built and tested in
controlled environments, with rigorous patch review and quality
assurance processes ensuring compliance with distro policies [9].
Coordinated release management delivers tailored packages to end
users, while continuous feedback from operational environments
drives iterative improvement and sustained maintenance [10].
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Figure 2: An illustrative example of a software package in a
Linux distro and its upstream.
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It should be noted that the names and versions involved in the
above process differ between the upstream and distro perspectives.
As illustrated in Figure 2, the upstream project P releases the up-
stream version x.).z, and the distro reuses the released code to
build a package named P’. The package name P’ follows the name
of the upstream project, but may be a variant with changes in letter
case or other minor modifications. The package also has its own
version, x.).z-r, where x.y.z denotes the upstream version, and r
indicates changes in the patch set or configurations of the package.
Examples of actual package names and versions can be found in
Section 4.2.

There are several sources of patches within a package. Some
patches are independently developed by distro package maintainers
or contributors, either because the upstream has not yet addressed
the issues of bug/vulnerability fixes and new features, or due to
the specific requirements of the distro. There are also patches de-
rived from third parties, such as upstream projects, parent distros
and other distros. For example, Ubuntu launched the Patch Pilot
program? to support and coordinate patch contributions. These
patches help ensure the inclusion of essential improvements and
fixes. This diversity in patch sources enhances the flexibility and
responsiveness of distro package maintenance. However, recent
empirical studies [1] have found that many high-priority bugs are
fixed only within distros and are not promptly submitted upstream,
resulting in redundant maintenance efforts and increasing technical
debt for distro maintainers. These challenges underscore the urgent
need for systematic mechanisms to track, manage, and recommend
reusable patches across distros and upstream projects [11, 12].

3 Research Questions

We investigate the commonalities, differences, and sharing of the
patches in homologous packages across major Linux distros. Given
the numerous collaborative efforts within the same family (i.e., a
base distro and its direct/indirect derivatives) and the explicit reuse
relationships among them, our study mainly focuses on collabora-
tion across different families. We define the following four research
questions (RQs), which focus on the extent of homologous pack-
ages, the sharing of patches among them, and the delay in patch
propagation.

RQ1: What is the distribution of homologous packages
across the studied Linux distributions?

Our study stems from the widespread practice of reusing open-
source projects to build Linux distro packages. Many homologous
packages likely exist across various Linux distros, including those
belonging to both the same and different families. As a first step,
we aim to quantify the proportion of homologous packages among
Linux distros to reveal the importance of investigating their devel-
opment and maintenance.

RQ2: What are the shared and non-shared patches in ho-
mologous packages across the studied distributions from
different families?

We observed notable differences in the patch sets of many ho-
mologous packages. To better understand these differences, we
analyze the characteristics of both shared and non-shared patches
to investigate whether non-shared patches could also be reused

3https://documentation.ubuntu.com/project/community/contribute/patch-pilots/
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across distro families to improve package maintenance efficiency.
The answer to this question may help measure both the existing
and the additional efforts needed to maintain homologous packages
across distro families.

RQ3: When were the shared patches introduced in the
development of the studied distributions from different fam-
ilies?

Existing shared patches indicate the presence of common issues
that need to be addressed. However, the timing of their introduction
into the package Git repositories varies across distros. Patches
that address critical issues should be adopted as early as possible.
Therefore, we aim to investigate potential inefficiencies in patch
reuse and quantify the delay of reuse.

RQ4: Can patches be recommended across the studied dis-
tributions from different families?

The first three questions aim to reveal the necessity of and in-
efficiencies in patch sharing across distro families. In this RQ, we
seek to explore whether there are opportunities to address these
inefficiencies. We assess the feasibility of cross-distro-family patch
recommendation by examining whether patches developed and
maintained in one distro can be effectively recommended and ac-
cepted by by distros from other families. The answer to this question
can serve as evidence supporting the development of automated
tools that promote patch sharing.

4 Methodology

To answer the research questions, we follow a multi-step approach
shown in Figure 3: collecting packages from four mainstream Linux
distros, identifying homologous ones, and analyzing and recom-
mending patches across distro families.

4.1 Dataset

We selected three representative long-standing distros, Fedora, De-
bian, and Ubuntu. As described in Section 2, Debian and Ubuntu
belong to the same family, with Ubuntu being a derivative of De-
bian, whereas Fedora belongs to a different lineage. In addition, we
included a prominent emerging distro, openEuler, from another
lineage, in whose development we have participated. In Novem-
ber 2024, when this study began, the latest releases of the selected
distros were Fedora 41, Debian 12.7, Ubuntu 24.04, and openEuler
24.03. The packages from these releases were used in this study. We
collected the packages from their respective official mirrors. The
number of packages in Fedora 41, Debian 12.7, Ubuntu 24.04, and
openEuler 24.03 is 24,725, 34,467, 37,383, and 6,155, respectively.

The organization and application of patches in source packages
differ between RPM and DEB package management systems. In
Fedora and openEuler (RPM), each source package includes a . spec
file that defines build logic and a set of patch files, which are applied
sequentially during the build process [13]. In Debian (DEB), source
packages consist of a . dsc descriptor, an upstream source archive
(.orig.tar.gz), and a Debian-specific archive (.debian.tar.gz)
containing packaging metadata and patches. The debian/patches/
directory and its series file explicitly list and order the patches
to be applied. Figures 4 and 5 illustrate these structures, based on
which we extract patches from the source packages.
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4.2 Homologous Packages Identification

As defined in Section 2.2, homologous packages are those that
originate from the same upstream project. Different Linux distros
follow distinct naming conventions. Package names may vary in
letter case across distros. In addition, distros often add different
prefixes or suffixes to indicate language bindings or package roles,
such as python-, php-, golang-, lib, nodejs-, -dev, -utils, or -devel.
Based on these observations, we identify homologous packages for
RQ1 through a process that ranges from package name compari-
son to content comparison. We first compare package names in a
case-insensitive manner and directly classify those with identical
names as Exact_Match. For the remaining unmatched packages,
we first apply name normalization, removing distro-specific pre-
fixes, suffixes, or delimiters, and identifying additional matches
based on standardized names. To avoid false positives, we draw on
prior work that leverages project metadata [14], such as consistent
project names in homepage or repository URLs for aligning up-
stream projects, and employs textual similarity measures to assess
package description similarity. Using Python’s scikit-learn library,
we preprocess the package descriptions by removing punctuation,
converting English text to lowercase, and applying language-aware
tokenization, followed by constructing TF-IDF representations.
Since textual similarity serves only as a supporting signal, we adopt
a relatively loose similarity threshold of 0.6 to identify more ho-
mologous package candidates, above which packages are labeled
as Std_Match. In some cases, packages may have entirely different
names across distros, even after removing prefixes and suffixes. For
instance, libfits-java in Debian and nom-tam-fits in Fedora form
a pair of homologous packages, illustrating that Std_Match may
still fail to capture such relationships. Repology?, a public cross-
distro package monitoring platform, along with its Repology-Rules®
framework, helps associate upstream projects with packages across
multiple distros. The associations are maintained in continuously
updated database dumps, and we downloaded the latest dump and
imported it into our local database. It is straightforward to obtain
homologous package candidates within the same distro family, such
as Debian and Ubuntu, by querying the database for projects. For
homologous package candidates across different families, we also
take into account the related projects identified by Repology. This
step also helps eliminate packages that share identical names across
distros but do not originate from the same upstream project.

Finally, three of the authors manually reviewed all Std_Match
candidates as well as additional candidates obtained from Repology.
They did not have any disagreements. We paid particular attention
to packages with significantly different version numbers to ensure
the accuracy of our identification.

The version-aligned homologous packages are analyzed to
address RQ2 to RQ4. This selection eliminates upstream-side dif-
ferences, allowing the comparison to focus solely on distro-specific
variations. Furthermore, we selected the Fedora-Debian and Fe-
dora-openEuler pairs for comparisons. As elaborated in the pre-
liminaries and research questions, the base distros and their direct
and indirect derivatives have established mechanisms for inherited

“https://repology.org/
Shttps://github.com/repology/repology-rules
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Figure 3: Approach overview of investigating patch sharing in homologous packages across Linux distros.
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Figure 4: File structure of an RPM source package (SRPM).
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<upstream_source>.debian.tar.gz
application

Debian Patch/Packaging Tarball
*patch
Patches

Figure 5: File structure of a DEB source package.

collaboration in package and patch reuse, whereas this paper fo-
cuses on distros from different families. The Fedora-Debian pair
allows us to examine the challenges and opportunities of migrating
patches across different packaging paradigms (i.e., DEB vs. RPM),
while the Fedora—openEuler pair is used to examine patch reuse
across families that nonetheless share the same packaging system
(RPM).

4.3 Comparison of Patches in Homologous
Packages

We abstract the differences between the DEB and RPM formats to
enable consistent patch comparison.

4.3.1  Patch Extraction. For RPM packages, patches are extracted
by parsing patch declarations in the . spec file, as well as handling
associated commands such as %patch, %autopatch, or %autoset
up, which may affect patch file path levels. For Debian packages,
we locate and parse the series file under the debian/patches/
directory, which specifies the application order of all patch files.
Each listed patch is then located relative to the repository root or the
unpacked source tree. We also enabled detailed logging to monitor
package downloads and parsing, thereby ensuring complete patch
extraction.

4.3.2  Patch Normalization. Automated comparison requires a clear
understanding of the standard structure of patch files as used in
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Figure 6: Functionally equivalent patches for dmtx-utils in
Fedora and Debian.

Linux distros. As shown in Figure 6, a patch file consists of meta-
data (such as filename, author, or description), followed by one
or more blocks specifying file paths and the corresponding code
changes, commonly referred to as hunks. Each hunk contains the
context of the modification and highlights added (green) or deleted
(red) lines. The example in Figure 6 shows patches for two homol-
ogous dmtx-utils packages from Fedora and Debian. Although
the patch filenames, metadata, and paths of the modified code dif-
fer, both patches implement the same code change: updating the
type of totalCount from unsigned long to size_t in two source
files. Such cases highlight the challenges in automated comparison,
namely, that functionally equivalent patches may differ substan-
tially across distros, making normalization and structural analysis
indispensable.

We normalize the patches by retaining only the essential infor-
mation, such as the actual code changes, the modified files, and the
affected line numbers. The normalization process removes irrele-
vant formatting differences, path prefixes, file rename suffixes, and
unifies line endings and encodings. This helps ensure that struc-
turally equivalent patches are not overlooked due to superficial
differences, thereby enabling accurate automated comparison and
equivalence detection [15].

4.3.3 Shared Patch Identification. A normalized patch is repre-
sented by three components: the set of modified files, the number
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of changed lines, and the hunks. If all three components are identi-
cal between two patches, we label them as shared. For the remaining
unmatched patches, we calculate a composite similarity score based
on modified files and code changes to identify patches with highly
similar core content.

Comparison of Changed File Set. To account for package directory
structure differences across distros, such as directory renaming,
variations in source tree layout, or the use of commands like %patch
-P1 that strip leading path components, we normalize patch file
paths by comparing only filenames and, when available, including
up to the last two directory components for matching. Specifically,
we define the normalized path of a file p as:

last two components of p,
FileName(p),

if Depth(p) > 2

NormPath(p) = { otherwise

1

This approach helps to align semantically identical files that may
differ in superficial directory prefixes across distros. For each file
in the set modified by patch P;, we consider it matched with a file
in patch Py if their normalized paths are equal. The similarity score
is then computed as:

|Fm|
|F1 U P
where F; and F, denote the sets of modified files (after normaliza-
tion) in each patch, and F;, denotes the number of matched files
with the same normalized paths.

Comparison of Code Changes. We extract all added and deleted
lines from each patch, tokenize them into n-grams, and compute
the Jaccard similarity for both additions and deletions:

Scode = 0.5 '](AI)AZ) +0.5- ](RI,RZ) (3)

@

Spath =

where A; and Aj are the n-gram sets of added lines, Ry and R; are
_ |XnY]
T IXVUY|

the n-gram sets of deleted lines in each patch, and J(X,Y)
denotes the Jaccard similarity.

Composite Patch Similarity. The patch similarity score is com-
puted as a weighted sum:

Scomposite =X Spath +Y - Scode (4

Scode and Spay contribute differently to patch identification.
Scode captures the semantics of patches but may lead to false posi-
tives caused by shared template patterns and false negatives due to
contextual drift or formatting differences. Spa, helps alleviate these
issues. We evaluated several weighting pairs (0.6/0.4, 0.7/0.3, 0.8/0.2,
0.9/0.1) and found that assigning weights of 0.8 to Scy4e and 0.2 to
Spath Yields the most reliable identification performance. Analysis
of the sample set further shows that most shared patches naturally
exceed a composite similarity of 0.7, motivating the use of 0.7 as our
identification threshold. When S,a, = 1, this threshold requires
Scode > 0.625 under the 0.8/0.2 configuration. However, some true
shared patches fall below this value due to differences in comments,
whitespace, or coding style. To account for this, we compute an en-
hanced code similarity Séo e Using Python’s difflib.SequenceMatcher
on comment-stripped code. If a patch pair satisfies Scyge < 0.625

but Sé ode > 0-8, we apply a correction:

) ’
% _ Scomposne + Scode (5)

composite 2
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This adjustment effectively covers borderline cases without impact-
ing the remaining ones. Finally, patch pairs are considered shared
if their (corrected) composite score exceeds 0.70.

4.4 Temporal Analysis of Shared Patch
Propagation during Development

To answer RQ3, we conduct a temporal analysis of the introduction
times of shared patches in the package Git repositories. First, based
on previously collected package metadata, we identify and clone
the corresponding Git repositories from multiple hosting platforms,
including Fedora’s src. fedoraproject.org, openEuler’s gitee.
com/src-openeuler, and Debian’s Salsa.debian.org. Packages
whose Git repositories cannot be located are excluded from our
analysis. Second, we analyze the modification history of patch files
by applying git log --follow, which maintains historical conti-
nuity in the presence of file moves or renames [16], and identify the
date when each patch file was added to the repository. The dates
are normalized to ISO 8601-formatted strings. We further visualize
the temporal distro of patch introductions between distros using
scatter plots, and employ empirical cumulative distro function plots
to statistically analyze patch propagation delays, thereby revealing
the order and latency of patch introduction across distros.

4.5 Cross-distro-family Patch Recommendation

For RQ4, we systematically evaluate the practical potential for cross-
distro-family patch recommendation. Specifically, for homologous
package pairs with identical upstream versions, we manually select
patches exclusive to Fedora (i.e., present only in Fedora) that address
security vulnerabilities, general feature enhancements, or compati-
bility improvements. These candidate patches are then validated
by cloning the corresponding openEuler package repositories, ap-
plying the patch via git apply --check, and ensuring successful
integration [17, 18]. Patches that pass this validation are submitted
as pull requests to the openEuler community for peer review. To
eliminate potential subjective bias, we submit the pull requests
using an account that has no prior contributions to openEuler. This
manual yet reproducible workflow mirrors the real-world process
of patch porting and provides both practical and empirical evidence
for the feasibility of automated cross-distro patch recommendation.

5 Results

5.1 Homologous Packages across Distributions

To address RQ1, we identified the homologous packages across
openEuler 24.03, Fedora 41, Debian 12.7, and Ubuntu 24.04. Figure 7
presents the number of packages in each Linux distro, along with
the number of homologous packages shared across the four distros.
The dot plot at the bottom indicates the participating distros (high-
lighted as dark dots) for each group of homologous packages. The
most prominent intersection occurs between Debian and Ubuntu,
which share 33,293 homologous packages, representing 96.6% of all
Debian packages and 89.1% of all Ubuntu packages. This substantial
overlap reflects their direct derivative relationship: Ubuntu initially
imported most of its package set from Debian and has since contin-
ued to update and expand the set through security updates, feature
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enhancements, and distro-specific adaptations, resulting in an even
larger package collection.

Beyond Debian-Ubuntu, we also observe a sizable set of homol-
ogous packages shared between Debian and Fedora. Specifically,
the two distros share 13,873 homologous packages, accounting
for 40.3% of all Debian packages and 56.1% of all Fedora packages.
Despite the absence of a lineage relationship and their use of het-
erogeneous packaging systems (DEB vs. RPM), this level of overlap
reflects the widespread reuse of popular upstream projects across
the Linux ecosystem. It also suggests that substantial potential
exists for cross-distro-family patch collaboration, even between
technically divergent distros.
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Figure 7: Number of homologous packages across Fedora,
Debian, Ubuntu and openEuler.
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Figure 8: Number of homologous packages with the same
upstream versions across Fedora, Debian, Ubuntu, and
openEuler.

When examining openEuler, the largest set of homologous pack-
ages is found in its overlap with Fedora, comprising 4,467 packages,
representing 18.1% of all Fedora packages and 72.6% of all openEuler
packages. This reflects the close technological relationship between
openEuler and Fedora: both rely on the RPM build toolchain, SRPM
format, and spec scripting system, and share common upstream
sources for the core packages. Such structural consistency reduces
barriers to understanding and reusing patches across distros and
provides a solid technical foundation and promising feasibility for
future cross-distro collaboration. We also identified 3,373 packages
that are universally shared across the four distros, highlighting the
need for general cross-distro collaboration.

1641

ICSE °26, April 12-18, 2026, Rio de Janeiro, Brazil

Among the homologous packages, we further looked into those
of the same upstream versions. Figure 8 shows the remaining ho-
mologous packages. The number of version-aligned packages is
relatively small: 5,575 between Fedora and Debian and 944 across
all four distros. This indicates that the selected distro releases are
not fully aligned in the upstream versions of homologous packages,
despite being the latest releases at the start of our study.

Answer to RQ1. We identified 13,873 homologous packages
between Fedora and Debian (40.3% of all Debian packages
and 56.1% of all Fedora packages) and 4,467 between Fedora
and openFEuler (18.1% of all Fedora packages and 72.6% of all
openEuler packages), highlighting both the need and potential
for cross-distro-family collaboration.

5.2 Patch Sharing across Distribution Families

To understand the rationale behind patch sharing and answer RQ2,
we classify them into three categories:

e CommonPatches: Patches that are exactly identical in con-
tent.

e FunctionallyEquivalentPatches:Patches that achieve the
same maintenance purpose but are not identical after nor-
malization (Section 4.3.2) due to differences in formatting,
comments, or minor code variations.

e DistroExclusivePatches: Patches that exist only in a sin-
gle distro (exclusive to a distro).

We treat both CommonPatches and FunctionallyEquivalen
tPatches as shared patches. For DistroExclusivePatches, we
manually inspect a representative subset to assess their potential
for cross-distro reuse and recommendation.

Table 1 presents key statistics on patch set overlap for version-
aligned homologous packages between Fedora 41 and openEuler
24.03, and between Debian 12.7 and Fedora 41. Unless otherwise
specified, all homologous packages referenced in the follow-
ing results are version-aligned.

Some homologous packages were found to have no patches and
are not considered in the following analysis. Among the 5,575
homologous packages between Fedora and Debian, 2,872 (51.5%)
have at least one patch in either distro. In the case of Fedora and
openEuler, 859 out of 2,045 packages (42.0%) contain at least one
patch in either distribution. The degree of patch sharing between
distros is markedly different across the two pairs. Only 421 packages
(14.7% of those with patches) have shared patches between Fedora
and Debian, whereas for Fedora and openEuler, 427 packages (49.7%)
with patches exhibit overlap. Distinguishing CommonPatches from
FunctionallyEquivalentPatches further reveals that CommonPa
tches constitute the vast majority of shared patches in both pairs.

The mean overlap ratio, defined as the average proportion of
shared patches across all patches in homologous packages, dif-
fers substantially between the two distro pairs: it is 19.45% for
Fedora—-Debian and much higher at 46.73% for Fedora—openEuler.
This result is expected since Fedora and openEuler both use the
RPM package management system and maintain similar work-
flows, leading to greater patch sharing. In contrast, the distinct
package management systems and conventions of Debian and Fe-
dora naturally constrain direct patch reuse. Still, it is noteworthy
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Table 1: Patch Set Overlap Statistics for Homologous Packages across Distros

Comparison Total Packages Packages with Shared Patches Overlap  Mean Overlap Ratio (%)
P Packages with Patches Shared Patches (Exact/Functional) Ratio (%) (Overlapping Packages)

Fedora-Debian 5,575 2,872 421 634/ 120 14.66 19.45

Fedora-openEuler 2,045 859 427 1500 / 60 49.71 46.73

that nearly 20% overlap occurs even between these heterogeneous
distros, demonstrating that patch exchange and reuse are possi-
ble across different package management systems. These results
highlight the substantial practical value and impact of cross-distro-
family patch recommendation and collaboration.

While many patches are shared across distros, a significant pro-
portion of packages contain exclusive patches. In the case of Fe-
dora-Debian, 2,451 packages (85.34%) with patches contain exclu-
sive patches. For Fedora—openEuler, this number is 432 packages
(50.29%). These results indicate that, although cross-distro-family
patch sharing exists, a significant amount of maintenance effort
remains isolated within individual distros.

However, it would be an oversimplification to conclude that
packages with entirely distinct patch sets lack any reusable patches.
Our in-depth review of these non-shared patches reveals that some
patches are strictly tailored for the needs of a specific distro. Mean-
while, many of these patches address general issues such as up-
stream bug fixes, security vulnerabilities, or feature enhancements
that could potentially benefit other distros as well. For instance,
in our dataset, approximately 75% of Debian-Fedora and 70% of
Fedora-openEuler CVE-fixing patches were found to remain non-
shared. Although such patches have not been adopted by peer
distros, possibly due to differences in maintenance policies, stabil-
ity requirements, or risk assessments, they nevertheless represent
a valuable pool of candidates for cross-distro-family patch recom-
mendation.

Answer to RQ2: Patch sharing is observed to be common
across distributions from different families. Specifically, 49.7%
of homologous packages in Fedora—openEuler and 14.7% in Fe-
dora-Debian contain shared patches, highlighting the presence
and underexplored potential of patch reuse.

5.3 Timing of Patch Propagation during the
Development

To answer RQ3, we performed a systematic investigation into the
introduction times of shared patches in Fedora-Debian and Fe-
dora—openEuler. Figures 9 and 10 display scatter plots comparing
the introduction dates of shared patches in Fedora (x-axis) and the
counterpart distro (y-axis). Each point on the plot corresponds to
a pair of shared patches between the two distros, and the dashed
diagonal line (y = x) represents ideal synchronization, i.e., patches
introduced at exactly the same time in both distros. In an ideal
scenario where patch propagation is timely and systematic, we
would expect all points to closely follow the diagonal, indicating
minimal lag in patch adoption across distros.

In the case of Fedora-Debian (Figure 9), although a subset of
points lies close to the diagonal, most points are clearly scattered
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Figure 9: Introduction time of shared patches between Fedora
and Debian.

above and below it, quantitatively indicating substantial and bidi-
rectional temporal divergence in how Fedora and Debian introduce
the same patches: points above the diagonal represent patches in-
troduced earlier in Debian, whereas points below represent patches
introduced earlier in Fedora. The symmetry of the plot suggests that
Fedora and Debian alternately take the lead in introducing shared
patches, indicating a bidirectional flow and a degree of operational
independence in patch propagation. The wide horizontal spread of
points reveals that while some patches are introduced only a few
days apart, or even within the same 24-hour window, many others
experience substantial delays, sometimes lasting several years, be-
tween their adoption in one distro and their eventual integration
into the other. The delays are measured from the Git repositories,
reflecting the development perspective. These delays indicate that
inefficiencies exist in patch sharing across Linux distros during
development. Moreover, the delays in the Git repositories can influ-
ence the timing of when fixes and enhancements are made available
to end users, as patches must first be integrated into the Git repos-
itories before being included in official releases. It should also be
noted that each distribution follows its own release policy, which
could potentially influence when patches are introduced into Git
repositories and, in turn, affect when these fixes and enhancements
become visible to end users, e.g., rolling-release® policy tends to
integrate patches into releases rapidly.

For the Fedora—openEuler pair (Figure 10), a distinct pattern
emerges. Initially, many patches shared identical introduction dates,
corresponding to openEuler’s mass repository seeding during its
initial launch (2019-2021) [19]. To better reflect real maintenance

®https://www.webopedia.com/definitions/rolling-release/
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Figure 10: Introduction time of shared patches between Fe-
dora and openEuler.

activity, we filtered out all such patches. When focusing only on
patches from the most recent three years, there remains a clear and
persistent delay in openEuler’s patch adoption relative to Fedora.

To provide a complementary perspective on the temporal dynam-
ics of patch propagation, we further employ empirical cumulative
distro function (ECDF) plots [20] to quantify the pairwise intro-
duction delay of shared patches between distro pairs (Figures 11a
and 11b). The pairwise introduction delay for a given patch is de-
fined as the absolute time interval (in days) between its initial
inclusion in the first distro and its subsequent inclusion into the
counterpart. These ECDF plots reveal considerable heterogeneity
in patch propagation speeds across distros, ranging from rapid
synchronization to significant delays.

Fedora First

Fedora First

Debian First openEuler First

A
/
. 4

107

10" 10 10" 10 10’
Absolute Introduction Daley(days, log scale)

(a) Fedora and Debian (all shared
patches)

0
Absolute Introduction Daley(days, log scale)

(b) Fedora and openEuler
(excluding mass migrations)

Figure 11: ECDF of patch introduction delays across Fedora,
Debian, and openEuler.

Figure 11a presents the ECDF of patch introduction delays be-
tween Fedora and Debian, distinguishing whether Fedora or Debian
introduced the patch first. The median introduction delay is 530.0
days, and approximately 50% of the patches are included by both dis-
tros within a few hundred days. Both curves indicate that patches
experience extended delays, sometimes spanning several years,
before being adopted by the other distros.

Figure 11b illustrates the ECDF of patch introduction delays
between Fedora and openEuler, based on patches adopted between
2022 and 2024. In this case, the median introduction delay is 169.0
days. Combining insights from Figure 10, the vast majority of shared
patches are first included in Fedora, with openEuler integrating
them after substantial delays. Specifically, for over half of these
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patches, openEuler’s adoption time is several hundred days later
than Fedora’s. Moreover, the openEuler First’ curve is positioned
to the left of the 'Fedora First’ curve, indicating shorter delays
when patches appear earlier in openEuler, whereas longer delays
are observed when Fedora is the earlier adopter.

Patch introduction may be influenced by development practices
tied to distro release cycles. However, we find that patches can
be introduced at any time within a release cycle. Moreover, the
observed delays are substantially longer than typical release cycles,
particularly minor release cycles for issue fixes, which typically
span only a few months. This suggests that the delays are not inher-
ently constrained by release-cycle-based development practices,
and package maintainers may either be unaware of reusable patches
from other distro families or encounter obstacles in applying them
in a timely manner.

Answer to RQ3: The propagation of shared patches across
distro families is highly variable and often asymmetric: while
20% are adopted by all distros within approximately 30 days,
40% require over 1000 days to be fully included. Delays occur in
both directions between Fedora and Debian, but patch adoption
between Fedora and openEuler is mostly one-sided, with most
patches introduced first in Fedora.

5.4 Patch Recommendation across Families

To evaluate the feasibility and practical impact of cross-distro-
family patch recommendation (RQ4), we targeted Fedora 41 and
openEuler 24.03, and attempted to contribute exclusive patches
with broad applicability from Fedora 41 to openEuler 24.03. Our
findings for RQ3 reveal a highly asymmetric propagation pattern:
most shared patches originate in Fedora, whereas openEuler typi-
cally incorporates them. This observation highlights the value of
contributing Fedora patches into openEuler, as it may help deter-
mine whether such delays are deliberate or stem from genuine
inefficiencies.

We selected 17 candidate patches through manually examining
their technical purpose and applicability. These patches span dif-
ferent categories and packages, and each can be cleanly adapted,
typically through minor hunk or context adjustments, to the coun-
terpart package in openEuler, ensuring that our evaluation reflects
practically transferable, real-world patches. In addition, approxi-
mately half of these patches had been present in Fedora for more
than two years at the time of our study. We submitted the 17 patches
via pull requests to openEuler’s official Git repositories’ for the
corresponding packages. As of this writing, 15 (88.23%) patches
have been successfully accepted.

Table 2 lists a representative subset of these pull requests. A clear
trend emerges: security-related patches are reviewed and merged
quickly, sometimes within just one day. For example, the enscript-
CVE-vasnprintf.patch and 0005-Fix-for-CVE-2017-16516.patch were
both accepted and integrated within three days. In contrast, com-
patibility or code modernization patches (e.g., “c99” series for code

https://gitee.com/organizations/src-openeuler/projects
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Table 2: Representative Patches Submitted to openEuler

Review Time

PackageName PatchName Patch Type Status (days)
aenscript aenscript-CVE-vasnprintf.patch Security Fix PR merged 1
yajl 0005-Fix-for-CVE-2017-16516.patch Security Fix PR merged 3
jdom CVE-2021-33813.patch Security Fix PR merged 3
dwz dwz-0.15-index9.patch Feature-add PR merged 5
compface compface-c99.patch Compatibility PR merged 30
execstack execstack-configure-c99.patch Compatibility PR merged 69
zssh zssh-¢99.patch Compatibility PR passed CI /

standard conformance) experienced much longer review times, of-
ten stretching to several weeks or even months, such as compface-
¢99.patch(30 days) and execstack-configure-c99.patch (69 days).
Two compatibility patches remained open.

This pattern highlights a common phenomenon in open-source
community maintenance: patches with significant security impact
are prioritized for rapid review and integration, while non-critical
compatibility or enhancement patches often face longer evaluation
cycles due to limited reviewer bandwidth, perceived urgency, or
downstream testing requirements.

Overall, the successful integration of the majority of recom-
mended patches demonstrates the practical utility of systematic
cross-distro patch recommendation, which fosters collaboration,
reduces redundant effort, and accelerates the dissemination of im-
portant fixes across the Linux ecosystem. Moreover, the short merge
times of most pull requests suggest that reusable patches can be
integrated soon after becoming known, making deliberate policies
unlikely contribute to the delays observed in RQ3.

Answer to RQ4: Cross-distro-family patch recommendation is
practically feasible, enabling distributions to notice and adopt
beneficial patches that might otherwise be overlooked, thereby
improving maintenance efficiency across the Linux ecosystem.

6 Implications

We have explored the practice of patch sharing across four main
Linux distros and examined the potential for making this process
more efficient. Our findings have several implications for both
practitioners and researchers.

Collaborative Package Maintenance. Homologous packages
are prevalent across Linux distros, but their patch sets often diverge,
resulting in duplicated maintenance efforts and missed opportuni-
ties for timely patch reuse. While some patches serve distro-specific
purposes, our pull requests merged in openEuler indicate that a
subset of non-shared patches could be applicable to other distros,
even across different distro families. Package maintainers may track
their counterparts in other distros to discover valuable updates, par-
ticularly reusable patches that address bugs and vulnerabilities. To
promote such collaboration, existing platforms such as the Ultimate
Debian Database [21] and programs such as Patch Pilot could be
extended to encompass distros from other families.

Automated Patch Propagation. Beyond governance and man-
agement approaches to improve the maintenance of homologous
packages, researchers can also develop techniques to automate
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the propagation of patches across them. Our shared patch identi-
fication approach lays the groundwork for developing automated
tools, while we have demonstrated the feasibility of patch recom-
mendation. To automate this process, two types of approaches are
required. The first is to identify reusable patches, and the second is
to adapt them to the distro-specific code context of each package.
Recent Large Language Models (LLMs) have shown impressive per-
formance on software maintenance tasks. CodeX [22] and CodeT5+
[23] have significantly advanced the state of the art in code under-
standing and summarization, while unified pre-training methods
[24] leverage both code and natural language data, resulting in
models with improved generalization abilities across a wide range
of software development and maintenance scenarios. These tech-
niques could facilitate more effective automated patch propagation.

7 Threats to Validity
7.1 Internal Validity

The automated steps in identifying homologous packages and
shared patches may introduce some inaccuracies. To mitigate this,
we employed Repology to identify homologous packages and con-
ducted a thorough manual review to eliminate false positives in-
troduced by the broad selection. The manual review reveals that
we mined 5,289 additional homologous packages from Repology,
of which 351 are false positives. We also identified 8 homologous
packages that cannot be obtained solely through Repology.

Exhaustive manual validation of shared patch identification was
infeasible due to the large number of patches. We therefore designed
an automated identification process with enhanced accuracy and
randomly sampled 100 identified patches for manual review. Only
three were false positives, yielding an accuracy of 97% and indicat-
ing the robustness of our method. At a minimum, the reported num-
bers and proportions of homologous packages and shared patches
represent a lower bound.

For patch propagation delay analysis, we take a development
perspective by examining Git repositories. Thus, the results do not
reflect the perspective of end-user releases. The time when a patch
is released to end users is influenced by each distro’s release timing
and policies. Nevertheless, our pull requests to openEuler confirm
that reusable patches can be merged into the Git repositories shortly
after submission (most of them were merged within one month,
while a few lower-priority patches took slightly longer), indicating
that the delays are not shaped by deliberate policies. Additionally,
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we were unable to locate publicly available source code reposito-
ries for some Debian packages, and thus excluded their associated
shared patches from the analysis. However, such cases account for
less than 6% of the shared patches and thus have negligible impact.

7.2 External Validity

In this case study, we examined four popular Linux distros, Debian,
Ubuntu, Fedora, and openEuler. The results may not generalize to
other distros. To investigate patch sharing and patch introduction
delay, we focus on distros from different families, and the results
may not apply to those that have direct or indirect derivative rela-
tionships. Given that our study involves extensive manual review
of packages and patches, we aimed to strike a balance between
representativeness and manual effort. Therefore, we selected these
four distros based on the latest releases available at the beginning
of our study.

Moreover, our analysis primarily focuses on homologous pack-
ages with identical upstream versions. However, packages with
differing upstream versions may also benefit from patch sharing,
which warrants further investigation in future research on pack-
age patch recommendation. The pull request process involves par-
ticipation from the open-source community, which is inherently
uncertain. Therefore, we submitted only a representative subset of
patches covering a variety of packages and patch types.

8 Related Work

Patch maintenance is a long-standing challenge in large-scale, open-
source software engineering. Linux distro communities have de-
veloped several programs and systems to facilitate package main-
tenance. Meanwhile, prior research has mainly focused on patch
porting, security patch propagation, and automated patch analysis.

Package Tracking. Repology is a public platform that monitors
software packages across many Linux distros, providing informa-
tion on open-source projects and their corresponding packages
in each distro. It helps developers track upstream releases and
compare versions adopted by different distributions. We employed
Repology for homologous package identification, obtaining a more
comprehensive result. However, our manual inspection revealed
that some inaccurate data were also included. There are also some
intra-distro and intra-family tracking platforms used for package
maintenance. The Ultimate Debian Database is a representative
and well-established example [21], aggregating extensive Debian-
related data, including package and source information from Debian
and Ubuntu, as well as bug reports from the Debian Bug Tracking
System, to support data mining and quality assurance.

Patch Porting and Ecosystem Fragmentation. Early work by
Ray and Kim [25] systematically analyzed the BSD family, revealing
recurring patch reuse and propagation. Later studies extended this
thread to the Linux and Android kernels, with Li et al. [26] and
Zhang et al. [27] documenting delays and fragmentation in patch
flow across mainline, stable, and downstream branches. Further, col-
laborative patch review and pull-based workflows introduce their
own challenges [28]. Fragmentation is also apparent in broader
ecosystem evolution and API stability [29], and can hinder depen-
dency upgrade efforts [30].
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Security Patch Lifecycle and Vulnerability Propagation.
Another focus has been on the latency and coverage of security
patches. Li and Paxson [31] measured patch application and expo-
sure times in open-source projects. Frei et al. [32] and Shahzad et al.
[33] analyzed vulnerability patching lifecycles. More recent work,
Farhang et al. [34] and Zhou et al. [19], examined security patch
response in Android and openEuler, revealing gaps in timeliness
and coordination. Patch uplift practices, such as in Firefox, have
been studied for quality and scheduling impacts [35]. Incidents
like Heartbleed [36, 37], Shellshock [38], Dirty COW [39], Sudo
Baron Samedit [40], and Spectre/Meltdown [41, 42] highlight risks
from delayed or inconsistent propagation. Xie et al. [43] further
showed that 81% of CVE patches evolve post-release, undermining
static vulnerability detection. Studies of open-source bug and patch
characteristics confirm the diversity and complexity of real-world
maintenance [15].

Automated Patch Classification and Analysis. To address
the growing scale of patches, researchers have proposed automated
techniques. PatchNet [44, 45] combines commit messages and code
changes to identify stable Linux kernel patches, while PTracer [46]
provides an end-to-end monitoring and recommendation system.
Dang et al. [47] leveraged leveraged LLMs in MIGGPT to auto-
mate out-of-tree kernel patch migration using modular fingerprints.
Additionally, automated pull requests and integration have been
studied for dependency management [30]. Beyond classification, a
series of tools have advanced patch generation and porting. Patch
generation based on learning from human-written patches [48] and
correct code [49], code transformation inference [50], and semantic
learning [51, 52] have improved the accuracy of patch creation.
Automated patch transplantation [53], backporting in Linux [54],
and zero-shot patch porting [55] further reduces manual effort and
enables automated repair to be applied at scale across projects.

Despite extensive research on patches, patch sharing in homolo-
gous packages across Linux distributions, a promising avenue for
improving package maintenance, remains largely unexplored. To
the best of our knowledge, this work presents the first empirical
study on this topic. We are encouraged to see ongoing efforts that
promote collaboration on package maintenance in practice. This
paper also benefits from one of these efforts, Repology. However,
these efforts either focus on distros within the same family or re-
main at a relatively coarse package-level granularity. Our results
provide a more detailed and comprehensive view of patch sharing
across distro families.

9 Conclusions

As the foundation of modern information technology, the Linux
family of operating systems relies on collaborative maintenance by
a global community of developers. Our analysis shows that while
major Linux distros share thousands of homologous packages, patch
reuse remains limited and often delayed across distro families. No-
tably, many non-shared patches could also be valuable for sharing,
as demonstrated by our 15 accepted contributions to openFEuler.
These findings highlight the urgent need for systematic tools to
identify and accelerate patch reuse, as the current inefficiencies
lead to redundant maintenance efforts, slower security response,
and fragmented collaboration cross distro families.
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