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The Robot Operating System (ROS) relies on a centralized dependency index, the rosdistro central index,
to manage packages across its heterogeneous software ecosystem, which integrates independently evolving
Operating System (OS) repositories for system libraries, ROS repositories for domain-specific support, and
Programming Language (PL) repositories for functional modules. While this design enables portability, it
introduces a critical source of fragility since ROS dependency management depends entirely on this manually
curated, static index that must map packages across independently evolving, multi-source repositories. This
leads to persistent defects in the central index, such as missing, incorrect, or outdated installation rules, which
undermine the reliability of ROS dependency management. To address this problem, we conducted the first
in-depth empirical study of 863 real-world maintenance cases involving the ROS central index. We categorize
defects as either coverage or correctness defects, identify their underlying structural causes, and demonstrate
that the primary bottleneck in manual maintenance is the difficulty of identifying equivalent packages across
repositories. Motivated by these findings, we propose ROSDEPAUDITOR, an automated auditing framework
that introduces a cross-repository mapping mechanism with hybrid scoring to infer package equivalence
and detect defects. Evaluated on a ground-truth dataset, ROSDEPAUDITOR achieves 94.7% mapping accuracy
without recommending non-existent packages, outperforming existing pattern-based and upstream-based
approaches as well as leading large language models (LLMs). When applied to the live index, it uncovered
3,249 potential defects across 2,233 entries, 46 of which have been confirmed and fixed, demonstrating its
practical usefulness in strengthening ROS dependency management.
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1 Introduction

The Robot Operating System (ROS) has emerged as a de facto standard for robotics research and
development [1, 27]. Its success largely relies on a rich ecosystem of open-source, reusable packages
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that provide tools, libraries, and conventions to accelerate the development of complex robotic
behaviors [22]. Unlike ecosystems that use a single package source, ROS relies on three different
types of package repositories, including Operating System (OS) repositories for foundational system
libraries, ROS repositories for domain-specific support and integration, and Programming Language
(PL) repositories for high-level functional modules. While this heterogeneity offers great flexibility
and access to a wide range of software packages, it also significantly increases the complexity of
ROS’s dependency management, as the same package may be distributed under different names and
versions across these independently evolving repositories. Therefore, ensuring feasible dependency
resolution across such a fragmented landscape poses a major challenge.

To manage dependencies across complex, heterogeneous repositories, ROS adopts a centralized
dependency management mechanism, built around its core structure, i.e., the rosdistro central
index. By providing equivalent-package mappings across different repositories, the central index
decouples high-level dependency declarations from platform-specific details. Thus, instead of
specifying concrete package names, ROS developers only need to declare abstract dependency
keys, and the ROS package manager rosdep consults the central index to resolve these keys into
corresponding dependency entries with the correct, platform-specific packages and installation rules
suited to developers’ local environments. For instance, the central index maps the key log4cxx to
liblog4cxx-dev on Ubuntu and log4cxx-devel on Fedora, as used by rosdep based on the local
environment.

While this centralized design supports portability, it creates a single point of fragility in ROS
dependency management, as the entire management system largely relies on a manually curated,
static mapping to unify a dynamic, heterogeneous ecosystem, resulting in frequent maintenance
issues [31]. These issues manifest in two main challenges. On one hand, maintaining accurate
cross-repository mappings in the central index is inherently difficult, as it requires deep, expert-level
familiarity with heterogeneous software repositories. For example, functionally equivalent packages
can appear under entirely different names. The sound library packaged as alsa-1ib on Fedora
corresponds to 1ibasound?2 on Ubuntu, with 1ib32asound?2 used in some older Ubuntu releases and
libasound2t64 used on Ubuntu Noble (24.04). Packages with similar names may offer incompatible
functionality. A notable case is the Ubuntu package python3-bson, which shares a misleadingly
similar name with the PyPI package bson, even though they are completely incompatible. Such
incorrect mappings in the central index can lead to runtime failures in downstream projects [30].
On the other hand, keeping the index synchronized with independently evolving repositories is
practically infeasible under the current manual process. For example, the central index has been
reported to contain over 350 invalid and outdated dependency entries for Ubuntu Noble alone [31].
Broader package evolution, such as systematic renaming, exacerbates this problem. For example, the
recent 64-bit time_t transition in Debian Trixie and Ubuntu Noble necessitated widespread library
renaming [9], e.g., libgt5coreba to libqt5core5t64. Without proper renaming, downstream
projects encounter build failures [40], further highlighting the limitations of the current maintenance
process for the central index.

Despite the critical role of the central index, the ROS ecosystem lacks a systematic investigation
into its defects and obstacles that impede effective maintenance. To address this, we conduct the
first in-depth empirical study of 863 real-world maintenance cases from existing pull requests
and issues. Our analysis reveals that index defects fall into two main categories stemming from
the dual challenges of repository heterogeneity and evolution, i.e., resolution coverage defects
(Type A.1 and A.2), which occur when the index contains no rule for a requested package, and
resolution correctness defects (Type B.1 and B.2), where the retrieved rule is incorrect. We further
characterize the maintenance burden and consistently observe bottlenecks stemming from the key
difficulty of identifying equivalent packages across the diverse repositories used in ROS. Finally,
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to inform potential automated maintenance solutions, we analyze 1,737 cross-repository index
entries and identify key barriers (e.g., divergent package names and packaging policies) that render
heuristic-based matching unreliable, underscoring the need for more sophisticated automation.

Therefore, motivated by our study, we propose ROSDEPAUDITOR, an automated auditing frame-
work for detecting potential defects in the ROS central index to enhance dependency management.
ROSDEPAUDITOR incorporates a cross-repository equivalent-package mapping mechanism that
consolidates multi-dimensional package metadata to identify candidate equivalent packages across
ROS-supported repositories, utilizing hybrid scoring to effectively prioritize and infer accurate
equivalence mappings. By comparing inferred mappings against the entries in the central index,
RosDEPAUDITOR effectively identifies discrepancies and detects defects. Experimental evaluation
shows that RosDEPAUDITOR produced high-quality equivalence mappings, achieving a 94.7% match
rate on a ground-truth dataset without referring to non-existent packages. ROSDEPAUDITOR outper-
formed all evaluated baselines, including pattern-based approaches such as RosdepCI [7]! (67.6%),
upstream-based approaches such as Repology [34] (81.4%), and leading LLMs, which, despite com-
petitive matching, introduce significant proportions of unexpected non-existent packages among
the unmatched, e.g., Gemini-3-Pro (92.4% accuracy, 38.1% non-existent packages). Leveraging these
high-quality mappings, ROSDEPAUDITOR achieved 98.8% recall and 99.0% precision in detecting real
defects in historical PRs. When applied to the live central index, it uncovered 3,249 potential defects
across 2,233 dependency entries, providing actionable insights to strengthen ROS dependency
resolution. Furthermore, 46 of the reported defects have been verified and promptly resolved,
demonstrating ROSDEPAUDITOR’s practical utility.

In summary, we make the following contributions:

o The First In-depth Empirical Study of the ROS Central Index: We conducted a compre-
hensive examination of 863 real-world maintenance cases. This study systematically classifies
four major defect types into two primary groups, while also uncovering their underlying
root causes and maintenance bottlenecks.

o An Effective Technical Framework: We propose an automated auditing framework that
introduces a cross-repository mapping mechanism with hybrid scoring to accurately infer
package equivalence and accordingly identify potential defects in the central index.

e Tool Implementation and Practical Utility: We developed and extensively evaluated
RospeEPAUDITOR. The tool outperformed existing baselines and uncovered thousands of
potential defects in the live index, dozens of which have been verified and resolved. These
results demonstrate strong real-world utility.

The remainder of this paper is organized as follows. Section 2 introduces the background of
ROS dependency management. Section 3 conducts an empirical study to explore defects and
maintenance bottlenecks of the ROS central index. Section 4 elaborates on ROSDEPAUDITOR to
diagnose defects in the central index based on its core equivalence mapping mechanism. Section 5
evaluates RosDEPAUDITOR with real-world datasets. Sections 6 and 7 discuss the threats to validity
and the related work. Finally, Section 8 concludes the paper.

2 Background
2.1 Heterogeneous Software Repositories

Software is structured into packages, the fundamental units for building, distributing, and reusing
code, which are usually hosted in and retrieved from repositories. Each repository refers to a
structured storage location or server that distributes software metadata and packages. As illustrated
in Figure 1, the ROS ecosystem relies on three types of heterogeneous package repositories:

IWe refer to the CI tool embedded in the rosdistro repository as RosdepCL
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Fig. 1. Workflow of ROS Dependency Management

(1) ROS Repositories. ROS repositories are dedicated to hosting ROS packages and are main-
tained as release-based distributions. They provide officially released ROS libraries and tools that
are compatible with specific ROS distributions (e.g., humble).

(2) Operating System (OS) Repositories. Since ROS runs on general-purpose operating systems,
it inherently relies on packages provided by OS repositories. Each operating system (e.g., Ubuntu,
Fedora) maintains its own native repository and package manager (e.g., apt, dnf), which supply
core system libraries and utilities required by ROS projects.

(3) Programming Language (PL) Repositories. Since ROS projects are implemented in lan-
guages like Python or C++, they often depend on language-specific libraries in PL repositories (e.g.,
PyPI for Python). These repositories provide functional modules for application development.

The coexistence of these three repository types contributes to the flexibility of ROS software,
with ROS repositories providing domain-specific support, OS repositories supplying foundational
libraries, and PL repositories delivering functional modules. However, since these repositories are
maintained independently, this creates a complex landscape for ROS dependency management.

2.2 ROS Package and Dependency Management

To declare and use packages from the heterogeneous repositories, ROS supports cross-repository
package management via rosdep, which depends on the core rosdistro central index to obtain
package mappings in dependency entries. Each dependency entry associates an identifier (its entry
key) with different installation rules that specify which packages to install and which package
manager to use for each specific repository. Typically, the central index categorizes dependency
keys into two major groups based on the repositories they target. For ROS dependencies, as
illustrated in the distribution.yaml section of Figure 1, each entry records the source repository,
release configuration, and versioning metadata. For non-ROS dependencies provided by OS or PL
repositories, dependency entries are organized into separate YAML files by repository type, e.g.,
base.yaml for OS repositories. In this way, ROS employs a coordinated, centralized dependency
management mechanism.

We provide an illustrative example in Figure 1. A ROS project usually declares its package
dependencies in a manifest file, package . xml, using abstract identifiers called dependency keys,
rather than platform-specific package names. The manifest does not specify which YAML file should
be used for each key. Instead, rosdep searches the files exhaustively for a matching dependency
entry. To resolve these keys for installing packages, the ROS package manager generally follows a
three-step process:
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(1) Dependency Parsing. rosdep parses dependency keys from package. xml. For example,
the project in the figure declares dependencies with three dependency keys, i.e., catch_ros2,
doxygen, and python3-reedsolo, and is to be built in a local environment running ROS
Humble on Ubuntu Jammy (22.04).

(2) Dependency Retrieval. For each key, rosdep searches the central index for a matching
dependency entry and retrieves its installation rules. Specifically, the located dependency
entry provides the platform-specific package names and package manager to use in the
local environment. For example, catch_ros2 is matched in distribution.yaml for package
catch_ros2 in ROS repositories, python3-reedsolo in python.yaml for reedsolo in the
PyPI repository, and doxygen in base.yaml for doxygen in OS repositories.

(3) Dependency Installation. rosdep then installs the packages with retrieved names via
the corresponding package managers. For example, rosdep resolves the dependency keys
catch_ros2 and doxygen by installing ros-humble-catch-ros2 from the ROS repository
and doxygen from the Ubuntu repository, both via apt. For the local Ubuntu Jammy environ-
ment, rosdep resolves the key python3-reedsolo by installing the reedsolo package from
PyPI via pip.

Overall, the rosdistro central index decouples declaration (stable dependency keys in projects)
from realization (platform-specific packages and installation rules) and serves as the core design
supporting ROS’s complex dependency management across heterogeneous repositories.

3 Empirical Study

To investigate the challenges of maintaining the rosdistro central index, we conducted an empiri-
cal study guided by three research questions:

¢ RQ1 (Taxonomy of Defects): What are the primary types of defects in the rosdistro
central index?

¢ RQ2 (Maintenance Bottleneck): How costly are defects in the central index to maintain in
practice, and what bottlenecks hinder efficient maintenance?

¢ RQ3 (Automation Barriers): What factors affect effective automation in mapping equivalent
packages across heterogeneous repositories?

3.1 Data Collection Process

To answer these questions, following prior empirical studies on software change and issue reposito-
ries [24, 71, 76], we collected and analyzed data from both the maintenance history and the current
status of the rosdistro central index.

Step 1: Curation of the Maintenance Dataset. By mining the official rosdistro GitHub
repository [50] (the central index for ROS), we collected all historical issues and rosdep-related pull
requests (PRs), totaling 534 issues and 1,002 PRs as of April 2025. To construct a suitable dataset for
defect analysis, we retained only cases that were resolved or had a clear resolution plan involving
modifications to rosdep index-related fields, such as installation rules, since rosdistro also serves
as the publishing repository for ROS packages. After removing duplicate cases and excluding issues
that were later resolved by already captured pull requests, we obtained a final set of 863 unique
maintenance cases, including 28 issues and 835 PRs.

Step 2: Analysis of Defects and Maintenance Bottleneck. We utilized this curated dataset
to answer the first two research questions. To address RQ1, we employed a qualitative analysis
of all 863 maintenance cases. This involved a manual inspection of the detailed modifications to
the central index (e.g., introducing new dependency keys, revising existing rules, or broadening
platform support) to derive defect taxonomies. To address RQ2, we analyzed 835 PRs by tracing
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Table 1. Taxonomy and Frequency of Central Index Defects

Category Defect Type Frequency
A. Resolution Coverage Defects A.1 Missing Dependency Definition 625 (72.4%)
(No Rule Found) A.2 Incomplete Platform Coverage 181 (21.0%)
B. Resolution Correctness Defects B.1 Invalid Package Specification 111 (12.9%)
(Incorrect Rule Found) B.2 Suboptimal Repository Prioritization 12 (1.4%)

their maintenance lifecycles, including commit histories, maintainer discussions, and continuous
integration logs, to identify potential bottlenecks to efficient maintenance. As will be discussed in
Section 3.3, the primary bottleneck to effective maintenance arises from the difficulty of finding
equivalent packages across the heterogeneous repositories supported by rosdep. Thus, given this
finding, we further raised RQ3 to investigate the key factors underlying these mapping challenges.

Step 3: Analysis of Cross-Repository Packaging Inconsistencies. To address RQ3, we
analyzed the current status of the central index. Since RQ3 focuses on cross-repository packaging
inconsistencies, we filtered the entries and retained only those whose package mappings span
different repositories, resulting in 1,737 dependency entries for this analysis.

To avoid analysis bias arising from inconsistencies due to additional hierarchical information
attached to all packages in certain repositories, such as category affixes for Gentoo and Open-
Embedded, we isolated the core package names from entries. We then investigated these entries
alongside their package mappings and identified hidden factors that impede cross-repository
package identification, thereby motivating our solution later.

3.2 RQ1: Taxonomy of Defects in the Central Index

Our analysis of the 863 maintenance cases shows that defects in the rosdistro central index
fall into two categories: inability to locate a rule (resolution coverage defects) and provision of an
incorrect rule (resolution correctness defects). Table 1 summarizes the subtypes and their frequencies.
Note that a single maintenance case may involve multiple defect types (e.g., adding a missing key
while also extending platform coverage).

Type A: Resolution Coverage Defects. These defects arise when rosdep fails to retrieve any
installation rule from the central index for a requested dependency key. They indicate gaps in
the index’s completeness and primarily reflect the potential effort required to maintain mappings
across the ROS ecosystem. We identified two representative subtypes:

Type A.1: Missing Dependency Definition (625/863). The defect occurs when a dependency key
declared in a project’s manifest file lacks a corresponding dependency entry in the central index,
preventing this key’s dependency resolution for all platforms. The root cause typically lies in the
scale of the ecosystem, as maintainers cannot proactively include every possible package and
often rely on community contributions to expand coverage. For example, in issue #36442 [37], the
package sparkfun-qwiic needed to be installed but was completely absent from the central index,
along with its installation rules for all platforms. To fix this, the maintainer instructed the project
developers to add the missing entry themselves by following the contribution guidelines.

Type A.2: Incomplete Platform Coverage (181/863). The defect occurs when the dependency entry
exists for the requested package but is missing the installation rule for the target platform. This
defect primarily arises because contributors often set up rules only for popular platforms, while
less common platforms are overlooked due to unfamiliarity or lower priority. This imbalance is
reinforced by rosdistro contribution guidelines [51], which only require installation rules for
Debian and Ubuntu. For example, in issue #34332 [36], the entry for 1ibopenni2-dev had rules
for Debian and Ubuntu but none for rhel: 8 (Red Hat Enterprise Linux 8), preventing users from
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building their projects on that platform. This lack of platform coverage may be exacerbated as
repositories evolve. When a package becomes available on a new platform, the central index should
be updated accordingly, which requires substantial manual effort. For example, in PR #38540 [44],
multiple flake8-related entries were updated because the packages had become available on Debian
and Fedora after their initial release, leaving incomplete entries until they were manually added.

Type B: Resolution Correctness Defects. These defects occur when an installation rule exists
for a dependency key and platform in the central index, but the rule itself is incorrect. This category
distinguishes between rules that identify invalid packages within a target repository and those that
identify packages from a non-preferred repository.

Type B.1: Invalid Package Specification (111/863). The defect occurs when the installation rule exists,
but refers to an incorrect package for installation in the target repository. This is an intra-repository
mismatch, typically caused when a rule becomes outdated after a change in the external repository,
such as a package being renamed or removed. For instance, in issue #42698 [39], the index specified
pybind11-devel for installation on RHEL 8. However, this package was later removed from the
RHEL 8 repository. The rule became outdated, causing a Type B.1 defect and preventing developers
from resolving the dependency on that platform.

Type B.2: Suboptimal Repository Prioritization (12/863). The installation rule specifies installation
from a suboptimal repository. This defect occurs when an installation rule refers to a package
from a non-OS repository even though an equivalent native OS package exists. This violates the
ROS policy, which requires using native OS packages when available to prevent incompatibilities.
This violation poses a risk to ROS because it can cause projects to link against an incompatible
mix of packages, potentially resulting in runtime failures. The defect often happens when OS
repositories include new packages, but the central index is not updated in time. For example, in
issue #41622 [38], the key octomap still resolved to a non-OS package after octomap was added
to the Ubuntu Noble repository. Because the native OS and non-OS versions were incompatible
with each other, downstream projects like moveit2 had to add workarounds to avoid linking to the
wrong package (issue #2862 in moveit/moveit2) [28].

Overall, these two categories of defects reflect two different sources of fragility within the central
index. Together, these findings show that the central index in the ROS ecosystem is inherently prone
to errors due to two main reasons: the impracticality of manually tracking the vast and diverse
software ecosystem, and the difficulty of keeping the index synchronized with the independently
evolving external repositories it depends on.

Answer to RQ1: Across 863 maintenance cases in the central index, we observe two defect categories: (1)
Resolution Coverage Defects (806 cases), where the index fails to locate any installation rule for the
requested key, and (2) Resolution Correctness Defects (123 cases), where the located rule is erroneous.
These defects stem from the dual challenges of repository heterogeneity and evolution.

3.3 RQ2: Maintenance Bottleneck

While RQ1 identifies common defects in the central index, RQ2 explores how these defects become
maintenance burdens and pinpoints the recurring bottlenecks that slow down the dependency
maintenance process in practice. To answer RQ2, we analyzed 835 merged PRs. By reviewing their
timelines, revision histories, discussion threads, and CI/CD feedback, we traced their progress and
identified the key bottleneck that stalled maintenance.

Maintenance Burdens. Defect resolution is labor-intensive and time-consuming. Our analysis
of 835 pull requests shows an average resolution time of 248.6 hours (10.4 days). The process was
highly review-intensive, with 3,915 comments across 835 PRs (4.69 comments per PR on average)
and manual review comments appearing in 808 PRs (96.8%). Moreover, 555 PRs (66.5%) required
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post-review iterations, indicating the need for multiple rounds of feedback and revision after the
initial submission. This is largely because the developers’ suggested equivalent packages to install
may be incorrect. Even when a PR initially passes CI/CD checks and maintainer review, it may still
require revision, turning the intended linear maintenance workflow into a trial-and-error cycle and
incurring time-consuming maintenance iterations.

To identify where maintenance iterations typically occur, we analyzed changes made during
revisions within each PR (within-PR revisions). Among the 555 PRs that required post-review
changes, 402 PRs (72.4%) required changes to the package-mapping details for installation rules,
suggesting that post-review iterations more often concern the refinement of the correctness and
completeness of dependency entries. For example, in issue #49424 [43], contributors struggled to find
the correct equivalent package, glibc-langpack-de, for RHEL, due to limited platform familiarity.
This case illustrates that obtaining complete and accurate installation rules remains challenging
because of the inherent mismatch between the central index’s requirements for cross-platform
validity and contributors’ inherently localized knowledge. We also evaluated maintenance efforts
by repeatedly examining the same specific dependency entries across PRs (cross-PR revisiting).
Of the 1,921 unique entries analyzed, 990 (51.5%) were modified in more than one PR, with an
average of 2.94 updates per entry. Although some repetitions can be explained by repository
evolution that changes package availability or naming, 137 entries (13.8% of the repeatedly modified
ones) were even updated within a short period, e.g., within a month. For instance, the entry key
libboost-python underwent 12 revisions in total and exhibited burstiness in its maintenance
process, including one period with three updates within a single month and another with four
updates within three months. Since repository evolution is unlikely to occur so frequently within
such short intervals, this indicates significant efforts to correct earlier mistakes or incompleteness,
even after initial reviews and CI/CD verification.

Root Cause and Bottleneck. These observations on the repeated within-PR revisions and
cross-PR revisiting for the same dependency keys suggest that contributors and maintainers often
lack ecosystem-wide, up-to-date information needed to reliably map equivalent packages across
ROS’s repositories. While automated CI/CD tools offer some assistance, their capabilities are
limited to name-based heuristics and often fail to identify valid mappings when packages are
named differently. Our analysis further confirms this bottleneck: when package names differ, 66.2%
of related PRs require post-review revisions, compared with 26.4% otherwise. For example, in
PR #32002 [35], the contributor mapped package python3-gi-cairo for Debian, Ubuntu, and
Arch, but missed the Fedora mapping, where the equivalent package is named python3-gobject.
Identifying such inconsistencies still relies heavily on manual searches of distribution repositories, a
time-consuming and error-prone process, as noted in maintainer discussions [52]. This highlights a
critical need for an autonomous, accurate, and sustainable solution that can track package mapping
across repositories. Such a solution would support reliable identification of equivalent packages,
enabling more effective defect resolution and significantly reducing the central index’s current
maintenance burden.

Answer to RQ2: Defect handling incurs clear maintenance burdens, manifested as repeated revisions within
the same PR (66.5% of PRs requiring post-review iterations) or updates to the same dependency entries
across multiple PRs (2.94 updates on average for 51.5% of entries) in the central index. The key bottleneck in
maintenance is the difficulty of identifying equivalent packages across ROS’s heterogeneous repositories.

3.4 RQ3: Automation Barriers

To inform a potential solution for accurately and sustainably identifying equivalent packages across
repositories, we examine the barriers to automation in RQ3. We analyzed the 1,737 cross-repository
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entries collected in Section 3.1 and found that 76.6% (1,331 entries) could not be matched directly
by name, a task that traditional CI/CD methods usually fail to handle. By examining package
metadata, we identified four main barriers that prevent autonomous mapping, whether using
names or package contents. These barriers are not mutually exclusive: a single entry may exhibit
multiple barriers.

Divergent Affixation Conventions (1,007/1,331). Different repositories use different naming
conventions, often adding varied prefixes or suffixes to indicate details like Python modules or
development libraries. For instance, package meson-python on PyPI is named python3-mesonpy
on Ubuntu and python3-meson-python on Fedora. Likewise, development libraries conventionally
use the -dev suffix in Ubuntu but -devel in Fedora. Such divergent affixation poses a challenge for
name-based automation. We compiled affixation patterns, including role prefixes and suffixes, and
cross-distribution correspondences into an affixation rule base, available in our replication package.
For example, python3-, py3-, python3Packages. are just a few of the prefixes used for Python 3
packages in Ubuntu, Alpine, and NixOS, respectively.

Evolving Upstream Repository (240/1,331). Package names may change in response to
upstream evolution, such as ABI transitions or major functionality upgrades. For instance, the
64-bit time_t ABI transition in the GNU C Library triggered substantial downstream adaptation
in Debian Trixie and Ubuntu Noble, affecting hundreds of library packages and requiring many
of them to be rebuilt or renamed with the t64 suffix [9]. In Debian-based systems, such upstream
changes are often reflected in package names through ABI-related suffixes or API/ABI version
identifiers, as illustrated by 1ibwxgtk3.@-gtk3-dev and 1ibwxgtk3.2-dev.

Differing Packaging Policies (526/1,331). Different repositories may also employ different
packaging policies, such as varying granularities and naming philosophies.

(1) Granularity. Package granularity refers to how much functionality a distribution bundles
into a single unit. It usually reflects the distribution’s packaging philosophy. Some repositories,
such as Ubuntu, follow a modular policy, splitting large libraries into multiple smaller packages for
convenient modular installation, while others, such as Fedora, prefer a more consolidated policy,
bundling related components into larger packages. For example, Ubuntu splits Qt6’s related func-
tionality into 1ibqt6gml6, libqt6quick6, and gml6-module-qtquick, whereas Fedora provides
it as a single package qt6-declarative.

(2) Naming Philosophy. Beyond packaging granularity, repositories apply different naming
philosophies, such as naming after the upstream project (e.g., alsa-1ib), and naming after core
functionality (e.g., libasound?2). This indeed leads to complex cross-repository package corre-
spondence, e.g., 1iblzma-dev (Ubuntu) corresponding to xz (Fedora), 1ib32asound2 (Ubuntu) to
alsa-1lib (Fedora and Arch), and libabsl-dev (Ubuntu) to abseil-cpp-devel (Fedora).

Inconsistent Structural Content (568/1,331). Beyond naming, a more fundamental challenge is
the structural difference in package contents, which further complicates content-based automation.
We observed that, for 42.7% of entries with naming inconsistencies, packages considered equivalent
nevertheless differed in structural content. We identify two sub-factors:

(1) Path Specialization: File paths are sometimes specialized differently in package contents
across varied repositories, such as different root path prefixes (e.g., “/usr/1ib64/” vs. “/usr/1lib/”
vs. “/usr/lib/x86_64-1inux-gnu”), special identifier infixes (e.g., the arch identifier “aarch”
within filepath “. . . /atlas-aarch64-base/zmm.h” or the version identifier “6.4.2” within filepath
“.../qt6/QtCore/6.4.2/QtCore/private/minimum-1linux_p.h”), and version suffixes (e.g., the
version suffix for compiled module “. ../1ibQt6Core5Compat.so.6.10.1”).

(2) File Heterogeneity: Repositories may distribute the same packages in different forms.
For example, the package pygobject is distributed as source code (i.e., . py files) on PyPI but as
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precompiled . so binaries on Fedora, resulting in substantially different filelists despite referring to
the equivalent underlying package.

These barriers hinder automated equivalence identification across repositories, limiting mainte-
nance of the central index. While divergent affixation conventions can be mitigated by pattern-based
heuristics, other barriers in repository evolution, differing packaging policies, and structural content
inconsistencies still undermine straightforward name- and content-based mapping.

Answer to RQ3: Equivalent-package identification across ecosystems is challenging, with four key bar-
riers noted among 1,331 entries investigated: divergent affixation conventions (1,007), evolving upstream
repositories (240), differing packaging policies (526), and inconsistent structural content (568). These barriers
undermine both name-based and content-based automated identification, motivating a more sophisticated,
multi-dimensional approach to improving central index maintenance.

4 Methodology

This section presents ROSDEPAUDITOR, an automated framework for diagnosing defects in the
rosdistro central index, which serves as the core infrastructure supporting ROS dependency
maintenance.

4.1 Formal Model

Before elaborating on the methodology, we first define the formal model underlying the problem.

Platforms, Repositories, and Packages. Let PF be the set of platforms officially supported by rosdep.
For each platform pf € PF, we define the function ReposOf (pf) that identifies the set of repositories
compatible with pf from which packages can be obtained. These include OS-native repositories,
programming language-specific repositories, and ROS-specific repositories®. For example, projects
on the Ubuntu Noble platform can use packages from the native Ubuntu repository, the Python
Package Index (PyPI) repository, and the ROS Jazzy repository.

Here, we use rid to refer to each repository that distributes packages. Let R, ;4 denote the set of

packages in repository rid. Each package can be represented as a metadata tuple:

p = (rid, name, desc, files, upstream).
We use Rid(p), Name(p), Desc(p), Files(p), and Up(p) to access these fields for the repository
identifier, package name, description, filelist, and the upstream project from which the package is
built.

Central Index. The central index functions as a centralized mapping, denoted R M, that associates
a dependency key with a platform and its specific installation rules. For a dependency key dk,
we refer to its corresponding mapping as R Mgk, and RM g (pf) is used to retrieve the corre-
sponding installation rule for platform pf. If no rule exists for the key on the given platform, then
RMar(pf) = L. Akey dk is considered undefined if RM g (pf) = L for all pf € PF.

Otherwise, the installation rule returned by R Myx (pf) identifies a package p to be installed, with
the corresponding repository identifier and package name populated in the tuple. We then define
LocATE(p), which searches repository Rgiq(p) for Name(p) and returns the complete package if it
exists, and L otherwise.

4.2 RosperpAubpITOR Workflow

As illustrated in Figure 2, RospEPAUDITOR follows a four-step framework. First, for the given depen-
dency key, RosDEPAUDITOR looks up its current dependency entry in the central index and resolves
a reference package from that entry, which serves as the starting point for searching equivalent
packages across supported repositories. Second, using normalized, multi-dimensional metadata

2ROS distributions officially target specific OS platforms to ensure compatibility with the underlying system.
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Fig. 2. Workflow of RospEPAuUDITOR

stored in a cross-repository knowledge database, RosDEPAUDITOR searches supported repositories
for packages that may be equivalent to the reference package, as inspired by Section 3.4. Third,
by adopting a hybrid scoring mechanism, ROSDEPAUDITOR prioritizes package candidates across
repositories and derives its suggested equivalence mapping. Finally, ROSDEPAUDITOR compares the
original package mappings with their inferred counterparts, diagnoses defects according to the
types identified in Section 3.2, and outputs the final diagnosis report. We elaborate on each step
below.

4.2.1 Step 1: Reference Resolution. Consider a requested dependency key dk. RoSDEPAUDITOR first
looks up the corresponding dependency entry in the central index. ROSDEPAUDITOR examines the
packages in the entry according to a priority order (pfi, pfs, ... )°, starting with Ubuntu, because
higher-priority platforms are generally better maintained. For each platform pf in this order,
RosSDEPAUDITOR checks whether an installation rule exists in the central index (i.e., RMgr (pf) # L)
and whether the package specified by that rule can be successfully located in the corresponding
repository via LocATE. ROSDEPAUDITOR selects the package associated with the first platform that
satisfies both conditions as the reference package s, and denotes this platform by pf*.

If RosDEPAUDITOR fails to find a reference package on any top-tier platform, the search stops.
Specifically, if the entire dependency entry is missing (i.e., dk is undefined), a Type A.1 defect is
reported, and if none of the packages specified by the rules can be located using LocATE, a Type
B.1 defect is reported.

4.2.2 Step 2: Cross-Repository Candidate Search. In this step, ROSDEPAUDITOR searches for package
candidates possibly equivalent to the reference package s across supported repositories. Because
relying solely on name-based or content-based metadata can create blind spots across hetero-
geneous repositories, ROSDEPAUDITOR retrieves package metadata across four dimensions for
candidate search and applies dedicated normalization procedures to address the barriers discussed
in Section 3.4.

Metadata Retrieval and Normalization. For repository rid, we scan all packages and retrieve
metadata for each package p, including repository identifier Rid(p), package name Name(p), de-
scription Desc(p), filelists Files(p), and upstream information Up(p). Consider a package from the
ubuntu_noble repository, whose metadata tuple is p = (ubuntu_noble, 1iblzma5, XZ-format. . .,

3Platform priority follows the official rosdistro guidelines: Ubuntu and Debian are top-priority, Fedora and Gentoo are
recommended when available, and other platforms may also be supported [51].
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{/usr/1ib/x86_64-1linux-gnu/liblzma.s0.5.8.1,...},xz-utils). Because repositories fol-
low different metadata conventions, package names and contents can differ substantially. We
normalize the metadata to mitigate these inconsistencies. Specifically, we lowercase the description
text in Desc(p) and remove its punctuation, and we use the affixation knowledge derived from our
empirical study to strip repository-specific affixes from the paths in the filelist Files(p). We further
normalize upstream information by grouping packages derived from the same source project,
relying on an external database [34] that aggregates packaging information using a ruleset to map
distribution-specific packages to their canonical upstream source. Therefore, for package 1iblzma5,
its normalized metadata is p’ = (ubuntu_noble,liblzma5,xz-format. ..,{liblzma.so,...},xz),
facilitating subsequent content-based mapping. We store the normalized metadata for all packages
in supported repositories in a database of package tuples.

Candidate Search. Then, based on the normalized metadata database, we search for candidates
equivalent to the reference package s. Before the search, we normalize the metadata for s and
obtain its normalized representation s’. A package that shares an identical normalized description,
an identical upstream project, or at least one common functional file is regarded as possibly
equivalent and is thus treated as a candidate. We also perform a name-based candidate search
by comparing Name(p’) and Name(s’). To alleviate name inconsistencies caused primarily by
affixation divergence, we generate variants of Name(s’) by exhaustively appending possible prefixes
and suffixes using the affixation knowledge, such as x-devel and libx-devel when Name(s") = x.
Any package whose Name(p’) matches a generated variant of Name(s”) is also treated as a candidate.
In this way, we obtain the final candidate set C,;4 by considering all metadata dimensions.

4.2.3 Step 3: Hybrid Scoring and Mapping. While Step 2 focuses on identifying potential candidates
for equivalent packages, it may yield a large candidate set. In this step, RoSDEPAUDITOR adopts a
hybrid scoring mechanism to prioritize candidates and identify the most likely equivalent package
in each repository, thereby obtaining the final equivalence mapping.

Scoring Dimensions. We design a multi-dimensional scoring mechanism to balance the different
dimensions of information and their contributions, considering each package candidate and its
normalized metadata tuple. First, we decompose each package candidate’s name, i.e., Name(c), into
role tags ROLES(c), a core string core(c), and version attributes ver(c). The core string represents
the core package identifier, while the other components reveal auxiliary information such as library
roles or versions. To do so, we use our affixation rule base to map the affixes matched in a candidate
name to the corresponding roles of ¢, i.e., ROLES(c). Next, we interpret any numeric segments as the
version value associated with the immediately preceding substring key, forming c’s version attribute
dictionary, i.e., ver(c). We finally designate the remaining string components as the core string,
the most important part in the package name. Consider the example qt6-qtmultimedia-dev. The
parser first removes the suffix -dev to identify the development role. It then interprets 6 as the
version for the substring qt and retains qt-qtmultimedia as the core string.

Following such name decomposition, we calculate three name-based equivalence scores between
the reference package s and each candidate c: Shame base (S; ), Sname_role (S, €), and Spame ver(S, ¢),
which quantify equivalence along the three name-specific dimensions:
2 - LCS(core(s), core(c)) |ROLES(s) N ROLES(c)|

|core(s)| + |core(c)| |ROLES(S)|
where LCS(a, b) denotes the length of the longest common subsequence [18]. We calculate version
compatibility Spame ver(s, ¢) as 0 if any shared dictionary element has conflicting versions and 1
otherwise.

For the remaining metadata dimensions—description, filelists, and upstream identifiers—we
compute description similarity Sgesc (s, ¢) as the cosine similarity between sentence embeddings

Sname_base(sa C) = and Sname_role (S, C) =

5
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generated by the commonly used all-MinilLM-L6-v2 model. We calculate the filelist overlap
proportion Sge (s, ¢) and upstream consistency Sy, (s, ¢) using a set-overlap ratio and an indicator
function, respectively, as follows:
|FiLes(s) N FiLes(c)|
Stile (s, ¢) =
|FILES(s)|
If any dimension is unavailable, we set the corresponding score to 0.

Prioritization and Mapping. ROsDEPAUDITOR operates by scoring two groups of factors. Core
name similarity, file overlap, and upstream agreement serve as primary factors, providing definitive
evidence for identity matching. In contrast, name role/version attributes and description text serve
as secondary factors, offering supplementary evidence. The primary score is calculated as

Spri(s» C) = Mean ({Sname_base(ss C), Sﬁle(s’ C), Sup (S, C)})
and the secondary score as
Ssec(s’ C) = Mean ({Sdesc(s’ C), Snameirole (S, C), Snamefver(sa C) }) .

Then, ROSDEPAUDITOR combines the scores from both groups, weighted by a parameter w € [0, 1]
(with a default value of 0.7), which balances the contributions of the primary and secondary factors.
S(s,¢) =w - Spri(s,¢) + (1 = w) - Sgec(s, €).

For each repository rid, ROSDEPAUDITOR prioritizes candidates and selects the one in C,;4 that
achieves the highest S(s, ¢) as the chosen package for this specific repository. Then, ROSDEPAUDITOR
aggregates all the chosen packages for supported repositories and forms its final equivalence
mapping &M g, representing the mapping it considers optimal for the dependency key dk across
all supported repositories. In rare instances where the reference s from Step 1 is a set of packages, we
treat each package as an independent reference and take the union of all highest-scoring candidate
selections.

and Sy (s,c) =I[Up(s) = Up(c)].

4.2.4  Step 4: Automated Defect Diagnosis. Based on the equivalence mapping &M gx generated in
Step 3, ROsSDEPAUDITOR systematically audits the central index. By comparing the original mapping
in the central index R M gx against RoSDEPAUDITOR’s inferred equivalence mapping EM i, we
can identify typical defects according to the defect types defined in Section 3.2:

e Type A.1: Missing Dependency Definition. This defect is flagged when the dependency
key dk is entirely undefined in the central index across all supported platforms.

e Type A.2: Incomplete Platform Coverage. This defect is reported when the central index
lacks a rule for a specific platform pf, while RospEPAUDITOR successfully infers a valid
package from a repository associated with pf.

e Type B.1: Invalid Package Specification. This defect is reported when the existing rule in
the central index conflicts with RoSDEPAUDITOR’s inferred equivalence mapping. Formally,
we report this defect if for the repository rid from which the platform pf installs packages,
the originally specified package differs from the package in the inferred equivalence mapping.

e Type B.2: Suboptimal Repository Prioritization. This defect is reported when the index
directs users to an auxiliary repository (e.g., PyPI) even though a valid package exists in the
native OS repository. We report this when R M i (pf) utilizes packages from a non-native
repository, whereas ROSDEPAUDITOR identifies a valid package in the native OS repository.

5 Evaluation
We evaluate the performance of ROSDEPAUDITOR by answering three research questions.

¢ RQ4 (Equivalence Mapping Effectiveness): How effective is ROSDEPAUDITOR’s core mecha-
nism at identifying equivalent-package mappings across repositories?

¢ RQ5 (RospEPAUDITOR Effectiveness): How effective is ROSDEPAUDITOR in diagnosing defects
within the central index?
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¢ RQ6 (RosDEPAUDITOR Usefulness): How useful is ROSDEPAUDITOR for the ongoing mainte-
nance of the central index?

5.1 Experimental Setup

5.1.1 Dataset Construction and Ground Truth. To evaluate the performance of ROSDEPAUDITOR in
core equivalence mapping (RQ4) and defect diagnosis (RQ5), we collected real-world dependency
entries and pull requests to build separate ground-truth datasets. For the former, we selected actively
maintained dependency entries that were manually verified between May 2025 and September
2025, a period that does not overlap with our empirical study. These entries met two criteria: (1)
they were mapped to Ubuntu Noble, a tier-one platform officially supported by ROS, and (2) they
covered installable packages across at least two package repositories, ensuring that the dataset
supported reliable evaluation of cross-repository equivalence mapping. To facilitate evaluation and
metric calculation, we decomposed each entry into a list of package-mapping instances I = (K, R, P),
where K represents the dependency key, R denotes the target repository, and P is the ground-truth
package name. For example, the dependency entry of 1ibqtémultimedia6 was decomposed into
(libgt6multimedia6, Ubuntu Noble, l1ibgtémultimedia6) and (1ibgqt6multimedia6, Fedora 41,
qt6-qtmultimedia). We regarded the resulting 854 instances as the ground-truth dataset Dataset,,
for evaluating equivalence mapping across repositories. For the latter, we collected PRs submitted
to the rosdistro repository during the same period to address real-world defects in the central
index identified by developers. Because the selected period contained too few Type B.2 defects, we
supplemented Datasetyr with Type B.2 cases from our empirical study. The resulting ground-truth
dataset Datasetgy covers 75 PRs with 83 verified real defects and is used to evaluate defect diagnosis
in the central index.

5.1.2  Metrics and Baselines. To evaluate ROsDEPAUDITOR’s effectiveness in inferring equivalence
mappings, we designed the following metrics:

e Exact Match Rate: An instance I = (K, R, P) is considered exactly matched if the approach
outputs exactly and only package P for dependency key K in repository R. This metric
measures the percentage of exactly matched instances in Dataset,,, under a given approach.

e Total Match Rate: An instance I = (K, R, P) is considered partially matched if the approach
outputs multiple packages, including P for dependency key K in repository R. This metric
measures the percentage of both exactly and partially matched instances.

To evaluate RosDEPAUDITOR’s effectiveness in diagnosing defects, we designed the following
metrics:

e Precision: The proportion of ROSDEPAUDITOR’s reported defects that are true defects (either
included in Dataset,s or confirmed through additional manual inspection).
¢ Recall: The proportion of true defects in Dataset,s that are successfully reported.

For comparison with ROSDEPAUDITOR, we chose the following baselines:

e RosdepClI (pattern-based): The current industry standard used in rosdistro CI/CD, which
relies primarily on regex-based string matching against package names.

¢ Repology (upstream-based): A comprehensive aggregation service that maps packages by
identifying shared upstream projects [34].

e LLMs: We adapted and prompted LLMs to predict target package names directly using the
metadata of the reference package. We utilized four models that ranked highly on the Chatbot
Arena Leaderboard [3] as of January 1, 2026: two proprietary models (Gemini-3-Pro [17] and
Claude-Opus-4.5 [2]) and two open-source models (GLM-4.7 [73] and DeepSeek-V3.2 [10]).
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Table 2. Performance Comparison of RosDEPAUDITOR’s Equivalence Mapping against Baselines (854 instances)

Approach Exact Match  Partial Match  Exact Match Rate  Total Match Rate  Extra (Non-existent)
RoOSDEPAUDITOR (Ours) 808 1 94.6% 94.7% 334 (0, 0.0%)
RosdepCI 577 0 67.6% 67.6% 129 (0, 0.0%)
Repology 173 522 20.3% 81.4% 109,957 (0, 0.0%)
LLM (Gemini-3-Pro) 785 4 91.9% 92.4% 362 (138, 38.1%)
LLM (GLM-4.7) 766 0 89.7% 89.7% 355 (150, 42.3%)
LLM (Claude-Opus-4.5) 702 0 82.2% 82.2% 282 (70, 24.8%)
LLM (DeepSeek-V3.2) 700 0 82.0% 82.0% 460 (257, 55.9%)

5.1.3  Process. For RQ4, we evaluated ROSDEPAUDITOR’s core mechanism for inferring equivalent-
package mappings, which are critical to maintaining the central index and identifying its defects.
We compared RosDEPAUDITOR with the existing approaches by measuring the exact and total
match rates on Dataset.n,, using its dependency keys and target repositories as inputs. For RQ5,
we evaluated ROSDEPAUDITOR’s effectiveness in diagnosing practical defects reported in Datasetyy.
Specifically, for each defect, we extracted the corresponding dependency entry from its PR and ran
ROSDEPAUDITOR using a version of the central index reverted to its state immediately before the
corresponding fix commit to determine whether it could report the defect. We measured how many
defects RosDEPAUDITOR could report. For RQ6, we used ROSDEPAUDITOR to assess the state of the
official rosdistro central index as of August 2025, at commit 592178c, and to validate reported
defects with developer feedback.

5.2 RQ4: Equivalence Mapping Effectiveness

This section compares ROSDEPAUDITOR’s equivalence-mapping performance with that of the
baselines.

Performance Comparisons in Equivalence Mappings. Table 2 presents the comparative results of all
evaluated approaches. We observe that ROSDEPAUDITOR achieved the highest overall performance,
with exact and total match rates of 94.6% and 94.7%, respectively. RosDEPAUDITOR significantly out-
performed the traditional approaches: RosdepCI (both rates 67.6%) and Repology (20.3% exact, 81.4%
total). ROSDEPAUDITOR also demonstrates clear superiority over state-of-the-art LLMs, improving
the total match rate by 2.3-12.7 percentage points and the exact match rate by 2.7-12.6 percentage
points. Notably, although some LLMs, such as Gemini-3-Pro and GLM-4.7, achieve comparable
matching rates, they frequently suggest packages that do not exist in the target repositories. Note
that an unmatched case where the mapping did not fully or partially align with the ground-truth
dataset Dataset,n, does not necessarily indicate an incorrect mapping; instead, it may reflect a
discrepancy with the established ground truth, leaving actual correctness uncertain. To quantify
this, we conservatively verified the existence of each reported package in unmatched cases. For
example, among unmatched mapping instances, Gemini-3-Pro produced non-existent packages in
approximately 38.1% of cases, primarily due to LLM hallucination. Similar issues were observed in
other models, i.e., GLM-4.7 with 42.3% non-existent packages, Claude-Opus-4.5 with 24.8%, and
DeepSeek-V3.2 with 55.9%. In contrast, ROSDEPAUDITOR produced zero non-existent packages,
ensuring both high accuracy and functional reliability in dependency mapping.

Performance Influenced by Internal Factor w. Since ROSDEPAUDITOR adopts an internal weighting
parameter w, which is used to infer equivalence mappings through its scoring mechanism, we also
performed a sensitivity analysis to assess how its performance changes under different values of
w. We varied w from 0.0 to 1.0 in steps of 0.1 and measured the exact and total match rates on
the ground-truth dataset. The results are summarized in Figure 3. As shown, ROSDEPAUDITOR’S
performance improves as w increases from 0.0 (87.0%), reaching peak exact and total match rates
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Table 3. Defect Diagnosis Results on Dataset Datasetqy (83 defects)

Defect Type Reported  Ground Truth Recall Precision
A.1 Missing Dependency 48 48 100.0% (48/48)  100.0% (48/48)
A.2 Incomplete Platform 26 16 100.0% (16/16)  100.0% (26/26)
B.1 Invalid Package Specification 16 11 90.9% (10/11) 93.8% (15/16)
B.2 Suboptimal Prioritization 10 8 100.0% (8/8) 100.0% (10/10)
Total 100 83 98.8% (82/83)  99.0% (99/100)

of 94.6% and 94.7%, respectively, at w = 0.7. This indicates that while primary structural features
provide the most reliable signals for equivalence, incorporating secondary metadata is necessary to
resolve ambiguities. However, when w increases beyond 0.7, the performance begins to degrade,
dropping to 90.0% for the exact match rate at w = 1.0, indicating that ignoring semantic metadata
(like package descriptions) entirely leads to a loss in precision for edge cases. These findings support
the design rationale for RosDEPAUDITOR’s weighting scheme, which balances different metadata
dimensions.

Answer to RQ4: RosDEPAUDITOR demonstrates strong performance for its core equivalence-mapping mech-
anism, achieving a total match rate of 94.7% without any non-existent package mappings and outperforming
all the studied baselines.

5.3 RQ5: RosperAuDITOR Effectiveness

This section evaluates the effectiveness of RosDEPAUDITOR in identifying real defects in the central
index using the ground-truth dataset Dataset,.

Table 3 summarizes the results. Of the 83 defects included in Datasetyr, ROSDEPAUDITOR suc-
cessfully detected 82, achieving a 98.8% recall rate. Of the 100 defects reported by ROSDEPAUDITOR
(including 18 defects not included in Dataset,r), we manually confirmed 99 as correct, resulting in
a 99.0% precision rate. Moreover, with respect to Type A.1, A.2, and B.2 defects, ROSDEPAUDITOR
demonstrated both 100% recall and precision. The only false positive and false negative cases
occurred within Type B.1. Regarding the false positive, RosSDEPAUDITOR incorrectly identified the
mapping from lua5.1-0-dev on Ubuntu to lua on Arch as defective because the version numbers
in their names did not match, and instead considered 1ua51 a better alternative. However, in this
case, lua is the expected equivalent package. Regarding the false negative, ROSDEPAUDITOR missed
a defect in Datasetyy related to PR #47703 [46], which adds 1ibglib2.0-dev-bin to the existing
libglib2.@-dev entry on Ubuntu to make it more functionally comprehensive. ROSDEPAUDITOR
failed to flag the omission of 1ibglib2.0-dev-bin because it already identified 1ibglib2.0@-dev
as the most likely equivalent package for Ubuntu owing to its higher priority ranking. Moreover,
the maintainers noted that such cases could be handled by creating new dependency entries rather
than by modifying existing ones [45].

Answer to RQ5: Although RosDEPAUDITOR might wrongly identify or miss mappings due to its conservative
scoring mechanism, it achieves strong defect diagnosis performance, with 98.8% recall and 99.0% precision.

5.4 RQ6: RosperPAuDITOR Usefulness

This section applies ROSDEPAUDITOR to diagnose defects in the official rosdistro central index.
Defect Diagnosis Results. We conducted a comprehensive scan over the full set of entries in
the current central index using ROSDEPAUDITOR, which revealed a substantial number of latent
defects. Specifically, RospEPAUDITOR identified 3,249 potential defects in total, associated with
2,233 affected entries, i.e., entries with at least one reported defect, covering 88.9% of the 2,513
entries in the total index. Table 4 details the distribution of these potential defects. The majority of
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Table 4. Potential Defects Detected in the Central Peak: 94.6% / 94.7%
97.5 (w=0.6, 0.7)

Index

Defect Type Count

A.1 Missing Dependency Definition

- © —o— Exact Match Rate
A.2 Incomplete Platform Coverage 1,820 =875 -0~ Total Match Rate
B.1 Invalid Package Specification 1,139 00 01 0> 03 07 o5 o6 o7 o8 oo 1%
B.2 Suboptimal Repository Prioritization 290 ' ' ’ ' We.ight Parameter (w)' ’ '
Total Potential Defects 3,249 ) .
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detected issues (1,820 cases) were Type A.2, in which an installation rule existed for some platforms,
such as Ubuntu, but was missing for others, such as Fedora. The second most common issue was
Type B.1, with 1,139 cases; in 818 of these cases, the referenced package did not exist in the target
repository. Type A.1 defects are not reported because the scan covers only existing entries in the
index and therefore cannot detect dependency keys that are entirely absent from the index.

To further demonstrate ROSDEPAUDITOR’s usefulness, we actively engaged with the ROS com-
munity in two ways: first, by submitting a subset of the defects reported by ROSDEPAUDITOR, and
second, by monitoring community activity to provide corroborating evidence of ROSDEPAUDITOR’s
capability.

Developer Feedback. Given that identifying and reporting all detected defects in a single repository
would have imposed an untenable review workload on rosdistro maintainers, we prioritized a rep-
resentative subset of 46 high-impact defects covering all detected defect types for verification. The
first group concerns the recent 64-bit transition of time_t in Debian Trixie and Ubuntu Noble, which
required widespread renaming of downstream libraries to preserve ABI compatibility. However, as
the central index was not updated promptly to reflect this evolution, ROSDEPAUDITOR detected a
cluster of index defects, with 5 Type A.2 defects and 25 Type B.1 defects reported [41]. The second
group concerns the expansion of OS repositories to include packages that were previously exclusive
to repositories such as PyPI, which can introduce cross-repository priority conflicts that violate
the policy of preferring native OS packages. RosDEPAUDITOR identified and reported 16 Type B.2
defects in which the central index prioritized ROS packages despite the availability of native system
alternatives [42]. All 46 defects we reported were promptly verified and subsequently fixed [47, 49].

Prospective Validation. To validate the remaining findings without adding to the maintenance
burden, we conducted a prospective study by monitoring independently submitted community PRs
between September 2025 and January 2026. We identified 33 relevant PRs involving 35 defects—21
Type A.2 and 14 Type B.1—of which 32 (91.4%) were exactly identified by ROSDEPAUDITOR. In 21 of
these PRs, developers later applied exactly the packages inferred by RospErAupiTor. We highlight
the case of python3-bson [48], which has a misleadingly similar name to the incompatible bson
package. The latter was originally specified in the central index, causing build failures in the
downstream project rosbridge-server [30]. Although the issue was eventually reported and fixed
by the developers, it could have been detected proactively by ROSDEPAUDITOR, which correctly
inferred python3Packages.pymongo as the equivalent package.

Answer to RQ6: RosDEPAUDITOR detected 3,249 potential defects in the rosdistro central index. All 46
reported defects were confirmed and fixed, and the tool identified 91.4% of prospectively monitored defects.
These results demonstrate the practical utility of ROSDEPAUDITOR in maintaining the central index.
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6 Threats to Validity

A validity threat stems from inconsistencies across repositories in metadata availability and naming
conventions, which prevent exhaustive coverage of all variations. For example, ecosystems like
Alpine offer limited metadata (e.g., no repository-level filelist index), while others follow entirely
different packaging models. To address this, we integrate heuristics based on a broad survey of
supported repositories and aggregate all available metadata. Because ROSDEPAUDITOR uses a multi-
dimensional approach rather than exact comparisons of individual metadata fields, we believe that
these threats can be mitigated. RospEPAUDITOR indeed showed satisfactory performance. Moreover,
differences in packaging granularity further complicate identification, and the reference selection
used by RospEPAUDITOR may influence outcomes. To mitigate this, we follow ROS’s recommended
repository ordering and, where possible, use Ubuntu as the reference.

Threats to internal validity may also arise from manual analysis and dataset construction. Our
empirical study involves manual work, which carries a risk of subjectivity. To reduce this threat,
we grounded the taxonomy in concrete maintenance artifacts rather than defining it a priori. After
collecting candidate issues and pull requests, we extracted changes related to rosdep mapping rules
and linked each case to its corresponding issue or PR discussion and CI feedback. Two co-authors
independently conducted open coding over these artifacts, grouping cases by the observed failure
mode of the central index. Disagreements were reviewed by a third co-author and resolved through
discussion until consensus was reached. All involved authors have over three years of experience in
open-source dependency-management research. While the resulting taxonomy focuses on mapping-
rule maintenance defects observed in the current dataset, additional categories may emerge as
the ecosystem evolves. Furthermore, bias in ground-truth labels could affect the evaluation. To
mitigate this for RQ4, we selected only recently modified PRs that had been audited by official ROS
reviewers and filtered out non-installable packages. For RQ5, a potential threat is data leakage, as
the scarcity of Type B.2 defects necessitated supplementing the test set with a small number of
cases from our empirical study. We minimized this threat by ensuring that the vast majority of the
testing dataset remained independent of the empirical observation data, thereby preserving the
fairness of the evaluation.

7 Related Work

Software Dependency Management. Managing software dependencies remains a challenging
task. While significant research has focused on problems such as dependency bloat and missing
dependencies in ecosystems like Java and Python [4, 11, 54-56, 67, 69, 72], similar issues persist in
ROS [16, 59]. Previous studies [16, 59] have shown that robotic systems often encounter bugs due to
missing dependencies, yet they generally assume a correctly functioning underlying infrastructure.
We challenge this assumption by investigating the heterogeneity of ecosystem-level dependency
management, demonstrating that the package management infrastructure itself is often the root
cause of errors. Software Composition Analysis (SCA) is frequently adopted to identify third-party
libraries by calculating artifact similarity across source and binary formats [12, 19, 20, 23, 26, 60, 74].
Existing approaches [58], however, mainly focus on single-language environments and functional
code, failing to address the complexity of the ROS ecosystem. The ROS ecosystem is heterogeneous
and multi-language, spanning source and binary packages whose contents may also include non-
code artifacts such as images. As a result, current SCA tools are unable to effectively audit the
cross-repository mappings maintained by the central index.

In dependency conflict resolution, most existing methods focus on single ecosystems like
JavaScript, Java, and Python [25, 29, 32, 61, 63-66]. While Xie et al’s HErRA [70] advances this
by exploring cross-repository compatibility between Python and Ubuntu, it remains focused on
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resolving user-facing incompatibility issues during package installation. Recent robotics-specific
efforts, such as RoboStack [14] and Pixi-Ros [15], further improve reproducibility by moving ROS
software toward a unified package-management stack, but this essentially requires a substantial
shift away from the existing rosdep/rosdistro framework and thus demands migration effort
from projects and users. Our work addresses a different scope: instead of replacing the current
framework, we study the defects that arise within it. The ROS ecosystem’s integration of three
heterogeneous repository types (ROS, OS, and PL) creates systemic inconsistencies, including
divergent naming conventions and packaging policies, and we focus on auditing the existing central
index to eliminate such defects at the source before they propagate to downstream users.

Software Engineering in ROS. The growing importance of robotics software has spurred sig-
nificant research [1] into the ROS ecosystem. Studies have adapted software engineering techniques,
such as fuzzing and runtime analysis, to address the unique challenges of robotic systems [21, 53, 68].
Others have created benchmarks of real-world bugs to establish baselines for evaluation [59]. While
such work primarily targets code logic and runtime behavior, our research shifts focus to the foun-
dational dependency infrastructure necessary for building and deploying these applications. Prior
work has extensively examined how developers configure and use ROS. Researchers have analyzed
common misconfigurations [5, 6], documented barriers like fragmented documentation [8], and
studied inter-package relationships [16, 33] from the developer’s perspective. Our work comple-
ments these studies by investigating the central index, a shared resource that governs dependency
resolution for all. At the macro level, the ROS community’s structure and evolution have been
extensively analyzed. Studies have mapped package reuse and collaborative dynamics [13, 22, 33],
while others have developed tools to facilitate ecosystem traversal, such as Knowledge Graph-based
search engines [62, 75] and architectural guideline synthesizers [27]. Crucially, these prior works
treat the ecosystem’s infrastructure as a static environment to be navigated. In contrast, our work
interrogates the infrastructure itself. We systematically audit the consistency of the underlying
cross-repository linkages that sustain the ROS distribution network.

8 Conclusion

This paper addresses the critical challenge of dependency management in the fragmented ROS
ecosystem. We make three contributions: (1) the first comprehensive study of the ROS central index,
analyzing 863 real-world cases to identify practical defect types and key maintenance bottlenecks;
(2) an automated auditing framework with cross-repository mapping and hybrid scoring for high-
quality package equivalence mapping and defect diagnosis; and (3) ROSDEPAUDITOR, an effective
tool that outperforms existing baselines and has uncovered thousands of potential defects, dozens
of which have been verified and fixed. Looking ahead, we also recognize that LLMs’ reasoning
capabilities and knowledge bases could help interpret ambiguous corner cases that sometimes
challenge our current approach. We will explore how to integrate LLMs into ROSDEPAUDITOR while
mitigating their potential hallucination risks to further improve ROS dependency management.
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