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Abstract

Software projects increasingly rely on third-party libraries and
frameworks that evolve independently of client applications. When
dependencies release new versions, client projects must decide
whether and how to migrate, a decision that may require adapting
client code to breaking changes, altered APIs, or shifted behaviors.
Despite the practical importance of this activity, existing research
on dependency version migration is scattered across ecosystems,
motivations, and support approaches, with no prior synthesis con-
solidating what is known across all these dimensions. This paper
presents a rapid review characterizing the state of research on de-
pendency version migration. Guided by seven research questions,
we retrieved 2,637 candidate papers. After applying predefined
inclusion and exclusion criteria through a three-phase screening
process, we selected 63 primary studies for data extraction and
synthesis. The results show that dependency migration is not yet a
widespread practice: studies consistently report that most projects
rely on outdated dependency versions, and migration tends to be
reactive rather than proactive. Where motivations are reported, bug
fixes, compatibility requirements, and security vulnerabilities are
the primary drivers. However, these findings derive from a limited
number of primary studies and should be interpreted with caution.
Breaking change detection relies predominantly on automated tool-
ing, while identification of affected client code typically combines
automated analysis with manual inspection. The broader repertoire
of migration support techniques spans static and structural anal-
ysis, rule-based transformations, and Al-driven or example-based
approaches. Each category presents recurring trade-offs between
precision, ecosystem generalizability, and required developer effort.
Across the 63 studies, no single technique demonstrates broad effec-
tiveness across diverse migration scenarios. These findings reveal
a fragmented research area characterized by ecosystem-specific
solutions, limited cross-study comparability, and sparse empirical
evaluation under realistic developer conditions.
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1 Introduction

Modern software development heavily depends on third-party li-
braries, frameworks, and APIs to accelerate development, encour-
age reuse, and improve maintainability [10]. However, these depen-
dencies evolve independently of the client projects that use them,
and new versions often introduce breaking changes that require
developers to adapt their code to maintain functionality [6]. In a
large-scale study of the Maven repository, Raemaekers et al. [9]
found that breaking changes occur even when library maintain-
ers follow semantic versioning, meaning that dependency updates
carry non-trivial adaptation risk regardless of versioning discipline.

Many systems continue to rely on outdated dependencies. Lauinger
et al. [7] found that a substantial portion of websites include obso-
lete and vulnerable JavaScript libraries. While non-updating can
be a rational decision, driven by concerns about unwanted new
features, incompatible toolchain versions, or increased resource
requirements, it can also expose systems to known vulnerabilities,
indicating that dependency version migration is not a consistently
adopted practice. This tension between the potential benefits of
migrating and the costs or risks of doing so motivates a need to un-
derstand how migration decisions are made, how breaking changes
are detected, and what tools and techniques exist to support the
process.

The scale of this problem is substantial. Kula et al. [S29] found
that 81.5% of Java systems on GitHub still depended on outdated
libraries even after newer versions had been available for extended
periods. Jayasuriya et al. [S61] reported that 71.6% of Maven artifact
dependencies were not up-to-date, while Salza et al. [S30] observed
that in 63% of Android app libraries, developers never updated a de-
pendency after its initial introduction. When asked why, developers
cite the cost of adaptation and the risk of introducing new failures
as the primary deterrents [S58]. Venturini et al. [S37] showed that
breaking changes do manifest in client packages in practice, caus-
ing test failures and requiring non-trivial code adaptation. Taken
together, this evidence indicates that dependency version migra-
tion is both a widespread maintenance burden and a consistently
deferred one — a combination that points to a gap between the
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tools and techniques the research community has proposed and the
support that developers are actually using.

Prior work has examined adjacent aspects of this problem in
isolation: studies on API evolution, library update behavior, and
automated refactoring have each contributed partial evidence. How-
ever, no existing synthesis consolidates what is known about de-
pendency version migration as a whole, spanning motivations,
detection strategies, support techniques, and their reported trade-
offs. This gap in consolidated evidence is the starting point for the
present study.

In this paper, we present a rapid review of the literature on depen-
dency version migration, following the methodology of Cartaxo
et al. [3, 4]. Rapid reviews offer a structured and time-efficient
approach to evidence synthesis, particularly suited to contexts
where a broad map of a research area is needed to support decision-
making [3]. We searched Scopus in February 2025, retrieved 2,637
candidate papers, and selected 63 primary studies through a three-
phase screening process guided by predefined inclusion and exclu-
sion criteria. The study is organized around seven research ques-
tions covering migration adoption and motivations (RQ1-RQ2),
strategies for identifying outdated dependencies and breaking changes
(RQ3-RQ4), and the tools, techniques, and trade-offs that charac-
terize existing migration support (RQ5-RQ?7).

The main findings of this review can be summarized as follows.
Dependency version migration is predominantly reactive: Develop-
ers migrate in response to concrete failures — security vulnerabili-
ties, compatibility breakages, and bugs — rather than as a proactive
maintenance practice, and the majority of projects in every studied
ecosystem use outdated dependency versions at any given time.
The set of available tools is large but fragmented: 45 distinct tools
were identified across the 63 studies, yet virtually all are ecosystem-
specific, with no tool demonstrating broad effectiveness across
diverse migration scenarios. The underlying technique families —
static and structural analysis, rule-based transformation, Al-driven
and example-based approaches, and semantic analysis — each oc-
cupy a distinct performance niche, and the trade-offs between them
mean that no single approach is adequate for the diversity of real-
world migration contexts. These findings reveal a research area
where tool proposals outpace rigorous, comparable evaluation, and
where the developer-facing dimensions of migration support re-
main largely uninvestigated.

In summary, this paper makes the following contributions:

o Characterizes the extent to which developers migrate de-
pendencies in practice and the motivations that drive such
decisions (RQ1-RQ2);

e Surveys strategies used to identify dependencies that re-
quire updates and to detect version migrations that introduce
breaking changes (RQ3-RQ4);

o Analyzes the tools proposed to support dependency version
migration, the underlying techniques they employ, and the
trade-offs reported in the literature (RQ5-RQ7).

The remainder of this paper is structured as follows. Section 2 re-
views related work. Section 3 describes the review method. Section 4
presents the results for each research question. Section 5 discusses
the implications of these findings. Finally, Section 6 concludes the
paper and outlines directions for future work.
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2 Related Work

Research on dependency evolution and API migration has grown
substantially over the past decade, spanning empirical studies of
developer behavior, proposals of automated support tools, and sec-
ondary studies synthesizing existing evidence. We organize the
most relevant prior work into three groups and conclude by identi-
fying the gap this study addresses.

Developer behavior and migration decisions. Several studies have
investigated how often and why developers update their depen-
dencies in practice. Kula et al. [S29] analyzed the influence of secu-
rity advisories on library migration decisions, finding that many
developers continue to rely on outdated versions despite known
vulnerabilities, primarily due to concerns about migration effort
and compatibility risk. In the context of mobile development, Salza
et al. [S30] observed that developers frequently postpone library
updates, attributing this behavior to uncertainty about breaking
changes introduced in newer versions. These studies establish that
migration avoidance is widespread, but each focuses on a specific
ecosystem or trigger, leaving the broader picture of migration be-
havior across ecosystems uncharacterized.

Tools and techniques for automated migration. Other work has fo-
cused on building and evaluating tools to support automated or
semi-automated migration. Dig et al. [S63] proposed using refac-
torings to automate component updates, presenting tools capable
of transforming client code based on API change logs. Hora and
Robbes [S13] surveyed techniques for inferring API changes, cat-
aloguing static and dynamic analysis approaches and discussing
their respective limitations. Bavota et al. [S32] reported on the prac-
tical use of automated migration tools in the Android ecosystem,
identifying integration challenges and trade-offs between automa-
tion and developer effort. While these contributions are directly
relevant, each addresses a specific technique, family, or ecosys-
tem rather than providing a cross-cutting characterization of the
available tools.

Secondary studies on software modernization. At the secondary
study level, Althani and Khaddaj [1] conducted a systematic re-
view of legacy system migration, identifying challenges related to
data, architecture, and interface transformation. Assuncéo et al. [2]
surveyed contemporary software modernization strategies, catego-
rizing the driving forces behind modernization and highlighting the
challenges of integrating new dependencies into existing systems.
Both studies provide relevant context, but their scope is system-
level modernization rather than the specific activity of migrating
client code to newer versions of existing dependencies. Neither
characterizes the detection strategies, tool techniques, or migration
trade-offs that are central to dependency version migration as a
development practice.

Rapid reviews in software engineering. Our study follows the rapid
review methodology proposed by Cartaxo et al. [4], which offers a
structured and time-efficient alternative to full systematic literature
reviews, particularly suited to contexts where timely evidence syn-
thesis is needed. Cartaxo et al. [3] have argued that, when carefully
planned, rapid reviews can provide relevant insights without com-
promising methodological rigor. Their complementary proposal of
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evidence briefings [5] further supports the transfer of synthesized
findings to practitioners. These methodological contributions un-
derpin both the feasibility and the design choices of the present
study.

The gap this study addresses. Taken together, the studies above each
contribute partial evidence on dependency version migration, but
none spans the full activity, from motivations through detection
strategies to migration support techniques and their trade-offs.
This paper addresses that gap through a rapid review consolidating
evidence across all these dimensions.

3 Research Method

We performed a rapid review following the guidelines of Cartaxo
et al. [3, 4] to provide timely evidence to support decision-making
in a real-world software development context.

3.1 Practical Problem

As highlighted by Cartaxo et al. [4], rapid reviews should be per-
formed in close collaboration with practitioners, bounded to practi-
cal problems, and conducted within the practitioner’s context.

In that regard, this rapid review was conducted in collaboration
with a co-author who is an industry practitioner from a company
that develops software tools for developers. The practitioner ex-
pressed interest in understanding how software projects manage de-
pendency version migration, particularly the trade-offs among tools
and their underlying techniques for automating or semi-automating
client code transformations to address breaking changes caused by
dependency updates. He participated in the definition of the review
protocol and selection criteria, and validated the key methodologi-
cal decisions throughout the process.

3.2 Scope Definition

For the purposes of this review, we distinguish dependency updates
— changes to the version number of a declared dependency that
require no client-side code adaptation — from dependency version
migration, which encompasses updates that require developers to
adapt client code, configurations, or tests due to breaking changes
or altered behaviors. This review focuses on the latter; studies
addressing pure version-number updates without an adaptation di-
mension were excluded under EC4. Automated dependency update
tools such as Dependabot, which primarily issue version-bump pull
requests without addressing client-side breaking changes, similarly
fall outside the scope of this review.

3.3 Research Questions

The following research questions guided the search strategy, selec-
tion of primary studies, and data extraction:

¢ RQ1: Do developers commonly migrate their depen-
dencies to newer versions?
This question investigates whether dependency migration is
a frequent practice in real-world software development.

e RQ2: What motivates developers to migrate dependen-
cies to newer versions?
This question explores the common drivers for updating
dependencies.
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¢ RQ3: What are the strategies used to identify depen-
dencies that need to be updated?
This question focuses on the strategies and tools used to
locate deprecated or outdated dependency usages in a code-
base.

e RQ4: What are the strategies used to identify depen-

dency version migrations that introduce breaking changes?

This question examines the mechanisms employed to iden-
tify and understand breaking changes, whether through man-
ual inspection or automated tooling.

¢ RQ5: What tools have been proposed to support depen-
dency version migration?
This question surveys existing tools that aid the migration
process, with particular focus on tools that automate or semi-
automate client code adaptation when migrating to newer
dependency versions.

e RQ6: What are the underlying techniques used by de-
pendency version migration tools?
This question categorizes and analyzes the techniques adopted
by migration tools (e.g., Al-driven, rule-based, static analysis,
semantic analysis).

e RQ7: What are the trade-offs of existing tools and tech-
niques?
This question examines the limitations, performance con-
cerns, required human effort, and generalization issues re-
ported for current approaches.

By addressing these questions, we aim to synthesize and char-
acterize the current state of research and practice in dependency
version migration.

3.4 Search Strategy

We used Scopus! as the primary database for our literature search,
given its broad coverage of peer-reviewed computer science publi-
cations [8]. The choice of a single database is a scope limitation of
this rapid review; studies indexed exclusively in ACM Digital Li-
brary or IEEE Xplore may not have been captured. We acknowledge
this as a threat to completeness and discuss it further in Section 5.

On February 27, 2025, we executed a structured search query
targeting papers published from 2005 onwards. The search string
was constructed in two parts connected by the Scopus proximity
operator W/@, which requires both terms to appear within the same
field token — effectively enforcing that a dependency-related term
and a change-related term co-occur in direct association rather
than appearing independently anywhere in the title, abstract, or
keywords. This choice was deliberate: a simple AND between the
two groups would have retrieved a large number of papers that
mention, for example, both a library and a refactoring in unrelated
contexts. The first term group targets the artifact being migrated
(library, API, framework, dependency); the second targets the activ-
ity (migration, update, change, deprecation, evolution, refactoring,
versioning). Results were further filtered to the COMP subject area to
exclude publications in non-computing disciplines that share this
vocabulary (e.g., biology and chemistry, where evolution and migra-
tion have entirely different meanings). Gray literature was excluded,
as the goal was to complement existing practitioner knowledge

!https://www.scopus.com
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with evidence from the academic research literature. The query
below returned a total of 2,637 candidate papers.

Search String: TITLE-ABS-KEY ( ( librar* OR api OR framework
OR dependenc™ ) W/0 (migrat™ OR updat* OR chang™ OR deprecat*
OR evol* OR refact™ OR version*) ) AND PUBYEAR >2004 AND
PUBYEAR <2026 AND ( LIMIT-TO ( PUBSTAGE , “final" ) ) AND (
LIMIT-TO ( SUBJAREA , "COMP" ) )

3.5 Exclusion Criteria

Studies were considered eligible if they were peer-reviewed publi-
cations written in English, published between 2005 and 2025, and
provided evidence relevant to at least one of the seven research
questions on dependency version migration, addressing migration
between versions of the same dependency. Papers were then ex-
cluded if they:

EC1 were not written in English;

EC2 were not peer-reviewed;

EC3 were published before 2005;

EC4 did not provide relevant insights to any of the seven research
questions;

EC5 focused exclusively on migration between different depen-
dencies (e.g., replacing one library with another) rather than
version migration of the same dependency.

EC4 and EC5 required the most interpretive judgment during
screening and deserve illustration. Under EC4, papers were ex-
cluded when they addressed API or library evolution without con-
necting their findings to any of the seven RQs. For example, studies
characterizing how APIs change across versions without addressing
detection strategies, migration support, or developer behavior —
such as empirical analyses of API change frequency or stability —
were excluded because they describe the phenomenon rather than
the response to it. Papers proposing general refactoring tools that
treat library changes only as incidental examples, and secondary
studies reviewing API evolution broadly without synthesizing evi-
dence on migration specifically, were similarly excluded under EC4.
Under EC5, papers were excluded when their primary contribution
was supporting cross-library migration, that is, helping developers
replace one library with a functionally equivalent alternative. For
example, studies proposing tools to detect that a project should
migrate from one logging library to a different logging library, or
mining techniques for recommending library replacements at the
method level, were excluded because they address library substitu-
tion rather than the adaptation of client code to a new version of
an existing dependency.

3.6 Screening Process

The exclusion criteria were applied through a three-phase filter-
ing process, summarized in Figure 1. Prior to screening, all four
reviewers held an initial calibration meeting to discuss the review
scope, align on the interpretation of the exclusion criteria, and
work through a representative set of borderline cases together.
This calibration was intended to establish a shared understand-
ing of the criteria before independent screening began. After each
screening phase, reviewers reconvened — either synchronously or
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asynchronously — to discuss edge cases, resolve disagreements,
and reach consensus on ambiguous decisions before proceeding to
the next phase.

In the first phase, the four authors independently conducted
title-based screening of the 2,637 candidate papers, which were
divided into four approximately equal subsets, one per reviewer.
Consistent with rapid review guidelines [4], each paper was as-
sessed by a single reviewer. Papers were labeled In, Out, or Maybe,
where Maybe indicated uncertainty requiring further inspection.
Papers marked Maybe were retained and carried forward to the
next screening phase, where they received a definitive In or Out
decision. This phase reduced the corpus to 438 papers (the union of
In and Maybe decisions). The large reduction from 2,637 to 438 pa-
pers after title screening reflects the breadth of the wildcard terms
used (e.g., changx, evolx, version#), which, despite the precision-
oriented proximity operator, still matched many papers addressing
unrelated software engineering topics such as general software
evolution, data migration, or refactoring techniques unrelated to
dependency management. Such papers were straightforward exclu-
sions at the title level.

In the second phase, the same four reviewers independently
screened the abstracts of the 438 remaining papers, again without
cross-checking between reviewers, and applying the same three
labels. This phase reduced the corpus to 212 papers.

In the third phase, the full text of the 212 remaining papers
was read to make final inclusion decisions using only In or Out
labels. This phase was conducted by the first author.? This phase
yielded the final set of 63 primary studies for data extraction.
The spreadsheets documenting all screening decisions are publicly
available, as mentioned in the Artifact Availability section.

Database Search 2,637
/
Title Filter 438
/
Abstract Filter 212
/
Paper Filter 63
/

Data Extraction

Figure 1: Three-phase paper selection process.

2Single-reviewer full-text screening is consistent with the rapid review methodology
adopted here [4], but introduces a risk of selection bias that we acknowledge as a
threat to validity in Section 5.
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3.7 Data Extraction

In parallel with the third screening phase, we designed a data ex-
traction form to collect relevant information from each included
study. For each of the 63 selected papers, we recorded the publica-
tion year, and mapped each paper to the specific research questions
it addressed. This RQ mapping was the primary organizing struc-
ture for data extraction: For each RQ, we recorded the evidence
provided by each relevant study, including the study design (e.g.,
tool proposal, empirical analysis, or experience report), the ecosys-
tem or programming language targeted, and the specific findings
pertaining to that RQ. A dedicated spreadsheet was used to track
the mapping between studies and RQs, facilitating the synthesis of
evidence across studies and organizing the results by question.

The mapping of papers to RQs required interpretive judgment,
particularly for studies that addressed multiple questions simulta-
neously or that provided only partial evidence for a given RQ. In
such cases, a paper was mapped to an RQ if it contributed at least
one concrete finding relevant to that question, even if the RQ was
not the paper’s primary focus. This decision was made consistently
across all 63 studies using the same extraction form.

4 Results

This section presents the results of the data extraction process based
on the 63 primary studies selected through the rapid review. For
each of the seven research questions, we synthesize the findings
across the relevant studies, highlighting patterns, tools, techniques,
and trade-offs reported in the literature. The number of primary
studies contributing evidence to each RQ varies considerably, re-
flecting the uneven distribution of research attention across the
dimensions of dependency version migration. We note the corpus
size for each RQ and qualify findings accordingly.

4.1 RQ1: Do developers commonly migrate
their dependencies to newer versions?

A total of 6 studies directly addressed whether developers migrate
to newer dependency versions [S29, S30, S35, S57, S58, S61]. The
findings consistently indicate that migration to newer versions is
not a common practice.

Kula et al. [S29] found that 81.5% of the systems they studied still
relied on outdated dependencies. Using the Library Residue metric
— which measures the proportion of systems still using an outdated
library version after its peak usage — the authors analyzed 2,736
dependencies across 48,495 Java systems on GitHub and reported
an average residue ratio of 81.5%.

Salza et al. [S57] observed that only 15.5% of library uses were
consistently updated by developers. The authors analyzed 11,626
version histories of Android app libraries and classified update
practices using open coding with four researchers. The pattern of
diligent updates — where developers consistently update libraries
to the latest version in each development cycle — was found in only
1,976 library usages (15.5%).

In a complementary study, Salza et al. [S30] examined version
histories of 1,126 libraries in 291 Android apps and classified de-
veloper behaviors into five categories. The Not Updating pattern,
where libraries were never updated after their initial introduction,
was found in 63.0% of cases.
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Jayasuriya et al. [S61] analyzed 18,415 Maven artifacts declaring
142,355 direct dependencies and found that 71.6% were not up-to-
date with the latest available version.

A survey by Zaitsev et al. [S35] with 36 developers confirmed that
updates occur, but rarely: Three-quarters of respondents updated
dependency versions at least twice a year, and fewer than half did
so three or more times a year.

Finally, Sawant et al. [S58] asked developers why they did not
upgrade their dependencies and identified two primary reasons:
the cost of upgrading was often not considered worthwhile, and
the version in use was still functioning adequately, reducing the
perceived urgency to update.

RQ1 Key Takeaway: Across six studies and multiple ecosystems,
the evidence consistently shows that developers rarely update their
dependencies proactively. Most projects rely on outdated dependency
versions, and migration tends to be deferred unless a concrete need
arises.

4.2 RQ2: What motivates developers to migrate
dependencies to newer versions?

Only 2 primary studies directly addressed developer motivations
for migrating dependencies [S57, S62]. Given this limited evidence
base, the findings reported here should be treated as preliminary
indicators rather than definitive conclusions.

Salza et al. [S57] surveyed 73 mobile developers and found that
avoiding bug propagation and ensuring compatibility with new An-
droid releases were the primary reasons for updating dependencies.

Yasumatsu et al. [S62] analyzed 21,046 Android apps and found
that a targeted security fix campaign was effective in encouraging
developers to adopt library version updates, highlighting security
concerns as a concrete migration driver.

RQ2 Key Takeaway: The available evidence — drawn from only 2
primary studies, both in the Android ecosystem — suggests that the
primary motivations for dependency migration are bug fixes, com-
patibility requirements, and security vulnerabilities. These findings
should be interpreted with caution, as the narrow evidence base and
ecosystem-specific context limit their generalizability.

4.3 RQ3: What are the strategies to identify
dependencies that need to be updated?

Only 2 primary studies focused specifically on strategies to identify
dependencies that require updating [S01, S06], each proposing a
distinct automated approach. As with RQ2, the small number of
studies limits the conclusions that can be drawn.

Kumar et al. [SO01] proposed VODA (Vulnerable Open-Source
Dependency Analyzer), a tool that simultaneously searches thou-
sands of open-source repositories for dependencies with known
vulnerabilities, considering both previous and current releases.

Navarro et al. [S06] proposed an automated method to source
API deprecation data for popular Python libraries by crawling and
parsing release notes from the web. The strategy extracts libraries
using Sphinx for documentation, retrieves version histories from
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the PyPI API, and parses deprecation notices from the standardized
HTML structure of the documentation.

RQ3 Key Takeaway: The limited evidence available (2 studies)
suggests that proposed strategies for identifying dependencies re-
quiring updates are fully automated, targeting either known secu-
rity vulnerabilities or documented deprecations. Both approaches
are ecosystem-specific — one targets open-source vulnerability data
broadly, the other targets Python libraries specifically — indicating
that no general-purpose identification strategy has yet been char-
acterized in the literature. This represents a clear gap for future
research.

4.4 RQ4: What are the strategies to identify
dependency version migrations that
introduce breaking changes?

A total of 8 studies addressed strategies for identifying breaking
changes introduced by dependency version migrations. Among
them, 6 studies [S05, S10, S21, S34, S36, S61] employed automated
strategies using or proposing dedicated tools, while 2 studies [S08,
S47] relied on manual strategies.

Automated strategies typically involve comparing two ver-
sions of a dependency and applying algorithms to identify potential
breaking changes.

Du and Ma [S05] introduced AexPy, a tool that detects API break-
ing changes in Python packages. Their evaluation demonstrated
high precision in identifying both documented and undocumented
breaking changes across 43 real-world packages.

Brito et al. [S10] developed APIDIFF, which detects API breaking
and non-breaking changes by analyzing three API elements: types,
methods, and fields.

Reyes et al. [S21] proposed BreakingGood, which identifies break-
ing changes using three inputs — the source code, the original de-
pendency version, and the new dependency version — and provides
an explanation for each detected issue.

Zhang et al. [S34] presented PyCombat, which performs two-
phase static analysis: first extracting an API knowledge base, then
detecting compatibility issues against it.

Serbout and Pautasso [S36] applied oasdiff, a command-line tool
designed to compare OpenAPI specifications and detect changes
between versions.

Jayasuriya et al. [S61] used jacimp, which detects breaking changes
between two library versions by running static analysis on the dif-
ferences between two JAR files.

Manual strategies typically involve updating the dependency
version and evaluating whether the system continues to function
correctly, either by executing it or running the existing test suite.

Jayasuriya et al. [S08] adopted a manual approach in which they
updated the dependency version and verified whether the code
continued to work as expected; failures were taken as evidence of
a breaking change.

Venturini et al. [S47] applied a similar strategy by updating the
dependency, installing the new version, and running the project’s
test suite; test failures indicated the presence of a breaking change.
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RQ4 Key Takeaway: Strategies for identifying breaking changes
fall into two categories. Automated strategies use specialized tools to
compare dependency versions and detect incompatibilities algorith-
mically; manual strategies rely on updating the dependency and ob-
serving failures through execution or testing. Automated approaches
dominate the literature and offer scalability, but manual strategies
remain in use, particularly in empirical studies evaluating migration
impact in practice.

4.5 RQ5: What tools have been proposed to
support dependency version migration?

Among the 63 papers selected for this review, 48 mention at least one
automated or semi-automated tool related to dependency version
migration, totaling 45 distinct tools. Table 1 provides a structured
overview of the 38 tools for which a name or clear identity could
be established, organized by target ecosystem. The remaining tools
are either unnamed approaches described within a single paper
or instantiations of general frameworks. They are included in the
technique analysis of RQ6 but are not individually listed here.

Three observations emerge directly from Table 1. First, the set of
tools is heavily ecosystem-specific: Java (13 tools) and Android (7
tools) together account for more than half of the named tools, while
JavaScript, Pharo, Swift, and REST/OpenAPI are each served by
only one or two tools. This concentration is not simply a reflection
of ecosystem popularity — it reflects a structural fragmentation in
which tool contributions rarely generalize beyond their original
target environment. Second, migration support tools (27 of 38)
substantially outnumber detection-only tools (11 of 38), suggesting
that the research community has invested more in automating code
adaptation than in automating the identification of when adaptation
is needed. Third, the technique distribution mirrors the findings of
RQ6: Static and Structural Analysis is the most common primary
technique (15 tools), followed closely by AI and Example-Driven
approaches (14 tools), with Rule and Pattern-Based (6 tools) and
Semantic and Contextual techniques (3 tools) less frequent.

Most tools were proposed within the papers themselves; only
three studies analyze pre-existing tools [S13, S29, S63]. Several tools
appear in more than one paper, reflecting ongoing development
and evaluation across publications: AndroEvolve [S08, S09], AppE-
volve [S14, S15], and MLCatchUp [S23, S42] each appear in two
studies.

A notable line of incremental development exists within the An-
droid ecosystem. AppEvolve was developed first as a solution for
Android API evolution. CocciEvolve was subsequently inspired by it.
AndroEvolve was later proposed as a further refinement, adapting
and extending the techniques of its predecessor. This progression il-
lustrates how research on migration support can accumulate within
a single ecosystem, while leaving other ecosystems underserved.

Several tools are designed as IDE plugins, embedding migra-
tion assistance directly into developer workflows: HiMa [S03],
CatchUp! [S22], and Trident [S49] target Eclipse, while the Python
Package Tool [S06] targets PyCharm. This subset represents an at-
tempt to reduce the adoption friction that is often cited as a barrier
to tool use in practice, though no study in the corpus evaluates
whether IDE integration actually improves adoption rates.
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Table 1: Named tools identified across the 63 primary studies,
organized by target ecosystem. Technique categories corre-
spond to those in Table 2. Purpose: Det. = detection of out-
dated dependencies or breaking changes; Mig. = client code
migration support.

Tool [ Source [ Ecosystem [ Primary Technique [ Purpose
Android (7 tools)

AppEvolve [S14, S15] | Android Al/Example-Driven Mig.
CocciEvolve [S17] | Android Al/Example-Driven Mig.
AndroEvolve [S08, S09] | Android Rule/Pattern-Based Mig.
APIMigrator [S12] |Android Al/Example-Driven Mig.
LIBBANDAID [S18] | Android Static/Structural Mig.
ACRYL [S26] | Android Al/Example-Driven Det.
NEAT [S59] | Android Rule/Pattern-Based Mig.
Java (13 tools)

LIBSYNC [S02] |Java Al/Example-Driven Mig.
HiMa [S03] |Java Al/Example-Driven Mig.
APIDIFF [S10] |Java Static/Structural Det.
APIFix [S11] |Java Al/Example-Driven Mig.
CatchUp! [S22] |Java Static/Structural Mig.
ComeBack! [S24] |Java Rule/Pattern-Based Mig.
ReBA [S47] |Java Static/Structural Mig.
Trident [S49] |Java Al/Example-Driven Mig.
RefactoringMiner 2.0| [S51] |Java Static/Structural Det.
SemDiff [S55] |Java Semantic/Contextual Det.
RefactoringCrawler [S16] |Java Static/Structural Mig.
BreakingGood [S21] |Java/Multi Static/Structural Det.
jacimp [S61] |Java Static/Structural Det.
Python (7 tools)

AexPy [S05]  |Python Static/Structural Det.
PyCombat [S34] |Python Static/Structural Det.
Python Pkg. Tool [S06]  |Python Al/Example-Driven Mig.
MLCatchUp [S23, S42] | Python Al/Example-Driven Mig.
PYEVOLVE [S46] |Python Rule/Pattern-Based Mig.
SOAR [S56] |Python Al/Example-Driven Mig.
Jupyter Repair [S52] |Python Al/Example-Driven Mig.
FJavaScript (2 tools)

JSFIX [S53] |JavaScript Static/Structural Mig.
JS Detector [S28] |JavaScript Static/Structural Det.

Language-specific — other (3 tools)

DEPREWRITER [S27]  |Pharo Semantic/Contextual Mig.
Apodini Migrator [S48] | Swift Static/Structural Mig.
oasdiff [S36] | REST/OpenAPI | Static/Structural Det.
Cross-ecosystem / General (6 tools,

VODA [So1]  |Multi Static/Structural Det.
Polyglot Tool [S04] | Multi Rule/Pattern-Based Mig.
Meditor [S39] |Multi Al/Example-Driven Mig.
LLM Migrator [S19] | Multi Al/Example-Driven Mig.
Two-Stage Patch [S60] | Multi Rule/Pattern-Based Mig.
Compiler-Directed [S25] | Multi Semantic/Contextual | Mig.

Figure 2 shows the temporal distribution of studies contribut-
ing to RQ5, RQ6, and RQ7. Publication activity was sparse before
2019 and has remained at a consistent level of 3—-6 papers per year
since. The uptick beginning in 2019 coincides with the emergence
of learning-based and example-driven migration tools (e.g., AndroE-
volve, CocciEvolve), suggesting that renewed interest in this period
was driven in part by the growing availability of large-scale mined
migration examples as training data, rather than by continued
growth in traditional static-analysis approaches. The subsequent
plateau may reflect either a maturing research area or a partial shift
toward venues not fully captured by our Scopus-based search (see
Section 5).
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Figure 2: Distribution of papers by publication year for RQ5,
RQ6, and RQ?7.

RQ5 Key Takeaway: A large and diverse set of tools has been pro-
posed to support dependency version migration, with 45 distinct tools
identified across 48 of the 63 primary studies. However, the set of tools
is heavily ecosystem-specific: Java and Android together account for
more than half of named tools, and no tool demonstrates broad appli-
cability across diverse ecosystems or migration scenarios. Migration
support tools substantially outnumber detection tools, indicating a
relative gap in research on identifying when migration is needed.

4.6 RQ6: What are the underlying techniques
used by these dependency version migration
tools?

A total of 48 studies addressed the underlying techniques adopted
by dependency version migration tools. After analyzing these pa-
pers, we grouped the underlying techniques into four major cate-
gories using a lightweight thematic analysis. Techniques were first
extracted verbatim from each study’s self-description (e.g., static
analysis, rule-based transformation, example-based migration, se-
mantic analysis, Al-based methods). We then performed an iterative
coding process, analogous to open coding in qualitative research,
grouping techniques by their operational characteristics (how the
technique functions) and methodological focus (the underlying an-
alytical principle). Through iterative discussion among the authors,
four higher-level categories emerged, reported in Table 2. The goal
was not to propose a new taxonomy, but to organize a diverse set
of techniques into coherent, comparable groups.

Al and Example-Driven Techniques, found in 21 papers, in-
clude methods that use examples, learning, and artificial intelligence
to automate migrations. These approaches typically extract patterns
from real-world migrations, apply machine learning or program
synthesis, or rely on large language models (LLMs) to generate
transformation logic. They are especially effective in adapting to
diverse migration contexts and handling less deterministic cases.

Rule and Pattern-Based Transformations, also represented
in 21 papers, involve defining explicit rules or reusable patterns for
migration. These rules may be specified manually, inferred from
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examples, or synthesized automatically. They offer control and
predictability in the transformation process, making them well-
suited to structured and well-documented APIs.

Static and Structural Analysis, the most prominent group,
appears in 29 papers. This category encompasses techniques that
examine the structure and composition of code without requiring
its execution. Their popularity reflects general applicability across
languages and contexts, as well as scalability to large codebases.

Semantic and Contextual Analysis, identified in 10 studies,
refers to techniques that analyze not only syntax but also the mean-
ing and context of code. Although less frequent, these methods are
valuable for understanding higher-level migration implications and
avoiding behavioral regressions in complex scenarios.

Table 2: Techniques used by dependency version migration
tools, grouped by category. Papers may contribute to more
than one technique category; totals reflect technique occur-
rences rather than unique paper counts.

Technique/Approach [
Al and Example-Driven Techniques

Tools (Papers) [ Total

7 techniques, 21 papers
[S06], [S19], [S42], [S52], | 5

[S56]
Data-Driven [S26] 1
[S11], [S12], [S13], [S14], | 7

[S17], [S31], [S49]

History-Based Analysis [S03]
Mining Software Repositories [S02], [S44]
Program Synthesis [S11]
Search-Based [S26], [S39], [S52], [S56]
Rule and Pattern-Based Transformation

Artificial Intelligence (AI)

Example-Based

= o=

5 techniques, 21 papers

Domain-Specific Language (DSL) [S04] 1
Pattern-Based [S08], [S28], [S40] 3
Refactoring-Based [S24] 1

Rule-Based Transformation [So4], [S11], [S12], [S13], 10
[S20], [S38], [S41], [S43],
[S46], [S59]

[S08], [S54], [S60] 3

Semantic Patch Language (SmPL)
Static and Structural Analysis

7 techniques, 29 papers

AST-Based (Abstract Syntax Tree) [S51] 1
Graph-based Analysis [S02], [S04] 2
Impact Analysis [S18] 1
Lightweight Static Analysis [So4], [S20], [S22], [S28], 5

[S49]
[S06], [S11], [S12], [S13], | 14
[S16], [S39], [S42], [S47],

[S48], [S50], [S53], [S54],
[S55], [S59]
Transformation-Based [S33] 1
Version Diff [S13], [S23], [S51], [S60] 4
Semantic and Contextual Analysis

Static Analysis

4 techniques, 10 papers

Document Analysis [S32] 1
Dynamic Analysis [S13], [S25], [S27], [S52] 4
Heuristic-Based [S32], [S55], [S59] 3
Method Deprecation [S27] 1

da Silva et al.

RQ6 Key Takeaway: Static and structural analysis is the most preva-
lent technique family in dependency version migration tools, appear-
ing in 29 of the 48 relevant studies. Al-driven and example-based
methods, and rule-based transformations, are equally represented
(21 papers each), while semantic and contextual techniques are less
frequent (10 papers). When examined at the individual technique
level, static analysis, rule-based transformation, and example-based
approaches are the three most commonly adopted.

4.7 RQ7: What are the trade-offs of existing
tools and techniques?

A total of 48 papers discussed trade-offs, benefits, and limitations
related to tools or approaches supporting dependency version mi-
gration. These trade-offs are closely tied to the type of technique
employed, as well as to design decisions, implementation strategies,
and tool maturity.

AI and Example-Driven Techniques. Tools in this group —
including LIBSYNC, APIFix, PyEvolve, and MLCatchUp — tend to
offer high precision and recall, especially when trained or calibrated
with concrete usage scenarios. However, they typically incur higher
computational cost and depend on the availability of historical
migration examples. Their specialization makes them powerful
for complex or context-specific changes, but this often limits their
generalization to new or underrepresented migration contexts.

Rule and Pattern-Based Transformations. Tools such as
TAPIR, JaSCUT, DAAMT, and Coccinelle4j use explicit or inferred
rules to automate migration steps. They are generally fast and accu-
rate for well-documented, structured APIs, and their deterministic
behavior makes them preferable in production settings where trans-
parency is important. However, they require manual configuration
or predefined rules, and their effectiveness diminishes for poorly
documented or dynamically structured APIs.

Static and Structural Analysis. Tools in this group — includ-
ing RefactoringMiner 2.0, SemDiff, ReBa, and RELANCER — are
the most prevalent in the dataset. They operate on code structure
without requiring execution, offering scalability and consistency
across large codebases. Their main limitation is reduced effective-
ness for complex, cross-layer structural changes or deeply semantic
incompatibilities. Additionally, some tools (e.g., SemDiff) require
complete version histories, reducing their flexibility in ad hoc mi-
gration scenarios.

Semantic and Contextual Analysis. Tools such as Apodini
Migrator and JDiff attempt to capture meaning beyond code struc-
ture. While potentially effective for detecting higher-level impacts,
they frequently require additional manual intervention and de-
pend on external metadata such as change logs, semantic tags, and
contextual annotations. Their adoption remains limited due to the
complexity of integrating semantic understanding into automated
workflows.

Taken together, the four technique categories present a spectrum
of trade-offs. Al-driven and example-based tools offer automation
and precision at the cost of computational resources and data re-
quirements. Rule-based tools provide transparency and speed at the
cost of flexibility. Static analysis tools are scalable but semantically
shallow. Semantic tools are expressive but difficult to automate
reliably.
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RQ7 Key Takeaway: Each category of dependency version migration
techniques involves distinct trade-offs. No single technique family
dominates across all migration scenarios: static analysis excels in
scalability, rule-based approaches in transparency, Al-driven meth-
ods in precision for well-defined contexts, and semantic techniques
in handling higher-level changes. Selecting an appropriate approach
requires matching the technique’s strengths to the specific character-
istics of the migration context.

5 Discussion

This section interprets the findings from the seven research ques-
tions, draws out their implications for research and practice, and
analyzes the threats to the validity of the study.

5.1 Interpretation of Findings

Taken together, the results across RQ1-RQ7 paint a consistent
picture: dependency version migration is a recognized maintenance
need, yet it remains an infrequent, reactive, and largely unsupported
activity in practice.

The adoption evidence from RQ1 is striking in its consistency
across ecosystems and study designs. Whether measured through
repository mining of Java systems [S29], version histories of An-
droid apps [S30, S57], or Maven artifact analysis [S61], the result
is the same: Most projects use outdated dependencies, and proac-
tive update practices are rare. The motivations reported in RQ2,
although based on limited evidence, are consistent with this pattern:
Developers migrate primarily in response to concrete failures (bugs,
incompatibilities, and security disclosures), rather than as a routine
practice. This reactive posture suggests that the perceived cost of
migration consistently outweighs its perceived benefit, a finding
with direct implications for how tools and documentation should
be designed.

The set of tools revealed by RQ5 is large but fragmented. Forty-
five distinct tools appear across the 63 studies, yet no tool demon-
strates broad applicability across ecosystems. The Android ecosys-
tem accounts for a disproportionate share of proposals, while other
ecosystems are served by isolated, language-specific solutions. This
fragmentation is not merely a cataloguing observation: It means
that a developer working outside a well-studied ecosystem (Java,
Android, Python, JavaScript) is unlikely to find mature automated
support for their migration tasks.

The technique taxonomy from RQ6 helps explain why fragmen-
tation persists. Static and structural analysis — the dominant tech-
nique family — operates on code structure without execution, which
gives it broad applicability and scalability, but limits its ability to
handle semantically complex or cross-layer changes. Al-driven and
example-based approaches can handle more complex cases, but
depend on the availability of migration examples, which are often
ecosystem- or tool-specific. The trade-offs reported in RQ7 thus
reinforce the fragmentation finding: Each technique family has a
domain where it performs well, but none generalizes reliably be-
yond that domain. The absence of a general-purpose migration
technique, and the absence of cross-study benchmarks that would
reveal this clearly, are the most important structural gaps identified
by this review.

SBES 2026, September 8-11, 2026, Sao Paulo, SP, Brazil

Viewed together, the findings reveal a reinforcing cycle. Develop-
ers migrate primarily in response to bugs, compatibility issues, and
security concerns, yet the available migration support remains frag-
mented and ecosystem-specific. The trade-offs inherent in current
techniques limit their general applicability, increasing the effort
and uncertainty associated with dependency updates. As a result,
migration is often postponed until external pressures make it un-
avoidable, further reinforcing the reactive maintenance behavior
observed across ecosystems. A concrete illustration of this dynamic
is the Android ecosystem’s tooling concentration (RQ5): Android’s
mandatory API deprecation cycles create explicit, externally im-
posed migration triggers, which help explain both why tooling
accumulated in this ecosystem first and why migration rates re-
main comparatively low in ecosystems where such triggers are
absent.

5.2 Implications

For Researchers. This review identifies three specific directions
where future research would have the greatest impact.

Understanding migration avoidance. RQ1 establishes that
developers rarely migrate proactively, but the mechanisms behind
this avoidance are undercharacterized. The cost-benefit reasoning
reported by Sawant et al. [S58] points to developer decision-making
as a key variable, yet no study in our corpus directly models this
decision process across ecosystems or project types. Research com-
bining behavioral studies with repository mining could establish
when and why the perceived cost of migration is accurate versus
systematically overestimated.

Benchmarking migration techniques comparably. The 45
tools identified in RQ5 have been evaluated in isolation, each using
its own benchmarks, ecosystems, and metrics. This makes it impos-
sible to compare their effectiveness directly. A shared benchmark
dataset — analogous to those used in automated program repair
or code summarization — would allow systematic comparison of
static, rule-based, and Al-driven approaches under controlled con-
ditions, and would reveal where each technique family genuinely
falls short.

Evaluating tool integration in realistic workflows. RQ7
identifies usability and integration as recurring trade-offs, yet no
study in our corpus evaluates migration tools within a realistic
CI/CD or IDE-integrated workflow under controlled conditions. Re-
search on developer-facing aspects of migration support — adoption
barriers, cognitive load, and workflow fit — is almost entirely absent
from the literature and represents a considerable opportunity.

For Practitioners. The findings suggest that developers and teams
would benefit from treating dependency version migration as a
structured, recurring maintenance activity rather than an emer-
gency response. Reactive migration — triggered by security disclo-
sures or breaking failures — is more costly and higher-risk than
incremental, proactive updates. Automated tools can reduce the
effort involved in identifying breaking changes and adapting client
code, but practitioners should match tool selection to their specific
context. Static analysis tools offer scalability for large codebases.
Rule-based tools offer transparency and speed for well-documented
APIs. Al-driven tools offer precision where training data is available.
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Library and framework maintainers have a complementary role
to play. Consistent adoption of semantic versioning, explicit doc-
umentation of breaking changes, and the provision of migration
guides or codemods alongside new releases can substantially re-
duce the adaptation burden on client projects. The evidence from
RQ2 suggests that security fix campaigns can be effective in driving
adoption; similar structured communication strategies for breaking
changes could reduce migration deferral.

5.3 Threats to Validity

We discuss threats to validity following standard categories for
secondary studies.

Search completeness (external validity). The search was con-
ducted exclusively in Scopus, executed in February 2025. Scopus
provides broad coverage of peer-reviewed computer science publi-
cations [8] but does not index all venues covered by ACM Digital
Library or IEEE Xplore, and given the rapid pace of development in
LLM-based and agentic approaches to software engineering tasks,
tools and techniques published since our search date may not be
captured either. We acknowledge both as threats to the complete-
ness of our corpus and to the generalizability of our findings on tool
and technique coverage, limitations inherent to the rapid review
design, which prioritizes timeliness over exhaustiveness, and to
any review of a fast-moving research area.

Study selection bias (internal validity). The three-phase
screening process was conducted without cross-reviewer validation
at any phase, consistent with the rapid review methodology [4]
but introducing a risk of systematic selection bias. In particular,
full-text screening and all data extraction were performed by a
single reviewer, which may have introduced inconsistency in the
application of EC4 and EC5 — the two criteria requiring the most
interpretive judgment. No inter-rater reliability statistic was com-
puted. Findings from the full corpus of 63 studies should be inter-
preted with awareness that individual study inclusion decisions
were not independently validated.

Thin evidence base for RQ2 and RQ3 (construct validity).
The findings for RQ2 (motivations) and RQ3 (identification strate-
gies) are drawn from only 2 primary studies each. Both RQ2 studies
are specific to the Android mobile ecosystem. These findings should
be treated as preliminary indicators rather than generalizable con-
clusions. The scarcity of primary studies directly addressing these
dimensions is itself a finding — it indicates that developer motiva-
tion and dependency identification strategy are underresearched
relative to tool and technique proposals.

Classification subjectivity (construct validity). The group-
ing of tools and techniques into four categories in RQ6 involved
interpretive judgment, particularly for studies that combined multi-
ple technique families. Different classification decisions could alter
the relative frequency counts reported in Table 2. We mitigated
this risk through a structured data extraction form applied consis-
tently across all 63 studies, but the classification scheme was not
externally validated.

Publication bias (external validity). As with any literature
review restricted to peer-reviewed publications, there is a risk that
negative results, failed tool evaluations, and inconclusive migration
studies are underrepresented in the corpus. The exclusion of gray
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literature (EC2) further limits visibility into practitioner-facing
tools and industrial migration experiences that may not appear in
academic venues.

6 Conclusion

This paper presents a rapid review of the literature on dependency
version migration, synthesizing evidence from 63 primary stud-
ies selected from 2,637 candidates retrieved from Scopus. Guided
by seven research questions, the review characterized the current
state of research across four dimensions: the motivations that drive
migration decisions, the strategies used to detect outdated depen-
dencies and breaking changes, the tools proposed to support the
migration process, and the trade-offs those tools entail. As discussed
in Section 5, the evidence points to a reinforcing cycle in which
reactive migration behavior, a fragmented set of available tools, and
technique-specific trade-offs sustain one another, and it surfaces
concrete priorities for future work.

This review is subject to the limitations discussed in Section 5,
most notably its reliance on a single database and the thin evi-
dence base for RQ2 and RQ3. Within these boundaries, it provides a
structured map of the dependency version migration research area,
identifying where evidence is strong, where it is thin, and where it
is absent, offering a foundation for researchers and practitioners
seeking to understand or improve how software projects manage
the evolution of their dependencies.

Three concrete directions follow: (1) empirical studies of migra-
tion decision-making and avoidance behavior; (2) shared bench-
mark datasets enabling comparable cross-tool evaluation; and (3)
evaluation of migration tools under realistic developer workflows,
including IDE and CI/CD integration.
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extraction forms produced during the review. The spreadsheets
documenting all inclusion and exclusion decisions across the three
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mapping extracted evidence to the research questions addressed.
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