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Abstract—Code clones are a well-known source of technical
debt, often degrading software maintainability. Modern Al cod-
ing assistants can unintentionally introduce clones or even license-
incompatible code, posing maintenance and legal challenges. This
research proposes a Large Language Model (LLM)-powered
clone refactoring assistant that proactively detects duplicative
code during development and suggests high-level refactorings.
By bridging traditional clone detection with LLM-driven code
generation or transformation, the approach aims to remove
redundancies early while ensuring changes remain behavior
preserving and legally compliant. The assistant will integrate
into development workflows to prevent clone propagation, flag
potential intellectual property risks, and incorporate developer
feedback for explainable, trustworthy operation. We will evaluate
its impact on code quality and developer productivity, and assess
how AI enhancements influence long-term maintenance efforts.

Index Terms—Code Clone, refactoring, large language model,
IDE, Tool, RAG, Ranking, Trustworthy, automatic maintenance

I. PROBLEM STATEMENT

Code clones or identical or near-duplicate code fragments
are common in modern software systems, often comprising
7-24% and sometimes up to 50% of code [5], [18], [19].
While copy-paste reuse can yield short-term gains, unchecked
cloning is a known “bad smell” linked to defect propagation
and high maintenance costs [8]. This problem has intensified
with the rise of Al assistants, now used by 92% of North
American developers [10]. Recent industry data show a 4x
increase in duplicated code under Al-assisted workflows [9],
as engineers often accept generated code “as-is.” These trends
demand in-context clone management tools that proactively
surface and help resolve redundancy during development.

Clone management remains predominantly reactive, with
detection and remediation often delayed until later main-
tenance phases. However, recent research advocates for a
proactive strategy, detecting and addressing clones as they are
introduced [3], [18], [30]. For instance, CCEvents [29] mon-
itors version control commits and alerts developers to clone
creation in near real-time. JDeodorant [7], [24] can suggest
Extract Method refactorings for simple Type-1/2 clones, but
its functionality is limited and not integrated into a proactive
development workflow. It also does not support more complex
clone types, allowing technical debt to accumulate. A recent
survey by Bharti et al. [3] identified 33 IDE-integrated tools,
highlighting increasing interest in real-time, preventive clone
management.

Recent advances in machine learning (ML) and deep learn-
ing have enhanced clone detection and maintenance [1],

[2], [20], [21]. ML-based frameworks use structural features
(length, dispersion, uniqueness) to identify refactorable clones
and reduce defect density [12], [15], [16]. Deep models can
detect semantically equivalent clones, outperforming token and
AST-based techniques [22]. Large Language Models (LLMs)
offer a promising next step: when combined with retrieval-
augmented generation (RAG), they can generate context-aware
refactoring suggestions [13], [23]. Tools like CREC [28] and
MARC [15] evaluate structural and historical features of clone
groups to predict refactorability, with CREC achieving up
to 83% Fl-score across multiple projects. These systems
demonstrate how context and history can improve clone main-
tenance, laying a foundation for more intelligent, LLM-driven
approaches.

Building on these foundations, LLMs offer a promising
frontier for automated clone management. Especially when
combined with RAG and contextual grounding, LLMs can
produce meaningful, context-aware refactoring suggestions
tailored to the developer’s codebase [13], [23]. Researchers
envision IDE-integrated assistants that not only detect clones
in real time but also assess potential risk and propose trans-
formations. These modern systems, leveraging deep learning,
RAG, and human-in-the-loop design, show strong potential
for proactively eliminating redundancy. Many research un-
derscores this trajectory, emphasizing the growing need for
intelligent, LLM-assisted clone resolution embedded directly
within development workflows [3], [4], [6], [17]

However, significant challenges remain regarding the relia-
bility [20], [26], interpretability [25], and legal safety [27] of
such Al-generated recommendations. LLM-based suggestions
can produce false positives or even hallucinated code [14],
[20], and Xu et al. [27] demonstrate that even minor edits to
a copied code snippet may still violate open-source license
compliance rules. Clone detection has historically been used
to identify reuse of GPL-licensed code in proprietary soft-
ware [11], and similar analysis can aid in surfacing such risks
early when Al assistants introduce recycled code. In partic-
ular, Al-generated code must be checked to avoid violating
licensing or patent constraints [11], [27]. Thus, building a
trustworthy Al-powered clone refactoring assistant requires
not only advanced automation but also a human-centered
design and rigorous validation strategy to ensure the tool is
reliable, interpretable, and legally compliant. Such an approach
is crucial to make sure these tools genuinely assist developers
rather than becoming another source of noise or risk.
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To address these challenges, we propose a LLM-powered
clone refactoring assistant that bridges traditional clone de-
tection with modern Al-based transformation. The system
will proactively detect clones during development, assess their
refactorability based on structural and contextual metrics (size,
dispersion, and uniqueness), and generate actionable refactor-
ing suggestions using RAG). To guide our investigation, we
aim to answer the following research questions:

RQ1: How can proactive clone management be aligned
with developer practices and integrated into modern IDE
workflows?

RQ2: How do AI enhance automated clone detection and
refactoring, and what are the key limitations of these ap-
proaches?

RQ3: What benefits does proactive clone management
provide in terms of software quality and maintainability?

RQ4: How can clone management systems be extended to
detect and mitigate license and intellectual property risks in
code reuse?

RQ5: What role should developer feedback and explain-
ability play in fostering trust in Al-driven refactoring tools?

II. EXPECTED OUTCOME

This research will produce a prototype of an LLM-powered
assistant that proactively detects clones, analyzes their contex-
tual relevance, and suggests legally compliant refactorings. We
expect to show that integrating such a system into the develop-
ment workflow enables earlier clone resolution, reduces redun-
dant code, and improves long-term maintainability. Through
empirical validation and developer-in-the-loop studies, the
project will yield practical insights into the effectiveness, trust-
worthiness, and usability of Al-assisted clone management.
Outcomes will include a validated prototype, metrics for clone
refactorability, and implementation guidelines for integrating
such assistants into modern IDEs.

[II. EXPECTED CONTRIBUTION

Our work contributes a novel, Al-augmented framework for
proactive clone management by unifying classical detection
with LLM-based, context-aware refactoring and legal compli-
ance checks. By leveraging RAG and embedding safeguards
against license violations, the assistant advances the state of
the art in trustworthy, semi-automated software maintenance.
Contributions include: (1) a fully integrated IDE-based tool,
(2) empirical evaluations of usability and technical accuracy,
(3) refined models of clone refactorability, and (4) actionable
design principles for human-in-the-loop Al systems. Together,
these contributions aim to reshape clone management into a
proactive, compliant, and developer-aligned practice.

IV. PLANNED EVALUATION

We will evaluate the approach through a combination of
quantitative and qualitative studies, aligned with our research
questions:

885

Workflow Integration and Impact (RQ1 & RQ3): We
will integrate the proactive clone management tool into mod-
ern development workflows (as an IDE plugin) to observe its
effectiveness, tracking how early clone detection and refac-
toring influence code quality and maintenance effort. We will
measure outcomes such as reduced duplication, fewer clone
related bugs, and lower maintenance effort by comparing
projects with and without the tool.

Al Enhancements and License Risks (RQ2 & RQ4): To
evaluate the benefits of LLM assistance, we will compare our
Al-augmented clone refactoring suggestions against baseline
techniques on benchmarks. This will quantify improvements in
detection recall and suggestion correctness while revealing any
limitations. We will also extend the system to flag clones that
may violate license or IP constraints, validating this feature
on known license-violating clones and measuring its detection
accuracy against license-scanning tools.

Developer Feedback and Trust (RQS5): We will conduct
a user study where developers use the refactoring assistant
with and without explanation of its suggestions. We will
gather qualitative feedback (interviews) and quantitative data
(task completion times, error rates, trust questionnaires) to
assess how explainability and feedback influence developer
confidence and tool adoption. These results will guide further
refinements to foster trust in the Al-driven refactoring assis-
tant.

V. LIMITATIONS

This early-stage research faces several limitations. First,
our initial evaluation will be focused on Python and Java,
which may limit programming language generalizability. Fu-
ture work will expand language coverage. Second, to preserve
IDE responsiveness, clone detection will be triggered on file-
save rather than continuously, which may delay feedback. We
plan to explore lightweight, incremental detection to balance
precision and performance. Third, while RAG enhances LLM
suggestion quality, hallucinations and irrelevant refactorings
remain a risk. We will mitigate this via automated valida-
tion (compilability, test execution) and prompt refinement.
Lastly, our user study may be limited in size due to resource
constraints. To ensure rigor, we will employ within-subject
designs, validated instruments (SUS, NASA-TLX), and qual-
itative interviews. As the work evolves, we remain open to
refining the evaluation design and research questions based
on empirical findings.
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