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Software has become a fundamental component of modern society, supporting critical infrastructure
industries, and everyday life. As software systems continue to expand in scale and complexity
maintaining and evolving them over time while ensuring reliability and adaptability has become a central
challenge. In this context, developers increasingly rely on reusing existing code from open repositories
and online platforms such as Stack Overflow. While such reuse accelerates development, it also
introduces new risks, particularly when the reused code is incompatible with the target environment or
semantically misunderstood. Addressing these challenges requires a deeper understanding of how
compatibility, functional equivalence, and structural similarity interact during software evolution

This dissertation systematically investigates how these three dimensions, compatibility, equivalence,
and similarity, can be jointly analyzed to support sustainable software maintenance and evolution. The
research first examines the reliability of reused online code, focusing on Python: a widely used
programming language whose major versions are intentionally not backward compatible. An empirical study
of Python code snippets collected from Stack Overflow demonstrates that a substantial portion of widely
referenced examples fail to execute due to version incompatibilities between Python 2 and Python 3. This
finding exposes hidden maintenance risks in online code reuse and underscores the critical need for
automated version—aware analysis.

Building upon this empirical necessity, the dissertation introduces the browser-based tool
PyVerDetector. It automatically detects the Python version compatibility of reused Stack Overflow code
snippets in real time. By leveraging multiple Abstract Syntax Tree (AST)-based grammars, the tool
identifies version—specific syntax issues and visualizes the compatible Python versions directly within
the browser. Evaluation results indicate that PyVerDetector achieves accuracy comparable to existing
offline analyzers while still providing lightweight, immediate feedback to developers. This demonstrates
that automated compatibility checking can effectively prevent subtle version-related faults during code
reuse.

Building on the insights from compatibility analysis, the dissertation extends its focus to code
equivalence and similarity, exploring whether syntactically different implementations can exhibit
identical functional behavior. To this end, the PyFuncEquivDataset, a representative dataset of Python
functions, was systematically constructed from GitHub, encompassing diverse projects and implementation
styles. Through automated test generation, mutual execution, and manual validation, functionally
equivalent pairs were identified and analyzed. The results reveal that equivalent functions often differ
substantially in structure, performance, and readability, suggesting that equivalence detection can
facilitate refactoring, redundancy reduction, and performance optimization. Furthermore, by evaluating
large language models (LLMs) on code equivalence and semantic similarity recognition, this study
provides new insights into the emerging role of artificial intelligence in understanding software
semantics.

Taken together, this research establishes a unified research framework that connects code
compatibility, equivalence, and similarity as interdependent dimensions of software evolution. The
dissertation contributes (1) empirical evidence of real-world compatibility issues in reused code, (2) a
practical browser—based tool for real-time version—aware maintenance, and (3) a representative dataset
and analytical methods for identifying functionally equivalent and similar code fragments. Collectively,
these outcomes advance the understanding of software reuse and lay the foundation for intelligent,
automated approaches that support reliable maintenance and sustainable evolution of large-scale software
systems.
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