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	2 (a)
	Title of project: (no more than 220 characters)

	
	Intermediate Representations for LLM-Driven Code Modernisation: Comparative Evaluation and Benchmarking Dataset

	(b)
	Description of the proposed project (no more than 700 words)

	
	Background: LLMs are increasingly used for code modernisation (Java→Python, legacy→modern patterns). Effectiveness depends critically on how code is represented to the LLM. Do we show raw source, AST, control flow graph, data flow graph, or combined intermediate representation(IRs)? No systematic comparison exists. Different representations encode different information: ASTs capture syntax structure, CFGs capture control flow, DFGs capture data dependencies. It is unclear which helps LLMs best understand legacy code and produce high-quality modernised versions. We have developed a mature tool for code modernisation with established infrastructure for handling large-scale code analysis; this project leverages that foundation to expand our IR toolkit. 
Opportunity: Using existing tools to augment with additional IRs (AST, DFG, hybrid representations), evaluate comparative LLM modernisation performance, and identify which IRs work best for which patterns.
Aims: (1) Augment BSEL’s existing infrastructure with AST, DFG, and hybrid IR representations; (2) Curate a dataset of 200–300 code modernisation tasks using the augmented tool; (3) Benchmark LLMs (Claude/GPT-4) across all IR representations; (4) Evaluate results (syntactic correctness, semantic equivalence, code quality, performance); (5) Identify which IRs enable best LLM modernisation. 
Hypothesis: Structured IRs (AST, CFG, DFG) combined outperform single representations; results vary by code pattern. Key questions: Which IR combinations are most effective? Do diminishing returns exist (too many IRs?)? What trade-offs exist between IR richness and comprehension?
Methods: 
Phase 1 (Wks1–2) understand the existing CFG tool architecture; establish baseline CFG performance on code modernisation tasks. 
Phase 2 (Wks3–4) augment tool to generate AST, DFG, annotated source representations; create hybrid IR combinations (CFG+AST, CFG+DFG, CFG+AST+DFG). 
Phase 3 (Wks5–6) curate 200–300 code modernisation snippets (Java→Python, legacy patterns); use augmented tool to generate all IR variants. Prompt LLMs with each IR, measure results (syntactic correctness, test case passing, code quality metrics). 
Phase 4 (Wk7) comparative analysis: rank IR combinations by effectiveness, identify which excel for which code patterns, statistical testing. 
Phase 5 (Wk8) build interactive dataset and dashboard showing IR comparison results; document augmented tool.



	Q3
	What techniques/training will the scholarship provide? (no more than 150 words)

	
	Empirical evaluation methodology and statistical testing. Dataset curation and annotation at scale. Intermediate representation theory: AST, CFG, DFG, hybrid IRs. Code parsing and syntax tree extraction. Data flow analysis (variable definitions/uses). Graph representation and transformation. Tool integration and augmentation (extending existing pipelines). LLM APIs and prompt engineering (formatting IRs as context). Code evaluation: syntactic correctness, semantic equivalence, test harness design. Code quality metrics and assessment. These activities provide strong preparation for doctoral research by developing skills in experimental design, data analysis, tool development, and research evaluation. The project also builds valuable transferable skills, including technical communication, problem solving, independent research, project management, and collaboration with academic and industrial partners.



	Q4
	How does this research relate to work being carried out in the supervisor’s laboratory? (no more than 100 words)

	
	This project aligns closely with ongoing research within the group on software modernization and code transformation. The supervisor is currently working with PhD student Robert Shuttleworth on related tooling and methodologies, while also maintaining active collaborations with industry partners, including TraceSolutions, on software migration and modernization challenges. These existing academic and industrial links provide a strong environment for the project, enabling access to relevant expertise, realistic use cases, and opportunities for evaluation and impact beyond academia. he outcomes will be evaluated alongside related tools and are expected to contribute to future high-impact publications, including submissions to the ACM Transactions on Software Engineering and Methodology. 



	Q5
	Please provide a short statement outlining the arrangements that will be put in place to supervise the student (no more than 200 words)

	
	Structured research supervision: 
(1) Weekly 1-hour meetings on IR augmentation strategy, tool integration, and LLM evaluation design; 
(2) Fortnightly milestones: Wk2 (existing tool understood, baseline established), Wk4 (new IRs integrated), Wk6 (LLM evaluation complete), Wk8 (analysis + dashboard). 
(3) Access to the existing tool, established computational infrastructure, and LLM API credits.
(4) Collaboration with tool developers for integration guidance and code quality assessment expertise. 
(5) Daily Teams/email support 
Deliverables: augmented IR toolkit, curated dataset (200–300 snippets with all IR variants), interactive dashboard, usage documentation. 
Publication: We will target ACM Transactions on Software Engineering and Methodology (TOSEM) which will publish the tool, the approach of IR for improving LLM performance and the evaluation. The student contribution will be part of the research effort along with other students from the group.  The interns will be positioned for PhD extending the infrastructure further on the topic of LLM-based software modernisation.
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