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Ø Compiler: Source Code -> Machine Code.
ü Main tasks: Translation, Optimization.
ü Optimization: Optimizing code to improve performance.

Compiler Optimization

Ø Challenges in Compiler Optimization
ü Reliant on numerous manually crafted, rule-based transformation passes 

over IRs.
ü Each pass encapsulates highly specialized optimization logic.

-> Significant manual effort required to design and maintain.



Ø Traditional IR-level Optimization Process

Background

ü Analysis Pass: Provide compiler-specific optimization knowledge.
ü Transform Pass: Modify IR based on analysis.



Ø Traditional IR-level Optimization Process

Background

Ø Current Problem:
ü Limited accuracy in LLMs for IR optimization.

Ø Solution:
ü A dataset to reflect how compilers apply optimizations across diverse program.



IR-OptSet: Dataset for IR Optimization

Ø Feature

ü Optimization-Sensitive: Targeting real-world programs that trigger various 
compiler optimizations.

ü Task-Oriented: 2 tasks aligned with the traditional IR optimization process.
ü Comprehensive Toolchain: 3 tools for evaluation and extension.
ü Availability: https://huggingface.co/datasets/YangziResearch/IR-OptSet 



Two Tasks in IR-OptSet



Ø Setup: 3 LLMs for fine-tuning.
ü LLM Compiler FTD 7B: LLM-based IR optimizer.
ü StarCoder2-3B & Qwen2.5-Coder-1.5B: General-purpose code LLMs.

Ø RQ.1 Improvements in IR analysis and optimization through fine-tuning.

Ø RQ.2 Potential to surpass traditional compiler performance.
ü LLM Compiler FTD IR-OptSet vs. LLVM 19.0.1 -O3

Evaluation



Ø RQ.3 Diversity in transformations compared to existing datasets.
ü IR-OptSet vs. 3 IR-oriented datasets (SLTrans, ProGraML, and ComPile).
ü Effectiveness frequency of the top 30 most commonly used optimization steps.

Evaluation

IR-OptSet consistently triggers the highest effectiveness 
frequency across nearly all top-30 optimization steps.

-> 



Ø RQ.4 Generalization in transformations compared to existing datasets.
ü IR-OptSet vs. 3 IR-oriented datasets (SLTrans, ProGraML, and ComPile).
ü Training set:  IR-OptSet/SLTrans/ProGraML/ComPile.

-> 4 variants: LLM Compiler FTD IR-OptSet, SLTrans, ProGraML, and ComPile.
ü Test set: 500 samples in total, with 125 randomly selected from each dataset. 

Evaluation
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