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How Efficient is LLM-Generated Code?

• Example problem (from [1]): computing the 𝑛-th Fibonacci number.
• While all correct, the three implementations above have different efficiencies.
• Efficiency is crucial in real-world applications but is largely overlooked in existing benchmarks.
• How does LLM-generated code compare with expert-written code in terms of efficiency?

[1] Chen et al. Evaluating large language models trained on code. arXiv: 2107.03374, 2021. 1



Proposed Level-Based Evaluation
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Efficiency Score of a Code Sample
• Notations:

• 𝑇!: time limit of problem 𝑖. 𝑐!,#: the 𝑗-th LLM-generated code sample of problem 𝑖.
• 𝑡!,#,$,%: the execution time of code 𝑐!,# for the 𝑚-th test case in level 𝑙. 
• 𝑡!,$,%∗ : the execution time of our reference solution of problem 𝑖 for the 𝑚-th test case in level 𝑙.
• 𝐿: number of levels. 𝑀$: number of test cases of level 𝑙. ℎ$: hardness of level 𝑙.

• Efficiency score of code 𝑐!,# in level 𝑙:

• Efficiency score of code 𝑐!,#:
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Efficiency Metric for an LLM
• Proposed efficiency metric: a generalization of the widely used pass@𝑘 metric [1].

• Unbiased & variance-reduced estimator (Theorem 1):

• Numerically stable implementation:

[1] Chen et al. Evaluating large language models trained on code. arXiv: 2107.03374, 2021. 4



Benchmark Development

• Problemset: 142 selected problems from HumanEval [1].
• Including two subsets: (i) Algorithm Design; (ii) Implementation Optimization.

• Efficient reference solutions & strong test case generators:
• We employ a human expert to curate them.
• Significantly outperformed the canonical solutions in HumanEval [1] / HumanEval+ [2].

[1] Chen et al. Evaluating large language models trained on code. arXiv: 2107.03374, 2021.
[2] Liu et al. Is your code generated by ChatGPT really correct? Rigorous evaluation of large language models for code generation. NeurIPS Datasets & Benchmarks Track, 2023. 5



Main Results (Truncated)
• Even strong LLMs still fall short of generating expert-level efficient code.
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Evaluation on Two Subsets (Truncated)

• LLMs struggle in designing advanced algorithms.
• LLMs are largely unaware of implementation optimization. 
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