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How Efficient is LLM-Generated Code? A Rigorous & High-Standard Benchmark

def fib(n):
if n == 0:
return 0

if n == 1:
return 1

return fib(n - 1) + fib(n - 2)

HumanEval Canonical: 2Θ(n) recursions
def fib(n):
a, b = 0, 1
for _ in range(n):
a, b = b, a + b

return a

GPT-4 Turbo: Θ(n) iterations
def fib(n):
if n == 0: return 0
a, b = 0, 1
for n in bin(n)[3 :]:
a, b = a * a + b * b, b * (a * 2 + b)
if n == '1': a, b = b, a + b

return b

Our Expert: Θ(log n) iterations

Level 0 ✓ ✓✓ ✓✓ ✓✓ ✓
Level 1 ✓ ✓✓ ✓
Level 2 ✓ ✓✓ ✓
Level 3 ✓ ✓✓ ✓

Level 0 ✓ ✓✓ ✓✓ ✓✓ ✓
Level 1 ✓ ✓✓ ✓
Level 2 ✗
Level 3

Level 0 ✓ ✓✓ ✓✓ ✓✓ ✓
Level 1 ✗
Level 2

Level 3

Test case skipped✓ Test case passed ✗ Time limit exceeded

ei,j = 0.0

Score

ei,j = 0.3

Score

ei,j = 1.0

Score

PROPOSED METRIC: eff@k
Ø Proposed metric eff!@𝑘 (a generalization of pass!@𝑘):

eff!@𝑘 ≔ 𝔼"!,#,…,"!,$ max%&'
( 𝑒!,% ;

• 𝑐!,%: the 𝑗-th LLM-generated code sample for problem 𝑖;
• 𝑒!,%: the efficiency score of code 𝑐!,% compared with our human expert.

Ø An estimator (eff!@𝑘 for eff!@𝑘 using 𝑛 ≥ 𝑘 code samples:
• Let 𝑒!, ) be the 𝑟-th smallest score among 𝑒!,', … , 𝑒!,*. Estimator:

1eff!@𝑘 ≔ ∑)&(* )+'
(+' 𝑒!, ) /

*
( .

ü Unbiasedness: for any 𝑛 ≥ 𝑘,
𝔼"!,#,…,"!,% ∑)&(

* )+'
(+' 𝑒!, ) /

*
( = 𝔼"!,#,…,"!,$ max%&'

( 𝑒!,% .
ü Variance reduction: for any 𝑛 ≥ 𝑘,

Var"!,#,…,"!,% ∑)&(
* )+'

(+' 𝑒!, ) /
*
( ≤ (

*
Var"!,#,…,"!,$ max%&'

( 𝑒!,% .
• A numerically stable implementation: See our paper for detail…

EXPERT-WRITTEN SOLUTIONS
Ø Problemset: 142 problems selected from HumanEval.
Ø Our expert solutions: much more efficient than HumanEval+’s.

TAKEAWAYS
• Overall evaluation results: (table truncated)

Ø Even strong LLMs fall short of generating expert-level efficient code.

• Evaluation on two subsets: (table truncated)
• LLMs struggle in designing advanced algorithms.
• LLMs are largely unaware of implementation optimization.

• Distribution of problem difficulties:
Ø High passi@1, low effi@1: seemingly easy task, non-trivial algorithm.
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