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HumanEval

- 164 Programming Problems
- Metric: pass@k

from typing import List 
def has_close_elements(numbers: List[float], threshold: float) -> 
bool: 

"""Check if in given list of numbers, are any two numbers closer 
to each other than given threshold.

>>> has_close_elements([1.0, 2.0, 3.0], 0.5) 
False 

>>> has_close_elements([1.0, 2.8, 3.0, 4.0, 5.0, 2.0], 0.3) 
True
"""
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Do LLMs solve HumanEval like us?
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Do LLMs solve HumanEval like us?
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Code   
Reasoning

Code
Understanding

Code
Execution

We can perform these tasks when 
solving HumanEval, but can models?
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CRUXEval-I and CRUXEval-O

14

Output Prediction (O)
Execute the function on a given input

(code execution)

Input Prediction (I)
Find an input producing a given output

(code understanding + reasoning)
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The Importance of CRUXEval
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LLMs for Symbolic 
Reasoning

LLMs for Software 
Engineering
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Part 1: Benchmark Creation

Creating a benchmark to measure code execution
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Part 2: Benchmark Evaluation

Can code LMs understand, reason, and execute code like us?

Part 3: CoT and Fine-Tuning

Are standard tricks enough to solve CRUXEval?
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Scalability

Methodology allows for 
future benchmarks

Simplicity

Ensure benchmark 
samples are reasonable

Benchmark Creation

Diversity

Tests reasoning for a 
variety of constructs
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Weak evidence that data-generating model does not seem to 
have significant impact on performance
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1. No imports in function
2. Length of code is between 75 and 300 characters
3. All arithmetic operations must be integer operations
4. No arithmetic operations involving two numerics over 

4 in absolute value.
5. Finish running in 2 seconds

Benchmark Candidate Filtering



Alex Gu - CRUXEval: Code Reasoning, Understanding, and Execution Evaluation

Scalability

Methodology allows for 
future benchmarks

Simplicity

Ensure benchmark 
samples are reasonable

Benchmark Creation

Diversity

Tests reasoning for a 
variety of constructs



Alex Gu - CRUXEval: Code Reasoning, Understanding, and Execution Evaluation



Alex Gu - CRUXEval: Code Reasoning, Understanding, and Execution Evaluation

n_samples = 800
n_generations = 10
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n_samples = 800
n_generations = 10

data noise: 1.5%
model noise: 0.2%
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Part 2: Benchmark Evaluation

Can code LMs understand, reason, and execute code like us?

Part 3: CoT and Fine-Tuning

Are standard tricks enough to solve CRUXEval?
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Prompts

How do we prompt 
models on our 
benchmark?

Accuracies

How do code LMs 
perform on our 
benchmark?

Benchmark Evaluation

Insights

What do results on our 
benchmark suggest 
about code LMs?
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Input Prediction Prompt

instruction

example

query
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Output Prediction PromptOutput Prediction Prompt
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GPT-4 + CoT Failures
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Original
def f(s):
    nums = ''.join(filter(lambda c:c.isdecimal(), s))
    if nums == '': return 'none'
    m = max([int(num) for num in nums.split(',')])
    return str(m)
assert f('01,001') == '1001'

Anonymized
def f(x0):
    x1 = ''.join(filter(lambda x2: x2.isdecimal(), x0))
    if x1 == '':
        return 'none'
    x3 = max([int(x4) for x4 in x1.split(',')])
    return str(x3)
assert f('01,001') == '1001'

Function Anonymization
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No significant drop from anonymizing variable names!
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Base models show 
a correlation.
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Models distilled on GPT 
data (WizardCoder, Phind, 
Phi) do NOT perform better 

than their base models!
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GPT-4 is a clear outlier!
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1. Input and output 
prediction scores are 
correlated!

2. Clear improvements 
from model scaling!
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Strong correlations 
between:
- Sizes of same model
- Models of same size
- Instruct-base pairs
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Strong correlations 
between:
- Sizes of same model
- Models of same size
- Instruct-base pairs

However, still many 
examples where worse 
models succeed but better 
models fail completely!
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Part 1: Benchmark Creation

Creating a benchmark to measure code execution
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Part 2: Benchmark Evaluation

Can code LMs understand, reason, and execute code like us?

Part 3: CoT and Fine-Tuning

Are standard tricks enough to solve CRUXEval?
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Chain-of-Thought Prompting
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1. GPT-4, GPT-3.5 output 
benefits significantly 
more than CoT than 
others

2. CoT helps more for 
output prediction than 
input prediction

3. Code Llamas benefit 
very slightly from CoT
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CoT increases diversity of generations for GPT!
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CoT increases the gap between pass@1 and pass@5
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For CodeLlama 13B, 34B, and GPT-3.5, we observe a large number of 
samples where direct prediction succeeds but CoT fails.
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Fine-Tuning

Fine-tuned Code Llama 34B on ~140K function, input, and 
output samples

Decontamination: 50% function level, 50% test level

Separate fine-tuning for input and output tasks
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1. Easy to overfit training set
2. Significant improvements from baseline, but plateaus at 70%
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Our contributions

CRUXEval 
Benchmark

measuring code 
understanding skills that 

are easy for humans

Evaluation on 
Popular LLMs

impact of distilling from 
GPT, correlation with 

HumanEval

Enhancements 
and Insights

chain-of-thought, 
fine-tuning
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Impact of the Work

Capabilities 
Beyond 

Generation

existing benchmarks are 
not enough to faithfully 

evaluate software 
engineering applications

Framework for 
Benchmarking

our benchmarking 
principles allow this 

methodology to be used 
to evaluate other 

aspects of code models

Highlighting 
Existing 
Progress

GPT-4 failures, limits of 
fine-tuning, CoT 

effectiveness gap

57



Alex Gu - CRUXEval: Code Reasoning, Understanding, and Execution Evaluation

CRUXEval
Code Reasoning, Understanding, and 

Execution Evaluation

💻 Website: https://crux-eval.github.io/ 
🏆 Leaderboard: https://crux-eval.github.io/leaderboard.html 
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