What can Large Language Models Capture about
Code Functional Equivalence?
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The performance gap between match-based and LLM-based metrics in assessing the
functional equivalence of code snippets is minimal, with both approaches showing a
concerning lack of depth in understanding code semantics.

Motivation

Determining if two programs are functionally equivalent is fundamentally undecidable.
Consequently, existing code benchmarks depend on manually created test cases to assess

LL

Approach

M performance. This execution-based method has several drawbacks.

= [t cannot scale to complex codebases that resemble real-world software domains.

= Executing code, especially from an unknown source, can give rise to security risks.

= |t is practically infeasible to cover all possible inputs, edge cases, and execution traces.

. We propose SeqCoBench, a benchmark for assessing code evaluation metrics

(CEMs) on the code functional equivalence task, constructed using the MBPP

dataset.
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transformed code snippets.

prompting) and parameter-efficient fine-tuning

methods.

CodelLLMs can be brittle

. We create over 20 code transformations to preserve or alter the code semantics.
. We use match-based and LLM-based CEMs to produce a similarity score on the

. We conduct extensive evaluations in different settings, including zero-shot (w/

CodelLLMs do not fully capture the underlying semantics as they struggle to identify
subtle changes involving arithmetic, boolean, and identity operator misuse.

Zero-shot Prompt

Is there a functional equivalence

between the Reference and
Candidate? Please respond
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either "YES" or "NO"
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Reference
def count_ways(n):
A = [0][x](n + 1)
B=1[0] *x (n + 1)
Alo] =1
Al1l]l =0
B[O] = 0O
BI1l =1 Y
for i in range(2, n+1): i(
Alil = A[i - 2] + 2 x B[1i - 1] Reference

B[i] = A[i - 1] + B[i - 2]

return A[n] i| def even_num(x):

if X%2==0:
return

else:
return False

J

Transformed (mul—>div) True

def count_ways(n):

Reference

def max_height(node):

class Node:

def

__init_ (self, data):

self.data = data
self.left = None
self.right = None

if node None:

else :

return

o ;

left_height = max_height(node. left)
right_height = max_height(node.right)
if (left_height > right_height):

else:

return left_height+1

return right_height+1

_—

Ali] = A[i - 2] + 2 x B[i - 1]

else:
return False

B[i] = A[i - 1] + B[i - 2]
return Aln] |
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A= [0]|/|(n+ 1) B ‘
B Transformed (true —>false)
A[1l] =0 i

B[o] = @ | def even_num(x):

BI1] =1 if x%2==0:

for i in range(2, n+l): return [False
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Transformed (is—> is not)

def max_height(node):

class Node:

if node

else :

def

__init_ (self, data):

self.data = data
self.left = None
self.right = None

is not

None:

return

0 ;

left_height = max_height(node. left)
right_height = max_height(node.right)
if (left_height > right_height):

else:

return left_height+1

return right_height+1
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Correlation of LLM-based metrics with functional correctness: Current LLM-based
metrics, like CodeBERTScore and CodeScore, show minimal correlation with functional
correctness on HumankEval across multiple languages, with no metric exceeding an
average correlation coefficient of » = 0.31, highlighting a significant opportunity for

developing better CEMs.
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Result highlights
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- informatics

Normalized histogram statistics: Considering the metrics, we observe peaks in scores
above 0.9 for semantic-altering (SA) transformations, leading to incorrect semantic sim-
ilarity calculations, with the probability distribution of scores for SA labels often higher
than for semantic-preserving (SP) labels.
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/Zero-shot evaluation using SeqCoBench: LLM-based metrics struggle to differentiate

between semantically equivalent anc
ing worse than surface-level match-

code semantics and reasoning based on underlying logic.
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non-equivalent code snippets, sometimes perform-
hased metrics, indicating a lack of understanding of

Impact of code transformations on evaluation metrics: LLM-based metrics struggle to
classify SA transformations due to their susceptibility to subtle input variations, and our
findings show that LLM variants specifically trained for coding tasks outperform their
more general-purpose counterparts.
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