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Background
What is Bug Fixing? Existing Bug-Fixing Approaches

1 Corrective maintenance process of identifying and 1 Search-based
resolving bugs in software code e Utilizes pre-defined patterns mined from historical open-source repositories to generate patches
o Analyzing failure symptoms to locate the bug’s root cause 1 Semantic-based
® £’ Implementing patches to correct unintended behavior e Synthesizes patches by solving repair constraints derived from test suite specifications
¢ (& Applying verification strategies to ensure patch correctness 1 Neural-based

® Leverages deep learning models to autonomously learn bug-fixing patterns from code corpora

1 LLM-based (in a directly end-to-end manner)
® Applies prompt engineering to LLMs using buggy contexts and task-specific examples

Example Q) | # Provide a fix for the buggy function
# Buggy Function
def fibonacci(n):

Exanpie Hug if n == @: Example @ |# Provide a fix for the buggy function
return @ # Buggy Function
elif n == 1 or n == 2: : { example_bug }
return 1 [Eﬁ§ﬁ§%%iﬂﬁL # Fixed Function
rBug Fix else: { example_fix }
En s - return flbonacci(n-1) - fibonacci(n-2) :
u
# Fixed Function g.gy . .
def fibonacci(n): Project # Provide a f:rx for the buggy function
. S a # Buggy Function
. if n == @: ! Target Bug
Example Fix SEiER B { bug }
STEE I o= 4 B filsm: 99 # Fixed Function
return 1

else:

O Missing additional information as guidance for LLMs @ Treating bug fixing as a single-step, end-to-end process

Code Snippet of Buggy Method Buggy Context with

""" private DefaultMetadata makeMetadata(ResultSet current) throws SQLException { | Few-Shot Examples

. byte[] md5 = Hex.decodeHex(md5hex.toCharArray()); é
| input input
. — meta.setMd5sum(md5); == - - _ _ _ _ // Buggy Hunk 5 B NEW ReOpened
+ meta.setMd5sum(new String(md>5)); = =~ ~ < /I Human-Written Patch ; aD
I AV |
) ! TS TS 5 LLM é Pendi
'''''''''''''''''''''''''''' ,'V‘\J‘\ tﬂl LLM Assigned ending Retest
I S . Retest
I S . output x
’ ~ ~ - \
] S o \
! - v output Duplicate
public voiclsethSsum(String md5sum) I} + Fixing different data type errors. ‘ meta.setMd5sum(mdShex) Rejected
. Deffered
LLM-Generated Not A Bug

Natural Language Description . -
Repository-Level Dependence Context of Human Programmer Intent Candidate Patch Candidate Patch

@ Context-Enriched Input | @ Collaboratlve Simulation : , _ | | . . | | |
....... o@...Program Dependenmes (class Ievel / repos|tory Ieve_l)_._ EnhanCIng LLM’s bug-fixing capabllltles via bugmanagement practlces
® Formallzed Programmer Intent (developer-wrltten oommlt message) o@ Breaklng down the bug-flxmg task lnto smaller ‘more manageable subtasks '
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Stage 1 5 Stage 2 5 Stage3 5 Stage4 1

| Bug Bug Patch Patch i —
I -Reportmg » Diagnosis » { Generatlon L» Verlflcatron | i=) - - ----- S SR :

. . . | . . .
: ” ; ; ; ; ; ; ‘% leed Code ; ; ;

Incorporates dependence context and the programmer’s intent to provide ThIS allgnment S|mulates the mteractlve behawor of programmers engaged in

better guidance to LLMs in generating the correct patches for complex bugs bug management, enabling LLMs to collaborate and generate correct patches :

Experimental Results

Performance Metric Evaluation Generalizability Evaluation
1 PATCH demonstrates superior performance compared to all the baselines on the 1 PATCH demonstrates a substantial performance advantage
augmented BFP benchmark over the baselines across different APR benchmarks
Evaluation Metric Result # of Exact Match Patches # of Correct Patches
Model - ) - " - Model Bugs.jar Bears - PR Defects4] QuixBugs
Fix@1 (%) T Fix@3 (%) T Fix@5 (%) T Levenshtein Distance | T 315 g ime / # Patc ry— -

CodeGPT 2.76 5.46 6.65 73.69 TBar - - 3 Hour 63 -
DeepSeek-Coder 8.42 11.25 14.14 48.34 CoCoNut 66 16 1000 47 13
CodeGen2 4.31 7.23 10.15 70.13 SEATUNGER 7 kt =ae & 1o
Recoder 61 Ik 5 Hour 60 17
COdCGeeXZ 10.93 15.30 19.41 40.18 CURE g _ 10000 59 25
InCoder 5.24 8.03 11.60 64.20 RewardRepair 103 8 200 72 20
. SelfAPR - - - 86 -
Mistral 9.38 14.11 16.68 43.45 e ] ] - ey 5
CodeLLaMA 9.45 14.46 17.96 43.35 = = = : : :
CodeLLaMA 9.80 14.62 17.45 41.20 GraphCodeBERT 115 12 _ - -
StarCoder 15.50 17.58 20.89 34.27 CodeT5 150 16 - - -
GPT-NeoX 8.93 14.56 1615 57.37 E‘;{C‘“‘er L = : : :
phaRepair = - < 5000 92 28
Codex 11.05 - - 36.33 Repilot ] ] geions T )
ChatGPT 14.62 18.99 2227 33.28 ChatRepair - - < 200 142 36
GPT-4 19.96 24.42 26.00 26.07 ThinkRepair - - < 125 155 36
RepairAgent - - Avg. of 117 124 -

PATCH 33.97 (14.01% T) 37.08 (12.66% T) 39.81(13.81% 1) 21.44 (17.76% |) PATCH 180 (9.76% T) 28 (27.27% 1) <100 169 (9.03%7) 35 (2.86% |)




