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Fault Localization

Patch Validation

if(value != Aull &k value.length > 0

percentage = (flpat)eurrentMum/totalBum; | 0.94

for(int i = 0; i < MAX NUMBER; i++}{

sas

Logger logger = MyLogger(LogConfig);

Patch

1ffwvalus != aull && value.isEmp

if(StringUtils, isHotEmpty (valuaj) {

if{value != null && value.lengthi{) = 0){| 0.95

if(walue != Aull){

o.08

Tast Status
com.demo.MyClassTest . testValueNotNull() | Pass
com.demns. MyClassTest . testValuelsEmpty| ] | Pass
cam. demno . MyClagaTest . teatValuaeTrin ) Fail
com.demo . MyClassTest . testValueWithHum| | | Pass

Fig. 2. An example of automated program repair workflow.
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DIRECT DEBUG DRIVES DECENT CODE(D4C)

Document Instruction and Example

A5 an debugger, wou should refine the buggy program for bug report. F Instruction

[The prompt instrection and example are
* Coppute a linear combinaticon accurately.

* Pparan o Factors. {FRE-DEFINED_EXAMPLE} #/This is o fixed ewomwple of bug report ond iks refire Tunction, pre-defined and fixed)
* Pparan b Factors.
* gretuen I oi bi B“g prur‘[
. * Pthrows DimensionMisnatchEsception
Artifact * il arroys disensions don”™t mabch ##¥ Program document:
Exl‘rattiur/' [BUGGY _DOCLMENT} LLM Patches Developer

u i
Failed Test 1\ ai | [amarmmmn | 2

- firal double[] o = { 1.Z3455729 |, —p {FAILED_TEST} —_ B — hodified Functiond? | —p
‘Q —_—

firmal double[] b = { SEPES432_ 1 ! I
Ahssert assertEqualsCaf@)] * b[@], linearCosbinotion(a, BX); Cons ##¥ Test info: Construct Automated

Bug Report S Entire Prompt Testing hadified Functionat|

Test Info
\-L Jerva_ Lang. Areoy Indesdub0fEourdsException: 1 ##% Buggy code:

[BUGGY_CODE}

Verity

Buggy Code Fixed Code a‘-"a

public static double linearfombinaticndfinal doublef] a, firal deuble[] b public static double linearfonbiraticon{final double] o, Fimal deuble() b
throms DleensicrdissotchExcestion { throms imensionMissobchEsception {
[...] iF {lem == 11 raturn af@] * bl@]:
reburn result) [---]

} return Fesult;

Fig. 4. The workflow of D4C. It uses the buggy code and its corresponding documents, failed tests, and test info (e.g.. error message) to construct the
prompt for one-shot prompting-based program repair without a specific buggy hunk (usually provided by statement-level FL tools).
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TABLE Il
THE NUMBER OF CORRECT PATCHES GENERATED BY DIFFERENT
APPROACHES ON DEFECTS4] vI1.2 & v2.0.

Method Model vl.2 v2.0 Sum Sampled
AlphaRepair  CodeBERT 52 34 86 5000
Repilot [InCoder 66 50 116 5000
RAP-Gen CodeT5 72 53 125 100
FitRepair CodeT5 89 +4 133 5000
ChatRepair GPT-4 114 48 162 1 00-200
DAC GPT-4 84 96 180 10
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TABLE 111
THE NUMBER OF CORRECT PATCHES GENERATED IN PERFECT FL AND
STATISTICAL FL ON DEFECTS4]) v1.2.

Method Model Perf. Stat. Drop  Sampled
AlphaRepair  CodeBERT 52 36 30.8% 5000
RAP-Gen CodeT5 72 48 33.3% 100
D4C GPT-4 84 30 4.8% 10
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TABLE IV
COMPARISON OF DIFFERENT SETTINGS OF D4C oON DEBUGBENCH. WE
MEASURE PERPLEXITY AND VERIFIED PATCHES TO VALIDATE INSIGHTS.

Perplexity | Mixtral (#Verified) | GPT-4 (#Verified)
0 IO | C++ Java Python | C++ Java Python

Mask-Hunk | 859 268 | 66 39 63 140 139 129
Mask-Fune | 3.01 158 | 99 9] 76 160 153 147

Report-Hunk | 8.50 264 | 72 64 67 144 140 133
Report-Func | 1.39 1.79 | 118 125 104 177 163 161

Format
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COMPARISON OF DIFFERENT SETTINGS OF D4C oON DEBUGBENCH. WE
MEASURE PERPLEXITY AND VERIFIED PATCHES TO VALIDATE INSIGHTS.

TABLE IV

Format Perplexity | Mixtral (#Verified) | GPT-4 (#Verified)
0 IO | C++ Java Python | C++ Java Python
Mask-Hunk | 859 268 | 66 39 63 140 139 129
Mask-Func | 3.01 1.58 | 99 91 T6 160 153 147
Report-Hunk | 8.50 2.64 | 72 64 67 144 140 133
Report-Func | 1.39 1.79 | 118 125 104 177 163 161
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TABLE V
THE NUMBER OF PATCHES GENERATED FOR OUR ABLATION STUDY AND
SENSITIVE ANALYSIS. WE MEASURE PLAUSIBLE PATCHES FOR DEFECTS4]
AND PATCHES VERIFIED VIA UNSEEN TESTS FOR DEBUGBENCH.

Defectsd] (#Plausible) | DebugBench (#Verified)
Henchmark v.2 v2.0 Sum C++ Java Python Sum
w/o Document 03 99 192 175 162 158 495
w/o Test 80 50 169 173 159 159 491
w/o Message 81 93 174 169 162 161 492
- Mask 53 73 126 1600 153 147 460
- Pure 47 62 109 143 140 131 414
Samp=1 60 73 133 163 151 145 459
Samp=3 9] 88 179 177 163 161 501
Samp=10 (default) | 96 114 210 181 171 169 521
Temp=0.0 61 75 136 165 154 146 465
Temp=1.0 {default) | 96 114 210 181 171 169 521
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TABLE 1
STATISTICS OF THE BENCHMARKS: THE NUMBER OF SINGLE-FUNCITON
BUGS AND THE THREAT OF DATA LEAKAGE

Benchmark  Bug number Data leakage Language

Defects4) 437 Yes Java
DebugBench  200/194/196 No C++/Java/Python3
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