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» $EE-;E(JAPR§?}E (1 ) NDD 4 #eEzES

® APR(Automated Program Repair) E1E BiEE 4R F-PHYER
¢ HRIEAAEmIA0MAIAPRTE, &1F

o EHRIETHINATE o ETMElzmEMEI TR (NPR) @ BT NEEHEE (LLM) RITE

1. ETEARIER: ATEXEATNN IBSIEE4N T RERITIE

{5l F: GenProgl", KAIREHX, U\ﬁuLf_fE’J,lJl‘t%ﬁJE’JéﬁlijjﬁwcEh RS ERBERIAB F ERE R
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{517 NopollPlztidjavaiz FRHIRMHER, BcAELENABMEREMERERNEERR ARHRIEHEER
FHETRERR(true B false) Si2F1E MRS Z 3G K AFRRHIZI SR TR
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[1] Le Goues, C., Nguyen, T., Forrest, S., & Weimer, W. (2011). Genprog: A generic method for automatic software repalr Ieee transaCtlons q,'n software 2 .
engineering, 38(1), 54-72. . £

[2] Xuan, Jifeng, et al. "Nopol: Automatic repair of conditional statement bugs in java programs.’ IE-EE'T:an§acthns o“r SeftWa'gp.Eng:lQeermg 431

(2016): 34-55, 2 RER o Q%W‘E;ﬁ' ‘$ﬁ$&’ﬁ

[3] Liu, K., Koyuncu, A., Kim, D. and Bissyandé, T.F., 2019, July. TBar: Revisiting temp|ate l;ased au pﬁ}@tgdpmgrahi-srepalr ISSTA 20-19'({3}3 31:42;




» EFE=RJAPRESR (2) NiDD Al #2s P2

® APR(Automated Program Repair) E1E BiEE 4R F-PHYER
¢ HHIEAHFBIT40fAPRTE, GF
o EHMNETHNHNITE o ETHEI=EEMENTE (NPR) @ EFXESEE (LLM) ITH

1. TufanoZ AERERHE S E X 1421 2880i%(Neural Machine Translation){53; Pl s 7 £ T SORRAIRY
NMTZEEFICNNIREL R FERFREE

2.HEINPRIVBUAREARR A LD A=3E: SUETRLIE. BIAF S (recoden)fligfEz(decoder)
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PSR, 5—3£K2 00Fn  MBESRITHERAIRRRDEE, SlIVSMEEMERERENASTRIER, AR .

R AR, ) .

4. BREEZMAESER (LLM) B9ET, NPREAZRARFFEIRESELLMATEREE, WL Lal
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» EEHIAPRESR (2) —SIA5EE

[1] An Empirical Study on Learning Bug x0002_Fixing Patches in the Wild via Neural Machine Translation.

[2] CoCoNuT: combining context-aware neural translation models using ensemble for program repair.
[3] SequenceR: Sequence-to-Sequence Learning for End-to-End Program Repair.

[4] DLFix: context-based code transformation learning for automated program repair.

[5] CURE: Code-Aware Neural Machine Translation for Automatic Program Repair.

[6] CIRCLE: continual repair across programming languages.

[7] Neural Program Repair with Execution-based Backpropagation.

[8] CODIT: Code Editing With Tree-Based Neural Models.

[9] SelfAPR: Self-supervised Program Repair with Test Execution Diagnostics.

[10] A syntax-guided edit decoder for neural program repair.

[11] Tare: Type-Aware Neural Program Repair.
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» FERAPRES (3) NiDD Al Faszis

® APR(Automated Program Repair) E1E BiEE 4R F-PHYER
¢ HHIEAHFBIT40fAPRTE, GF

o EHRNETHNRTE o ETMALzmEMETR (NPR) @ ETNEEEE (LLM) BITE

1. 0 B%— 1 non-training LLM-based APRTE: BIMGIEEEHMAMLMES, FEIERKRRMREITE, FIFE
CodeBERTXSEMA{ TN, MMIESREETT.

2. JiangZ A2 I3 FPLBART, CodeT5. CodeGenflinCoderPUfLLMiH T T SCIE, SEIREERAM, EAGEANERT, X
POFLLMBY g EtEgEfEDefects4) v2.0, QuixBugsflHumanEval-Java_ ELFEFRAINPRIZRY, [f7EDefects4) v1.2 E55
FoHAINPRIZEUE S 4 REEATFE,

3. Xiag AB! 17 7 1BIRIHAR, &RIMGPT-Neo, GPT-J. GPT-NeoXFlInCoderfES HaeE T RTHAINPRTE,

{ECodexiBld THFFENPR, X FLLMAAPREIRE, 5T HRARNIRKBIED. Z
4. TREEGPT-3.589HIL, LLMAAPRESREHAZITTRIE, GPT(3.5/4)4APRAAT BRImRERINEETE: WMAIFABug/ME
SR SGPTHITINATUZERT 4 BRPESEFE (RTT) #ITIEZERY B BRI FEGPT-3 2 mEIME
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» EERAPRES: (3) —B|@BIFE NiDD A Faszas

[1] Less Training, More Repairing Please: Revisiting Automated Program Repair via Zero-shot Learning
[2] Impact of Code Language Models on Automated Program Repair

[3] Automated Program Repair in the Era of Large Pre-trained Language Models

[4] Keep the Conversation Going: Fixing 162 out of 337 bugs for $0.42 each using ChatGPT

[5] A Novel Approach for Automated Program Repair using Round-Trip Translation with Large Language
Models

[6] How Far Can We Go with Practical Function-Level Program Repair?
[7] ThinkRepair: Self-Directed Automated Program Repair 2

[8] A Unified Debugging Approach via LLM-Based Multi-Agent Synergy

[9] RepairAgent: An Autonomous, LLM-Based Agent for Program Repair s -l'ff__'__.,":'.{,.»”-:';i'.'-*.. . ‘
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> BT SIHAPRTEERN S /DD zmzes

Aldeida Aleti and Matias Martinez. 2021. : Mapping the effectiveness of automated
program repair techniques. Empirical Software Engineering, 26, 5 (2021), 99.

® CIFT L. ARTIEXRENAPRIENME, B AXEZRABUgtFETE
o e EEBUgRHIRIAE, AT XEXBugflAPRITE; M4HIEREXDHT
o BEMME<Bug, APRTE>EHEX]
® {HFASVM, DT, RFC., MLPEHEXHMEZARIE, L

® R

R3: The Random Forest Classifier is the best performing Machine
Learning technique for APRT selection, and can predict the most suit-
able technique with 88% precision, 81% recall and 84% fl-score.
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» AN EFEINER B ENAE? NiDD A Faszas

® ETFINEMSALEEN: iz, Bz, ABREES

o BETFIRIGAFE—E(AHA
® JIGHBMEMAT: KEAMELIMERLHIE, RN —BugRiX EMAFAPRT A
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—— ( AREES ISR TS EE— MAPRT EEE4ES

a:i I SRR NEDRE £ {I%E—’PBug" - e

e Rl U B 3t 5 E S BugHIAPR T EAHES,
" | MeEiEE SRR s FELIESRBugZ MR RER!

» s L ‘. - ‘ ‘."..

P ®* B
o W



P
EE=
summit

4 =
+
N DD ﬁ*IDeveiioﬁ;Et Dii

PART 03

BFHZSRIFIISET




» E s NiDD 4 #zuzta
FTC4Y

reference-based ~nsemble ‘rogram epair,

® (Z2{weF: APRTEXJZREHE (FL4K) EI’JBugE’Jﬂé;l BEJ] (BE/ABE

A bu statement that contains
Insert Cast Checker gey .
at least one unchecked cast expression

A buggy statement if, in this statement, a field
Insert Null Pointer Checker or an expression (of non-primitive data type)
is accessed without a null pointer check

Inserting a range checker for the access of an
P3 | Insert Range Checker & PO
© array or collection if it is unchecked

P4 | Throw Exception The failed test type is throwing an exception

Mutate Class Instance If the class instance creation is in an

Creation overridden clone method
A conditional expression that returns a boolean
value

ol I
= I L * A Mutate Data Type A variable declaration or a cast expression
} A A P R I E Mutate Integer Division An expression that contains integer
A {Igg Operation division operation
BT LIRRY - Hf2

= :I:'IE -
oo P9 | Mutate Literal Expression Boolean, Number, or String in a buggy statement
E{EIEIEBuU g#v‘f P 8y

==
E}*;*ﬁﬂg Mutate Method Invocation An expression that contains method

-’ Expression mvocation

Bug Feature Pattern”

Node type of the buggy statement Pe6, 11, 12
Child node types within the buggy statement P3, 5, 7-9
BF1 & BF2 P1, 10
Type of the test error P4

P6 | Mutate Conditional Expression




P N\DD ATsazss
» £ERGHESR

Step1: A3XIEHAPRTIEEIEE Step2/6: TRIEIESHEEFEFIEL
(EE28E15BugfHIEZ [RIRVARET X Bt/ EFBugiHiE S8 S8R

Repair Patterns Repair History Existing Repair Data

APR Tools

Computing | e o E . | ©
Tool [ Tool#2 Manually e nitialize
- Analyze lookie

Preferences

[

I
1
1
1
1
1
1
1
1
1
1
1
\

Conducting el 9 Bug Features 9 Ranked List 6 Newly Derived

) Repair Data
Ensemble Feature Source Node Type Scoring and Tool #2 Tool Execution and P
Program Extraction Patch Validation Tool#2 B8
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- ] NIDD AL FiEss
» HH1—iF9n

® 1@%}5 5\/_?5%6&} I 1@%{}% g?%b”ﬁlﬁj Ranked List

Tool #2

Algorithm 1: Calculate preference scores for APR tools

Input: The faulty line IDs, allFaultyLinelds

Input: The faulty class file, buggyFile

Input: The bonus coefficient of pattern match, EM,
Output: The preference scores of all tools, preferScores

R i) Final Score = Base Score * (1+Pattern Factor)
2 EM, <« 0.5;

3 for lineld € allFaultyLines do . .
rb;ngeFeatuc:'es ﬁ Elictlrr;istFeature (lineld, buggyFile); BaseScore: *E}E{'é}gﬁ%*lﬂiﬁgﬂg E_I'EEE
for tool € availableTools do Abjj *D Bugq:%'ﬁ__l:zrﬁj EI\J?E, \ﬁjﬁ%ig maﬂ
ffnalScore «— 0; EH]I E/\ ﬁﬁﬁkil igﬁ..|-1+% —g

7 historyScore « 0;
8 for feature € bugFeatures d
N i e PatternFactor: {1ERBUgRHERF&1E
CalculateHistoryScore(tool, feature); ngI H’J1 E{ﬁt? )\JLl_]:/TEﬂ_E'/ r]
if PatternMatch(tool, bugFeatures) then ?Hﬁﬁﬂﬁ{géﬁlg—ﬂnﬂ -

finalScore « historyScore * (1+ EMg);
else
finalScore « historyScore;

end

preferScores.set(tool, finalScore);
end
18 end
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o NINFTEVTLE . BEEE#Repair Patterns, Repair History, A~=ZInEBTE

Repair Patterns Repair History

(1

o L EIZENE: e TERIZENLESIFEEHN, et LESHEEE

4 :

Newly Derived ;? J -JU I‘ﬂ 133155 ’ .
$

T . Repair Data XEL)‘?‘&ﬁE * g

ool Execution and 4 Sl

Patch Validation X
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» Scivige (1) v
. @*EZ'I /I\ APR::E\_E’J{EE*E*L\)\;E,/—\ .SC}}sttl;m # Correct # Overfit Source
jGenProg 6 10
GenProg-A 8 21
o EREL AR ERRIBuUGHEREAPR T EAGHTIRR Sigas o
o LIMEESHR. BERNMNEESERE AHEE P “
® HiESE ADefects4); Repair HistoryigE AT ﬁff{p i
TransplantFix
o MAIfFRandom, {EERFEIHETO.5 3
® B1E4 N APRT BERIESCZ R NI TS5 UESESS
® EREZEA(IONIMIH EFHIBUgEFZAPR T ERHITINE
o tSCIRHAITIEEESS, BiE«NT ATISIE
® #HiEE JDefects4) ] Bears RewardRepair 22
® %pk3004Patch, BFIIGUERTEIRGEI/NGT, AT1006 I R

template

SequenceR 24
CodeBERT-ft 28
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» Egﬁiﬁ% ( 2) NDD Al#&gzEs

® Baseline
® E-APR: FFEMREMER, E101MAPRTE
® E-APR(enhanced): fIASIRENERE, E£M211MNAPRIE
® Random Selection: A& — 1 BughEilitFAPRT R ® RQ1 KA aE
® Invoking All: TR EHEMRIAPRTE— AT —
. e L ® RQ2.Hi4HRA
® Optimal Selection: &XTop 1HiEEEIEEBUgiVAPRTE
® RQ3.ZCHMEE

® ISR
® WIFFHZERIBUgEIE. FEFPlausiblexhTHIBUgZIE
® APRTEIEFIRE. ATHIPlausibleh THIREL g
o LA TEMHONTRERRS. ATRBUENTIORE —  « « .

*
[
X e
. "_vn,lv‘n
Cm 1" 5




» RQ1. SiENEEE & RQ2. LR (1) /DD iszazes
® 5linvoking All, Optimal SelectionX3JLt,

Top-1 Top-2 Top-3 Top-4 Top-5 Top-6 Top-7 Top-8 Top-9 ] Opt All

# of correctly/plausibly fixed bugs 54/89 68/100 78/113 87/129 86/133 95/138 101/146 108/157 109/160 122/180  122/180
# of plausible patches 108 159 219 278 326 389 453 478 510 180 859

Tool Invocation Times (TISP) 1010 (33%) 1461 (39%) 1925 (41%) 2330 (44%) 2701 (38%) 3102 (41%) 3488 (41%) 3906 (42%) 4282 (38%) | 395 (95%) 8295
Human Valdation Times (HVSP) 98 (20%) 117 (26%) 148 (27%) 175(27%) 191 (22%) 214 (24%) 229 (25%) 257 (24%) 271 (21%) | 180 (54%)  393*

o HiSEattReiT NIBEFETIENIT. ATIRERIFFH
® SE-APR, E-APR(enhanced)Xytt;; Pattern3yP-EPRAYZREA

P-EPR
P-EPR (w/o pattern) P-EPR
E-APR

S P-EPR (w/o pattern)
E-APR (enhanced)

Random

TISP (%)

40 50 60
TISP (%)

P-EPR

P-EPR (w/o pattern)
E-APR

Random

All

P-EPR
P-EPR (w/o pattern)
E-APR (enhanced)

Random

40
)
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» RQ2. {HFiEHRE (2)

® FiaH{HEE =/
® =ZNmEKHY

® YIInIZEh SRETE
o ERNSEMESEHE

o
S
Ay
wn
—
~

Complete P-EPR EM _alpha =0.9

w/o Pattern EM_alpha =0.7

w/o Dynamic Update EM_alpha = 0.5 (default)

w/o Repair History Initilization EM _alpha =0.3
EM_alpha =0.1

w/o Test Error Type
1 23 45 6 7 8 910111213 14151617 18 19 20

123 456 7 8 910111213 14151617 18 19 20
Top-K Top-K

® PatternE2Ng EFEUESENTANK
o T HiFFFsEikaniziliE, ALNAZ
® A nl(_TL\iIE/ %I%EE)JD?H*EEEI‘J'HME T gﬁ;}gﬁ:;g;:

w/o Dynamic Update
w/o Repair History Initilization EM_alpha=0.3
w/o Test Error Type EM_alpha =0.1

123456 789 10 11 12 13 14 15 16 17 18 19 20

[

=]
353
(=1

HVSP (%)
G
HVSP (%)

d
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» RQ3. ScFHEEE NiDD %\ #aazss

® 4/"NPRI E7EBears#uEE+HI83/ Single-hunkiBug_EESCHAT

~a

‘ Single System | Selection Strategy

Metrics ‘ Recoder CodeBERT-ft RewardRepair SequenceR ‘ P-EPR (top-1) Optimal*

# of correct/plausible patches 10/21 12/25 12/21 14/28 16/28 22/37
Precision 48% 48% 57% 50% 57% 59%
Inference Time (min) 11 2 4 4 7 6
Machine Validation Time (hour) 57 54 58 52 52 40
Human Validation Time (min) 41 54 36 62 56 84
TISP 20% 29% 29% 38% 48%

HVSP 5% 7% 15% 10% 20%

GPU Memory Usage (GB) 19.1 3.84 7.32 8.17 7.83

o P-EPREFISEISIBETATARINPRIEMIES A FRIESHE. BEs
o H(UESERUBUGHANTRNGTFE, ATREFRBE N TRESE
o i A — MRS S - e..
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» B4

ZMAPRTEgEHEL & SERMLE > ETEINEMFEARE 2 P-EPR

~

N

! e — Existing Repair Data i
Computing T Tool#1 | Patterns " (2] T W Hrux

Tool w | Manually Initialize
Analyze

Preferences

Conducting ol ) Bug Features o Ranked List o Newly Derived

. Repair Data
Ensemble Feature Source Node Type Scoring and Lool#2 Tool Execution and P
Program Extraction - Tool #3 Patch Validation X

Repair v
Buggy Program with
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» EiE1: &AL NiDD Al #ruzes

® 125 Top 135%E-PIFAEAPRATHEER

o ZHHIAPRT EIRIERIZSRIFRERBUgsFiE, RETEEXIILEC T EHBug

o il "ETFIAIRER FE%NPR%DBugZI‘@HS%ﬁ

UEE<NPR, Bug, Yes/No>ZlEEs, illl8x/9BugfiilliINPREYS KER,
FHiE F Repair HistoryUitHiSiR

B2, &SRB EEEERESINBugiE, TiXBHUEREMRERESHBugH
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» FEE2: fEpfLLM-based Self-enhancing APR /VDD#52

® BN : BEEALLMMIEFine-tuningfya=, fine-tuning&RJ|EJF1ZZFARYELZS

C. S. Xia and L. Zhang, Less training, more repairing please: revisiting automated program
repair via zero-shot learning. ESEC/FSE, 2022, pp. 959-971.

AW}

® EFLLMf{EMAChain-of-Thought, Agents. Additional Generation, Self-correctionZFEf/AN
® {YEFEABUgREMER: LT, iR E
® S{EABug/EMER: MiAAl. REER. HiEEFE

® (EEEENIRIEFAPRFOINPRERE:E, EFRepair HistoryEEaAIgERZETop 1
® [& 7 Repair History, #LAEEHSBugZ[BIRYREX

[ ,*
BEBUEEIERGLRE /R 1§J!lﬂz=E\fT0p 3%531217. : l.l'*‘iil‘.a._x
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[1] J. Xiang, X. Xu, F. Kong, M. Wu, H. Zhang, and Y. Zhang, “How far can we go with
practical function-level program repair?” arXiv preprint arXiv:2404.12833, 2024.
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® 1%%59%}&9"1%_,%\ CoT Prompt Input
0 Analyze the b code, trigger test and error message
o HB’E’ITE%%%%\ *EFEEHB& s UTQthyn analyze 1’cghge root caause "

Finally, try to provide repair suggestions
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Repair Suggestions

Root Cause: The OptionBuilder properties are not
being reset after creating an Option

Suggestion: Use a try-finally block to ensure
OptionBuilder properties are reset
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® [FEY EXYSRepairfZE8e IRV A; XLLEIREMIRILLMAYRRF

= Defects4) (8354 Bug)

® HumankEval-Java (1634 Bug) ggﬁggigg

® BugsinPy (493/1MAEJ540Bug, &% TypeFix) I

Defects4J (835 bugs) HumankEval-Java (163 bugs) BugsInPy (54 bugs)

Model or Method
Number of Fixed Defects  Enhancement Ratio  Number of Fixed Defects = Enhancement Ratio  Number of Fixed Defects = Enhancement Ratio

GPT-3.5-Turbo

SRepair 258.5% 165.0% 100.0%
FixAgent 237.7% 117.5% 128.6%
SRepair w/o 158.5% 150.5% 71.4%
FixAgent w/o 196.2% 106.2% 85.7%
Test Report Prompt 117.0% 116.5% 100.0% 8
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o MELLMNFELIEENDIZEERR, BitizERET, Bz owRs
o QEETHERER: (TIZIRE R I R A S AR R R

S

Metri Benchmark
etrtc 00— 0000
Defects4J  HumanEval-Java  BugsInPy
LLM#r 29 CHBFIESCAEE ZIE 0.36 0.16 0.11
HTpye- 1558 =l BE 0.03 0.02 0.02
AP 6.64E+275 1.48E+38 1.94E+286
1.25 1.10 1.38
> Pay = 7S AZ S AANMZ BT
® IENICIZSRANERNIE? + RIS EERIE?
Initial SFT
IS EBugsl “Py‘ general- Model or Mefhod #of Fixed PI Ratio  #of Fixed PI Ratio
levelfll bug-levelﬁﬂtﬂﬂgﬁﬁﬁﬁ. Base LLM 7 - 15
HiiEBase LLM; SRepair w/o E 5 71.4% 13 86.7% [
XJSrepairgE —/MLLMtB{ERR] FixAgent w/o E 6 85.7% 20  1333% SR
7 100.0% 19 o
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o AT AIRFIAERID? + BECI LR ERERIS?
Metric Initial Memorization-decayed Defects4] S(EIDe fectsd) ﬁ%‘] ‘MEW ?S ﬂﬂ'}]
SR e RE—;‘S“ V’;—;ﬂ Ui—fj T FRELLMATERETREER0T
‘ ' ' ' 22, (ERFRERENNICIZ
AX(IJDH 1.7%)5153 3.0333186 2.7?].303198 2.421?:0:194 S5#8R2Z AR,
RAP 1.32 1.36 1.48 1.42

Initial ReorderCondition_486 VariableRenaming 631 UnusedStatement_597

Model or Methoa -~ =~ -~ - - - - 5=
#of Fixed PI Ratio #of Fixed PI Ratio #of Fixed PI Ratio #of Fixed  PI Ratio

GPT-3.5-Turbo

SRepair w/o E 84 158.5% 51 134.2% 41 136.7% 31 134.8%
FixAgent w/o E 104 196.2 % 40 105.3% 38 126.7% 28 121.7%
RefinedTRP 62 117.0% 33 86.8% 32 106.7% 26 113.0%
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