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R EREFHS G s E LA, WEEFA S L T ANGINHGCLIZTRITEFINRF S LR
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BE, HTHR—FRAMNERFEE Z2HSEREGRE R A, LANFRIBERNT G E%: (1) STAAAPEAE
FEE 97T 2400 R i s, RESREREXTWERA L ZANBERE, FTAHAENENGEZEL
At T FAB R M Tk, (2) AR _E—F B a9 SAE A FA M 7 AT A AR R T T KA, R
HAB e xR A T AL L AR M AR R £ R A0 B R A BT AR R K G 4980k, (3) TILA AT AR 1S B A kiR
W R Arit SR R, I B AR AN AL, I AATEIHIE R b, R TG B R T — e RALEAE
FAE S0 45, FFIET 2R S8 L AR TR 6 2tk b R R LI AT 10 MYERFIEE R
FREMRE LR BIT HAERE, L, RS H A% RewardRepair 695048 5 1P 44 2 &, KRR
X 4E Defects4] (v1.2.0) L a4k 51k 24 4, Kb 5k 53.33%. sol, KIBEEFN 2L TG A% -E5%
AR T Hom, AL 5 AAVERFSEL AR RIKIBEREZA T EHMERG P, bbb T, REEEL
— AT I A, AR 242 15 TR AT T 6 AT AE 4 RO R Hh A G AN K 6y Sk
. BFRA R D A ZA2 A5 FARR A, BT feiet b MUAIB B, BB BAE M K 9 A AP 242 515 A
AR AITAE T A R0, BT A T bt AE A 4.
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Abstract: Repairing software defects is an inevitable and significant problem in the field of software engineering, while automated
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program repair (APR) techniques aim to alleviate software defect problem by repairing the defective programs automatically, accurately,
and efficiently. In recent years, with the rapid development of deep learning, the field of automated program repair has emerged a method
that utilizes deep neural networks to automatically capture the relationship between defective programs and their patches, called neural
program repair (NPR). In terms of the number of defects that can be correctly repaired on the benchmark, NPR tools have significantly
outperformed non-deep learning APR tools. However, a recent study found that the performance improvement of NPR systems may be
due to the presence of test data in the training data, i.e., the data leakage. Inspired by this, to further investigate the causes and effects of
data leakage in NPR systems and to evaluate existing systems more fairly, this study: (1) systematically categorizes and summarizes the
existing NPR systems, defines the data leakage of NPR systems based on this classification, and designs the data leakage detection
method for each category of system; (2) conducts a large-scale testing of existing models according to the data leakage detection method
in the previous step and investigates the effect of data leakage on model realism and evaluation performance and the impact on the model
itself; (3) analyzes the collection and filtering strategies of existing NPR system datasets, improves and supplements them, then constructs
a pure large-scale NPR training dataset based on the improved strategy with the existing popular dataset, and verifies the effectiveness of
this dataset in preventing data leakage. From the experimental results, it is found that the ten NPR systems studied in this investigation all
had data leakage on the evaluation dataset, among which the NPR system RewardRepair had the more serious data leakage problem, with
24 data leaks on the Defects4J (v1.2.0) benchmark, and the leakage ratio was as high as 53.33%. In addition, data leakage has an impact
on the robustness of the NPR system, and all five NPR systems investigated had reduced robustness due to data leakage. As a result, data
leakage is a very common problem and can lead to unfair performance evaluation results of NPR systems and affect therobustness of the
NPR system on the benchmark. When training NPR models, researchers should avoid data leakage as much as possible and consider the
impact of data leakage on the evaluation of the performance of NPR systems to evaluate the NPR systems as fairly as possible.

Key words: automated program repair (APR); neural program repair; deep learning; data leakage; program repair dataset

FLF B 85 & (automated program repair, APR)!HH AT B 2L kb T, REBS BT & N\ A 15 2 BRFs i
FE, DAAR B E0R 5 R, DR O B TR AT — A A 32 SRR R AT . AR SR, B VR FE % ) (deep
learning, DL, —Ff%E T 2% 5] (learning-based) T ¥ H 3018 R B AT 46 52 B0 78 N A RO, # Bk A b
% #7158 & (neural programrepair, NPR)P\. dE25 3 (25 H 3B HHAR K Z KM T 25 o0, kT s k0
(10 GenProg'. ASTORP). ARJAAI SimFix[™). 3T 25 (% 4 DynaMoth!®. Nopol™. Astor!'#i
Angelix!" PR H TE E MR (111 AVATAR!'?. TBarl'3!. PARUAI SketchFix!")fEE A, MELZ T,
ZRFEENBERE CSmiEiE 7ixede% ] MREF A shis 81, 3F B ih &R 515 5 A8 S8 i 55 1
TAERAR, MBS EE AL

SR A I FE 32 0 B M 55 2 S 550n) 6 22 0 4 P AT il 45 SR K, 328 7 5 S800F L A DT £ F 45 SR AR s,
FATINSg: B i 5 R R M A2 P E RG S HE 4R E e AR IZ K, I R o 30 25040 vk s 1) i
WA E W I IE R K P Be R AR A Zhmf, D&% 28] TS famEEE S, ok, AR H: iEisE
S E Mz G s, Hemmiae Mg B ild sl & Mg, BHE, N THERTFBERSEF
B 5 R R AR AR E e Hk, HTMARITFBERANE SN, SEEEE — MM ERET
185 2 G5 PR 8 0 BB S S B0IR, B B TR 22 LR T B A A SR P A A USROS T, IR
TE 1 2 Gt B B Wk S5 A 5323, | )R, IR WA B AU — 20 o M SR Tk B 0 e 2 FR TS S R G FTIE s . [
M, BT IR SSUET T, WA BE R P AR AT R = X, IR N R — B A R
RSB, DA R — Do Wi ds il 85 i s A RR P 1B B R G e AR R sg . DRk, FRATEIN A T S R 2R b, X
AR T BT R G B R 10 AT T — IR RGBSR AL, BR A B M B AR v A FR P . R g e
B BRSO A SR T B R RGN0 PERE VP4l A1 5 M UL A B Tt R ) AR B A By 3 R S . AR
R EEDTERUI .

() EXTHERTFBEE RS REEENER, XN AS [ 280 00 £ 88 i 58 v v T A R R 77 7%, K Al

LA IR — DM AL B E RS RE M # K T . NPRLeakageFinder, 1 Fil 1% T. 5 X #j 4
TR 1B 5 R St 47 B4 ik 2% a0
(2) BRI T BE MR X IUE AR S S R G0 1 R VT4 1 R 1) 52 A DL R ko e M 3 1 S T
(3) I B M R R vk T, WA T — B AR S E RGEEEECE . 1 AR5 SN,
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SHZRM A T — a5 4 Cleand]_Benchmark (i A FEFIEE KRG H, AL 171504
GO, TR B0 T P $72 Hh F) S50 4 ) SRS P AT 21k
R 1 TNAHAEMHAEBRFEERGA RN AR, 58 2 WAEM AR P8R RS0 B0 i 5 9 & 1
HRWETE. 5 3 WA GASTHIH TR, BiEE LW, it St T7iksE. 5 4 IR as R, JF Rl
WEFLLE R, 55 5 90 ] REXS SCUERT T AT Rk AR S R 2R 2 6 XA RE B B AR e 1 Bl T
] AT S A 5 R

1 BxRAR

1.1 #HEEFEES

AR FEER MR LA TABRER, MERTFIEE RGF & PR #E W4 (deep neural
network, DNN)BEAT H B QTS 2 IE #1948 e, % R G0l % K H 7 51 2] )7 51 (sequence to sequence, Seq2Seq)
BERE IR B 4 22 ) 2% R AT SR M 12 . Seq2Seq ZE A4 IS B3 o 4 H T B SR 78 5 4 ¥ (natural language processing,
NLP) S i f 2L AR B 2155, AT Seq2Seq M HIMATEFIEE B, B R SRk AR S BT
55 RN 91 S ) Ao £ R 4% I B DA B £ RS 7 8 S D [ e T A 38 S0 s TR B e e, E — s R BE b AT LA
PEAR e B AR B PR BB A AED. EEI SR 2, METRRTIEE RE N H bR R Gl & 3 52 (ground-
truth) % T & — i Jo (token) FIHEZR 73 A6 408 1 iR, MERFBERGE LR —MFNT — T8 08 5 DB
(1) ik 2 (preprocessing): FiAb BB Bt 25 72 (1) S B AR NS 54 A8 o ph 28 W 25 W 8232 T 5, AL B 42 %
8 FH 21 5 SR8 5 AL H P 4317 (tokenization) Al ik N (embedding) &3 K.

(2)  #ifd(encoding): YRR B A T AL ERBI B AR B B HRN A EE R AT 3 — B Y, X —H RN T iAW
2% TR fR SR B AR R JE TR L

(3) fi#RY(decoding): fERL B BORE G i 45 B ¥ b T L 1) B BEAT AEAY, AR RCTRIN RN T 2 AT S 1] 25 38 o R AR
ST

(4)  AMNT EHEF (re-ranking): HHEF I BOK BB A R AN T T E AT HE T, MR AR E AT
ArE.

(5) #MT BiE(validation): FERY BOK BAHEFE S MAN TEMN_ESEATIOAE, ARIGIEANT. &5, X TE
FEMNMEE TH, — @ XL E AN T 347 A TR X (manualcheck), #7252 75 G848 B 118 & % B 1)
B

BRIGRER & — A

| (A TRBBHERT)

UEAT REAT ) BEH A
5. HTRIE 4 HTEHF

B #aiEFeE R Bk E

IR, BEE KIE S MR (large language model, LLM)3E 3 & &, FIFH KiE 5 A A 50 (fine tuning)al &
B AR 2 3] (zero-shot learning) I # £ F2 F 1 2 R4 (W0 InferFix*". FitRepair®'!\ AlphaRepair®/fil SELF-
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DEBUGGING™ ) J 7 t 5y 58 K (¥ B 15 52 5 04, 3 — 07 TH0 43 2 T LA 1 D11 2R 88080 2 0k 0+ 4 D K
53— D AT 6 T8 SRR TR PP TR 0 T — L5520 (prompt) 222, AR AIE 2 B SHAT (MR FR P2 AR 55
1.2 HEEFEERFZTHEELE

FETRFE 5 21 UK, Bt vt 5 2 — A iy A0 el e, (H el TR 2R B AR B 2 B 2R 05 SN2 B 11
N 7, S B0 O T R )R OB TR, ASO R R B R Gt i i it R st T B
eSS

o REE-HN T XS R (bug-fix pair). %R HAE MR R 4R AR B R R GE RN KT

B SR BRIE-Hh T X BUE 7 ISR 2, B2 % A4S SR BRI - b T 0T b Rk B 30 20 HH BLAE 1 5
FNRE I Aok AR, R, SRR B R R G AN T IAE T E — 2 U R Bl i Ah T AR
iy,
o GRIGAIGIMEE (buggy code). ZARMAIH I FE IR ML P ERE R R AEN U LK R & TE
SR -0 T (R R 3 IRAE T I GBI b, B Sk AT B AR R K- b T A R R 0
BUE T 23— 2 N R8I sk B A XA v

o AT AT ER (fixed code). %A Byt s R 4R #H AT 2 E RS RMENNRAE LK
SRR - TS AN T8 AR T I R b, B gk TS Rk B - b TOxE AR el e e R 2
HAGE RN T B 15— 2R N ZR B 4 T ACRS .

WEAR R B2 A BEAE DA b A R b T KT (SR B - b T Hp (O BREE b T 38 90) 45 VI SR Bl v 1
Bea-Ah T 545 R e e UL IC (BR 2284« AT BUGERSEA S AU E BT, SO T H KR, BIZEAED{%E
bR R RS R ) T R bR A R S A LIS (type-1 DCHC) AR 4 s s it i 1) S DR, JRATTOA A
RA LTS eILin, 4 2R afE e E R GARAT IR 8T8l O 48 58 4 3] B8 — e A ) 15
S ARE AR S5 DAL BB UM T B0 e i U B R A B XA AR 12 = R GeAE s 18 24 =)
FEARMREOLT, DOEE S ZAE A A B RSz R+ T ATy R S Tk A R i 4 i 7 18
HARAGH B ZHEARE RN, RN BERE LR RICIZ. R ILE, RTINS ZIIA
B SCHI BRI . 26 1 2 ) LPR AR AT DT e 28 R e 7 11 2 L7

R AR UL RC A S HE X

AR KR E X
Type-1 VLA (RSN B2 2 AT AR R Ja , P B A AR R
Type-2 ULAL VAL AL B AR R (R B 44 . R AR A BRI E L, W BARAD AR 1R
Type-3 ULAC (RS IN Jr By AT . RO ENER, B8R, PIBUREE A
Type-4 ILAC i LR SO FEME A A RR

DL EREIRM RN K5 E S, W TAFRNMERFEE RS, XN FEE MR ATGeANF; mxs T
AN ) PR e 5 28 2 ORI ) 5 SR AH . FRATTE ARS8 3.5 1% e SR T 4R A48,
1.3 WHEREFEERGWEEMEREITMEFERMITENIER
13.1 MWAEBRFEERGEEHEERE L

TR BE 22 ST (1B 0 PR I8 45 08 SO N T AR UINR A, i R ORRE AR I R 7. I IR 2 SRR
e i A7 AL SR VE R ZE R R . N 6T SRR A £ X 4% (convolutional neural network, CNN), 7EX} i A\ & A
IS FUIREN JE, 26 AP 22 N 46 40 AS R T U0 R 59032 PR 280 S 1 b 22 ML 2% 0 1% B (neural machine translation,
NMT)P, 760t i N B A i /N ek 28 T, A g4 51 AR R4 R AR 21 e BB i TR B R A%, HE
FEtEMIgE 51 R o T8 X — BN, MERFIEE R G AR ROE L — SN % B I ae /1. s L — S r e
SO T BOE SRR R, AR AR RN, R ROAT R B A R — BB, ek R E
RA G IERNE X —BUHEN 2 TR R A LR A

Vp.p.€ P: p=p,, NPR(p)=NPR(p,) (1)
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Viel, p(i)=pdi)—>p=p; (2)
132 #MERFBERAGHEERTEAN 7k

T8 S —F( AR # (semantic identical transformation) & —F UL AR e 77 7%, W] LATEfR B AR D IE LB ThREA AR
HIRT 3R T RHARID AT B B DU 2T X — B i A ke L.

Vie I: c(i)=c/(i), Transformation(c)=c,ATransformation(c,)=c 3)

T FEBARIT ¢ M ¢, HIRIT ¢ Tl ¢, ARG XAHF, WARFRT ¢ F o, TG X —BM AR AR T, kiR 7
c BN o, Bld ¢ LN ¢ WHRAE, MIBEFRAYIE L — S #e.

B U — B Java i 5 B9 74 5 48 5 75 B A1) “String message="Hello, World!”;”, U1 5 7E 75 B 4% & message K
HEAT 7 X 7 7 o 2R B s | SRR 30 B “String message=(String) “Hello, World!”;” A& 518 A AR 04
AR, IEAE R RN AT g RO IE B e, ARE WA R B E RRAEHRMENE X, BATAHMERH, 38—
P DRI AR P B E RANERE. I T - MHERFBE RS, DR 1E L —S g%
5 RR 4 N B R BT 8 % H TR D T35 SR — 38, TR () 5 1 A 7E ) R
133 MARTFEE RSB iR

ST MAERFEERGGHEENEMS, RITRMAT Ge 2 APE SUHPE 1845 2 5 KAk H 4t
(percentage of diff mutants, PDM)F1 548 J5 7 7 1 45 i (percentage of diff after mutating, PDA).

o ERFAEE S

T —ANERBE, THE AR X — SR S T B A AT EE RA PSS ENE A BN T
bl @ PDM, AT LSRR M AR F B E R0 15 L — BN N A — BUE S 88 70, AT
SBZAR AR E R G GBI, PDM PRz AT AL

ppm =P 4
NAM
o, NDM NAMEE WSk IGTR P HEAT 15 L — S 8 )5, Bra R R T d HILE LA —SUN S, NAM A
i WSS A2 P AT 18 L — B G, BT E DR MEE. #14: Defectsd) 71 (1) Closure 86 HtFe 1l LA
WAFE T2 R0 SequenceR 125, T Closure 86 HRFEZ I IE X —S B G2 T 4 Mk, Hep 2 AR
PRIAN T 5 AR AN T 15 A — BB T4 SequenceR FiX1EE), A4 SequenceR %) Closure 86 k[T
PDM=50%.

o RBEERHEN

F T —ANERBE, RIS X — SR S R R B AR M AN AR IEE R8H 513 B0E SR — 801
AT RSO & I, ZER AR AREFFEEER. B E PDA, BRATATLRBMHERIFEE &
G B RAEEXN TIE L — BN A — S RS, T RBGOZM AR B E KA &, PDA 7]
FKRAUT A

ppa="PS 5)
NAS
Horh, NDS AW E BIEREAFE P BEAT 158 X — B A G, LR XN —BURAN T I B Fa A4 1) B NAS AP
BAEE M GTRT. XT— A kbE, W A IR RE R AN T S5 AR T35 AR — 3, A XAk
Famt =4t N NDS. 14n: Defects4) A 76 NukEE AT L 2 fE P 12 2 A48 CURE 128, T 24 ki
Lo iR L — S A e JE AR S AR AN T 3E A — B AN T (BU AR AL 48, To¥Ed CURE BXEE), B4
CURE 1 Defects4) = fE NI L) PDA=31.58%.

2 HExXIfE

KOy M 5 — FLAE PR SRR 2 ST U A — A ), 24 5 A e itk s e, AR L 2 2 2 ) 1 8 0 1A a1
S)Ai, FBOLH I A (overfitting) IR 5, I, BRI & b VE B 22 B ma 2
Elangovan % NP3 H: 78 [ 5815 5 A B4R, 1 2R A B 2 18 1) 8 % (overlap) 2 3 BOW BRI
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E VAl IR AN HETH, Ke A5 (1910 12 5E 77 (memorization) 112 HL HE 77 (generalization), 5 FUHE A 7 JE o I i _E 19
BORFEARRAE NI SE ) S R RN S %, MATR T JUAS B 2AE 5 A PIT % B A FF BRI s it
7%, By 4 SLAR IR 5 (named entity recognition, NER). ¢ R HUFISCAR 73 AT 4%, FRHIEFT 1 S04 i 55 X i Y
HICAZ REJTFIZ A RE JT M52, BIF ST 3R B AT R A J LA o TN R B 20 H B0 7 A )2 ) i e i, G,
K ZAMIBAE % _E I & AIMED(R) () 3048 ik &% LU 508 73%. JF HARGTAREE: A 5 I R A0 By, #5
W) F-score sxAHXY B &, (HSEFR b VPl B9 A1 A5 B AIEZ 88 70, i AR iZ A0 B8 77, (E S A B i ot B 2
% B4 B DL I BT ) 2 PR PRI, BB ICZ B8 0 (A PR k. (B 1B LT, VIR ) B IR R A E
JEMEEIAE. DR, BRI R B S M B < (A ) B2 o . B, MR AR S s TS I SR 3L
PP A L B, TR RIALE.

Lewis 25 AP TF 040 7 248 45 £ 3 ANAT O RSB REAT T WEANRATE TS, 5 R B 60%—70% il
AEHE HIAE T IR, TR R B MBREEH 30% 1 3 1 i) 0 43, 7R e BRI RS A — A
RBFER PR, T BRI, AT T IE BT R n 288, DL T R IX Re R A 1)z A0 DL R SR 3
AR E . AR I ETCVE B DN R 8 b SR IR i A 0 ) 4 el AR 22, A AE B0 i 2 1)
P FOASAECEHH M B8 R B, AR BUE P R RR I 22 7 R 08 63%. s, AR ATV IE X b S e, R BT S (1 0 40
AR LG TR EZM T BART MM, #— il 7T I GER ISz MBI EE, S8T
PPAl 45 R A AT

Jiang % NBIXHCHS1E S MR (code language model)EFE /T H Zh18 E 17 5 T (MR AT THFR, AR T
TRE e A i 3 AN AP RIS EE R, W T N TR B e S ARSI EAENAS% HumanEval-Java. 1%
st — NN LM NEIESE, 5T — 1t Python %7 5 19 F TS A2 AT 55 1 2 ¥ Il X 4 HumanEval, b
{1304 HumanEval H' [ Python F2J% K& FM ik Fl 451 55 4 28 Java #2780 Junit WA, S8R5 7E IEHIR Java
FEFHENGE, LR P B shis E £ K. HumanEval-Java 5 164 > ¥ (single-hunk) R, # M
BEBRAER AR S AR @R, BAAELZ T, BT HumanEval-Java 2 Fa BB 21, HHER
Fe e N LyENI, BT UAMiA10N, HumanEval-JTava REAESIEMER, X TH#HERTFEE R4 2 — A4
HEIAAE. Dt AATERR T B3 B HURE EROR TN EAARIIE S A, 4 HumanEval-Java |53
B TIREXEIMMERETIEE R AT TR, FFR R, FOREMAREIE S B LI A T
REZIMMAERTFEERAEZEE T 46%—164% 15,

Huang 5 NUOUG I 1 B 0 2 F2 P8/ RS0 — L0 WL 2R 46 5 56 1 DI R 4 Defectsd) (%0 HE & 5. HF
TR, 75%MIIRES Defectsd] K4 T #i##E F S (https://github.com/APR-SURVEY/APR-Survey/tree/main/
dataset_overlap). IX2EH4E B B o T BUBBUE VI ZRPY B & 2] BV FE A BB L 50R, PAE TAbF 5 N R =4
B R, ok, AT TEARR, {3 T AR B I Hd B B A DU TE TE 2 A AT
R, PR B 318 5 AU 5 O R L

DL b AR D0 43 o) 0 it 5 2 e O 7, E S5 1 A I R 2 ) B ARATE 5 A B A (O ik 403 1) 2
i 44 AR D% R A BURN SCAR 23 28) A B 04 M RE VT Al DL R A B A By 3 s )5 07 20 350 23 W 7 17 B b s ) 17
MAEBREFEE R IISG%E LES S, RIE LR TE, RAOTAERSE: B 5 i scemaid re s
RGP AEAE, HIRIFE 20 BT 1) M e 1T Al DA S BUA B i sz . AL, FE26 3 749, AT AR FEE R4
R O T ) R IT T RAVEMIBT A, BEARIA MM AR T E RS P AETE A AR A R, DL R
i 2 Xof A5 R A B 3 Bl R R ).

3 MRt
3.1 # &

N TR RE I 2 A S0P B M 5 AT RGBT TE, FRATESS 3.2 1R 1 3 MRS IR, Il i g
DU LERT LI, RGEHIR SR R P R RGP B L 1B 2 R xR e R B R AR g R i B i
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e I AT R GEVESGIERT U S AR HE SIS e, BRATIE M E A R 2 R P E R RS RI 205 UM
5 3, W K N ) R i R SRR Lk, I R R AN B A ) i o X AT B R A, A9
A5 1, B, BATRIEEE IS 1 X EAENNK L B E R SRIE AT 7098, 70 oA 8 Zodls it 3 A A A7 A8 2080 it
5 O P AL KA, 03X A e AT S B AR S, 0 v I P A B 2 SR AR R ) B R R AR R
FELE, HrMAEEF B R RG0S B e s i R TR, AR AR 2; wn, BAT A
fIt 2 FE P B B R G H I SR BEAT BB AL D8, B D aid B, ft PR RGN, DU
Go R A B e
#ie3: Wit SRR AR

AFIG | | smmsms
g4 BURER
HEEREENN BUR
PP
Pttt | i1 FERETHE
T ANEE T .
WARFBE RS WwE ! : TR
bl | T SO
I IR C
b2 WIENENRGE TR
‘ RO
Eﬁﬁﬁf ST A KRS
sl I3 7% BEZET
REEHR | | HRMEN
| it 3% B SR B | a0

B2 HE i R SRR AT R AR RE 2R R
3.2 fARiEE;

e RQl: WHMMERFEE RGP R EGAELIEMER? ZH 7t 8K B ERRIEHAERTFEE RER
ARSI M EE . TS R S B Bt T B, FRATTSR F RS [ B I D i e AT R, A I
VRGN — AR IEE RS8R M 7% 4 0l T2 NPRLeakageFinder.

o RQ2: H#EiltER 0 ML AFEFIEE Rgin ok T ERERISmE?
> RQ2.1: Hdf 5% 1) B2 17 £ R MR e 2 A2 A2 55 R AL R VRAN I B SE 2 10 78 il ALY H 1) 2

R FT A4 i R 0 R 1S X A A AR PR R R G MR REVEAL AR TR T E X — A R, 3R
Mg TOHERAERTFEERRTA 2 LB S BB T X2 A2 75 £ it 57 1, feix ten]
18 5 IR BRBE - T X 5 N5 W8 11 W] A8 5 B b (B FRATT AN 5 1X 28 W] 8 B BRI 2 5 2 TR R 303
MeE FEHBEEHIEER), Hlid/E4: RQ4 FLE, WIUFX LR WR W IEEsEHH £ D
REEWHARTFIEERARIEEER.
> RQ2.2: HEMEE N R SHMMARTEE REWEHEME? ZU A BN H IR AR
M FE 0 R R XA T IEE KA A T m. ik, RATSIA K EErEes
RGBS R MOE X — B AR e, KI8T X — B AR e 5 1 B R TS O AT DL SR )
ZRETFEERGBE.
o RQ3: luifaf it G B 4% 7 B4 T R 1) A2 A AL IR R H R R I AR T B B R A M EE R
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SE TR« FIOHE I TR D B B s B K1) 43 SR W AT R B D, A S B T R 1) A R, O DA
T — 2 B 6 G BN Tt 5 1 S0 HE SR A R R
o RQ4: ASCIEH MHYE S KA 2 KR LR AR M 752 & 70 I @ i) B B2 R AE
Clean4] Benchmark LEBNGIG, &7 R 28 iF ol 2 B f B0 it 72
33 HEREFEERFAIEN

BTATVE E T —NMEBMERTIEE RGN, DMERBGFHANMERTEE /%, ENRFDT.

(1) WEEEN: ZHERTFEERAVINGERTURGH. RITENHEREFEEREWIIZGE
HEAT M A, BT LIRS s &R P B 5 R A iR AT 5L

(2)  EEHEMK TR A T AT RN R YEREREAT TP, RN AR B R R T
HEN AR HEAT PERE VPAL, 39k TG Z00% JH g 47 B i i3 s

(3) BESEREEMNE: MERTFBERBESEMENRE L BB EEWEEL T DEREN. BT ERE
P W g R T ReAEAESE R B ZE S, DIRAT R I A TF (B 0 A FF) T R IR BB 45 R &iE
F1EE R4, B SequenceR A FF T HAE Defects4] (v1.2.0) L BARE E 1) 14 N 5BE, K SequenceR
i 2 A

(4) #T IE# B 3h 174k (automated patch correctness assessment, APCA) RGN HE &, Ashwh T EwE
WAL RERAEBANT, B REEE S X WEEE M, TR EEE.

(5) AN MARFEE RGEMEARID SR PIIRE B o] DUE A ). BEOAIRATE X 1E L — B A8 i )5 1
BREAEATIEE, BT LURA R AR 5 R G TLEHATHE .

(6) FIMEHE: AR R RERIEARZ AT DB S, AT EELRIETE S — Btk A8 e J5 1) SR Fa 7T BLFE
KA HZHERRTFEE RS, i AMEREFEE RF R R 0T DS SO Re 88 5218 X — 3
PEAS 5 (1 85k B AR S A IR 2K

ForR, i R HE (D)1 (4) AR 2R P12 5 3 G T DR AT H0HE Tt R A I, T 9 2 o DU () AT HE I (6) i i 2
B EE RGN AT A — 2t Gtk in . RATHAT A7 5 R EE T W B R INE S K808 Java BIEHE Java
MHERTFEE R (ava BT B E 2 HRFBERARMTIEEY R, BHFRRNERT B 31e &5 EqE N
R R EBAT AT 5T Java 185 1, Wi F14 K Defectsd) FEAENR ).

&, BATEET 10 MZLEFBE RS, 2594 Recoder®™ . SequenceRF7. RewardRepair®®!,
TRANSFERP? CoCoNuT*"!, CURE"!, DLFix!**'. DEAR™*, AlphaRepair®#1 CIRCLE®¥. H:¥1: AlphaRepair-.
CIRCLE.DLFix f1 DEAR J&i2:i#i /& 1 U (5), 1 TRANSFER JCikisi B #E(6). Rk, R4 Recoder.SequenceR
RewardRepair. CoCoNuT Fll CURE fg##EAT &M 0T, LT AN LR MAREF 1B E RE R R B 44,

Recoder?*Vg — AN FBIE G SO A4 o5 L 7F A2 BRI 4 A AT 28 S5 W IO M 2 AR P12 5 R 48 Recoder 1]
DLAE BB B T v 4 B8 VR B (abstract syntax tree, AST) b g #4E, BE A & E 48T . KA Recoder A= il
ST YRR AN A B AR B U IARED, BT LA Recoder AT LAE 2R R /N J 45 4. Recoder {31 FH 4l 51T 2
438 77 7 511 (AST traversal sequence). #52% fik A (tag embedding)Fl % F 3 R 18 744 1) B (AST-based graph){E 4w
e B M N, FR IS 88 58 4 16 A 3R 4L 35/ Y 58 3 (provider/decider) 45 ¥, £ 24 {3 G A5 R b 3E AT 90 4R B 1
Recoder f)4mfs 2% 4% 3 N4>, 47N Code Reader. AST Reader il Tree Path Reader; fi#fid 2% i Providers( 3 £
5 Rule Predictor. Tree Copier #1 Mutation Locator iX 3 F'45 #) Al Decider 7 #5432 iX.

SequenceRE7gE — AN & #I ML (copy mechanism) 3T 5 5 3 FH M ML TR 1B H R4, KR
I, SequenceR & — A3 F il M A AL a8 BRI, B0l I 25 AR K S Fa AR RS B0 i3 45 52 /R15. SequenceR
POE A HATERFANE S, SR SR 5 AL Al RERFE (R IR EE RS 2 (0 75 B L R BRRE D7 v 0 75 B AR f
ERZOE TN, FHAEEAT.

RewardRepairl®® 2 1 7 — b e 3k 3 F 40 S WL 28 80 % AL 518 B 0 B (0 07 5, HAE IR I 2 (semantic
training) i A 451 55 R 500k T A2 R B E AN T 0 g B AT M5 B, B I M3E 5 4 R AT (5 AR S AR 2R R %, B
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TR w28 9 4% 2B R A A% G o 4 B A OE B AT B #M T, RewardRepair & 56 X6 #4845 33t 4T ) 75 I 2k (syntactic
training), X —RAFHERETFEE RGNS RREAAM [, SRJ5, 18 7T 9 B B0 SREE - T 0 A1 AT $0 4T 1
DX A5 2k 292500 1 48 IR 48 3R AT 15 R, 18 XCUITZRIE T — AN BB, X AR RUE 7 4 RS 48, 41
4 X ) 4 71| 2% (difference discriminator) 7] 4 3 74 %5 5l % (compilability discriminator). bl B 14 %5 71l 2% (plausibility
discriminator) LA 2 [A] )5 % 5l 5 (regression discriminator), 437l FH >R % il 4= e 648 52 A0 72 75 5] 8t e AR A X
Al AERBEEREREREEEwE. ERNEEREETRE BN, EREEAEETIER. %
S T AR B 2 AR A TR P 45 SR 4 AR TR, T4 Bl LI 2RI RewardRepair FR45 2K B 44

TRANSFERP?HE — A AR B 2% ST 1 AR (1 B s (0 A 22 B2 )7 18 5 5 Gt TRANSFER A VR B 4 25 o) 4%
TE MU 0 YR AR B 0 42 b 22 ) VR 308 SCRRAE AT BTk i & 2, DASOEE R TR AR P e EHR.
TRANSFER [ #2715 5 8 82 — AN B T 00 W) K 52 310 12 #2825 (bidirectional long short-term memory
network, Bi-LSTM)¥ £ 738 AY, 1% 55 2848 B AR (1038 208 SURHIE XS A2 7742 5 B H 1018 52 AR 47 HE
7, AR LR NMEFRBEHRERRS. R TERNEFEE 5N 4 NP #bEEhi. BERRE
B HUARARD I R gL TR UE. 7 TRANSFER (2 /P8 EAHON 28 2 AP IRAT A, EMRIERT 11
& S AR (TRANSFER 3 5 e g3 16 3% 36 £ E I\ TBar HIE T 11 FE AR AF Ak ik) -h k1T i 3%,

CoCoNuTUO g — AN Y 45 & b N ST AR 6 B 4 20 X 48 A DR o 6 WL o B 0 4 g, ) i PR 8 il 2 )
(ensemble learning) I EFEFER KA. N T FIFHRAE GRS LT XA 198 UE B, CoCoNuT Wil 7 —
A B SR B AL IR 284, J3 ) A B 5k B AR RS e FL R R R L. X AR S R 5 CoCoNuT REf
B4 X 4 SR B AT AT I B R 3C. CoCoNuT A 45 AR i 48 I 2% 5 AR A0 P 4 48 W 2% (recurrent neural network,
RNN), KB W 2 7] DL HE S, DASREUZ UCRME L, DAFEAS [RDRLBE (4035 R F0 BR 20 | T8 I b R AR AR
5 1) &5 KRR XAE R, B Ak, CoCoNuT 1 LME S £ M F2 /715 5 MGk [fi(Java. C. Python Al JavaScript).

CUREME —ANEF T4 7B S A M MA R FBE R4, B, CURE ElHTRIFEIBREMASZ
B, JCfE REMRE IR L3 T Wlgs; 2K, CURE Wit 7 —Fo BACRD B A8 R 3emg, @il 33T 7 4%
BEMAN TR R SR B ARSI N T, DL HRTE N IEMIE E 4N T, &5, CURE Al 717 40 1@ £ AR 3R A5 5 /)
PR E, UEESFERAEFHMEERT.

DLFix"™E —MEFNESE MM AREFBEE R, CHERF H e AT 5N IE AT %, I
Bt A sk fE-Ah T X R AT 22 3], DLFix 056 1 JZF0N LR 302 21 )2 (context learning layer), /& — N3 F# 1)
TEH ML, T 580 BN XREVER, 3 1S H s HES 2 ERMimmatgN; & 2 ZHA7A
2% >] |2 (transformation learning layer), 55 | ERIGMAF, FT 25 6hbE M8 25 TS 142 /5 .

DEAR/™WLE — B85 E 1 AN EZ MRS H 1 1 A Ek 2 AN 14 528 A) B G i 4 F2 712 2 2 4. DEAR H
— AN )E TR B K R A2 A & 4 R, A R I OF SR 40 v SRS SRk A ST RS AR e, DL T B
DEAR 7E i A A0HE J 6 bR 30 2% 3] 21 15 i 1R BB 12 55 A .

AlphaRepairt®*V & — AN B8 I K B T 2505 5 18 5 1280 (1) 4o 26 B2 PP A8 ] R 6. AllphaRepair % G fEF2F H
MEEAES AT HORBCE R ISR, R K TRA I AT EF BaME S 1E5%. AlphaRepair K H
CodeBERT/ M Jy 3 2 B 780 3 ok of e Fipa 47 04T HERD AR 3, 75 B4 KON BRIR AT . 1 SCRIHERS AT IO N
CodeBERT 7 B j& —Fh #1015 5 % (masked language model, MLM), Rl: CLAN#ERS AL E 1 LR 3¢, TR
LB AL IEHE JC. 1X 5 AlphaRepair B IS TE AREL, R M AR AR 22 5] (R BOR B4

CIRCLEME —AMNEB S MARFIEE RS, KA TSUOMERNIELRIR 50 i xh $df i3k 47 b 3338 1 A ik
A RREREARRD, FRIE A% . IEAN, CIRCLE i T #7422 3 (continual learning), f#i {51574 7]
DUMEE AN R R BUFR 705 5 B A,

3.4 FEMNERIEET

FRHEEE 3.3 7Rk £ 10 MR ERRFEE RE, WATIEEE 1 AHRN A EVE R IT AL e AR, 258

Bugs.jar*l. Defects4J**], IntroClassJava™ 1 QuixBugs®®. LT & i B ft J vhie ik 42 1ty ] B2 A 2.

© TEBREEEEIEDT  htp/ www. jos. org. cn



3080 AR 2024 S5 35 K5 T H

Bugs.jar g — AT Java 15 S ARG IAAE . B0 AR P R BRI Sk B B se i R R 8 AN KR Ho
ATHIFHIE Java T H, 0% Apache FFURITH #1158 MR /F 8 [E. Bugsjar AMUELE TN A G, &6 5 8t fE
1) 1n) f 9 5 (issue id) LA K ik fEa 3R 75 (bug report), W LAFH SR 3R EURH R 1) i f 75 100 B A 1 5%

DefectsdJ & — ANt Java B (132 F MR AT 70 0 3 o R4, P — N8 S A0 vl 3 R AOME 2R 4 i, L
ERRANVO.LOYEE TRE 5 NMESLHFIFERRFH I 357 AN, B DB e E £ 0 — A8,
DL B AH R ) 0 302 A4 T DL 2R R i R . Defectsdd AR, HLAE 8 T U5 7] HBh b A 5 72 5 DA LI
MR, t4h, Defectsdd 38 AR 70 A 11 WAT S5 44 T — A m iz 0, i AN R EH. WEZ
SEMEMNREE AT RE, a4 v2.0.0 iR 2y e 2] 17 NITH 3t 835 M.

IntroClassJaval* g — /N3 T Java 15 S HIEAENNR S, A E R JUnit ol HE, 7THT Java Bt
I R e 1) b e A B BRI 18 2 AE 4% . B Durieux A1 Monperrus 383 A T 4% 5 3% 68 0 1 & Sh4L BAS, %
IntroClass(Z& T C & 5 #4321, JHId PAT InetoroClass FEAHEATHI N, KA 7 X B 4% #:. /5 2 11 IntroClassJava
BFRGHA S G CRRFHFMAT . JeAbh, AT R a6 i A 03 461 4 Dy bR #E 1K TUnit 276
B, TR T A 8 SRR DGR BE IR R 7, A BB SRS 297 MERBERE Y.

QuixBugsPO R’ — AN LB FEF B E I AENREE, B85 7 Python M Java PiFPiE = MERHEFEF. QuixBugs
B 40 MERFATE AR, Hrp, BF A B UTELTITAE. B EFE S MRS BT R, K, Java i
SHEERETFEANLEEN, 5 Python 1S MEkFATE)T A B X M. QuixBugs JE#EN X4 I T Quixey
Challenge®"), 1fi Quixey Challenge /& —/NMEFEFF G E 1 min {0 a) A 15 5 — /1 ff J A0 R 2 BB PO Bk
3.5 SEWAE

HREEAFEER: RINMNTERNMEREFBERR, IHRETEIEFN A EN R LT T 5858,
Ak, AT TR LM AR P B E R G, HEAARMEE SR DB E BRI A4 FR . ID S R] DU E B
HAEE T RS A IR ATF. AT RFITRRBR AT EELERNMEREFBERRA A TEATHI TR
EE YL, PO SEIREL S LI A BEARAIE iT 5 L B P 2 2 v R A8 AR AN SO VT T, AT <
S J5 S0 Y RE HEAT BB HE AV E AR PR 2 AT I AR, BT DLERATI A 25 R0 3 3 43 R AT A4 52 5 BB L S 5

T RQL: B4, RATMAEMHMARFEERAMITRANHENT, UHEBIMMMERTFEERSR
BN T7 2L R A N 5 sUEEREAE, ARG, FRATTAR A X e AiE ff s HE 6 7 i P T g 28 8, e, AR
5 LKA M e S T AT AN ] ) Rt A . AT A M AR E R ARG AT LU 4 26

o H#:I% (training from scratch)

o FIl Z5-1iH (pretrain then finetune)

o TIZR-FFE A% 2] (pretrain then zero-shot)

F N a7 AT U 43 3K,

o BRI TT A58 47 (buggy method-fixed line)

o BRFFAT+ LT X-1BE 17 (buggy linet+context-fixed line)

o BB E 1T (buggy class-fixed line)

o BRIFAT-15E AT (buggy line-fixed line)

o BRI E-1B8E J7 1 (buggy method-fixed method)

o BB E 2 (buggy class-fixed class)

o fr i HAth (-other)

PLR & B0 AN R I 577 R A\ dan 77 A SRR P8 R e, 0 A 2 4 it i 2R

o BREE-FNTXEMERE: ISR DT AW, BEEINGATUIA- MO ARFBE RS, K ELR

NGB - T XS ER . DR N TG 18 A AT B4 I G o AT B R (T I 20 500 5o T T A 45 1) 52 i A X
BN, FLUNZREH # /2 SR - T B 2K, DRl bk B it B S A D B - b T o0 vt
o ANTAUREMEEE: BTN T AN T ZR-FRE A Z S M AR IEE R4, HERM &L R TR
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WM. FAMGEHT NG MERTBE RS, FARMERFEEMS LML AR, Hl%%
WA IR BRE-Ah T Sk R, AR b, R AREF B E R — AR, RN A &5
TRUEFEBYTE TR ZRB ¥ A 5 S 2 TARIGIME S, BIEA KA TR
o GREAACHEMEEE: AT H 7 AW, 48 R o R N F 7 S R FRATT SR A I 2k O O S
MhEE A R W2 R, R —Fp N o7 N =25, R B LA (-other). i A AL M & 72
A 2 G0 0 B0 i 35 8 B S BB AR RS T R, R ot T — NS R S AR AL, FRATE B 4 H A
FEACH, T2 HAt ( TRANSFER [ 28 52 FP 42 52 35 0 10 2 — MR 40 A, FHOR M TBar ik #%
BEEMR), WaxtTIEMERFIEE R£%, RATR T ELRUES R LE I 2R B H 5 2 218k RS
58, B KA AR T R
B T — AR EE RG0S R AR, BRATE BE 5 SR A A 1 B T 2 A O =R AT AR
T DR R 6 AS [ Heais ik 8 288 28 (o I 7 vk
o R BE-HN T A AR W 7 FOEE X R TSR . BRI B R E B P T
AR TR GREE TH . BARMOE Dy BATTR I 2 HE 4 B 1R JE — SR FE- A0 T % 7 sk P ARG 2 15
SI4E THIRE—BBa-0 T X ¢ BB A0S 755 5 s A VL EE, 817 AIERFAARAD 2 i 1 5h BAARRS )+
e, R LR, AT A TG R 5 i 104 TR 7747 B s A DU RL, 51 5 2%
R RN RZAME, AT ZEENREE B 28 j 803 BB T Shif-#h T XM Es, mlgE T
50 SHE 51 I B i R

o RN ERFAIRED: A I A W 7 S X R A ARG B . FRAT TR W e v AR B B — B FA-AN T
[PIERFEARAS 2 B 5 GREE T (03— BREE-#h T X @ I SBRARIL 277 BB SE A UT RS, B iSRRG S i 19
BRBEARAD A TR, HWHE, BATAAEMENRE B F 5 j ZL80E B0 T SREEARIDME, hHlgE
TIEE i 54095 51 A2 I B BE A D T

o RGWNAN T ARHD: ZHHE i FE A I T AT A TARRD MR . FRAT TS WU I v R AE B () EE G- TN
PN T IRAG 2 15 SN GREE T 105 — BRBs -4 T 7 b TG R s 52 2 DR, 58 b TRES S i 1
ATREGAFHERR. HHE, BATANEENIRE B P j ZFHBIE BT A TRADME, BilghE
T 5 i 25504 51 AN T AR it 5.

FATE CL L3RRI 7 v 45 B AE NPRLeakageFinder /7. 1#i il NPRLeakageFinder Y}, 7 #4600 771k,
B ST B E R TEIRMEAN. K 2 S TUENHERFBERRBEIEE N Java SUEHE
Java)P YN g5 R NE TR IR DR L of A 42 0 o P 47 v DA K B itk R 4G 0 O R B

ST+ RQ2, AT T 10 MIERTFBE RAAEANFIEMENIRNE P EREE e, T THE4 .M
BATERI LI, IR B AT R RASBEFER PR, &k, RATIE Mha 7 e
HRGE R AMEE B EARND, 3288 RQI 2510 R 70 9 A7 78 20 1 8% 1) P18 BB BE RIS A7 7R 208 W R i T 2 &
BB ARJE, BATK S NREGS T BT ARE I B RGTA IME B L T ok, B, &
T4 I A b P 2 S50 B 7 3 AT 0 S — B AR e, K R S RS B R B R R e A R P B R R G i
TR, @I RSP e AR, XTSRRI SR R BT R E N ER. W R A7 75509 i 22
PR RS, S8 S — B AR 5 4 A8 &1 B B - N1 78 S0 it 28 1) s S B, AIE S T Z0a itk
M RN G, 1% SEE0IE A T E B AE AR AEE M A A (R 15 O R AT, 4 3RATHE PDM R PDA
B, AR AN T AL AN TS SR —SUR AN T, Bl b 75 2202 5 o 0 X AR A A B2 0 0 sl 491, R %o
BEBENRFHTRIE. — RGN T, 8 — SR S SRR AT B L KBGO B, H AR BE R
G A HAG BEE TR, Bk, WERRA T 2 5 SRR AT H LA K Sk AT AL B R AR U IR E B AR e,
TN G B AT AT B e AL, ARid, AR Ay 4 (variable renaming, VR)HI4 {4 E HEF (reorder condition,
RC)IX P il 1 S — 3501 A8 45 AT DLGRAIE 22 e 11 5 AR AT BRI BB AT A7 B 39 A R AL 8. FRATTR FH G 19 ol 7 2 %
FE VA A f BB AR A AT 18 S — SRR AR 3, (EE R A T SR A5
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R2 MEBRFBERGHHRER
MATET U FNFE A LIRSS g - {8 I i
L -~ . g o V3 bl s
15 R 5 i AR iR mEE - MR s
.. Defects4],
Recoder training from  method- bqg- Java Recoder Recoder QuixBugs,
scratch method fix
IntroClassJava
DLFix training from mthod— bqg— Java BigFix BigFix Defect's4J,
scratch line fix Bug.jar
SequenceR training from class-line bug- Java Bugs2Fix, CodRep4 Defects4]
q scratch fix CodRep P
training from method- bug- CoCoNuT, Defectsd),
RewardRepair scratchg line ﬁ)g( Java MegaDiff, - Bug jar,
CodRep QuixBugs
TRANSFER ~ ‘rdining from — method- Java TRANSFER TRANSFER Defects4]
scratch other
training from  method- bug- BigFix, BigFix,
DEAR scratch method fix Java CPatMiner CPatMiner Defects4y
CoCoNuT training from mthod— bug- Java, C, Pyt‘hon, CoCoNuT CoCoNuT Defects4],
scratch line fix JavaScript QuixBugs
CURE pretrain then mthod— bug- Java, C, Pyt'hon, CoCoNuT CoCoNuT Defects4],
finetune line fix JavaScript QuixBugs
AlphaRepair pretrain then mthod— fix Java, Python CodeSearchNet  CodeSearchNet Def.eCtSM’
zero-shot line QuixBugs
CIRCLE ~ Pretrainthen  method- — bug-  Java, C, Python, CoCoNuT CoCoNuT Defects4]
finetune line fix JavaScript
CodeBERT pretrain then line-line bug- Java ManySStuBs4]  ManySStuBs4J I
finetune fix
Cornor, et al. Training line-line bqg- Java Cornor Cornor ¥
from scratch fix
pretrain then method- bug- . .
T5 finetune method fix Java Bugs2Fix Bugs2Fix I
training from method- bug- Function- Function- -
CompDefect scratch method fix Java SStuBs4J SStuBs4J %
pretrain then method- bug- Bugs2Fix, Bugs2Fix, =
SeqTrans finetune method fix Java Ponta Ponta %
. pretrain then method- bug- . .
CoditT5 inctund method fix Java Bugs2Fix Bugs2Fix e
AR EM ST AT EFE N RENSHORATEG L. BOVTTEN SR ER R REIER, BiZir

BEASKERFKIES. B3 =

.compareTo(
if (compareApplds == 0) {
return this.getAttemptld() —

—ANARRH A A R

public int compareTo (Applicationld
int compareApplds = this.getAppID()

getAttemptld();

lelse {

return compApplds;

}

.getAppld());

){ public int compareTo (Applicationld another) {
int compApplds = this.getAppID()
.compareTo(another.getAppld());
if (compApplds == 0) {
return this.getAttemptld() — another.

}

getAttemptld();

Jelse {
return compApplds;

K3 AR A pE

S5 At HHE T X FIBE A 1) 2% A S B0 AT O B R 3, RN SR REBEAT
2 H i o7 L AS 52 ) 4 BT ) [ AT
w1l

FA1ME F JavaTransformer (https://github.com/mdrafiqulrabin/JavaTransformer)SZ Bl _biA w5 Fh 7 7.

JavaTransformer & —/MHXT Java J5 ik B EARS SO B e TR, ] DA 2 Fh i SC— SR e 07 2.
K 5 7R T JavaTransformer 7F Defectsd4) bt 47 18 L —BUHA /5, AT B (Defects4] project) I fr 5 2 (1) 45
2N

BEAT AR L R oo K ki ) 2%
SR, PIZEA SR BENEFIES. B 4 R DFEEHTF
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public void meReceive(context c, message e) { public void meReceive(context c, message e) {

ChannelBuffer buf = (ChannelBuffer) e ChannelBuffer buf = (ChannelBuffer) e
.getMessage(); .getMessage();
XDR rsp = new XDR(buf.array()); XDR rsp = new XDR(buf.array());
int state = rsp.readint(); int state = rsp.readint();
if( ){ if(Nfs3Status.NFS3_WRONG == state) {
LOG.error(“Create failed !”); LOG.error(“Create failed !”);
return; return;
} }
Kl a4 Sxtr s R s K
500 - 500 s
I |nitial . [nitial
430 W Variable Renaming B Reorder Condition
400 1 4001 s
300 300 A

£ o S S & SER SO O £ @ S S &SN S OS OE
& & FEC S SE F & <€ & F & FEC T SH GV <€
& R &L P & & S & P
P & 58 S &
o o
o o

K 5 Defectsd] i X — 2 M AR AR A A F G i B

XF RQ3, AT 7B (AP 2R A2 B R SR AR MR Tk, AR FL S R AN i SR Jon DA et A
AT, RN T B R B . U8 DL R SR, IR AR BT TAT BB S AR IR SRS A T
T LR CLZ i 1 2 RE PP A R 2 Gt Kt it R ) AL I R4 B R R P18 B R G AR i B 4R AT ORI
g, TLAEARRRERE b S ittt 2. B S, FROTIGIE 18 4 i 2ok

4 HxRER

41 RQL: HAWMEEFEERAZREFARIENE?

£ 3R 10MEFREFIEE R IAT M BE VP4l i 6 v MR 48 A7 70 03 v 85 (o mT i Bk b, Mtk — 20
PRI I LU A7 75 B9 1 55 00 AT A5 S R b i 28 280 J S R PR E, FRATTIE ML T 7E Defectsd4] FARTEM FR IBREA, FRH X
SERRE AT I R 028 RS IR KB IR. IEREAEIR. BHRTEAMEIR. SOAIR. JuRRAE
BAN R HoAh. ARAE LR EPAE 2, BRATUME S Z B A 0 5 JF2 B (RIS BE 5 40 T 2 A FEABL I A% B2 ) LA &2 mT A
W ZRFBE RGIBERLGIE NS KIS, o LR E AT TR RIy. i, S4F 1345
MFRE IR, FRERR. ERER. SRERMESBES 12 MR R EREER; MEREER
BREETT RS A SBEN T BN FEKHN, BB 50% AR EREFBE RETHEBE(EERT B
H AR

(1) SR

(1.1) RRGEFHR: HRE 1

(1.2) BHESEFHE R ERE2

(1.3) HFIBHGH IR E4E3
(2) HIHEAHIR

(2.1) %&MiBEAEER: B4 3
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@3

4

s

BAFIR 2024 F5 35 K% T8

(2.2) HFMFIBERTUR: BARE3
(2.3) MBI HA)E 3
) PEMREA) SR
(3.1) TEIIER)H IR
(3.2) TEIIEAITUA:
(3.3) TEIIEA B
) PR AR
4.1) EHIRIE A R TRE2
(4.2) EHIRIBERTUR: SRE 1
(4.3) BB FIRE 1
) BAR

HIRE3
HARE3
SHE 3

(5.1) NS HEER: BRE3
(5.2) #IARE R BRE3
(6) HIERBIFEHE R ERE 1

(7)  HiAth

R3 MaRrFEE RGER AN R SR it

AP EE RS

Defects4] (v1.2.0)

AlphaRepair Chartl, Closure 86, Closure 109,125-126, Lang 24, Lang 51, Math 5, Math 57, Time 9
CIRCLE Chart 1, Closure 86, Closure 92, Closure 93, Lang 29, Lang 59, Math 22, Math 75, Math 77, Math 79, Math 98
CoCoNuT Chart 1, Closure 86, Closure 92, Lang 29, Lang 57, Lang 59, Math 22, Math 65, Math 77
CURE Chart 1, Closure 86, Closure 92, Lang 29, Lang 57, Lang 59, Math 22, Math 65, Math 75, Math 79, Math 98
DEAR g_hart 1139, Closure 40, Closure 86, Lang 27, Lang 43, Lang 47, Math 4, Math 22, Math 50, Math 57, Math 90,
ime
DLFix Closure 40, Closure 86, Closure 115, Closure 126, Lang 7, Lang 22, Lang 51, Math 50, Math 57
Recoder Chart 26, Closure 2, Closure 7, Closure 21, Closure 33, Closure 46, Closure 109, Closure 115, Closure 118,
Lang 55, Math 50, Math 65
Chart 1, Chart 12, Closure 31, Closure 62, Closure 70, Closure 73, Closure 86, Closure 92, Closure 101,
RewardRepair Math 11, Math 30, 33-34, Math 41, Math 57, Math 59, Math 70, Math 75, Math 80, Math 85, Math 94,
Math 104,Lang 29, Lang 59
SequenceR Closure 86, Math 57
Closure 11, 21-22, Closure 31, Closure 40, Closure 46, Closure 115, Closure 126, Lang 10, Lang 61, Math 50,
TRANGEER Math 65, Math 77
HARTEERSR Defects4] (v2.0.0)
AlphaRepair Cli 8, Cli 17, Cli 28, Codec 2, JacksonCore 5, JacksonDatabind 1, Jsoup 57
CURE Codec 4, JxPath 10
Recoder Cli 5, Cli 28, Cli 32, Compress 27, Compress 31, Csv 5, Csv 9, Jsoup 24, Jsoup 68
RewardRepair Cli 17, Cli 28, Codec 1-3, Codec 7, Codec 17, Collections 26, JacksonDatabind 102, Jsoup 24
TRANSFER Compress 24, Compress 27
WARFIEERY QuixBugs
AlphaRepair BREADTH FIRST SEARCH
CoCoNuT BREADTH FIRST SEARCH
RewardRepair FIND FIRST IN SORTED
CURE ¥
Recoder TVESAR
HARTIEERSR Bugs.jar
wicket_1b7afefc, commons-math_6d6649ef, wicket 2blce91d, jackrabbit-oak 459bd065, flink dc78a747,
wicket_e93fddSa, maven_bef7fac6, wicket 7dad4adl7, commons-math_83f18d52, commons-math_6dd3724b,
RewardRepair ?amel_3ﬁ0d612, logging-log4j2_411dad65, wicket_3d8c9d75, ‘commons—math_faf99727, accumulo_0cf2ff72,
jackrabbit-oak_36e70bd7, commons-math_cedf0d27, flink a56aad74, commons-math_3f645310,
commons-math 0596e314, camel dd0f74c0, jackrabbit-oak 5138ale2, commons-math f4a4464b,
commons-math_ebadb558, commons-math b6bf8f41commons-math b6bf8f41
DLFix PRI s

W R ITR R AR B B R, TR RN M AT B R R EUENRE E RANIEE SRR AT, Rk
FRAF B AR A M 55 A BRI 2 FREL ID. %5 4b, Recoder 7E IntroClassJava | BARIEE & R AT, MAFIIANEH
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St e K XA BRI ATIE E G, AF 31%BI AR BN R IE R A, O RR I
BRI, 200 20%; FI9ME 34% M ERT LA R R, TRERAF A —2K, S SN FiAh. Bk
R H AR ER G, XL H IR R TS R AP R AN 2.7, LR E e IX SR AEAE R v R 1 ]
B E AR R e s, B AR,

it 1 MAMMERETIEE RS A77E 50 ik 7 8, B A7 7E S0m it 82 1 T2 R B A I B R S R
. FEHAET AR 10 M EREFEE RSH, (U CURE R1E QuixBugs JE MRS 1k LA M #E, & /™ E
)9 RewardRepair, 7E Bugs.jar LA sk 27 A5t EE. Lk 10 ML FBE RATE Defectsd] L AFTELL
Pt it B P2 E R R B N 2.7, B RS EBOR. X T A [F A A 4R, Defects4) (v1.2.0) k
RewardRepair BJ%04 it % ) i 7™ 5, A 24 R MEER; Defects4] (v2.0.0) I [F#¥ /2 RewardRepair B %4
k% A R N, R E] T 10 4b; 7E QuixBugs ML T BONE M EIE M FE, AlphaRepair. CoCoNuT Fl
RewardRepair #JHIL T 1 4&b; T 7E Bugs.jar I, RewardRepair FIEHE M EE AR T 27 4b. FATRIL: HB™EL
i M 5 i) ) o 2 AR B B R GBI R — ORI A T R SRS 1, RN AR R R AR TE GitHub B At T
HAEHBIMMEIRKA, Xl FBUEREMEETFEE RGOSR, WREAFL TSI, MG AL
B I EENNREE I E ; b4k, BT 4 ORE O AR B A AL, IR AT 4 B I SR M A R
&5 R SRR PR A W] B B 00 2 i U4 P R B AR T%F, 3 R R i R
4.2 RQ2: HiEMECIBMAHAIEFEERGHR T BN
42.1 RQ2.1: Hods itk Fz 17 U2 15 2 FE W 1 R 7 18 B AR GEIE RE PPAS (1 S Sk 2

W 4, AT A RSB AT A 10 MHERFEE RGN LRIV 4 RET T H4, TR ELE0E it
B2 [T A5 52 SRR Z N R LBk 6, I X LB FATE A S E a1 S L, D imaRriEesE f5kae
PPAL A FL S

R4 MERFBRERGIERE MM AR I E G AR B

SE W AT JR b e 15 WL GEBR B s MLSE TERE Re LS BB
) BERS% 4 AN b4 HsE HA (5 )
AlphaRepair 1 10 1 86.91% 1 (13.51%)

CIRCLE 3 11 3 82.81% 3 (17.19%)

CoCoNuT 8 9 7 79.55% 6 (20.45%)

CURE 4 11 4 80.70% 4 (19.30%)

DEAR 6 12 6 74.47% 9 (25.53%)

Defects4] (v1.2.0) DLFix 9 9 8 77.50% 7 (22.50%)
Recoder 5 12 5 77.36% 8 (22.64%)
RewardRepair 7 24 9 46.67% 10 (53.33%)

SequenceR 10 2 10 85.71% 2 (14.29%)

TRANSFER 2 13 2 80.60% 5(19.40%)

AlphaRepair 2 7 2 80.56% 2 (19.44%)

CURE 3 2 3 89.47% 1 (10.53%)

Defects4] (v2.0.0) Recoder 4 9 4 52.63% 5(47.37%)
RewardRepair 1 10 1 77.78% 3(22.22%)

TRANSFER 5 2 5 66.67% 4 (33.33%)

AlphaRepair 1 1 1 96.43% 2 (3.57%)

CoCoNuT 5 1 4 92.31% 4 (7.69%)

QuixBugs CURE 2 0 2 100.00% 1(0.00%)
Recoder 4 PRI N 5 TEAS T3k

RewardRepair 3 1 3 95.00% 3 (5.00%)

Bugs jar DLFix 1 ik 2 Tk i Tk
RewardRepair 2 27 1 74.23% 1 (25.77%)

KR, AT LR VPl I EL e 8 O AR T B E RGN R RR IR E SN U ZME, 5H
SRR ELAE, WA (6)FTAR.
_ Perf,, — Perf,
_TrfT

PV (6)
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Hor, Perfo R RIGVERE, Perfy RN WERGRIA BRI, T Perfr Ran B IERITERE. 7ETCVER N B M85 2 1
oM T BB AR MR AT IR T, AN Perfi=Perfo.

iR 2.1 BRMER A MATE T IEE R AR MR I R MG R T . AR ETLLE W, A sk
ZREFIEE RGEMERTAGH E L2 3 7w, H A, RewardRepair 32520 i A ™ 8, HEEREE L MEE
Defects4Jv1.2.0 F N T 24, £ EEE S EL 53.33%. XiiH], MAREFIEE RGN RV 23] T HodE it
Fa i A . Bk, RN RENG— MR REFEE RGN, BOZT K GEHE T, I BB EER
BEER EWHUGTYE, DURE T REPRAYL A A P 1 S R .
422 RQ2.2: #HEittiE n 2T SHHAREFEE RGN &N

BATHESEUE MR EE Defectsd] HHT T AT B E RGN E B0 HT(Defectsd] ZME— 4 Bk 5 MPERE
FEE RZ G NN AR SE). Wk 5 iR, BRMERFEE RETHFAE S A AERIR MG N e E
BB B 22 3 A8 i JE AN R BRI IE E I L 9], Hidh, SequenceR B 2 AMETE ¥ Mt 52 (AT & B ki, 45diE X —
BB )S, BARFRMEE, RS ZERE 5 ik 100%; 1 RewardRepair 1& #1452 2 7 808 ™ H
G, HZERRBERE S UMREGZSF T 5L AR T 46.00%F 46.43%; Recoder (18 #5142 B2
A XT8N, 4528 T Recoder 72 Y SE I 25 30HfE I X Defectsd) #E4T 7 —Eeid JE 0% (S % 5 K 6)PY. Mt &2
i AR T E RRE R EEEEN, RERAMEREFIEE REAMAT VSN SR T M E R, 5
FACIZRE e iz R, A &R P18 5 R 500 U8 WA [F] B SR E B, B B e A e ARG (R oA T
WEUR).

£S5 MERTEBE RGN HAAEEHEETE Defectsd] 1) PDM 1 PDA

R WA 7 B M 58 1) ] A8 SR ANATAE B M 58 1 ] A8 S A FR R
22D CEEED TEREMAVR)  ZMFEHFRC) TEEMAVR)  ZMFEHFRC  VR&RC
=R CoCoNuT 44.74% (17/38) 43.75% (14/32)  10.47% (18/172)  9.67% (16/165) 15.97%

’fzﬂz th CURE 14.29% (7/49) 9.30% (4/43) 9.72% (21/216) 7.25% (15/207) 9.13%
g i Recoder 13.64% (6/44) 10.00% (4/40) 8.06% (15/186) 7.30% (13/178) 8.48%

RewardRepair  54.71% (93/170)  30.14% (85/282)  46.00% (92/200)  24.65% (53/215) 37.25%

(PDM) SequenceR  94.18% (16/17)  29.41% (5/17)  38.64% (34/88)  27.17%(25/92)  37.38%
o CoCoNuT 55.56% (5/9) 55.56% (5/9) 17.14% (6/35) 14.29% (5/35) _ 23.86%
gy CURE 38.46% (5/13) 30.77% (4/13)  19.05% (12/63)  11.11% (7/63)  18.42%
;'H: Recoder 33.33% (4/12) 25.00% (3/12) 17.07% (7/41) 9.76% (4/41) 16.98%
H RewardRepair  67.65% (23/34)  32.35% (11/34)  46.43% (26/56)  28.47% (16/56)  42.22%
(RR4) SequenceR 100.00% (2/2) 100.00% (2/2) 41.67% (5/12) 33.33% (4/12)  46.43%

5 2.2 BRMBEXN AR EE RAEM GG R T M. IR S LI EE M fFEHEE MR
BRIE ISy, 3 PDM F1 PDA FIME I R T A A7 AL B0 M 55 (R BREEEE 4. 53 4h, RewardRepair 1 SequenceR (1) & #
PEZ BRI BN I &, BAT4HT )G A N RewardRepair A2 R R H A & B ik 2% ) @ o™ &, SEEHE2
S A B R, BAAR SequenceR HHE &R 1 7 LLARAK, (H R AR 5, HEMHMEAR SN EZE, BB
ok g s U RE DB . Uk, IRATBH AT & 78 B IR R M nT 2 B siE o, AT IEE R
G2 1) B e 1 B AE AR I S R A TR S R B R ORI ZE . BT o WK, XA MAR B E RGBS
FAENNR AR B RS e AR 2E, BIMOHE i X P 2 RE PP B S R G B B MR B T AT S
4.3 RQ3: HnfayieE 57 55 4% il 4 2 itk 5% (o) 2

#6210 MIARITFBEE RGHIREMMKE R, FTLUEH: 4R HWMERTEE RN EHRE £
HVFT GitHub, SR 1L K HE 73 B e £ F A i ik R v, 8 EAT 25 i I JE 5L U Defects4) f) 8 HIJEAE MK, AR
Lo 7 R R R T, SIS — A B 2 B 1 SR S X A I AT A A UL T
I8, FUIL S T BEEM RN R . vk, RATEL T - EE RN R LERRI SRR, IR T B
A R AR AN DR S, LU AT et e S Ha v B 1 R, SRS TR (451 3).

(1) LA A “bug”*“error”“issue” Fl“fix*“repair’“solve” B “patch™ %5 I G 1] [ F& 22 A€ A EUHE 4L K YR

(2) EFER AN REwENIE, B T % EAERENTE .
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(3) W SE R M B E S B AE Defects4). Bugs.jar Al QuixBugs 25 A FE e M4 L HEAT 775 4 UL e id 36
@ e, BUrEAMAE B AR A HE, HRI4 LB (training/validation/testing)8/1/1.

*o6 MARFBERFHIERMLER

WERITBHE RS e B R R N PR X145 LA
() kEJFHEEER fork MGE, 2) 208 1 4
AlphaRepair CodeSearchNet GitHub HAb I E AL, 3) MERIE FE T 3 TR S 30/1/1

(4) MERTE ek K2 FR B T 5 “test” ) BRI AL
CIRCLE CIRCLE B B -

(part of CoCoNuT)
Githuy (D EFF 2010 2R HHEE &) A RE RS
cocomut CoCoNuT GitLab 2P EA X, “bug”s“patch”F R M2 150/0/1
(3) 1 6 TR 5o A5 B A RS UL v i
CURE

CURE - - -

(CoCoNuT)
(1) BHZEDFH 100 4 star; (2) HHEDH 10 4

i . committers; (3) WiHZE /A 1 000 44 Java JHAL
CPatMiner GIUHWb oz w3 (4) A TR ATH, KRB
1 000 45 Java A% 5h 4R 42
(1) HaEd s HTRaEEESETE
A (2) ERA AT ERS: HTREREREEE
RAGIE A, A ZLEEREH; (3) one-hunk
ER: ATREAREMMERZTRE 1 MR
W, BEEMAREESTHE A 1 MU,
(4) BREAME S bug id, BEDOE 1 MR
HH G 4R, W1 {error,bug,fix,issue, mistake,

incorrect,fault,defect,flaw,type}

DEAR

BigFix GitHub 10/0/1

DLFix BigFix GitHub

(D) BEELEHELEEFLT 2 Adm 1 A {fix,
solve}, {bug,issue}; (2) EF & ATk F| Defects4]
Recoder Recoder GitHub H I B B fd ] Defectsd) MREFBETH; 3) R 4/0/1

AST LLE:, EF4 T 1B SIS Defects4] v1.2

o v2.0 AT AT RN T AR [ B0 7 7

. . (1) ZAEE 1A Java FICHRAAL; (2) 1E* java
Megadif GitHub e oty o R T 40 47 -

(1) R EARR S E(Java files); (2) & FHAUAH

RewardRepair BE B (/TODO with//Fixed 2); (3) 4 A\EiM

CodRep T BNERREE BARNEEROELG &) %5
SO R 1A AR AT
CoCoNuT — - _
(1) R (“fix” 5 “solve”) Ml (“bug”“issue’“problem”
SequenceR Bugs2Fix GitHub  B{“error”) e B 1A (3225 (2) JFHIE Java SCAHTHE 8/1/1
225 (3) MhFEAEAE Bk B AR 28 B Y SO
CodRep - = _
(1) B 4 ANTWH, 45 Joda-Time. Closure
TRANSFER TRANSFER GitHub Compiler. Apache commons-lang fll Apache 10/0/1

commons-math; (2) #2227 B AL & “error” “bug™“fix”
“issue”mk “mistake” %5 I 1]
FRATT I Bl H 4 A b kI T A2 b I W (1) R SR MG () HUAE A SRR B 4R, Bk IR SR LR 3 A4
(1) CoCoNuT #r#E#E1%, f& M GitHub il GitLab L-UCSEB SIM). ZEHRE S WWH S 6 1 HWHas
2006 42 BT HEAC I FTA 529, 26 2 340 ML & 2010 4F 2 ATHEAC I SE ). T 2010 45 J5 42 58 1 552451 )
AP EFE. XFEHE H 2R AT B . CoCoNuT HHs 48 15 5 FH 1) 228 vffe i 0 4 i A= 5 i .
(2) Bugs2Fix!" #4754, &M GitHub UM RN, SKE 2010 4 3 H-2017 4 10 A B FAEEEHRA.
1@ ¥ FH GitHub Compare API (https://developer.github.com/v3/repos/commits/#compare-two-commits)
Xof 2 52 1 J5 ROVRARRD IR 153 2038
(3) Recoder £ 4%, J2 M GitHub AR, K H 2011 45 3 H-2018 4 3 A Z ka2 H 17,

© EEEES

BEFRIFSERT  https/ www. jos. org. cn




3088 AR 2024 S5 35 K5 T H

S EfE, W5 I GRE IR AIEAE.

FEMEAL b, AT 3 AN E AT I BERRI 7, 2 RS 3) IR (4). %, JAVBH T —4
2l 1% 1) H i 58 Cleand4)_Benchmark. FRATRA 7 —Fh 7™ kg Bad B SR mE a0 R S b 3 &80 7 s pafag S5
FEUE IR AR A B A B /R R RS AT HB UG R a7 A UL AE, FRATT A IE £ i A Cleand] Benchmark fif B;
[FIAER, Wi i AN T AR 5 7 i Ah T AQH i 2 5447 £ DU AT B A3 DL G, FRATTHKs 204 i A\ Cleand)_Benchmark
MBR. deah, ZEHEE D3 1 dataset 1 B EUHE #4520 9(buggy line+buggy context,fixed line); £ 2
#B4y dataset 2 I HHE# 3 N (buggy method,fixed method); 25 3 #4) dataset 3 R EHE# 3 M (buggy class, fixed
class). ¥R H TN 7 XA N7 XARPMAERTFIEE 245, AT HBENSNMHE
TP BE RS, W Hi N 58 77 =G0 RS, AT AR A Clean4) Benchmark [1) dataset 2 #43idt
TIN5, T B 5 N OB B A IR AT+ B R SO ACRS B, T R U A AT o) AR TS B, FRATTRT LR A
Clean4]_Benchmark [ dataset_1 #B4r #EAT UII 4%, T TN ZR-T08 B AR A2 712 B R G B E I 2R 40 2 F2 7
1BE R4, FATT LKA Cleand) Benchmark (1) dataset 3 #5543 EAT I ZR 80 . dataset 3 4& 2R (1) H s A St
R4 7€ A7 PRI BR e - T 0, AT IR 07 2009 T Z- SR A 2 AR TR B2 B R e b AT iR, B U5 it B8R )
WA BE KRG T4, R 7 /& Cleand4] Benchmark & £ I AHR(E .

#£ 7 B4 Cleand] Benchmark FIAH <15 &

Bl L 4 AR i AR XI55 e il EIS IR NN
(Clean4]_Benchmark) dataset_1 (buggy line+buggy context,fixed line) 80%/10%/10% 5834720
(Clean4J_Benchmark) dataset_2 (buggy method,fixed method) 80%/10%/10% 579 967
(Clean4J_Benchmark) dataset 3 (buggy class,fixed class) with bug location 80%/10%/10% 157 008

4.4 RQ4: AXIREAMHBEWERBEL KIZE L EZREUBHE?

FATiEFE CoCoNuT. RewardRepair. SequenceR Fl Recoder, 7£ Clean4] Benchmark _F#H47 E #1145, @
HEFIIGG, 5EEBAIX LR T &%, LLIGIE Cleand4)_Benchmark %} - 2% 7 £ 48 itk & 5
Wel PR 28R, R IR B UE AR S 4R Y PR B e B DB L R0 SRS (A k. FEE NSRRI PR RGN, 1A
AT ReH R 5 R AR SO e A F S TR B SHORE, ARG & M M & TS5, ik
Jiid, VA RAAR I ZRAR G AR &, (8l T TR ) AR, AR —H 4 M ERE P B R R G R e 4h T #ik
H N 200.

* 8 REMINAEHMHARFEERANEIELR, Kb “E5HBE B NERISGE, HERTFEE
RGBT B B PR 5 AR SRR AH LB A 4, T A Ee ) R FR X B A RS G, fE A
R W& B B v BT o ) BB e R I G B BN B TS B R B S A SRR R L, FRATTR IR, A
i 2 B A I BB B R TC R RIS AR AR P IR E KRG B ER. AT XE 2 AR H R
SR WL B 2t SRR P18 2 3R G D8 40 1t 8 1 e RO B B2 40 T I AZ, T JE X SR = U R A, S B
N R B W RE ST, BTLL, JRATHE X 053 BB AR SR AR T R P R 25, TE OB RY L IE MR RE. BHUtk, =
FNGRJG, BB Perfy TR, T Perfo M Perfy fREFEAZS, FI, #HAERFEE RGN MR ELE SRR,

®8 HEEFINGEMARTEERGMVERE L ARG S

MEBRFEBERS IEE S S MERBECSEME EIRegibfNE A

Defects4] . Closure 86, Lang 57, Lang 59, Math 65, 55.56%

CoCoNuT dataset 1 (v1.2.0) 89.74% Math 77 (5/9)
. dataset 1+ Defects4] o Math 34, Math 41, Math 70, Math 80, 54.17%
RewardRepair dataset 2 (v1.2.0) 6563%  Nath 94 % (13/24)
Defects4] o 50.00%

SequenceR dataset 3 (v1.2.0) 92.31% Math 57 (172)
Defects4] o Chart26, Closure 2, Closure 21, Closure 109, 58.33%

Reocder datasgL. 2 (v1.2.0) 89.13%  Closure 118, Lang 55, Math 50 (7/12)

#¥: RewardRepair H & [ F AN Closure 31. Closure 70+ Closure 92 Closure 101. Lang 59. Math 11. Math 33.
Math 104. Math 34. Math 41. Math 70. Math 80. Math 94
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x9 MEEFINGENMHERTFEERANGEESREESEMEO G R, @ =55 E RN
PDM. PDA 5FIGHI K35 PDM. PDA WxtLl, AR, FEHNGE MRLE, PDM F PDA {8 48K 5
BT R AR B 5P S48 B SR AR AR R P M . X R EHINGE, AR BE REEEENR L
G MERIMEL T AT R IE R, RN IR T, R R X 2R T8 5 RGN & itk 7 4 S .

RO HHPIGRE MR P8 R G Rk 5 SR ah B0 5 R P B XS B

MR JR AR (1134 HEHISE W AR (1134 HEHIASE W
CEE¥N PDM (%) PDM (%) PDA (%) PDA (%)
CoCoNuT 15.97 16.52 23.86 17.39
RewardRepair 37.25 31.14 42.22 35.48
SequenceR 37.38 10.65 46.43 32.14
Reocder 8.48 8.34 16.98 12.84

it 4 WA EFINGE ARG SRR RGELILE, RATEI: EHl%E, MaefrFBRE RGN LEhE
SEVEA it SOLEIN, EARE A TR g, DRI EE 5 A SO H A R S S SR o T 2 i A i R
A Rk

5 AYMEWEER

AT AR A8 B A B T BR 1) A SR T A B R R 3. AR R R e R 3R 4R T RE R SRR
BRI FE R,

B, BAVTEA B Type-2+ Type-3 B¢ Type-4 ZE R UL AL AE o i XA 1k 75 1) DT A AR e, AR 43
SE T, EEMAH Type-1 VLHCXT 4 £58 J518 & AU i B0 1 82 2047 8 S, IR IE 1 1% SCF 30 it 85 <
YA B E R AR R E R, E RIS E0E 5 RN 4 T 35 AR UTEC (A0 Type-2. Type-3 B{
Type-4 KA HILHD) 2 B S HARIFIBEE RG = AR MR, AT E A 3t — 1.

FHk, WAV T 78 R REIE AR P PE R RB L. FRATTE S M (5 P 4G 7 7 5B LS, B2 ik
WAL LB %D T 0 2 I R R H e BB - T M F A X — 1500, T BT I ZR3iE ik = W e R, ek
W b H 30 A R B SRR P R T X, ESiih, TR A G AN 8.4%UNFEHE
HEM4E Defects4] FHEAT T 4uit), Huk, FRATINNE BUR FH AT REPE+ 2 3.

Fioh, BAVLSFTREEAE T M &R E R E R ORI & DGE S 4. X T1E Cleand]_Benchmark b ifAT
FHNARKIHARTFEERR, ERHHBNT, AR T RER PR —R 8 S5 (5 b T E R
&R, T EY, ANSE B REER T Hi(beamsize) BN 200, XA FEURA NI RS RS RER W
R (AR R T HOA R 150 &4, B OSAS] T R ERER 90%02. 11 SequenceR 7F
TGS, TIRETE Defectsd) FAE5 14 NAMT, BT Math 57 J2& AU MR S BT BHRPHE R, HafH
Chart 9. Chart_11. Lang 59 Aa]HX#i1EE, (HHZEE T Closure 38. Closure 125, Math 2. Math_80.
BEIRATIA A BRI T EOR E N 200, X SZI6A 2ohE i s m i R R+ oD,

WJE, BT —SWEREFEE RGBS ER K, KAE Cleand)_Benchmark I E I A HEAR
9584, Hln: CURE fEIZRM BLHIEE 2 4 epoch B, 23 H IR 25 R $fE A8 4 Nan 5 0L, 78 55 e 45 2% BR HORN
R ) RS R AR TEVE MR L. Rk, A& (A CURE f£ Clean4]_Benchmark #4738 1iF.

6 RESRE

MR EENERH I CL R TEANET AV AR, AIF N aEreE Rgh iR aE
KA E2 ., BREPCEEIL T (CURE MR KN 1000, SHOGEN T 347 56 10 5 75 B9 FE Q= a)) L& Toll,
By sceb it s A M4 25 B2 1 2 ) ) RSO R AR B E R G0 P IO B R 1) AT T R, R
BUH G #h 2RE P8 2R Gt (0 PERE VP4l DL B MR PRI i A AR LI . 58, RATE L T Mt F e R A
gt rp K K i R HEAT T Bt SR AR, R BB IR AR B R G b A ARG A R RE (N KHE R
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Ja, BATEE SRR H SRy, AR 7 Bt R R R AR P R RS R)a, AT
T AR e AR o s, SRR B A T A RS, JFAE Cleand]_Benchmark 4/
S EEFNG T AR, IR T ERATHE R R uE AR o HEE A Rk

Hoe it ki) R T R PP AE AR G T AN O, DR A B e 2 R A R 4 I B i
i) R SEBEAT R IE. JR SRR TURT LA BA R 3T T %, ASOFRME T RIEE RS HE-TL 10120)
fr e B E R G AT O TE, T O SRR AN SR 2 DR K, X T e e i R A S SC BB A I A R
AHEEE, BTN GORT AR IZ AN 5 R X e e A8 R e R Kb M e R 4K S T, O FLBEE BN 58 4% 19
AL B S AR SR B 2, M AN E N KRR A R P B R BEAE, T OROE S R IR
B2 RGIAT W ZRER; R, BFFEN ST DL s 2288 748 5 2 o R I 0 v DU X 4 R AT 2R 0 1) SEE A 7,
ISR A BB — AN S AR P B E R GG WA S I B R, ORAE 12 2 v DA 0 2
TORE AT DUIE o Bt it 5 . ORAE AR ISR MENNR B BEAT PRAS A0 2P0, BReJm, BT TN B3 AT DL SRR AT 7 A4 ik
e 2N R PP B B 2R Gt IR ST, O BT R IR L L
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