202145 3 4
®a2E M2

Journal of Zhengzhou University ( Engineering Science)

K K 2R (T % W) Mar. 2021

Vol. 42 No.2

XEHS:1671-6833(2021)02-0061-06

ETERRIZENEF BHEETE

wh R 5, I IE,

R, TR

(et TR {5 Bk 5 H RSB, bt 100029)

i E: ARAGAMREENIEY S THEXEAFETAERSE TR, FREEBGOELERT
AMRE BEECLARAE, BE ARG LIERSESEBETELEIES QDG L0 X8, A
ABBERAEFOHIELHS BB AR BT —HRSE GRS B S L F & APRMT (automatic
program repair method based on template mining) , APRMT i@l it £ W] IE Bl IR £ 6 B2 &P eik 5,12
B 15 TR Y A IR B AR T B e R A AR B KA R R AR K R ek R AT TR T B s e 15 A2
N

VIS AR AR B R T AT B SIS AL,

Hy B iE 9% 7 ik 09 A M, APRMT 4t 3 4 A~ JF R R A 347

SR EREAWAPRMT R A S AT 26 M8, FHHA LB OE LA A 3.1 mn, TR,
APRMT #e & & 420 18] M1 A 2 S R 5814 , RIBF A S LR AR E,

SR A A, B, B5; BB, £k
HESEE: TP311.5 XERARERD: A

0 35

¥ Hsh g 2 B 7e A AR 7 AHOCAE 2, % &
Aok R AT ASNE S . B A -5 I
ARG TR R AR Y — Pl AR Y B 3B B 5,
B B AR BEAT B 0, AR R — A T AR
J 38 3 AT I ), 4 UE AN TR IR P . Gen-
Prog" "' e L3R Y 9 A B-06 AT T, i A AR
KA BUE AR T LA URN T, 45 & 35t 4% B R 530k b
1R 7 JEE R R JBCEE P B b T AR — AR, I
b ST I3 ) 4 A — AN T R IE B P AR
T, 3 7 8 o A I 491 3 2o 5 45 A OG , &
FEANT BRI o A I ), B IR AR
HUwZEM R T GenProg BB X AL C
FLJF , Martinez 25 #2117 jGenProg 3%t GenProg
AP RS T X Java FEF R A BB R . AHE
F GenProg, Kim %% $ H 7 — P i 5 bt #1418 &K
SRk A AN T Y U 2 RSRepair, 1% J5 125 UK R
FHIE I BE A AR S b T A B, (H HAB SO S st %
AL R AR ] . AR, MR AR T B e & 4
A T ED A OB B AE B 48 T, AR b T AL
R Z B B Horh T 5 PR AR R SCAH

5 5 B #5:2020-11-22; 83T B #1:2020-12-28
BE2UE :HRARP2 T (61672085)

doi:10. 13705/j.issn.1671-6833. 2021.02. 009

A & ERBORAE

AFF Bk, TR R T A e 2
75 ¥k AT Dy S48 52 A U8 v AR I S B R G 8
R MBS E B R AR R, B4 5 R
PR H B . L2 kA AN T 5 TR R P 1
SCHA B R R AHRIE, v R TR T A B R R R
Jo AR BFSE N B T 248 B BRI i
M A S AR JF B B BB B BN : Lin 21
M StackOverflow [8] 2215 B i A, 32 1 —FP RE T &
SRR AZ B (9 77 s SOFIX, #R T, SOFIX 7 4% 48
&5 A5 BN, RXME AR B 47 78 5 1 sk 22, &
MR A 1B E R AE, B4, SOFIX 7848 &K &
SRR R SR FHASCES S s 52 iR P B sh s 42, Sl
FEF A e 2 AR A . Le 280 48— A
i g R B R RSB R B Ry Ik
Historical Fix , {H 1% 45 52 155 A 76 16 52 850 ik FURLEE I
FEAE SR PR o Xuan 251048 H — Bl i 1) 4% 18 35 4
16 S AR 7 48 19 77 1 Nopol , 1% 7 ¥E AL S 7 if 2%
PRIE A SR G B &

1 R 438 RN, B 8 A2 B2 i VR R
MHEE AR BT IRA N, 20 TBEE L TN
A S, B EUZ I B RN S A . A,

BAEIEE LR (1990— ), 2, AL NN, JE st AL D24 00 38 0 5, 22 M 0 U F 52, E-mail: wangww @

mail.buct.edu.cn,



62 SN s | S QU )

2021 4

BA W IER 2 %008 AR AZ 4 07 14, X T gy
F) B S A58 M X i e AT 18 2 R 45 R IR
Jiitke

R, ASCHR T — Mgt iy A shig 2
J7 ¥k APRMT G045 12 52 M AR (1) 42 4l 11 3 T8 52 5
W7 A s = PR . B MOR UL, APRMT i
Ao TE DU DC SR U 9 B A8 AR B P i R AR B
P 5 B T S 50 20 M 48 A2 05 B AR 3 iR
T A 58 B BB BSCER A, O 0 R 4 sl 4 DA £ B o
KT BB BB BN A AR A i R L
APRMT AR 45 ik g AURD A 1 K 2R Y, R H d 3T Fe A+
OR824 T AR R T AR DA A2 AR L il R
T A AN T 5 A T S22 S R B ) R A T
FeJy A B A 42w 7B A0R

1 APRMT & £ &R R4z iR

1.1 BEFREBEESEENKINKETLIE

APRMT J57 & B £ M. StackOverflow [A] 2% Xt [
BIF B EE LIz ImE E ik, 8 RPN A )
(35 RS T AN NI CH = O /A I LR/
StackOverflow [A] 2 X} i $2 BURE )7 R B B 5 B,
DL KT AR S0 A B, R e S A5 A 4% 4 2
Fea o

StackOverflow [A] %X rh g2 44t 1 K& 5¢ TR 7
&2 WA BAE B, BIARAD X <bug, fixed >, H h
bug 7~ & A BLRE AR B fixed 7R H GG &
S E AR B, {H U FE StackOverflow 1, — 4
bug fRHS B nl BE A7 76 2 B fixed 065 B AE b HAB
BEEE . TR ] BE AR IE Y B AR B Y — B
PE, E S BACAS XS I, 07 £ B3 X bug AU B Bk
/NI fixed FORS B o

R IS SR AZ R A Sk >R ) APRMT
D7 AR X 2 A7 T AL L ST AE A OE ) 3R Ak X
TH B ) 22 A A X0 v 9 T HIAR L, 3 e AR X A B
JE LR A AR 5 SR 05 L ok APRMT 38 AR 65 %)
PP B A AR DL R B2, O )R AT B 8 HOAH ARL R
e (R AR X A Sy 5 A8 M 42 4 1) R Al . AR HEAT AR
AR BLRE T 5 ), TR-IDF 553k n] S AQ RS rp 4k
LA BRI I T A8 e Y AR, R L 4 SCAR DG E AH 8L
JE T R A T AR AR AL
I, AR SC ik L TF-IDF B30 3k 31 550 A 18 22 [a] %) AH {8l
B,
1.2 EEERZHE

B2 A5 B B BRI Pl Ak 3R A6 A2 A A 472 i 11 2
filho PRI, AR 755 T ) R AR X <bug , fixed >, 4

HUM bug % fixed {918 8T 51, IF R A 22 5 1 &
BEREEEEEGENIE L., EER L,
X R) AL A& B B BEAT RO A AR B A
B .

fRAG X <bug, fixed > 14 18 27 51 42 BOR H il
LB R 25 R MR I T B Gumtree ™ 281, {H
T HAREA R B 25 5 a5 2 A — A7 B 1
o B, A M bug A5 B 3 fixed £XAS BZ (14 4% 2
JPH 2 AE 7] — AN A2 A8F AT B Bh B AR,
Gumtree JG 5 3K BUE % B 8h #8 4F 5 45 18 50T 91 2
Xif — B B4 04 B8 3D M BR B4 A, Gumtree 2344
FEABIAE 53 R X 25 A1 s DB SRR S 14
& By 31 1R 2 2= 1k

Shy B R AR B B M B M, APRMIT 78 32 &
BT H A AR 58 G % RS X <bug, fixed >y 22
S AT R AR X P R ) 22 S 5 gk
1568 | I X 7 S QIR I AR AT R A 3K
w7 E AR Gumtree [ .

FEAR LR AT 58 848 52 1 AR B A& BT 81
Jei o ok AT K ) 40 3t 1 06 407 B R A7 U 4 2 B
SEHE GBI . APRMT 28 T 11 ME R
MR, 25 B AR 119 24 Bk B X R AR 3V T R a5k 1
iR
1.3 #mEHFIRIETE

16 TSR I Xof il G2 08 TR A (48 B A 3, AL 4
B BB (update ) M B (delete) (#% 3l (move)
DL B A (insert) S5 #4F o B MR 45 45 70 R X R T
FRIT BB 1 Sl p 25 A0 5 H AR g 2 2880 B L I 4
FRERVE M BRVE X G2 e s R 20, il ingk 1
1406 52 B A% 48, B RE 5P varl AT var2 O
ZAE AR Y BAR AR AE T 2, Joh varl SRR GG
BARARAETC R, var2 o8 BB RERAE TR . A
SCEER A8 AR P IX 2 SRR R AR T 2 2
JE—E T AEER 15 3 5 AR — KR EROR
M1 AT LU 8 SRR AR #5036 28 A
FEAS R OB 7k AR RIS e T OTRER

APRMT X A58 A 45 4 o0 K 19 {1 3 5t i T L)
T 2 B OFE & 52 7 B ok T 5 Gl g A 28 A
L5t B AR 5 VR 6 28 1 A RLEE A BSOS AR Tt ; @ 7E
ia M B B B R B Ba B, R H bR A AR
YETCR NBFE R Y 8 R G AIEEE R, 786k
BIrAsEE .

2 APRMT iEF BH3NEE

TEFZ A 11 A8 =B 1 B Al b, AR SCH



552

R, % T RAUZ IR T A s B 207k 63

x1 EENEERR
Table 1 Mined repair template
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75 o B update (varl) at (pos) to (var2) var
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Figure 1 Template-based program automatic repair framework
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Table 3 Repair results of different repair tools

% 4 APRMT 5 jGenProg fy %Lt SR8 45 B
Table 4 Results of the APRMT vs. jGenProg.
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Automatic Program Repair Method Based on Template Mining

HAN Junxuan, SUN Weifeng, ZHAO Ruilian, WANG Weiwei

(School of Information Science and Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract; In the process of program repair template mining, due to the noise interference in the historical
repair information, the availability of the mined repair template was not strong, and the program repair effect is
not good. In order to improve the efficiency of automatic repair. It was an important method use repair tem-
plates to repair the program. Therefore, from the perspective of repair template mining and automatic program
repair, an improved program automatic repair method is proposed, called APRMT (automatic program repair
method based on template mining). APRMT can eliminate the noise of repair information through regular matc-
hing, and the accuracy of repair information. According to the location and type of the program defect code to
search and repair the information of the defect, the most recent strategy was proposed, which could efficiently
use the repair template to repair the program defect. In order to verify the effectiveness of this method, APRMT
experimented on 4 open source projects, and the experimental results showed that APRMT successfully fixed
26 defects, with an average time of 3. 1 minutes per defect. It can be seen that APRMT can fix more program
defects in a shorter time, and therefore improved the effect and efficiency of automatic program repaired.

Key words: automatic repair; template; program; defect; mining



