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Patch Validation Approach Combining Doc2Vec and BERT Embedding Technologies
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School of Computer Science and Technology,China University of Mining and Technology,Xuzhou, Jiangsu 221116, China
Abstract Automatic program repair is a research hotspot in recent years and has made some progress. Most of the existing auto-
matic program repair methods use the test suite to validate patch correctness. However, using the test suite to validate a large
number of candidate patches will not only bring huge costs,but also lead to the overfitting problem of patches. Therefore,how to
improve the efficiency of patch validation and effectively validate patch correctness has become an urgent problem. In order to re-
duce the cost and improve the patch accuracy, this paper proposes an approach combining two embedding techniques to validate
patch correctness. Firstly, this approach uses Doc2Vec model to calculate the similarity between the patch and the error code,then
it uses the classifier based on BERT model to filter out the error patches from the patches screened by the similarity. To evaluate
the effectiveness of this approach,experiments are carried out based on five open source Java benchmarks. Experimental results

show that this approach can effectively validate patch correctness and improve the efficiency of patch validation.

Keywords Automatic program repair,Patch validation,Code similarity, Embedding technology
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LW S, ZEKA SO R F B E L HE SimFix",
AVATARM!, FixMiner"'™ , TBar"™ DA & jKali™'® £ ol i #h T
A LSRR A SO Y I vk T DL I8 AR i R AN T
IFEBEES AN T AR 8 R,

AT FEE TR SR T — Rh A5 S PR A B AR SR PE AL
AT IEFPERITE . SR ABARM I, A XS A T 7EIR
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98 SRR 2R 6 TR il G il W 1Y R R B BB B SN P 1
Lyl N e R W L DS K N TR (VR 3R SN (R =)
LAY 5 % . FixMiner™ ™ J& —Fi B8 4% 48 0 v & I H & S
A AR 8 A ) A 2 73 ke U0 AR LB i, S R B L i 5 s T LA
A ORI FH a4 T A R A S o 1 1 A
KHERI AGHEE TRPRRAREZ LT, Lio
GO T R R X AT 2 5 VAN A S A
SR T R T OH TBar, TBar #2456 o] 58 15 &) 09 4 52 185 7% &)
BT EEREEE G, SHA I EML, B 3 Fdk
TR 1497 15 7T LU 52 8 £ B0 1 AR

PRI o A SORE R s LRl T B A iR & BN T 8 & ok e
UEAS SCOT ¥ A B
2.2 iAHRNER

1 25 T 2% i N 2 ) T 28 1) B 3RO 8 B BE Y J7 15 T R
AR A TE B A% BB i B S N . 7E B ORE AL
(Natural Language Processing, NLP) /1, {d g A £ R 7] H F
W HARARRAE 2 3, Hovh 48] v i SR R) S 1 A A B AR
dE 75 [A) AP ORY S W i, 41 Word2Vec™™, Doc2Vec™! Fil
BERT™" & # 18 2y b 57 FH K [6] (4 5 SCAH SGAT 55
2.2.1 Doc2Vec

Word2Vec ™ DL 58 4 6 Wi B 1 5 2 M Ay A 14 4 SCAR op 2
> SRR BRI A i — 2R R TR P IR O AR AE ) 4
Word2Vec fiff HI P i 28 ) 45 B 1Y, 43 5] 2 3% 22 1] 4% (Conti-
nuous Bag-of-Word, CBOW) # % I Skip-gram # %, H v,
CBOW A1V AR 4 | 3C 10000 24 i 247 , 1 Skip-gram 5%
AT Y B 3R] Y AH 4B B3], Doc2 Vet & # 57 fE
Word2Vec B:fitli b 9 JH] T Y5 AT 25 4 BE 19 SCRY Y m) 4 75 1Y
AL B B P o 22 T 2 AR A B B9 1) e 1Y 23 A 2T 12
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Fig. 1 Two neural network models of Doc2Vec
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55 AN AR 2 Y R — A BRI TS U S A Y 12
JZ BERT 80 5 — R0 i 7 — A B2k 2= 1 T 00 26 5
Wbl i R AE Ay 28R AN VISR BOHE R U 2 Ar Y
BERT #5 8 LA K R I 5 11 43 26 % 2 AR 48 45 1 /0] - X 43 AT
AT N2
3.5 #hTIRIE

X — B Bow el I 2R 47 1) Doc2Vee BT 1H5 [ 3 72
oA 5 T AR R A T AR 5 4 R AR B i A 5% AR L4
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A Y R R AR AN T AR XS 4328 # 48E H Doc2 Vec #5281 Bk %
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4 LIf

ARSI B AT N 64 £ Windows 5 Linux R 45,4
A~ 2.20GHz 1Y Intel(R) Xeon(R) Gold 5120 CPU,24 GB ¥
N ATE,1 4 GeForce RTX 2080 Ti GPU, %i i ¥ 55 4 Py-
thon3,

4.1 HiEK
F 15 H T IR Doc2Vece BB Y 5 4> Java Sk 4
Bears®, Bugs. jar®*, Defects4]"'%, ManySStubBs4]*"!,
QuixBugs™" DA K PPk AR A B Y Liu 5507 A2 g #h T 48
G IR T AN BEREE ST EH .
F1 SEIEECT M THHE

Table 1 Number of patches contained in each dataset
Subjects Correct Incorrect Labelled Total
patches patches datasets
Bears 251 0 — 251
Bugs. jar 1158 0 — 1158
Defectsd] 864 0 — 864
ManySStubBsdj 34051 0 — 34051
QuixBugs 40 0 — 40
Liu et al. 125 474 Yes 599
Total 36489 474 — 36963

A SCAE T Quora [A) U K 45 4R 5 X BERT B8 1) &) T
XEor 07k AT O . X — BN T Quora ¥ & LAY
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N TR ARSI AT PR A SR T LR LA 48 R 6 52

g AT 0 hT
TP Y\
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FYIE A #b T 40kt s TN 27 HE iR 1500 19 5 B 40 T $ii s FP 3%
RFE TN A A AN TR . TS i R+ R I E A A T 1Y
Al F, SRR AR R IE B R T A 22 0k T B0 O 1E B b
T3 R— it uE S DA T 00 [0 38, IR A Y S DA T P Bk
b UE RN TR P O i A, R i A B U O TE kb T L
FLIE S IEAAN T AME A, 3 LA B 1 (9 (R85 SR IR AT .
4.3 EWigit

Y B R A SR Y 2B T iR A RSB 36 TIE b T IR B
T5 1 A RO S AR SCER M T PN 5 () R

RQL: 454G T WA~ AR R J7 125 58 75 A7 280 b 18 455 1F i
AT IR IEHEBRAN T 2

RQ2: i A SCI T ¥6 B A5 32 &5 A S A2 ¥ & 52 T B2
B9 BAD T A5 i AN T IE 6 220

H T BB LL WA R, A SCA P J7 T AT IR . H
Sefli ] Liu S8 00 T 48 & 3P Al A SCO7 1 19 PR g L OF 5 B 4
R RO BEAT LB SRR R B0 0E 5 AR Y A g B E T
HAERAANT . UGB, Doc2 Vec #5 BI 4 3] 7] 5 K /NN
200, epoch 24 500, T Devlin %5120 ) 42 45 32 B, BERT # #4 ()
K/ (Batch_size) % 32, epoch & B A 3 & N HAH, (HH
TER B FR ] . 5256 H 1% B Batch_size 4 16,1 XF T epoch., H 4%
ZJE R HBOh 2 AR 3, B2 2 R E R 21077,
4.4 IWERSHN
4.4.1 BREAFAHALE

TR RQL, A SCHE Lin 071 15 A~ [ sh P B &



W OFL A 458 Doc2Vece 1 BERT i A B AR B AN T 38 1E Ty 12

87

THEA R TES BHT T, ROTEAT RS 1555
WAl T Doc2Vee #i5) \BERT # R DL e AR SCH7 2%, BV &5 AH 45
AR IR S RO AT TR, BT A R b
X% F Doc2Vec #5271, 52 56 o 39 15 (9 AH {0 P 9 {5 J2& T~ 1Y 43
PEF M T ARSI B, % 3] BERT B8 5 8 45 R 40 T /0 B
18R PR K 25 A TR 1 R AR IR b S o O R e E A b
T o FETPEERE T 6 A BIE R 5 E A SO R A R, S
iR 2 Fral, MEh 0.1 B, R Fl {Hfm . B RA
AT Re M A 0. 1,
# 2 BERT M BIMH
Table 2 Threshold of BERT

Threshold R+ R— P F1
0.6 0.4377 0.6513 0.6967 0.5376
0.5 0.4534 0.6396 0.5495 0.5495
0.4 0.4639 0.6264 0.6944 0.5559
0.3 0.4314 0.5730 0.6498 0.5270
0.2 0.4785 0.5423 0.6576 0.5556
0.1 0.5466 0.4731 0.6558 0.5972

M 3 AT LA Doc2 Vee BRI IE§ #h T 19 73 [0] A 12
3P EE RS T 0. 7717 AH R SR A IR AN TR 4 0 2
HHEA 0.2893, LW Doc2 Ve 58 2153k #5 15= %0 T /9 e 1 + 43
A R BERT A4 73 26 45 ) 68 S A 2 b i s iR AR T, (ER R
BB IERR AN T BORE BT A IEB AN T /9 — 2P SRTF A L, B
SRARSCTr B 45 B R B AS 2 05 5 1 o B 0k b T T80 A A
BLBAS L  AALRE U 0 23 1E B R Tt R 5 U 4 K ik 4 R
AT T LA A AR AR 22 L S T DA [ RQ,
RIAR SC 7 ¥R T LAAT 2 i 2% AE W b T O B R RN T

#* 3 IR T A

Table 3 Results of filtering incorrect patches
Model R+ R— P F1
Doc2Vec 0.7717 0.2893 0.6652 0.7145
BERT 0.4042 0.6654 0.6892 0.5096
Doc2Vec+ BERT 0.546 6 0.4731 0.6558 0.5972

4.4.2 BESE T AAERGEEATEE

EATH SimFix THARMAEHATESTHELZHT
Fod IR ARSI RN I EHZ RS B AR s R SR 4 B
S, R4 FCP RIRIEHAN T A # 1P RN R4 T A
B 22— A RERN o/, Kb o HAMBE THAE
BN T8 E kA R,y S R AR SOOI B R 19 B A A
THCH s R

F4 FEBE THATES LITMmLER

Table 4 Evaluation results on patches of tools

Datasets #CP #IP P R+ R— topl0
0.3582/
SimFix 24/17  43/34 ’ 0.7083  0.4419 7
0.4146
0.3333/
AVATAR  21/16  42/24 0.7619  0.4286 3
0.4000
o 0.3684/ _
FixMiner 14/10  24/12 0.7143 0.5000 4
0.4545
0.3291/
TBar 26/18  53/27 0.6923  0.4906 3
0.4000
R 0.2400/
jKali 6/2 19/2 0.3333 0.8947 2
0.5000

M 4 H] UIE B AR 7R SimFix T B4 LAY A B 4h
THEAMRBEF N T A B AR T 0. 7083, A A i 2& 45
44.19% M FE R A T, W0 32 A0 Lh IR ok 9 35, 820 i i &2
41.46% . Z5HRF Y, A SO A LIRS SimFix T H A i
AT HEA P T IE# 3, FA, X T AVATAR,
FixMiner P & TBar iX 3 NMEE T HA MM A A THEE,
AR T LRI 65 %680 %0 (14 1E B &b T, [A) B AT DA 5 g b
40 %650 Yo B 1R AN T, AR R B AR A 82 . X T jKali 4
B A AN TS A BUN A E B0 AN T A 1/3, T b U8 451 14 45
BRAM T 3k 89. 47 %, H B J& 1% T H AR 09 1 8 4 T 3 2>,
ER R AIG FAR SO VR 5 MERR N 24 4R TR T 50%.
BN, 4 F Defectsd] ZedESE A A9 Chart 30 H H G B FE Chart-
25, SimFix A B T — N5 3R b T i A% 307 36 0K F0 R 5
FEIRAN T I AT T 2L U

ZJE S FATE M Doc2 Vee AT F 1 AL 5 BERT 4
FAHAF B 43 25 P R AR HE )P SimFix T B A L & 38
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