A4 4R ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn
Journal of Software,2017,28(6):1418—1434 [doi: 10.13328/j.cnki.jos.005225] http://www.jos.org.cn
O R Bt AT 58 BT RB BT A5 Tel: +86-10-62562563

HF @R THRBIESEBHIE
% %—21,2 f(ljf{?%l’2, I%t\ ++23 FATE\ %45 ; ﬁm

N y

Ol R B R S AL R T 510006)
(EFRBFEFE TSGR0, A M 510006)
SRk SEHEBORBITTLL) A M 510006)

AR 5 BARRERARE B WA AE R 100871)
SR AT AT AR S0E 4B 9056 = (bt K %), 4650 100871)
W HAEE: BRWME, E-mail: chenxp8@mail.sysu.edu.cn

H E HHRBARIRARETZOHMAEIHIEZ — ) 2 A THAAET SRR 5 TA5 LR
REGBEIEAEE A Z Rt K3 E . B RADZ 6938 o g 38 Ao, kkifkééié%é’v ST EIGRA B R R P AR S
IS R (RAER)VAR A T TR S BT AT 6R M 23 09 R (FE X AR R ), B 5 4 BY X AD IR S BB AR 2
MB35 BRI RATIBA M6 2 R AR —FF T AUE 3 3] 0 KA KRB 7 ik, 47% R P o KR A A
R E AR (BP KA AR AR R AR MR IR AT A T A 49 IR AR P AR | B AR AR R R E R 0 KA
ESAAHAEE LR RENAZ T R PR R RGO RAERD]T 7% H T A LA AHEHEMRR, &ﬁ]
KAEEAZT 8- T R AR B T MR 348 9% B F IR 5T KA 69 3 E An BB

KEER:  RADE B RABAE I R R ADAR S LSS 5 3] 5T HI A4 4E

hEESES: TP31L

I AR A R 0 A B R, AR DG R, B SR AR T DG B ) I AR 41 S B A Al 1 g U A A7 4R ,2017,28(6):
1418-1434. http://www.jos.org.cn/1000-9825/5225 .htm

B 5| F#%30: Huang Y, Liu ZY, Chen XP, Xiong YF, Luo XN. Auxiliary method for code commit comprehension based on
core-class identification. Ruan Jian Xue Bao/Journal of Software, 2017,28(6):1418—1434 (in Chinese). http://www.jos.org.cn/
1000-9825/5225.htm

Auxiliary Method for Code Commit Comprehension Based on Core-Class Identification

HUANG Yuan'?, LIU Zhi-Yong'?, CHEN Xiang-Ping®’, XIONG Ying-Fei*, LUO Xiao-Nan'?

'(School of Data and Computer Science, Sun Yat-Sen University, Guangzhou 510006, China)

*(National Engineering Research Center of Digital Life, Guangzhou 510006, China)

3(Institute of Advanced Technology, Sun Yat-Sen University, Guangzhou 510006, China)

*(Software Engineering Institute, School of Electronics Engineering and Computer Science, Peking University, Beijing 100871, China)
’(Key Laboratory of High Confidence Software Technologies of Ministry of Education (Peking University), Beijing 100871, China)

« JELTH: NSFC-J RS 24 (U1201252); [E 5K & AL RI(2016YFB1000101); [ 5% H AR Bl 24 55 42 (61672545, 61672045);
IR BHL T R1(2015B040403005)

Foundation item: NSFC-Guangdong Joint Fund (U1201252); National Key Research and Development Program of China
(2016YFB1000101); National Natural Science Foundation of China Science and Technology (61672545, 61672045); Science and
Technology Planning Project of Guangdong Province (2015B040403005)

R ) 2016-07-28; & ek i) 2016-10-11; SR HI B ): 2016-12-22; jos 7% Hi B 1): 2017-02-20

CNKI M 284056 i fi: 2017-02-20 15:14:50, http://www.cnki.net/kems/detail/11.2560.TP.20170220.1514.034.html



FFE AT AMEN TR IR Tk 1419

Abstract: Code commit is one of the most important software evolution data, and it is widely used in the software review and code
comprehension. A commit involving multiple modified classes and code makes the review of code changes difficult. By analyzing a large
amount of commit data, this study discovers that identifying the core modified classes in a commit can speed up commit review for
developers. Inspired by the effectiveness of machine learning techniques in classification, the paper models the core class identification as
a binary classification problem (i.e., core and non-core) and proposes discriminative features from a large number of commits to
characterize the core modified classes. The experiments results show that the proposed approach achieves 87% accuracy, and using core
class in commit review provides significant improvement than the ones without core class.

Key words: code change; code change comprehension; code commit; machine learning; discriminative feature

Bt A 905 A0 S G B 1 R R R R R b A TR RO . S SR R ) TR A SR A9 TR R
4 Sourceforge HGHE A % T 430 000 A TFUFILH 550 1 TFU5ECAE B0 32 B BRI AR B A5 2 1 2 i )
SO 1 AN W 185 4 B0 RRAR A 3L AR A 2 I FH 3 U5 A P AR A B 3 A8 75 T U5 AP 8 Ut R B b 8 T
AR AR S ol sy ARSI IR R 2 BLACH P B s 46 3 e 1R e 4 s

AT ACID R A (commuit) e 5 35 2 1 8RR WA YE A0 B8040 2 — 40032 N FH - 1 i 2 R B Ao b AR SR AT
T FF R A0 T ARE AR 5T R R 1) — SO T I RN B BT A A AR 0 K I A TR RN B ()
B 5 — 7 T B A A T A N B PR T BT 0N B T RN SR A A R ZE R A O 1R 3 AR RS AR A A SO BE R K
828, W R & 4 BUE 2 MR AR ALE M 2 418 0, N L& G IF B AL 08 4, & A 2 i 2 Jy 1l
123 A SO S TP SRR 03 T B B 24 345 B0 (1IN TE) 25 AR A 4 N SIACTE R AT

KB T BFE P 0 BAR AR P ARDE R AL . R TR ILE — IR A 2 MBI 2 A A R 2R LA
XS o AR AP — AN ECE 2 N OB S 2, R T R R AT A A S R AT T A
KL AN T SRR % OGSO NG AN JEAT WOBAE 30 1 28 b A2 OB ) 284N T AR IR AT I 8
DS DX 5, A2 G 0 AR A6 A 11 = TBE R 5 AR SRR Ay S B 2085 1 42 A8 Hh TR S8 AT S Mk el 1 28 S FE G B 3.

DHE A7 AR, AT LLIE sk bEO6) — IR B A8 T i 48 0 1) 2R R A2 1¥133 B¢ (commit message) g H . FRATTX 120 A0
H 3t 10 7 4 RIS $E A1 B AT T 0 M, R I 10% AR AL B A8 1 B 4 21— AN 3 2 AN 28R T IF A A2
328 T A 8 0 T K 28 3K AN LU IR Tz A FH FARAB 4R A AH DG S 3 M I H - jHotDraw 1 jMemorize Wik H| T
20% A B 7RI S AT v R v B B B A AR R I E I OB  T AR R 2R R B X S OB R T AN S AN B
SR e, 1 B 281 S AN ASK A PRI H jHotDraw Fil jMemorize 45 SR 2 A R (0T 5% (192 T 2
R B PSR B0 AR AR IR AT M OGBS,

C()ll)plit meaasge: SimpleXmlIO allows to C,Ollfmit meaasge: fixed layout bug in Commit meaasge: APT: TK reverse(List).
provide an IdFactory. VariableGridLayout.
changed .../FigureFactory java changed .../VariableGridLayout.java changed .../ListActionsLayerUI java
changed .../SimpleXmlIO.java changed  .../ActionSet java changed .../TK java
changed  .../GrapherApplicationView java changed .../TODO.txt changed  .../NavigationUtils java

changed .../PluginJAR java
Commit meaasge: Move fountain of youth changed .../VariableGridLayout.java Commit meaasge: Improved SaveLegendPlugIn
message to EmigrationPanel. changed .../ManagePanel java by adding file ending ".png"

changed .../jEdit.java
changed .../EmigrationPanel java changed  .../View java changed .../SaveLegendPlugIn java
changed .../Canvas.java changed  .../SearchBar.java changed .../OpenJumpConfiguration.java
changed .../InGameInputHandler.java changed .../SaveDatasetsPlugIn java

Fig.1 Examples of commits consisting of core class and non-core classes
SRR IP S EEE S 2N
Bl 2 gevk 7 AESR AT R Tt OC B 2R A5 B AR AT b4 55§28 vh 352 5 R 1) S Bt 2 T ) G AR AT LU B0 B
FEARAT T R W A S B G 0 R AT R v 4 S B DA R R B A B A A Bt At R i, 2 B A B2 S
(K S 5k 2 I, 2 A 11 LA e S A 8 e Oy 1A N B S ) PR A R AT R P DA 2 B 2 M 4t DG BRER AR
LA SRS B A5G B 20T T B AR A AT A FE AR L D D B RS R RE W 5] 5 SR Y B T AR D B
I 22 HE B BRI ACHS B B2 MU, BT AR 256 AR 1 A 5 5 IR B AT R A NN 17 SR B DA L AR SR 52 56
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Fig.2 Percentage of commit message containing core class information
B2 JRATHE R b o H OGBESR I R AU AR L 24

SR, IF AN PTA I3RS R AR 20 T OGBS iy v adt 00 35 GBI L M B A0 R Ly T 4R AR 1Y
10% 247, 30N BB ACTERE I AL 5 S B AR G TR I, 2 30% K5 ASVE AR IF AN B AR AT A 25 0 SR e X I 26 AT
B 7R 50 B I 5 5, 0 AR A 25 R R P D LA R85 () 1A 2 T O (9 AR AR St — A T L 27
ST RSN 7 ii——ICC(identifying core-class). H1 T~ SCHE I (K RN K BRAFE b 26, Tk @IELL &
EATTZ IR B 23 5% 2R M LIRS L BB UM H R AT (9 TR D22 PRI 17 DK 10 s A R ) AR AR 4R A AR
SN LR 57 S SRR O T R A 0 KU R A FRATTIR 5 VR 2 1A B PR Lt o 20 SR S DL B e SR B 2R 1
A 1) BUAT LAAE N — A 0 SR S 4 B L I R 2 2 A A 0 SRR B R R S ST AL i) R 0 2K
ORBE I BE) 2 1 ¥ WS FL AR 0, BATT IR T vk AR AT A v i 28 M PR 1 U B B AR A8 A B A D vl
AR I, FH R BE B 2RI G B 'k 2 15 S 2 TRV IR R PR 5 A S 1) 17 I S A )T i A (1 5 28 1 K 3R A
18 AR ST 17 28 S A A IR AT v 1A ST R B e SR SR A O M BRAE 250 AT M Y K AR TR rh e 3
(17 B A A YNGR A RN 5 73 SR I R 0 (1 7 AR 1 2 3 A v s A S 10 B A (R e DAy SR B
EFS/ )

BATEZ A BRI AR T SCH 3R K 575 5096 45 RAR (1) 1CC HIE SRBER T IR I ER G R R Ik 2 T
87%;(2) AHELTIT RN A AR B AT AL 1CC AT R N 53 PR AR AT (K U5 95 AE R ME R R LA B2
PR AT TTHRAT P A 50, B TR S B S K T S ) AR AL, XA A5 L P BB DG B 2K Bk AT g LU B T
B OCRISHE VP LA

BTN QIR S B 2 WM AE B 3N B 4~5 TSI BRI A5 R I A 8 5
6 TN AR ARS8 7 5 B A MK TAE.

1 EAR#EE

ARSCE SR T AR A [ 52 S XA FE AT A AL O B B SRR A OB TR 2, 0 ST SRR ANl ok
G

E X 1(3832 (commit, FEFR Cm)). & XN -LICU (n,a,d,m,S,KN),H n HIRATA S 0 IR E,d IR
A H S, m R R RS AR A Z M I R K R R EREES N AR R S L KeS.NCS.

TEX 2(F(class, B C)). & NS ILAL(k,i,0,Lmme), Forf ke bRoR T 2 RT 20275 b 55 9 N %2k
TEAR R IRAZ V6 1 P 51 R AR I B0 B RE 3R S8 AR A IR B AS Vi [ P9 A A 2 5 | R B R 28 mh 2 348
SO AR AT B it m S 28 rh 5 3 E me Ry T S AE SUR W 1 T VAR

EX I(RBESIEXBRESEN)). KBRS P OB SN IR N T 58 SOOI E
U HEAT MO 2508l (R 28— IR AT TP AT BEAF A 20 A OGS 28 (B AR OB ), 1 AT BE AN 7 G BE DS (B Ak R B 2).
(A i, K=, | K| = 0,NSS,|N| = 0.35 /2. KUN=SAKNN=(.
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2 KRBEHAE

2.1 HHERER
RGN AT NFEASFFR IR IE B0 2 AT 3 AR — JEERIN T 21 PREAE 3K SORp 1iE O AR R &
AE ARTEAE SR AT LA B 3 A8 S BURRAE T 6 445 U0 W B RR A 4 3 L6 1 Rl R 2.
Table 1 List of notations
=1 f5UH
(Sies TN g
Leurr Tur=C.i E LIP3
Tnax Inay=max{Cj.i},| <j<|[S] METHRAL T T R I RN
1|
Love ’ﬂve=zc,,~i/|5| HTHR A T RPN
j=1
Lero Lere=boolean(l.,,,==0) MHIRIANERZT A 0
Ocurr Ouur=C.0 T IEI R
Onmax Omax=max{C.0},1 <j<|S]| TR A R ITAT 2 A TR R K HE
S|
Ouve O =ZC_,-~0/|S\ HTHR A BT 28T I L
Jj=1
Ozero O.eri=boolean(0 ., ==0) MHTRIE TR 0
Seurr Seurn=C.1 ELIES Bk OF 313
Shmax Smax=max{C;.l},1 <j<|S| TR A BT 2R s B 2 1 ) 4R B
S|
Save SW=ZCJ-~1/|S| RS AS TR 2P S B ) 5L
=1
M ethincia Miethineta=C.m BB PR
Moo ... M changedmethineta=C.mc T T G U T R R
15|
Moethincomm Mmezhnurumm = Z Cj m ‘I,| Jﬁﬁ%i EP 7‘3“/{: FKJ /'\3 %{
Jj=1
S| R
M M =2.Cjme TR A I FAE S O R R B A
j=1
new
CCype CC,,, =1change ENIESPICEE TN EEPSE 5 N T ]S
remove
Clorvardengineering - B A IR B 2 75 A I ) AR
Creengineering - TSR AC I AL TR A 1 ) AR
Ceorrectiveengineering - RTHRAC I R AL S Ak TR
Crnanagement — i HE AR SR 75 O JEARABAE S
Table 2 Three types feature
Fz2 3 FPRARE
ES HRHE fii ik
CF, Leurr
. CF, Leurrl Inax
;J;J ﬁ CF; Leurrd Lave
o CF, Ocurr
HAL 1 o Ouurrl O
(;Eouphng CF5 chr/oave
eature) CF, if L..,=true, CF,=1, otherwise, CF,=0
CFy if O..,=true, CFg=1, otherwise, CFg=0
o MF, | 1<8.,,<5, MF\=1;6<S,,,<9, MF=2; 10<S,,,,<19, MF,=3; 20<S,,,,<29, MF\=4; 30<S.,,,, MF=5
i ’;l MF, Seurr/Smax
% ,L MF, Seurr/Save
‘H.{E. 1< Mehangedmethineta <5, MF4=1; 6 < Mpangedmernineta9> MF4=2; 10=< Mcpangedmerhineta <19,
(modifying | MF4 . . _
feature) MF473’ 20<Mchungedmelhm('lagzg» MF474» 30<M¢hangedmelhmclm A/IF4*5
MFs M changedmethinclal Mimethinela
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Table 2 Three types feature (Continued)
R2 3 PRRAURAE(SE)

pen WL g
o MF, M., imethinclal M
N e B
(modifyingfeature) ] ;

MFg if CCppe=new, MF3=0; else if CCy,.=change, MF3=1,; else if CC,,.=remove, MFs=2
TF, if Crorwardengineering=true, TF1=1, otherwise, TF,=0

PeAEkom TF, if Creengineering=true, TF>,=1, otherwise, TF,=0
(commit TF; if Ceorrectiveengineering=true, TF3=1, otherwise, TF3=0
type feature) TF, if Coanagemeni=true, TF4=1, otherwise, TF4=0

cn | 1SS, CL=1; 6<|S|<9, CL=2; 10<|S|< 19, CI,=3; 20<|S|<29, CI,=4; 30<[S|, C,;=5

2,11 ACRE RS G AR AR SR E

MR A A A T A BB LA, 24 AN 2 2 I A7 405 0 R 9 3R I AR A6 31 ) 1 M B0 R A PR RS 2 3
FERE RN 5 — A S I RGOSR 25 50— J5 1HL 3228 o AR S HE IS (1045 oo 8 2 rh DCHBE R 008 2o s I AT 1 BT, O
5 J vl P A6 i) Al DG B 2R A R, LI S0 4 R A 1A X P A R AT AR Sk DGR A Rk
[AVAR W] B8 A7 AE 45 R HE R & DG 2R, FLIPIRR B G 28 10 J a2 i (. DAL b, AT T T A AR AE v 28 5 20 22 ) A7 A 1A R
B G5 P O R R B EDURE IE SR 38 2 248 10 K T AT TR S R i 49 A T R 45 R

LA AE AR J2 A TN B2 55 1 BESRAR 7S — A SR IR G R AR 13 2 i N 3 24 i 20 4R A vp LAt 2 10
OO A 1 B R B A P A SIS B0 K Y BE RN BE 3R] T R 5 SR AR 1 5 1 k.38 2 T, CFy A CFy 9033

FoR— AR NFERH BE.CFy K, 37 i 28 T 4228 o 1) LA R BUM 2, CF, 80K, 3R 7R Mt B 3 A8
o) A 2 I R BB 2 Lo $5IR T 2 BT SRAE VG P9 BT A S R (85 KN, O T3 T 24 7 3228 V8 [
W AT 20 B H B IR, CF, R CFs /2 CFy F CF, WA — K FE 3 CF3 FI CF #5538 T 241 24 N FE R
JEE 55 ER A8 P N BERTH B2 (1) S 38 KSR — AN LU . CF, 36oR 4T 28 RA HEE I N CFs IR 3R R, 38 7 2411
U NS B A Bl I 1 B REE CFi~CFy, iR I 45 M AR A (5 T TR IX 23 B 5 AR D0 g k.
2.1.2  ARREE SRR AR SR EX

AT CF\~CFg F 1t MF~MFg j& WD AE BFIE 5 SR )  DC B 24 b5 Al DG 2 2 T 118) 22 Sk el T G B 28
FE—AHRAT A AR A OB SR G BRI, DG S 28 5 AR DS S AE AR D A8 50 T A7 A 22 5 Mk O R 22 St Wl g A
BUAE 3590 B AE SO AR b AR o 1) 2 5 ] LA S IR FSE b 43 S 995 A& e 19 77 v B sl AR A AT . SRA AU
W R AE B AR B 2 B R IR DG B I, 1T e 2 B & SR A e DR, BRAVTHE SRR AE T i 5N T AR A X 18 1 =
FROAE 2 ) 21 i 4 A S PRl DY, 24 AT 28 A4 RIS AT T2 A0 A P 3 A s s ik T B — K T &=
I e s S WAV E T REAE MF\~MF;.

MF, R {288 B S O AR AT , MF, IR th 8 K AE B ARG AT 25097 8 DX i) e s, Lo 2 SR Y iy K s
T IS ATAREG, W) MF\=3;MF, /& MFy B)JA— 0B 3G ME; 538 T 24151 2890 S AE S i ARADAT 5 3238 H (197 359 7K1 1)
—ANECA  MF, 78 24T 25T BB B0 T VE SR MFs 2R 29 128 TP R A8 o 0 7 3 B 5 % b vk B
1 —N B MFs R a2 i S AG B 5 8 5 22 B 38 b S AB B U v 2 I I LU AR MF; 3R 7R 2 i
Fr i KB BRI T TR B R S R R A A T VR B B TR A AR AR MFg 3 RTS8 e 28 700 16 s 28 T A 45
WL BT MIBRIX 3 R
2.1.3  $RATBARAELRIN

R AR 5 S IA B K H AR A 7], 42 28 b 45 A% 08 ) S8 2570 A [0 400 - LA 338 s e b H b 1) 42
AT, FCAZ o8 SR IS4 e 2 0 8 28 2R 28 TR b, SR R 8 0 4 A — AN B AT I 28 B T DU 2 i 2 AT e o 3
—ANBE /N I REAE 2% 0] P93 R ) 50 A 2 4k 282440 P AR R R A e 11, DL B AR RS BRI 8 — 25 X oy R — 48
FEHE [ e R el Al oG 2.

KR H% T O TAEPI P THAT 43 2 382845 g 4 FhRAL IRy i TRE . 301 TRE . A48 TR AR
AR 5 e 26 TR bt T 925 0 ok R ) B A R R R ) OC i ok e SR A M S A L i R AT RS B R A AT new,
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add create,implement,initial 4555 I 1 T 16 TR JRAT I SC o FE A T 107 0 P 0 4 A 2K 9 1%
' TF\~TF 4 VY 2 AH R IR AR5 A 52 A8 S8 BRUROGS I 1) OB A L 26 3.0 A0 4 48 Th 32 56 W (R 2R IR B0 S A 2
PR, BURFAE C14.
Table 3 Commit types and keywords list
R3I RLHELKE TR

LS T
i =]
i IAh . implement, add, request, new, test, start, include, initial, introduc, create, increas
(forward engineering)

W T optimiz, adjust, update, delet, remov,chang, refactor, replac, modif, (is, are) now,
- enhance, improve, design change, renam, eliminate, duplicat, restrutur, simplify,

(reengineering) obsolete, rearrang, miss, enhance, improv
41| i = ]
'.L{ LEI& . bug, issue, error, correct, proper, deprecate, broke
(corrective engineering)
ARG A& clean, license, merge, release, structure, copyright, documentation, manual, javadoc,
(management) comment, migrat, repository, codereview, polish, upgrade, style, formatting, TODO

2.2 HBRFIEERERMULE
ATCER I SRBER IR T ICC Ak T B A HL 2 27 20 S A7 T B RO ML 2 o1 SR Bl 2 s ] T
A b7 ) SRR D ¥ O A AR R 1 DI R 25 R SR ) S 2 SR TR RN 0% AR S I RS
3] (¥ ASE IR - FOUIU A b 55 TR A 1) i 6 2 18 288 28 S v SR PR R ATL A b 7OV sz 4 5 o 1) S A 2 B ATL AR P
S LA SR AR R T 22 A 55 70 2R 488 B — AN S 9 K 73 28 8, L b RS 55 70 SRES O AT P SRt 22 20 SR AE
WL — A7 4E LT I 25
FENLAS 27 > SRR I HY o A A 10 5T B 56 W M R 0 FE DN 3R 2 — il T JRATT MR AR SR 1 T U5 A i A1t
PR A5 BT 225 K BV 2 22 A5, 5 B0 DR AR AR AR IR FE A HEAT AR PR
B0 TR A AN FRA T e WL 58 KB R A B T A A e i R ).
1) PR S PR R B ORI AT
2)  REPEIEEREAT S T PR A SRR S T I A S R AL
3) bk AW AR IR
4)  HREBHEIL 20 DB KIS LSRR 72 i 2 A 57 SRR AT I M A, T RRCA ST
PE IS AT AFAE 2 A SR8 I, LB o AIE 55 LA B 3 A8 T 28 55 SR 2 IV 5% R AFAE UK 22 5, A
LR FC B 5
5) A UERERAE B R AR A (<3 AN ). BAR XS AR AR B P R T e A R A R TR R
/D R A 5 B2 T8 SIS I AR ME A AR S B K 2l 2 OGBS
6)  REUEIERAE B KR AT (>200 AN L) BEARTE X FE R AT R P B A S R A IR B A T
FEAZ TR 73 DR A48 D50, AN RE 5% H S B SR A SR, AT AR M R TE S A2 VB b H DL AR 2R 44 a2 24 T3 A2
(IPSiSN
CUNFEZAR 2 F8 75 FF A AR o (5] I A7 A5 P AN RFALE 1) 5 58 4 AH R R RE A, Bog T3 b — N REAS Bl AR 13 2 IE AR A
13T 55 Ah— AN REARARTE Ny GOREAS <0 IRAE AR 7 2 (14 5t R ] A 2 DR DA o5 A 40 7 PR WL 2 AN, th v B A A
BRI B IR REA S T BEHUAR AR SR 2 ST A A 70 ARG B TARCK I TR AR5 5 39 3RA DR 3 — 24
W AR AR 7 A T2 DR b 6 200 50 Bk A AR AR F ) IR RE A LA 1.
&% 1. Bad sample optimization algorithm.
1: Input: N: The set of negative samples; P: The set of positive samples;
2 T: Total sample set, T=NUP; C: Total commit set;
3:  Output: new SampleSet; new_CommitSet.
4:  BadSampleOptimization(N,P,T,C):
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5 foreach pseP do

6 foreach nseN do

7: cosineSimilar<—cosine(ps.featureVector,ns featureVector);
8 if cosineSimilar==1 do

9: badSample_Set.add(ps); badSample_Set.add(ns);

10: end if;
11: end foreach

12:  end foreach

13:  if badSample Set!=null do

14: foreach Commit do

15: if Commit.ScbadSample Set do
16: C.remove(Commit);

17: end if

18: end foreach

19: foreach bsebadSample_Set do
20: T.remove(bs);

21: end foreach

22: end if;

23:  new_SampleSet<T; new CommitSet<«C;

24: return new_SampleSet && new_CommitSet;

SE 1R IEREAR POSUREAR Ny BFEARSE T L8 A& C AR N B 0T L I FE A S new SampleSet
A G new_CommitSet AF Jy it A T4 — N IEFEA ps FIFHFEA ns(5 547+ 55 6 47), A 55
Ii] 1 25 (] & f 4R 5% A cosine SRIE & ps 5 ns Z[WWAHUE cosineSimilar(EF 7 47). W ARLEE N 1,004 451 ps
5 ns IMANKREARLES badSample_Set F1 (5 8 4T~35 10 4T); W R badSample_Set A~ 75 (B8 13 47), W%t F R A2
A K W G KR & S 150 badSample_Set {1545 G 0 Lo LK 42 A8 B A AR & IR (GF 14
17~5 18 47), 8% 5 F M B BEAREE T R MR B T badSample_Set HIFEA(EE 19 17~36 21 47). 30, AL I F IR R HT
HIFEARLE new SampleSet FIFEAZHE A new CommitSet (55 23 17+ 4 24 17).

3 LIGIGIE

AT LR AL SR T e i A IR 4 A B0 O 0 52, 1 ZE VR 1CC ) 5 DCSESE J7 1R I HER 2 28 5 2 AN ff
BETFHE ICC ) KRB T 10 T IF KN D3 BRAR AR 32 A2 (WA H 1.
3.0 BIRWERSHILE

FATM Sourceforge [ SVN FEHIAE T 120 AN FFIRIH M3 AC I8 b i & U, 3k 958 b AN 938 A2 4% 1R 1 348,
1S3 WA B A 5 198,318 5 198 MNEEAT H T AL ek A B b L R b $R A8 VR B A 3 R B I 2R A R 24
PRSI0 B, AR il 1 A A L Ath Y8 76 33 B R 3 B B I 8 A D JE D SIS 2 B AR A 3 J5 T OGBS 5 R G
Ry 23 773 SRR EU AR FEOCHE 2:1 1) Ll A9 K B2 A8 B 43 o I 2546 5 MR I 2R 46 5 3 480 M4
A 15 135 e INRAE & A 1 718 MRS 8 638 KhEA HIHEL THE B IR 4.

Table 4 Data set
R4 HEE

JTWHBHECE GRS ARG IR R AR IR A
120 Java 5198 3 480 1718 15 135 8 638
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70 S 36 1 AR o FRATTR BEHL AR AR EAT T LA R S HOR AL, 645 :BagSizePercent=30, %] T B L AR AR 1) B4 43 28
2%, BEHLH IS I AL AL 30% 34T Ul 5 NumFeatures=6,%] T BEHLAR MR I AEAN 2 528, B AL URFIESE Y 6
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BREA 90.09 91.11
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Fig.5 Questionnaire result
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Table 11 Results of hypothesis testing
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5 it g

0 SEU TR FRATTIE RS UL T 2 L8 2% o) SRR HE GBI (MR I 2 55 LB M L8 2% ) SR R &
T B 2 S 5090, 012 AdaBoost. LogitBoost. C4.5 Y3 . SZREmmAL. AN T MERAPZE P45
BENLAR RN T 2 LU, BT A SR AT S5 2 T AR K T AT 145 8 102 B0 2 8 A 1R 7K ST b M 6 ok 0 ) 49 9
EH IS4 spread.spread F& 1% 7] FE R ALK S5 S50 B IS W E spread ASE] R HRE, % 2 RE R ph 28 )
208 ) 78 S B I ME AR R I AR A 1 T B 2% spread [PELBE BN 0.4 B M2 00 28 10 465 1 1) o 45 R i 3R 12 28 T
H LR 2% ) BRI S5 B WA 26 T 20 0T i iff 26 A &5 3 rhmT OB 21 B 77 Ak 26 4o 0 O 4% R0 B AL AR AR, L At % o
BILAS 27 2 B0 4 8 D B 288 NS ) 25 YR AP 25 RV 40 ) M A 28 e Y 38 Pk 22 e HL Py BT AR PR B0V ) R T 0 T Rk
RGN 4.

SLH L T ORUERE A S BT, ATV AERE AR BRI B T 2 B IR ). B AR FRATT AN sourceforge Y SVN
AR T 120 AN IFURIE A8 R R AR 2 100 H I $EAE i AR 22, TE VA AL SR TR AR LA

1) WA R T AR AE U R AL, L i e B SO B 2 SO AR 18 25

2)  FBAIH AR AT W R A R B



HE AT AL R GRDIRE R LRk 1431

3) B IUH IR ACH D TEREH S

X3 Pl DR BB A, AR FRATT (0 S5 R e AR T SR AR AT, R R R RSB BOF Bt T
B B LR AETE R T 4 7 SR B IR L AR I A BOR TRl L AP B Ao KA 8 628 ;i |
AP B UM HR T K T4 T 2 H/N T4 T 20, /45 2 4 2F i 3R 28 H0m T REE] T 6 047 A IR i8
i I L PR AT (RIS R B 3 S ~200 AN Z TR A SR AZEOR R R T 5 198 A d e, i vE SRR A,
FATHE S A H T 5 013 AN DAk, SE 36 IO REAS BB/ the 1 52 0 TCC YRR R 16— AN IR 35 T I, DA D U 4R 21
A7 PR AL 25 PR B AT e B 26 1) 2 R A FP K IE AR A B AR O A0 X R IE B T ICC A€ IEREAS RS 1
JEERIA (B A AR (1 B A 22—

Table 12 Comparison for multiple machine learning algorithms
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