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Building Multi-Label Bug Prediction Models for Bug Topics

HiDEAKT HATA''®)  KEN-1CcHI MATSUMOTO!P)

Abstract: Bug prediction has been considered beneficial since developers and managers can concentrate
their quality assurance efforts on bug-prone entities. However, such prediction of future bugs do not offer
the details, and such vagueness is one of the major causes of limited adoption of bug prediction in practice.
With the limited resource of costs and times, investigating all bug-prone entities is not practical. Taking such
practical issue into account, some specific bug prediction models have been proposed. The models focuses on
software vulnerabilities, breakage bugs, and bugs in rarely changed entities. The problems of such detailed
bug prediction studies exist in the accuracy of prediction results. Since the ratios of targeted bugs are small,
obtaining high accuracies become difficult. Achieving high precision is especially difficult. We built bug
topic prediction models with Bayesian networks based on the structures obtained from structural equation
analysis (SEM). The results show that (i) we can achieve high precision in some cases, and (ii) when we
cannot achieve good prediction accuracy, we can discuss the problems.
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*1 A survey of bug prediction models group in ESEC/FSE2011
PhD Working Groups. http://pwg.sed.hu/sites/pug.sed.
hu/files/PWG1.pdf
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Fig. 1 Plots of the number of bugs/bug topicl and LOC.
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Fig. 2 Normal Q-Q plot of bug model (Fig. 1(b)).
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Table 1 Statistics of the Subject Projects.

N—Lav I B 7 74V BT (KLOC)
JDT 3.4 2008-06-13 1,426 465
JDT 3.5  2009-05-26 1,437 477
JDT 3.6  2010-06-03 1,429 482
PDE 3.4  2008-06-03 2,077 323
PDE 3.5  2009-06-02 2,222 363
PDE 3.6  2010-06-01 2,331 389

W72 EN TV B EIF0LZ 720,

NGB DERT =5 Th b7, KTV VilkExr
KE L 2R ETNVOABLVIFE L wEEZ6NS, R
TV UaAEE, N DBRE OGS ICERSIOEMTE
LTEBHISNTVWS, NTZFNLBVETILOEHE,
SN TEIIREL, HERTFHIMERELET LT
THUBHHETH -7z L Bbn s, —J, NTESEL Tk
IGE, FNETNDOVPGNTEINI 5D, ZDRE,
NI ZWA L 72T TN CRIEES A EZINE L 72TV TIE
tTanTPillstERaweEizons, 22 CTARATE, 2
nETHRIFIN TR, K7V VEERREL - FHllE
TIVORERZTT .

3. XJREYY

3.1 MEYIEFIUVY

FEY ZETY VUL, XEPSHBINIC N E Y 7 24
ET MM TH S, PEy 7 EIF P TEED
HET2HFBOLEATH S, FPEYIETY VY IIZARE
IR DO I T, MR IAZ VIR E, ED IR
VSN HE oS T 2 2o IchF s, b
vy 27, oL OKELL ME Yy Z7EIcEbE THEE,
FEING, V7 P72 THFEIIBLTY, V—Ra—F
DARXYFPRTLR=F, A=k E, B3
BOWSEBLEDH 570, FEYIZEFTY U ITDNBLDY
DEAHEDH 5 [17).

3.2 WHRI7OAIxI b

AHTHRET AT VY =AY 7+ 727D 70dx
27+ %37, Eclipse 2*5, Eclipse JDT Core*? & Eclipse
PDE UI¥m 20 7uyx 7 F 2 8AE. Zhon 7
Px 7 M, WERCHBENTED, BET AL K-
FERMCERRY XY YRR EINTW S, D, Zhth
JDT, PDE t %7 5,

FHETNO¥ETFT—F T AL TF—FELT, ZN%F
no7al 7 263 ODAFy Fay bEHVS,
wFho7ueyz 7 bbb, N—Ya v 34, 35 3.6 DA
Ty 7ray bRERLEL R1IL, Z0ZhDAFy 7

*2 http://www.eclipse.org/jdt/core/
*3 http://www.eclipse.org/pde/pde-ui/
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R 2 Eclipse DN LR = oHS L7 10 DT FE Y 7 L4
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Table 2 Top 5 Words of 10 Bug Topics in Eclipse Bug Reports.

Topic  Top words

npe, view, api, marker, menu
prefer, assist, content, except, help
compil, fix, quick, warn, target
dialog, select, editor, properti, build
resourc, type, caus, histori, link

set, page, import, search, prefer
javadoc, chang, name, editor, close

plugin, test, error, junit, version

© 00 N O Ok W N

project, view, method, progress, miss

—
o

doesnt, type, remov, build, npe

Yavy brOWELELRLZ TS ERT, H£N—Ya vEiEB
£ Z 1 FoMME»H 5, 7oz FIDT X, 77
A VEHY 1,400 FEEETRATEL (LOC) 47 iR, 7mvx
7 & PDE 1, 7 74 L% 2,000 DAL CRITHDS 37 JTRLEE
Th 5.
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Ib, WEEDA by 77 —F (“a”, “the”, “it” % &) %k
£ 5. Rz, HFEORTLWONZM T 7 DITFEHRIH—
3% (B2, “compiling” 1 “compil” &7 %), ML
X, RO tm v r—Y2H0wi. FEy I 7EFYVIIC
1%, R D topicmodels 3 r =Y HWz, TDRy/r—
PTIRIEYZETY VOB E LT, INKHwSRT
\»% LDA (Latent Dirichlet Allocation) Dfthiz, LDA IZ
FHBEBER 2 FF A3 % X 9 #LIE L 7 CTM (Correlated Topic
Model) bEENTWVS, NTLA—FHDFEY 712
BB %2580 2 T AARTH 2 DT, CTM ZHW»iz,
Eclipse DN 27 L R — b iF, X7HEHY XS Yo
Bugzilla*2» 68T 5. v =7 F JDT & PDE (4,
Eclipse kD9 H4 770 = 7 b Eclipse I2& 415,
AT, 2OV 77aY 7 b Eclipse ICBI#E L 72, 2012
FI12H3 HETOENT LR —F 69,134 thZINEEL 7=,
ZONRTVLER—=FIN LT EROWUM AT, MEIRAZY
77uY e b RBELE, THHEZEDATL E— R,
NTPEy JHEEICH DR EEZ T D, AfETix, N7
FEY 78R 10 EEGEL . ThUE, RATRETLARED
Firicbrd Xty 2L bNns, &2, &
5N 10 DT P Ey 7B 28T 2 HEED BT 5

*4 https://bugs.eclipse.org/bugs/
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V—RA7 7 A VOERBIEICEWTaIy P XAy e—JIC
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R—r eV IAF2ETS.

4. XNUOR

THETNVHELEDZZDIZLLTDOA N Y 7 225§ %,
N6 I1E% S NI PRI THEAEIHRE SN THL S,
PTi: Previous bug Topic i. MENCEIES 7/ NT F
By 7 i ONNJFERE. 1 OD37 1D DEIEZ 1[0
R D, Thbb, MUY ID OBEESNRDY —
Za—FTMELfTbNLGEb 1RELTVS, %
72, 12033y FTHBOANIDBBIEI LGS (1
DDAIY P Ay —CITEBEDONTID BEENT
WBEE), TNENA TV TS, RN T H -
72V —2a—=Ficid, FAEONTBEHELLT DT
BauhtEIoNS, INETOIVILIRLD
NIZFHNZB G TIE, DAETIEIE S N7z ZBUS RN
X FY 7 REEZSNTYS [5.

LOC: W% a— RO (Lines of Code). A AWK E
WIEEV AT DBEVEEZ NS, % ODBEHMEERX T
) 7 2D LOC £ OMBAE L S hTWw 3 [5).

AddDel: IO E FHHN R DR % R L 723564 038
IATECE HIBR T B DM, RESELEINY —RAa—
RFizURAZBEEELLNS 4],

AGE: Y —Za— FofEHE, #Figlicfflshizy —
Aa—FREINT G0 REIE G EEZ 5N (18],

HCM: Z W 7o+ 2D HEHEE (History Complexity
Metic, HCM?s [6]). ¥ 7N 7LD TFHIT X
WA FYZZAEEMSERTWS,

AFE7 7 ANV L VDO FHETVENET 2, Eilo
ATV IZAE 77 AN LRV TEHHT 2, FHNRE 25
DIFRDA LY I ATH 5,

ATi After bug Topic i. fFRFETENTPEY V7 iD
NZFAERE, PTi ERBRIC, 12D/ ID DXL

©2013 Information Processing Society of Japan

21 EBAD.
5. FRIETILEE

2ffi T L 72 L DS, NI ESFHLTET IV ERHEET
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2T, FEv 2 EBHL AT FHE T LVOMEICIE, M
BTV VTR FEEE T v 7R AT 5 [19).
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WiEARERETY 7 (Structual Equation Modeling,
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Fig. 3 Path diagrams from SEM.
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T, A7V 2y P 7= TCPHIETVERET S L
IBDTH 5.
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6. FHEEER

328iTRLZ2o070Y 27 b ZEREFNT, EITD

N=PavEFPIETNT 5. Thbb, N—Yav34
ZYHILN=Ya v 35 DR E Y 72 FHIT 2K
Bie, N=Yarv3s5zFEHELNN=Yar 3.6 DFFRANT
FEY 72T 2HEET.

6.1 FHEitEE

FHIETNVIFEROANT Py 7 FEREHET 5.
7L, BREBDOKETIRZL, &7 7 A VITREDNT T
Ey 7R ET LI EZIELSFHITE L EWHH]
MCHHMIGd %, FHITEREZ 1%, Precision-Recall BIfRDIES
Hif&, AUPRC (Area Under the Precision-Recall Curve)
ZHWv3, AUPRC X, 0226 1 O#FiFHZID, fHIKE
WIEEXOTHIET IV EWZ S, Precision & Recall 1% F
L—FA70BRICHZDT, —HEEL T2 LM
&< 7%, AUPRC 2@\ 2 & 1F, WADEN 2 & 2 5K
5.

1Ef (Positive) Z1EL { PHITE 72 H D% True Positive
(TP), IEHIZ & & FHL 72 b D% False Positive (FP), &
%l (Negative) Z1EL < FHITE 7 b D% True Negative
(TN), Bfl%IEEFHL 72 D% False Negative (FN) &
W5,

Recall 1%, £2TOIEHDI BIEL (EETFHII NI LD
DEETH S,

TP

TP+ FN

Precision &, IEE FPHIIN72bDD I LFBCIETH %
LODEIEGTH S,

TP

TP+ FP

Recall =

Precision =

6.2 R

REL I TFHE T VOANEZRFHET 2 720, ko
7P M T & < v o N3 BIEERRE TV £ KT %
BERRE LTI, £TOFHIIX FY 7 22 TN
TrEy IRABETFTNT 2ETNVEHET 2. 2ol
ETNMEFITIE, R D glm() BI%E Hw e,

R31F, 727 FIDT DONR—=Yar 34 THEEHL,
N=2a v 35D RN EY 72 TFRIL72FERTH 5.
7, |43, 7022 F PDEDAN—Y 3 34 TH
BHL, N=Yar 35087 FEY 72 FHIL A5
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£ 3 IDT OTFHIFER AUPRC (X—=Y 3 v 3.4 %8, N—Yav

3.5 Fill)
Table 3 AUPRC of the JDT Results (Training: 3.4, Predic-
tion: 3.5).
Fev sy ANTEO% | MR | RE
1 11 | 0.41 | 0.56
2 6.6 | 0.23 | 0.27
3 13 | 0.58 | 0.56
4 4.7 | 0.50 | 0.45
5 8.8 | 0.13 | 0.25
6 34 | 012 | 0.23
7 1.8 | 0.04 | 0.09
8 56 | 0.28 | 0.32
9 11 | 0.56 | 0.57
10 18 | 0.42 | 0.61

% 4 PDE OTFHIFER AUPRC (N—Y a v 34 %8, N—Yav

3.5 Fill)
Table 4 AUPRC of the PDE Results (Training: 3.4, Predic-
tion: 3.5).
FEv s ANTEY% | ek i S
1 5.0 | 0.35 0.32
2 4.2 0.16 0.17
3 7.1 | 0.44 0.37
4 2.6 | 0.160 | 0.161
5 0.14 | 0.005 | 0.007
6 3.0 0.22 0.23
7 0.36 | 0.004 | 0.019
8 6.8 | 0.35 0.34
9 8.8 0.20 0.24
10 27 | 0.499 | 0.501

Th3., /%%i1F, NIy ZBERETLV (HRET
V) ERETTNLD AUPRC 237, R0 251HIE,
BREYIZDONRITHYD 774 NDAA— T =P TH 3B,
ERET N EREE T THIEL, H\v AUPRC fli% K7
TART, NTHD 774 0D =k v T —=U 0K (10%
Kii) NI EY 7 OITOEFREIKEGIZL 72,

B4, 702x7 b IDTICHEIT2HEHKETILEHRE
T NDOFRFERD Precision-recall it TH 5., ~N7HD
77 ANDNA—k T =Y BRGA, [ERETIVIZN 4
D X H 12, Recall E\HAIC Precision 23K 2 )¢
W [10,13]. —77, EURDLTREE TV, Recall 235E
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Precision-Recall Curve
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Fig. 4 Precision-recall curve.

NTPEy 7 TREETAVNECEZSZ, 7Yz b
JDT &£ PDE D)X= a v 3.5 THEL, N—Yav 36
EPULERTH, 2 DT FEYy ZJTHEBR OGN
20, DN FEY 7 TR L OERBB N
72, ZORREROHITHEmRT 5.

7. Eim

7.1 ZHBAOER

AT, NTOBFIC Ly 22T v REA L.
L LRI P EYy 7132 DBIRBES Tld o,
S, KD SN AN TSmO IC k> T, kD
HRZBANT OB TEL 2 2 WFETE. 0, REL
FHET VI, NTFPEY JRBELZ L, H6010 D
FHEINIANTHERBIH UL, X7y 7 LHEkICET
NWERRTED EEZ TS, L, 3% E IR
EEIZOWBTHA S 2 Tld 2 WO THIEN 2 W3 Th 5.

NR7TuY 27 X Eclipse 251 ERL 7% 20D 4 —7
VYAV 7 b7 2T THDE. ZDRORERO MM
NFELEOBEBED D 5, SHROMEE LT, ki 70

©2013 Information Processing Society of Japan

#& 5 PDE R (N—v 3> 3548, ~N—Yar 3.6 Tl
Table 5 Details of PDE Prediction Results (Training: 3.5, Pre-
diction: 3.6).
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