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Abstract: Many studies reported that historical metrics collected from software repositories are useful for
fault-prone module prediction. There are many historical metrics proposed in literature, such as code-related,
process-related, and organization-related metrics. Since source code management system stored file-level his-
tories, it has been difficult to collect historical metrics of fine-grained modules compared to file-level historical
metrics. Using our fine-grained version control system, this paper conducts a comparative study of fault-
prone module prediction on a file-level and a method-level. We empirically evaluated our prediction models
with open source software projects. Based on effort-aware models, fault-prone module prediction models on
fine-grained modules perform better than file-level models.
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Fig. 1 LOC-based cumulative lift chart for file-level v.s.
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Table 4 Ratio of faulty modules on 20% LOC (median in 1,000 models).

Juyxs b AVy FLOCKIH 77ANVLXLVTHl (a) AV FLXLVTE (b)  (b) — (a)
xpd 6.4 9.3 41.4 32.1
wti 2.5 38.2 60.3 22.1
emfc 10.4 15.7 45.1 29.4
ecf 9.9 34.7 67.2 32,5
f’#‘ g % 5 Random Forest E7IVIZBITHHIEREA M) 7 AEEED
E T i A
S 8 Table 5 Variable importance rank measured by a Random
ul-i Forest.
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£ ¥ J PN WEfCEgffi F. M. F. M. F. M. F. M.
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R E——
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i3]
o 0 BuglntroTiming 10 10 9 10 10 9 10 10 9
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S <E AuthorNum 12 7 8 12 13 8 13 13 12
§ AddPerLOC 135 12 13 13 12 14 14 14 14
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8 ©1 : : FaultNum 135 14 15 14 14 13 11 12 13
a 7ML XYy R
DelPerLOC 15 15 14 15 15 15 15 15 15

(b) ecf 717 b
B2 #BATED 20%TO Fault ) €Y 2 — )LD AN = fED
OV (1,000 [81384T)
Fig. 2 Boxplot of faulty module ratio on 20% LOC (median in
1,000 models).

TEETHI LRSI TV S (1], 2 |2, emfc 7O
Varr bk ect FUY Ly FTO, 1,000 MERITOMEE
R, K 20E, 1,000 BIFAT L CTRES L7CRATER D 20% T
DFault H Y EY 2= L DHN—KOFMTKTH L. 2
Yy KO LOC FENEIZFHAS L 72 5% S crR$ . 1,000 [a]
DFATH S, BT 20%TT 7 ANV LNV EHRTAY
FLANOFRFERIEE WA N—=RTH DL 2 L I
WCTEL., F72LOC BEIEICHAE L -RR L IERTY, #
V' FLAVO TR RSE I N—TH 5 Z L2%55h
Lo fioray=s b, FFEOREREIES N
WATE 20% T D Fault & 1) €Y 2 — )LD A1 73— 1,000
EEAfTCOmIMEL, RA4ICT7A VLNV EXY Y L
NNV TF LD/ T/, AV FOLOC BEIED#H LR
T, IRCOTO Y227 bT, AV KO LOCKEIED #
IN=FD P B, FHFR T, AV Yy LAV T 7 A
VLNV HRTEHWAIN=REE/2, Thbb, FEE
DTETAY v FLANVOTFRIFERE V725 DA Fault

© 2012 Information Processing Society of Japan

F.: 7740\, M.: XAV y FLAN)L

HNVEV2-NVE2LINETAETERENZD. £4D5
FIEHE, AV Y FLRVET 74N LN TOFRRESRD
AN=FDXTH A, 20hb, 774V LN ERXRT
Xy R LAVIE A N =395 22% 0 5 32% D Cli) L LT
WA ERGMD. AV FLNLVOTITIE, BT8O
20%F TIZ Fault » 1) €Y 2 — LD 40%LL L& N Tw
b, DEORRNS, AV v KLV TO Fault-prone €
Ta—NVFHEDBT AN LNV ERRT, THYEET S
EHRTHDZ EDTERTE .

5. &ham
5.1 BIRBEA N 7ZANEEE

TWE TNV OWEEIZHCHREREEX ) 7 ADHT,
EDOXN) T ADBEHTH o2, 2774 VLNV E
AV FLRVTEELLRL AN 7 AGEWS R ONS
POV T T 5.

% 5 12, Random Forest &7 IVHESEIZ BT 2 HEED)E
fx, £HEXA M) 72K L TE L7, EEEONEN
¥ randomPForest 73y 7 — Y THUSTE 5. ZhEFNhoT
0y 7 MIBWT, 774 VLX) E XYy RLX)LT

1640



1BRIEF=EmEE Vol.53 No.6 1635-1643 (June 2012)

54 & 17z Random Forest & 7L 7 & 5 EE O IELL % L
LTV, £5Tld, EH%EX M) 7 AZBTBIEMO
RO EDSHEINEIC 2 A L) F D Twh, Effo X b 7 A
L COTFMET N CTHEESEPo7-LEZOND.

EEEIROEWA M) 7 ZIELOC THo72. ok
7z, BIRICREEE L 72 MaxInterval, AvgPeriod, Period,
MinInterval X, I — FBEHEO AddLOC, DelLOC A5H. 5
N4, —JF, a3— FEHED AddPerLOC, DelPerLOC %2,
#F @ Fault 129 4 FaultNum, FixComNum R4 A
¥ AuthorNum 72 WX THMICA SN S.

Tl PZTEICRAE, wti & ecf TIE 7714V
LA EAY Yy RLANVT, X b7 ADNENMIZKE 7iE
WiER OGN, —7, xpd & emfc 70T =7 M T,
A MY AD EDONERAECA R 5N E, 7272 L FALIC
KELECIRONL W, FIZ enfc 70V 27 DT 7
ANVLRVIZBIF S A N) 7 ADNEfL GO 75— 2 L D
FEWIRKEW, 3 2RLE, enfc 7HY 27 DT 7
ANLRVIZBWTOHAR, ZFY 22—V Fault 1) £
Ta— WHRESLLEIC R 5 TWT, BRIED L EEDE
TOLREVWZEDRGDD., DD, MOy —ATIFEE
EREL ol A M) 2 A, Kr— A TIEETFIVHESE
IRV 572D TR e EZ6NA, AV Y RLANLT
b7 7 ANV N ERIMRFASEBREA N 7 ADTFHET
WHESRIZHER LW R 575, Sl 0TI 4 ROMETH 5.

BAERDP S, BEEOE» > 2B A 1) 7 AT,
T ANVLNXVERERIZAY Y FRLARNLVTHENIIT S 2 &
T, AMIERTE 2 2 P CE 5. —F, RERT
EEE DA - 72BISBEIE A ) 7 2 TFHE TV O/
WS ESE LW B0k b Lk, FEEREA -
)7 ZOFHIO 3 A P AR E VA IZIE, RERTHES R
THEEEOHVWS O LEHIT 5 LRRIFEE DR
L. L, 7077 MZEo TR AERPESN
LIELHDHID, TELRFLLDOMBEREX ) 7 A
FEHIT A 2 & A HEIET B

5.2 ZLMEANDER

KIGT Fault & ) OF L FFES 2 DIHRH L72 S22 7
VTR, BELR- I OIDFEFELIIv burszd
CICHE T AIEMASET A, FOD, BEELKR—- R
I3y IR EN TR WA IR T % Fault 1%
WMORFENTE RV, FBMBEEDERICEBRETE S
W [27]. SZZ TV T X413 L OMEETHW SN T
W3S, T LIREFERHBELYSH S LPHLNTE
D, AROERTH M- 72 Fault [FHAE TN TV A RN
Wb, TNHOMBITH LT, Fault L ZHOEHZ ) ~
IO BEEEBOLH R TENREE STV [31].
COHLWFEEZHAT A LT, BIEFERPHRL 20 %
CTHZEDWFTE L.

© 2012 Information Processing Society of Japan

MBI, WABIERIED Bclipse ICEM L7270y
I MNDOARENFLE LD THS., 42T XRTCHTOY
7 N CHMMESHER TE 20, —fkErism T 572012
i, BICRZZ FAAL 0 7aY 2y bADBEHAIPLET
HhH. T, AETHRE L-SiEE Java IZBRE L TWw
5. MOSEO Y 7 by 27 THRBOKBEIE SN D H
EIDPORENRLETH L. 51, wRrE LT oYe
JMIITRCAH—T V=AY 7 2770V bT
L. BHOV 7 T 7ay s T, B LSS
TOEADLRL LEERIEONLWEENREH 5.

SRR E L7770y 27 s OR#» SR %
Z5h. 420070y ML, BHEAERIEADL ST A
REO/NRIETH 525, FZEMI 3 FEL LD ) ARER
FEEIN TS, ZHEEOHKDS 1,000 MEZBLTBY, F
MAZGRREEREA M) 7 ABETEEBbnS. FH%EE
RS TArICERB SN\ E @Y L FEBEREX M) 7 2%
ETERWOT, FBMBOE7TY =7 MZIEEHL
HELWIGEEDLH 500 Lk,

5.3 XYy KLAJLOD Fault-prone £ 12 — L FHOF
X1y b
Ay KLV @ Fault-prone €Y 2 — VFilllix, 77
ANVL NNV ERRCETEHCTFault Y AV v FE4H
BHTLIENTELIEERE. LL, 74—V FD
MEMEDZET 72 & XY v FUALO Fault % Fillxf 5 & T&
L,
¥ 72, AFECHEEE L 72 Fault-prone € ¥ = — )V Fllg#13,
£V 2 — VHAKYS Fault-prone 20 &) 7% Pl 4. L7
DoT, Y2 — VHOKFREBRO Fault 139 £ {ET IV
fLTETVRW., AV y FEOKFBREEZEL-ET L
I UIEE 5.

6. F&&b

KT, TNEFCTHRENTELZT 74 VLNV DF
IRFEA M) 7 A%, MIKELR AV Y FLVTERIIL,
Fault-prone € ¥ 2 — LV FHNC#EH L7245 B2 5 L7, 4
DODF =TV =AY T 7 7TaV s NEGGE L
72IGER R ERR T, T R L2~ 5 X vy LN
JUCD Fault-prone €Y 2 — IV Fl2T7 7 A VL)L kLt
RTEHRTH DL &AL

Fault-prone € ¥ = — VPV 72y — VR TiEE %
COXTHWENTWELDTHL, FLLELRT—%
ZEEONER Y A7 L LEEEY AT ADOHEHRO AT
Hb. TORD, KROEBROFHRMETE . 4HOME
ELTE, SHLRLHRBEEA MY 7 ZADOELCHO T
ETFNORE, HAL AL OTaY 27 N~OHM 7%
ERBHITONS.

#HEE AWOWMIT LT, AEaPhstaxrbin

1641



RS 2R

P2 AT OBRICEH T 5. AR, HARZE
IR RLA AT 70 2 i B A B 7S H AR (RVE
(

123 -4335) B X ORFRE G S

HEAENrsE (B)

23300009) DB E 2T THEME S .

SENH

[1]

2]

3]

[4]

[5]

(6]

[7]

8]

[9]

[10]

[11]

[12]

[13]

[14]

Arcuri, A. and Briand, L.: A practical guide for using
statistical tests to assess randomized algorithms in soft-
ware engineering, Proc. 33rd Int. Conf. on Softw. Eng.,
ICSE 11, pp.1-10 (2011).

Arisholm, E., Briand, L.C. and Johannessen, E.B.: A
systematic and comprehensive investigation of methods
to build and evaluate fault prediction models, J. Syst.
Softw., Vol.83, pp.2-17 (2010).

Bettenburg, N., Premraj, R., Zimmermann, T. and Kim,
S.: Duplicate bug reports considered harmful ... really?,
Proc. 24th IEEE Int. Conf. on Softw. Maintenance,
ICSM ’08, pp.337-345 (2008).

Conway, M.: How do committees invent, Datamation
magazine, Vol.14, No.4, pp.28-31 (1968).

Czerwonka, J., Das, R., Nagappan, N., Tarvo, A. and
Teterev, A.: CRANE: Failure Prediction, Change Anal-
ysis and Test Prioritization in Practice — Experiences
from Windows, Proc. 4th IEEE Int. Conf. on Softw.
Testing, Verification and Validation, ICST ’11, pp.357—
366 (2011).

D’Ambros, M., Lanza, M. and Robbes, R.: An ex-
tensive comparison of bug prediction approaches, Proc.
7th IEEE Work. Conf. on Mining Softw. Repositories,
MSR 10, pp.31-41 (2010).

Fenton, N., Neil, M., Marsh, W., Hearty, P., Radlinski,
L. and Krause, P.: On the effectiveness of early life cycle
defect prediction with Bayesian Nets, Empirical Softw.
Eng., Vol.13, pp.499-537 (2008).

Graves, T.L., Karr, A.F., Marron, J.S. and Siy, H.: Pre-
dicting Fault Incidence Using Software Change History,
IEEE Trans. Softw. Eng., Vol.26, pp.653-661 (2000).
Hassan, A.E. and Holt, R.C.: The Top Ten List: Dy-
namic Fault Prediction, Proc. 21st IEEE Int. Conf. on
Softw. Maintenance, ICSM *05, pp.263-272 (2005).
Hata, H., Mizuno, O. and Kikuno, T.: Reconstruct-
ing Fine-Grained Versioning Repositories with Git for
Method-Level Bug Prediction, Proc. 2nd Int. Workshop
on Empirical Softw. Eng. in Practice, IWESEP 10,
pp.27-32 (2010).

Hata, H., Mizuno, O. and Kikuno, T.: Historage: Fine-
grained version control system for Java, Proc. 3rd Joint
Int. and Annual ERCIM Workshops on Principles
of Softw. Ewvolution and Softw. Evolution Workshops,
IWPSE-EVOL °11, pp.96-100 (2011).

Kamei, Y., Matsumoto, S., Monden, A., Matsumoto, K.,
Adams, B. and Hassan, A.E.: Revisiting common bug
prediction findings using effort-aware models, Proc. 26th
IEEE Int. Conf. on Softw. Maintenance, 1CSM ’10,
pp-1-10 (2010).

Kim, S., Zimmermann, T., Pan, K. and Whitehead,
E.J.J.:  Automatic Identification of Bug-Introducing
Changes, Proc. 21st IEEE/ACM Int. Conf. on Auto-
mated Softw. Eng., ASE 06, pp.81-90 (2006).

Kim, S., Zimmermann, T., Whitehead Jr., E.J. and
Zeller, A.: Predicting Faults from Cached History, Proc.
29th Int. Conf. on Softw. Eng., ICSE 07, pp.489-498
(2007).

© 2012 Information Processing Society of Japan

Vol.53 No.6 1635-1643 (June 2012)

[15]

[16]

[17]

[18]

[19]

[20]

21]

[22]

[26]

[30]

[31]

Knab, P., Pinzger, M. and Bernstein, A.: Predicting de-
fect densities in source code files with decision tree learn-
ers, Proc. 3rd Int. Workshop on Mining Softw. Reposi-
tories, MSR ’06, pp.119-125 (2006).

Liaw, A. and Wiener, M.: Classification and Regression
by randomForest, R news, Vol.2, No.3, pp.18-22 (2002).
Mende, T. and Koschke, R.: Effort-Aware Defect Pre-
diction Models, Proc. 14th FEuropean Conf. on Softw.
Maintenance and Reengineering, CSMR ’10, pp.107—
116 (2010).

Meneely, A., Williams, L., Snipes, W. and Osborne,
J.: Predicting failures with developer networks and so-
cial network analysis, Proc. 16th ACM SIGSOFT Int.
Symp. on Found. of Softw. Eng., SIGSOFT 08/FSE-
16, pp.13-23 (2008).

Mockus, A.: Organizational volatility and its effects on
software defects, Proc. 18th ACM SIGSOFT Int. Symp.
on Found. of Softw. Eng., FSE 10, pp.117-126 (2010).
Moser, R., Pedrycz, W. and Succi, G.: A comparative
analysis of the efficiency of change metrics and static
code attributes for defect prediction, Proc. 30th Int.
Conf. on Softw. Eng., ICSE 08, pp.181-190 (2008).
Nagappan, N. and Ball, T.: Use of relative code churn
measures to predict system defect density, Proc. 27th
Int. Conf. on Softw. Eng., ICSE "05, pp.284-292 (2005).
Nagappan, N., Murphy, B. and Basili, V.: The influence
of organizational structure on software quality: An em-
pirical case study, Proc. 30th Int. Conf. on Softw. Eng.,
ICSE ’08, pp.521-530 (2008).

Ostrand, T.J., Weyuker, E.J. and Bell, R.M.: Predict-
ing the Location and Number of Faults in Large Software
Systems, IEEE Trans. Softw. Eng., Vol.31, pp.340-355
(2005).

Pinzger, M., Nagappan, N. and Murphy, B.: Can
developer-module networks predict failures?, Proc. 16th
ACM SIGSOFT Int. Symp. on Found. of Softw. Eng.,
SIGSOFT 08/FSE-16, pp.2-12 (2008).

Rahman, F., Posnett, D., Hindle, A., Barr, E. and
Devanbu, P.: BugCache for inspections: Hit or miss?,
Proc. 8th Joint Meeting of the European Softw. Eng.
Conf. and the ACM SIGSOFT Symp. on the Found. of
Softw. Eng., ESEC/FSE 11, pp.322-331 (2011).
Ruthruff, J.R., Penix, J., Morgenthaler, J.D., Elbaum,
S. and Rothermel, G.: Predicting accurate and action-
able static analysis warnings: An experimental approach,
Proc. 30th Int. Conf. on Softw. Eng., ICSE "08, pp.341—
350 (2008).

S/livverski7 J., Zimmermann, T. and Zeller, A.: When do
changes induce fixes?, Proc. 2nd Int. Workshop on Min-
ing Softw. Repositories, MSR 05, pp.1-5 (2005).

The R Project for Statistical Computing: R, available
from (http://www.r-project.org/).

Weyuker, E.J., Ostrand, T.J. and Bell, R.M.: Do too
many cooks spoil the broth? Using the number of de-
velopers to enhance defect prediction models, Empirical
Softw. Eng., Vol.13, pp.539-559 (2008).

Wolf, T., Schroter, A., Damian, D. and Nguyen, T.: Pre-
dicting build failures using social network analysis on de-
veloper communication, Proc. 81st Int. Conf. on Softw.
Eng., ICSE 09, pp.1-11 (2009).

Wu, R., Zhang, H., Kim, S. and Cheung, S.-C.: Re-
Link: Recovering links between bugs and changes, Proc.
8th Joint Meeting of the Furopean Softw. Eng. Conf.
and the ACM SIGSOFT Symp. on the Found. of Softw.
Eng., ESEC/FSE 11, pp.15-25 (2011).

1642



1BRIEF=EmEE Vol.53 No.6 1635-1643 (June 2012)

[32] Zimmermann, T., Nagappan, N., Gall, H., Giger, E. and
Murphy, B.: Cross-project defect prediction: A large
scale experiment on data vs. domain vs. process, Proc.
7th Joint Meeting of the European Softw. Eng. Conf.
and the ACM SIGSOFT Symp. on the Found. of Softw.
Eng., ESEC/FSE 09, pp.91-100 (2009).

(33] M FEHH, KEF AE, BB F D URY N EMEICLS
AV RhL—=HEYT A OEH, VI 72T Y
=T 7y yET Y L2010 (SES2010), HEERFE, W
W, TEHILIEEESY, pp.57-62 (2010).

[34] /MBRKERE, Bk OB Ty~ A = IEM RIS L7
V7 MY TR - REFSGEOMRN, 2 ¥ -2
V7 bYx7, Vol.27, No.3, pp.13-23 (2010).

M FEE (EEsH)

PR 19 FRBOR S T - TH
PV F = TR, Pk 21 R
FRFBELRTEEE T, BE, [
REEPE L RIERZ 12/, v 7 b
VLT OABGTFITE V7 b x
TIVRY MO A = 7T B0
FIHEH. BEHOEESS, ACM, IEEE £&H.

KE B (ExA)

P10 FERBROR TR BB B R
B LA RS T, PR 11 4E 3
EREIPNE S e v S i A R T e
(%), F4E 4 &0 KBUKFRFRE
FEME TR F. 20k, KRk
FRFBEEREHAFE R # % #% T
SERE 21 4F 9 A RUES LS Ror sz, Fiov 7 box
THE IO 2AOSEIE, V7 b 2 T OAEBETFHT
W, VIMIZT YR VDO A =V TIET AR
PEF. ETEHGBREY R, IEEE £28.

HHEF (7zuo-)

AN 50 4F KPR AR F B LR s
T. LA WA B RS L
fii. [FRBh#ds 2 466T, WP 62 4
NN Rt ISk MRy T E
2. P2 SERRFEGE. BIAE, KPR
KFRFBEIGHRE PR a7, KR
KFEBELRE Y — -y —F. FIZ7+—V kL
SURNYAT L, VT MY 2 TSSO Y ADE R
ICBIF AHFZEICHESE. B HRETS, MRUHEYRE
70—, ACM, IEEE &% 5. HAEEEZES

© 2012 Information Processing Society of Japan

1643



