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An Experiment of Software Defect Prediction Based on the Tobit
Model

Yukasa MURAKAMI'  Masateru TSUNODA™® Koji TODA™

In software development project, it is important to predict the number of defects found after software release accurately, to
manage software quality properly. When the number of defects is predicted by a mathematical model, the minimum value of the
dependent variable is zero. Ordinary least squares regression (OLS) cannot make an appropriate model when there are many
cases where the value of the dependent variable is zero. In the case, predicted values may be smaller than zero. To make the
appropriate model, we used Tobit model to build the defect prediction model. Tobit model assumes that there are cases where the
value of the dependent variable is zero. Using the ISBSG dataset, we built OLS, Tobit model, OLS with log-transformation, and
Tobit model with log-transformation. As a result, the Tobit model with log-transformation showed relatively higher accuracy,

and the median of BRE was 93%.
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Figure 1 The Tobit model and an ordinaly model.
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Table 1 Variables used in the experiment.
TR A JRUE i

V7 b7 V) =214 H

i )y R s ne s
Y7 b= TICEEN DR

FP Sl %% (Function Points) . A%
B A 4% LR, HiEL, o
. e AT, @R, RBE, BB,
e E2E = ol
PN 435 AL TL—A, IvRNLY
74— = V, X

OHFEREEEND D=0, LTO 4 2OFT/VEHNT
KO TREIT, ZNENO FRIREE % ik L7z

o RN THBICES EEYFET V(LB OLS &7 %)

e F—tw hEFTNL (LI Tobit & 2)

o MMEMR AWM LR/ T RIEBICE S EEFE
7V (LAFE Log-OLS &9 %)

s NEEMAEBEALEZ Yy FET L (LK
Log-Tobit &3 5)

HEOEH R B A2 A L <, /b 3 kickoS< Eb
IHETNVEME LGS, THERADEE /25 2 & &t
FHZENTED. £, EEHEEM L ERBRoH
XY 7 M2 THRET X ORMERTOICHEL TS D
ERFEREINTWDIL9]. €2 TERTIX, h—Ey T
T, RN RIBICESS ERFEET VOB AR L, b
BIRFEDLER 2SI EB L CTETAEZEEL, TOHEAD
TR EE R L 7.

B, REEIZIZONEENTEY, ZOFE F TlExik
B TE R, I CREER LTI BEICONTE, K
M3z i 52 U1 & A T2 LTS AT - 12, SH S i
1A THLERHRT S Z LT —RICIThbN S FIET
H5b.

32 =4ty b

=ty hETALOHFMAKEEZFEMT 2 72DIZ, ISBSG
(International Software Benchmarking Standards Group) 73Y
#£1L727vv=zs bF—% (ISBSGT—%) [31ZHW\TH
Wr#&4T-7=. ISBSGT—# 1%, 207 ED Y 7 b U = 7 B%
BENDPEINTZLOTHY, Y7 o277 Tavcy
FOTFRETNAOREEFMR ECEL AL TNWDS
[4][7]. W= —% & v FidRelease 9 & MR X 53—V 3
UTHY, 1989 H2004FFE TICHE I NIZY 7 by =
TR Y s F330264:, AEMNEGEN TS,
F = ZEKBENREEN TS, KIEME & IZEKICEN

© 2015 Information Processing Society of Japan

LRSI TV RN & & fET.

EBABOTa Vs NOKGEEZ D0, T— X
BRI 2S A E 72 13B, FPEFANEMSIFPUGIE DT — % Z fhiiH L
7. Fl, O CHOWEEBICKEBREGEENTNWDLT —4
ZEBRELE. ZTORR, 22107 mY =7 FBRSHTRS
ot

FEBRICAWEE K EFR LIRS, KPP OFP, BIZEHAI,
¥H, 77y M7 —LEPALKE L, KiakE BNE
B Lz HBEREOEKIZOWVTIE, ThENRISL ED
I —BHICEBR LIb 02V I —E8I30FE 721
IOBERY , KFEBBNE T TV 2RTEHER>T0D.
P —EHIC XY, ABRREOEKICEEND T I
- MO L I —EHBEREND.

T ATIZBWT, R/ IZREIC L D EREYFSHTICB N
TAICIC L A EHEIRZATV, FRIETF L OHBALER & L
THWAERZKZVIAATR. BREICIE, FP, HiBiBAJE,
G, AAf T L—LA, Iy RLUTEBBHAERELT

WH L. 7ok, FPLAMIABEBREZ Y I —ELLEb
DTHD.
3.3 FEEE4E

FEMEAE & LT, #MakiiR7 (4E), Balanced Relative Error
(BRE) TN ZNDVYEIE, PR L Pred25% V72, Y
7MY =T KB OEAMEEZ, THEZ2E 5L &, AE
LBREFUTFORICL Y RDOHND.

AE = |x— %] (©6)

BRE = {(Xfﬁ) ) (7)

AE, BREIFMEN/NIWIEERENRNZ & 27T, B
HIIZIZBREIZ T HIE & EHIE & OFFRETH DL LWV ED.
Pred25 & 1%, EHIE & THMEDAR A (KL TIZBRE
WD) IR25%LND r —ZADEIGEZE L, BERE W
EERBERNEWNI & E2RT.

xR 72 & L CMRE (Magnitude of Relative Error) 23>
LNDBALH DN, MREZE/NFHNCKH L, Ay aT
flilc7e b WS MERS S, (THHEA0LL L) i/ THl
DOEFE, MRETHRKTH L LBk, fil 2 XKtk
ORPME1000E, THIESEDOEZATYH, MREIX1E L
IR B, F TR TIE, MREORDVIZ, KT
WEENFENT U RALLKFMMT 2 EBARETH D
BREZFHMEHE & L CERA L.

79



VIMOITIVOZTIVTOVRIIULAL 2015
IPSJ/SIGSE Software Engineering Symposium (SES2015)

34 RERFIR
BT O TP E A G 3 5 7292, S-fold cross
validation (X] 2) Z @ L7=. 5-fold cross validation %, T
HEF N OFHIZ—RIZHNSEND HFEO—>ThH S, 7F
M7 FIRILL T D@D ThDH.
(1) T—%kEy hEEEAIZ S D0, TOI2H0 1
DETANT—H, TOMET —=v T —H LT
5. F—=v 723 THORLE ST -4 E
vy b (BEFSe Vs MIEETD), TANT—X
FTxI%RET 27—y b BARFOT Y
7 MIEHET2) ThD.
2 TAMT—FEANEZ, ThZhiZBWTTll%
TV, PHIFEAFIHRTS.
(3)  SHEFME S FRFEEO L LRI L, BErRT
HFEEDOMEE LTHRHT 5.
5-fold cross validation % OLS, Tobit, Log-OLS, Log-Tobit
ENENDOET MK LTHEMLTPHREZRLL, &
T NOTHNEEL 2N D

4. EEBRER

FERREREZR 2, £ 3ITRT. kORI ZRIEITES
SEBUFETAVEWRB LT, b=ty hETAEHND Z
LIZED PORERENKET 2002 HMHEICT 20,
RIFOET NOFMIEEOES R Lz, 2451, OLS
(F721% Log-OLS) D& FHMFEEEA 5, Tobit (F 7213 Log-
Tobit) DFFANFEE AR U7 TH D, 7272 L, Pred25 ®
BT L TESZFHE L. ZhiE, FNENOFAMiEE

W (ADEOEHE, R/ RECESSERFET LOT
BISENE ) ZE2RTEIICLZDdTHS.
41 HBETH|ZBFALLTLVBEOFARELE
MPEREEA LR WEEOET VO TRRKEZE 2
\ZRF. OLS (/b ZRIEIZE S EREIFET L) & Tobit
(b=t METIN) ZHBT L&, 5SEP 3 EOFFMmE
DL WIEDE & 72 5 T =, Hr I BRE HIE A 50%7%
JEWE LTz, 7272 L, BRE VHME & Pred25 O ZmBA
T&dHo7=. BRE FHEIZOWTIL OLS LV & 100%55
fEL Wiz, F72, Pred25 oW T, HD 8% THY,
BENGWE TV R o7, ZOZED, A EH%E
WA L2WEGE, THRBEZESD 72012, /b RIEIZ
EOCEBFETLVE b—EY hETALD, ELLOET
NEHERATRETHD /w52 L iTE Ly
42 HBEH|EZBFALEBEOTFARELE
MBEWAEFET LE-BE0EFT O TFRIKEEZE 3IC
Y. SHEEREEA LR WEE LT D L, R/ IE
BICESSERIBFET L, b—Ey hETILL b THIEE
MR & L B L CU 7=, Log-OLS & Log-Tobit% i3 5 &,
S 3 4H O FEAFEAE D FESY N IEDIE & 72 > TV =, AEFH
BEOESITADETH 128, ZEIEFIT/NE o7
Log-OLS & X, BRE-¥JfE 1T Log-Tobitd | 9 H334%1K 7>
SR, JBEH L2 WGE L ikT 5 &, miE 0=/
< 725> TWe. BREFYAE & Pred2512-2 Tld, Log-OLS
LIS L TENENL4%, T%HEFEL Tz, 2 b OfER
b, b=ty FEFTAMICONWT O EER A AT S =
LICEY THRBERGET S L NS,

DEGPEDEDRZS, F—Ey NETAO TR S
# 2 FHEFNLOTHEINKEE
Table 2 Prediction accuracy of the models.
AE VY AETRAE BREY-¥IE BRE RAE Pred25
OLS 10.74 4.11 284% 165% 12%
Tobit 9.66 2.04 378% 115% 8%
0 1.08 2.06 -94% 49% -4%
# 3 HETNOTHRGE Cel B4 i k)
Table 3 Prediction accuracy of the models (Applied log-transformation).
AE VY AETRAE BREY-¥IE BRE RAE Pred25
Log-OLS 8.24 1.86 226% 107% 21%
Log-Tobit 8.45 1.53 260% 93% 28%
0 -0.21 0.33 -34% 14% 7%
* 4 THRRORRLEN
Table 4 Results of Additional Experiments
AEVY i AETRAE BREY-¥IE BRE RAE Pred25
Log-OLS 8.24 1.86 226% 107% 21%
Log-Tobit 8.45 1.53 260% 93% 28%
Log-Merge 8.18 1.57 248% 92% 33%
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Table 5 Recall, presition, and F1 value of the prediction

methods.
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Log-Tobit 74.4% 52.5% 61.5%
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Figure 3  Selection of the predicted value.

Log-OLS % tted % &, BRE EHMELIA AT L TH Y,
FFIZ Pred25 2% 10%LL B 2t#® L CUW /2. Log-Merge &
Log-Tobit % i3 % &, AE hRELUANHEL TEY,
W12 BRE MBS 10%LL EokE L Tuiz,

Log-Tobit % i@ 9~ 2% & &t~ T, Log-OLS 7>5 D BRE
SEHHEDEAL DN DI otz ®, TRKSERZTICERT
L& XV RET N ERRTILELTEDLN, £bEDH
b=ty NETILORKOFNIAFENGE XD & oy
HOHLFUMHETHD., oFT—%¥y MM LS
B2, FEROERBB/ONDZNE I DIAHATHY, 4%
SHIZRIOT =%ty MZBWTHREOERZIT, R
EHENDDVLERND D,

6. BEEMHE

INET, TANTRERICET D KMHESCHRFT% O KKtk
T LRI S AFEL, BRx BEmE T AR A
WHNTWE, BFlZIEHEMNG3NE, TaEA A MY 7R
EOAAEE LT, VT NU =T OBRFEANTEE R
EET ML FHILTWS., £/, HERIZESND A

MU 2AEFIA L, RS T % Rayleigh €7 /VICE D T
LTS NES6lIE, FIRTROLE2—FT =215,
T A N LR TOXMREEEE —RIEREET VICESE T
WLTWD., V7 o= TIEEEREHR10]%2 AV TX
Mtk THRIT 2860 5[2]. 2L, T’xDmMDBIBY
KEaE O RN b—Ey FET A ERWZIRIT I ET
TFIEL 72\,

=ty hEFN LRI, BREHIZ0 DT -2 0%
WIZEEFHRE LIZETALELT, AT Y VERET AN
HY[5], Ko TRICHWWONDZ EnbD. ATV
FEUFET VT, BRIEENERT Y U HRICHE> Z L &5
HBLELTWS., 2720, BTV U MITES LS8R E L
WZ EEAIEE L TWDEY, F—Ey hETLED LK
M2 TN LD WATREER H 5. AT Y VERET
NE b—Ey NETNLERKT S Z L35 %OBEDO—D
Thb.

7. BhYIC
AR TIE, Y7 b2 T REEOFHENIZ h—Ey bE

ThEBERAL, PHRESIORE LR THETL20E S
M EERAICHE DT ST T, RN TRIBICHE S E

81



VINIITIVSZTI IO VRIS UL 2015
IPSJ/SIGSE Software Engineering Symposium (SES2015)

EFET NV, b—Ey NETIV, WA H AR L/
TRBICESCEBRET L, AR AEA L b—E

v FNEFAD 40 W, ERORER, s EA
LEET VO THBERFELS 2oTEY, h—Ey hNET
AT E N ZRIEICIES S EEYFE TV &Y, BRE RE
& Pred25 BZALEIL 14%, T%0E L7-.

SBOBEL, SHICEATLIT—FEy FEHESOL,
FREDRERDTEN DD EHNDDLZETHD. TR
KIGEEDS 0 D —ADEIE & TRIFEE & OBFRIZEB LT
SHL, =Yy NETLOENIEEHEIDD.

BEE AR oO—EIE, CEEFRE R R (A
C : FEE B 25330090) (2 X DBk EZ T 7=,

SEXH

[1] HUfER: Y7 hv=T77Fudxes h5F—%DORNE
BUZBET 5 o Hr D —188F & 547 FHFI, SEC journal,
Vol.7, No.3, pp.105-111 (2011).

2] AHE, Bl WRERE: UKRT IV AT AL
Y7 by =T REEET VE AW REET R, F5
e, Vol.114, No.271, SS2014-27, pp.13-16 (2014).

[3] International Software Benchmarking Standards Group:
ISBSG Estimating, Benchmarking and Research Suite
Release 9, ISBSG (2004).

[4] Jeffery, R., Ruhe, M. and Wieczorek, I.: Using Public
Domain Metrics to Estimate Software Development
Effort, Proc. International Software Metrics Symposium
(METRICS), pp.16-27 (2001).

[5] Khoshgoftaar, T., Gao, K., and Szabo, R.: An application
of zero-inflated poisson regression for software fault
prediction, In Proc. of International Symposium on
Software  Reliability Engineering (ISSRE), pp.66-73
(2001).

[6] /hERE, BHEA : E7 L Ea—T —ZICERIMHE
THET IV, EFEBEEFRHEED, VolJo4-D,
No.2, pp.439-449 (2011).

[7] Mendes, E., Lokan, C., Harrison, R. and Triggs, C.: A
Replicated  Comparison  of  Cross-company  and
Within-company Effort Estimation Models using the
ISBSG Database, Proc. International Software Metrics
Symposium (METRICS), p.36 (2005).

(8] AREIEW: {15810 - Gl T — % 0534, Blim & ik,

Vol. 24, No. 1, pp. 129-138 (2009).

(9] MIHEBEA, /fE—  BEERGE T L2 MWy 7
D =7 BB LT RN IT D BERODER, =
Ya2—%Y 7 MU =7 ,Vol27,No.4, pp.234-239 (2010).

[10] Musa, J., lannino, A., and Okumoto, K: Software
Reliability ~ Measurement,  Prediction,  Application,
McGraw-Hill, New York, 1987.

[11] Sentas, P., Angelis, L., Stamelos, 1. and Bleris, G.:
Software productivity and effort prediction with ordinal
regression, Information and Software Technology, Vol.47,
No.1, pp.17-29 (2005).

[12] Tobin, J.: Estimation of relationships for limited dependent
variables, Econometrica, Vol .26, No.1, pp.24-36 (1956).

[13] FHATHEE, HREE, BT BPH: 7neAB L0
N A MY 7 2K DAENTTHEIL, V7 MY
=T B R YT A 2010 FEEHICLE (2010).

© 2015 Information Processing Society of Japan

82



