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Analysis of Qualitative Factors that Affect Reliability
of Enterprise Software

Abstract: Qualitative factors affecting the reliability of enterprise software were clarified by analyzing
project data collected by IPA/SEC. The ordinal linear regression model cannot be applied to the analy-
sis of data that includes zero values, such as the number of software faults detected in operations that
indicate a degree of reliability, since those values cannot be transformed logarithmically. The negative bino-
mial regression model that is used in the area of economics or sociology was applied to the analysis. The
results show that a user’s commitment to projects, fixed requirement specifications, the usage of debug and
test tools, maintaining the high skill level of the testing team, and a high clarity of objectives and priorities
for delivery and quality are important to improve reliability of the newly developed software. In particular,
requirement specification changes are the most effective factors for lowering reliability.

Keywords: Enterprise software, Software reliability, Negative binomial regression model, Number of fail-
ures, Qualitative variable
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Table 4 Qualitative variables selected as effective factors.
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113 R H a 1 FEHIZ WA b : BERHARE+ ¢ - 2% 160 55 105 0.50 | 9.4 1.6
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L —ZFH
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Fig. 1 Scatter plot graph of FP and number of failures

for clarity of requirement specifications.
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Fig. 2 Scatter plot graph of FP and positive number of failures.
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Table 5 Effects of projects with large number of failures.

2 ko F— 2 B AR
e F—X A A [\ | p i
LAb | LA | R | (%)
Bl - RS & 90 215 0.66 | 0.3
i< 213 047 | 2.9
1133 H a 55 105 0.50 | 9.4
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& 6 Zhu 5 OAHHRER & O
Table 6 Comparison of analysis results from IPA/SEC data
and by Zhu et al.
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Table 7 Comparison of effective factors for reliability and pro-

ductivity.
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vag il e REA | TH
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5241 _ft BELORFE AR I _FE ARG G - 1.9
40470y = 7 MEHY —)L - 1/1.9
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o 408 TNV« FANY—ILERMMT S & EEMEIXE
N2 HMERENE LI R 5.

o ZURLAINIZETEEHD S S, 514 MERE - ghkME L
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xR 8 MEEIRETIVIZ X BOHHR

Table 8 Results of a linear regression analysis.

T — 25 B
(*1) 2
gl 24 EAL | FAL | R pE | EIN
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)% N2
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Bl () (80) | (12)
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(*1) FEMA IR EABDE O D7D DR P SR Lz F— &
B Cilte).

(*2) - - WEBER MW SN o728 D, v - REER &
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17.2%ThH o 7.

6. BBHYIC

VAT LBEBOAREHIE, BROWBEETIZIZ D78

©2017 Information Processing Society of Japan

Vs bTYRTHE. TDD, LEESIZEITST
BDESIT, BEBZROAEGEE HINABIZ & > THEZE
% LTI 2475 2 &N TER.

AT, BFEFPHRXFTHOSNTWSAD IH
HFETFIVEHWSZ 21X, AT aY o M
B2V 7 b7 OEEN (VAT LBEIEOAREEE)
NDFGEER % SN Uz, SRIOSHT TIRAEREMEADRE
TR DM & T 372012, B 5 TRIC#EED > T3
TVl hDAENRE U, TOME, RO &S 2
BITERMELN LT 2 Z DS hE R - 12,

o (WA - MEHD) EA BB E A IEE 2R

56

o GHEIERS T B HELD AT I RENE 2 AT E A DG &
o FNYI FANY—LERHATIES
o FERMLERAIHME R G
o I —WHIMBFAZERMAFRIZELG T 2854
o FRMLEREENFRA L R WiGE
o I—YHIMBOEBRIRNE ERIGE
o I —YHIMF DG NAEME N EH VGG
o TEBE - BIRMEADERL NV EWGE
o [REFIEANDER L NV E WG H
o TAMEKIZBWTAFILLRLPENGS

=Yl & L BN ARD TR 2RO 5 Mk

Z b, EREVER I3 — S 0 s 2 SRR 5 1)

G EERRE 2 RTINS N o T,

E7-, RN A OB BN E IR L 7R, RO
ZEDNHS Mo T
o ERLEE (AR ICIHRE RS, AENE S (S

MHHETS.

o TRMEEZAENFAE LR WEEI, EEEANDFEZ
RoNRND, FEMEIT&BICH BT 5.

o TNAVT FANY—NVEMAT S AEEMIZETRNT
50, {SFHMEILA BT 5.

o TIRLAUAEN & EEWIFME NS 5, EEMEEm
E9 5.

o I—HHMEDHELX, -V TEHEEDZN—XI
AT A F AT RS> TWA AN H 508
fEHEME XA T 5.

X5z, FAGEMN Yo aY 7 M ERILTHS
REAEH RO FP B % AR L TR RIGE TV TE
MO EEREZ DN L 25, A0 HAKE TV
THESNT 16 ADOMBEERIZH U TH 71T 1 HDH85H
REHHE U0 7T HOERIZMEER L ARSI NRD -
72. TOZEMSAREERNEYrD T a7 M 2BIAT
LM n s EERL DR RS (SEOHITIX2/3
2T B) Zeabhhots.

SO ST TIEREOMIEERE L EHEIZELTWE D
DD, plENPERAKIEIZE LR >=E-DHo7-. Th

56



VIRNIITIDZZFUS IS 2RET L 2017
IPSJ/SIGSE Software Engineering Symposium (SES2017)

SIEBHAIPARRLTWE T —AEZ N, 5HT—4

DH

HIZ&Y, 512 OREERNZ M TE 5 W RENE

N 5.

HEE  AWFZ2IEEIERT & IPA/SEC 234k CTHMEL 7=
LDTH 5. IPA/SEC DMAFE, IFY — XM
FEDT % DTN < BH#BL £ 9.

SE 3

(1]

2]

(8]

(9]

(10]

(1]

(12]

(13]

(14]

[16]

(17]

Boehm, B. W.: Software Engineering Economics,
Prentice-Hall, Inc.(1981).

Boehm, B. et al.: Software Cost Estimation with Cocomo
11, Prentice-Hall, Inc.(2000).

Akiyama, F.: An Example of Software System Debug-
ging, Information Processing 71, North-Holland, pp.353-
359(1972).

Halstead, M. H.: Elements of Software Science, Chap.11,
Elsvier, North-Holland (1977).

Fenton, N., Neil, M., Marsh W., Hearty, P., Radlinski, L.,
D. and Krause, P : Project Data Incorporating Qualita-
tive Factors for Improved Software Defect Prediction, Int.

Workshop on Predictor Models in Software Engineering
(PROMISE °07)(2007).

MEMR, EEARE, FREER, BNNTF, BIEE, RAR
fle—: a— NEMEEE2HWEZY 7 by 2 7 RGEEY
W, IS A CEE, Vol 50, No. 3, pp. 1144-1155
(2009).

AEHER, FIFBEA, MAREE— : fAAY 7 b Y 7R
2B BRI X b ) 7 225D NI O ¥
#Hl, SEC Journal, Vol.11, No.2, pp.16-23 (2015).
INERE, BHEA KTV a—F—XIEIRET
TN, BTEHBEYARFED, Vol. J94-D, No. 2, pp.
439-449 (2011).

Khoshgoftaar T. M., and Gao, K., Count Models for
Software Quality Estimation, IEEE Tr. Reliability, Vol.56,
No.2, pp.212-222(2007).

B, RE=, MEVEA, BRARE—  HEL -
LU Y AT 1w 7R & L AE D 72 fault-prone E
o —)VHIRIGEE, RIS 25 GE, Vol. 49, No. 12,
p-p- 3954-3966 (2008).

Vandecruys, O., Martens, D., Baesens, B., Mues, C.,
Backer, M. D. and Haesen, R. : Mining Software Reposi-
tories for Comprehensible Software Fault Prediction Mod-
els, J. Systems and Software, Vol.81, pp.823-839(2008).

FRARELMG, B, MEHBEA, AR BHRE A b
Vw7 AIHKDLY 7 MY o TEEEO S, BT
EEFEWLEED, Vol. J39-D, No. 8, pp. 1576-1589
(2010).

Goel, A.L. and Okumoto, K.: Time -Dependent Error-
Detection Rate Model for Software Reliability and Other
Performance Measures, IEEE Trans. Rel., Vol.R-28, No.3,
pp-206-211(1979).

Yamada, S., Ohba, M. and Osaki, S.: S-Shaped Reliabil-
ity Growth Modeling for Software Error Detection, IEEE
Trans. Rel., Vol.R-32, No.5, pp.475-478(1983).

Furuyama,T. and Nakagawa,Y.: A Manifold Growth
Model that Unifies Software Reliability Growth Models,
Int. J. of Reliability, Quality and Safety Engineering,
Vol.1, No.2, pp.161-184(1994).

Wk Sz, ZREE, LIRE : e~V 7 v 2 7 fE
JEMEE TV, BIEBREEY R GE D-1, Vol J-87-D-,
No. 8, pp. 805-814 (2004).

Zhang, X. and Pham, H.: An Analysis of Factors affect-

©2017 Information Processing Society of Japan

[18]

[19]

[20]

[21]

[22]

[23]

[24]

ing Software Reliability, J. Sys. Software, Vol.50, No.1,
pp-43-56 (2000).

Zhu, M., Zhang, X. and Pham, H.: A Comparison Analy-
sis of Environmental Factors Affecting Softwar Reliability,
J. Sys. Software, Vol.109, pp.150-160 (2015).

Cameron, A. C. and Trivedi, P. K.: Regression Anal-
ysis of Count Data, 2nd ed., Cambridge Uni. Press,
p.566(2013).

MSZATBUE B RLEEHEERARS (IPA) Y 7 b vz 7 T
vo=7 V) v ey x— (SEC) WE: V7 MY THF
7 — X [ 2016-2017 (2016).

dER s TR R 5 X 2 ENER L T DERE,
SEC journal, 25 11%, 245 (GE% 47 %5), pp. 40-47
(2016).

HIER : V7 v 2778V b TF—XRORNE
ZBT B Mt o —FaéE & #rEpl, SEC journal, 7%,
5345 (@M% 26 %), pp. 105-111 (2011).

Zeileis, A., Kleiber, C. and Jackman, S.: Regression
Models for Count Data in R, J. Statistical Software,
Vol.27, Issue 8, pp.1-21(2008).

A EER R BEEE AR, p. 480, BT AR B I AL
(1989).

57



