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A Method for Selecting Software Reliability Growth Models
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ABSTRACT

Software Reliability Growth Models (SRGMs) are useful for determining the software release date or additional testing efforts by
using software failure data. It is not appropriate for a SRGM to apply to all software. And besides a large number of SRGMs have
already been proposed to estimate software reliability measures. Therefore selection of an optimal SRGM for use in a particular case
has been an important issue. The existing methods for selecting a SRGM use the entire collected failure data. However, initial failure
data may not affect the future failure occurrence and, in some cases, it results in the distorted result when evaluating the future
failure. In this paper, we suggest a method for selecting a SRGM based on the evaluation goodness-of-fit using partial data. Our
approach uses partial data except for inordinately unstable failure data in the entire failure data. We will find a portion of data used to
select a SRGM through the comparison between the entire failure data and the partial failure data excluded the initial failure data with
respect to the predictive ability of future failures. To justify our approach this paper shows that the predictive ability of future failures
using partial data is more accurate than using the entire failure data with the real collected failure data.
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Table 1. Goodness-of-fit evaluation criteria vl A AA 1% doleet g Ae xmES ] Al
Criterion Definition L A% 2ds A%
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- 61 Mg st
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Variance \/k771X}(mt’*'m(tl)*Bias)2
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RMSPE Table 2. Failure Data Set
(Root Mean Square V Variance®*+ Bias?
Prediction Error) PROJECT APPLICATION Number of Failures
ko .. PROJECT 1 136
;(m(t,)* m)? “PROJECT 2 | Real Time Command ”
R-Square i . . —— & Control 2
Yim, —m)? PROJECT 3 38
i=1
m(t;) * number of failure estimated at time ¢,
m, * number of failure observed at time ¢, Ao AFE3E == SMERFS[14], SRTPro[15]°]t}.
k : Total number of failure AXEYY AFE A =P NHPP =2[16], Musa/



Okumoto Logarithmic 2 2[17], Musa Basic 2 2[18]S A}
Eia=

D 2xEde] AsE 44 wd e 7E
A) £ZEg]o] M2 g B Fu A J)F 4Y

Musa ®loJ&] Mo 7 dlo[Hol] tie HAE ZAx,
UM Z2As o5 detet 4 g7 "l 24 dlold
o X B AZEO] e A B A8 JtT AR S
AR AXEGC] AR A Bl SRS Atk
1 dHolH e £¥v o X, SY 2EE e &
ZEg AHE Y B AL 7t ofe AHE 37t
=] A8l R FaA At

F& Table 191 U42€ 7|FE el ofg
oW 7|Fe] 7P Fvin AT & it
o] =& T-Points AA 7] 13 A= H7L 71+
© 2 MAE(Mean Absolute Error)2 A&3th 281

4 (Failure Count) 223} 117 Alo] Hit A|ZHMTTEF)
S A AREE) wEe] md 7k mas e Age 3
7} 71ZF 0 2 R-squareE ARE-3ir},

2) AZEYO] A= A md FW 9 T-Point 273
A) £ZEQo] {e Py md THT A
22AE 19 1% Holy X+ Fig 74 2o 1% b
olg] ®3xe] 9Ja)4 NHPP 9, Musa/Okumoto Logarithmic
24l Musa Basic 28 *‘tﬂﬁ?ﬁ‘r I2AE 1 1% do

150
o 140
2 F
S fﬁ et
& a0 —
© 1o
o 100 o F
< ++
£ w0
= L
=
o 704
=
S s0q
=
S s
£ 4
E w
O af

20

104

10000 20000 30000 40000 50000 60000 70000 80000 90000 100000

Time in Seconds

Fig. 7. Failure Data Distribution of Project1[13]
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Table 3. Candidates of Software Reliability Growth Model

Candidates of SRGM

Musa/Okumoto Logarithmic Model
NHPP Model
Musa Basic Model

Musa/Okumoto Logarithmic Model
NHPP Model
Musa Basic Model

Musa/Okumoto Logarithmic Model
NHPP Model
Musa Basic Model

PROJECT

PROJECT 1

PROJECT 2

PROJECT 3

B) T-Point 4% % 1% djojE] A&
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T-Point= Xo H]O]H W2 AA5 Table 39 AZE
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Table 4. T-Point in PROJECT 1 Data Set

T Musa/Okumoto Musa Basic NHPP
0 2107.746 2516.863 1.060
1 1887.382 1514.768 0.556
2 1845.563 1395.821 0.473
3 1810.276 1341.192 0.276
4 13516.7 13909.5 0.392

Table 4, 5, 614 AMg-¥ 1% HolE = Z2AE 1 2,3
o] 1% ©Hlo]EE Fig. 449 yxA AREgth T(0)2 Fig.
4] [0-S] F3te] 2 HeolEHE AN Afola T(1)S
A oAA T AT (1-S] F3he] 1 volHE ARES

Agoltt. AR AEHEY T7AA Y #3ks A9 14
dolE & AMge Aol sldst FelA EdEE ALty
#FE2 (S-End] T3HAA e AA gH(FHE 2% vole)
T4 #AFHE RS AREEA e ghe] A= Bt
Aytolt}y, ZRAEWR TS F/AANY  AHAEE
(Goodness—of-fit)& H7}st A5 wlg o2 T-Points A
dath 49% B2 71702 MAEE Ag87] W] ocl
N7 2 2t} Table 6914 Musa/Okumoto 2#e] 7 $-
A HA s AYPE W APt AA G dolH
S AMEE wET oF 67%7HE Foldth &, AA 1%
dolEZ AFE3 Z$-xHtd T-Point ©]%<9 1% do]g=
Agsle W w2 a5 Asel AREst FEe
5 ok Al HA A A YE W HE 2 v
1 odF 58S Ho|i 9th
Table 5. T-Point in PROJECT 2 Data Set

T Musa/Okumoto Musa Basic NHPP

0 4351.741 4127572 0.813

1 1613.8 3866.93 0.298

2 1928.36 5421.875 0.548

Table 6. T-Point in PROJECT 3 Data Set

T Musa/Okumoto Musa Basic NHPP

0 35899.033 5606.191 10.85

1 11683.722 2750.120 8.252

2 8889.870 2416.966 8.071

3 6237.390 2104.453 7.757

4 12166.258 2791.928 8.966

¢ FolA Musa/Okumoto E-# ¥} Musa Basic %22 ¢
g 28903 1 Abo] AZHMTTR) S A&t Edo
B2 Z(sec)ddle] n% dlolElE ARESlal NHPP 2
< MTTF®} 2% 4 (Failure Count)E EF AFEE 4= 9l
2wk 91 dolElrt e AFER FolHr] wiel 4 2
o] A3tw HJrt A3 kel A7|7F d2A et AS &
T 9tk AR AXES Y] AFE 4 Bd YA A

St W
o A& 4%
Table 7&

315 7]dto = T-PointE AAsH7] wjio] ~2ZES
= 2d Zro] gkl A7) zelE &4 7hesith
o zzAEYW T-Pointe} AZE ] A% A
2 nd Aeo] A M whAloA AMEE 1 dolE e W

Table 7. Failure Data Used for SRGM Selection

PROJECT T-POINT FAILURE DATA
PROJECT 1 3 (3,END]
PROJECT 2 1 (1END]
PROJECT 3 3 (3,END]

3) AZEY ]

AR E Qg 2l A

ER
2}

Table 8. Results of Parameter Estimation

iilvsey/ Musa Basic NHPP
PROJECT Okumoto
By By By By b
PROJECT 1| 41694 7.63E-05| 94.867 2.48E-05 | 2.50E-05
PROJECT 2| 18104 643E-05| 42391 2.04E-05 | 2.06E-05
PROJECT 3| 12358 3.10E-05| 18909 199E-05 | 2.34E-05

Table 9. Results of Goodness-of-fit Evaluation

PROJECT Oll\:[;jli{to Musa Basic NHPP
PROJECT 1 0.965 0.985 0.983
PROJECT 2 0.910 0.984 0975
PROJECT 3 0815 0.974 0.975

Table 10. Results of SRGM Selection

PROJECT Result of SRGM Selection
PROJECT 1 Musa Basic Model
PROJECT 2 Musa Basic Model
PROJECT 3 NHPP Model

Table 82 Table 79 1% HoJEHE Al&3|A AZEY
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FRE AA 2 dlolE #t Alele A¥EE WUt 4
v}ojtt,

Table 10& 7zt ZzAedz Aoy AZEo AFHE
374 wmdolth. A b At MY & LZES



AFE A 2dS Hded Aylo|t), Table 9914 AFE-3F
A& we Hr} 7158 R-Squareo]7] W&o 1o 77E&FE
2gkslk 7doltt

N
Rl

o o @
i)

ot
o |o
fil
=
>,
At
b
o,
N
-+ 1o
oxl
Lot
b
|
ol e
e
&
30
i)
rrooX
o 2
>'E)u El ﬂ%
oon Ty
L o2 ° oo H o

A=)
e
oZ

References

[1] J. D. Musa, et al., “Software Reliability : Measurement,
Prediction, Application”, MacGraw-Hill, NewYork, 1987.

[2] K. Sharma, et al., “Selection of optimal software reliability
growth models using a distance based approach”, IEEE
Transactions on Reliahility, Vol.59, No.2, pp.266-276, 2010.

[3] Ullah N., Morisio M., Vetro A., “A comparative analysis of
software reliability growth models using defects data of
closed and open source software”, In Software Engineering
Workshop (SEW), 2012 35th Annual IEEE, Heraclion, pp.
187-192, 2012.

[4] C. A. Asad, et al,, “An approach for software reliability model
selection”, In Proc. 28" Annual International Computer
Software and Applications Conference, Vol.1, pp.534-539,
2004.

[5] A. Iannino, J. D. Musa, et al, “Criteria for Software
Reliability Model Comparisons”, IEEE Transactions on
Software Engineering, Vol.se-10, No.6, 1984.

[6] T. M. Khoshgoftaar and T. G. Woodcock, “Software
reliability model selection : A case study”, In Proc.

International Symposium on Software Reliability Engineering,

o

22 HOIEE 0188 MNEIT M% 2Y Mey w17

!

Austin, pp.183-191, 1991.

[71 Okamura. H, Dohi, T. “SRATS: Software reliability
assessment tool on spreadsheet (Experience report),” 2013
IEEE 24th International Symposium on Software Reliability
Engineering (ISSRE), Pasadena, pp.100-107, 2013.

[8] Zeng. J, Li. J, Zeng. X, Luo. W., “A prototype system of
software reliability prediction and estimation”, Third
International Symposium on Intelligent Information Technology
and Security Informatics, Jinggangshan, pp.558-561, 2010.

[9]1 M. R. Lyu and A. Nikola, “Applying reliability models more
effectively”, IEEE Software, Vol.9, No.4, pp.43-52, 1992.

[10] C. Stringfellow and A. A. Andrews, “An empirical method
for selecting software reliability growth models”, Empirical
Software Engineering, Vol.7, No.4, pp.319-343, 2002.

[11] M. Garg, et al., “A method for selecting a model to estimate
the reliability of a software component in a dynamic system”,
2013 22nd Australian Conference on Software Engineering,
Melbourne, pp.40-50, 2013.

[12] IEEE Std 1633-2008, “IEEE Recommended Practice on
Software Reliability”, IEEE Reliability Society.

[13] J. D. Musa, The Software Reliability Dataset [Internet],
https://sw.csiac.org/databases/sled/swrel.php.

[14] William Farr, Statistical Modeling and Estimation of
Reliability Functions for Systems [Internet], http://www.
slingcode.com/smerfs.

[15] Myungmuk Kang, Software Reliability Tool professional
[Internet], http://spiral kaist.ac.kr/wp/research/reliability—tools.

[16] A. L. Goel and K. Okumoto, “Time-Dependent Error—
Detection Rate Model for Software and Other Performance
Measures”, IEEE Transaction on Reliability, Vol.R-28,
pp.206-211, 1979.

[17] J. D. Musa and K. Okumoto, “A logarithmic Poisson
execution time model for software reliability”, Proceedings
of the Seventh International Conference on Software
Engineering, Orlando, pp.230-238, 1984.

[18] J. D. Musa, “A theory of software reliability and its
application”, IEEE Transaction on Software Engineering,
Vol.1, Issue 1, pp.312-327, 1975.

H £ =
—||-c>_|'__

e-mail : dearpyj@cnu.ac.kr
20149 Foigtal 35 H 88 (3}

20149 ~d A FEista A s
AAbaHA

PAEob: AL ES O} AR, KZE ]
5 e



18 ZEMEGel=2X/2ZER0 & HI0IH &3 M4 HM1=(2015. 1)

ol & 7|
e-mail : bkmin@cnu.ac kr
2009 &Foishal Ak g Bek (S
2012\ Seoista 7 3FE I (A A

20129~3 A FEUiga HiHeddt

CANN -
e-mail : hskim401 @cnu.ac.kr
19833 A&t Alaks A2 (ghA})
191 S=33}7)ed AAEN(E
1995 S=ra7]ed AAbetak( s
19951 ~19954 g A A AT Post

ol

o~
=
o~
=

HRAL g
T Eok AZEY S AFA, AZE Doc.
B R R B 19969 ~2001d #2338t Za s
20019 ~d A Fddigta HAFEFe we

31
FEol AXEY o] FEHAZE O] HAH

u), B2k A



