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Abstract This study
models(Goel-Okumo model, delayed S-shaped reliability model and Rayleigh distribution model). The predict
capability analysis will be on two key factors, one pertaining to the degree of fitment on available failure data
and the other for its prediction capability. Estimation of parameters for each model was used maximum
likelihood estimation using first 80% of the failure data. Comparison of predict capability of models selected by

validating against the last 20% of the available failure data. Through this study, findings can be used as priori

aims to analyze the predict capability of some of the popular software NHPP reliability

information for the administrator to analyze the failure of software.
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(Table 1) Failure time data

Failure Failure time Failure interval
number (hours) (hours)
1 0479 4.79
2 0.745 2.66
3 1.022 217
4 1576 54
5 2,61 10.34
6 3559 9.49
7 4.252 6.93
8 4.849 597
9 4966 117
10 5.136 1.7
11 5.253 117
12 6.527 12.74
13 6.99% 4.69
14 8.17 11.74
15 8.863 6.93
16 10.771 19.08
17 10.906 1.35
18 11.183 2.77
19 11.779 5.96
20 12.536 7.57
21 12973 4.37
22 15203 22.3
23 15.64 4.37
24 1598 34
25 16.385 4.05
26 16.96 575
21 17.237 217
28 176 363
29 18.122 5.22
30 18.735 6.13
Laplace trend test
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[Fig. 1] Laplace trend test
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(Table 2) Parameter estimation of each model

MSE , R’
Model MLE Model Comparison
ode & MSE R
“oel- 0 0= 90.8840,
Gioel ML 13.0604 09867
Okumoto bapp=0.0192
0= 29.4832,
Delayed ML 12.9010 0989
Sshaped b= 0.1934
0 0= 26.3633,
Rayleigh MLE 119359 0.9881

by = 0.0095
Note. MLE : Maximum likelihood estimation;
MSE': Mean square error;

R?* : Coefficient of determination.

Failure time Vs. m(t)

— Real valuz === Gozl-Oumoto

« Delayed S-shaped ~ eeen Rayleigh

2 =

[Fig. 2] Laplace trend test

[Fig. 2]o1A 24712 A&l digt FHw ke el
Wit o] agex] X 2o fAbek e o=
WA ARk A= Delayed S-shaped =38 o] Ath 4]
© 2 A FAFekaL SO A= Goel-Okumoto -3
o] FAFsHAl YERFaL 9l

A= 20067} B AEE AE(30%x0.2=6)F ©]&
ot ZF o] tigh o Zgtoll g msEt RS Fhol
<Table 3> ¢ 8= At} o] FlA Goel-Okum otoR
ol Bt A et AL vk wheba] AA] BS54
W dAF gel gk o] FHeAE HwA
Goel-Okumoto 28 o] E&4 o2 Ay g2 =W
A% Goel-Okumoto®. & o] A YERHIL 917] wj&ol
FF o tE RYuY §84Q Byoz Aol 7h

et

1..

roR

Journal of Digital Convergence | 147



ATEQ0| NHPP AlZ[Az&iof of

St XA

A 655 HITENM A

(Table 3) MSE and R* of each model
Model Comparison

Model

MSE R*
Goel-Okumoto 46118 0.9893
Delayed S-shaped 109814 0.9862
Rayleigh 13.0668 0.9733
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FAH O WG 5 i B
A B AT, AT AmES
AR gl 14
AR 3 BADAL A
S 37l i B8Ae WS T Ak Hs
EARIOIL 58 AaAZE 24

M A ZE A
Azbe] AAS EeHoR Ao rA AZEY0]
AHNZE g Al A 4= ik o] e A S AT EY
AATgeletal A 9k

%
2]
A
ox
fd

2 oAFoAE AZEY
(Goel-Okumo =3, A
ZEE 2d)9 5%
th 1 A 71E9) 80%70 9] Absel] o
A ARKE mE Fol A A B2 gk dE gl
Aol of &+ ¥ 1% Rayleigh® 3]
a5 ghel zpolol tigk ArHS ovlshs A
oAM= Delayed S-shaped®3o] 84 R¥
Bk ey 239 o5 o] vus fjste] vt
o} 2097} B At E HlEk oo A=

b oS ol ik Apolob gl ds)
Goel-Okumo ®.3o] T2 23nrl g829 RO

ar & Slth

]’.0{1
o
2
(o
at
[0 of mx & A

[¢]

m XN oz

e olel el sxEse] WA BHE nelgom
A zeslo] gBeel tig 71 AAAS olshel
s 71249 RS st 3 5 gl AP 8
& @ 5 gowe At

REFERENCES

[1] L. Kuo and T. Y. Yang., Bayesian Computation of
Software Reliability, Journal of the American
Statistical Association, Vol.91, pp. 763-773, 199%.

[2] Gokhale, S. S. and Trivedi, K. S. A time/structure
based software reliability model, Annals of
Software Engineering. 8, pp. 85-121. 1999.

[3] Goel A L, Okumoto K, Time-dependent fault
detection rate model for software and other
performance measures, IEEE Trans. Reliab. 28
pp.206-11, 1978.

[4] Yamada S, Ohba H. and Osaki S. S-shaped
software reliability modeling for software error
detection”, IEEE Trans. Reliab, 32, pp.475-484, 1983.

[5] Zhao M., Change-point problems in software and
hardware reliability”, Commun. Stat.
Methods, 22(3), pp.757-768, 1993.

[6] Shyur H-]., A stochastic software reliability model
with imperfect debugging and change—point, J.

Theory

148 1 Journal of Digital Convergence 2015 Dec; 13(12): 143-149



Failure Time Prediction Capability Comparative Analysis of Software NHPP Reliability Model

Syst. Software 66, pp.135-141, 2003.

[7] Pham H, Zhang X., NHPP software reliability and
cost models with testing coverage”, Eur. J. Oper.
Res, 145, pp.445-454, 2003.

[8] Huang C-Y., Performance analysis of software
reliability growth models with testing-effort and
change-point, J. Syst. Software 76, pp. 181-194,
2006.

[9] Kuei-Chen, C., Yeu-Shiang, H., and Tzai-Zang, L.,
A study of software reliability growth from the
perspective of leaming effects, Reliahility Engineering
and System Safety 93, pp. 1410 -.1421, 2008.

[10]Hee-Cheul KIM, "The Comparative Study of NHPP
Half-Logistic Distribution Software  Reliability
Model using the Perspective of Learning Effects”,
Journal of Next Generation Information Technology,
Vol. 4, No. 8 pp. 132-139, 2013.

[11]Hee-Cheul KIM, "The Comparative Study of NHPP
Delayed S-Shaped and Extreme Value Distribution
Software Reliability Model using the Perspective of
Learning  Effects”, International Journal of
Advancements in Computing Technology, Vol. 5,
No.9, pp. 1210 -1218, 2013.

[12]Kim, Hee—cheul, " The Assessing Comparative
Study for Statistical Process Control of Software
Reliability Model Based on Rayleigh and Burr
Type”, Journal of the Korea Society of Digital
Industry and Information Management, pp. 1-11,
2014.

[13] Y. HAYAKAWA and G. TELFAR, “Mixed
Poisson - Type Processes with Application in
Software Reliability”, Mathematical and Computer
Modelling, 31, pp. 151-156, 2000.

[14] K Kanoun and J. C. Laprie, “Handbook of
Software Reliability Engineering”, M.R Lyu, Editor,
chapter Trend Analysis. McGraw-Hill New York,
NY, pp. 401-437, 199.

[15] D. R Prince Williams, Prediction Capability
Analysis of Two and Three Parameters Software
Reliahility Growth Models, Infoprmation Technology
Journal, 5(6), pp.1048-1052, 2006.

71 3] A(Kim, Hee Cheul)
-1992d 2¢€
BERN
1998 8¢ :
REENY
<2006 3€ ~ &A - I st

ARG W

Faistal S}

Eavjsta 545}

- E-Mail : kiml458@nsu.ac.kr

7 7 4(Kim, Kyung Soo)

-2001d 89 wElgTsta wiaiet
sHFe} uap)

<2006\ 39~ 2007d 29 VCU
DBLab Visiting Scholar

| - 100841 39 ~ @A) : wialEstst
\ L QIE YRR G

$ | eurer zmedeay 3,

Aunch g Zzaey
- E-Mail : kkskim@bscu.ac.kr

Journal of Digital Convergence | 149



