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The Comparative Study for Software Reliability Model Based on
Finite and Infinite Failure Exponential Power NHPP

Hee—Cheul Kim", Shin—Hyun Cheul™
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Abstract NHPP software reliability models for failure analysis can have, in the literature, exhibit either
constant, monotonic increasing or monotonic decreasing failure occurrence rates per fault. In this paper,
finite failure NHPP models that assuming the expected value of the defect and infinite failures NHPP
models that repairing software failure point in time reflects the situation, were presented for comparing
property. Commonly used in the field of software reliability based on exponential power distribution
software reliability model finite failures and infinite failures were presented for comparison problem. As a
result, finite fault model is effectively infinite fault models, respectively. The parameters estimation using
maximum likelihood estimation was conducted. In this research, software developers to identify software
failure property some extent be able to help is considered.

Key Words : Exponential Power Distribution, Finite and Infinite Model, Mission Time, NHPP, exponential
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Table 1. Failure time data of software

Failure Failure time Failure  Failure time
number (hours) number (hours)
1 0479 16 10.771
2 0.745 17 10.906
3 1.022 18 11.183
4 1.576 19 11.779
5 2.61 20 12.536
6 3559 21 12.973
7 4.252 22 15203
8 4849 23 1564
9 4966 24 1598
10 5136 2 16.3%
11 5.253 26 1696
12 6.527 27 17.237
13 6.996 28 176
14 817 29 18122
15 8863 30 18736
Laplace trend test

0.9

0 @
o 071§
% 061 %
05 ¢ %
Bod i@
203 .-..
Feir Y g “u‘.out“.u"“

0143 % 3

P

ol 3 ¥ o n s v sy

Failure time
g 2. 2tEekA FAEY

Fig. 2. Laplace trend test

I 3 AAEE A
o 4 Azl digk FA FAe] MY sHolof
SHH16][17]. FAEA e ditq oz gFels
ZF 77 (Laplace trend test)& A
AE AN A3 [Fig2ldA ehZets 4 7
Ao Ay &t~ (Factor)o] -29F 24}0]
o &Ageorr = FHzk(Extreme value)©|
AAnE ol&ste]  AlF

]
HARGE AN Aol LLHAS AN



Aol A A ee] Fsow vehtar Sl

2

[<)
KR
=

3

Al(Tolerance for width of interval)= 107°

b

<z

(e

AHg
(]
=2,

[

=

X HgA M3
< 0013 3

(=]
s

8l

1

ot
of

Z7]

(]

HASAIIE

2P
o] &1 (Bisection method)
3+ Alx

3

k

o

ol

200
i

o]
el

o,

Failure Time Vs. m(t)

o3t o
S = ...... - ...I.m m. m m.c%@
k] ~ ' ks} = W s sl
c ~ = —_— Jus] o >
3 . I 1 o = dloom
ol T 2 v 5 R z £ :
L i O - § o & ; Rl | ooes
= 2 E N8 3 = EH2 2 : :
£ % [ o v 8 2= - 2 0057
g m _m _4_.%0 c = § 5 n m o _ : 5| oow
g g 4 5§ F § 7 v 2 § s
= = 2 5 - e : X
A o = o1 5 ol -
% E L M W H < g 0.3
8 5 o~ = ] . .2 0025
| S: & 2 &
. O [ = 0017
' - M 0.009
M 0001
T o SaeAA Anqeiey
Or
T ol T R m R M E D % TT R
T o Ho H = Mo 1§ g 8o H e 3w
G w oo WMo o2 2 2 oM T g L
TR T & wm S | S | o B o)
g T o - 3 g . NN TR
BEm X% g 2|5 fE wISiHEn
T - N 1 fxf pLRITER
T2 a®g plgpe = oIEls| = 2 |EEs Zw T E T ﬂ,ﬁ,m
A i ~ st = o X bt oK < = m 3 S .m o 8 W TS W &+ =
GE sty xETE 2R 5 8 |EEE grxEgnEDn
MoX r XOEROB S 5 o
R R 05 272 Lesloeu®z
= s 0 k= [ mo ~ .
Piedrifete. G [f% 2(5ff wEFngTzs
T © D™ ~ = [ - —
el xrrEE_% 3HElf T |5 FELEETTa
T Pk SN L |2Ee B T
B Pl S 2Ee oz 5 2[5 pEZfgvire
N T I= o ~ T Q S “° ~ 17N| 1 < dl _
ﬂ_‘_ _zZT ~ Wm qm_ ™ u_muo T o= ~0 i ._m_..__. m = s [ W Wm oy % H ;/o
0 N SN N N = = | = M X o N
o 75 oE O ol s Elg ™ T WO
o o Nr = 7 N S o E oE |3 o ®R W o ol
R T T e 28 22| ACHLRE S S
3 T ° Mool B | E g =i a C R
oo Moy LW o of 2| £5 | E5 o o SRR
o ,D! 27T ,AT o OM m sl rm o ,D! ﬂwﬂ = o wi
SR K HTKTT TR = ook R AR R W

Mission Time

a8 5. MEE
Fig. 5. Reliability



2

s

Jo

—-)
v
futnd
o
i)
o
flo
Al
fo,
o)

]
A
£
rir
0%
deb ol
o5 =

2
>
[0 > B
U=y

|
o.?: il
[Eldot ox

< WA se] ZoaA Hrh meld &

2

=

1)

z

o

K

[

Il

of

o,

9

S

o >

i 2

o o O >

I ok OE

ox T

Sl TS

32 =2

oo

oo m
£ o Q9 1

I-

fd

o

4
>

2 o #AE BEHoR BT

A ZEdC] AExs A Al 2 F 9l

o3t AR AZEI ] FFHAolgta B
- Stk

w ATl E ARl VdEE e #

gugrrEgo] NHPPREH e Ao =

agel wAT s wdske i

REFERENCES
[1] L. Kuwo and T. Y. Yang., “Bayesian
Computation of  Software  Reliability”,
Journal of the American  Statistical

Association, Vol.91, pp. 763-773, 1996.
[2] Gokhale, S. S. and Trivedi, K. S. A,

SODY A4LQ0] NHPP AZEYO AZgag ogt vim 37 201

“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, “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. Theory Methods, 22(3),
pp.797-768, 1993.

[6] Shyur H-J, “A

reliability model with imperfect debugging

stochastic  software
and change—point”, J. 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, 2005.

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

[10] Hee—Cheul KIM, “The Comparative Study
of NHPP  Half-Logistic

Reliability Model using the

Perspective of Learning Effects”, Journal of

Distribution

Software

Next Generation Information Technology,
Vol. 4, No. 8, pp. 132-139, 2013.



202 s2HLBHXASMIISSS =2 HeH A3T

[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] Kuei-Chen. C, Yeu-Shiang. I, and
Tzai-Zang. L, “A study of software
reliability growth from the perspective of
learning effects”, Reliability Engineering
and System Safety 93, pp. 1410 - 1421,
2008.

[13 Ihttp://www.math.wm.edu/ leemis/chart/

UDR/UDR.html.

[14] Lawless, ]J. F, “Statistical Models and
Methods for Lifetime Data”’, John Wiley &
Sons, New York, 1981.

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

[16] Kim, Hee Cheul, "The Comparative Study
of Software Optimal Release Time of
Finite NHPP Model Considering
Half-Logistic and Log-logistic Distribution
Property”, The Journal of Korea Society of
Digital Industry and Information, 9(2):
1-10, June, 2013.

[17] 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,
1996.

Ao

7 3 2 (Hee-Cheul Kim) [B34]

o 19024 29 BES
£k} (]8R}

o 1998 8¢ : Foulg
A5k} (o]stubap)

e 2005 39 T &A : FAML

s A3 T

o 2002d 29 ¢ et A
B2t} (Zshahan

e 2005 39 : AR A 3
o] A}

e 19943 3¢ T @Al @ WAES)

veka QIEYAR ST

BB BT, AFHHY, 2TEY)
s ozt
1



