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A Study on the Reliability Attributes of the Software
Reliability Model Following the Shape Parameter of Minimax
Life Distribution

Hee-Cheul Kim*

8 9 E =72 HeEREe E4FHQl vUEA(Minimax distribution)& FHEEE W21 FFIGFE 71K vlEE
2]l Zolg o] 7|23 AnE (Y A HFo tiFt FUES S §-84g00 Histe] Bl =9 Hie. 1 A
HaAELA s pUdA SRR ARSI 19 7t 18T Z2 F9et 2 49l vis) ddidor 7 A w3
FAES7E 1 B AR w2 ATOE Y] el 3RSV 19 A9t £eF HPow wodEd B
AFolA FAELAe vYHA SYERS] FYESE HEF Fro] AZEC] AP HiF 2ARFE A
skl FaAFeAet AAe, ARTFS ARSI ARES ] 1 54E& wofsket 71BAHCR A8 T 4 3L
g AtmEh AbE 2] ZAAS Fol 95%eld FAE] vlA AnEYo] AF EollM §-840] e ZFUS
A F AU ©] AT T LZESO] A E ABAEL #EEEY SAHE WY FYEFE FHE8F B9
AnEo] Aol tiet aFRBL A Aol FAAF A} dAAS, AFFte AEStE AnE o FESY
< Fejsted 71RANCE A d 4 oz AlmE

>

Abstract This paper, following the shape parameters of the minimax distribution, describes the
special form of the beta distribution, the Minimax distribution, as a function of the shape
parameters for the software reliability model based on the non-homogeneous Poisson process.
Characteristics and usefulness were discussed. As a result, the case of the shape parameter 1 of
Minimax distribution than less than and greate in mean squared error is the smallest, in
determination coefficient, appears to be high, the shape parameter 1 of Minimax distribution regard
as an efficient model. The estimated determination coefficient of the proposed model is estimated to
be more than 95%, which is a useful model in the field of software reliability. Through this study,
software design and users can identify the software failure characteristics using mean square error,
decision coefficient, and confidence interval can be used as a basic guideline.. .
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Fig. 1. Probability density distribution functions
according to shape parameters (a¢) and b=0.5
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Table 1. Failure time data
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Failure Failure time Failure timex< 102
number (hours) (hours)
1 0.479 0.00479
2 0.745 0.00745
3 1.022 0.01022
4 1.576 0.01576
5 2.610 0.02610
6 3.559 0.03559
7 4.252 0.04252
8 4.849 0.04849
9 4.966 0.04966
10 5.136 0.05136
11 5.253 0.05253
12 6.527 0.06527
13 6.996 0.06996
14 8.170 0.08170
15 8.863 0.08863
16 10.771 0.10771
17 10.906 0.10906
18 11.183 0.11183
19 11.779 0.11779
20 12.536 0.12536
21 12.973 0.12973
22 15.203 0.15203
23 15.640 0.15640
24 15.980 0.15980
25 16.385 0.16385
26 16.960 0.16960
27 17.237 0.17237
28 17.600 0.17600
29 18.122 0.18122
30 18.735 0.18735
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Fig. 3. Result of Box—plot
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Model Comparison

Model MLE
MSE R?
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Fig. 4. Confident interval of mean value function

Failure number Vs. UCL

w B a=0.5 (UCL)
B 40 m(t)(Trul value) -
e a=LO(UCL) — — freeesz>
® 30 a—1.5 (UCL) P
'; 25
o 20
50 .
g, 10 .

5
8

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Failure number

00 5. 000 OO0 OOOOooO oo
Fig. 5 Upper confident linterval of mean value function

ok
Ak o] ZTHollA gkt Hlalsto] ARk R
FGAESE a=157} a=0.57322} a=1.09 7} 71
A FE A

ES [I9 ololAle ZF 1=ro] tigt sgt AlEl7lo]

IO FARE =057 a=1.09} a=15% HLH

o} 7R S8E.

329

Failure number Vs.LCL

a=0.5 (LCL)
—— mit)(Trul value)
----- a=1.0 {LCL)
a=1.5 fLCL)

Confidence intervals

,¢J1 3 5 7 9 11 13 15 17 18 21 23 25 27 29
Failure number

00 6. 000 OO0 0DOOOO OO
Fig. 6. Lower confident linterval of mean value functio
n

4.

AIEF]o] Ao HAE oLt A

SIo] AMBTHI WA 4 T TR AR
A 0w PSR AmEgo] $8498 ula Bl

HPE oE O 0F BAE 7I5E 7IRIeR ¥ A2
ATE0] A=Y Bgof thsf Hln =23

1 AT} 2 Aol HeAEeAls rlyHA 5
B3] FAESE 0=1.02 A7t a=059} a=1.5 A
E02 71 A BYARE o=109 A7 O 3
FESE AE Be 1 Bt 52 AFOE Y] o
Bof AR 0=1.0°0 A a=052a=15 7} &
o2t o= ARk RO AYAS: Flo] 95%°]
g FEo] HluA ALE0] A=Y RopollA -84
o] = HPUZ A & & Uk
7} o] oifgt A Al ghe. SR Pma
=1.0Q1 399 A 71E0R =053 =
20 0= 152 W& Zof Alz7lo] A=l At
it vimslo] SREe] YRS =157}
a=0.57392} a=1.0% F9ETH 7HA FHE AT
SIRE AR RS SRR PR PR a=0.57
7F a=1.09 a=1.51 ZET 7PA S

o] AFE F3lo] ALE 0] A & ARAES 5
FREO| B NI JARSE A8 AR AX
EJo] A=l thet R3S XISl fiste] Bt
AFeAet AAS, AlRTE AR ATE]
g B molstt] 71EARICE AR T 4 lod]

2} Apmr}

S|

rflo rlo



330 11 4

REFERENCES

[1] K. Y. Song, 1. H. Chang, H. Pham, “A Softwar
e Reliability Model with a Weibull Fault Detec
tion Rate Function Subject to Operating Envir
onments’, Applied Science, Vol.7, No.983, pp.
1-16, 2017.

[2]S. Yamada, S. Osaki, "Software reliability grow
th modeling: models and applications®, IEEE T
ransactions on Software Engineering, Vol. 11,
No. 12, pp.1431-1437, 1985.

[3]C.Y. Huang, “Performance analysis of software
reliability growth models with testing-effort a
nd change-point”, Journal of Systems and Soft
ware, Vol. 76, No. 2, pp. 181-194, 2005.

[4]S. Chatterjee, J. B. Singh, "A NHPP based softw
are reliability model and optimal release polic
y with logistic-exponential test coverage unde
r imperfect debugging"’, International Journal
of System Assurance Engineering and Manage
ment, Vol. 5, Issue 3, pp.399-406, 2014.

[5] X. Teng, H. Pham, "A new methodology for p
redicting software reliability in the random fie
Id environments", IEEE Transactions on
Reliability, Vol.55, No.3, pp.458-468, 2006.

[6] P. E, Oguntunde, A. O. Adejumo, “ A Note
on the Minimax Distribution”, Covenant Jour
n al of Physical and Life Sciences (CJPL),
Vol. 3 No. 1. pp. 1-8, 2015.

[71S. S. Gokhale, K. S. Trivedi, "A time /structur
e based software reliability model”, Annals of
Software Engineering, Vol. 8, pp. 85-121, 199
9.

[8]C. Kuei-Chen, , H. B. Yeu-Shiang, L. Tzai- Z
ang, “A study of software reliability growth
from the perspective of learning effects”, Relia
bility Engineering and System Safety, Vol. 9
3, Issue 10, pp. 1410-1421, 2008.

[9]Y. Hayakawa, G. Telfar "Mixed poisson-type pr
ocesses with applicationin software reliability",
Mathematical and Computer Modelling, Vol. 3
1, pp.151-156, 2000.

[10]Hee-Cheul Kim, "A Comparative Study on Sof
tware Reliability Models with Shape Parameter
of Type-2 Gumble Life Distribution", Internati
onal Journal of Soft Computing’, Vol. 12, No.
5-6, pp. 351-354, 2017.

[11]Kim K-S, Kim H-C, "The Performance Analysi
s of the Software Reliability NHPP Log-linear
Model Depend on Viewpoint of the Learning
Effects’, ndian Journal of Science and Technol
ogy, Vol. 9, No. 37, pp. 1-5, 2016.

goono
O O O (Hee-Cheul Kim) [O0oO0O]
+ 19920 20 : 0OOOO
oooo (ooo)
+ 19980 80 : OOOOO
oooo (@ooo)
+ 20050 30 ~ OO : OOOO

00 ooooooo oo

goooo ooo oo, oo o
0O, 00o0o0oo



