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NHPP Software Reliability Model Based on Pareto and
Erlang Lifetime Distribution
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Abstract In the software development process, software reliability evaluation is a very important issue. In
particular, finding the optimal development model that satisfies high reliability is the more important task for
software developers. For this, in this study, Pareto and Erlang life distributions were applied to the finite failure
NHPP model to evaluate the reliability attributes. For this purpose, parametric estimation is applied to the
maximum likelihood estimation method, and nonlinear equations are calculated using the bisection method. As a
result, the Erlang model showed better performance than the Pareto model in the evaluation of the strength
function and the mean value function. Also, as a result of inputting future mission time and evaluating reliability,
the Erlang model showed an effectively high trend together with the Pareto model, while the Goel-Okumoto
basic model showed a decreasing trend. In conclusion, the Erlang model is the best model among the proposed
models. Through this study, it is expected that software developers will be able to use it as a basic guideline for
exploring and evaluating the optimal software reliability model.

Key Words : Attributes Evaluation, Erlang Distribution, Finite Failure NHPP, Lifetime Distribution,
Pareto Distribution, Software Reliability.
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Table 1. Software failure time data

Failure Failure Failure Failure
number | time(hours) | number | time(hours)

1 30.02 16 151.78

2 31.46 17 17750

3 53.93 18 180.29

4 55.290 19 182.21

5 53.720 20 186.34

6 71.920 21 256.81

7 71.070 22 271383

8 80.900 23 20787

9 101.90 24 45393

10 114.87 25 535.00

11 11534 26 537.27

12 121.57 27 552.9

13 124.97 28 673.68

14 134.07 29 704.49

15 136.25 30 738.68
A, B Al A] AFEg SGAIRE dlolH ol tig
NS ASstu), Ao Algele gEgs

A Bl2~E(Laplace trend test)S A3 THII

7}

>4
£

g3t

O ) Fig. 13 @ol, dhEes a9l
wasielr] wiel, S gol 2415

0t +27Ate] °ﬂ
A ki ebgzolt), 2@ BE, Table 13 22 A&
PP

Laplace trend test Vs, Failure number

i
—e

| .
L8 pet

| bptetes,
L 2

=
e

Y
-

4ttt

135730 BBETBABBTY

Faplace factor

=
e

Failure number

Fig. 1. Estimation results of Laplace test



CECREEERE

3L

% NHPP 4

i

o

1% 5

7

ofe} Sy RLo]

=i
=

g &

i

(3D

i

MSE=

i

el

A

Eo] A1F

v

<
e

o)

1

Aol A A

[0, z,]7H4 YEt

T+

Hoh 1]

k5]
el

oJr)s

=

A71AM, m(x;) & Al

A e

A
+

A

ol

gkl Aol o

A B

o
.

5 2
=3 R

s

HAMSE)

(32)
Table

#ole},

ek glek, of

[e]
ok-y
O
=

L

L

A1 A
ARAGE A7) Wi, Pareto 28 BT}

=

i

o]

L

=
T

MSE¢]
21394 Goel-Okumoto 7] =3 2] MSE %
—— Erlang MSE
«sswss Pareto MSE
——— Goel-Okumato MSE
Failure number

264 A

o
.

Mean Square Error Vs. Failure number

Fig. 2. Transition of Mean Square Error(MSE)

o171, Fig. 2

Erlang 53] Pareto B8 Xt}

R‘Z

0.9814
0.9550
0.85%

=
bl

SHATH10].

A1 g5

Model summary

58424
14.1910
45,5806

MSE

[e]

=

W3 Failure Time

o=
T

il
gJILE
03090
0.7922
18102

MLE
0r1e
334092
30.5978
31.2090

H(Bisection method)

Table 2914 MSE®] At gk AAl k3t of

. Coefficient of determination.

Note) MSE : Mean Square Error.
RZ

7h 194 -

Okumoto
Erlang
Pareto

Goel-

FEFARe ARt Avst MSERTAFLA St R

(BAA)7} Table 20 2.2F= T},
Table 2. Parameter estimation of the each model

and MSE, R?
ZH MSE)

Model

w,mmo

of

x
4r

s

Uehf= 2, o] 3k

=

Zh

(¢}

-

o= (

}

ke
pa

of i

W

[0
i
o7
ca

iod



 FEE Ro|i glov} Erlang 23 0| Pareto 23
BRG] AAAQ Fo] ghol 27| uwjiel,
3]

AFEE 73l HIe ZHoA Pareto EIFHTIE
S

Goel-Okumoto

Failure time

Fig. 3. Transition of Intensity Function A(t)

Fig. 4% 23S d5ste 588 Yehis= Faqt
el gt gdo] BAEHA o] LA HAS
S, AletE E3e] BT %%koﬂ sl o) =
=, 44371 He 9de 2ola lon Erlang &
&o| Pareto EPRTFE Zghol q}-a Qo] Fo] 2z}
A FAE o], 33k dETY FHAA Pareto EPH
te aedolrh

Eralng ~ sesses Pareto

——  Goel0kumoto == RealValue

20 -

-

B

10

5
P e Moy F P Al oun W e T~ oy o@y @
SEo s S amaar B e Mg
REREEEeaEgRgREas
= g - o =

Failure time

Fig. 4. Pattern of Mean Value Function m(t)

AF-AIZE) Aolof| A a17go] Eljl—)\go],;q 1S BB

BllE AEE Rir la, )& O a+7lu}[12]

i

~ *A/I.I”ﬁ)\('r)dT

R(rlz,)=e¢ " (33)

=exp [~ {m(r+z,)—m(z,)}]

Reliability Vs. Mission time

1 Erlang
. wssass Pareto
0.8 - '~' ——  Goel-Okumoto
-
=
= 06
=
=
= 04 -
=
0.2
8} T T T T T T
o s e s Sl s B
(= ~+ ~ o v om
L2 —

Mission time

Fig. 5. Transition of Reliability Z(t)

Fig. 4014 A% &£4& F78HY, dFAIzte] =
E4E FErlang 28o] Pareto R HTE A7}

=1 kA Ao AWk whHe] Goel-Okumoto R3S H|
FEH0F AT} fFadke F

O
%J .

A= AlA ok Wol ARgslE ofF
X aﬂE 29| AFE £A4S NHPP #3814
ol A&3lo] Goel-Okumoto 7| 253} A #
Vet #A9 A 2Hg AAES
Bt Ane og3 2,

AA, dEdrel s B7kelM= Erang ¥ 0

b Ae
=

1o

o

Goel-Okumoto B3 %} &4 117 7ke] A upghel] uf
e grasklar, B Al g‘HMSEu e
Al WrER O] Pareto R@ K THE &840 th.

%“ﬂ Bk o A ArrlAs At 2o

R gkl dial o wE AT FEHE B

1}, Erlang .8 ©] Pareto ‘363113}*“ kel g
xpo] Fo] A7 FAE, TE&H N 1jr

xﬂaﬂ A Ee] As HrlAe dFEAITo]

2 Erlang 23 o] Pareto 28 EE‘r 2 E w7

I Aol F&Ho|X| Tk ¥FHe] Goel-Okumoto

lo

to

]_

HHoaj



Agdon X AFANRE ool Atd wHel

Sl ek A2 Hrrek @7, mzES 0 At
Fo] ARl AAAF R &8 5 gl VI AR
g Alesiden], LxEde] 4] B N &A=
Edof A= W|7F 2ok 9 Aol 487kt
ot UEo] FFo] RZEYO] AUAE s Fd
e defe] mel 483 ¥, Ao AHAY =Y
& o= 75 A7t Zasld

REFERENCES

[1] S. S. Gokhale & K. S. Trivedi. (1999). time/structure
based software reliability model. Annals of Sofiware
Engineering, 8(3), 85-121.

[2] A. L. Goel & K. Okumoto. (1978). Time—-dependent
fault detection rate model for software and other per
~formance measures. /EEE Trans. Reliab, 25(1),
206-211.

[[3] T. J. Yang. (2018). A characteristic study on the
software development cost model based on the life
—time distribution following the shape parameter
of Type-2 Gumbel and Erlang distribution. 7he
Journal of Korea Institute of Intormation Electronics
and Communication Technology, 11(4), 460-466.

[4] Shyur. H-J. (2003) A stochastic software
reliability model with imperfect debugging and
change point, /. Syst. Software 66, 135-141.

6] K S Kim & H C Kim (2014). The
Comparative Study for Software Reliability
Model Based on Finite and Infinite Failure
Property using Rayleigh Distribution, Journal of
Digital Con, 12(12), 277-284.

[6]Pham H & Zhang X(2003). NHPP software
reliability and cost models with testing
coverage, Eur.J. Oper. Res, 145 445-454.

[71Voda, R. GH.(1972). On the inverse Rayleigh va
-riable, Rep. Stat. Apph Res. Juse, 19(4), 15-21.

[8IK. H. Rao, R. S. Prasad & R. L. Kantham. (2011).
Software Reliability Measuring using Modified

Maximum Likelihood Estimation and SPC. /nter-
nattonal Journal of Computer Applications, 21(7), 1-5.

[9] K. S. Kim, & H. C. Kim (2014). The Comparative
Study for Software Reliability Model Based on Finite
and Infinite Failure Property using Rayleigh
Distribution, Journal of Digital Convergence, 12(12),
277-284.

[10] H. C. Kim & K. S. Kim (2015). Finite Time Prediction
Capability Comparative Analysis of Software NHPP
Reliability Model, Journal of Digital Convergence,
13(12), 143-149.

(11 H J. Jung & G. H Han (019). The Software Reliability
Growth Model base on Software Error Datal, Journal
of the Korea Convergence Society, 10(3), 59-65.

[12] K. L Min(2019). A Study on the Attribute Analysis

of Software Reliahility Model with Shape Parameter
Change of Infinite Fault NHPP Lomax Life
Distribution, Jowrnal of Convergence for
Inormation Technology, 9(8), 20-26.

21 d 2 (Kyung-il Min) [ 3]
- 1988 24 A&Er]& digtu
71 A8 (F8HAT)
- 1990\ 8¢ ¢ Qlatushar AJAkEsta)

(8 A
-20104 89 : AThek At
(498w

2017 3E~EA - St Bi1gA
. %/E]_“i_o]: : @E%A] 2 20 ﬁ%E1A]¢Eﬂ A

fA oy
- E-Mail @ kimin&@nsu.ac.kr



