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Abstract

Finite failure NHPP models proposed in the literature exhibit is either constant, monotonic increasing or
monotonic decreasing failure occurrence rates per fault. For the sake of proposing shape parameter of the
Gamma family distribution, used the special pattern. Data set, where the underlying failure process could not
be adequately described by the knowing models, which motivated the development of the Gamma or Weibull
model and Gompertz model. Analysis of failure data set that led us to the Gamma or Weibull model and

Gompertz model using arithmetic and Laplace trend tests, bias tests was presented in this Paper.

Keyword : Reliability, NHPP, Gamma, Gpmpertz, Software

L ME S EREL LN EEEE!

(Dept. of Information Communications & Computer

Networks, Hallym Sungsim college)

Ans Asold AFEE WEd el Aaw
so zmeslo] Axdel sEsn gow, ofg  AHHHE AHUgR
LT EY O A"l 7F U7l gL Q7 FHo| x| (Dept. of Computer Internet and Information Major,
A, AZE 7} s, B3 thadkst Ha gl Korea Nazarene University)
= Aol Abdelt G st AF A WA el g sk
3 9] + 3 = 3L

£RESO] A me el HF DA £2E (Dept. of Industrial Information System

o] el EAstE g S 2 B A Zke] 23

I © Engineering, Namseoul University)
=l A o 5718 22 o]l =T AT ES B
e FrhE 5 oA FERA, KLEg] B 120065 91 291, (ETE5E 7 H: 20064 1201 261

>
k%

(143)



66 M7 Aes| =& X[ (Journal of IKEEE) Vol. 9. No.2

o HlaE Aol AW A7, B4 ngse 14
W e BAE 2y o] medow weld
ox rzEudel AAEE AL 5 ow, o
@ $4e 2xEde] AH% AR Fgolgu @)

—
—
i}

2 AFAE ST AvkE 5E4E 73 2t
£ ¥ (Gamma Distribution), 9} o] & (Weibull
Distribution)Z ©] €3 AZE o] AF A% nygs
AMzrgsta, vy A 34 dEel
(Gompertz Distribution)E %=¢ %83 NHPP AlZ
3% RS AAstA gt

ATl FHeE 2FAME #YE dTE

f

H A
NHPP BE&3 AZEO Ak #sk durzel u
| nFega, 3FAME FHEx B¥XE H83
22 Ege] NHPP A8 % 4% 282 A, 4
F4 Wyezx HeFAHMaximum - Likeliwood
Estimation)& AW 3st9or, 7ot 2 oolE EXE
2= AR a Bxo EAS aFArh 4%
A HHY 2= NHPP 23S 7|22 3 &%
Eglo] AFE 43 Ry Aden Az 4] g
ET2A Ak 3o FA @43 @& 2= (Laplace)

% ES
A4, BARSTL o1 $HAT 5PN ¥ AT W

el 24 Assh G AT gl vhste] w=ahairh
Il. NHPPS} 2= Egjof Al=E

NHE (0 A7l Zhd e fseta Hoad,
NH= BH@t &= = dE[ND]/dtQ NHPPoI
ofel vkt o]l RPFskE 4 ArH23]

F{Mz‘):n}:M (1)

3

n!
n=0,1,2,...c
t
a o @
mt) = [ s
m(p)7F o HE WA FE FAE JH R
b, &1 ¥ ES xds) A% A= g

FE AD)=m ()7t T, A7t BFCp7t AD)
oW BA Foby sAelm, yol W ¥ Fejolw

NHPP7} €t}

S F i

T RFER EFACH8]. 3 12 NHPP 2852 &
2E AlZko] FoiAA A (Fault) 59 71dldk

k=l

ol #¥ B ( lim () =0<o0)& 7HAM, el

(144)

& 1% NHPP 2352 %3¢ @s /Hda M4
F 9k #§¥ 2 NHPP o)A F2& HzE
AZEOIA Bl £ gl A Mdge gt
FP3L, @) E NHPPAAMS n%g &E % T
g B 3 2 NHPPR R o Bagh oo
Ot 2ol xET F A2l

n(t) = OF (1) (3)

9 Aow Ry 3 1 #A% F4(Instantaneous
= X

Failure Intensity) a5 1(2)9F #esto] th&3t 2

o] fmer

A =0F"(1) 4)

2 A Oy Zol ¥WdEEY 7% FE vk
o _F ()

AD =[ 6—m9] 1—F) 5)
=[ 0—ndD] W5

R)E A= Eipainl S,

7M ‘.ﬁf);‘:_ a3 T AT ESQ

ol A3 wHF WAES IS [g—pyh]= ¢ A

Holl Al AZESold HoldE A¥dES 7d@ge o

BRATE [ g—m(p] & & AH ol O dx HF

7V vt A F Azbe]l Ao wel AgEo] ¥

Aol AAHZ wEl FAEE

A wehA

ADE WHS el me geAn 35, Fh gk

ze Frhetrh gass Ade A4 &
3

of Hopel 71¥A W<

Goel-Okumoto 2.3

o
wp?t A% e AgowA AR el Sgel,

Yamada-Ohba-Osaki Z3(S 28)&
26,121,

)
N\
>
)
—
=
=
>
o T
o
=2,
R
N
3
X,
N
B
&

dapd i 1F ARES x = z"lzl.om, dlolE]
2

B D& (xyayr ;1) OF TART mheb

g A g dIARE Sy A
Likelihood Function)® t©&3 2o]

[12,13].

Lo~ [1AGeo) Jeswl —ntx,)]



=

B s

HAE AR 7ol

|

oA AT E
7Hg stell A AE TR (4 px] (S,
FAlZFH(Mission Time))AFo]ol] AZE o] 9

JojuA] & 215 S8 LXEd0] AIEe v

=]
w= T
3} 29

R(xlt)=exp

o 1 ud rL

(7)

[ —{mlt+2) —m(D)}]

, (¢=0,x=0)

Lo

A=
T

NHPP 212 %
oA e A

g

31 FHEE/ ¥ANyg
NHPP 2§

I o= exp [(B-I-a/t) — %(eﬁJrat_eg)]

Faald) =1- e =2 (e*'-D)]
(10)

A Gom—nuplD) (an

R =
datel, A9 FAWel Bad S Froh ma §
% ¥5E fEatd oot 2

(145)

[of Al2| Ma 2go| 24 67
L comnr(0, BID )
=( 0 Ax ) exo(—nth)
=10 exo [(/Haxl-) —%(eﬂm’—e@]}
eﬂ at
exp( 01— e~ (e “~D))
(12)
n G npep L0, a,BID“)
=nlogt9+;(,8+a/xi)
_ 1 esh,ei oy
= ¢ ;(e D—6
eﬁ ax,
+ 0 exp [7(1 e )]
(13)
el v MY FulZ= NHPP ZddA d4 =4
28 B AR g gt Mg 5 o, A F
AWME ol&sty] flske] A (13& g9 gel dlst
A ES 3 ey 2o 271X AdEUAAS H
=% 4 9l
S LR CY. )
_n e e _
= ‘9—1+exp( a(l—e )—0
(14)
B[lnLcom e 0, 8D, )]
_1 B ax; e _ax,
n——e Z;(e 1)+67(1 e ")
e? arn) _
exp(—a(l—e )) =0
(15)
2149 A(15)E vAdy JdFFFA(FA 3144
HH)e o1&t e ek, A FA4A B,
DS e T 5 den, NHPP 2FolA H2
E AR g oA 2ZEG] 1] dojdriu 3
7+A 3}"”/@ A F 7 ( L%, _H,]/\]-o]oﬂ}q AL EY
o] aAo] dojypx] &S IEQ 4 H = (Reliability)

R(t |x,)= T 2T



68 M7 Aes| =& X[ (Journal of IKEEE) Vol. 9. No.2

- — [ o 2.
R(tlx,)=e ™ Goel-Okumoto B8 AZE o] ZA3d 13
— e[ 5(17@@[ 7%‘*(;%&1)])] Agol AR ®e L MY sAed, Ao
s 2 HiE 2o BAEE A 1 o Fo] By
—9(1—@@[ —%(e‘”—l)]) B AR RAMoR g2 g A4 2ZE o]
a6 2T 2 AL AFA e 9t R
ool Agel  AgsEs  ANT 2ol
B AT E AU6NN b FFE &4, 09 371K Yamada-Ohba-Osaki E3olH, o] By 14 &
42 el 1 B4E ANste Aol vy s TEE WV BE AN FERF =9 TXF
Ak Ho =AML o] fFle] mEZ 2AIE A oust=d, M2 SHY o ArfRExe AFERIEE
AN g7t 09 A FASA ok meg Fgs I RS WA AR08
7 A4 gomm, b e A902, 05 07) A5 Gamma(2, )~ Gamma(1, )
S b €% 905 AR AgehnA Bk, F Gl B DT ERB

o dobze] 553 499 BEE ol gstel oy 7}
A RYS aEeE] B g S AL 2= 7} A 2=
sxEgel AR} Had gvp Byo 17 IE D @E e w A, gdes b AT
o gl PulREe E5F A¢RA oy RE
AT FolA Lol ol AFY W 1Y SE RE o i
o Jlg) CLo gl o1 (Erlang Distribution)2}al st#[17], ¥ A= A
= RS B D]‘T:T-L]' EEH:17,19] o ﬁ‘.EE-‘r’«“O‘] /‘\lﬂ.‘i /‘E,]Zo]' 51_55]9/] B]I\l %53,% _?4
foltla, =Bt D Aol 439 ASE AET Aol
a, . = = o= -
(a, B0, D0) vk A NHPP EgolA 245 F43817] g8,
ol Sl gy H9 FAWo "ad 21 9% IF4E St )
Feltla, p =1—c ﬁ( I ) 1®  em oo
In 16, @, 81 D,.)
AAD3 A(18)% ol 4stel f@ 2% NHPP 2ol =nln—nlog [Ta)+na InB
A8 Zwh X NHPP 239 Fag F5 ,yp +la=D) Zlnx; —f Zx,—0
= =
o BEFF y(pE TeH ol BEY 5 Atk %(H (85, )
+0 2
J= 7]
mt) = 0F g (tla, B (22)
= 0[1—(“(”2;@)] wop 7ivh RE NHPP wold §4 ws ,9 7
- & A5z ¢n Ao A 48 W, A 29U
19 _ _ _ _
U9 oigap) ssel 408 g% gl deted AR
A = 07cltla. ) Sul theat 2e 27440 AYWANE FET F 9
_p B a1 .
17 ) t“ e }. .
a—1 X !
vl ®E ONHPP ®e b JRA mye 0 =l
Goel-Okumoto B8 o2 o Ry A 13 i) el (@Cr)i
_ o i = . 0 Oexpl—px,] .,
AREe] FER A ZEE ARSIV Wil AZE an _ G a il
dol A¥Y 13 WY AT FuE AW, 4 F A 9%
(A7 HAANA FHESE 41 9 B gon, (24)

&
fd
o
Z.
T
a*}
jav}
td
ofh
o
o, -
el

3
of %o wgel tha H@)3 AeHE AT AYPFNGEA A4
N

'IQF
& FE S BETF pE A19E A Q0T ) olgste sE Tak, Avh w X

(146)



= o] AEF = BHE ool Rxo] Ay I
E 9% FFe L@tol ¥ Aed W Y gE 2
X 35e 44 oa 2Bl
Fueltla, B =Bat* e’ (25)

(a, O, £0)
Fultla, p =1—e #° (26)

21(25)9F 212605 o]g3st {3 F NHPP =3 o|
Ag@ ofol2 HE  NHPP ®He ﬁé&%} 4
m(t) St BEZF (pT

=5
mH=0(1—e #") (27)
AD=0Bat* 'ef’ (28)
ool R 543 Ao BEXE o]&3l9 oY
7HA B2yge mEd 2 5 Jed, 53 I 2F
a=2 %1 Bl = EE(Rayleigh distribution)z}al
s, o] 99 o] WE 3 1 NHPPEH
BAF BT ) BEIF (HE ST 2o
43 5+ 17
m)=0(1—e #") (29)
AD=(1/2) 68te " (30)
9lo]E BY NHPP RdoA Z4HE2 237 s
o, - FAW Fad 21 $x FFE fxshd
o5 2
In L6, @, 8D, )
—nh10+n]n,8+n]naf

+(a— 1)211“ —BZ“x —0+0e ™
(31)

BYNA FY wE 49

M o
o o o B!

of alzl MF 2y B4 69
% = 1w [—4x]] 52
v = Sixftxige (33)

Z
4329 43S AP AYPFA(GEA A4 A
3 NHPP =

P ol gete] B Ta, sholi ¥
oA A AN P9 D
.

32

IV. &2=ZE9o AMEE 24

[ :Zman s ezl 32 48 |
- 13
LA RN L WU |
=F
24 58 T BN EEETT

| S e 58 I

R ]

TEEFT: VL]

(33006 +3 p=—"Fwa muu 35 _—> =006

] ]
Anoe ges | | Zowkes | | e3ow e
1

ETF TR LTl -ELEL
o PR ELL LR Bl

NHPP 23] A9 ,7F 2 38 A9, 283 uld
@ wHl=2= NHPP 2d9 A= , 7t -05 02
05, 0791 7Sl vl A& e s, 13 17
e wAE Ze BA 3RS gE2ux v WA
A2ZEe nFAE £ dAE dalstd ® 1.3
7S Michael RLyu(Table 1.2, [10)7} <183 %
VA X7+ A& (Failure Interval Time Data)& ©] &3}

2
r&l

o AtEl mYsel WF VHEE BHstax s,
2% A dolEE 707 Az welelA el 241
=)

F 1A= 2y #4899 Michael RLyu] a7
pAi=a



70 M7 Aes| =& X[ (Journal of IKEEE) Vol. 9. No.2

05, 1.7, 45, 7.2, 10, 13, 8 o B R B
sy win v Pl Ll |
26.1, 27.8, 29.2, 31.9, 35.1, 37.6, " :
1.0 .' ‘_
14.8, 15.7, 17.1, 20.6, 24, 25.2 . .
39.6, 44.1, 47.6, 52.8, 60, 70.7 o Jus .
g AN A8 S s aZEdC] Al s [
RPEL B dste] 1Y 8ol @ FA A 4
Aol A wojof sty FAl BAoE A& BT 7 25
A (Arithmetic Mean Test)¥} #FZeltx FA4 #A
(Laplace Trend Test)s©°] JAtH6,7]. At Had FA -1.0 i
S AGHeE 2o, (=12, )5 #Ed R T
WG A A mE] diel (el grel 7t eud .
s AE A ome J
5
€)=1 3, (34) A -
1= w o -
204 W .y ey
#
d, ehEele AAe @9 gol AN, ) 154 o
o] zko] SolWl W AEIF paFow AdA A
2 Aol YEhdTh 1.
i 0.5
i—-1 »n tj 4 L
1 Z“ PR i & 12 1% 24
7
M= L LA 2 ) a9 2 A% BT P40 BEus F4 449 29
i 1
t]-\/ :
= 2—1)
’ szEgel AZE wYe v 24 e
2 WMENB(< 10T ARE o] §ate] HS F
G Aan Am e arE o e e 2 olgaga, WAY WA Awye 53
A, }M] 1 < o 84% ;°T7} S/ 01] A2 718 el o] ¥ (Bisection Method)S A}-8-
Al L = 19 Z o = == ol ©
gk mre AAASe T TAR LR gu. e Ave 21ge o g A8
omw Az Aol Hi e Yeli glow g s
kel
Sops 24 A4 Asw gmels golo] SzA a1, 3§ A (Tolerance for Width of;Interle
sty gEel 9A Az el Hu 9eg vy 10 USE S THAL A<l aud eid
5] 2~ o = =) o~ = o o~
Um Rtk webA o ARE AAE aw gy my oo J000E C RS o Este] wA THE T
& ANSE Aol AYE AMetn e @l AR S @b S 2ol fopert

(148)



Zols 2XE 0|8St &A= E
£ 2 7 5Ye) B4 F4g
w3 Bus Our
Goel-Okumoto Model 1.62431 28.4798
Yamada-Ohba-Osaki Model 4.8978 26.2845
Erlang Model (@=3) 9.1882 24.3523
Rayleigh Model 12.2425 27.2071
Weibull Model( ,=3) 10.1081 24.7032
Gompertz Model( 5—().9) 1.3595 235234
Gompertz Model( a=0.5 1.0093 23.8953
Gompertz Model( 5= 7) 1.0395 24.0432
Gompertz Model( y=—() 5) 0.0019 22.0632
ohe WAL By e oy Fe) shiel Az
A5 oA, DA A A@6H 2L
2oz FHHEC[15]
z —~ 2
Cse= Z;(ni(xi)_ m(%)) (36)
=
o) 5 ARAA ngel wAFE owel
Te)E AR A FAE vA 2geE o)
S, WA Asiel How duHom FgA ®
Yol Hrh
3 7t BYEd gigk Ax A5a(SSEe] A
g Ax A3 gk
Goel-Okumoto Model 310.7874398
Yamada-Ohba-Osaki Model 226.3918825
Erlang Model (a=3) 101.0279879
Rayleigh Model 840.6284786
Weibull Model( ,—3) 156.4901608
Gompertz Model( a/=0.2) 96.345
Gompertz Model( 2=0.5 68.796
Gompertz Model( y—().7) 47.789
Gompertz Model( y——() 5) 1890.391
o7 A4ng ol gdte] AAY wHFSZ W @A
Asel e s ;39 ack Fglen e ol
N ARRGT gng A ASE ofF 2P ool
Bgol}p o] EofolA] 7]Ee] &zl 2F <l Yamada

oel-Okumotoand =& el H]
2yes Jeua
Poz et

-Ohba-Osaki 2 &olu G
9 Aoz

a<0 <

AA

Atk

&4

A%E WELT

(149)

A2 71

o o -
Melisbiliis Vo T
B
H
Wi
i- BE- F
= p3 .
i e b it i b
-I
B o tini.
B i 2 1 - N o

A oe w@he
- 49 vhERS
o el Aol
EDEE e

2 2y
N
=,

o4

X

>
oA e ot

&
E
H

V. &8

o
_
N
=
e
o

o riz
i
Ha
=
>
rr

ot
2 g TH
oo 2 g
o it

[N

e

Z,
=
=)
g
[
&
Il
j_gl‘
9
e
[
M

>
o

o
ofr
-
2

32 ¥

off [ oy o o

gh
oo L
lo,

ol
ol
£

=

—
t}

ol

Ol

Al
ol
o

>

u
)

o

1
4
2

2
oo fo

ol
ol
k)
N
N
(A
i
bt
>,

fu bt

. O
>

Dol i % oo

T U =
i

[1] A.A.Abdel-Ghally, P.Y.Chan, and B.Littlewood,

"Evaluation of competing Software Reliability



72

IEEE Trans. on
Engineering, SE-12(9):538-546, Sept. 1989.
[2] W. Farr. Handbook of Software Reliability
Engineering, M.R.Lyu, Editor,
Reliability Modeling Survery,
McGraw-Hill, New York, NY, 1996.

Predections”, Software

chapter Software

pp 71-117.

[3] O. Gauodin, "Optimal Properties of the Laplace
Trend Test -Reliability Models”,
IEEE Trans. 41(4):525-532, Dec.
1992.

(41 A. L .Goel,
Assumptions,

for Software

on Reliability,

Reliability Models:
IEEE

Engineering,

"Software
Limitations and Applicability”,
Software
SE-11(12):1411-1423, Dec. 1985.

[5] A. L. Goel and K. Okumoto, "Time-Dependent
Rate  Models
Reliability and Other Performance Measures”, IEEE
Reliability, =~ R-28(3):206-211,

Trans. on

Error-Detection for Software
Trans.
1979.
[6] S. S. Gokhale

time/structure  based

on Aug.

and K. S. Trivedi,
software

"A

reliability model”,

Annals of

1999

(7]

Software Reliability Engineering,
chapter Trend Analysis,

MacGraw—Hill, New York, 1996.

[8] L. Kuo and T. Y. Yang, "Bayesian Computation

of Software Reliability”, Journal of the American

Statistical Association, Vol.91, pp.763-773, 1996.

[9] J. F. Lawless, Statistical Models and Methods

for Lifetime Data, John Wiley & Sons, New York,

1981.
[10] M. R. Lyu, Handbook of Software Reliability
Engineering, M.R.Lyu, Editor, chapter Introduction,
pp.3-25. MacGraw-Hill, New York, 1996.
[11] W. Q, Meeker and L. A, Escobar, Statistical
Methods for Reliability Data, pages 98-101, JOHN
WILEY & SONS, INCI, New York, 1998.

[12] J. D. Musa, A. Iannino and K. Okumoto,

Reliability:  Measurement,  Prediction,
Application, McGraw Hill, New York, 1987.

[13] J. D. Musa, "A Theory of Software Reliability

Software Engineering. pp 85-121.

Handbook of
M.R.Lyu, Editor,
pp.401-437.

K. Kanoun and J. C. Laprie,

Software

(150)

7| Xtets| =2 X[ (Journal of IKEEE) Vol. 9. No.2

IEEE Trans. on Software

Engineering, SE-1(1):312-327, Sept. 1975.

[14] A. P. Nikora and M. R. Lyu, Handbook of

M.R.Lyu, Editor,
chapter Reliability

Experience, pp.255-301, MacGraw-Hill, New York,
1996.

[15] H. Pham and L. Nordmann and X. Zhang, "A

Model

IEEE

and its Application”,

Software Reliability Engineering,

Software Measurement

General Debugging
with S-Shaped Fault-Detection Rate”,
Trans. on reliability, VOL, 48, NO 2, 1999.

[16] S. Selvin, Moden Applied Biostatistical Methods

Imperfect-Software

Using S-Plus, PDP 141-184. Oxford
University Press, New York, 1998.
[17]1 V. K, Rohatgi, Statistical inference, pages

398-416, JOHN WILEY & SONS, INCI, New York,
1984.

[18] S. Yamada, M. Ohba and S. Osaki, "S-Shaped

Reliability Growth Modeling for Software Error

Detection”, IEEE Trans. on Reliability.
R-32(5):475-485, Dec. 1983.
[19]

http://www.answers.com/Weibull%20Distribution%20
(site visited 2005-7-15)

ISP

7% 38 (384

1984 29 Q1A

3} 3 3)
I =4

19869 8¢ s=ruigtunl s
ARA YA (E QAL

19954 39-AA @St A%
B ot wabay 8
1990~ & A A Y A=

AN E 3} w5
<FpAEoR> HelHulo) s, 2xEge] F3



1982171989 A kAl HAE
&

19901719981 AP aF HAAHEF
1995 =i w4t

| 19973720006 A7) Hstw F ]l

o~
-

199972000 FEIAE ool At

20001 A7)t & o] &-uka}
20013~& A VAt m o Bl A K Ety ms
<FHARol> SHFEHA 2ZEY ] e 9

IR

=

u)

19984 89 BETska E7 8t
(o] 1A}

2000 3€704d 2€ s st A
ERTE ERE

20050 3¥7@A HEAEuigta

AQARA 2 TR
<FyRel AZESe] A4
28, YEzoey, AEA

73



