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The Comparison of Parameter Estimation for Nonhomogeneous Poisson
Process Software Reliability Model
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ABSTRACT

The Parameter Estimation for software existing reliability models, Goel-Okumoto, Yamada-Ohba-Osaki model was reviewed and Rayleigh
model based on Rayleigh distribution was studied. In this paper, we discusses comparison of parameter estimation using maximum likelihood
estimator and Bayesian estimation based on Gibbs sampling to analysis of the estimator’ pattern. Model selection based on sum of the squared
errors and Braun statistic, for the sake of efficient model, was employed. A numerical example was illustrated using real data. The current areas

and models of Superposition, mixture for future development are also employed.

: ATEYN ME PH(Software Reliability Model), 2JAM#R/(Gibbs Sampling), HISEXP! Z0k21S (Nonhomogeneous Poisson

Process), 1% WMB(ROCOF), Goel-Okumoto 2%, Yamada-Ohba-Osaki 28, HE EF2IAUD2IE (Metropolish Algorithm), &
HEYH A2 (Software Reliability), ZTH>(Latent Variable), Ttk KHIEBHSum of the Squared Errors), Braun BAY
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de] ARty g 7= 34 (Intensity function) && 2%
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Bo=BoMds XLYE X9 Y7 5 N =N—ng 9u
3tal, I'(a, b)= Hro] /6] vl BEE, P(O)% Fol
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£ HoAE E}°f+ 2o 2 e 225 HEsie Y=
FA I 7|2 H9FAFE FehaAt ok

2.1 Goel-Okumoto =&
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A A HEEHY O}Uro o) -1 (Bisection method)& o] &
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2.2 Yamada-Ohba-Osaki 28
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2.2.2 WolA¢H w4 23
Ax 2P 7% 412FL Goel-Okumoto =383 fAHEH
o thest e AR YEE o) &ate] Ay

NAE L= g~T(a, b), B~m(B),N'~P[ge” *(1+ B5,)].

T2 8> 08 UEeE 4oy AMHEXA §LBLN’
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8IN’, 8, D, ~I'(a+n+N',b+1); (2.13)
BIN',6,D, o< f¥e "X e P (1+8s )17 - 1(B) ;
(2.14)
o] Goel-Okumoto 589 duz]FH FASHA 2 &5
A A 214)E wEaE $I FAS HA F7]) @il
g Aol (1-3gA)A WEZER2 792,898 HE&3
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BIN,0,D, g% *T e " (1+8s,)] " xx(8),

9 Aox LEZ 4 % SHREE BHSH A)HT
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1

7 (B) g (> 0)ehan AskeaL %ol A (Transitional ker-
neD& A9 A& o|FE I'(a,b)lAM & HAs2 o
FEX (O 1104 gEHEs wika 3

log w< log f(8)—log f(B)

& wEsH g8 R UFHD EHA ¥oy gE R
WA HUM FE3 wrES AJPein A g Metropolis
g Fol 93l Aoz,

ore] maol Adn fAElA AZEY Y Ak o

R(xlt) =exp[—{m(t+x)—m(H}]
=exp[— 9{(1+ B exp(—Bt)—(1+ B(t+x))

exp(— B+ (120,x20) (2.15)
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A9 male] Sughet thgat 2ol e 4 gtk
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S84 2l vtEWe 3}l o] EH(Bisection method)
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Atk
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NABEZ 0~T(a,b), B~T(c, d), N'~P(fe #),
6L ALNE FH AxFEYo] AHEEHE AN 25
= gt 2o,

N'16,8,D,,~P(6e **);

0IN'B,D, ~I'(a+n+N", b+1);
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ko) myel AT FASH 2ZEHO] ML T
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R(xl ) = exp[—{m(t+x)—m(£)}]
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(t20,x20) (218)
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&, n(x)eE (0,x]Abolo] #2d 9 F9 Foju Mlx)
5’3&%} 49 F4gE on i)

a3 ohE ua 337}94 7120 %2 Braun BAZOZ

F7tg 4 Qe dl o BAFE & 2ol A9 Hrilll

kﬁl(nk— EL NGB xs
24:\[jv(k)]Bmun:; — n —_ . :
2 =)', (32)

o x(k=1,2,,m)e 1% Az

tlo

Rl 7= (0,
xp] Atolo] #EE 279 F E[NK)IE FHE 75
% 9’]“]@‘:} Braun %7“‘—1’01: E[ N(k)] Bra:m'o'] ékol 3}-9-0:‘

BT (accuracy)?t EA Ho2AM Hp FHo & # &
Hel Rgo| Hr}

4, T o

23 A7 xel e AR = Military software system[12]
CPU 1% A= (25% 137A AME, &9 2)& o]§5hd
B4E RS MIEE FEaa d &é g+ 3
FagATe] 258 74X & T3 Xy =488230( xo =0)0]
i 7—? % BAALY g AsE <E 1> a9 an
B A7 o] ARE o3t ERFFAR AE, REHY
& *]@ﬂ% W Awsiazt gl 2 AT 7t B
ol g 2 FHLHL H4FHYE ARsta v
&g T3] A% wEVIYE dwrA RS A
o] ¥ (Bisection) 2.2 FAHAE a4t 69 pY <& +
&= BAolA IMSL[14] 2ZEd & AMEEor 69 =
71215 209 308 A+ 00000017 0.05% 3 100W HHE &
T ATAE AAEAch g dojRt X FHo|
AoIA APHEEE 4ol & ~T'(1,107°), 6~T'(50,2)%
e o]l g3ty WMEZED 2 e HEo] BojIEE

Of

N

i

S 99 e =5 (49,808 siuag o
olg]gt R4& FAIY] flste 20008(S) H&& s 70
BHE(R)StS YERt 32 FHAAE FE)Ee] <3 21>~
<E 23>0 YER 9l E o] BolA FEAE el
AaA 500, 2,000 AL AAE YEUTH

28 Ao glojA= BAAFIHSSE)IE o] 43 By
WE HH3l7] 93t <E 3>A= Goel-Okumoto = 8 ol
g3t H9F2FR 9 Holz FAXN(HLE FHA)} TAA
T A=A FEE Adss EE el

fFARE o ofE EE oig A FEE ALt
A <HE 4> 89 HA o] AR FoA Military soft-
ware system CPU 2% A8 & A 4% 247 RE Ko
e °i7é‘ﬁ~°— o} &3} E?—%— 4% A3 B olx
o FAPRIE FAWE ol & Ay} FAAFEE H

NHPP
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(E 1) Military software system CPU 12& XI&

DA AAZHCPU sec) CeEyn Az
wHE () (e=x,-1) (x)
1 320 320
2 14,3% 14710
3 9,000 23710
4 2880 26,590
5 5,700 32290
6 21,800 54,090
7 26,800 80,890
8 113540 194,430
9 112,137 306,567
10 660 307,227
11 2,700 300,927
12 28,793 338720
13 2173 340,893
14 7263 348,156
15 10865 359,021
16 4230 363,251
17 8,460 371,711
18 14805 386,516
19 11,844 396,360
20 5,361 403,721
21 6,553 410274
2 6,499 416,773
23 3,124 419897
2 51,323 471,220
25 17,010 483,230
(E 2.1 Goel-Okumoto2&
S R a Gibbs 9 MLE B Gibbs B MLE
500 | 50 | 250134 0.00008824
50 | 70 | 2501434 0.00008922
2500881 0.0000207
2000 | 50 | 2501833 000008904
2000 | 70 | 2501831 0.00008701

(®E 2.2> Yamadaz-Ohba-Osaki 2%

S R 3 Gibbs a MLE B Gibbs B MLE
50 | 50 | 2548748 0.0000102
500 | 70 | 2518952 0.0000110
25,7150 0.0000199
2000 | 50 | 25508% 0.0000108
2000 | 70 | 2550198 0.0000103
(B 23) He222Y
S R 3 Gibbs a MLE B Gibbs B MLE
500 | 50 | 3237362 0.001491
500 | 70 | 3216149 0001428
324723 0.001391
2000 | 50 | 32.84469 0001437
2000 | 70 | 3201269 0.001429
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(E 3 Goel-Okumoto 2 &of| CHEH WTEZ4Eto| 2|2 FHXR|, HoIZ FHU( M (x))2 HAMBZEH Cssz)
2 ) TAANE | CFA) DRARE | AA 2 | Hgh g HAAEe F® Bigh gl B2 Aw gk
[A] [B] [C] He FAgD) [E] 222 HlF] [G]

1 320 320 1 0.16511084 0697039909 0137872507 0.743263815
2 14,390 14710 2 6.564954033 20.83880532 5622380104 13.12163762
3 9,000 23710 3 9.699955046 44.88939762 8.429624039 29.47973129
4 2,880 26,550 4 10.58593546 43.37454582 9.240771251 27.4656833
5 5,700 32,290 5 12.19112904 51.71233681 10.7333081 32.87655537
6 21,800 54,090 6 16.84618353 117.6396973 15.27731746 86.06361921
7 26,800 80,890 7 2032174355 177.4688512 1898263807 143.5836151
8 113540 194,430 8 24.5619236 274.2973134 244683109 271.205264
9 112,137 306,567 9 24.9649381 254.8792484 25.2602438 2643955286
10 660 307,227 10 2496553326 2239671858 25.26178515 232.922086
11 2,700 309,927 11 2496788511 195.1018143 25.26791352 2035733563
12 28,7193 338,720 12 2498625577 168.642839 2531840721 1773799707
13 2,173 340,893 13 24.98724737 143.6040995 25.32130672 151.8145994
14 7,263 38156 14 2499025536 120.7857239 2533025581 128.3746966
15 10,865 359,021 15 24.9939908 9987985219 25.34173933 106.9515723
16 4,230 363,251 16 2499523236 80914206526 2534566673 87.34148663
17 8,460 371,711 17 2499741194 63.95859776 25.35272249 69.76797297
18 14,805 386,516 18 25.00041787 4900585038 2536287143 542118757
19 11,844 398,360 19 25.00224039 3602688971 25.36933787 40.56346491
20 5,361 403,721 20 25.00292939 2502930245 2537186297 28.85691181
21 6,553 410,274 21 25.00367407 1602940609 25.37465257 19.13758512
22 6,499 416,773 22 25.00431929 9.025934385 2537712848 11.40499676
23 3,124 419,897 23 25.00459987 4.018420644 2537822467 5606952557
24 51,323 471,220 24 25.00734831 1014750616 2538992046 1.931878885
25 17,010 488,230 25 25.00777916 6.05154E-05 2539202827 0.153686164

Cosie 2222.892168 2188.986991

& [A)=x—xy, [B] =%, [C]

=nfx,),

[D]=

e (x), [El= [ndx;) —

(= 4) TxASEol o8 28€H| R

R Goel-Okumoto | Yamada~Ohba Rayleigh
re X3 -Osaki =8 ok
gy 2188987 2072.653 2173.1290
Csse
H9Ew 2222.892 2165.873 2208972
(E 5 Braun EAIZ o8t 24 F3 H|D
Goel-Okumoto | Yamada-Ohba- Rayleigh
2y Osaki =% 5a
EL ME grun 1563504.097 1388186.874 1444863.9790
A% 87 qEd 84 RYo 2 N3P - 9u RE F
AWl M= Yamada-Ohba-Osaki & o] £&% »gog
ebbaL QICH<E 4> #E). ZF ZEo] tig wio]x|et #3
HE o83 24 54 A8 o]4¢ Braun EAFY A3

= <X 5>9 Yehhih

of #AME &

2ol HaA

MLE

(x))?,

Yamada-Ohba-Osaki &8
o ula Fopg
o} gl o

A7) sk FH(139

[Fl= Mo (x;), [Gl= [n,;(x,) —

24 _7[-_140

o ( AT,

o] Braun

zt 1 AA F o 4 9] Braun

2 B Bl

2%
Coee= ’:Zl ("1(951) -

TR

w(x)",

ARG e 23
oz Yen
RS AuH(120

A=

2+ 2k (a9 D, (29 29l el o] ageME A
1A A4 2] Braun
Osaki 2&o] Ad wHA vehta B3 Aduky wo) Fuiy

Z AR Ayzte] Yamada-Ohba-

7 Beh ] £ AolE Ho|x gl

(29 JelM = 7t 2yl oig uﬂo] FRARH 2~
AW)g ol 8% s AR d4F 2 £ER I
A ME thE B H|3 Yamada- Ohba Osaki 2.3
AA g JH S FEE Yo gl

(28 D2 AHE FE ol &ste] nde AR F,

A g7t 250159 A2l R (x5 =488,230)8 A2

of wlwstaz @k o] 1Yl
o] Zhadx

Osaki B8o] H|1L

15 Bo|x

AL GE

3 58

& Rolx

kel AgsE BYE

27T =

28R} Yamada-Ohba-
Atk




Time VS. Braun slatistic

B Rayleigh ©% B Yamada-Ohba-Osaki = 3t

8 GO-Okumo 2 & i
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