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Abstract

Finite failure NHPP models presented in the literature exhibit either constant,

i
[

monotonic increasing or monotonic decreasing failure occurrence rates per fault. In this paper,
Goel-Okumoto and Yamada-Ohba-Osaki model was reviewed, proposes the x* reliability
model, which can capture the increasing nature of the failure occurrence rate per fault.
Algorithm to estimate the parameters used to maximum likelihood estimator and bisection
method, model selection based on SSE, AIC statistics and Kolmogorov distance, for the
sake of efficient model, was employed. Analysis of failure using real data set, SYS2(Allen
P.Nikora and Michael R.Lyu), for the sake of proposing shape parameter of the x?
distribution using the degree of freedom, was employed. This analysis of failure data
compared with the x* model and the existing model using arithmetic and Laplace trend
tests, Kolmogorov test is presented.
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AZES0] Bl28 DAl AZEL ] 13 (Number
of failure)st RANAAIT 2o} AT ESS] nFANS
Aoz 233} 3 ATEgold] tiF HAE HA &
# glon] Jl2x B o3 AZEe] 3R, AZE
o] TRWAIAN, 22 Ede] A% L 2YE T
WY HrETEC] FHo wHe AL 4EY
= i},

AXEJo] PAREE FEAErt ot uEpd vlg
(Nonnegative)®] 3% 7FA]7] W&ol o] EollMe F=2
AFEE, Sl EEE, AvEXY § duis} 7t R0 B
o] AlgEo] gith ey of2jgt AR E 9oz AR}
B AN ASE dEE o] Jo FTEER A3
He d¢37tE ¥ (Lognormal distribution), ©] £¥s}
AR s 28 B¥(Loglogistic distribution)XE ©)
Fololl AM8o] 7Va3leH1). &, A (Degree of freedom: df)
of g&she FlIAF(F distribution) REE #go] 7}
S8l ol2ldt JlolAlg E¥e Wsht dojd u 7A9
d7IAREE: Jehle ol Be] AMgEe Z29HEE(Gamma
Distribution)®] 543 ZA92% AT & 4 7] Wi
AZEGe] Az $FHEXE A € & UH2).

£ =RdMe olgld FlolAlg £XE A83le] NHPP
Rl g Ay =g FHsin oS HiBeR ARE
ol M 23] 843 1 EAL doluax|gd

B =70 230 AHdTEN 4% 274 NHPP &
Bl distd Mgl 3olA= FlolAF A g
sl dopusgta 4olMe HAPFHYE o4 2yt
Aol tald dRskn 53olME 45 2T EYY IR
¢l Allen P.Nikora $} Michael R.Lyu 7} 9143 SYS2
ARE o838 7t B¥d U ey € RIMnE
Ao nRjgto g 53l A8E Mg i)
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Azl BSAE (0, t] Alole] BAE 1S N(it)E
233} shed vFEA Fol¥ A (Non-homogeneous
Poisson process: NHPP)©] 'dg] A3l st} of 23
(Process) o4 Z=3<*(Intensity function) &2

217 ¥ &(Rate of occurrence of failure: ROCOF)
AMe)=dEINQ)l/dt & t o Bg T=(Monotonic) B2
£3] 7PRrH3). o] WA AB7A gl RPYEL
Goel-Okumoto 23, Weibull 28 231 Cox-Lewis
2350] ded o] RYEA Ui Axdre 4 4 A
of 9J&% ¥4, H(Power) #%, 4% (Log-linear)

& 7P3EcH2).

NHPP =EHcN H@g T4 m(t) (Mean value
function)®t Z% ¢ A(t) & o2 2e A=z ¥
g 4 o,

Y dm(t)
m(t)—/o)\(s)ds, 5

= A(E) e 2.1

Nt e 25 m(t)E 7R ¥olb FEIUEr
(Probality density function) & %2l it} =,

_ m@)" -em®
- n!

P{N(t)=n}

, n=0,1,2,...00 -

(2.2)

o]H# Azl 2% (Time domain models) &< NHPP
o oA &F 3 HPoE due] shsditt olg@ &2
FEE 17 A= -8 AQG) 7L d2A ZEPoA FHg
4 m(t) = 9N 24 Jehdd o83 NHPP 23
£ 3% 2% 2y 59 2% HFE ERACH3).
$% 2% (Finite failure) NHPP 2¥E2 83 ©HX
E Azlo] FoAH ALE(Faults)d 7Iigtel /& 3t

limm ()= 6< o )% 7R3 ubHe] 23 317 (Infinite

failure) NHPP R¥EL 23 & 7Idda 7 €
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m(t)=9F(t) .....

(2.3

(2.3)4c2 ¥ &t =g (Instantaneous failure
intensity function) Al¢) & €33} Zo] fdch

(2.04% &3 Zo] ¥ B & $x% gith

F'(t)

At)=[0-mt)]———+ 1 F(t) =[0—m(t)] h(t) - (2.5)
h(t)= IL}:(Z) £ 918%(Hazard function, &

FE oM AZEede] AT 2% TAES v|e}
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= e gol giA itk

Faltlr ,0%) =1—exp (—2—;—) i;) (t/f:’z) .......... 2.7)
el e vhaat 2ol Fednt
a fatly, )
hxz(t lv, 6% )= m ................................ (2.8)
71 B r=v/20l2 o E HETPH(Scale
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Figure 1. Hazard function of each model
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(2.23) 43k (2.24) A& w3 “‘%“&73‘41(—’?—%]311’—‘#74 K
WS o83l TW HSIHA o et 0,0 o BE
Nk Gl ii=

gz FlolAlF X BEIE (2.4 B F=
o] ZARE v7t A A5t 23 Fe(HAT: Closed
form)7} B2 £ £EdMe ARt 459 ¥ &
df=2, 4, 64 B35 2 =BMe AR @t

V. 2ZEgo] IF X7 24

o] oA HAHJA ARE 7L Aol WE  Flo]
AF 3z 2¥S Mstazt @ a3AEE Allen
P.Nikora 9 Michael R.Lyu 7} Q183 SYS2 A=R(7]&
o]-g3txz} g},

AA EYode dle A5ES AFHI(Variate
transformation) A1Z1 3% E3 djo)E(102594 x 1074
AlZH(Second) BHlelM 1ol 86 Uold) & ol83IN
2 A(E Dol A7 U so it

Arehe AHRFES B3] sl 4 A= o
g A Z7o] A3 Holof 3cH(1.8).

FA ey AeH 2% (Arithmetic mean test)
=} e} Zeks F4 2% (Laplace trend test)(7)5°] it
o] AAE AANT 27 (¥ 2)ol el F FHAW 1
57t 7k gdel s "] A Fut FAE Kol
2 oz A4 (Reliability growth)olHi &%
el gl (23 3)ol vehd epEeks 34 23 2
Iz GEepx 8%AU(Factor)ol 524 7&-’-\-5}7] wEol
AA] 21843 (Reliability growth) < JERd
2 Sich oA o] ARE AR /l‘lil"ézc} 23& A
€ Zlo] 583 d& AAstn UrHE).

AZEdo] A=Y B3] Gy FHLE H9SFFYE of
ST HAE e ARPEe XA T8 o
H<l o1& (Bisection method)& ARE-3I%ITE. o3 g AR
& 2713+% 107! & 10 €. &8 @A(Tolerance for
width of intervale 107 & F3 4342 89 3
*1 ZFE3 ghE 3] 100U S C-¢AIE olfdl mf

F3& 8ot

AHrzd] W FlolAlE 23S TUT Byl FHRE
o] dake (F 2y 2=t

(% of

;3 B g =2 -

Table 1. Failure interval time

Failure Failure Failure Variate transformation
number interval(second) | time(second) | time(second)
1 479 479 0.0479
2 266 745 0.0745
3 277 1622 0.1022
4 554 1576 0.1576
S 1034 2610 0.261
6 249 2859 0.2859
vvvvv 7 693 3552 0.3552
8 597" 4149 0.4149
9 117 4266 0.4266
10 170 4436 0.4436
i T T P asss 04553
12 1274 5827 - 0.5827
13 469 6296 0.6296
14 1174 7470 0.747
15 693 8163 0.8163
16 1908 10071 1.0071
17 135 10206 1.0206
18 277 10483 1.0483
19 596 11079 1.1079
20 757 11836 1.1836
21 437 12273 1.2273
22 2230 14503 1.4503
23 437 14940 1.494
24 340 15280 1.528
25 405 15685 1.5685
26 535 16220 1.622
27 277 16497 1.6497
28 363 16860 1.686
- L5220 ol 173&2 | L7382
230 . 613 17995 1.7995
WAL 277 18272 18272
32 1300 19572 1.9572
33 821 20393 2.0393°
34 213 20606 2.0606
35 1620 22226 22226
36 1601 23827 2.3827
37 298 24125 2.4125
38 874 24999 2.4999
39 618 25617 2.5617
40 2640 28257 2.8257
41 5 28262 2.8262
42 149 28411 28411
43 1034 29445 2.9445
44 2441 31886 31886
45 460 32346 3.2346
48 565 32911 3.2911
47 1119 34030 3403
48 437 34467 3.4467
49 927 35394
50 4462 39856
51 714 40570
52 181 40751
53 1485 349536
54 757 42993
55 3154 46147
56 2115 48262
57 884 49146
58 2037 51183
. S S 1481 52664
60 559 53223
61 490 53713
62 593 54306
63 1769 56075
64 85 56160
65 2836 58996
66 213 59209
67 1866 61075
68 490 61565
69 1487 63052
70 4322 67374
71 1418 68792
72 1023 69815
73 5490 75305
.74 1520 76825
75 3281 80106
76 2716 82822
77 2175 84997
78 3505 88502
79 725 89227
80 1963 91190
8L 3979 95169 " |
82 1090 96259
83 245 96504
84 1194 97698
85 994 98692 978692
86, 3902 4 10,2594
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o] Roloiz dntd oz BF Hdof shie] Wyez
BaAEHSSE (91)F =o] ol43ld 9ot

2 =22 ARxd 3 FelAF 23S vms] 9
3o 259t AAE AIC(Akaike Information Criterion)
BARE ol43ly wimstnzl ot o] BARE HE2F
o i Aot #AY LEIFE Hulst AAFE ¥
Tolr}, of & thea} o] FeydrH(9].

AIC= = —2log(max of likelthood function)+ 2N

o, N & AEnYd g mae] & 9ujda o]y
& AIC AT SSES i 2 2e gte 7l 2y
o] Aoz HEAQ BP0z IFRY, odR A=
(Z 3l 29453t} o] HollM Fio] AlF BE BFFo|
et 29 A4E AQJslae o] Folola 71Eq) ¢
7 282 Yamada-Ohba-Osaki & o1}t Goel-Okumoto
2o Hjg] Auldez 783 R¥o2 veptu gt

E 3 =¥Eol ohist SSE % AC 9 @t
Table 3. SSE and AIC of each model

I S Mode SSE AC
Faitxre pumber j
2813, 2lEEls A4 A Goel-Okumoto Model 6057.3834 | 332.9096
Figure 3. Laplace trend test Yamada-Ohba-Osaki Model | 5086.1281 | 326.3824
Chi-square Model(df=2) 5409.2313 | 328.6828
£ 2. 2 280 24 35 -
Table 2. Estimator of each model Chi-square Model(df =4) 3377.8745 | 311.0964
Model MLE Chi-square Model(df =6) 3167.1864 | 308.6910
B, =05527
Goel-Okumnoto Model . L
0 rpp= 983094 A& @ A prediction error)2] ¥V 34 (nonstationarity)eil o
3. =05706 3t 2%+ Kolmogorov A2l (distance)(1,10.11)2 Z4s€H)
2MI.S—_ :

Yamada-Ohba-Osaki Model

8 pps=89.8611

Chi~square Model(df=2)

o yup=10.9371

8 prp= 95.0458

Chi-square Model{(df =4)

0% 5= 0.9517

8 = 88.1934

Chi~square Model(df =6)

7y 5= 1.6784
0 ye=87.1305

o] Azlrt 45 Addez uiyddS Wxsie Qo
(298 4)+ S-Plus &ZES0]{12)E ©]&3l Kolmogorov
ARl U3 18-S HFD g3 o] MR AN
2 FPiAFERgel ddides ugd 440 @ uixsin
2S¢ ok (B 4)= Kolmogorov AZlE 2943 2
A 236 i 2] (bias) S UYeRR Sirk. o] FoMx
FlAZFRE] eyl duldoz uPAE £ 9 o
»&an 95 ¢ F Uk
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Figure 4. Kolmogorov test of each model
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Table 4. Kolmogorov distance of each

model
Model . Kolmogorov distance
Goel-Okumoto Model 0.159593
Yamada-Ohba-Osaki Model 0.155121
Chi-square Model(df=4) 0.127527
Chi-square Model(df=6) 0.113803
vi. 28

2ZEd0] A4 Ee] HFHM e H2E F
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SYS2 A&g Sl Mgt

5849 23 vuE AT wARSH dF & AIC §
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oz el 7k B¥oz 3 F & 4 glr). BAg
g gt HrlME el A3 eZels 4 734
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