23 HolElE o &% AHA BA9 ATIY
The future Research based on Reliability Analysis
Using Masked Data

42N
EL

Chles

< Abstract >

e AXHEEE FAY A" £9 HolHe AlaY AXJIEE AIYE F
Aated ol AHgdET. ¢ v gy nFAGY 7|ed FA wWEd A2dg 23]
A 94U #HUrIE APk A2y FXUES 7 Holy F A8% 1AL
< ¢ F gl volHE vlaa dHelHe o £ AFE vl ol HolAet 39
A7urere AMEn, 281 uFEY HAR AIREEE o) §8H, AXVEV HEE T
AE A2de 9 o} vpaa dolHE ZEe AFEE Alxy HEXVE uFES
FAE.

key word - Masked data, Bayesian estimation

1. &
aAA AEL FAL RIFsede 715H SHEYE AFY RE AFE OF
of gttt 714 ZAAHAAN FA AAYPoz o)A UYrte FAE ol BT UE Ao
th. Aol FAEAO &, AFFd AFe FAERLE AF £9 FHE F, AF

PEALGAIZE BF 73 %—?_P 13 AFY HE, FARFHE Folth

AFe] ZAEHNAES F317] YT HolHELS &L AlY Aoz mEZA AFY F2
E4& #@o & F ),17] 2o APHAM FAE FHA|Y(life testing), FHAY
(environment testing) Soll 93 FoxE AFA dlolHE Bo] A&

aAgh, 7b3 ol 4A e mAdolHE AF AAl AFEAFNA Ao ek grh. AP
Ao FEAEe AP0l AANFAT TF Futo] ¢l AFAAA Ao dHolHELS A
L£37NAM AFE £ A ARE T3 vElE o] Ut

AE2 FHuolEHE o2 REEZ 74D A2 G2 diojg st A nF
A9e A E7ldE v fo] Bo] Ex, & AZe] 2aHER2 HAAF AES A K
3 gk WA AF7R 9 BAuHE gy SA% Aado] oid E4jo] WS gk
AL EFNME A@Fu7E glo] 2ALANE AT & 7t sk Au2AHY Eolee
dolge 71239 n4dAe EAE Yol 7]5¥ ©HlolE - Masked(masked) Hiol¥ -7}
Ak s, AE zt AlAde] WE REE 2FUAAE FA F 5 UuE AF A
ARE 753%6}71] FAY F A& Aol

B AFE o)3d 9 dolEg (Masked HOJE)E] g &4
BololE o] AAHAHRE o] &3 Bayesian B H S A AE At

wye Aysta, a¥a
ot



2. 712 47 1@
21 A48 HolHe N A

nAdle] dE AFd i EAA FHo B AFLEL AEFTFH 110151‘: of wa} o
2t /&5 HEAE dHolg, AHLEF dolg adn AF A2 ugAle 71g 54
A 2R T 477 AYPHT Yok

ALgEte 713 g 2o
N F ANg AE F
8 AF e 9 25(4EH)

T, AE o nFAZ

X; AF i g AHAF(EHEE)

T° SJANZL 71Fe 2 AN AFY BFUI

D, BZE77 ¢t nad AFQ A

D, BHE77 $¢ 23UR ¥n 33 A AFY I

p & ZA H&

ft1x:0),F(t]x:8),F(t|x:8) Ags o FHESF 071 T4 FS FHALY &
EUE
g, Bxde, AR F5

A 7l A W AHEE SEIFTE F AFAESFY AP i FR ol

i) & AW AEFG HFNT BG 2FUA e ABA 9P 4PNSE 28BS
77 ol LAY AT DAY PAFE o] 43R $E F&E
_ f(t,-lx,-,ﬂ)
Lr(®)= iit,r£7"’ F(T® | x;38)

o] 913, ol AYSee o@e FHOTH H9FAF 08 7 & AT

o

i) % A% AEF N ZE AYAE B 2PEF 8 LT A A
o) Aol $EFFE

= .t (70 r
LF(B)—i:tliTSTOf(t,Ix,,B).HT‘,F(T | x;36)

int;>

7} gowvz 94 U FAHAFE 7 & Yo

i) 2 AY AFSFTE €3 J3, BEF7L ¢ 2Z3YA G AFA dEAe A
p'E 33 ZAste Ayl IS ¢ F AL BH
Kalbfleisch9} Lawless(1988)0] #|¢t3r o AL$-E 84~

L,(®)= I ft;1x:9) ig)ztz_«“(T" | x;30)1

olgste] 6ol W FYFE TUh

tio

i

v) The mgAel A AY
o EH95ab)e el 2FAe] Qe AF @FdclHd g BAWEE AL



& JASEGS
Ilri=m}

L®= 1 H[f,,,(t | x,:8) H Tt 1 x e)] - T [mﬁF—m(T | x; e)]
g olgstd 8o W@ FHFL Tk

F A7 Bel 7\‘_”535]01 %114- 1311 "V\E“—’l o] A -T’—ZJ"‘HJ'-T’—P 2Zdd
2 Rdg Aty AEXUE] EAE FHT
N2 agdee AAz F #AESHA G, uHEe] 1G4
FAdo] AR=E 01-?—*]7‘] %7 W Eol FAGF FALE o] F R X3 U
Azde nFAAS AE3] ¢ F Uv 1%l *&%%‘4‘5 7d
2" A dojuhe nAef A HE FAHLS a8}l
ot 4 ¢l¥ dHlolEHE Masked dHjolElg} Fhu}.

Miyakawa(1984)= 7243 ng 9o Az F 79 HEIAERZ FAHE Al=d9 B
243 ¥24 $9AZ 8L t}F U3, Usher and Hodgson(1988)& AR EXE WE2E
AFXJE 2] Masked Hlo]E] & Newton W o2 FA31¢th. Doganaksoy(1991)2 3752 #H
FTAENAN NFEEE WEE Masked tlolEel] -2 HIWES 487 A=7d 5
Qo) sl ATF3s4. Lin, Usher and Guess(1993)& Usher and Hodgson® W&& &%
3 A& EE s ATYE Masked Ho]EE o] 83 A JoFAL AFE 3

9 3, Usher(1996)= 4 E¥7} golBE ¥ E w2t 79 IMLEP ¥R & o] &3td H¢3
AFS AT

> AR 7S
AgstE FEE e o
T, A2d o) AXAE jo] £HA
X; A2zl io] AR, X; = min (Ty, Ty, - Ty)

fi(t), F(t) BEM

im

jo +REE(HEVEYS, 4ETF)

S; AN2de u84e doye AXUEY RLEIT
L S =34

£ 2 R R e

» 7HA

@ N2"i9 &5 0 (x,S)

:F
@ Maskede 1 ZUJNE F s/t SHH o2 HAG



» =% 4 (Usher and Hodgson(1988))
0E B HIVEE A& A3 HEVE jo £9 X, 9 23F EUEHTE

fj(xi) l=1j;#j F,(x,~)

fr

il Aagel $EFS

1=1 LJj€ES; (I=11%j)

L=I"I[Z {peo 11 F,(x,.)}]

b ASETY B

L= f[{jZ{ljexp(-iji) I:lll‘[#jexp(-h,x,-)}]

=1L jesi

<279 AXUE A|x" >
ni = 3l O}-_)'.: Si:{j}, j:172! i:lrz’."’n
ng = #2329 Masked?] = S;={1,2}

InL = —Xm()\1+)x2)+nll,,}»1+n21,,)»2+n121,,(ll+)\2)

oL _, . _ n M
ar, 0> ~Xrrrry iy, 70
OInL _,_ o _ Ny M2
ar, 07> ~Xrmrry oty 70

» slojB R ¥ o] A9(Usher (1996) - IMLEP W 3 &)
Q;, =igdd HAXIE
S = Ax=" jdA U] A jFH] FEXUE

L = Z[ln(?S,\,h,(tJH?Q,ln(R,(t,))]

B t B,
L. O SR 5

R/(t)= exp(-(3)")
J



B' t B, ti B;
= e (Ll y SRy =\
Zhﬂ?&J(%x%> )?Qx@)]

H

2.3 Bayesian A4 &4
111%94 Ié]—‘—ET AE FAF o Holgg SAHE Ho &7 WA deve 7MY
i =7 duict #74L Wy, EX ByE ¢X X AT AHA
FoiAlE 7§£\_ ¢z ot Aotk €3 UE Hae] FRE o83t AFY 54
g FAsE ol wlolx|gk wojch HloXt FAWHL HE/LS #doly FAH
T 7149 Hawe g FARE o8 F+ I
Calabria and Pulcini(1990)& B9 ARE 23 AFEXE ©2s #5FY tolg Y
wWo) et A AT, Hart(1991)= AxAES ALT g o] x|t #
31, Pathak et al.(1991)& A}8x7A EX o 71543 4o HagsFE HL3 vzt F
4 2t} Erto and Giorgio(1996)¢ 24 @34 F3d B8e =83 PBES MPBE
2 A3, Sarhan(1999) RS 29 ANt AA oAt FHE TEU.
Bris(2000)] AF& Type 1 #2359 7H& AP AHAHQFAFRDT)S AAE F¢
AA o] FolH L o B4 Ban 7 2a nAHg s wolx¢t F3%
Hol B3 AL tFx Yok nFEo] HAAJAE W ZFFH] HoAt FAWYE AT
g} Coolen(1997) AbAA B 7L A &slx] @31, Dirichlet 29 A& st ZAA
& e Holx ¢t FARAWH S nEstg s, Siu and Kelly(1998)= PRA(probabilistic risk
assessment)ol] A o] x|¢t REFAo #He JEAHQA HEEES VIedta Ut} Castillo et
al.(1999)= A ZNAM Y & ALy wWolX ¢ EAINA AN A &E8S ZAHY
oz Aiste "Wy o=w FORM(first order reliability method)®} SORM(second order
reliability method)& A A8t Qlvh. ZAd 3 223(2000)% Berger and Pericchi(1996)7t
AA S wlo|Rer AR 7| FEEL o]t golE E X 2| noninformative prior$} intrinsic
Bayes factor9] B2 & HoFi Qo).

iﬁ:

F

41:

>4

221 u&AE 299 Bayes 4

1) 29
Sarhan(1999)¢] 13 & 2de Ay uAE ZdS FFsig g9ty 13E ZdL o
o Zdg.
h(t)=a+bt"' , a b, >0

a=0 : golBRY R(cE PAES)

b=0 or c=1 : AFE¥X nd

c=2 Ay 2d
> 73

@ nAF rAZE 313 d71X] APl 5
@ #AZ AT <t <<ty

57



@ 2z NFMAE a, b, cE 2= 2A 3FE ED : w)=a+bt"' , a, b, c>0

r o

@ cE 71A, a, b A AFUEYgTE as FEHS
_{ apexpl-aa-bp], for a>0 b>0
glab) —{ 0, otherwise

(aB = 71A)

L((a,b),(a,B))=k(a-a)*+ky(b-b)*
a,b e ab 9 F%A
> =3
O gEU=gF
f(tIa,b,c)=(a+bt”l)exp[—(at+ bé )} , a,b,c>0, t=0
@ TARIHS
1 ~ bt®
F(tlab,c)=1 exp[ (at+ P )] , ab,c>0, t=0

® Al To FRUBELEES
fr(t 1 aB)=caBv, (£)/N5(1)

[ Y, (8)=(c+1)t"+cat® ' +cB

V()= (t+a)(cB+t9)
@ =3+
nrtytst, o & xZ BAEH

Lix| a,b,c)=(l]f[1f(t,~ | a,b,c))(?’(t, l a,b,c)™ "
A HEe ALt Y,
L(x | a,b,c)=( i:ﬁl(aertf'l))exp{ -aS,-bS;}
Si= t+ (n=rt,

Sy=c l[gtf+(n~r)tf]

3. vt doElE o] &3 WolAg 4
w2y, 3FE A EXE2E AvEREE
& 299 AXAE #A gl

rlo
>
)‘



sdalz Axdel FEUES 2% 13Utz 7Y

%

o

> AHE V1%
Argdte NEe e g
] HEIJE j
[ A2" g
Ty Az o] AXUE jof Azt
T, AE" i 9, Ti= min( Ty, Ty )
(), R;(8) HEGE jo 89 g4, A= g5
X, Axgl (o] AL, X, =min (Ty, T o Ty
S, iN2"e 1S dodle HEVES] AL FEAY
L =g

31 =3 AMA

» 7HA
D T;e A2y agAog FUd3 REE zton SYA FEAFo|Th
@ AN2d" (9 #E2FE nAY (x,S)

3 A== 2 l-out-of-J:F

@ AXAES] F£HANLE AFEEE HET
©® w23 dolHe SEHo2 HAHY

Aze] Sqolx, TFAAe] mhxa Ho] e WY FEFFE G2 2ok

er ﬁ [ [fs(t,‘) * j£[j Rj(t,‘)]]

i=1 JES;
283, ATVEY 4N ¢={TyTy) © A4EEE ey,

At

f(tIA)=Ae ™ )]

L= 10 Zexp(-h, - 2) Tl exp(-, - £)1)
jieJ,

i=1 sES;

59



> AHEE

g(xy)= %A“ P A>0 af>0 @)

a:JAESF, B AERSF

> AERE
49 dolHzt A4RED AuARe] BRI AUEEY A9 AFRE} Fug
E4Edae &7 Zo.(Martz and Waller(1982))

@ At AAFEXE

Aty nitn; - “BAg
1 S S

g(h I t)— _ n. -
s f l,txsn, n,,klg—l BAg D s
n+n,k+u ne g (eeBR,
(A, | £)= (t+p) njxta 1e Cevpr (3)

I'(n; +n,k+0)

@ to FHIEEIFT
f(t)=ff(tnxs>g(xs)dxs

Bt """T(n;+n,,+a)

FRTIT) (4)
I‘(a)( nitnpl(e+B)
@ HaE 24t
EQ | )= TikTT
t+p
, on.+a
A. n; Lk
Var(A 1 t)= (2+)2
4. A&
AgERolEY Y BN BUSS /) ME0H £RAR, ABESY 24 24}, BE
24 23, 203 ABY DRl i AT Bé nRUNCD BF 4FHo) K, o F
QTS ojol ¥ BobzE MBEBEA, 24 A} Y, RPESY UAY PAYY, H2E e

A, A=Y Y 4, AP dolE Y Y, adxn 494 dolHs AA88%
HolE & F&E wlolxt AZg 4 ol dFHolok g

> ub23 HolH £4

60



Al2g) FF [AE A A"(1-out-of]), competing risk system
BEX 3§ AFEY, ol X

134 AXJE 132, 37))

13EgE x|

4 23 EMLE), 734

Hole FF |otx3 dlolEj(gn], #EFH-HHY, AR F

o3 dHolge BEMoA &3 2 & v AFEoEE v 1A E @ AMEEF ARE &
g AN vtaa dolH ¥ANYSE HEd dFUE, FEPESY uFe] FUsA dojuAlE
BE A, Aztel AURM ug LA FFo] WY AL ATUE Felth 1z #E Alagend
Hle Aadel oM YEUE LAEE 2T AL W, AWARE 088 WXL B4 nald
% 5 g

@ competing-risk system° g A=

@ AFEE & 72X

@ AEXJES 13 24 FFo| U F ¢+ & F(HFA Fo)

@ HREAES] uZF9] H &

® noninformative prior

® A ztol wel Axde P HAFE] A= FL
olglgt A& nEdte] wtaAdolHE ol &3 oAt AHAH FAol ¥ &% JEE AT L
e mtaz dol HWlolXet 42 AXEUEL] nFLAFEC] TUd R AlZtel uwhe} HEx] @
e Mg E B EAE AR Esd

3 dAZE FHUolHE o8t Z BAMye uug 3 HAo] o|FojHol g}

< #nEd >

[1] Kang, S. G., Kim, D. H.(2000), “Bayesian Hypotheses Testing for the Weibull Lifetime
Data", Jounal of the Korean Society for Quality Management, Vol. 28, No. 3, pp 1-10.

[2] Bris, R.(2000), "Bayes approach in RDT using accelerated and long-term life data",
Reliability Engineering and System Safety, 67, 9-16.

[3] Calabria, R., Pulcini, G.(1990), "Bayes Estimation in Exponential Censored Samples
with Incomplete Information", Commun. Statist.-Theory Meth., 19(8), 3037-3049.

[4] Castillo, E., Sarabia, ] M., Solares, C., Gbémez, F.(1999), "Uncertainty analyses in fault
trees and Bayesian networks using FORM/SORM methods”", Reliability Engineering and
System Safety, 65, 29-40.

[5] Coolen, F.P.A.(1997), "An imprecise Dirichlet model for Bayesian analysis of failure
data including right-censored observations”, Reliability Engineering and System Safety,
56, 61-68. A

[6] Coolen, F.P.A.(1996), "On Bayesian reliability analysis with informative priors and
censoring", Reliability Engineering and System Safety, 53, 91-98.

[7] Martz, H. F,, Waller, R. A.(1982), "Bayesian Reliability Analysis", John Wiley & Sons.

[8] Doganaksoy, N.(1991), "Interval Estimation from Censored & Masked System-Failure
Data", IEEE Transaction on Religbility, Vol. 40, No. 3, 280-286.

[9] Guess, F., Usher, ], and Hodgson, T.1991), "Estimating system and component

reliabilities under partial information on the cause of failure", Journal of Statistical

61



Planning and Inference, Vol. 29, 75-85.

[10] Erto, P., Giorgio, M.(1996), "Modified 'Practical Bayes-Estimators’, IEEE Transactions
on reliability, Vol. 45, No. 1, 132-137.

[11] Hart, L.(1990), "Reliability of Modified Designs: A Bayes Analysis of an Accelerated
Test of Electronic Assemblies", IEEE Transactions on reliability, Vol. 39, No. 2,
140-144.

[12] Lin, D., and Guess, F.(1994), "The effects of dependent masking on reliability
estimation", Microelectronics and Reliability, Vol. 64.

[13] Lin, D.KJ., Usher, J.S. and Guess, F.M.(1993), "Exact Maximum Likelihood Estimation
Using Masked System Data", IEEE Transactions in Reliability, Vol.42, No.4. 631-635.

[14] Miyakawa, M.(1984), "Analysis of Incomplete Data in Competing Risks Model", IEEE
Transactions on Reliability, Vol. R-33, No. 4, 293-296.

[15] Pathak, P.K, Singh, AK., Zimmer, W.].(1991), "Bayes Estimation of Hazard &
Acceleration in Accelerated Testing", IEEE Transactions on reliability, Vol. 40, No. 5,
615-621.

[16] Sarhan, A.(1999), "Bayes estimation of the genernal hazard rate model", Reliability
Engineering and System Safety, 66, 85-91.

[17] Siu, N.O., Kelly, D.L.(1998), "Bayesian parameter estimation in probabilistic risk
assessment"”, Reliability Engineering and System Safety, 62, 89-116.

[18] Usher, J.5.(1996), "Weibull Component Reliability-Prediction in the Presence of
Masked Data", IEEE Transaction on Reliability, Vol. 45, No. 2, 229-232.

[19] Usher, ].S., and Guess, F.M.(1989), "An iterative approach for estimating component
reliability form masked system life test data", Quality & Reliability Engineering
International, Vol. 5, 257-261.

[20] Usher, ]J.S. and Hodgson, T.J.(1988), "Maximum Likelihood Analysis of
Component Reliability Using Masked System Life-Test Data”, IEEE
Transaction on Reliability, Vol. 37, No. 5, 550-555.

62



