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Bayesian Reliability Estimation for Small Sample—-Sized
One-shot Devices
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Abstract

One-shot device is required to successfully perform its function only once at the
moment of use. The reliability of a one-shot device should be expressed as a probability
of success. In this paper, we propose a bayesian approach for estimating reliability of
one-shot devices with small sample size. We employ a gamma prior to obtain the
posterior distribution. Finally, we compare the accuracy of the proposed method with

general maximum likelthood method.
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1. A&

T

Ak tlnko]l ~(one-shot device)™= ®oF, HIAMY, 5 WALA] 2 oJekE 53 o] 13 A}
€& 5 dFE ¢snste AuE ouisty, diFEe] g AAFe -~

olsle] FA3Eo] <3l(degradation)F o] TAYTTE o] sk YAE fuHlol A= EA
Aol A AAE AAst A e Al 75 = vtelye] Ho|E(binary data)E &
atol A A= E(storage reliability) & FA T o] W A A== A% el 9l
A7 A A 71 )b o] M Alek A da Ao A5d dERE A
A
Guikema and Pate-Cornell(2004)2} Guikema(2005)% HAFAIZ toll Al n7lle] 9AF fufo]~
= At s Wl e M2 AugEo] pol ol EEE wWET JHA s A AlF
T 1-p& FA4s94. AF AFR=EE FAs7] g AW eRE Guikema and
Pate-Cornell(2004)+= ®lE} AFAE XL (beta prior distribution)ES &3 w|o] et HH
(bayesian approach)< A|¢tst 2, Guikema(2005)= 2742 9 (classical approach),
A4+ AP R E (normal prior distribution) % B A B A AFAE ¥ (uninformative prior) S &
gk Aol ¢t AW T& Attt shARE oj#ld HIWHE Y HAF AR tell Ao A
FAIEE FAY e AR AAF AR to] AERE 2FE AR F7] wEel mE Al
el A AFEE FAY 5 gtk LA Ak bR o R g AAF AA ol A 9
U A fufo]l 27t AR 7] AlERgE 27] A ROl A A
A =

A NE=E °
Aol A% =S FAske wAZE o Fast v Al A%

=

A Aske] Ty
= at7] 918t Zhao and Xie(1994)9} Zhao et al.(1995)= AL A3 t7F 54
FEE wEva sk, a3NE we Aol i) oFEEE wErta 7}
ste] A A E RE)=1-Ft)5 FHsAch A% 22 s F487] 93 doge
2 Zhao and Xie(1994)= %71 %% kel AFAIRE t7F A9 A (exponential
distribution)& w&vhal 7HAstlen Resd Wrgor #9549 (maximum likelihood
estimation, MLE)¥} & A A9 (least squares estimation, LSE)S AF-&3t3th. o] ¢ o]
AFEES AHED A5 A Hubolas AR Fol nFEol dAstva Hge dvh s
A A2k fupol o] e ARl AEH AR Qlste] FAEe] Aty o] WHAEy]

o Iy > nmu

al
z

o] mAFES A7lo] Ao wal 7A wi= =718 Ao|tl. olo] wlal Zhao et al.(1995)
2 AFAIZE t7F eFol E 3 (Weibull distribution) & whE&vhal 7HAdstg o R4S Wl
o7 HFAMS A&

ol¢} o] Zhao et al.(1995)= A& Tol T EC] A4 = ST 7Hd sk 7|
g AR A AFE FAE7] et SfoladEe] REFH WHoR H9FEHE
Agrstatt H¢-FARS AE 7|7 2 A4S 4T By FHY AGRE AwepA vt
AE A77F 2& A5 AP AERE Foldn wol x|t HEHel HeFAMEY o 4
g By FAY BYgRE Xﬂ%"fiq (Berger(1985)). ¥4k tinpo]l 2= A3|A Au|o]7] wfi
of A% AFE=E FASH] 9 AEFe HASo] vl ofgr] wEel wleolAek HERo]
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vEThn 7b S stk sholB B L) U Egs

R

rr

Rt)=1—Ft)=¢ " t>0. (4)

o714 aE ¢olBRFE o H L K (scale parameter), 3+ H AR 4 (shape parameter)©] th.

3 T2 pel Wste] wet gt 1 FES 2d8T F Uk prF 120 S A
S Aasiy, 7 18g F A9 a5 S S/4EH 4 (Dol AFEEE 1—p A
By Ag=dE RE)E Abgstd QA fupolxol mAE M A EEo)

I
F(t) o]@EzE war] uitd FEA=drs thga) 2ol Aod 5 vk

B

f(m) :,’C {1—67 (t/a)d}m{ef (t/oz)d}nim7 m=0,1,2, -, n. (5)

Zhao et al.(1995)= H-¢+FAWME ol &dto] golew X BF o, 5 FATLEZA 4 ()
_i,_

o] A% A=w R(t)E

2.2. §$FAH

GAE Outol o] A AR EE FAHSY] e WA PG FHEEe XaE F45)
oF %t} Zhao and Xie(1994)¢} Zhao et al.(1995)= 7}A 3 HEX Y R4S FAHS7] €
sto] HSFAAHE AFESEATE AAAAE bty o oA 2 ngng, e el FAE ek

o|22 AAS] mymy, - m AN Wl ARG A4E FHRL FEFUEGS

of thdt ¢ 3 <(likelihood function)®= th<3 2t}

k
L=111[. G, {Fte)} 1= Fie)y ] ®
i=1
o] 22 FHeto] 219-%3 < (log-likelihood function)E =3 thS3 2t

== 3, 6, {#0))"1 ) .

ANAA 7 ool 2R T E weta @ v 2a9Rdsl ey 2o Aew 4 sl
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(8)

2HE 4 AAA0 A H(objective information)E &3t %=

2R B4E FAS o9k il wo]X| et FAHAHE FEROFZHE d& 7

F3A ¢l A K (subjective information)?] AFA & 3 (prior distribution)Z AF
ES

(posterior distribution)E =381, =9 AZEFE 7|dzgtog w
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HES Atstarar g
HAMA A 7} ol EREE wWETa & of SfolERxe] BEF a, fo tigh AAdEER
Hamada et al.(2008)7} #|¢tst Z4m} AFHE ¥ (gamma prior distribution)E AF-&3i ). of
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o = (11)

ky = %—FQ, 0, = ulk, —1) (12)

7\, B)oc — NPT (13)

A (13)e] vk AbdRaEst 4 (8)9 E=FE ol&dte] thadt #o] AARFEE(oint

posterior distribution)& %3 4 1t}

A Blt) (A ﬁ)
/ f L\, Blt) T\, B)drdB (14)

SpolER o] B AE FASH] flste vadk 2ol Aol thd FEARS-E A (marginal
d T

posterior distribution)®] 7|HFS T3lo] &

o / ) f L0 BTN, H)dBdN
: A
S= [ awalin= L 5
’ [ [z s1o20 pyinas
0 0

TdA EF gE FAHS] st de3 Zo]l Fell digk FWALSE ¥E(marginal
posterior distribution)®] 7|H#kS 3kl By fE FAT ¢ o
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= / pr(Blt)ds = (16)
0

/0 /0 L sl w(\, B)drdB

2l (15)9F (16)5 St ofolExe] Bg Aot S5 FAHT F AAT WA o= olF A

ol o9 7] w&ol MCMC(markov chain monte carlo)& A&3te] R4E FA 8T

4. NEdolAd A3

(n=5) A% tute] =8 AAgTn A4ttt deo woldel doleE 4t
Sakel 2 AR ARt =21, =4t = 12014 sk BRE O] W 2z 504 A
Atk olm AAE shol B L W47t AA AR AW QA tuhe] 27t g geleta
detstglom, WEsk A4k Adud Aow ngeldn usdrh. 448 vlelue dol
Bol Zhao et al(1995)7F AQHeH ASF AW B =R A Ak Hlo] ek APz w
o, B% FAske] WY AR 503 Fol A4 A
AE A S 20008 AASG O, et o] SolBEES] A

d

T aﬂ jéﬁ .
5““34 pel Wit FAEA B A= Gz A

error, MSE)&

i o2l

=

| & 2 *}F(mean square

’

o o
>4

=Y a0 /n, F=N 3 n msE=Y{EV¢=50)— re=50F]/m a7

i=1 i=1 i=1

H-FA4H oAt el digte] AEHOIAS 3 HAERST o AdE FAHAA, F
g el Hat FAA R AHE FiAly oAt AEdds <E >3 2 FAe et
E A WA ¢t FANe] HeFAAMEY ¥ T2 A AHE FA] AReE Aest
Atk



106 / #& AZ =7]9] One-shot DevicesZ 93 Hlo]x|¢t AlF = F3

<E 1> A EdelA A7

=474 78 33
o FAAY A 30841

W o) R 9k % IESECEL: 1.773
AlF = MSE 5.35e-03

o FAAY A 23.927

4954 ESECEE: 2,746
AlZ = MSE 1.79e-02

% RS a=30, =15

A Wl Ak FAML AP R whet w4 FA0 AREst AeArh B =R
sfolgzel meg A= 7o} g ALAEER ok AHEEE ALAAT. BF fE BF
ky=1, 0, =12 7HAE vk AAREE pgetqy] b Adgust g AT, 2y
Ae BE ky, 0,& 7HE v AAREEE P dEd AdAgRs) dest 24
ky, 0,5 APRAR B psk B oSe AATonA A 12DF B FA4T £ Qv
<E1>9) A HHE selBREel P wE =30, f=152%H A¥

W
i

p=al(1+1/8)=27.08% 22 o> =a’T(14+2/8)— 1> =330.12% &3] APdARZ
AHgEte] A AL Avtolrt, G AHHRE F3}e] |
ol wo] x|t FAH o}

o SHA R dRie] A9 A8 AMARE ¢
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<E 2> AXE AHARE AMESIAS W AlEEeld A
. AR AR B
TALH T a=20 a=30 =) a =140
a FAHAX FF 25.214 30.841 36.802
H] o] Z] <t —
E L B FRA e B 2.015 1.773 1.560
A g = MSE 8.53e-03 5.35e-03 1.18e-02
a FRXY H 23.927
HAFAY | p FAX AT 2.746
A g = MSE 1.79e-02
¥ F RE D a=30, /=15
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B omRoAE 4 AF A7)0 A% tupol o] tiste] vie) AR AF NHEE 34
7] Askel dolAer MHE FAWS ALk nFAL tE ol BREE mpEvin

7St on, efolERy Ryo AMAEFER 7wl ALH R I (gamma prior distribution) 2
Abgatdh whA e 2 ol x|t HIHI HSFAWH digte] AlE#HoAE FaHA

| HA¢-FAHEEY ¢ 22 AF M= FHo 43
wet B FA ] Gt AelA 7]
o

s 2w F4 FFEE vael

Fan et al.(2009)= wAGA7F t7} ASFEEE w2ty 7pAstgon, A8 w34 R(t)dl ol
F APARER A5 AQRE, AT AAEL L de AQREE AASG B =R
L ooolBREe] BE o Bl U@ AQETZ Pul AAREE AdeAow, FF Fan

et al.(2009)8} o] AFHE3F R(t)o] tek AFHEZE A
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