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A Bayesian Approach to Replacement Policy
with Extended Warranty

Ki Mun Jung

Department of Informational Statistics, Kyungsung University

Abstract

This paper reports a manner to use a Bayesian approach to derive the optimal

replacement policy. In order to produce a system with minimal repair warranty, a

replacement model with the extended warranty is considered. Within the warranty

period, the failed system is minimally repaired by the manufacturer at no cost to the

end-user. The failure time is assumed to follow a Weibull distribution with unknown

parameters. The expected cost rate per unit time, from the end-user's viewpoints, is

induced by the Bayesian approach, and the optimal replacement policy to minimize the

cost rate is proposed. Finally, a numerical example illustrating to derive the optimal

replacement policy based on the Bayesian approach is described.

Keywords: Bayesian approach, expected cost rate per unit time, extended warranty,

minimal repair, replacement model.
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87} 7hss Al 2" thek AFgAF 2o B AA M (maintenance policy)d #HH AT
= HF7|3ke] AlFEHE Alagd tid HAA A BFT|bo] AlEEA] e Al
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s Free warranty period I Maintenance period —_—
= Basic Warranty ===jplege Extended Warranty ==
_ 1 L B
| I =
0 w w+l w+2lL ... w+kL w+kL+x

<™ 1> A& BE sl wA Ry

et o] At wARFP thete] Jung (2013)> SAE 7 dH] &S the} 2ol K

=319
E[TC(z),]
@)= Frere),]
ke, —l—cwa{N(O,w-i-k:L)}-i- (cfm +c,, ) EAN(w+ kL, w—l—k:L—i—x)}-i—c
o wH+kL+x
(1)
el AolA TCO(x), ¢ CL(x), = 27 A€o WA|F7] 9 AGEHE SR 34
E7F o7 A9 AlxEle] 2877F Fotd WAE = FH]E (total cost)d /\]*E"—q T
gdo] (cycle length)oltt. L8]l N(a,b)v T3 (a,b)Fe DA = Alxade] uAsls
(number of failures), E{N(a,b)}+= A%

”1‘35178@1—? (expected number of failures), L=

He B rEddel ke FE] o] oty aglal ¢, 2 AlaEe] A

h(t)zaﬁtﬁ_l, t>0,a>0,8>0. (2)

kel AlzEle] mgAzre] A (29 2 ool BE¥E gEdn AHew at §7b Fol

AR, A (Do) BHAG A gL G 2o
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ANA a,b>00]3, o] e AHAFEEEZY 22T (hyperparameter)S YEFATE 3k &)

B4 go] AAFEREE A4ge] Sla) e 2o wWeREs nestad @

I'(e+d) (ﬂ_ﬂL)c_l(ﬂU_ 5)d_1

9(8) = () (d) (By—By) 71

, 0 6, <8< 6 (5)

21 (5)ell Feje WERETEZAA AR B S 7 & YEUES 3] fsiAE
oS3 o] o]xkd W ENE X (discretization of bata density)e] FE|Z WHIAA ALL3 &=
Aol Ft} (Soland (1969) #=).

P=Pr(f=4) (6)

B+ 6/2

= g(ﬂ)dﬁa l:1727"'7k'
B—6/2

0:17]/‘1 51:5L+5(2Z_1)/2 5:( _ﬂL)/k'O
a8x, ByEEol AAAE™ (prior independent)o]gt ZFAE A, o ¢ go ATAHAISEE
X (joint prior probability distribution)= 2 (5)¢} (6)o <J3l a2 2o Fa& & 3
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(8)

B, [HTC(), | o8] = [kc€+c,u( b)(w+kL) +(cm+cfm)(g)((w+kl}+x)ﬁ’—(w-!—kL)‘ﬂ’)}Pz

b

i[kc +ch( )(w+kL) +e, + (e tep) Z

=1

)y = w+kL+x ©)
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Ag 4 3ok
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=1

a2 10elA = Te

¢y = ke, + cfw(%)(w +k1)" + Cpe

o] 7] Al Sahin and Polatoglu (1996)¢] =w< Fz2std 4 (100E& w5k 9 kel 4 (99l
FolR A 7)o 8-S Hasteks HH o wAFY] o 7F BokE ARNS & F 9l
ofAl, Alz=®lo] wWAHY] A7pA LAE wHARERYH EFE oo gl
At & AEE 317] YA Mazzuchi and Soyer (1996)°] 2&)A] A<t
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Lla,B1t)= {Haﬁt*’ l}exp{ au’}. (11)
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o

191 A

ANA = (bt it,), w= (wt kLt a)olm [I1 -}
i=1
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o g, webd 4 (el AolE mige] AYAMTFEEESL 4 (11)

KN
=
L3 E o) g3 a9 g9 AFAFTEHEEE (joint posterior probability distribution):

exp{f auﬂ’}a“ Yexp{—ba} P,

fla,B | o {Haﬁ,“

i=1
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ohg3

S Zo] yehd & glow, o5 HHs WMIATIY ot o] AFAFIELE
=

n “‘3171
an+alﬂ?{Hti} exp{fa<b+uﬂl)}P,
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(12)

f(avﬁl | t)

n

3,1
Zpﬁn{Ht} F(n+a)/ (b_|_u )a+n)

wt, flal Byt)=f(a,B,t)/Pr(B=ppt)°1 B2 o2 ZUFAFESERE  (conditional

posterior probability distribution)® t}&3 72t}

Aol FelE A (13)e vk 747 o =
£H, 4 (129 A (19)€ olgaw go] A5

Pr(8=p51¢="p (14)
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of o= & =M udd A BSol FRE o Fo] wA A ek wloj At A
2}

SHHE FXAHQA o E FAA AWt} st} o] & 9]3]A4 Mazzuchi and Soyer (1996)<2]
=wolAel LA A 3 A B U= a9t Y AHFEFEANA a=2.1, b=3,

2,d=2, 8,=1, Bp=3°1ga 7F4skxl. a8l B3 9 v]Ey) s 724 4R
= <E 41> YEY AT

<E 1> AFE BFo] v wARY I v AR

w L Cm C, Ce cfw cfm
05 0.05 5 100 15 3 3
15 3
30 5
< 2> <E 3> FoX AFE BTk diste] AFHSGERETS o] 835te] 2] (8)9]
GAAG 7] E& HAsE e wlo]ARb A HA wAFTIeF 1uwfo] whelA
71 EEs T3k Aol o E ;2 WwAETHS o]

galo] A ()9 WA NS HaFAT e HHe) wAFIE o =2.03307, o]
w o] GAG ZhH LS Oz'), = 36.2983830] HTH= APAS & 5 gtk <F 2>oE

<& 2> FHaE vl (c,)el WSt mE HH o] wAAH

Cm
k 5 15 30
SC* C(m*)k ZL'* C(x*)k .'17* O(l'*)k

1 2.077 35.322727 1.267 50.256459 0.799 64.739425
2 2.055 35.816376 1.231 50.756274 0.753 64.978931
3 2.033 36.298383 1.195 51.224305 0.705 65.142149
4 2.011 36.769029 1.159 51.660830 0.657 65.228315
5 1.987 37.228571 1.121 52.066065 0.607 65.236490
6 1.963 37.677245 1.081 52.440173 0.557 65.165480
7 1.939 38.115272 1.041 52.783271 0.503 65.013803
8 1.913 38.542846 1.001 53.095423 0.449 64.779302
9 1.887 38.960161 0.959 53.376659 0.393 64.461490
10 1.859 39.367383 0.917 53.626964 0.337 64.056583
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<E 3> dAFEHE BES 7Us] A% HlE(c )0 WSt mE HHo wAA A

Ce
k 1.5 3 5
z c(z), z (z'); z C(z )y
1 2.077 35.3227727 2.111 35.890152 2.153 36.635958
2 2.055 35.816376 2.121 36.932413 2.203 38.380735
3 2.033 36.298383 2.129 37.946032 2.247 40.059935
4 2.011 36.769029 2.135 38.932851 2.289 41.680437
5 1.987 37.228571 2.139 39.894493 2.325 43.247940
6 1.963 37.677245 2.141 40.832396 2.357 44767214
7 1.939 38.115272 2.141 41.747843 2.387 46.242309
8 1.913 38.542846 2.141 42.641972 2.413 47.676690
9 1.887 38.960161 2.139 43.515823 2.437 49.073362
10 1.859 39.367383 2.135 44.370326 2.457 50.434938

<

AR AAAS A3ty HslA <E 4> AT Yol &R
k=39 uf, <E 2>9] = AANY 2 Z
AN (z =2.033)S <E 4> A= Cycle 19 2R F 4

8
s EREd o8 A4H

U

O

3l
ChA] 2o <& 4>o AAE wpel o] z =2.5847F H a1, ojwje] wh A 7]
& COz"), =43.046628°] Hr}. 22 Mo Cycle 29 mg#tgd] s
b Ao A wAHF A =
AABFATE ol d =8 dAWMEAANE AAZ TAEE Alxde] nFAz O A
Hel ol Ho] Aozl FHA9 dWHAAGN] ARG BT &
AL AR HERE By g ESALS

<E 4> HA wAFT} G 7w E(k=3, ¢, =5, ¢, =1.5)

Cycle IGAE z c(z’),
0 - 2.033 36.298383
0.23886 0.34063 0.61730 0.75832 0.81644
1 2.584 43.046628

0.89211 1.28697 1.32275 1.59933 1.89400

0.06746 0.54753 0.74183 0.77638 0.89433
2 4.856 34.413571
0.95937 0.96309 0.98799 1.04741 1.39670
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Ho] VIEHor AFHs BEVI diEol dAT HES Aedtal FrHEeR BET
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T REFES XS vk wEbd B mEeAE ddE BTl Fold wARF ot
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of o] BREAS MATE  de &84 wAAAE 25 el tiste] duwsk
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A5 BF7Itel FolA g u AFHE BEE 7TAs] A% vgel Tl wel
WAF7)= AojA L AT V| hH] &2 SUbTE AMd e 4 Sddld
oA AlaEe] AR tigk wlojAet wAlel A Ao wA AL A=,
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