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x u; uU xm CU= |twO CUO pwYLt CUmW u=tR *|atHD `} RwD `@=D Qou=}@

%O};|t CUOx@ 2 |xrO=at j@] w CU=

F1(t) = p(T < t+ xjT > x) = F (t+ x)� F (x)
1� F (x)

for all t � 0 (2)

CUO x@ 3 |xrO=at R= xm CU= F1(t) |r=oJ `@=D Qou=}@ f1(t) = dF1(t)
dt w
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f1(t) = f(t+ x)
1� F (x)

(3)
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u}vJ w CU= fp; (1� p)g xDUUo `@=D w F (t) 'F1(t) xDUw}B `@=wD R= |@}mQD
%OwW|t xrwtQi

hu(t; p) = p� f(t) + (1� p)� f1(t)
p� [1� F (t)] + (1� p)� [1� F1(t)]

(4)

%s} Q=O 4 pwtQi QO f1(t) 'F1(t) `@=wD uOQm u} Ro}=H =@

hu(t; p) =
p� f(t) + (1� p)� h f(t+x)

1�F (x)

i
p� [1� F (t)] + (1� p)� h1� F (t+x)�F (x)

1�F (x)

i
= p� f(t)� [1� F (x)] + (1� p)� f(t+ x)
p�[1�F (t)]�[1�F (x)]+(1�p)�[1�F (t+x)]

(5)

|Oa@wO Cr=L QO pwYLt <=kDQ= |xv} Ry "2"3
pwYLt|xDWPo OQmQ=m 'xDWPouU x@ cu(x; y; p)|va} <=kDQ= |=yC}r=ai|xv} Ry

[13]%OQ=O |oDU@ VwQi R= p@k pwYLt <=kDQ= u=R}t x@ u}vJty w
cu(x; y; p) = cs + cup xwy� 0 � p � 1 (6)

uw}UQoQ pOt R= xO=iDU= =@ w Ov=|ivt=v � w  'cu 'cs '! |=yQDt=Q=B u; QO xm
"OvwW|t xOR u}tND ?U=vt

=@ Q@=Q@ ?}DQDx@ |OQmQ=m w u=tR QO 1 pmW x@ xHwD =@ |Dv=Q=w VWwB u}vJty
"OwW|t |[kvt min fy + y1; y + rw1g w min

�
x+ w1; x+ y1

r

	
|Dv=Q=w |xQwO QO C=Q}taD Q=_Dv= OQwt |=yxv} Ry "3"3

pwYLt uU xmCW=O Q_v QO O}=@ |Dv=Q=w |xQwO QO Q=_Dv= OQwt |xv} Ry u}}aD |=Q@
u}=Q@=v@ "CU= min

�
x+ w1; x+ y1

r

	 |Dv=Q=w VWwB uOW |[kvt u=tR QO
%Q@=Q@ |Dv=Q=w |xQwO QO =yCUmW O=OaD

E [Nw(
w;w1; y1; p jr )] =

8<:R x+w1
x hu(t; p)dt r < y1

w1R x+ y1
r

x hu(t; p)dt r � y1
w1

(7)

&|Dv=Q=w |xQwO QO pwYLt OQmQ=m %y1
&wv pwYLt Qta pw] %L

&u; OOHt VwQi R= p@k =D swO CUO pwYLt OQmQ=m w uU |x}L=v %
0
&w1; y1 pt=W |Dv=Q=w VWwB CLD |x}L=v %
w

&<=kDQ= |=yC}r=ai |xv} Ry |=yQDt=Q=B %�;  ; cu; cs; !
QO xOvWwQi |=Q@ �Q}taD uOw@ |} RH ZQi =@� Q}taD Q=@ Qy Q=_Dv= OQwt |xv} Ry %cr

"|Dv=Q=w=UB w |Dv=Q=w VWwB
xr�Ut |iO=YD |=yQ}eDt "2"4"2

&0 � p � 1 <=kDQ= K]U %p
&OQmQ=m MQv |iO=YD Q}eDt %R

"pwYLt CUmW u}rw= |xOy=Wt =D u=tR |iO=YD Q}eDt %T
|iO=YD |=yQ}eDt `@=wD "3"4"2

&R |iO=YD Q}eDt |r=tDL= |r=oJ `@=D %gR(r)

&R |iO=YD Q}eDt |atHD `} RwD `@=D %GR(r)

&T |iO=YD Q}eDt p=tDL= |r=oJ `@=D %f(t)

&T |iO=YD Q}eDt |atHD `} RwD `@=D %F (t)

"T |iO=YD Q}eDt CUmW MQv `@=D %hu(t; p)

u=v}t]= C}r@=k Ow@y@ |=yOQm}wQ "5"2
'|ak=w uU %OQ=O OwHw [16]u=v}t]=C}r@=k Ow@y@ |=Q@ |U=U= OQm} wQ xU C=}@O= QO
xO=iDU= |r=tDL= OQm} wQ R= Q[=L Q=DWwv QO "CU= |r=tDL= OQm} wQ 'Ow@y@ pt=a
pt=m CQwYx@ p p=tDL= =@ swO CUO pwYLt [16]'OQm} wQ u}= x@ xHwD =@ "OwW|t

%OwW|t Q}taD |} RH CQwYx@ 1� p p=tDL= =@ w

P [U = u] =

8<:p u = x

1� p u = 0
(1)

"CU= E[U ] = px u; |[=} Q O}t= w

QO pwYLt |=yCUmW uOQm pOt |=Q@ =yOQm}wQ `=wv= "6"2
|Dv=Q=w |xQwO

xDNwQi |Oa@ wO |Dv=Q=w =@ xm |rwYLt |=yCUmW uOQm pOt |=Q@ [17]C=}@O= QO
'xQ}eDtwO `} RwD `@=D =@CUmW u}rw= u=tR uOQmpOt %OQ=O OwHw OQm} wQ xU 'OwW|t
pOt QO "|Oa@lD OQm} wQ w '|@}mQD OQm} wQ l} x@ OQmQ=m w uU uOQm p}O@D
|a@=D pwYLt OQmQ=m 'u; QO xm OwW|t xO=iDU= |Oa@lD OQm} wQ R= |O=yvW}B
|xOvyOu=Wv ?}DQD x@ T w R 'U "(U = RT ) CU= pwYLt uU R= |]N
OQmQ=m MQv *uOw@ Cw=iDt p}rO x@ "CU= pwYLt |xDWPo uU w OQmQ=m MQv 'OQmQ=m
`@=D w |atHD `} RwD `@=D =@ |ivt=v |iO=YD Q}eDt =Q u; u=wD|t '|QDWt Qy |=Q@

"CiQo Q_vQO GR(r); gR(r); 0 � r � 1 =@ Q@=Q@ ?}DQD x@ |r=oJ

xr�Ut uOQm xrwtQi "3
"OwW|t p}O@D |}=yVN@ x@ xr�Ut uOQm xrwtQi
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Ovyt "pOt |=yQDt=Q=B Q}O=kt "2 pwOH

cs = 10; cu = 500;  = 0 9; � = 0 3; ! = 0 2 swO CUO pwYLt <=kDQ= |=yQDt=Q=B
1
� = 0 354; � = 2 pw@}=w `} RwD |=yQDt=Q=B

L = 10 pwYLt Qta pw]
x = 1(year); y = 2(2000h) pwYLt xDWPo OQmQ=m w uU

cr = 100 pwYLt Q}taD Q=@ Qy |xv} Ry
FRW pwYLt Q}taD CU=}U

� = 3; � = 1 s=o `} RwD |=yQDt=Q=B

"hrDNt |=yVWwB =@ |Dv=Q=w C=Q}taD |xv} Ry |=Q@ xOt; CUO x@ Q}O=kt "3 pwOH
w1 = 5 w1 = 4 5 w1 = 4 w1 = 3 5 w1 = 3 w1 = 2 5 w1 = 2
16 16 15 66 15 27 14 92 14 60 14 25 13 83 y1 = 1
21 97 21 03 20 29 19 65 19 05 18 42 17 66 y1 = 1 25
28 55 26 98 25 76 24 71 23 73 22 70 21 49 y1 = 1 5
35 89 33 51 31 64 30 06 28 58 27 06 25 29 y1 = 1 75
44 00 40 57 37 91 35 66 33 57 31 44 29 00 y1 = 2
52 85 48 15 44 51 41 46 38 66 35 81 32 61 y1 = 2 25

|OOa p=Ft "4
"CU= xOW xO=iDU= MATLAB Q=Ri= sQv R= C=@U=Lt s=Hv= |=Q@ VywSB u}= QO
|Dv=Q=w |xQwO pw] QO =Q swO CUO pwYLt xOvWwQi 'OwW|t x�=Q= xm |r=Ft QO
u=tR xm u}= ZQi =@ "CU= p=U L = 10 R}v pwYLt Qta pw] w Ovm|t Q}taD
'Ovm|t C}a@D Weibull(�; �) pw@}=w `} RwD R= CUmW u}rw= |xOy=Wt =D sRq

%R= Ow@ Oy=wN CQ=@a |r=oJ w |atHD `} RwD `@=wD
f(t) = �

��
t��1e�

t
� ; F (t) = 1� e�( t� )�

g(r) = (�r)��1� exp(��r)
�(�) CQwYx@ =t=o `} RwD |=Q=O pwYLt OQmQ=m MQv w

G=QNDU= [7]u}W}B C=ar=]t R= R}v =yQDt=Q=B Q=Okt "CU=t=o `@=D �(�) u; QO xm 'CU=
"CU= xOW x�=Q= =yQDt=Q=B Q=Okt R= |}xYqN 2 pwOH QO "CU= xOW

V}=Ri= |Dv=Q=w |xQwO QO pwYLt CUmW |xv} Ry '|Dv=Q=w VWwB V}=Ri= =@
"O@=}|t

K]U w xDWPo OQmQ=m 'uU x@ =OD@= '9 |x]@=Q uOWxrwtQi |DUQO |UQQ@ |=Q@
x@ xHwD =@ w OwW|t xO=O x = 1 w y = 2 'p = 0 5 x=wNrO Q}O=kt '<=kDQ=
OQwt |xv} Ry 'w1 w y1 Q}O=kt R= l} Qy V}=Ri= =@ xm OwW|t XNWt 3 pwOH
V}=Ri= E [cw(
w;w1; y1; p)] |va} |Dv=Q=w |xQwO QO pwYLt CUmW Q=_Dv=

"O@=}|t
VWwB u}= CLD |QDnQR@ |x}L=v '|Dv=Q=w VWwB V}=Ri= =@ xm CU= u; Cra
'u; *̀ @D x@ w O@=}|t V}=Ri= xQwO u}= QO =yCUmW O=OaD u}=Q@=v@ "OQ}o|t Q=Qk
w hrDNt |=y<=kDQ= |=Q@ u=wD|t p=L "O@=}|t V}=Ri= R}v =yCUmW u}= |xv} Ry
xU}=kt Cw=iDt |=yxv} Ry Qo}O =@ w OQm x@U=Lt =Q xv} Ry u}= ẁvDt |Dv=Q=w VWwB

"CU= xOvvmx�=Q= |xHOw@ =@ ?U=vDt xm OwW ?=NDv= |}xv} Ry O}=@ &OQm
K]U |xv} Ry '<=kDQ= K]U V}=Ri= u}vJty w xDWPo OQmQ=m w uU V}=Ri= =@

"O@=}|t V}=Ri= <=kDQ=
C@=F w x=wNrO Q=Okt y x@ =OD@= '6 |x]@=Q uOWxrwtQi |DUQO |UQQ@ |=Q@

r < r0 w r0 � r OQmQ=m MQv xm |v=tR '|Dv=Q=w VWwB CLD |xOwOLt "1 pmW
"OW=@

OwW|t p}O@D 7 |xrO=at CU= gR(r) `} RwD `@=D |=Q=O R OQmQ=m MQv xm =Hv; R= w
%x@

E [Nw(
w;w1; y1; p)] =
Z y1

w1

0

Z x+w1

x
hu(t; p)gR(r)dtdr

+
Z 1
y1
w1

Z x+ y1
r

x
hu(t; p)gR(r)dtdr (8)

%O};|t CUO x@ 9 |xrO=at R= |Dv=Q=w |xQwO QO C=Q}taD |xv} Ry C}=yv QO w

E [cw(
w;w1; y1; p)] =cr
Z y1

w1

0

Z x+w1

x
hu(t; p)gR(r)dtdr

+ cr
Z 1
y1
w1

Z x+ y1
r

x
hu(t; p)gR(r)dtdr

(9)
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}rLDxHOw@ x@ xHwD =@ =} Ovm|t ?=NDv= =Q QDW}@ <=kDQ= TB OyO|t MQ |Dv=Q=w VWwB QO
"OQ}o CQwY Ov=wD|t |Dw=iDt |=y?=NDv= xOvvmx�=Q= Caivt u=R}t w

|Q}oxH}Dv "5
u=oOvvmx�=Q= u; p=@vO x@ w xDi=} V}=Ri= swO CUO CqwYLt O} QN |=Q@ O=Qi= p}=tD
OQwt QO "OvQw;|t CUO x@ j} Q] u}= R= =Q |}x_Lqt p@=k OwU 'CqwYLt u}=
Cq=kt w OvDUy |Oa@lD |Dv=Q=w |=Q=O ,=QFm = Cio O}=@ xDiQo CQwY |=yVywSB
?Hwt |Oa@ wO |Dv=Q=w xm u; p=L &Ov=xOQm pOt =Q |Dv=Q=w uOw@ |Oa@ wO |tm
O=OaD 'xDiQo CQwY |=yVywSB R= l}I}y QO "OwW|t =yxv} Ry QDj}kO |x@U=Lt
R= p@k pwYLt xm |v=tR �� |Oa@ wO |Dv=Q=w |xQwO QO pwYLt |=yCUmW
u; p=L 'CU= xOWv xrwtQi w pOt �� OQ}o|t Q=Qk <=kDQ= |=yC}r=ai CLD VwQi
w u; CUmW MQv 'OQ}o Q=Qk <=kDQ= |=yC}r=ai CLD VwQi R= p@k pwYLt Qo = xm

"Ovm|t Q}}eD |Dv=Q=w |xQwO QO pwYLt |=yCUmW O=OaD xH}Dv QO
uOQm xrwtQi CLY =OD@= 'VywSB u}= QO xDiQo CQwY |=yp}rLD x@ xHwD =@
|x@U=Lt x@ jiwt xOvvm x�=Q= 'xrY=L G}=Dv T=U=Q@ TBU 'OW XNWt xr�Ut
w Cw=iDt |Dv=Q=w |=yVWwB 'hrDNt |xDWPo OQmQ=m w uU x@ xHwD =@ �� =yxv} Ry
xm O@=} QO Ov=wD|t xOvvmx�=Q= xm u}= ut[ "OW =yv; |xU}=kt w ẁvDt <=kDQ= Kw]U
QO =yCUmW O=OaD Vy=m Ea=@ QOkJ Ovm|t pwYLt <=kDQ= hQY xm |}xv} Ry
=yCUmW O=OaDVy=m j} Q] R= xv} Ry u}= R= QOkJ `k=w QO w OwW|t |Dv=Q=w |xQwO

"OwW|t xO=O CWoR=@

"<=kDQ= K]U w xDWPo uU |=Q@ <=kDQ= |xv} Ry Q}O=kt "4 pwOH
p = 1 p = 0 75 p = 0 5 p = 0 25 p = 0 y = 2
717 10 555 80 388 92 213 06 10 x = 2
776 83 601 91 420 93 230 21 10 x = 3
822 25 636 96 445 27 243 25 10 x = 4
859 32 665 58 465 14 253 90 10 x = 5
890 86 689 93 482 04 262 96 10 x = 6
918 44 711 21 496 82 270 88 10 x = 7
943 03 730 19 510 277 94 10 x = 8

x@ xHwD =@ w OwW|t xO=O hrDNt Q}O=kt <=kDQ= K]U w uU x@ w OwW|t xO=O 2
|xv} Ry 'x w p <=kDQ= K]U w xDWPo uU V}=Ri= =@ xm OwW|t XNWt 4 pwOH

"O@=}|t V}=Ri= <=kDQ= |=yC}r=ai
OW=@ QDW}@ pwYLt |xDWPo OQmQ=m =} uU xJ Qy xm CU= Cra u=O@ u}=
<=kDQ= u}= |xv} Ry 'OQ}o CQwY |}=kDQ= OW=@ Q=Qk Qo = w OQ=O |QDsm |}=Q=m pwYLt
hQY O}=@ |QDW}@ |xv} Ry OW=@ QDW}@ <=kDQ= xJQy Qo}O hQ] R= "O@=}|t V}=Ri=

"OwW
w |Dv=Q=w |xQwO QO =yCUmW Q=_Dv= OQwt |xv} Ry xOvvmx�=Q= xm u; R= Oa@
CQwY u}O@ CN=OQB xU}=kt x@ u=wD|t 'OQm x@U=Lt =Q <=kDQ= |=yC}r=ai |xv} Ry
xm OW=@ |}xv} Ry Vy=m R= QDsm OwW|t pwYLt <=kDQ= hQY xm |}xv} Ry Qo = xm

=yCWwv=B
1. Warranty
2. Burn-in
3. hybrid
4. previous age
5. as good as new
6. as bad as old
7. free repair/replace warranty
8. lump-sum warranty
9. pro-rata warranty
10. speci�c cost warranty
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