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(1- AAt = LAb)C,, (t,0,my). (6)
Lo tx,m) i ) x>0
yi(tsxaml): ) (1) 1) ) )
0, , y,(t,x,m,)=1.
1 (t, X0 Ciy o (t,X,m,) =@+ m,b,At + (X —1)hAt +
Z(t,X,at)= , (2) C(t—l,X—l,mz), (7)
0, Cy =0 (t, X, M, ) = (M, + b, At + xhAt +
i) - Ct—1,x,m, +1). (8)
— — 2
0.1 z=01. ¢, tx.m) ¢, (tx.m) ) ’
(t,x,me) i ; Cy o (t,X,M,) = @+ (M, — )b, At + (X — 1)hAt +
> _ Cit-1,x-1,m, -1, 9
( )- G301 (X, M) C, 1o (t,X,m,) = m,b, At + xhAt +
Cs 0 (L, X, Mt) ) C(t—1,x,m,). (10)
B B ’ ¢ (yilt,x,m,) (t,x,m,)
C(t,x,mt) (t,x,m) i , G (Z]t,x,m;,)
1.2 .
G (Yi |t, X, mz) = ini,yl =1 (t, X,m, ) +
x>0 RRS (1—yi)ciqyi:0(t,x,m2), i=1,2, (11)
x>0, m =0 ¢, (zlt,x,m,) =zc, _ (t,x,m, )+
me = (m,,m me = (0,m,) .
t ( 1> 2) t ( ) 2) (1—z)c3q2:0(t,x,m2). (12)
m2 (Oa mz)' 11 12
(1) X=O ( )( ) (taz(amz)
1) , C(ynyzazﬂaxamz):Zﬂf.NQ (y;[t, x,m,) +
(t,0,m) =0, -
%(0.m) =0, (1 A At— Z,At)C, (zIt, x,m, ). (13)
Cpy o (t,0,mM) =(m, + Db At + m,b, At + C(t -1, 0
— — ) X> >
0,me1), Me = (M +1,m,); 3) 2
C,,,o(£,0,m) =mb At +(m, + Db, At + C(t -1, RRS VA

O,Fn'tfl), Mt = (m,,m, +1). 4)
2) ,

€, (1,0,mi) = mb, At + m,b,At + C(t —1,0,mi),
My = (m,,m,). (%)

At ,
i AL,

1— (A4 +A,)At .

(t,0,my) :

GG

—_— 2 —_—
C(t,0,m) =Y AAtc, , ,(t,0,me)+
i=1

{y* : y* = (y:(t’ X’ mz)’ y;(tﬂxe mz))ﬂt E[l’n]}
Z'={z":z =7'(t,x,m,),

te[l,n]}.
C(t,x,m,) = min c(y,,y,,Z|t,x,m,)
Yi,Y2,2
y,=0 Li=12z=0 1,x>0;
s.t. C(t,0,m,) = C(t,0,{0,m, }); (14)

- 2 -
C(t,0,m) =Y AAtc,, ,(t,0,m)+
i=0

2 -
(1 - Z ﬂ1At)c3,z:0 (t’ 0, m, )

i=1
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, x(1,m) ), m, ; (20)
C(T,X*,O):mXinC(T,x,O),s.t.x>0. (15) yr(t,x,m) =y, (tx,m,) = z"(t,x,m,). (21)
2 2, X, (t,m, ), X; (t,m,)
2 X5 X -
x>0 , 1 ,
m =0. .
A,C.(t,x,m,)  A,C,(t,x,m,) x>0 3 (DHALCEXm) X ,
i m, ; (2) AC(tx,m) <A, C(t,x+1,
, m, +1); (3) RRS , t
AC (tx,m) =c, (t,x,m)—C , ,(t,x,m,)= X (t,m,) =min{x:A, x
o—(b +h)At+C(t—1,x—1,m,) - C(t,x,m,) >0}, C(t,x,m,)
C(t-1,x,(1,m,)), (16) 4 (HA,Cx,m,) X ,
AC,(txm)=c,, (t.x,m)—c,, ,(t,x,m,)= m, ;(2) 0<x<x, , A,C(tx,m)=
ALCHX+1Lm +1); 3) x=X, , A,C(X,

o—b, +h)At+C(t-1Lx-1,m,) -
Ct-Lx,m,+1), (17)
A,Ci(t,x,m,) = Cy o (LX,My) —Cy o (L, X,M,) =
o—0, +h)At+Ct-1,x-1,m,—1)—
C(t-1x,m,). (18)
A C(t,x,m)) =C(t,x+1,m,) - C(t,x,m,)
ALCt,x,m)=C(t,x,m, +1) - C(t,x,m,)

RRS
1 I<t<n
X (t,m)=1;
X (t,m,)=min{xe N":@— (b, + h)At +C(t -1,
Xx—=1,m,)-C(t-1Lx,m, +1) < 0};
X, (t,m,) =min{xe N":w—(b, + h)At+ C(t -1,
Xx—1,m, —1)=C(t—1,x,m,)<0},m, > 0;

X; (t,m,) = +o0,m, =0, (19)
(t,x,m,) RRS (y; (t,x,m,),
y;(tﬂ X’ mZ)) Z*(t’ X’ m2)

x=x(tm) , ytxm)=1;
Yi (t,x,m,)=0;

x=>x(tm) , z(txm)=1;
Z'(t,x,m,)=0.
1 , t=1
. % (1,m,) )-
2 RRS

, % (1,m)=1(
m,=0

I=x(t,m)<x(t,m)=xtm)( m=0 |,

m,) <A, Ct,x+1,m,+1); (4) A,C(t,0,m,)=C(t,
0,(m,,m, +1)) - C(t,0,(m,,m,)) = @+ th,At ; X=

X;t ’ C(t,X+1’m2 +1)— C(t,X’m2)>a)'
5 RRS
X° X" =min{x:A,C(T,x,0) > 0}
Q=X"+M,, M,
3
3.1
t=0, ,
x>0, ’

C(0,0,m,)= (M +m,)m.

3.2
1 4
(1) t=1 1~4
(17)(18) 11
2. 3.
Dx=0 , (3)~(14) ,

A,C(1,0,m,)=C(,1,m,)-C(1,0,m,) =
—(1— A4, At)b,At — 4 Atb,At, m, > 0;
—AAth At — LAtb, At +[1 - AAt—  (22)
A,At]hAt, m, = 0.
2) x>0 , )
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5 (18) , Avcz(t:X,mz)=AZC3(taXam2)- X

A,C(1,x,m,) =hAt. A,C,(t,x,m,)=A,C,(t,x,m,) <0 ,
, AC(1,x,m,) X , m, X (t,m,) =X, (t,m,). X=X, +l. x=
, ACLx,m)< A, C(Lx+1,m, +1) . x;H +1 t—1 4(4) , Ct-1,x,

X', m,). 3
x=0 , (3)~6)
A, C(1,0,m,))=w+h,At, C(1,0,(m,,m,+1))—
C(1,0,(m,,m,)) = @+ b, At. (23)
x>0 , (1)~(14)
@ +0,At — (1- LAt — L, At)(b, +
A, C(1,x,m,) = hat, m,=0 , (24)
o+b,At, m,>0
C(,2,m, +1)-C(,1,m,) =
o+ (LAt + ALAt) (b, +h)At, m, =0 ,
{a) +bAt, m, >0 . (25)
(23)~25) 41)3))
(23) (24) A, C(1,0,m,)=A,,C(l,
1,m, +1)=w+b,At, 42)
(2) l<t<n 1~4
t-1 1~4 , t .
11 x=0 , AC,(t0,m)>>0,
A,C,(t,0,m,)>>0. x>0
x>0 , x,=1. t , x=t,

" AC,(t, t,m) <0,
A,C,(t,t,m,)<0. t-1 an
AC,(t,x,m,)—A,C,(t,x=1,m,)=A,C(t -1,
x=2,m)—A,C(t—1,x—1,m, +1)<0.(26)
X5, =min{xe N":A,C,(t,x,m,) <0},
x=x, , AC,(t,x,m)<0;
AC,(t,x,m,)>0. (t,x,m,)
CX=x Yy (tx,m)=1; y; (t,x,m,) =0.
, m,>0 , (18)
X, =min{xe N":A,C,(t,x,m,) <0}

X<X

2: 1
m,=0  x(t,m,)=oo.
;% (tm,)=x; (t,m,) m,
t—1 4(2) > 0<x< X;,t—l >
A,Ct-1,x-1,m,-1)=A,C(t-1,x,m,). 17)

, 1=x(t,m) <
X;(t!mZ) B
m, >0

m,)-Ct-Lx-ILm,-)=>w . A,C (L, x,m,) =
o—b, +h)At+C(t-1Lx-1,m, -1)-C(t-1Lx,m,) <
0, (19) , x(t,m)=x,, +1.

AC,(t,x,m,) —A,C,(t,X,m,) =A,, x
Ct-1L,x-1,m,-D)-A,Ct-1,x,m,)<0, A, x

C,(t,x,m,)<0 . X (t,m,) =%, +1. X (t,
m,) =X (t,m,).
AC,(t,x,m,) =A,C,(t,x,m, +1), X, (t,
m, +1) =X (t,m,) =X (t,m,), m,
3: X, =%, =1 X,=1,%, =2
X, =1,%, >3 , AC(t,x,m,) X
m, Xl*t =1,
X, =3 : :
V(t,x,m,)=hAt+A,C(t-1x,m,) .
A C(t,x,m,) =

AAt(w—-bAt+C(t-1,0,m,)-C(t-L0,
(L m,))+A4,AtV (t,0,m,+1)+(1 -
AAt— A, ALV (t,0,m,), X=0;

AAV (t,x=1,m,) + LAV (t,x,m, +1) +

2
(1= 3 AADV (£, %,M,),0 < X < X, ~;

i=1
LAV (t,x—-1,m,) + AL At(w—b,At + C(t -
Lx,m)-Ct-1Lx,m, +1))+(1-

2
> A x (@ —-b,At+C(t—1,x,m, —1) -

i=1

C(t-1,x,m)),x=x;, —1,m, >0;  (27)
AALV (t,x—=1,m,) + L, At(w —b,At +

Cit-Lx,m)-C(t-1,x,m, +1))+(1-

2
LAV (t,X,m, ), X=X, —1,m, =0;
=1

2 2
AV (6, x—1,m)+(1= D AAV (¢,
i=1 i=1

o

X—=1,m, =1),x = x,,,m, > 0;

2 2
AAV (6, x—1,my)+(1= D AADV (¢,
=1

i=1

X,Mm,),X = X,,,m, =0.
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* *

1) t-1 3 4 Xop Xy 4
, , AC(t,x,my)  m,
; 0<x<X, —1 x=x, , -5 (14) RRS

A,C(t,x,m) X : RO

2) A,C(t,1,m)>A,C(t,0,m,), A,C(t, (First Come First Service, FCFS) ,
X5, —1,m) = A, C(t,x,, —2,m,) A C(t,%,,
m,)=>A,C(t,x, —1,m) . (RO [8] )

Q7 1 T=30=2h=2b =120,b,=3,4 =1,

A,C(t,1,m,)—A,C(t,0,m,) = LAt(A,C(t-1,0, 4, =2 RRS
m,)—A,C(t—1,0,m, +1)—A,C,(t,1,

(Lm,)) + AMACE-L0m + D= ) Lom=0 X =+ X =
A, C(t—1,0,(1,m,))) + LAt(A, C(t -1, X, .t , X=X, =X,
Lm,+1)-A,C(t-1,0,m, +1))+(1— ;

2
> ZAD(A,C(t-1,1,m,)—A,C(t—1,0,m,)).

i=1
x=1
A,C,(t,1,(1,m,)) <0 . A,C(t—1,0,m, +1)>
AC(t-1,0,(1,m,))  A,C(t—1,x,m,) ,
A C(t,1,m) = A, C(t,0,m,).
A, C(t,x,m,)
X . t
X(t,m,) =min{x: A, C(t,x,m,) >0},
C(t,x,m,)
3) ACx,m) <A, C(t,x+1,m, +1). 1
ACH-Lx,m)<A,C(t-1x+1Lm,+1) 1 T=3,0=2h=2,4=1,4=2
, o 0<x<x, -2 x=x, , AC(txm)<
AL C(t,x+1,m, +1) . x=0 Xx=Xx,-2 ,
x=x, -1 . RO FCFS , RRS (D
X=X,-1 m>0 , @27 , , RRS
A C( X, m, +1) = A, C(t, %, —1,m,) =
AAL(A,C(t-1,%, —1,m, +1) = A, C(t—1,

>

Xy —2,m,)) — LALA, C, (t,X,,,m,) — (1— , . b =(120,3)
22: AADALC, (LX), 29) , RO FCFS 1.04%  16.19%.
i1 s b b, ,
Xorr X , ALC(LX,,m, +1)> 121% 20.41%. (2)
A, C(t, %, —1,m) . , ) . FCFS ,
27.27%. (3)
4 3 , RO ,
1, ,
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Spare parts inventory control and equipment maintenance policies
given equipment waiting for re-service

ZHENG Li-jun', ZHENG Chang-zheng”, XU Si-yan'’
( 1.Faculty of Science, Ningbo University, Ningbo 315211, China;
2.China Center for Information Industry Development, Beijing 100846, China )

Abstract: To tackle the problem that protection rate of the lower level equipment is low for rationing only
maintenance policy, a spare parts inventory control policy and an equipment maintenance integration policy are
presented. The waiting equipment may be re-serviced when the spare parts inventory is higher than a
critical-level control point. A dynamic programming model is developed. The optimal policies for spare parts
ordering, equipment maintenance and the critical-level control point for the faulty equipment are made. An
example is presented to show that compared with rationing only and FCFS policy, the policy developed can
reduce the cost for the equipment maintenance, and improve both the low-level equipment and overall guarantee
rate.

Key words: stochastic failure; equipment maintenance policy; spare parts inventory management; re-service



