13 3 Vol 13Na 3
2010 3 JOURNAL OFMANAGEMENT SCIENCES N CH NA M ar 2010

BB, Xueik, A fE

( , 310058)

D BRI —F B A IR R B AT KA AR S AR A 6G SRR 5 B Rk R AR T A
JoAA A2 A B IR TORG A AR TR . BB R IR 4G e T R RN AL A 2t
RAF LS EENE R EHEANNZ, EREEEZAZ: VAT ERHEANATKY K4
) S ERBIAR, RFRSBRIER. EEH DY R GETY LI R AR M
ET AR DRTRAFEAEFRIAML T LRAEH R B LGS DR, £4 5K
W77 @, IE B A SR A TRk A T R SRR AT A B IR R S A AR R R0
B4 1 E BRI BB IR 6 AR K AR A KR A IR 6 KRR R
F 75 S By @, AR & SR 8d AR o Bt R L A5 B R 1% Rk 693 AT FIAE I 2RI
B REAE KRBT & B I 6 e KT #vm.

D BRBAT R, BART RARFHA, % XEAER, AR H

: F224 ;A : 1007- 9807( 2010) 03— 0019- 10
0 )
( lead tme)
. [2]
, , (' series system)
) (‘assanbly system) =
, : (
)s
[1 ’
' [4-5]
( ) 2 2
1 , 5
, 1
: 2008- 11- 25 ¢ 2009- 07- 27.
(70801053); (200902267 20080430218)

(1976—), ., ) s . Email. lanyho@ zju edu,cn



— 20 — 2010 3
(
)
( ),
) 1 5
(OEM) 2
) bl 2 3
. ;o 4
;05
, 1
1
’ (
( base stock ),
policy). ter,
; 1)
: Clak  Scarl”,
: Schm it Nahmiad”, Roslng”, Chen
Zhen g[ K Chen'” . Clak
, (‘echelon nventory) Scarf
Clak  Scarf . ,
(
[2]). ;
s Roslhg[ . ,
Chen'”



[10]

, Veatch

, m
W ein' “], Chen [5], B enjaafar E hafsi” s
Benjaafar  Elhafsi k (k=1 .-.m) k
) 1
m
, k
k-1
1 1
) . k
, Topkislm, L', ,
Ha"™" Ml, de Véricourt “5', A rslan [|6|, D ng .k , k-1
[17] , 1 k
X k , P (%)
) k
: hi ()
. HaY X = (% oumm) . h(x) =
, MM/1 i
2 ()
, n(21) .11 1I<n)
Y
l
, 1) , C
, aZe 22
; (
),
i 2) )
, s X = (xl, )
( X )y
) ,

+m
Z —m

2)
, : v (x)



— 22 — 2010 3
v (x) = h(x)+ 3
AZL%J (x)+ IZA,lT’J (x) (1)
=1 =1 s
T, T .
Tw (x) = v z" . v

{J (x) xer= 0
minfv (X+ e - e ) v (x))

T (x) =
{v* (x)+ ¢ A = 0
minfv (x- ) v (x)+a))
e k m
[18]
[ 19].
Tw (x) x k
X 21 = 0 k-1
0 ., k ,
X x.1 %20 k-1
0 ,
k , , k
k-1 ,
X+e— e k ,
X.
, m'n{v* (x+
e— e 1),v (x))Tv (x) x !
. X
% = 0 m ( ) 0
a, X x, Z0 m
0 ,
, X — 6. ,
a, X.

. minfv (x—e v (x)+ c)

Nv(x) =v(x+¢)-v(x) j=1.3m
Nov(x) =v(x+e-€e1)-v(x)

j= 1 eum,
A-w(x) = v(x+ - e)- v(x),

j= Lewm I= 1 ym

+m

X = (‘xb sy Xy ) /

Njo(x) = NAv(x) = Nv(x+ e )= Mo (x),
i=Lb.sm j=1..m,

A ro(x) = A AN v(x)
= Mov(x+ 6-€1)- Av(x),
i=1l.sm j=1..m,

A jv(x) = A Du(x)

Av(x+ e)— Av(x)

i=1.oym j=1..m
A jv(x) = A Aw(x)
Acv(x+ e—e)— Av(x)

i=1.om j=1.ym I=1..m

Nju(x) = Nw(x)
1V z"
; v € V, v
AL Acwv(x) 20 i= L1 oym
A2 A po(x)SQ jZi i= 1 m, j= 1

cem;

AX Ao(x) 2- o
1 vE V, v
, i= 1oum j=1.om I[=1..m
Bl A jw(x) SQ j< @
B2 A ysw(x) 20, I>j> i
B3 A ju(x) 20,j 2
B4 Ajn(x) 2 0;



B5 A,j_‘i_l)(X) > 0.

2 v €V, T € V,

To(x) = h(x)+ P WTo(x)+ 2, N v(x);
vV , v €V

V. v*
1w B1—B5

Al1—A3

>

s (x4 ) =minfxy 20| Acv (x) 2 0),

k=l m (2)
n(xa)=mifn>0] Ao (x-€) 2 ol
l=1...n (3)
Xop = (Xh oo Xib Xk b ooy X ) m-— 1
) k
1
1)
: k ,
8 (%o ). k
¥ (x‘]ﬂ') s Iy
2)
! ; n(Xom )
l 2
rl(x_m ), ;
3)
@ k s (x.1)
; J>k  s(xa+
6 ) s (X-1); <k oosi(xote) Zs(xi).
@ ! 71 (Xom )
( )

JEM (X ¥ €) ST (Xom ).

®
T (Xom ) > ... 2 (x.m ) =1
@ koo, :
> k $(X_1)
, I>)>ks(xa+e) S
si(Xor + €;).
Al—A3 B1—B5
1)

B3 k=1 -ym, Aejv (x)20

{5 (x+e—e1) >0 (x) o s (%)

v (x+ e - e-1) < v (x)
k (k=1 ..

m)’ k S (x—l.- ), xp <
Sk (x*k )3 k 5
5 Sk (x_k) k
Sk (x—k) Xop = (xl, sy Xk— b Xkt 1y
°ty xm)y k
2)

B4 A,.v(x) 20
{J (x)+c1>5 (x— € )
v (x)+a<v (x-e)
l 2

Xn > n (x—m, )7

1] (x—m ); X < T (x—m )7
s T (x"")
l .
ri( Xom ) X_m,
3)

BL  j<kaow (x)<Q
(X i+ €) 2 s (% ).

B3 i>k N (x) 20
s(x i+ e) SN s (xs).

B4  jEm A (x) 20
aZo 2. 2

T (x,m + ej)<rl (x—m )-



2010 3
G (3). (%) 2 o 2 n(x,) e She b
, A3 rni(xn.) =1 k=1
B2 I>j>k Ak—‘j—lv* (x) > k . Puteman
0 s(xa+e)<s(x,+e) ' ( value iteration method)
©) (1),
, , A A _ 1 KTR
@ 1 2 3 52 HTK
1 3
7 , 7 Fig 1A threestage series systan wih wo denand chsses
® (M =W, =B = 1h = Lhy=15h=2\=04
A =045¢ = 150 ¢, = 50)
' 2(a)
1
® ’ 8 , x1=8 2 3
2
1 .n(x., ) =1 < s (a m),
, 2 ’ ,
2(a) 2
’ 3
(2. 13 .
’ ; 2
2 3
4
’ 2(b) 1
’ 2 3
@ ’ s1(x2 0) 3 0, =x3=
0 1 2
’ si(Qxs3) 2
0, =x=290 1
3
, 2 1
, 3
3 0
3 , 1 , x3= 0)



3 : — 25 —

2 , 2
B rn (xz O), . 5
20
181 5i(8x)
161 Hap=
BBt 3 7=
141
12 B
<101 5.8
by BB 2. BB 36 ’
6 7 ! ’
1 e S : ?
B2, BB | BrEe 2 7=
0= - o0
0 5 10 15 20 , ,
x}
(a)
5,(0x,) ?
Cl s
Erlang . >
—a—
10 15 P
%, B x, . ,
(b) ,
2 BREFRERESE
Fig. 2 The structure of the optimal production policy
5
4
.I 7,x,,0) W 126, 2 KTK
3 -
o
2 .*L-.—mfﬂ—.—ﬂ—l—l—ﬂ“ﬂ (
)
1 R RS 1 28K
0 ; . 2
0 5 10 15 20

%y

B3 BRASERMEESNYE

Fig. 3 The structure of the optimal allocation policy

© 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



— 26 — 2010 3

[1] , , . [J]. , 2003, 6(3): 86- 93
DaQing lj Zhang Qin ShenHou-caj Study on bullvhip effect n supply chain[ J]. Joumal of M anagem ent Sciences in
Ching 2003 6(3): 86— 93 (inChmese)
[2]Clak A ] ScarfH. Optinal policies for multt echelon nvenory systems| J]. M anagement Science 1960, 6(4): 475
- 490
[ 3] Roslng K. Optmal inventory policies for assanbly systens under random demands[ J]. O perations Research 1989 37
(4): 565- 579
[4] Ben pafarS EHafsiM. Producton and inventory contw] of a s ngle product assan ble-to-order sy stem with mu ltip ke custan er
chsseq J|. M anagan ent Sciencg 2006, 52( 12): 1896- 1912
[5]Chen H, YangP, YaoD D, etal Optmal controlofa smple assembly systan| J|. Operations Research Letters 1993 14
(4): 199- 205
[ 6] , . [J]. . 2002 17(3): 246- 251
Chen Jian Huang Shua Prspects of stud ies on supply chamn stucture[ J]. JoumalofSystans Engneering 2002 17(3):
246- 251. ( in Chinese)
[7]Schm dt C Nam as S Optimal policy for a wo stage assembly systan under andan demand[ J]. Opemations Research
1983 33(5): 1130- 1145
[ 8]Chen E ZhengY S Lower Bounds formulirechelon stochastic nventory systens| J]. M anagementScience 1994 40(1):
1426- 1443
[9]Chen E Optmalpolicies formulirechebn nventory problen s with batch ordering| J]. O perations Research 2000, 48(3):
376- 389.
[ 10] , . [J]]. , 2004 7(4): 1- 8
Lu Jan MaShthua Research on model of supply chain inventory coordinatbn and optmizaton| J|. JoumalofM anage
ment Sciences n China 2004 7(4): 1- & ( n Chinese)
[11]VeatchM H, Wein LM. Monobne contwl of queueing networks[ J]. QueuengSystens 1992 12(3): 391- 408
[ 12]Topk s D. Optimal ordering and ratbn ng policies in a nonstatbnary dynam ic nventory modelw ih n demand classes[ J].
M anagem ent Scence 1978 15(3): 160- 176
[13]HaA Y. Inventory ratbning in am ake to-stock productibn systen with several dem and classes and bst sales[ J|. M anage
ment Scence 1997, 43(8): 1093- 1103
[14]Ha A Y. Stock- ration ng policy for am aketo- stock productbn system w ih wo prority classes and backordering[ J|. Naval
Research Logistics 1997, 44(5): 457- 472
[ 15]de Véricourt F, Karaesnen F. Dallery Y. Stock allocaton for a capacitated supply systan [ J]. M anagement Science
2002, 48( 11): 1486- 1501
[ 16]A slan H, Graves S C RoanerT. A singlk produce mventory model formultplk demand chsses[ J|. M anaganent Sct
enceg 2007 53(9): 1486- 1500
[17]Dng Q, Kouvels P, M ilner JM. Dynam i pricing through d scounts for optin ing mu ltip k- class dem and fulfilln ent J].
Opemnatons Research, 2006 54(1): 169- 183
[ 18] Lppman S Applying anew device n the optin ization of exponentinl queueng systems[ J|. Operations Research 1975 23
(4): 687-1710
[ 19] Putem an M. M atkov Deckion Pwocesses D iscrete Stochastic Dynan ic Progranm ng[M |. USA New Jersey JohnW iky
and Sons Inc 1994
[ 20] Bertsekas D P Dynan i Programm ing and OptinalControl M ]. Volme2 USA, Nashua AthenaScentifiy Second Edi
ton 2001



[21] ; . [J]. . 2004 4 54-55
TuYuehong Zhou Lan-lan The mpact of oversea orders on dan estic can panies[ J|. Guangdong Science & Technology

2004 4 54— 55 ( in Chinese)

Optimal control of a series systan w ith stochastic leadtin e and m ultiple de-
m and clsses

/HOU Weirhua WUX iao-ba DU Jian
School of M anagement Zhe jang University Hangzhou 310058 China

Abstract A multi stage seres systan with stochastic lead tme and multple den and classes is considered

Starting fran the raw materialy the product is processed n the system stage by stage There existmu ltiple de-
mand chsses for the fnal product At each tin e epoch the systan managermust decde ( 1) whether or not to
activate the producton process at a stage and (2), should dem and fran a particular class aris¢ whether or
not to satisfy it fum ex sting nventory The systen manager seeks to m inin ize the total discounted cost The
problan is fomu lated as a M arkov decisbn process Based on the fomulaton the structure of he optmal
policy is characterized For the producton policy a state-dependent base-stock policy for each stage is optr
mal It is shown that the optin al base stock level of one stage is non-ncreasng in the nventory level in its’

downstream stages and non-decreasing in the nventoty level i its upstrean stages For the nventory alloca-
tion policy a state-dependent ration ng policy is optmal It is shown that the optmal ratbnng level is non-de-
creasing n the nventory level n upstrean stages

Key words mulirechelon serial systemg MDP multple stochastic demand classes stochastic lead tine
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