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Simulation-based optimization on three-echelon network
stochastic inventory control policies

GAO Jing-mei, WANG Ding-wei

(Institute of System Engineering, Northeastern University, Shenyang Liaoning 110004, China)

Abstract: The problem of how to set the (7, Q) inventory control policies for a three-echelon network stochastic inven-
tory system is studied. Because the customer arrival time is a Possion process, and all of the customer demand, the customer
purchasing behavior and the lead time are stochastic and the production capacity is limited in the inventory system, it is
difficult for the analytical method to describe various complex and stochastic factors and develop an effective inventory
control policy. A mathematical model is built for minimizing the total cost. Next, the simulation-based optimization
method is used to solve the problem by combining the simulation method together with the particle-swarm optimization
algorithm. The simulation results demonstrate the feasibility and the effectiveness of the mathematical model and the
simulation-based particle-swarm optimization method by comparisons, and show the applicability of the simulation-based
optimization method in the supply chain management.
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1 5|E (Introduction)

VAT AR HE N BE RGO A 2 —. R
JE A7 423 ) S AN TT LB AR A ¥ PEAT Jl AR, AT
FRAR LR AR, $ b A i3 i i 35 4 77, 1 HLnT
DA o 4 AL Y B 1) 32 1R M g, 2 3] 0t R AR A 1t
I B R PRI L 0 02 A 4 S SRS 1) 7 ¥ K T
PLor A PNIS: —RAMRNT 700 R R G BTy
. HClarkFiScarfl T 19604E 4 Y “ R JEAE” XA
MRS LUK, A 25N 3 T Us R 45 R b 7 1ok
i AL I B 22 2] AT ) J 4L ARG, AE K 22 B b
(I EAE R G, VTSI 0] W7 oR B 4% R4 AR il
HAEBEML, & TR A7 RS, A2 = A B LA

eAe H H: 2008 —05—15; A& tiekis H #1: 2009—02—22.

Je A 2 A) (R R 2% G A AR IR AT 7 iR AR
FA— LB T, B BEHLAR R A IE 2 20 A,
11 H AR 2%, SKAR A A

ARG IR NASZ BN AR T2, v LUSE
SRR R G AR T ARG R, AT RERS LE
BoeHE MMM IE R LS R 4, AR S KT BEATIR
JEEXERGEEAT O M. SR HOTVEAR B IFA
Tk, R R s S B 4,
REHS 21 0 IE R L EXT R GEHEAT AL H H. LK,
R 2 2 E W s M5 T 0 B AL 5 ik fil o 7
VP2 AU BT O AL 10, 52 2% TR AR 01 ik
IS BRI R G0 i RO AL A R

FEATH: [ K HARBFEFE AT S PN H (70931001); [ 5K [ SRR 2= 005 A 7 B 10 H (60821063); [H K F AR Bl # 34 L34 ¥ I
TUH (70771021); 18 5 #0H MR 1E 1 2354 % B0 H (200801450008).
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Zl1121%5 - Arnold K ochel M1 7E 19964 1 6 1 H %
T AT B WA AL TT 1 SR M 52 2% 1) A7 3 e 425 4l ) i,
Z AR Z W TN AR X Rl 7 i Af e T 45 Fh 2 97
A7 In) g (14~16],

SR8 I 6 F 3R AH DG SCHR IR R 45, R0 B Hirxy
% O A7 ) R B GE K 22 02 M R 22 2 R AT I 1)
FLER, 1T HOW BENLIN 25 1025 I A 4 1. Ak, A
SCER R N BE 2 90 PR AT R G 2 2 PEFNBE AL, 1)
T T3 WPIRBE LY 2 A7 &R 4, Al FL AT DL 4R A
1) JA 2 303 B 1) i AR 23 A1 s 2) i 2% e 5K 2 il
BLAZ &5 3) A AT Ry s AL AL 1 4) 3T 53 1 [H)
FERENLAR & 5) il iy AR e A o BRI e DL
S A N A 1R S A B /N R H bR ST B R,
T H[JPSOJy 7% (particle swarm optimization, Fii
THEARAL, TIFRPSO)EAT K AR, J il 54, 54t
(125 5% 1T ik & J7 ¥ (economic ordering quantity, ]
FRE.O.Q)FH ELEL, XA A 7 Vb AT Ik
2 [\l B3R (Problem statement)
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T

R FAHE T MAEIE R - NAS 585 7 A PA
FER, B, RN EE &Y s AR E
M I (r, Q) PEAR I R S s, I AG3RAT B2
RLO T il 7 o AR 77 ), QAT Btk = o6 T4l
TR N AR PR, T A AR I — AN e A,
A 1 A B, A AR AR T T B e, WK T
B, AW, AT 5.t T BT R Al B Y H A
A, FrCA avril Bt A e 2, BIsEhr 21t &
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Fig. 1 Schematic view of three-echelon network

inventory system

H TSI B o 3 R AR 2B RE D AEAE AT — 2 PR,
It LK LA T AN — Jeb, B e AN (7] 13 7 S i
8] BN IR A7 B AN, i FL g 1 S 3t by i 2
5 6T 2 IR 5CAR, K i3 7 (14 267 23 D 78 o ik

1T, — B M (r, Q) SEMS AT 2B 77, 2 A X
RN TEOC, HIMEN T A 4
IERIN, Befl SNt 5%, 1 oy — 5840 W& AR /ST e f%
TRPEAT A I HTHE R, 038 7S AT P A7 GV
JECUHTT B S, AR A e Ja N AR DU
RN

F T S o A T A B L 3 e
BEMLYE R — AN 2R, P LUX BB SR AS 2
(1) JB3i %5 280 32K N T) 2408 e VTR 2 A1, A 53 2 B ey 35
(P b B B AL AR 5. Y BR 5 — A
P TG A2 I 75 SR N, B T B AT PR AL AT N,
—IRIEFEI I, R — A F R K,
X G AT SR IE E A B L, WAk R A S TR LA,
I R 2 — AN F A AR B T B A, A AN A
L5 1 SR 43396 AL P 15 0.

AT L, AR SCHTRIF e 830 P A Th A 0 22 B BE AL
BRI 2R 520 T I3 WIR IZEAE 2R 46, A el 415 s
AR B (r, Q) FEATH I SRS, A 1538 2% I I BE 1 5
JCAS, RIS P AR PEAF IOAS | 3T 5% A R B 451 %
AR 2 FIIE B /.

3 BERIE ST (Model building)

FET b T )RR, R TR H n) ) £ 2
T,

LT A B AF S A S T moh IS B R
15 m = 1,2,--- M), n AR R 50 =
1,2, Ny pAEEREI 50 = 1,2,---, P);
tHI R BRS¢ = 1,2,---,T); cph i
P AL AR 7 AR pyy, R )3 B BT Y
BB K LEF= R TT; Ry N I B AT 7 b 1 PE AT
AR5 By, 2R 538 B m B P 5 B AT AR by, R A
PP 7= 5 1 PEAE A, oc, R 4 8 Bim— U IT I
JRAS; oc, i FE Fp— IR A 0, 7 B Finil
Y BT 77 i B R 0, 0 Z2 5 R p VT I B = Sl R A
Ky tr,, R 5040 B n BT IS TR) R 328 B AR e, o h 4
Tl p B AT I [) PR3 i AR s, o0 2585 RS p B A o 1)
BRET TR A

BENLAZ S W R Dy, ok St BEE A R p I 75 K &
L, 5y 85 snf il S a); L, F45 B plt) il 53 i
[A].

I B A & g, A B R AT B2 R YO
SRR B 2, B E RpMAT BT AL Z,00
FER P Tl &=,
X, HbrREA
min (2, Xon, Yn, Yo, 2p, Zp) =
minl 3 (e - Qo + A - Ina)+

m=1
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Z(hn 'Ina +Ocn ° Wna +

n=1
On * Qna + trn : Lna) +
P
> (b Lpa +0cp - Wia +

p=1

0p * Qpa + 17 - Lpa + 8p - Spa)l, (1)
$.t. Quma < Pa- )

I HL A EL 1) A2

1) H bR R (1) ZRAK 1) B4 N B A 1)~ F-32) 1
A /Ny LTRGAT )T il 7 A7 e I 4R

2) M H PR ()T ] BUE T B A 3388 4
MR — RV RA, H ST O — sk
BAS, 538 a4 oe, S5 R EuE Lok, — 2
i VT B A, RS 1T S8R A ok, S is i (8 JG

3) HARRE) T AR & SLUR: Qo Ml
TR mAE A= 7 R Lo M S B P Y AT
i Lo N B Bn I EAT i, W B or B iin P33
VIGIREL Qo N5 B RSB 34T B8 8 Lo M
SR RIn AT BT R L, o0 T8 fp P R AR
Wona I EE Rp 2T W IR EG Q. 0 45 R pUR 21
(R I93T B 55 Lo I FE Rp I BT 05 Spuhy
FEHp AT,

4y HTARSCITWEFT I3 AR A R G —
BEMLYE ZEAE R4, BAR B bR eR B0 1AL 1 v
TR, (T 2 AL 2= A7 A, T 30X ey
AR AN E 1, Tovkg e TR RIA S, IRk
T LR AT AR B B A R R A 4% U 3 B 5 1P 38
JRAR, LA R B AR g H s

UG RT L, Y R R AT 7 15 SR AR A R I, DA 2006 Jit
e 0 it o — S 15 B TR A — L A 5 M AR /N AN A
AR AT R PR AN S P AR TR A A A AR AR
T3 WPRETCTE R AR, Rk, A SOR A R T LA
77 V% (simulation-based optimization, & FXSBO), Ff: V.
FHEOGE 1] A7 2K i
4 FETOEBEA T (SBO)

4.1 FEAJEF (Fundamental principle)

Bt NATIIT JHE 0 R SRR 2%, iR
A S AN BT A e, IS R B0 R0 R0 7 v B, H R
PR BN 29 S5 320 h Ml R B O e 31 e A T
LB B, B b R BRI 2 oA A T LA R B A a2
TESEHLRE 75 5 e B BAE () 255 05 S04k 732
BB, FHOR 005 g Bl R g AT e Re vPAN . —
Mo, BT O A s ek b IR R g
BERAALURNRR A 1) AN RS RF RN A 7E
A TEAG HE, B Z DB OCHNIR, BB RS

}—“_z
ES

VERAERALTE 2) RGP RN R Z, KIKZ, IRAE
P E ARG, B RIAL 434 H ot s LAAL 3
3) REEANEAFCIEN R, A e =mge it
RIJEA REXS RGUIEREVEAT VAL

ST A TR MR R TR S
DAL T VRN & RO R ELREAT PLA K 5 1, JLHEA
JRELATE2 PR, BRI AR 2 BRI
PRI, 5N R I B, T e LR 1S
F (e, U7 OB H 0 LR VRO (R 3R [ 25 DAk
B, LA AR 8 VO {1, 42 T $R AL A A,
P AR S R AL SR PEVP O, WL AR, H
WAL T A LR AEN, AT 21 T ARG S LA
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Fig. 2 Diagram of simulation-based optimization method

4.2 BB AE!(Simulation model)

T A SO 3 AR P 2 3R B S L P
R, RYUIRFS MR A #1785 HON 1) bk A4
(17, DR T LU A 2R 45 3 37 B S A R Sy ELR A,
B R E R G AT AR BT S S R R AT
HEEA ELRNG, AEEAE RS, TR b A
b, Fik 2 1Al 0% Rt LA Ry, DR AT IR A
R BEVEAE Ay 1 B e,

T AR SO 5 E A R B PAT B2 (r, Q)
A7 P Sk ws, BT DA 360 A8 Bk e, Xons Yns Yoo
2, M1 Z,; IR Bl 4 s Ak i A i, BT,
LRI, e85 m LU B R34 FEAE AR | B T
VT B2 AR « 5 AP 43 B0 B 958 K F AR A 1S 380
AL

AR HVCH+6.05L L T 25 B FHA1F R Gl HAR
R AESTHLNR T o SR, Bl LR 25
e A, TR, RS, ik IR g it
J8, FHH IR AR BN G T A8 B S g A R ARl B
AR R AT B BT AL B, {4 AEANFE e 5 MG AR, 18T LA
Jei Ko7 AR 48 R S B
4.3 T EPSOJr % (Simulation-based PSO)

FEA ERERL R SE A, B0 BT 5 PSOSVAH
ghi 4y, 13RI LIPSO VA S IR U T

ST Y —RBERL T, RN K, B
K1 (0 4 $0h D, AR IR T, #5204
P BE BL ¥ 5 R T IR U6 A RN D AR, Bl =
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B2 AR RET AR T HE T 05 2, B A
AT IR BB A g A i, N B0 2R, 459 %)
SEASRT 1A BT VR 1

B3GR T R
S5 B VP AT PR, SR S I 2 S L
ﬁﬁPZ = (piupiz? T 7piD)§E?€7~T<;

WU 4 R RT I 2 R R A R
2 17 10 A B P AR LA, 01 582 S TR A,
WEHPI = (phy, Pl D))

BE|S AR ARIER QB RG)H E O
ST BE R O, ST 7 K Ry 0
8, 75 AN B 3

”i:l =w’ ”id“‘le(pid _xid) +C?77(p§d _mid)v

5 5 E S f& 43 B (Simulations and analyses)
FE AN HIE R (m = 2) 2N (n =
2)FI3ANFAET (p = 3) 4L R I3 2% W AR BE WL E 22 A7
FRGE, 53 M PR V200) i) AT SR A, — R T
Pi BTk, 55— M EE.0.Q. 071k, JHilid thig
ST R,
51 EFiEFPSOJ :(Simulation-based PSO)
BT BLIPSOJ7 12K HI VC++6.01F Windows -
& L (EMI80 G, WAES12 MYSEBL. T i 1 56 43 il 44
HRESH ] BT S H L) RPSOSH W E, i
JEfF A g R
51.1 R4S H(Parameters of system)

) RESHINRE WRIPTUR. R RE 5T 8
Thy =T+l @) MR 3 200,
A1 RHAHH
Table 1 Parameters of system

<V oA <X R VRSN <X (VA7 /s G/ A 3 B <X (A1 =1 I <X e RS BN

WAOT  RADT O mARST O AROT BERAST Mo B 11
g R 1 0.6 3 — — — — 400
TG 2 0.5 2 — — — — 350
el 0.8 — — 70 30 4 _
R 1 — — 80 20 6 —
TR 1 — 13 80 40 5 —
T2 1.2 — 10 100 30 7 —
EER3 0.9 — 17 60 20 9 —

51.2 15 B % & 2 H(Parameters of simulation
model)

1 TR v (1) B L AR 2 s, Hoh
$i5 34> 2 A T (140 o 2 380 38 N TR) P Al DAL 4 A (1)
RN, T 22 3043 A 1R 34 285 7 110 ot 2% B WL 7
Kt Ik AN 22 0053 A 134 2 4 1 R P AN 4B R
(R BEALAT B3 5 1), DL R 4 i 25 i BE 1 2 — A%
AL T SV L T SR IR, ik A 22 30 43 A 1) Ji 2 B L
W) SEAT DA B T T BR R, AR 2 A% RS A O3 B
B A RIS “F7 [ “97 0 i BN
BE RSB — A= BEAG B0, TR B2 4T I (]
B 1001 B B, BII1002KR, BEANBY B IR )45 5
48 h(480 min), BIREA Y BECREIR) I3 SIIA I 1]
AN L 480 min.

5.1.3 PSOZ¥{(Parameters of PSO)

b TAEPSOR A B i 8 & e g, W PERCE
w(5)R B 38 B A, 7E S IEAR R FE
W ARW = (W0 —w’) - (J —j)/J+w!, A&
Wik > hw!, Hhw® = 0.8, w/ = 0.3. A
T Cy RN Co (Y LA 520 A6 b1 (1) 1 B 45 R 00 R )
HEAR AR 5 AN 2% 2] e 0 2 TR DG &R, AR STk
TR, 7ECY = O, HOY + Oy < AMIEHL R, PSOZ
17 U IR B, T LR %Oy = 2, Cy = 1.5118],
DR A 28 45 AN I 1 < 20 0 4 7 N3 A T
(1) (r, Q) S W 2 AAH ), JLA7 144 P 5 A8 5, iy DA
Jost T AR P A5, BORL T4 BN D = 14, 3BARIKEL
J = 200 9PSOIEALL (|- 4.
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Table 2 Parameters of simulation model
k& 1T B2 I ] W SAT
A
0 2 4 6 8 10 1 2 3 4 5 BHE O OF1 O F2 &3
1 0.2 0.1 02 025 0.15 0.2 0.1 03 045 025 — — 0.1 — 0.5 0.4
%£2 0.15 02 0.25 0.1 0.1 0.15 02 02 05 — 0.3 — 0.15 0.4 — 0.45
%3 01 015 03 01 02 01 015 — 04 04 02 — 015 04 045 —
A - - - - - -  —  — 03 045 — 025 — @—  — —
4 - = = = - - — 02 — 04 — 04 - — — —
5.1.4 Fid 45 R (Results) 6150
IR Ry A SR ST 4 H IR 5 A A0 2 45 3 0 4% 1) w 6100
FA IR B BN, TR B AE Y 356 1 B IPSO 5 74 E 6050
BEAT SR (R ARk F2 DA ARS8 43 21 1) g 6000 |
[T 35 B A S AR (VP 8, T AR 2 |
ST T 1 A B 3% 1R B0 7 A 2%, 35T ou | | | ,
7N, AT LG H S IR B 1530k, SRS 35 B i Sk 0 40 80 120 160 200
AR RH

25,9311, LA T W A2, Uil T2 T
LIPSO i AEAT FR RIS A E N mT LK i i it
BEATHTROR R, P As 2 i S i in 23 P

3 BT A RIS AR B AR b i 2

Fig. 3 Graph between total average cost and iterations

%3 SBOZ EAE.0.Q.7 ik 45 3| 69 A fF A M6 Sk
Table 3 Optimal solutions of both SBO and E.O.Q. and other six policies

g (z1,X1) (w2, X2) (y1,Y1) (y2,Y2) (z1,21) (22, Z2) (23, Z3)
SBO  (192,103) (190,157) (165,130) (212,209)  (93,142)  (108,193) (104,124)
EOQ  (230,400) (230,350) (736,497) (782,420) (404,640) (420,433) (216,174)
M1 (230,103)  (230,157)  (736,130)  (782,209)  (404,142)  (420,193) (216,124)
HME2  (192,400)  (190,350)  (165,497) (212,420)  (93,640)  (108,433) (104,174)
JEME3  (211,400)  (210,350)  (451,497)  (497,420) (249,640) (264,433)  (160,174)
Jg4  (211,252)  (210,254)  (451,314) (497,315)  (249,391)  (264,313) (160, 149)
HMES  (230,252)  (230,254)  (736,314) (782,315) (404,391) (420,313) (216,149)
JME6  (192,252)  (190,254)  (165,314) (212,315)  (93,391)  (108,313)  (104,149)

52 ZHAKE.0.Q.05(E.0.Q)

AR SCHIEIT 320 PR PPEA7 22 e 4 BE AL 122
RS, T I8 M S E BB TEANK, Brek
AR SO S REVE AT R4, HFHIE.0.Q 5k
TP SR G RE— GN B S S AR, R Je R
EATHIANE L BEA AR GE S P2 AR

MR S2/N T 1) ) AL IR, W] LR AR T AR T
NS SOVROR G, 25 5 B I 8] (R A7 fif A 2,
R BEAS 2B RN A SO VFBR B, A2 8
I 8] (7 it R R, IXAF AR E. O. Q. SR A 1 & 4
5~ 73 T A R R AR S AL (r, Q) SRS AR 3 PR,
PR FCAE Sy 42 1 A e N\ 7 R, A9 21 A

RGP B RUA 4 6,750.
53 {hESEE 45 B (Simulation results)
5.3.1  JEA7 32 5K B &% 7 (Inventory control poli-
cies design)

FL T4l FLIPSO 5 VA MIE.0.Q. 7 £ 15 2 1 e A
fi, LA S EATTI A AL T G o Ao 2 A7 2 1l
HMg N3 o, o 238 180 tHE.0.Q. 77 V245 21 (1) f;
PEAT B3 s MSBOJT VA 43 2 1) e AT S b 5 21 B
S52F0 HISBOJT 4 1) S A 1T 3 K{FIE.0.Q. 75 ¥ 43
BRI DAL A R B3 HISBOJT VA S E.0.Q.J7
2 1 B AT B AU 24 (B MTE.O.Q. U VA 15 21 1Y
AT SR AL R 4T HSBOJTVAFIE.O0.Q.J7
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R E AT B8 AR AR T B T I 4L A

5P HE.O.Q. 7 A B BT B2 SR SBO T

E5E.O.Q U7 1L M S AT B3 b 11 1 34 8 41 i

H6Fl HSBOJy ¥4 45 2 1) J YL 1T B s Al HSBOJy

LA 5E.0.Q. 7 kR AT T it i T 41 k.

532 R 14 5 B (Result analyses and
comparisons)

T 70 5 R SL SR B vh, BEALAR 5 4R AT g A
TE— 8 BR 22, BT LA 1k S0 BB HLAR 5 1R 58 22 52
W 1) 477 B 2 TR 0% L S PR AT A 1, X B T
J\ZH S0 J AR A 4 o A B A N B0 BB, O
D5 10K, A qF 2125 2 ORI & I ge v 22 &,
RAPror, Hod FEAE A Z A B AR A S

SR PS8 B TR AR, 1T 3% A BB AR R
A P A e 5 EATE AR F IR AR A, I AN T
TR T B () A S G A7 B B AL AR Y 5
i), AEASHE IR 1 L 45 AN A 22 57

1 24 0] S0 N FISBO T v I, 38 4% {3t 3 B 1 1)
P38 B AR A GFE.O.Q.T ¥V FR AR T 14.2%, 61T 1t
RBCHE AR F I 50 F, B FE.O0.QJy k43 3
(1) 2% 5 T R 23 5 7 0T B AR N BROK, BT DA
3 Y. FHE.O.Q. 77 V2 1 S 1 - 34T B Bl A Jg 3zt K
F-SBOJj ik, i HE.O.Q. J7 k1T B2 ik i iy 4 ok
5 30T RV PEAE BCAS AR 7 A T 1
HE, N HSBOJT VI 51 R A7 S, BT
BT PR BB AT .

% 4 SBO, E.O.Q & H A6t % & fF 2] 0 &Rkt E &
Table 4  Statistical variables of SBO, E.O.Q. and other six policies

Gt R AT it (R s Pt FER T
AR AT OERARR  RARRI% WK% WARERI% WKEL WS TR
SBO 5931 45 14.9 78.1 25 59 128 49
EOQ 6910 11.2 39.6 41 8.2 34 132 52
R 6419 5.7 19.7 71.3 33 60 128 54
G2 6751 9.1 31.8 54.6 45 45 118 39
RIE3 6783 9.7 34.6 48.4 7.3 41 129 44
Hig4 6470 6.6 32 57.1 43 48 129 52
HMgS 6503 6.7 30.5 54.9 7.9 47 127 50
&6 6427 6.7 24.4 65.5 3.4 50 134 42

IH ik HERE.O.Q. 11 S I FI SR % 3,2, 5K S,4F16
A LU H, RV SRR A R I O, B A T Y
PNT B2 05, v DA R kb 2R 72 AR, 1T BT A
FUEAE A, T80 Je A ; 38 ik L e s 2 f1l6,
FWE3IFN4, J HemgSFL,

A DLA HHAET B3 0 AH R s O, 45 B 0 Y
DT SR, W] DA R D T B A RN A
JRAR, AT D S AR

ER LR, AT BAR S B S A
3 MR BT AR, HEN AN [ 2 B b BRI T A7
A AT B AR ;= AR, A7 5 AR % (1 5
AR T B BE 2 B (H Qn SR ARUER v o B ) R 45

IR, B AT LA R AE 2 P T SR AT Btk
EQMIH.

6 452 (Conclusions)
AXERT ZHIIER 20 Wi M2 ZER
(I3 MR B ALAE PEAE R GE I (r, Q) A48 Tl S W

e, 37 T DUR A S/ oA H AR I A i, JF
I3 P 6 00 L B AR A T VR R 0] R BEAT SR A, B i
W 2 A G VA S E.0.Q. 75 10 X 2 Bl S AH L
B, AR T T LA VR IR AT PE AT 2L
Pk, b BB B SR AL A B K 2 2 s, OF
L ey S0 R N B A B — MR TR L
SRS, BEoxE BN = 2% MR N 2 2% A7 R G (il n
AT YRS B BT A AT A5G L) 18 P A 48 1l 3R

W i) A A — 2P S
£ % 3 ik (References):

[1] CLARK A J, SCARF H. Optimal policies of a multi-echelon inven-
tory problem[J]. Management Science, 1960, 6(3): 475 — 490.

[2] DEUERMEYER B L, SCHWARZ L B. A model for the analysis of
system service level in warehouse-retailer distribution systems: The
identical retailer case[C] /SCHWARZ L B. Studies in Management
Science: Multi-level Production /Inventory Control Systems. North
Holland: Elsevier, 1981: 163 — 193.

[31 BASHYAM S, FU M C. Optimization of (s,.S) inventory systems



1224

EC I U T A

06 %5

[4]

[51

[6]

[7]

[8]

[91

[10]

[11]

[12]

with random lead time and a service level constrain[J]. Management
Science, 1998, 44(12): 243 — 256.

HOPP W J, SPEARMAN M L, ZHANG R Q. Easily implementable
inventory control policies[J]. Operations Research, 1997, 45(2):
327 - 340.

LEE H, CHEW E P, TENG S, et al. Multi-objective simulation-based
evolutionary algorithm for an aircraft spare parts allocation prob-
lem[J]. European Journal of Operational Research, 2008, 189(2):
476 —491.

BARBIERI R, BARBIERI N. Finite element acoustic simulation
based shape optimization of a muffler[J]. Applied Acoustics, 2006,
67(3): 346 — 357.

KAMPF M, KOCHEL P. Simulation-based sequencing and ot size
optimisation for a production-and-inventory system with multiple
items[J]. International Journal of Production Economics, 2006,
104(1): 191 - 200.

BACHELET B, YON L. Model enhancement: improving theoretical
optimization with simulation[J]. Simulation Modelling Practice and
Theory, 2007, 15(6): 703 —715.

ARAKAWA M, FUYUKI M, INOUE I. An optimization-oriented
method for simulation-based job shop scheduling incorporating ca-
pacity adjustment function[J]. International Journal of Production
Economics, 2003, 85(2): 359 — 369.

ALLAOUI H, ARTIBA A. Integrating simulation and optimization to
schedule a hybrid flow shop with maintenance constraints[J]. Com-
puters & Industrial Engineering, 2004, 47(3): 431 — 450.

ADACHI J, GUPTA A. Simulation-based parametric optimization for
long-term asset allocation using behavioral utilities[J]. Applied Math-
ematical Modelling, 2005, 29(3): 309 — 320.

MITCHELL K, NAGRIAL M, RIZK J. Simulation and optimisation
of renewable energy systems[J]. International Journal of Electrical
Power & Energy Systems, 2005, 27(2): 177 — 188.

[13]

[14]

[15]

[16]

[17]

[18]

ARNOLD J, KOCHEL P. Evolutionary optimization of a multi-
location inventory model with lateral transshipments[C] //Proceed-
ings of Ninth International Working Seminar on Production Eco-

nomics. Lynkoping: University of Lynkoping, 1996: 401 —412.

KOCHEL P, NIELANDER U. Simulation-based optimisation of
multi-echelon inventory systems[J]. International Journal of Produc-
tion Economics, 2005, (93/94): 505 - 513.

LEE Y H, KIM S H. Optimal production-distribution planning in
supply chain management using a hybrid simulation-analytic ap-
proach[C] //Proceedings of the 2000 Winter Simulation Conference.
Piscataway: IEEE, 2000: 1252 — 1259.

DING H W, BENYOUCEF L, XIE X L. A simulation-based op-
timization method for production-distribution network design[C]
/[Proceedings of 2004 IEEE International Conference on Systems,
Man and Cybernetics. Piscataway: IEEE, 2004: 4521 — 4526.

AR, VEE . Pt BE T = 20004 M AL B o BT L 2> 2
AR, #2H F S 5 R, 2002, 19(20): 249 - 252,

(ZHAO Xiaoyu, WANG Dingwei. Fuzzy chance constrained pro-
gramming model for bi-level distribution network design in the sup-
ply chain[J]. Control Theory & Applications, 2002, 19(2): 249 —252.)

PARSOPOULOS K E, VRAHATIS M N. Recent approaches to
global optimization problems through particle swarm optimiza-
tion[J]. National Computing, 2002, 1(2/3): 235 — 306.

Ve A

FBIR (1981—), &, WA SR, RSS2y

B W 4 22 2% PEAT 1 2 T B R4k, E-mail: gaojingmei@163.com;

EEM (1948—), U5, Hf, W L0, WA i =2

R AW 5P ETIY, E-mail: dwwang @mail.neu.edu.cn.



