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Integrated design model and algorithm
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Abstract: The location-inventory distribution system design problem involving one supplier, candidate distribution
centers and multiple retailers under stochastic demand is studied in this paper. Retailers adopt periodic re-
view (R, s, Q) inventory policy, while distribution centers adopt continuous review (s, S) inventory policy. Considering
the trade-off between inventory cost, shipping cost and facility location cost, the integrated 2-echelon inventory cost func-
tion with incapacitated facility location model is presented. A Lagrangian relaxation solution algorithm for realistic scale
problem is then proposed. A number of heuristics are also outlined for solving effectively sub-problems. The sub-gradient
method is thus improved. Furthermore, simulations are given to confirm the correctness of the model and the effectiveness

of the solution. In comparison with traditional approaches, we discussed the sensitivity of potential cost reduction to the

changes of inventory control key parameters such as demand variance, holding cost, lead-time and service level.
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1 5|5 (Introduction)

P BRA A | 0 IR 55 AT I W L 6 R 46 2 A
Ml 5 T 3 35 4 e ) A AT B B R R IR
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MR MNT A I PR AN 1) 88 (1) A5 e BRI 7 3, 4%
Tt KUK B W 35 BT AT AR A v I, S B 3 3 e
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DAIRLLF A 2 8 A 35 I SRS« et AT SR < 12 % AR
SEPLRIN 2, A H AR IS K A R AR P
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2 Ehk — FEAF ) B K B R (Location inven-

tory problem and model formulation)

2.1  #Eht — FEAF M) /8 (Location inventory problem)

Bl H I A« NAME 43 3k b A MAS 43
B RRA B TC 25 I 8 DA S ARG BSAR 1y IR 55 7K1 1)
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2.2 SrdkH 0 PEAR S B (Inventory cost analysis of
distribution centers)
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P B 30 53 R FH Cih 5 70
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# ilDS'ETTJH:PﬂEIEW\] YU DX 1) 30 57 s O B SR et
LA VAT REL
3.2 & JR v @ 0] 4T fi# (Calculate feasible solu-
tion for the primal problem)
N T 3RAG I L B, DA B A st ) AU 2
S A FEAIE R T L 25 B S T A7 A
1) ﬁﬁﬁm SRR K

Ewi = 2:1}/7,] 'Mﬁ wi Elfz? 2
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2) RS FSYE:
ZIkJP =

N N M
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M
ZlHRj (15/2 + kjoy).
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3) R AR AT B
Zip = min{Z[le;177]L€IP}'
3.3 KBB4k (Update the Lagrangian multipli-
ers)
R B AT AL 2 BB 3R Toof MK o B, Al
130(cw, WY & L TJF I J7 1) 3 e R St
EFFIN® 2y 0 (co, ) IR IRHBEE, Bl

M
= Z}/ZI;IU’Jilu’ﬁ)z’ Vi=1,---,N,
j=1

M
n = ‘:1%’;.032 ok VYi=1,---,N.
T B LI&”JZJEET“ BHE R KT
Il = {ilgf <0, =0},
Iy = {Im <03 A7 =0},
k [ ' 7§N] )
= [, ~,77N]T-
Herp:
cko__ szgéI?? ~k nf,ig_f[k’
gi _{O7 771 {O K

%k?}x%ﬁﬁ’ﬁﬁlﬁ?i{tﬁ

k‘( Z]ICJP) k( ZEP)
R P S F
Forb: 0< B8 <20 R By = 2. 416, A)_ETFI,

B ANAE, 90 (co, \) L4 € B4 T4 B AR AG I, )
W ZEp Ie S8 mr B3 ZFs 2 0(w, N)
PN NI, I ZE, = 0(w®, AF).
P B H e 7S H L an
wi ™ = max{0, w’ + 6~ - ¢F},
ML = max{0, \F + 6% - nf'}.

DB FEA A 28 HE: 1) EFFInF =0, 31X 2 S BAR )
O, AR D R AR, S bR R R T 2% 0B e Tk
O, < efll||nf|| < e (eh—4E MR/ IE
$0; 3) KL IEHENE > K, K4 € Bk
B, RPN XA N SR AT 24 1L
4 A SEHI(Case and computational results)
SRR YRR RS, 248 S
fff g LA = B b AN IE 23 PR P s 240K X
A 5 4 Pk RO I H A 0.1 RMBY (t-km), 43
P rp 5 438 AR IS B A 0,32 RMBY (t-km).
PR RO IR IKEAMIE T 90%. I AR% 35 n &
1~3 7.
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Table 1 Parameter involving in distribution center
S DOl D02 D03 D04 DO5 D06 D07 DOS
[ 52 A/ (x I00RMB -y 1) 500 440 410 730 390 702 450 720
B HBA/ RMB -t 1) 35 56 27 43 45 3.8 48 5.7
IR A 120 180 90 210 110 190 140 198
AR IZ IR 25/ km 419 308 734 903 1237 2270 2170 1921
$EHT I 5 4 5 5 6 8 7 7
A2 BPFRAESHK
Table 2 Parameter involving in retail outlet
X Col C02 CO03 CO04 CO5 COo6 CO7 CO8 CO9 Cl10 Cl11 Ci12
Tk 53 12 17 5 9 35 23 49 7 492 36 9
ik 2 7 2 2 1 2 3 6 9 1 3 7 2
EEAT A 82 70 62 60 59 87 65 88 64 95 89 73
TR A 22 21 17 12 15 27 18 21 12 21 23 14
WK% 97 93 90 87 89 98 97 91 8 98 98 89
BIX Cl13 Cl4 CI15 Cl6 Cl17 CI18 CI19 (C20 C21 (C22 (23 (24
kIR 7 35 41 21 46 31 19 11 41 15 9 6
ik 2= 2 4 6 2 5 8 5 2 6 5 2 1
EEAT A 66 74 78 72 98 88 76 82 86 93 90 72
FES A 10 21 24 18 13 11 15 21 20 14 16 12
MWE7K /% 81 96 93 90 98 90 94 96 98 87 8 95
A3 Bt d 5 p RZ 8 695 #r 3B B (km)
Table 3 Distance between distribution center and retail outlet (km)
Col  C02 CO03 C04 CO5 Co6 CO7 CO8 CO9 Cl10 Cl1  CI2
DOl 17 61 84 89 242 305 446 544 706 859 722 987
D02 89 154 96 15 207 294 553 536 795 829 693 1221
D03 305 356 389 394 547 21 128 242 401 1006 1032 1033
D04 859 920 910 829 622 1169 1134 1248 1570 12 147 392
D05 1144 1205 1165 1053 845 1392 1525 1634 1976 497 350 204
D06 2110 2172 2194 2018 1811 2358 2759 2600 2486 1463 1326 1410
D07 2026 2087 2114 1934 1727 2274 2675 2516 2402 1379 1242 1326
D08 1807 1868 1892 1715 1508 2055 2456 2297 2182 1160 1023 1107
Cl13 Cl4 CI15 Cl6 Cl17 Cl18 C19 C20 C21 (C22 (C23 (24
DO1 1427 1474 1144 1023 2110 2236 1531 1984 2026 2420 1807 1945
D02 1390 1436 1053 931 2018 2144 1439 1792 1934 2328 1715 1853
D03 1564 1777 1392 1271 2358 2541 1836 2232 2274 2727 2055 2193
D04 561 890 497 376 1463 1664 1788 1337 1379 1773 1160 2198
D05 535 393 16 121 966 1167 1291 840 882 1271 663 801
D06 1498 1359 966 1087 20 201 400 126 8 308 303 165
D07 1414 1275 882 1003 84 295 484 42 12 392 219 81
D08 1193 1051 663 784 303 510 698 177 219 612 30 138
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JBuilder9.0% FE AT 5L 56, LA EL400, 3k 15 ik
S ) AR H b R B8 42039235, e fl it fic i
ARG G W RATT R, X SLLAS [ FURE R L 326 2R 48
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71, Hor A e xCE BR AR A i 5 i) 2 1) e 4 1) 1 PR
{H, T T FRAE A&l 5 K fi# Lagrangianf oih jn) @3k 15
(1), BRI Sk dme 0 X T KA, P DA 4650 o) 413 TR B G vk
SRAT, SR A K /N FE %48 ) B A, 76
I8 FHRF TS5 48 1) 850 R 2 028 T A A O 28 B A R 1)
J5 . KRR 4 AR B AR ] BR T I8 21 2%
LA RIS A P 1) 50 L A /) (14 [ 50 (1) T %) A
[ BR/IN; THECIN TR] BE A5 3 046 1 min /e Ay

DIAE G IR 5 v o 2 I8, WY 434k o0 IR AT

3 ) 2 B0 i B RIS ARl A YT 24 ) 5 ) R AR,
J e BTt T LRSS 4 ) BA A SE ) 4 Pk R
> PEATFEAT BOAS R 23 pei i 5K 7 22 2 H o, 92>
a0k 5K 130%, 60%, 11l 2 70%, 80%, 90%
F199% 1) 43 $& FP O IR 55 AT R, AR R K %
191 (1) BSCAS 15 24 I 22 Tl 4T e Can L LRI 1 2 78R,

R 48 BT 110 S 56 285 ] DU s AR S i i
RGINKNTT 5, RGOV Y AT 2y B4 BL 1% 0
FEA AR H A5 R 25 7K1 (17 326 48 17 18 0 7 = iR
G EER T, AT 238 3%

M 20T DL Y R G 4B 2>
B 25T SR 7 25 R0 H AR R S5 7KV 1R 3ok 498 1 B AE
TR SS AKCTHER TR, AT 2 B s Aok 2%, KR
1A AT T SR Bl R g v A .

R A AT ST E P R RSB
Table 4 Optimal allocation relation between distribution center and retail outlet

IR

DO1 D02

D03

D04

D05 D06 D07 D08

X

C02,C01,

C06,C07,
C03,C05,C04 C08,C09 Cl10,C11 C14,C15

Cl13,

Cle, C17,C18, C20,
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Table 5 Comparative computation result

MBI DX C R LR Zey FIUEZy DB (Zap — Z1p)/ Zap $FSER S

4x15 114347.6 112932.3 1.24% 14
6x20 157843.2 156389.7 0.92% 21
8x24 205831.7 203923.5 0.92% 35
10x35 284432.1 282372.3 0.72% 38
16x75 593664.4 588453.8 0.87% 68
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Fig. 1 Sensitivity analysis between average cost
reduction and inventory holding cost

Fig. 2 Sensitivity analysis between average cost
reduction and demand variance

5 4Z5i&(Conclusion)
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