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Determination of Number and Location of
Central Warehouses by Heuristics
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A centralized inventory system provides a number of stores with cost reduction, information sharing. In
this paper, transportation costs are included in the inventory model. To build centralized warehouses, two
things should be considered: how many warehouses are required and where these are located. The objective
of this paper is to develop efficient heuristics to determine the location and the number of central
warehouses by minimizing total costs. Throughout some computational experiments, the results of the

heuristics are compared with an optimal solution.
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Figure 2. Determination of Qs*, rs* in connected group
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Table 1. 11,0, and Dj of Each Store

Store Dj (11,0
1 1000 (200,30)
2 2000 (400,20)
3 3000 (600,15)
4 4000 (800,30)
5 5000 (1000,50)
6 4000 (800,40)
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A 2 F A ] E-(holding cost) h, §-2 uf] H 1] -E(penalty cost) p a0
. ) {1, 619 AATFEY] H-EE 6,242+2919=91610|t}. 1
Z 7}A) =), A=§120, h=$4, p=860|th. 2t 2E0) 9 A 4 goe ezt 11488 9161 23270,
o A#7)7E ko] 2.0) Hitd} FFARE <Table 1>J+ I
231, 7F 20 F AR () <Table 2>91 o1 o|nf 3}=1F ,
o 9418 c=$0.010]Tk Table 4. Q, r, Transportation cost, and total cost of some connec-
km'd =511 = ted groups for the calculation of cost saving of optimal
solution.
Table 3. Results of the illustrated example Connected group Q . Trans. cost($) | Total cost($)
Solution Total Cost($)| Cost Saving($) {1} 261.9 2282 0 1160
Opt. {2,3,4,5}, {1,6} 9,161 2,327 {2} 3564 | 423.6 0 1520
H1 {1,2,3,45}, {6} 9,166 2,322 {3} 4313 | 619.7 0 1804
H2 {4,5},{1,3},{2,6} 10,083 1,405 {4} 503.8 841.4 0 2181
H3 {1,23.45}, {6} 9,166 2,322 {5} 570.7 | 10715 0 2569
{6} 508.7 | 854.8 0 2254
AT FHE T 2FHIE AL HEE A @9 A 5)EQ {2,34,5} 942.7 | 2907.9 2040 6242
ofro] FHT W72 WA o7 W 8 4 91, RFHIE {1,6} 570.7 | 10715 350 2919
Table 5. Optimal solution and heuristic solutions of 8-stores instances
Data Optimal H1 H2 H2-1 H3 H3-1
Ul 023456780 | 112345678) {2’3’4}’{{2’}6}’{7’8}’ (12345678} | (135752468} | {12345678)
{4,61,{1,2},{3,7}, {4,61,{1,51,{3,7}, | {1,2,5},{34,6,7},
2 1,2,5},{3,4,6,7},18 1,3,4,5,6,71,{2} 18 1,2,5},13,4,6,7},18
{1,251{ 18} { 1{2},{8} (5}.48} {1,251{ }{8} (2148} (8)

3 {1,23,45,6,7,8} {12345,678) |{2,681{1341,{57}| {12345678F | {2681,{13457} | {1,2345,6,78}
{1,61,{4,7},{3,5,8}, | {1,3,5,8}{47}.{2}, | {1,6},{58},{47}, | {L,6}.{47}.{3,5.8}, | {1,3,51,{4,7},{2}, {1,3,5,8},{4,7},

4 02} (6} (2),(3} 02} (6),(8} (2),(6}
{1,4},{2,5},{3,6}, {1,3},{2,5},{7,8},
5 [{1,2,4},{5,7,8},{3,6} | {1,2,3,4,5,6},17,8} (18} {1,2,4,5},{3,6},{7,8} (4116} {1,3,6},{2,4,5},{7,8}
{6,8},{3,4},{2,5}, {1,6,7,8},{3,4}, {6,7,8},{3,4},
6 [{2,54,{3,4},{1,6,7,8} [ {1,3,5,6,7,8},{2},{4} 47} (25347} 25141} {1,6,7,8},13,4},12,5}
; {1,61,{4,7},{3,5,8}, | {3,4,7},11,6},{5,8}, | 13,4},{1,6},{5,8}, | {3,4},{1,6},{5,8}, {3,4,7},{1,6}, {3,4,7},{1,6},
{2} {2} {2,7} {2,7} {5,8},12} {5,8},{2}
o {1,8},{2,6},(3.4,7}, | {2,6,7,8},{3,4}, {2,6},{4,7},{1,8}, | {1,8},{2,6},{3,4,7}, {2,6,7},{3,4}, {2,6,7},{3,4},
{5} {1},{5} {3},{5} {5} {1,8},{5} {1,8},{5}
o | (12367104580 | (12345678} {2’6}%{;;?7’}“’3}’ (123670,0458) | {1371, 2,61 (458} | (12367),(45,8}
{2,3,8},{4,6},171,

10 {1,2,3,4,5,6,7,8} {1,2,3,4,5,6,7,8} {1,2,3,4,5,6,7,8} {1,2,3,4,5,6,7,8} {1,2,3,4,5,6,7,8}

{1,54{7}
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H2-10] Q131 U A] A4 752 Y3tk H39F H3-19] &
T =d3h)

HA) 9} 7 Fel2go] 2 &9 HE-S <Table 6>}
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Table 6. Total cost and CPU time for optimal solution and total cost for heuristic solution of 8-Stores instances

i L ® ® o ® o
1 95,343 3 95,343 112,240 95,343 101,659 95,343
2 30,531 3 31,024 32,409 30,531 32,519 30,531
3 112,428 3 112,428 125,946 112,428 120,774 112,428
4 13,374 3 13,475 13,479 13,374 13,931 13,475
5 22,187 2 22,489 22,277 22,247 22,960 22,277
6 10,367 3 10,561 10,602 10,367 10,403 10,367
7 12,747 3 12,747 12,763 12,763 12,747 12,747
8 11,886 3 11,915 11,968 11,886 11,906 11,906
9 17,315 3 17,570 18,779 17,315 18,155 17,315
10 44,220 2 44,220 54,570 44,220 44,220 44,220
Table 7. Total cost and CPU time for optimal solution and total cost for heuristic solution of 10-Stores instances
Dua | Op®) o0 ® ® o © o
1 25,827 146 26,214 27,361 26,399 27,504 26,214
2 32,850 143 33,426 35,021 32,927 34,353 33,702
3 36,255 143 36,513 39,426 36,255 39,078 36,513
4 14,663 143 14,926 14,918 14,741 14,669 14,663
5 26,537 144 27,060 28,029 26,975 27,652 26,749
6 15,699 143 15,699 16,149 15,824 15,699 15,699
7 13,786 113 13,843 14,533 14,533 13,843 13,843
8 10,930 100 11,239 11,387 11,230 10,930 10,930
9 23,330 100 23,537 23,330 23,330 23,673 23,673
10 24014 101 24,842 24,406 24,332 24,274 24,274
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Table 8. Average error rate (%)

H1 H2 H2-1 H3 H3-1
8-Stores instances | 0.73 7.20 0.04 3.36 0.13
10-Stores instances| 1.53 4.28 1.49 2.61 0.86

Table 9. Cost saving of H2-1 and ratio of cost saving to total
cost of H2-1 for 8-Stores instances

Data Cost saving of H2-1($) I:Z:j (c)(istco(s); ;;;ﬁ%%f)o
1 28,011 29.4
2 4,802 15.7
3 42,035 374
4 954 7.1
5 1,987 8.9
6 950 9.2
7 827 6.5
8 929 7.8
9 3,829 22.1
10 21,102 47.7

Avg. 10,543 19.2

Table 10. Cost saving of H3-1 and ratio of cost saving to total
cost of H3-1 for 10-stores instances

Daa | Cost saving of H3-1(8)| amo Of €05 sing (0
1 3,723 14.2
2 5,871 17.4
3 11,764 32.2
4 1,521 10.4
5 4,890 18.3
6 1,487 9.5
7 1,566 11.3
8 1,213 11.1
9 1,144 4.8
10 1,718 7.1

Avg. 3,490 13.6

7 2gol7t $RERE FA YL NN BLE FHE W)
o) g3} frej2g o2 3 8o 2o & ul-gAgdole}
S} uf] <Table 8>9| A 7} £& A E HAF= H2-13} H3-1

o o)% u-8 8743} 1 o] vl g
<Table 9>, <Table 10>3} 2T}

22Eo] 7} 87091 A 5-9] Hl-&d 7t o) H A o] n]-8-H]
£o] FF 19.2%0]H 2Eo] 7} 10742 AoE 13.6%=
Uebsict

Az 89| v §-&

B, DI AR &%
25kt % 207 ¢ v o]E & o] 8-t
T3 HAsfof oA} 79| Frel2EdlA
#2349 skl stk AR FILE F 23 e
2B $71 AL AAOFENA $YHLE T8 S
7Pﬂgﬂﬂﬂ@&q}~ﬂ—ﬂ}& A2IF5E T

S o 2 H&A] Aok FAA k= H2-13 H3-15 A
et H2- 13 H3-1 A3 9ke] Bt Qak&o] 1% oW
o & ZAIE AN FAG FLFILE FOEH HIE
A7+ on] FE] gl o3t ulg-o] v Fo] 2Eo0]9] 47} 8
Rl AL HF 19.29%, 2EA Y 7} 107491 ¢ 13.6%8 =
=2 H]Q_XA%LEA__‘ Eolr/}

HO} Re 2E0)E AT A3 A4E Felsgol
Simulated Annealing, Tabu Search, Genetic Algorithm 53} Z+-2 1
BHE 282 sl A8a B 2] 998 Role 42
=g

Z l:l
]

Aumann, RJ. and Shapley, L.S.(1974), Values of Non-Atomic Games, Princeton
University Press, Princeton, NJ., .

Bhuyan, J.N., Raghavan, V. V., Elayavalli, V.K. (1991), Genetic Algorithm for
Clustering with an Ordered Representation, Proceedings of the Fourth
International Conference on Genetic Algorithms, Morgan Kaufmann
Publishers, Los Altos, CA, 408-415.

Cardos, M., Garcia-Sabater J.P. (2005), Designing a consumer products retail
chain inventory replenishment policy with the consideration of transpor-
tation costs. International Journal of Production Economics, 1-11.

Gerchak, Y. and Gupta, D.(1991), On Apportioning Costs to Customers in
Centralized Continuous Review Inventory Systems, Journal of Operations
Management, 10, 546-551.

Hartman, B.C. and Dror, M.(1996), Cost Allocation in Continuous-Review
Inventory Models, Naval Research Logistics, 43, 549-561.

Hartman, B.C, Dror, M., and Shaked M.(2000), Cores of Inventory
Centralization Games, Games and Economic Bebavior, 31, 26-49.

Johnson, A. and Montgomery, D.C(1974), Operations Research in Production
Planning, Scheduling, and Inventory Control, Wiley, New York.

Michel, L. , Hentenryck, P.V. (2004), A Simple Tabu Search for Warehouse



Location, Eurgpean Journal of Operational Research, 157, 576-591.

Robinson, L.W.(1993), A Comment on Gerchak and Gupta’s On
Apportioning Costs to Customers in Centralized Continuous Review
Inventory Systems, Journal of Operations Management, 11, 99-102,

Sun, M. (2005), Solving the uncapacitated facility location problem using tabu

o 5 %
Soluhstin A4 E3 34}

Texas A&M University A} 3-8} A A}

Texas A&M University 2F$] 3-8} HEA}

QA FFU L AN 2D T 2

Aok A A8 =R

A

a9l Folo| st 445t Al
AR

o
[¢] =
A FF o ool A Al 2 F F S Fal
A EoESCM AT EA, H| 2 Y 2~ T2 A~
T e 9, ERP, MES

KRS Il B Rl K 85

search, Computers & Operations Research, 1-27.

Wu, LY., Zhang, X.S., Zhang, J.L. (2006), Capacitated facility location
problem with general setup cost, Computers & Operations Research, 33,
1226-1241.

g9

oFeth 8 A1 E 3 St

The University of lowa 2] 3-8} 2 A}

Texas A&M University A+ 3-8} BFA}

AA: &5 8 AP A 27 ) e

WAlEok: F A W), AS/RS, CIM,
FMS, A3 A Y



