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Abstr act

When entering. an emerging market (such as Chindia,lnand Brazil), an
international company may initially focus on esisitihg the production plants as well
as the upstream parts/raw material supply systedmwrelay on local companies to be
the sales agents taking care of the outbound pdyslistribution. However, once
getting ‘familiar with the -business “environment, timernational company may
consider to build up its own distribution systemrtgprove profit margin and customer
service. Under this context, based on a distrilousigstem with four layers, this study
deals with the location problem of the distributioanters (DCs), given the fixed
locations of the suppliers, the plants, and thailegs. In particular, the integration of
the supplier-plant and plant-DC transportation i€racial factor in this strategic
location decision problem. This study developedraxed-integer programming (MIP)
model and-designed a heuristic solution algoritlasell on Lagrangian Relaxation. In
the numerical experiment, the solution quality lvé developed algorithm was found
to be close to optimality, and the computation timi@cceptable in terms of strategic

decision.

Key Words: Supply Chain Management, Distribution Center, ltimceAnalysis,

Lagrangian Relaxation, Heuristics
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v Number , size ,and location of facilities
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At 2 Fisher (2004y ;—*% PR S ehk A Al S L E AR S B B ARt
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o k- B NS GRS LT AR RN w2 o

3
BeZ jem (F ok  FeE L #7"%] %‘
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BERBEEETH

]38 4L # R1(10,5,16,30) ifir #:500 =

Foin vk B & £:40,0004

Integratior] LR P
Problem Se| LB UB | OPT | Gap | Gap . _

benefit | Time| Time

1 714,275730,520730,520 0.00% 2.27% 20.769 9 12
2 675,125697,382697,382 0.00% 3.30% 21.409 8 12
3 807,417839,054839,054 0.00% 3.92% 30.289 8 18
4 705,561726,797726,797 0.00% 3.01% 22.569 8 19
5 596,907605,790605,790 0.00% 1.49% . 21.949 8 7
6 704,378732,352732,352 0.00% 3.97% - 27.329 9 27
7 828,283857,382857,382 0.00% 3.51% 24.779 9 40
8 887,387898,737898,737 0.00% 1.28% 22.569 9 27
9 802,200835,710835,710 0.00% 4.18% 37.149 9 40
10 724,895743,765743,765% 0.00% 2.60% - 26.899% 8 18
11 617,558631,202631,202 0.00% 2.21% 19.169 5 18
12 733,406763,984763,984 0.00% 4.17% 28.969 9 32
a3 618,697631,202631,202 0.00% 2.02% 19.169 9 17
14 822,902847,584847,584 0.00% 3.00% 28.509 9 34
15 748,955763,786 763,786 0.00% 1.98% 24.519 8 17
16 718,081751,642751,642 0.00% 4.67% 21.449 8 12
17 807,411833,782833,782 0.00% 3.27% 27.679% 9 31
18 632,471641,44%641,445% 0.00% 1.42% - 29.75¢ 9 9
19 671,756698,890698,890 0.00% 4.04% - 21.479 8 16
20 768,988786,261786,261 0.00% 2.25% 22.489 9 21
21 744,230763,086 763,086 0.00% 2.53% 33.33¢ 9 20
22 728,515750,205750,205 0.00% 2.98% 29.149 9 23
23 716,394747,843747,843 0.00% 4.39% 24.029 9 26
24 757,340777,156777,156 0.00% 2.62% 25.509 9 18
25 711,961745,171745,171 0.00% 4.66% 17.93¢9 9 28
Average 0.00%| 3.03%| 25.15% 9 22
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|48 2 G1(10,5,16,30) Eix #c:500 =%

4_;, IR IR IR % b ™~ A 40,000/&

Integratior] LR IP
Problem Se| LB UB | OPT | Gap | Gag _ _ _

benefit | Time | Time

1 691,277709,874709,874 0.00% 2.69% 22.259 9 15
2 649,147675,57%675,57% 0.00% 4.07% 21.299 9 33
3 794,053838,927836,060 0.34% 5.29% 26.309 8 102
4 692,834724,676724,676 0.00% 4.60% 23.189 9 34
5 576,439598,746598,746 0.00% 3.87% 20.269 8 19
6 679,077727,536722,156- 0.74% 6.34% 26.469 9 85
7 808,736841,481841,481 0.00% 4.05%. 19.679 9 53
8 881,120902,131902,131 0.00% 2.38% . 18.139 8 30
9 784,977815,045815,04% 0.00% 3.83%  31.609 9 21
10 707,000739,966739,966 0.00% 4.66% 19.759 9 20
11 711,375745,148745,148 0.00% 4.75% 29.089 9 43
12 715,722743,778743,778 0.00% 3.92%  30.97¢9 9 36
13 593,16y628,662628,662 0.00%4 5.98%  17.259 9 31
14 782,436813,748813,748 0.00% 4.00% 29.969 9 35
15 740,311767,130767,130 0.00% 3.62% 24.59¢ 9 68
16 680,479722,734722,734 0.00% 6.21% 20.819 9 62
17 789,578825,085825,085 0.00% 4.50% 22.789% 9 110
18 600,550636,619636,619 0.00% 6.01% 22.549 9 54
19 670,232700,564700,564 0.00% 4.53% 21.529 9 19
20 758,02)783,591783,591 0.00% 3.37% 22.45¢ 9 22
21 710,382752,266752,266 0.00% 5.90% 25.33¢ 9 104
22 697,363736,474736,474 0.00% 5.61% 24.459 9 25
23 711,129742,923742,923 0.00% 4.47%  26.069 9 39
24 712,171742,927742,927 0.00% 4.32% 23.929 9 38
25 673,258706,429706,429 0.00% 4.93% 21.869 9 105
Average 0.04%| 4.56%| 23.70% 9 48
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)48 24 R2(20,20,16,80) if:* #:600=% =/ ? <K & = £:100,0004

Integration LR
Problem Se LB uB Gap _ _
benefit Time

1 6,524,8756,641,507 1.79% 33.369 121
2 6,885,0736,999,780 1.67% 32.349 119
3 7,655,754 7,762,649 1.40% 38.499 120
4 6,514,8906,602,602 1.35% 31.359 120
5 6,891,7126,978,463 1.26% 30.069 120
6 7,106,942 7,214,718 :1.52% 35.289 119
7 7,040,08) 7,179,746 1.98% 34.419 123
8 7,192,619 7,369,757 2.46% 31.739 127
9 6,624,6596,771,035 2.21% 33.229 127
10 7,152,254 7,285,947 1.87% 33.209 121
i 6,885,0786,999,780 1.67% 32.349 120
12 7,655,7547,762,649 1.40% 36.959 122
i ] 6,514,8906,602,602 1.35% 31.359 122
14 6,891,71p6,978,468 1.26% 30.069 121
15 7,106,94P27,214,7183 1.52% 35.289 120
16 7,040,08[7 7,179,746 1.98% 34.419 122
17 7,192,6107,369,757 2.46% 31.739 127
18 6,624,6506,771,035 2.21% 33.229 127
19 7,152,254 7,285,947 1.87% 33.209 121
20 7,366,66P27,442,584 1.03% 31.599 123
21 6,789,58P6,930,099 2.07% 29.679 124
22 6,620,61P6,740,452 1.81% 33.29¢9 124
23 6,712,54[76,795,559 1.24% 30.429 120
24 6,532,25P 6,716,968 2.83% 29.149 120
25 7,006,6437,147,367 2.01% 32.849 122

Average 1.77% 32.76% 122
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)48 2 R3(20,20,16,80) if:x #:600=% =/ ? <K & = £:140,0004

Integration LR
Problem Se LB uB Gap _ _
benefit Time

1 6,728,9086,908,655 2.67% 31.809 126
2 7,116,597 7,367,939 3.53% 29.719 123
3 7,877,7888,046,278 2.14% 35.859 132
4 6,709,812 6,886,597 2.63% 30.479 125
5 7,134,4657,312,727 2.50% 28.229 125
6 7,328,8437,511,679 2.49% 34.379 120
7 7,274,7717,452,418 2.44% 33.979 125
8 7,446,520 7,688,750 3.25% 31.13¢ 127
9 6,851,120 7,093,872 3.54% 31.99¢9 130
10 7,374,24[7 7,612,542 3.23% 31.959 121
i 7,374,87[L7,736,109 4.90% 28.199 129
12 8,150,93(L.8,357,967 2.54% 35.129 136
i ] 6,946,436 7,195,928 3.59% 29.159 122
14 7,410,4247,639,774 3.09% 28.549 126
15 7,591,6307,799,519 2.74% 34.419 120
16 7,562,24p 7,813,325 3.32% 32.929 126
17 7,712,6468,162,890 5,84% 28.52¢ 129
18 7,105,577 7,448,078 4.82% 30.079 131
19 7,644,7587,980,872 4.40% 30.639 127
20 7,855,6328,042,584 2.38% 29.169 139
21 7,262,3857,580,616 4.38% 28.339 132
22 7,072,1907,268,531 2.78% 32.559 132
23 7,195,524 7,353,758 2.20% 29.449 129
24 7,001,054 7,353,035 5.03% 26.709 128
25 7,477,0987,790,451 4.19% 31.019 127

Average 3.28% 30.97% 127
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5] 48 - R4(25,10,36,100) £ #:800 =%

FoomP o ¥ X A:80,00041

Integration LR
Problem Se LB uB Gap _ _
benefit Time

1 4,186,331 4,277,85( 2.19% 27.599 244
2 4,264,96¢ 4,390,66¢ 2.95% 27.759 247
3 4,635,761 4,790,89] 3.35% 28.03¢ 251
4 4,442,271 4,575,95] 3.01% 31.479 240
5 4,200,381 4,333,76] 3.18% 31.499 244
6 4,169,471 4,329,39( +3.84% 27.59¢ 245
7 3,977,061 4,122,72] 3.66% 28.409 252
8 4,270,03( 4,452,519 4.27% 27.349 246
9 4,297,04Y 4,473,941 4.12% 27.359 242
10 3,955,554 4,115,81! 4.05% 29.209 244
i 4,127,121 4,290,384 3.96% 31.149 238
12 4,143,214 4,321,75( 4.31% 26.179 235
i ] 4,099,03(" 4,258,14! 3.88% 27.659 232
14 4,438,27¢ 4,623,31¢{ 4.17% 30.139¢ 238
15 4,230,684 4,379,408 3.52% 31.959 232
16 3,958,764 4,071,961 2.86% 29.269 232
17 4,113,13¢ 4,259,591 3.56% 25.619 236
18 4,395,59¢ 4,571,311 4.00% 26.729 236
19 4,095,89( 4,251,819 3.81% 30.849 239
20 4,379,444 4,529,264 3.42% 28.019 232
21 4,402,09( 4,542,64] 3.19% 30.779 236
22 4,943,58] 5,072,81( 2.61% 28.339 231
23 4,050,61¢ 4,207,30] 3.87% 29.539 237
24 4,416,384 4,594,32] 4.03% 29.639 236
25 4,137,59] 4,271,36] 3.23% 27.919 237

Average 3.56% 28.79% 239
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] 48 2 R5(25,10,36,100) v£:% #:800=%

:ll—;' IR NN XE =~ A 140,000#ﬁ

Integration LR
Problem Se LB uB Gap _ _
benefit Time

1 4,430,490 4,610,356 4.06% 25.329 250
2 4,514,919 4,710,669 4.34% 26.779 250
3 4,867,146 5,066,848 4.10% 29.89¢ 255
4 4,692,877 5,066,848 5.30% 26.63¢ 244
5 4,440,502 4,647,396 4.66% 30.369 249
6 4,399,285 4,609,770 4.72% 28.019 247
7 4,217,838 4,428,186 4.99% 26.109 254
8 4,502,566 4,733,105 5.12% 28.049 250
9 4,540,057 4,799,188 5.71% 25.579 250
10 4,201,399 4,461,403 6.19% 28.609 250
i 4,314,172 4,517,057 4.70% 29.869 256
12 4,329,617 4,523,255 4.47% 26.369 253
i ] 4,298,840 4,500,689 4.70% 27.329 247
14 4,631,9454,914,701 6.10% 29.339 258
15 4,421,468 4,671,589 5.66% 29.229 251
16 4,144,236 4,330,589 4.50% 27.579 255
17 4,289,940 4,480,627 4.44% 24.589 252
18 4,586,300 4,810,801 4.90% 27.959 253
19 4,302,13R 4,513,276 4.91% 28.92¢ 260
20 4,564,7194,783,776 4.80% 28.119 246
21 4,598,011 4,802,873 4.46% 30.409 254
22 5,127,506 5,287,057 3.11% 28.419 248
23 4,240,7764,451,942 4.98% 28.919 254
24 4,619,06p 4,886,240 5.78% 28.519 256
25 4,323,6324,521,336 4.57% 26.689 258

Average 4.85% 27.90% 252
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