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A Genetic Algorithm for Integrated Inventory and Routing
Problems in Two-echelon VMI Supply Chains

Yang-Byung Park + Hae-Soo Park
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Manufacturers, or vendors, and their customers continue to adopt vendor-managed inventory(VMI) program to
improve supply chain performance through collaboration achieved by consolidating replenishment responsibility
upstream with vendors. In this paper, we construct a mixed integer linear programming model and propose a
genetic algorithm for the integrated inventory and routing problems with lost sales maximizing the total profit in
the VMI supply chains which comprise of a single manufacturer and multi-retailer. The proposed GA is com-
pared with the mathematical model on the various sized test problems with respect to the solution quality and
computation time. As a result, the GA demonstrates the capability of reaching solutions that are very close to
those obtained by the mathematical model for small problems and stay within 3.2% from those obtained by the
mathematical model for larger problems, with a much shorter computation time. Finally, we investigate the
effects of the cost and operation variables on the total profit of the problem as well as the GA performance

through the sensitivity analyses.

Keywords: Vendor-managed Inventory, Supply Chain Management, Inventory and Routing Problems, Genetic
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(a) inventory replenishment solution

(b) vehicle routes solution

Figure 1. Example of a solution representation
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out of for-loop.

return

A AuFEs BAgT B 5, >00H, 28 7

P}, oY |, stop.
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FAY 8l B ARE <Table 1> B <Figure 3> 3 o} FYFH YFEZIZRH YA AT 78 7Hg AFY5E
Aelef 27] AFAEA G S BofET AU FE 307 Ve gtog Aoty AFLeke BE 1)
o= ARHTY, 20d AHALLE 18002 A BT, 0|9 o]
94 2 L EE dguae Ao Fd8 e AHh GA A&
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AYEAE TS, o' AFEAANM HA FRIH o Yo 24 EE (FHURFY F 0]9-GA FHY F o)
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Table 1. Inventory replenishment plan for retailer 11 obtained by the proposed GA for the example problem

Period 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Sum
Demand 24 35 38 19 30 20 21 39 33 13 24 40 26 33 395
Replenishment quantity 54 0 80 0 7 0 21 57 30 0 37 65 0 19 370

Inventory level 30 0 42 23 0 0 0 18 15 2 15 40 14 0 199

Lost sales 0 5 0 0 0 20 0 0 0 0 0 0 0 0 25
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Table 2. Comparison of the optimal mathematical model and GA on the test problems
Problem ' Vendor Retailer Transportation ' Error GA -
ReT |Rep Solution | Revenue Production Invgntory Storage Inv'entory Fixed Variable Profit rate(%) computation
cost carrying cost space cost carrying cost  cost cost time(sec)
| Opt Model | 7371 17199 223 58 370 900 858 4962 0.4 9
GA 7353 17157 210 58 403 900 840 4942
6x6 | 2 Opt Model | 8325 19425 282 58 372 1000 1011 5602 0.6 9
GA 8325 19425 259 58 433 1000 1009 5566
3 | Opt Model | 7893 18417 270 58 335 900 890 5440 o ;
GA 7893 18417 241 58 412 900 894 5388
| Opt Model | 12159 28371 721 86 609 1400 1321 8022 14 13
GA 12159 28371 691 86 689 1400 1382 7911
6xo | o |OPt Model | 10926 25494 591 86 601 1300 1290 7058 3
GA 10917 25473 555 86 693 1300 1346 6937
3 Opt Model | 11457 26733 656 86 571 1300 1244 7600 0.9 T
GA 11457 26733 609 86 696 1300 1234 7532
| Opt Model | 15750 36750 1271 115 789 1800 1751 10024 26 19
GA 15687 36603 1158 115 1057 1900 1697 9760
6x12 | 2 Opt Model | 15192 35448 1208 115 854 1700 1781 9534 27 16
GA 15192 35448 1143 115 1026 1800 1830 9278
3 Opt Model | 16254 37926 1357 115 840 1900 1715 10327 16 19
GA 16254 37926 1265 115 1086 1900 1725 10163
| Opt Model | 11304 26376 378 86 519 1300 1233 7788 13 12
GA 11304 26376 326 86 660 1300 1247 7685
9x6 | 2 Opt Model | 11511 26859 417 86 481 1300 1313 7914 16 13
GA 11511 26859 319 86 741 1300 1280 7785
3 Opt Model | 12492 29148 400 86 584 1400 1437 8585 19 17
GA 12483 29127 382 86 628 1400 1569 8418
| Opt Model | 17892 41748 1033 130 828 2100 1897 11904 16 23
GA 17892 41748 987 130 951 2100 2007 11717
9x9 | 2 Opt Model | 17424 40656 1023 130 800 2000 1906 11565 18 20
GA 17388 40572 935 130 1027 2000 1943 11353
3 Opt Model | 17802 41538 1010 130 980 2000 2034 11648 25 18
GA 17784 41496 958 130 1114 2100 2124 11358
| Opt Model | 25020 58380 2108 173 1080 2900 2700 16059 19 30
GA 25020 58380 1980 173 1423 2900 2786 15758
9x12 | 2 Opt Model | 23580 55020 2029 173 1064 2700 2568 15046 26 28
GA 23580 55020 1886 173 1444 2700 2716 14661
3 Opt Model | 23940 55860 1932 173 1088 2800 2748 15199 32 29
GA 23778 55482 1753 173 1484 2800 2857 14711
| Opt Model | 16137 37653 538 115 720 1800 1756 11208 18 24
GA 16020 37380 483 115 837 1800 1774 11011
12%6 | 2 Opt Model | 15777 36813 541 115 677 1800 1725 10919 18 24
GA 15777 36813 455 115 906 1800 1774 10727
3 Opt Model | 16137 37653 510 115 738 1800 1599 11375 16 25
GA 16065 37485 471 115 823 1800 1665 11191
| Opt Model | 22905 53445 1291 173 1059 2600 2490 15292 39 1
GA 22446 52374 1164 173 1332 2500 2476 14801
12x9 | 2 Opt Model | 23301 54369 1362 173 1090 2600 2472 15604 29 37
GA 23202 54138 1208 173 1466 2700 2511 15144
3 Opt Model | 23571 54999 1347 173 1064 2700 2362 15925 22 3
GA 23472 54768 1218 173 1371 2700 2443 15567
| Opt Model | 31689 73941 2558 230 1513 3600 3280 20508 24 47
GA 31608 73752 2406 230 1876 3600 3484 20012
12x12 | 2 Opt Model | 30258 70602 2417 230 1483 3400 3236 19492 31 44
GA 30168 70392 2285 230 1780 3500 3492 18881
3 Opt Model | 30897 72093 2552 230 1349 3500 3125 20141 22 47
GA 30843 71967 2548 230 1332 3600 3431 19702
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