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This paper analyzes a multi-product inbound lot-sizing and outbound dispatching problem with multi-vehicle
types in a third-party logistics distribution center. The product must be delivered to the customers within the
delivery time window and backlogging is not allowed. Replenishing orders are shipped by several types of
vehicles with two types of the freight costs, i.e., uniform and decreasing, are considered. The objective of this
study is to determine the lot-size and dispatching schedules to minimize the total cost with the sum of inbound
and outbound transportation and inventory costs over the entire time horizon. In this study, we mathematically
derive a mixed-integer programming model and propose a genetic algorithm (GA1) based on a local search
heuristic algorithm to solve large-scale problems. In addition, we suggest a new genetic algorithm (GA2) with an
adjusting algorithm to improve the performance of GAl. The basic mechanism of the GA2 is to provide an
unidirectional partial move of products to available containers in the previous period. Finally, we analyze the
results of GA1 and GA2 by evaluate the relative performance using the gap between the objective values of

CPLEX and the each algorithm.

Keywords: Delivery time windows, Dynamic lot-sizing, Multi-product, Multi-vehicle types, Dispatching, Genetic
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Table 2. Test results for small sized problems
Products | Periods l\iilj)e ty:)/es Demand | Window (;jeTc) ?SZ::; Gap 1 ((}STe_c? Gap 2 | GA_1-GA 2
3 10.7 22.5 0.86% 247 0.56% -0.30%
3 4 533 309 2.73% 33.1 1.53% -1.18%
5 42.6 33.8 3.81% 36.5 2.81% -0.97%
3 40.0 32.1 0.79% 34.6 0.69% -0.10%
5 4 43.0 309 0.02% 33.1 0.00% -0.02%
5 19.8 22.8 4.34% 24.9 0.74% -3.57%
. 3 26.8 24.1 0.54% 26.6 0.00% -0.54%
7 4 243 29.1 6.19% 313 1.19% -4.94%
5 12.5 30.5 0.83% 32.8 0.00% -0.83%
3 3222 26.1 2.60% 28.6 1.30% -1.28%
9 4 49.2 315 1.60% 34.0 0.00% -1.60%
5 55.0 33.1 2.60% 35.5 1.30% -1.28%
3 259 30.7 4.94% 34.7 4.14% -0.77%
3 4 23.2 31.1 0.39% 35.2 0.00% -0.39%
5 534 483 6.21% 52.8 1.61% -4.53%
3 13.9 35.5 2.69% 39.4 1.59% -1.08%
5 4 293 33.0 3.09% 37.1 1.09% -1.98%
) 5 8.9 28.4 5.76% 323 4.46% -1.24%
. P Uniform ’ 3 158.7 52.2 3.55% 56.5 1.85% -1.67%
7 4 243 273 3.04% 31.2 1.44% -1.58%
5 273 27.6 2.09% 32.0 0.00% -2.09%
3 90.4 56.7 0.60% 61.0 0.60% 0.00%
9 4 59.2 29.6 1.90% 333 1.60% -0.30%
5 62.7 30.0 1.80% 34.0 0.60% -1.19%
3 239 25.1 1.95% 30.5 1.65% -0.30%
3 4 18.3 36.9 6.29% 42.5 2.19% -4.01%
5 41.2 33.9 4.93% 39.4 3.73% -1.16%
3 63.6 46.4 0.74% 52.5 0.54% -0.20%
5 4 53.2 46.6 0.55% 51.8 0.55% 0.00%
5 38.6 394 3.97% 454 0.00% -3.97%
’ 3 26.1 20.6 2.73% 25.8 2.33% -0.39%
7 4 26.6 30.0 0.21% 35.5 0.00% -0.21%
5 19.9 38.5 0.83% 44.8 0.73% -0.10%
3 313 224 1.60% 27.7 0.00% -1.60%
9 4 32.0 325 5.00% 38.6 3.70% -1.25%
5 63.9 41.8 2.90% 472 0.00% -2.90%
Average 39.6 33.1 2.63% 37.1 1.24% -1.38%
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Table 3. Test results for large sized problems

Woon-Seek Lee

Shi A% . CT GT 1 GT 2

Products | Periods Moj)e types Demand | Window (Sec) (Se::) Gap 1 (Se_c) Gap 2 | GA_1-GA 2

3 140.0 86.2 5.09% | 93.0 0.00% -5.09%

3 4 198.4 99.6 6.30% | 105.9 3.30% -2.90%

5 144.7 85.0 1.80% | 91.8 1.10% -0.69%

3 394.5 92.5 0.14% | 100.0 0.00% -0.14%

5 4 3754 85.3 2.10% | 91.8 1.30% -0.79%

5 - 85.1 - 923 - -0.04%

3 752.1 | 161.2 -2.28% | 168.7 -2.57% -0.30%

3 7 4 599.0 | 1248 -3.86% | 1322 -3.96% -0.10%

5 438.2 88.8 1.01% | 95.0 0.00% -1.01%

3 268.2 | 166.0 -0.89% | 173.6 -2.38% -1.52%

9 4 607.6 | 130.9 2.35% | 138.2 2.15% -0.20%

5 - 131.3 - 138.7 - 0.00%

3 1121.8 | 106.3 -0.62% | 112.5 -1.42% -0.81%

11 4 729.2 | 140.1 -2.59% | 146.9 -3.47% -0.91%

5 9454 | 1414 3.49% | 148.5 1.49% -1.97%

3 - 96.7 - 107.6 - 0.00%

3 4 12933 | 113.5 -4.57% | 1245 -5.91% -1.42%

5 - 105.7 - 116.1 - -0.98%

3 17634 | 119.6 -2.48% | 130.1 -3.46% -1.01%

5 4 2501.5 | 125.1 -1.14% | 1377 -1.14% 0.00%

5 4834.0 | 1585 -0.89% | 169.9 -2.38% -1.52%

3 2955.8 95.3 -6.15% | 106.2 -7.56% -1.52%

7 18 Decreasing 5 7 4 780.4 74.3 -5.01% 85.7 -5.48% -0.50%

5 1072.3 | 100.5 -2.89% | 112.4 -3.28% -0.40%

3 6243 | 100.8 0.17% | 113.4 0.00% -0.17%

9 4 899.0 78.9 0.85% | 913 0.00% -0.85%

5 12353 | 103.7 1.44% | 114.1 0.00% -1.44%

3 7459 | 106.3 1.26% | 117.2 0.00% -1.26%

11 4 1078.8 | 111.8 -1.25% | 124.1 -3.13% -1.94%

5 1482.4 | 108.1 1.98% | 119.2 0.68% -1.29%

3 - 2343 - 250.9 - -0.12%

3 4 5367.3 | 151.6 -4.18% | 167.8 -4.85% -0.70%

5 - 203.1 - 220.8 - -0.01%

3 906.6 | 112.4 -1.18% | 127.9 -2.66% -1.52%

5 4 2148.7 | 173.6 -3.22% | 189.1 -4.48% -1.32%

5 3660.0 | 213.6 -1.01% | 2294 -1.11% -0.10%

3 1733.1 | 183.5 -5.48% | 199.4 -6.14% -0.70%

7 7 4 - 223.4 - 240.0 - -1.63%

5 - 276.5 - 294.5 - -1.13%

3 1996.5 | 209.7 1.03% | 224.5 0.73% -0.30%

9 4 24753 | 236.2 1.40% | 251.3 1.10% -0.30%

5 - 293.1 - 308.3 - -0.13%

3 2571.9 | 226.1 -1.83% | 243.4 -3.60% -1.83%

11 4 - 245.6 - 261.1 - 0.00%

5 - 302.2 - 316.7 - -0.61%

Average 1436.5 | 146.9 -0.62% | 158.3 -1.68% -0.92%
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Figure 2. Sensitivity analysis for product type
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Figure 3. Sensitivity analysis for planning horizon
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Figure 4. Sensitivity analysis for vehicle type
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