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An Adaptive Genetic Algorithm for a Dynamic Lot-sizing and
Dispatching Problem with Multiple Vehicle Types
and Delivery Time Windows
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This paper considers an inbound lot-sizing and outbound dispatching problem for a single product in a third-
party logistics (3PL) distribution center. Demands are dynamic and finite over the discrete time horizon, and
moreover, each demand has a delivery time window which is the time interval with the dates between the earliest
and the latest delivery dates All the product amounts must be delivered to the customer in the time window.
Ordered products are shipped by multiple vehicle types and the freight cost is proportional to the vehicle-types
and the number of vehicles used. First, we formulate a mixed integer programming model. Since it is difficult to
solve the model as the size of real problem being very large, we design a conventional genetic algorithm with a
local search heuristic (HGA) and an improved genetic algorithm called adaptive genetic algorithm (AGA). AGA
spontaneously adjusts crossover and mutation rate depending upon the status of current population. Finally, we
conduct some computational experiments to evaluate the performance of AGA with HGA.
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300 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
50% 3 100 0.10 0.06 0.02 0.00 0.03 0.00 0.00 0.00 0.85 0.72 0.00 0.00
200 0.32 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
300 0.30 0.21 0.25 0.21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4 100 0.10 0.10 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.08
200 0.00 0.00 0.90 0.77 0.42 0.35 0.00 0.00 0.84 0.75 0.00 0.00
300 0.15 0.15 0.10 0.08 0.00 0.00 0.16 0.09 0.00 0.00 0.00 0.00
5 100 0.10 0.03 0.07 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
200 0.08 0.05 0.10 0.07 0.00 0.00 0.03 0.00 0.45 0.38 0.00 0.00
300 0.00 0.00 0.17 0.12 0.00 0.00 0.10 0.05 0.56 0.50 2.52 2.35
75% 3 100 0.18 0.10 0.33 0.25 0.39 0.31 0.00 0.00 0.21 0.16 0.00 0.00
200 0.10 0.11 0.63 0.51 0.00 0.00 0.00 0.00 0.56 0.48 0.00 0.00
300 0.40 0.21 0.15 0.09 0.00 0.00 0.12 0.10 0.00 0.00 0.17 0.11
4 100 0.25 0.18 0.03 0.01 0.00 0.00 0.00 0.00 0.43 0.35 0.50 0.44
200 0.07 0.02 0.30 0.20 0.00 0.00 0.18 0.12 1.27 1.20 0.00 0.00
300 0.29 0.15 0.12 0.08 0.14 0.05 0.00 0.00 0.00 0.00 0.25 0.17
5 100 0.35 0.22 0.15 0.11 0.46 0.41 0.17 0.11 0.42 0.36 0.00 0.00
200 0.09 0.05 0.00 0.00 0.07 0.07 0.05 0.01 0.00 0.00 0.37 0.24
300 0.69 0.39 0.05 0.02 0.87 0.79 0.00 0.00 0.84 0.77 0.42 0.36
Avg. 0.13 0.08 0.14 0.11 0.12 0.10 0.04 0.02 0.24 0.21 0.16 0.14
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Table 2. Test results of 30% time window for large sized problems
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<Table 2>~<Table 4>2] AP AHE HH HGAS AGAY

M N /4 T =24 T =30 T = 36
HGA AGA HGA AGA HGA AGA
RPD , RPD . RPD . RPD . RPD . RPD .
Best_ Time Best_ Time Best_ Time Best_ Time Best_ Time Best_ Time
25% 3 100 0.76 1.022 0.27 1.095 | 13.47 | 2.352 4.78 2.550 | 14.04 | 4328 6.65 4.756
200 2.75 1.080 0.27 1.016 5.93 2.359 0.89 2403 | 1245 | 4320 5.74 4.980
300 0.41 0.983 0.10 0970 | 1543 | 2.333 3.63 2613 4.78 4.409 1.25 5.094
4 100 2.71 1.059 0.05 1.019 | 11.85 | 2.411 2.65 2.533 9.75 4388 4.26 4.900
200 3.48 1.103 0.36 1.088 9.10 2.495 1.60 2.683 | 10.68 | 4328 1.49 4.580
300 3.90 1.077 0.48 1.033 9.48 2.417 1.98 2.580 | 18.08 | 4.197 498 4761
5 100 1.67 1.148 0.19 1.155 | 12.64 | 2.489 4.47 2.641 7.09 4234 3.07 4.866
200 2.50 1.183 0.61 1.184 | 11.61 | 2.516 3.19 2742 | 1324 | 4219 3.82 4.602
300 | 10.30 | 1.152 0.34 1.133 | 16.61 | 2.428 3.57 2.655 | 20.76 | 4.252 428 4781
50% 3 100 3.46 2.464 1.02 2.994 3.96 5.158 1.61 6.094 6.53 9.600 3.08 | 11.219
200 5.40 2.453 1.59 2769 | 11.49 | 5.188 5.63 6.175 2.37 9.678 1.25 | 11.209
300 3.79 2.483 0.55 2.755 433 5.263 1.87 5913 427 9.647 2770 | 11.053
4 100 | 12.23 | 2.484 5.51 2.728 5.65 5.402 2.10 6.130 2.19 9.778 1.42 | 12.025
200 3.66 2.538 0.96 2.948 9.14 5.269 3.54 6.425 4.75 9.733 342 | 11.488
300 5.27 2.517 0.40 2.822 4.03 5.250 0.90 6.470 3.10 9.928 242 | 10817
5 100 4.67 2.497 2.14 2922 5.90 5.506 2.74 6.499 2.16 9.980 1.29 | 11.108
200 5.64 2.536 1.34 2.934 4.71 5.527 1.04 6.764 3.31 9.961 1.10 | 12.308
300 7.23 2.533 1.62 2.853 9.98 5.622 3.66 6.483 3.13 9917 1.43 | 11.503
75% 3 100 6.59 4372 1.00 5.383 216 | 10224 | 1.83 | 11.789 | 2.32 | 18352 | 1.12 | 23.831
200 2.75 4327 1.33 5.272 1.91 10.711 1.20 | 12536 | 2.93 | 18.299 | 1.23 | 24,473
300 5.15 4355 2.89 4.992 1.91 |10.395| 1.07 | 12.580 | 2.31 18.242 | 1.71 | 21.295
4 100 4.12 4344 1.24 5.267 1.53 | 10.714 | 0.70 | 12.677 | 1.60 | 18.567 | 0.68 | 22.611
200 2.40 4331 1.54 5.117 261 | 10409 | 0.74 | 12.684 | 1.87 | 18.452 | 1.10 | 21.141
300 2.99 4333 0.99 5.253 1.85 | 10.341 1.63 | 11.823 | 1.25 | 18.845 | 1.11 | 21.333
5 100 4.24 4.456 1.74 5.253 2.53 | 10406 | 1.09 | 12.553 | 2.25 | 18.416 | 1.34 | 22.720
200 3.62 4.453 1.68 5.211 2.86 | 10.350 | 1.97 | 12.070 | 1.60 | 18.306 | 0.80 | 22.644
300 4.36 4.480 1.58 5.302 419 | 10409 | 1.73 | 13.075 | 1.18 | 18558 | 0.79 | 23.309
Avg. 4.30 2.658 1.18 3.054 6.92 6.072 2.29 7.116 593 | 10.849 | 235 | 12.941
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Table 3. Test results of 40% time window for large sized problems
M N w T =24 T =730 T =136
HGA AGA HGA AGA HGA AGA
RPD . RPD . RPD . RPD . RPD . RPD .
Best_ Time Best_ Time Best_ Time Best_ Time Best_ Time Best_ Time
25% 3 100 12.15 | 1.078 431 1.086 | 18.14 | 2.372 6.70 2.767 4.61 4.138 1.47 4783
200 5.16 1.114 1.30 1.145 | 1041 | 2.338 4.11 2.645 5.26 4.133 1.39 4934
300 2.79 1.084 0.71 1.013 7.78 2.363 3.64 2.649 10.13 | 4.083 5.96 4.578
4 100 7.94 1.131 2.63 1.194 9.94 2431 1.10 2,645 | 13.02 | 4.109 8.24 4.689
200 7.28 1.116 1.42 1.159 | 13.84 | 2.400 3.93 2427 | 18.57 | 4.158 6.98 4753
300 6.52 1.141 3.43 1.256 | 11.38 | 2.430 3.25 2.666 5.98 4.164 2.31 4.836
5 100 10.96 1.166 3.48 1.211 9.89 2.492 4.78 2.761 12.07 | 4.186 3.51 4.897
200 4.20 1.205 0.84 1.267 | 15.68 | 2.495 4.84 2,686 | 1043 | 4.239 421 4,752
300 5.69 1.152 0.67 1.136 | 13.70 | 2.480 5.31 2.738 | 11.53 | 4.289 5.81 4.823
50% 3 100 6.48 2.430 2.59 2.772 5.90 5.105 2.69 6.174 3.48 9.792 1.81 11.303
200 6.06 2.455 245 2.820 4.64 5.056 1.32 6.133 2.62 9.792 1.27 | 11.839
300 5.25 2.434 2.11 2.825 3.92 5.116 1.21 6.123 4.10 9.683 1.96 | 11.095
4 100 6.14 2.450 3.45 2.800 | 10.07 | 5.170 3.12 6.134 1.91 9.906 0.86 | 12.189
200 7.03 2.494 2.24 2.852 3.54 5.205 0.70 6.519 2.13 9.889 0.80 | 12.108
300 5.03 2.511 1.91 2914 3.60 5.172 1.45 6.399 | 11.88 | 9.803 554 | 11.731
5 100 7.12 2.522 0.93 2.852 3.29 5.416 0.95 6.662 239 | 10.053 | 1.34 | 11.797
200 11.82 | 2.523 5.02 2.881 4.51 5414 2.23 6.052 8.13 9.839 2.85 11.569
300 5.93 2.555 2.75 2.955 4.80 5.291 2.84 6.391 7.71 9.986 3.51 11.859
75% 3 100 4.79 4.299 2.14 5.094 2.24 9.769 1.09 | 11.903 | 0.89 | 18.692 | 0.57 | 23.567
200 3.85 4.345 1.74 5.083 2.53 9.792 1.28 | 11.541 1.93 | 18373 | 097 | 21.634
300 1.81 4.298 0.92 5.433 1.71 9.747 1.63 | 10.997 | 3.18 | 18.580 | 1.96 | 22.908
4 100 7.17 4.420 1.95 5.291 3.91 10.013 | 2.11 12.045 | 2.44 | 18570 | 1.47 | 22.966
200 1.99 4388 0.71 5.470 3.61 9.666 1.69 | 11.922 | 2.80 | 18.241 1.05 | 22.570
300 2.19 4.530 0.94 5.305 1.05 9.806 0.78 | 12.188 | 2.85 | 18.394 | 1.58 | 22.259
5 100 3.01 4.431 1.77 5.184 4.10 9.859 1.68 | 11.789 | 2.58 | 18.838 | 1.50 | 22.773
200 3.39 4431 1.65 5.534 1.94 9.942 0.77 | 12300 | 1.22 | 18.783 | 0.50 | 23.092
300 2.04 4.473 0.88 5.155 2.21 9.987 1.52 11.989 | 2.32 18.467 1.41 22.425
Avg. 5.70 2.673 2.04 3.100 6.61 5.827 247 6.935 578 | 10.859 | 2.62 | 13.064
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Table 4. Test results of 50% time window for large sized problems

M N /4 T =24 T =130 T =136
GA AGA GA AGA GA AGA
RPD . RPD . RPD . RPD . RPD . RPD .
— | Time — | Time — | Time — | Time — | Time — | Time
Best Best Best Best Best Best

25% 3 100 478 1.109 | 1.75 1.227 | 9.03 | 2.391 | 334 | 2.672 | 9.52 | 4.059 | 4.01 | 4.789
200 597 | 1.106 | 2.77 1.147 | 1523 | 2.316 | 7.08 | 2.698 | 7.83 | 4.027 | 3.37 | 4.763
300 7.25 1.130 | 2.42 1.208 | 422 | 2344 | 1.86 | 2.722 | 16.69 | 4.058 | 548 | 4.684
4 100 4.43 1.152 1.54 1.214 | 7.44 | 2370 | 2.81 | 2.689 | 3.88 | 4.188 1.18 | 4.955
200 | 12.39 | 1.119 | 5.67 1.128 | 7.61 | 2.397 | 2.05 | 2.739 | 6.07 | 4.131 1.35 | 4.970
300 | 13.38 | 1.192 | 3.05 1.186 | 15.60 | 2.374 | 4.86 | 2.741 | 14.16 | 4.085 | 424 | 4.741
5 100 | 15.64 | 1.167 | 8.25 1.203 | 18.74 | 2.452 | 6.18 | 2.761 5.67 | 4270 | 2.08 | 4.956
200 | 19.45 | 1.183 | 5.83 1.183 | 8.26 | 2475 1.95 | 2.736 | 822 | 4209 | 2.97 | 5.014
300 770 | 1.172 | 2.95 1.200 | 7.98 | 2.459 | 2.06 | 2.848 | 10.15 | 4.184 | 2.06 | 4.780
50% 3 100 | 1031 | 2.433 | 642 | 2.823 | 3.97 | 5.092 1.67 | 6327 | 3.12 | 9.611 1.43 | 11.556
200 3.13 | 2.502 1.83 | 2.833 | 437 | 5.142 | 2.23 | 5.852 | 1.93 | 9.748 1.41 | 10.983
300 8.60 | 2.434 | 2.62 | 2.891 395 | 5.084 | 155 | 5.844 | 0.95 | 9.734 | 0.63 | 12.052
4 100 270 | 2.538 1.02 | 2966 | 3.56 | 5.139 | 2.02 | 6350 | 133 | 9.769 1.03 | 11.859
200 528 | 2.517 | 1.89 | 2934 | 737 | 5119 | 539 | 5.841 513 | 9.867 | 2.92 | 11.413
300 5.00 | 2.547 | 250 | 2974 | 8.09 | 5.125 | 338 | 5.963 | 9.15 | 9.711 3.18 | 12.105
5 100 7.00 | 2.584 | 223 | 3.019 1.33 | 5231 | 0.74 | 6383 | 337 | 9.889 | 0.75 | 12.853
200 | 13.44 | 2.527 | 3.86 | 2.894 | 3.73 | 5230 | 1.54 | 6.266 | 3.60 | 10.042 | 1.59 | 12.367
300 6.66 | 2.545 1.85 | 2941 | 292 | 5.189 | 0.87 | 6.253 1.92 | 9.877 1.09 | 12.048
5% 3 100 472 | 4359 | 138 | 5.242 1.55 | 9.519 | 1.57 | 11.120 | 1.57 | 18.119 | 0.82 | 21.536
200 3.29 | 4313 1.52 | 5292 | 2.80 | 9.597 | 0.95 | 11.819 | 3.02 | 18219 | 2.40 | 21.436
300 1.92 | 4358 | 0.54 | 5.156 | 3.04 | 9.788 1.69 | 11.478 | 1.71 | 18.470 | 1.15 | 22378
4 100 241 | 4.447 1.15 | 5.064 | 057 | 9.817 | 0.53 | 11.945| 1.68 | 18344 | 120 | 21.492
200 505 | 4342 | 294 | 5.128 | 0.92 | 9.775 | 0.46 | 11.867 | 0.73 | 18.294 | 0.81 |22.273
300 420 | 4369 | 3.39 | 4.830 1.24 | 9.602 | 0.71 | 11.653 | 0.86 | 18.455| 0.55 | 22.989
5 100 4.64 | 4433 | 247 | 5.197 1.83 | 9.589 | 1.53 | 11.391 | 2.73 | 18722 | 145 | 23.019
200 421 | 4534 | 085 | 5353 | 2.60 | 9.850 | 1.99 | 11.500 | 0.66 | 18.470 | 0.68 | 23.202
300 238 | 4405 | 2.10 | 5.039 | 098 | 9.731 0.53 | 12.197 | 1.97 | 18314 | 1.69 | 21.875

Avg. 6.89 2.686 2.77 3.084 5.52 5.748 2.28 6.839 473 10.773 1.91 13.003
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