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Abstract

Purpose: The study aims to present a mathematical model for reducing system costs by adequately locating the required ware-
houses and routing vehicles that carry the products from the warehouses within a time window.

Methodology: Concerning the specific nature of the location-routing problem, the consumption of fuel and the depreciation
of vehicles are directly affected by the distance covered. The model proposed in this research seeks to minimize the undue
length of the distance that vehicles have to travel. Moreover, to approximate the model to real-world conditions as much as
possible, the 'time window' concept is employed to determine the maximum allowable time for the distribution of goods.

Findings: Three metaheuristic algorithms, including NSGA-II, PAES, and MOICA, ate used to solve the proposed model.
Several problems of different sizes are introduced and solved to evaluate the efficiency of the solutions. Then, the results are
compared regarding the SM, MID, and QM criteria. The comparative results suggest the superiority of the MOICA algorithm
for big-size problems.

Originality /Value: Setting a time window to reduce the distance travelled by the vehicles gets the model close to real-world
conditions. It also makes it possible to estimate the costs more accurately.
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Table 2- Considered levels of parameters of NSGAII.
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Table 3- Computational results for small and medium scale problems.
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Table 4- Comparative results of MID and SM indices for solving small and medium size problems.
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Figure 4- Pareto fronts of NSGA-II and e-constraint.
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Table 5- Computational results for large scale problems solving by NSGAII.

(4b) J> 3k SM asls  MID Lasls alts o)led s,
o4 104 1.22 7.23 18/5/5 1
351 0.83 7.44 20/5/6 2
1289 1.74 7.67 25/5/7 3
1927 0.89 7.98 30/6/7 4
3745 1.27 8.21 40/7/9 5
4256 1.94 7.24 50/8/10 6
6282 1.14 8.02 60/9/11 7
8065 0.71 7.25 70/10/12 8
10721 1.62 7.17 80/11/14 9
15548 0.75 7.95 100/12/15 10
. 1.21 7.61 Ol
2
% bl 55 & ged Galims YV 3145 aslsl 53 s o 5L |y alins S5 bl 55 r:.wjisl DS s 8 L 5l OLis (g8 (goue @LS
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:}) Table 6- Comparative results between metaheuristic algorithms by using QM, SM and MID indices.
23 Problem No. Quality Metric (QM) Spacing Metric (SM) Mean Ideal Distance (MID)
. NSGA-II  PAES MOICA NSGA-Il PAES MOICA NSGA-II PAES MOICA
:3 10*3 0.235 0 0.765 0.827 0.625 0.741 0.633 0.632 0.518
j‘ 10*4 0.105 0 0.895 0.661 0.495 0.778 0.704 0.597 0.582
3 15*3 0.250 0 0.750 0.791 0.788  0.920 0.873 0.608 0.242
) 15%4 0 0 1 0.693 0.785  0.868 0.712 0.872 0.348
;3: 15*5 0 0 1 0.571 1.092 0.634 0.339 0.708 0.230
A 20*3 0 0 1 1.184 0.999 0.881 0.776 0.694  0.523
4 20*%4 0.235 0 0.765 0.778 1.257  0.973 0.440 0.674  0.399
“% 20*5 0.434 0 0.565 0.560 1.036 0.874 0.518 0.845 0.538
3 20*6 0.347 0.217 0.434 0.733 1.031 0.924 0.575 0.751 0.621
2 25*3 0.100 0 0.900 1.207 1.120 1.361 0.601 0.437 0.247
I‘ﬁ 25*4 0.272 0 0.727 1.001 0.878  1.287 0.663 0.762 0.718
1 25*5 0.292 0 0.708 0.977 1.360 1.220 0.536 0.577 0.511
e 25*6 0.190 0 0.809 0.940 0.977 1481 0.482 0.576  0.287
) 30*3 0.167 0.083  0.750 0.651 1.084 1.116 0.697 0.731  0.632
‘q: 30*4 0.059 0.294 0.647 1.059 1.322  0.810 0.762 0.547  0.485
q 30*5 0 0 1 0.942 0.965 0.978 0.781 0.846  0.500
My 30*6 0 0 1 0.670 0.916  0.980 0.297 0481 0.379
‘13 30*7 0.118 0 0.882 0.986 1478 1.041 0.479 0.646 0.276
—}: 30*8 0 0 1 0.586 0911  0.642 0.579 0.860 0.554
{ 40*3 0.071 0 0.928 1.302 1417 1.390 0.707 0.776  0.430
- 40*4 0.363 0.272  0.364 1.019 1.167 1.267 0.609 0.750  0.452
}‘\ 40*5 0.357 0 0.642 1.628 1295 1.649 0.554 0.813 0.377
}; 40*6 0.318 0.182  0.500 1.059 1272 1321 0.664 0.677 0.408
;“3 40*7 0.370 0 0.630 0.984 1.374 1.372 0.731 0.765 0.563
40*8 0.041 0 0.958 1.037 1.296 0.935 0.430 0.767 0.322
40*%9 0.240 0 0.760 1.267 1.049 1.410 0.506 0.601 0431
40*10 0.111 0.111  0.778 0.979 1.422  0.928 0.692 0.823  0.360
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Figure 5- Pareto fronts obtained by three algorithms for a problem of 6*30 size.
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