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Abstract

Purpose: The present paper deals with modeling and solving a multi-objective problem of robust facility layout problem
under uncertainty with NSGA-II, MOPSO and MOGWO algorithms. Since the problem of facility layout is NP-Hard,
the need to use meta-algorithms by providing a suitable chromosome to achieve near-optimal solutions has been
investigated in this article. The issue under consideration in this article includes several departments that are based on 5
different aspects (minimizing the flow time between departments, maximizing the number of equipment and facilities,
minimizing the distance traveled to access firefighting equipment, minimizing the distance to access optimal climatic
conditions and maximization of noisy departments from each other) should be arranged in different parts of the hall. In
order to achieve the above objective functions at the same time, assigning departments to each section, equipping each
section with different equipments and arranging the departments together are among the main objectives of the article.

Methodology: In this paper, GA, PSO and GWO single-objective meta-heuristic algorithms and NSGA-II, MOPSO
and MOGWO multi-objective meta-heuristic algorithms have been used to solve the problem.

Findings: Computational results show that GA, PSO and GWO single-objective algorithms have high efficiency in
achieving the optimal value of the objective function in a much shorter time, and their multi-objective methods show
the high efficiency of the NSGA-II algorithm in achieving the average value of the objective function. First, second and
fifth; the MOPSO algorithm has the highest expansion and metric distance in achieving the average number of efficient
answers and computational time, and finally the MOGWO algorithm in obtaining the average value of the third and
fourth objective functions. Statistical comparisons also showed a significant difference between the means of
computational time. To evaluate and rank the algorithms, the TOPSIS method is used and the results show the high
efficiency of the MOGWO algorithm in solving the model.

Originality/Value: In this papet, a new model of the multi-objective robust facility layout problem under uncertainty
conditions is modeled with respect to health and environmental safety aspects.

Keywords: Multi-objective meta-heutistic algorithms, Robust facility layout, Fuzzy planning, Safety and environmental
health.
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Table 1- A summary of published articles in the field of facility layout.
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Figure 1- A view of the problem of the arrangement of stable facilities.
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Table 2- Relations of departments based on noise pollution criteria (from-to table).
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Figure 4- How to perform the single-point mutation operator in the third part of the chromosome.
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Figure 5- How to perform the binary combination operator in the first and second part of the chromosome.
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Figure 6- Modified chromosome for problem solving based on combination operator.
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Table 3- Suggested parameter levels for parameter setting of meta-heuristic algorithms using
Taguchi method.
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Table 4- Optimum parameter levels of meta-heuristic algorithms by Taguchi method.

byl kel

Pm  Pc Npop Maxit NSGAII
2 4 100 200
W C2 C1 Nparticle Maxit MOPSO
0.5 2 2 100 200
c A Max it NWolf MOGWO
1 4 100 200
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Figure 7- Average diagram of S/N ratio in meta-heuristic algorithms.
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Table 5- Interval limits of definite and non-deterministic data of the problem.
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-,3‘ Table 6- The best value of each objective function in different solution methods.

2 GA PSO GWO GAMS  Gua abi

—53 1999.15 4997.46 6985.44 6985.43 1

j 7281 7281 7281 7281 2

2 1319.34 1324.48 1319.34 1319.34 3

Av 1082.76 1087.84 1082.76 1082.76 4

4 8137.99 8138.85 8137.99 8137.99 5
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g Table 7- Percentage of relative difference and average computing time in the problem of small

=) sample size.

9

3 GA PSO GWO GAMS RN

a—

:ﬂ 0.19% 0.17% 0 - 1

3 0 0 0 - 2
\ 0 0.38% 0 -

3,

1 0 0.46% 0 -

)

9 0 0 0 - 5

2

g 9318  76.11 8434 141015  slibre by peSile
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Figure 8- The optimal arrangement resulting from solving the first objective function.
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Figure 9- The optimal arrangement resulting from solving the second objective function.
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Figure 10- The optimal arrangement resulting from solving the third objective function.
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Figure 11- The optimal arrangement resulting from the solution of the fourth objective function.
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Figure 12- The optimal arrangement resulting from solving the fifth objective function.
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Table 8- The set of efficient solutions obtained from solving the problem with the epsilon
constraint method.

Z5 z4 z3 22 Z1 1,5 olss
8640.73 13925 148595 7263 7390.19 1
8497.39 125851 1761.64 7249 7768.81 2
8614.12 119839 191473 7190 7718.25 3
857541 12051 1793.96 7176 7690.27 4
8306.03 136385 143417 7158  7486.1 5
874374 11435 18713 6850 7483.06 6
832595 13181 154132 6777 7373.25 7

83432 128823 1770.36 6759 7434.95 8
8576.61 1348.35 179677 6745 7558.94 9
8274.62 1296.97 18451 6569 7702.16 10
8580.33 1187.43 18453 6478 7647.91 11
8421.97 140114 159457 6464 7457.12 12
8633.17 1137.02 179529 6120 741457 13
8333.84 145446 1978.41 6065 7479.71 14
8429053 1462.57 1836.28 5923 7717.71 15
8480.51 1366.44 17751 5746 7706.33 16

8689.5 122452 1589.22 5674 7572.04 17
8484.78 120565 161852 5171 7463.21 18
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Table 9- Comparison of indices obtained by different solution methods in the small size problem.
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Figure 13- Optimal arrangement of the first efficient solution of the problem with different solution methods.
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Table 10- The size of different sample problems in larger sizes.
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Table 11- The average of the total indicators of effective answers among all sample problems.
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Figure 15- The trend of changes of indicators obtained from solving the problems of a larger sample size.

107
15 2 25 3
Algorithms.
10°
1 15 2 25 3
Algorithms
10°
1 15 2 25 3
Algorithms

1705

MOBFV2
~

1.53

1525

1.52

MOBFV5

1515

1.51

04
038

=

Z036
034

032

NSGAll=1 MOPSO=2 MOGWO =3
< 10°

1 15 2 25
Algorithms

3

Algorithms

x10°
1 15 2 25 3

1 15 2 25 3

Algorithms

«10°

&
»
&
@

@
»
&
@

Algorithms

CPU-Time
» »
8 8

&
»
»
&
w

Sy 3l diges S Jsbwmo o 31 ookelamwads (Lo as Ui dulio -1 & i
Figure 16- Comparison of indicators obtained from solving the problems of the larger sample size.



sline B3l sl (S 13 a5 Jas s Sy 6ol 53 w305 olows Jo 3l odoliimsas mmls (S0355 @ 5 b
S Sle (gobslime oy g T-Test bl ggail 31 sycnlsl 358 amslis UK L = oSl el =W
3l edelowsas P-Value 5 T-Value jlis VY Jada .Sl ol oslinul (5,10l 13 L;La(,.g,jiil 594 93 e denslie sla 2Ll

Ar3 o L5 40% lirabs) el 55 1, T-Test bl oge

dlio g L g lobzo owyy o T-Test ‘5)Loi Qg.o)’i = -VY Jous
Table 12- The results of the T-Test statistical test in examining the significance of the
comparison indicators.
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Table 13- The total average of the indexes of effective answers and the weight of the
desirability of the TOPSIS method.
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