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Abstract

Purpose: This study aims to develop a mathematical model for flexible job shop scheduling. The primary focus is
on optimizing three objectives: the makespan, the maximum machine workload, and the total workload. The
ultimate goal is to enhance productivity and flexibility in manufacturing systems.

Methodology: Two metaheuristic algorithms, NSGA-II and MOGWO, were used to solve the model. The model
was first validated on a small scale, and then a sensitivity analysis was conducted on larger instances. The

performance of the algorithms was compared based on accuracy and solution quality metrics.

Findings: The results indicate that MOGWO performs better on medium-sized problems, whereas in large-scale
cases, the difference between the two algorithms is not significant. The highest sensitivity was observed among the
objectives regarding production and maintenance costs. Additionally, a resource-allocation pattern and an optimal

sequence of operations were derived.

Originality/Value: The originality of this research lies in developing and applying a multi-objective mathematical
model for flexible job-shop scheduling that considers real-world constraints, including costs and resource
limitations. The simultaneous use and detailed comparison of NSGA-II and MOGWO across different problem
sizes is another contribution. Furthermore, the proposed operational pattern improves the applicability of the
results in industrial environments.
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Factory 1

Figure 1- Model schematic.
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Table 1- Dimensions of the problem.
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Figure 2- Increasing the value of the first objective function with increasing problem dimensions.
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Figure 3- Increasing the value of the second objective function with increasing problem dimensions.
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Figure 4- Increasing the value of the third objective function with increasing problem dimensions.
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Figure 5- Increase in computation time with increasing problem dimensions.
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Figure 6- Comparison of the exact method and meta-heuristic algorithms in terms of
generating Pareto points.
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Table 3- Comparison of the exact method and meta-heuristic algorithms in terms of four criteria.
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Figure 7- Comparison of the exact method and meta-heuristic algorithms in
terms of generating the dispersion criterion.
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Figure 8- Comparison of the exact method and meta-heuristic algorithms in terms of
distance to the ideal point.
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Figure 9- Comparison of the exact method and meta-heuristic algorithms in terms of
computation time.
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Figure 10- Comparison of the exact method and meta-heuristic algorithms in terms of

generating the dispersion criterion.
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Figure 11- Comparison of the exact method and meta-heuristic algorithms in terms of

distance to the ideal point.
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Figure 12- Comparison of the exact method and meta-heuristic algorithms in terms of

computation time.
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Figure 13- Comparison of meta-heuristic algorithms in terms of generating Pareto

points in large and medium-sized problems.
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Figure 14- Comparison of metaheuristic algorithms in terms of dispersion criterion in
large and medium problems.
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Figure 15- Comparison of metaheuristic algorithms in terms of distance to the ideal
point in large and medium problems.
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Figure 16- Comparison of metaheuristic algorithms in terms of computation time for large and
medium problems.
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Table 4- Comparison of the effect of different parameters on construction time.
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0.004464 0.006696 0.006696  0.004464  0.002232  0.006696  0.011161  10%
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Figure 17- Comparison of different effects on construction time.
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Table 5- Comparison of the effect of different parameters on maintenance costs.
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Figure 18- Comparison of the effect of different parameters on maintenance costs.
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Table 6- Comparison of the effect of different parameters on transportation costs.
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Figure 19- Comparison of the effect of different parameters on transportation costs.
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Table 7- Examining the effect of uncertainty on research objectives.
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Figure 20- Examining the effect of uncertainty on research objectives.
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