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Abstract

Purpose: Improving the quality of Pareto frontier in multi-objective optimization issues and prioritizing fronts resulting
from different approaches.

Methodology: This research solves the problems of multi-objective optimization inspired by the multi-objective
evolutionary algorithm based on analysis. Gaussian decomposition algorithm is implemented on a set of different test
functions. In order to evaluate the improvement of the front quality obtained from the percentage of relative deviation
of the quality criteria, the distance to the reference point and IGD have been used.

Findings: By approximating the Pareto frontiers, the test problems showed that the Gaussian decomposition approach
has the lowest relative deviation and has a higher quality compared to other similar evaluation criteria compared to other
expressed evaluation criteria. Also, due to some disadvantages of evaluation criteria to measure the performance of multi-
objective algorithms, a new evaluation criterion was introduced. Then, this evaluation criterion was applied to the
category of test problems, problems that have fronts with uniform distribution or fronts with multiple local optimal
points or non-uniform distribution, and the numerical results indicate the optimal performance of this new evaluation
criterion.

Originality/Value: The proposed Gaussian decomposition approach is a completely new approach in approximating
the Pareto front and prioritizing the different Patreto fronts, which has not been used in any article so far.
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Figure 1- Pareto frontier approximation of ZDT1 by using Algorithm 1 with the four decomposition
approaches.
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Table 2- Comparing the domination of different decomposition approaches regarding M, on ZDT1.
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Table 3- The RDP of different decomposition approaches regarding My, M3 on ZDT1 (in percent).
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Figure 2- Pareto frontier approximation of ZDT2 by using Algorithm 1 with the four decomposition
approaches.
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Table 4- Comparing the domination of different decomposition approaches regarding M, on ZDT2.
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Table 5- The RDP of different decomposition approaches regarding My, M3 on ZDT?2 (in percent).
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Figure 3- Pareto frontier approximation of ZDT3 by using Algorithm 1 with the four decomposition
approaches.
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Table 6- Comparing the domination of different decomposition approaches regarding M, on ZDT3.
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Table 7- The RDP of different decomposition approaches regarding M;, Mz on ZDT3 (in percent).
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Figure 4- Pareto frontier approximation of ZDT6 by using Algorithm 1 with the four decomposition
approache.
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Table 8- Comparing the domination of different decomposition approaches regarding M, on ZDT6.

Dy Dy, D,, D, 0,539, pb
= = = Dg,
= Dy, = Dx.
= Dy, = Dy
= = = D

BIP

(003 Cawe 1) ZDT6 alluo ;o M3 (M 6o jlro o Conds a joxi Lalieo (6o 559 RDP aslin -4 Jgu
Table 9- The RDP of different decomposition approaches regarding M, M; on ZDT6 (in percent).
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Table 11- Quality analysis of Pareto frontier of ZDT1 based on the proposed GEM.
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Table 13- Quality analysis of Pareto frontier of ZDT3 based on the proposed GEM.
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Figure 6- Pareto frontier approximation of ZDT2 by using Algorithm 1 with the four decomposition
approaches.

ZDT2 o 30 My jLzo 4y G 4 3585 Ceiizro 500 1Sgy (S duslio = VA Jgu
Table 18- Comparing the domination of different decomposition approaches regarding M, on ZDT2
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Table 19- The RDP of different decomposition approaches regarding M,, M3 on ZDT?2 (in percent)
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Table 20- Quality analysis of Pareto frontier of ZDT2 based on the proposed GEM.
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Figure 7- Pareto frontier approximation of ZDT3 by using Algorithm 1 with the four decomposition
approaches.
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Table 21- Comparing the domination of different decomposition approaches regarding M, on ZDT3.
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Table 22- The RDP of different decom position approaches regarding M,, M3 on ZDT3 (in percent.)
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Table 23- Quality analysis of Pareto frontier of ZDT3 based on the proposed GEM.
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Figure 8- Pareto frontier approximation of ZDT6 by using Algorithm 1 with the four decomposition
approaches.
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Table 24- Comparing the domination of different decomposition approaches regarding M, on ZDT6.

Dy Dy, Dy, Dg, 0,59, ol

Dy Dg, Dg, Dg,
Dy Dy, Dq, Dy,
Dy Dr. Dq, Dy,

Dy Dy Dyp Dy

(000 Caws 1) ZDT6 b 30 M3 (M (o)l o Coond a3 Calizio (5o 1509, RDP auslin -V Jgus
Table 25- The RDP of different decomposition approaches regarding M,, M; on ZDT6 (in percent).
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Table 26- Quality analysis of Pareto frontier of ZDT6 based on the proposed GEM.
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