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Abstract: Focusing on the slow convergence and the poor unifermity 8f multi-objective differential evolution algorithms
when solving multi-objective optimization problems, a Multi-Objective*Differential Evolution algorithm with Improved Ranking-
based Mutation ( MODE-IRM) was proposed. The optimal individual involved in the mutation was used as the base vector,
which accelerated the resolving speed of the ranking-based mutation operator. In addition, a strategy of opposition-based
parameter was adopted to dynamically adjust thecvalieés of parameters in different optimization stages, so the convergence rate
was further accelerated. Finally, an improved €rowding distance calculation formula was introduced in the sort operation,
which improved the uniformity of solutions. Simulation experiments were conducted on the standard multi-objective
optimization problems including ZDTl — ZDT4, ZDT6 and DTLZ6 — DTLZ7. MODE-IRM’s overall performance was much
better than MODE-RMO and other three algorithms of the PlatEMO including MOEA/D-DE ( Multiobjective Evolutionary
RM-MEDA ( Regularity Model-based Multi-objective
Estimation of Distribution Algorithm) and IM-MOEA ( Inverse Modeling Multi-objective Evolutionary Algorithm) .
terms of the performance metrics including GD ( Generational Distance), IGD (Inverted Generational Distance) and SP
(Spacing), the mean and variance of MODE-IRM on all problems were significantly less than those of MODE-RMO. The

simulation results show that MODE-IRM has better performance in convergence and uniformity.
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Tab. 1 Test results of GD
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ZDT1 1.24E-03 1.09E-04 3.82E-03 3.40E-04 2.95E-03 2.18E-03 4.97E-02 3.30E-02 1.41E-01 9.68E-02
ZDT2 1.79E-03 1.54E-04 7.02E-03 8.54E-04 3.89E-03 2.60E-03 1.99E-01 1.14E-01 2.47E-01 2.09E-01
ZDT3 1.02E-03 1.34E-04 4.82E-03 5.77E-04 9.25E-03 9.56E-03 ~8.35E-02 9.32E-02 1.63E-01 1.50E-01
ZDT4 5.79E-03 6.31E-03 2.34E-01 3.16E-01 7.55E-02 6.23E-02,%1.34E+01 2.27E+00 4.06E-02 8.79E-02
ZDTe 1.11E-02 8.12E-04 2.71E-02 1.00E-02 3.40E-03 1.0RE-02 8.93E-01 3.76E-01 7.61E-01 1.07E-01
DTIZ6 2.01E-01 1.36E-02 4.31E-01 2.91E-02 8.24E-05~0MZ7/E-06 3.22E-01 3.12E-02 6.29E-01 1.79E-02
DTIZ7 9.37E-03 1.60E-03 2.22E-02 4.26E-03 6.54E=02-/6.23E-02 2.96E-02 9.46E-03 S5.55E-02 2.98E-02
R 2NIGD JUiR 5 R
Tabd 2 Test resulis of IGD
§ MODE-IRM MODE-RMO MOEA/D-DE RM-MEDA IM-MOEA
B B bR BiE FriEE Wil PR BiE hriEE B bR
ZDT1 1.34E-02 9.90E-04 3.66E-02 2.87E-03 2.91E-02 2.05E-02 4.86E-01 3.29E-01 1.79E-01 1.06E-02
ZDT2 1.87E-02 1.48E-03 6.69E-02 7.21E-03 3.32E-02 1.88E-02 8.99E-01 3.61E-01 2.86E-01 1.60E-02
ZDT3 1.35E-02 1.10E-03 5.02E-02 4.36E-03 8.41E-02 5.57E-02 8.35E-01 4.35E-01 1.70E-01 1.00E-02
ZDT4 5.90E-02 6.17E-02 1.57E-01 1.77E-01 3.55E-01 1.67E-01 1.98E+01 2.39E+00 6.25E-03 3.52E-04
ZDT6 1.07E-01 8.11E-03 2.24E-01 1.80E-02 3.10E-03 3.07E-05 6.56E-01 3.87E-01 2.22E+00 8.35E-02
DTLZ6 1.81E+00 1.21E-01 3.8E+00 2.62E-01 1.45E-02 4.14E-05 1.96E+00 3.78E-01 4.54E+00 1.51E-01
DTIZ7 1.02E-01 8.07E-03 1.75E-01 1.21E-02 2.34E-01 6.50E-02 3.68E-01 6.92E-02 3.41E-01 3.89E-02
3 SPALRLR
Tab. 3  Test results of SP
% MODE-IRM MODE-RMO MOEA/D-DE RM-MEDA IM-MOEA
. W TRz s FRHEZE BLofi! FRUER bofic FRUEZE W TRz

ZDT1 5.81E-03 7.18E-04 6.63E-03 8.62E-04
ZDT2 5.81E-03 7.90E-04 9.03E-03 1.30E-03
ZDT3 6.17E-03 8.33E-04 1.10E-02 1.28E-03
ZDT4 6.87E-03 9.46E-04 7.04E-01 1.07E +00
ZDT6 7.47E-03 1.03E-03 4.73E-02 1.11E-01
DTLZ6 1.52E-01 2.55E-02 2.80E-01 3.11E-02
DTLZ7 7.49E-02 9.74E-03 8.50E-02 2.10E -02

1.13E-02 1.48E-03
1.00E-02 4.77E-03
2.86E -02 9.40E -03 .21IE-02 1.68E-02 1.68E-02 7.21E-01
9.14E-02 1.49E -01 .90E+00 1.60E+00 3.34E-01 7.66E -01

1.24E-02 9.39E-03
5
1
1
3.59E-02 1.01E-01 3.97E-01 2.73E-01 1.51E-01 8.82E-02
2
5

.52E-02 9.18E-02

4.44E -01 3.96E -01
6.14E-01 7.24E-01

5.88E-02 1.27E-02 .47E-01 5.47E-02 4.47E-01 4.19E-02
7.26E -01 5.37E-01 .95E-02 7.85E-03 3.46E-01 9.88E-02
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