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Abstract .

which gives rise to a challenging task for traditional optimization algorithms. This paper proposes a two-stage algorithm to

Multimodal optimization aims to search multiple optima ( global and/or local optima) simultaneously,

solve multimodal optimization problems. In the first stage, NCDE with neighborhood mutation strategy tries its best to find as
many approximate positions of optimal solutions as possible on the fitness landscape. After NCDE runs a certain number of
iterations, DMC method is employed to divide the entire population into multiple clusters, and then CMA-ES algorithm is
used to perform fine search on each cluster which is found by NCDE. Additionally, search point replenishment strategy is put
forward to balance cluster size and to increase search capability of our algorithm in the beginning of the running. Extensive
comparative experiments is made between our proposed approach and 9 state-of-the-art algorithms on two benchmark sets,
the results show that the new algorithm is effective and superior to the other algorithms on the majority of test functions.

Key words: crowding differential evolution;covariance matrix adaptation evolution strategy ; multimodal optimiza-
tion ; niching ; neighborhood mutation
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B4 CCDE | DMC-CMA | FERPSO | IPOP-CMA LIPS NBC-CMA NCDE NEA S-CMA TN-CMA | PNA-NSGA-II
Fi(1D) |0.980(8)~ | 1.000(1) [0.010(11) ~ | 1.000(1) = [0.060(10) ~ | 1.000(1) ~ | 0.920(9) ~ | 1.000(1) ~ | 1.000(1)~ | 1.000(1) 1.000(1)
Fo(1D) | 1.000(1)~ | 1.000(1) | 1.000(1)~ | 1.000(1)~ | 1.000(1)~ | 1.000(1)~ | 1.000(1)~ | 1.000(1) ~ | 1.000(1) ~ | 1.000(1) 1.000(1)
F5(1D) {1.000(1)~ | 1.000(1) | 1.000(1)~ |0.960(11)~ | 1.000(1)~ | 1.000(1) ~ | 1.000(1) ~ | 1.000(1) ~ | 1.000(1) ~ | 1.000(1) 1.000(1)
Fy(2D) | 1.000(1)~ | 1.000(1) | 1.000(1)~ | 1.000(1)~ | 1.000(1)~ | 1.000(1)~ | 1.000(1)~ | 1.000(1)~ | 1.000(1) ~ | 0.995(10) | 0.805(11)
F5(2D) 000(1)~ | 1.000(1) | 1.000(1)~ | 1.000(1)~ | 1.000(1)~ | 1.000(1)~ | 1.000(1)~ | 1.000(1)~ | 1.000(1)~ | 1.000(1) 1.000(1)
Fg(2D) | 1.000(1)= | 1.000(1) | 0.984(6) = | 0.856(8) = | 1.000(1) = | 1.000(1) =~ | 0.810(9) = | 0.964(7) = | 1.000(1) = | 0.299(10) | 0.000(11)
Fs(3D) | 1.000(1) * | 0.955(4) |0.213(10) ~ | 0.352(6) = | 0.823(5) ™ | 0.973(3) * | 0.998(2) * | 0.287(8) ~ | 0.352(6) ~ | 0.087(11) | 0.252(9)
F7(2D) 10.947(3) = | 1.000(1) |0.526(9) = [0.267(11) ~ | 0.648(8) ~ | L.0O00(1)~ | 0.935(4) ~ | 0.902(6) ~ | 0.915(5) ~ | 0.323(10) | 0.683(7)
F7(3D) 0.699(3) = | 1.000(1) | 0.180(9) = [0.082(11) ~ | 0.285(7) ~ | 0.886(2) = | 0.695(4) = | 0.549(5) = | 0.410(6) ~ | 0.107(10) | 0.276(8)
Fg(2D) | 1.000(1)= | 1.000(1) | 1.000(1)~ |0.948(11) = | 1.000(1)= | 1.000(1) = | 1.000(1) = | 1.000(1)= | 1.000(1) = | 0.998(10) 000(1)
Fo(2D) | 0.770(7) = | 1.000(1) |0.667(10) ~ | 0.700(8) ~ | 0.997(5)~ [ 1.000(1) = | 0.693(9) = | 1.000(1)~ | 1.000(1)~ | 0.893(6) | 0.663(11)
Fio(2D) ]0.427(9) = | 1.000(1) |0.705(6) ~ [0.412(10) ~ | 0.965(3) = | 0.995(2) = [0.147(11) ~ | 0.830(5) ~ | 0.902(4) ~ | 0.505(8) | 0.573(7)
F1(2D) 1 0.667(7) = | 0.993(1) |0.667(7) = [0.590(11) | 0.760(5) ~ | 0.993(1)~ | 0.667(7) ~ | 0.860(3) ~ | 0.853(4) ~ | 0.697(6) | 0.623(10)
Fiy(3D) [0.667(7) ~ | 0.890(1) |0.663(10) ~ | 0.667(7) = | 0.670(6) ~ | 0.840(2) ~ | 0.667(7) ~ | 0.830(3) ~ | 0.697(4) = | 0.683(5) | 0.610(11)
Fi1(5D) ] 0.667(4) = | 0.700(1) [0.440(10) ~ | 0.663(7) ~ | 0.633(9) ~ | 0.697(2) = | 0.667(4) ~ | 0.670(3) ~ | 0.667(4) ~ | 0.643(8) | 0.323(11)
Fy;(10D) |0.553(6) = | 0.667(1) [0.140(10) ~ | 0.493(8) =~ | 0.333(9) = | 0.667(1)~ | 0.530(7) = | 0.573(5) ~ | 0.663(4)~ | 0.667(1) | 0.093(11)
Fip(3D) 0.375(9) = | 0.750(1) |0.362(10) ~ | 0.502(7) ~ | 0.625(5) ~ [ 0.750(1)~ |0.360(11) ~ | 0.750(1)~ | 0.708(4) = | 0.565(6) | 0.443(8)
Fi2(5D) 10.255(8) = | 0.745(3) [0.095(11) ™| 0.545(6) ~ | 0.485(7) = | 0.750(1)~ | 0.250(9) ~ | 0.750(1) ~ | 0.555(4) = | 0.552(5) | 0.245(10)
Fip(10D) | 0.130(9) = | 0.550(1) |0.000(11) ~ | 0.333(5) ™ | 0.250(8) ~ | 0.515(2) ~ | 0.308(7) ~ | 0.313(6) ~ | 0.433(4) ~ | 0.497(3) | 0.010(10)
Fp(20D) | 0.138(7) ~ | 0.485(1) |0.000(9) ~ | 0.270(4) ~ | 0.003(8) ~ | 0.480(2)~ | 0.253(6) ~ | 0.255(5) ~ | 0.000(9) ~ | 0.323(3) 0.000(9)
il 94 25 144 135 101 28 111 65 66 116 149
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