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Two-stage differential evolution algorithm using dynamic niche radius for
multimodal optimization
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Abstract: A two-stage differential evolution algorithm using dynamic niche radius is proposed for multimodal optimization,
in which a two-stage annealing schedule based on the idea of conformational space annealing is designed to adjust the niche
radius dynamically. Meanwhile, the optimization process is divided into two stages according to the annealing process.
Thus, at the first stage, a differential vector limited mutation is used to generate the high-quality individuals to keep the
population diversity, thereby facilitating multiple convergence. At the second stage, to enhance the convergence speed, a seed
neighborhood mutation strategy is used to exploit the niche highly. Experiment results show that, the proposed algorithm can

navigate from global exploration to local exploitation adaptively, which is an effective multimodal optimization algorithm.
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x2 BN RHAIELLE (Pr), T (R

[EaRA4 i DNTDE FERDE CDE TSC2 2pso r3pso r2pso-lhc r3pso-lhc
f1 1 10 ) 10 1) 0.97(1) 1) 0.93(1) 0.77(1)
fa 1 1(1) 1(1) 1(1) 1(1) 1(1) 0.96(1) 0.96(1) 0.96(1)
s 2 101) 1(1) 0.94(1) 0.60(1) 1(1) 0.93(1) 0.93(1) 0.98(1)
fa 2 10 10 11 0.95(1) 11 10 10 0.99(1)
fs 2 0.98(1) 0.99(1) 1(1) 0.13(0.61) 0.85(0.94) 0.84(1) 0.85(1) 0.84(1)
fe 10 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
fr 10 10 0(0) 0.27(1) 0(0) 0(0) 0(0) 0(0) 0(0)
fs 2 1(1) 1(1) 1(1) 0.76(1) 0.96(1) 0.60(1) 1(1) 1(1)
fo 2 1(1) 1(1) 1(1) 1(1) 0.88(1) 0.53(0.8) 0.92(1) 0.75(1)
F10 2 10 1 10 0.44(1) 036(0.4)  0.3004)  040(0.6)  0.4(0.6)

R3 BMABHOIEERBE (Pa), T3 (&)
R g DNTDE FERDE CDE TSC2 2pso r3pso r2pso-lhc r3pso-lThc
2.15e-10 6.64e-09 3.43e-08 8.29¢-06 5.33e-05 7.25e-06 8.91e-05 2.64e-04

f ! (4.87¢-10) (1.65e-09) (6.71e-09) (3.95e-08) (1.09¢-07) (5.26e-7) (4.79¢-7) (4.43e-07)

2.28e-06 1.40e-05 7.37e-05 4.83e-05 2.17e-04 3.87e-03 2.81e-03 5.25e-03

J2 ! (4.22¢-07) (8.03e-07) (5.40e-06) (1.90e-05) (1.01e-04) (2.65e-04) (3.74e-04) (3.61e-04)

4.91e-04 5.41e-05 2.93e-03 1.25e-02 4.60e-03 3.81e-04 2.18e-04 2.24e-04
fa 2 (8.63e-07) (1.87e-05) (2.40e-04) (7.74e-07) (5.54e-07) (8.21e-08) (8.43e-10) (4.01e-08)
4.37e-04 5.00e-06 6.21e-04 7.24e-03 2.03e-04 2.32e-05 6.24e-06 1.88e-05
Ja 2 (1.04e-04) (1.14e-06) (1.23e-04) (2.22e-05) (2.68e-09) (6.54e-08) (5.48e-09) (1.49¢-09)
9.06e-05 9.80e-02 1.21e-04 1.21e+01 1.11e+00 1.75e+00 9.07e-01 5.98e-01

fs 2 (144e-05)  (129e-02)  (175¢-05) (4.56e+00) (3.84e02)  (153e-03)  (2.65¢-03)  (5.24e-03)
6.53e+01 8.05e+01 1.26e+02 2.45e+02 4.80e+03 4.78e+03 4.53e+03 3.95e+03

fo 100 362e401)  (481e+01)  (624e+01)  (1.81e+02)  (6.26e+02)  (5.98¢402)  (5.85¢402)  (4.26e+02)
6.3%¢-04 1.85e-01 1.01e+01 82.70e+00 4.48e+03 3.39e+03 4.26e+03 3.66e+03

fr 10 643e05)  (103e-01)  (170e-03) (239e+01) (2.62e402) (1.77e402)  (5.39¢402)  (2.68¢+02)
5.10e-08 1.88e-03 5.42e-08 1.33e-02 5.43e-03 1.81e-02 2.90e-07 4.53e-07

fs 2 (550e-09)  (3.05¢.04) (6.57e-09) (153¢03) (219e-07) (2.01e08)  (9.59¢-09)  (6.82¢-09)
1.43e-05 3.70e-05 1.79e-05 8.04e-05 6.85e-02 4.41e-01 1.17e-01 6.46e-01

fo 2 (279e06)  (9.00e06) (343¢-06)  (5.80e:06) (223-03)  (872¢:03)  (1.80e-03)  (2.77e-03)
2.96e-05 9.01e-06 1.07e-05 2.36e-01 1.75e+00 2.84e+00 1.48e-01 1.75e+00

fro 2 (525¢06) (1.29e06) (1.85¢-06) (126e02) (432e-01) (537e02) (125¢-02)  (2.87e-02)
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R4S DNTDE FERDE CDE TSC2 2pso r3pso r2pso-lhc r3pso-lhc
8.36e-12 1.74e-10 6.26e-08 3.44e-07 1.43e-04 4.35e-05 7.07e-04 7.13e-03

f U (553e12)  Gi7ell)  (19e10)  (5.82¢-00)  (4.66e07)  (3.87e-07)  (238¢:06)  (2.55¢-06)

5.21e-11 2.75e-07 2.67e-07 3.77e-06 1.95e-04 3.88e-03 4.85e-03 5.22e-03
f2 U 328e12)  (251e08)  (489¢-08)  (5.06e-07)  (543¢05)  (6.12¢-05)  (2.62¢-04)  (9.11e-04)

1.62e-02 1.02e-02 6.41e-02 8.58e-02 4.57e-02 9.92e-02 7.10e-02 3.72e-02
fa 2 (15803)  (631e-03) (23502 (121e03) (1.13e03) (372e.04) (3.84e-04)  (2.89%-04)

3.45e-02 6.46e-04 4.06e-02 8.02e-02 7.32e-03 1.94e-02 1.55e-02 1.92e-02
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1.58e-02 2.54e-02 3.54e-02 1.17e+01 1.69e+00 3.59e+00 2.48e+00 3.24e+00

Is 2 (3.21e-02) (1.16e-02) (1.59e-04)  (6.55e+00)  (3.72¢-01) (2.84e-01) (1.87e-01) (2.5%-01)

3.07e+01 3.52e+01 4.23e+01 4.52e+01 1.00e+02 8.54e+01 7.23e+01 6.88e+01

Jo 10 (2.34e+01)  (2.94e+01)  (2.85e+01)  (3.29¢+01)  (5.23e+01)  (4.96e+01)  (4.57e+01)  (3.51e+01)

2.33e-02 1.26e+01 1.81e+00 8.83e+00 6.28e+01 5.44e+01 6.02e+01 5.68e+01

Ir 10 (8.02e-03)  (6.23e+00)  (4.10e-02)  (4.89¢+01)  (1.62e+01)  (1.33e+01)  (2.33e+01)  (1.63e+01)

2.77e-04 4.78e-03 2.81e-04 1.06e-01 5.38e-02 3.75e-01 2.67e-03 1.79e-03

Js 2 (1.02¢-04) (9.61e-04) (1.08e-04) (3.92¢-02) (5.47e-04) (1.88e-04) (1.29¢-04) (1.16e-04)

6.71e-03 6.98e-03 7.51e-03 1.48e-02 2.95e-01 1.66e+00 3.18e-01 1.14e+00

Jo 2 (3.40e-03) (3.76e-03) (3.49¢-03) (4.35e-03) (9.60e-02) (5.91e-01) (8.62e-02) (1.01e-01)

9.62¢-03 4.28e-03 5.74e-03 7.64e-01 2.07e+00 4.22e+00 2.52e+00 3.49e+00
f1o 2 (3.48e-03) (1.40e-03) (2.79¢-03) (1.84e-01)  (1.01e+00)  (1.70e+00)  (9.05e-01)  (1.20e+00)
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