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The detailed statistical information of the obtained results on the 30-D benchmark problems are provided in Table 1. This statistical information includes average, standard deviation, and Wilcoxon rank sum. For any test instance, the Wilcoxon test is performed using the set of achieved results in different runs. In tests, each peer approach is compared with CLA-BBPSO-R-A, and ‘+’ is used if CLA-BBPSO-R-A is better, ‘-‘ for the opposite case, and ‘=’ if the two compared algorithms are statistically indistinguishable. It should be noted that for the benchmarks f21, f26, and f28, the compared results having differences less than 1E-8 are truncated to a same value before Wilcoxon tests. Additionally, the convergence curves of the compared methods on a set of problems are provided in Fig. 1.

Table 1. Average Fitness, Standard Deviation and Wilcoxon rank-sum test on the Fitness for CEC2013 in
30D. The results are given in the mentioned order.
	f
	CLA-BBPSO-R-A
	CBBJ
	PBBPSO
	MCUPS
	DTT PSO
	CMA-ES
	HCLPSO
	EPSO

	f1
	0.00E+00
0.00E+00

	0.00E+00
0.00E+00
(=)
	0.00E+00
0.00E+00
(=)
	0.00E+00
0.00E+00
(=)
	0.00E+00
0.00E+00
(=)
	0.00E+00
0.00E+00
(=)
	0.00E+00
0.00E+00
(=)
	0.00E+00
0.00E+00
(=)

	f2
	4.33E+04
1.74E+04

	1.55E+06
7.81E+05
(+)3E-18
	1.76E+06
9.75E+05
(+)3E-18
	2.34E+06
1.37E+06
(+)3E-18
	1.65E+05
8.01E+04
(+)5E-18
	0.00E+00
0.00E+00
(-)2E-18
	8.78E+05
3.76E+05
(+)3E-18
	1.65E+05
7.98E+04
(+)9E-18

	f3
	4.90E+04
9.35E+04

	1.93E+09
2.71E+09
(+)3E-18
	4.41E+07
3.86E+07
(+)3E-18
	4.84E+08
4.88E+08
(+)3E-18
	5.39E+07
8.03E+07
(+)5E-18
	6.36E-02
2.38E-01
(-)3E-18
	4.04E+07
4.11E+07
(+)3E-18
	1.38E+08
2.71E+08
(+)3E-18

	f4
	4.58E+02
1.60E+02

	8.48E+04
2.35E+04
(+)3E-18
	7.97E+03
2.88E+03
(+)3E-18
	1.31E+02
6.60E+01
(-)2E-17
	1.98E+04
5.66E+03
(+)3E-18
	0.00E+00
0.00E+00
(-)2E-18
	2.08E+03
9.13E+02
(+)2E-17
	1.78E+02
1.09E+02
(-)3E-14

	f5
	0.00E+00
0.00E+00

	0.00E+00
0.00E+00
(=)
	0.00E+00
0.00E+00
(=)
	0.00E+00
0.00E+00
(=)
	0.00E+00
0.00E+00
(=)
	0.00E+00
0.00E+00
(=)
	0.00E+00
0.00E+00
(=)
	0.00E+00
0.00E+00
(=)

	f6
	1.55E-05
6.65E-05

	3.27E+01
2.95E+01
(+)3E-18
	3.15E+01
2.62E+01
(+)3E-18
	3.67E+01
2.73E+01
(+)3E-18
	1.15E+01
1.02E+01
(+)3E-18
	8.80E+00
1.27E+01
(+)7E-4
	1.58E+01
2.94E+00
(+)3E-18
	9.97E+00
5.70E+00
(+)4E-18

	f7
	1.14E+01
4.51E+00

	3.81E+02
7.17E+02
(+)3E-18
	4.20E+01
2.10E+01
(+)6E-18
	1.42E+02
3.92E+01
(+)3E-18
	5.21E+01
1.98E+01
(+)3E-17
	2.01E+01
1.34E+01
(+)6E-06
	2.08E+01
8.30E+00
(+)2E-09
	3.24E+01
1.52E+01
(+)1E-14

	f8
	2.09E+01
4.99E-02

	2.09E+01
6.95E-02
(=)8E-01
	2.09E+01
5.17E-02
(=)1E+00
	2.09E+01
4.58E-02
(=)1E+00
	2.09E+01
3.32E-02
(=)9E-01
	2.14E+01
8.84E-02
(+)3E-18
	2.09E+01
6.14E-02
(=)1E+00
	2.10E+01
5.18E-02
(=)6E-02

	f9
	1.82E+01
2.05E+00

	3.64E+01
3.65E+00
(+)3E-18
	2.69E+01
2.92E+00
(+)1E-17
	2.74E+01
3.57E+00
(+)2E-17
	1.85E+01
2.13E+00 (=)3E-01
	1.98E+01
3.63E+00
(+)5E-03
	1.96E+01
3.22E+00
(+)2E-02
	2.24E+01
2.82E+00
(+)8E-12

	f10
	2.80E-02
1.44E-02

	3.75E-01
1.68E-01
(+)3E-18
	1.51E-01
8.85E-02
(+)2E-17
	1.43E-01
8.29E-02
(+)7E-17
	1.90E-01
9.26E-02
(+)4E-18
	1.31E-02
8.85E-03
(-)1E-07
	2.36E-01
1.36E-01
(+)2E-17
	1.62E-01
8.63E-02
(+)7E-18

	f11
	3.17E+01
4.91E+00

	0.00E+00
0.00E+00
(-)1E-18
	4.30E+01
1.02E+01
(+)5E-10
	2.31E+01
7.01E+00
(-)4E-10
	3.36E+01
7.87E+00
(=)8E-01
	8.68E+01
2.30E+01
(+)3E-18
	0.00E+00
0.00E+00
(-)1E-18
	0.00E+00
0.00E+00
(-)1E-18

	f12
	2.68E+01
4.71E+00

	3.71E+02
1.05E+02
(+)3E-18
	1.22E+02
6.64E+01
(+)3E-18
	1.66E+02
5.22E+01
(+)3E-18
	3.76E+01
1.00E+01
(+)2E-10
	8.12E+01
2.87E+01
(+)3E-18
	5.49E+01
1.38E+01
(+)2E-16
	5.21E+01
1.58E+01
(+)4E-16

	f13
	6.08E+01
1.20E+01

	4.53E+02
9.12E+01
(+)3E-18
	1.69E+02
4.05E+01
(+)9E-18
	2.13E+02
4.49E+01
(+)3E-18
	1.05E+02
2.72E+01
(+)1E-15
	1.59E+02
5.62E+01
(+)3E-18
	1.24E+02
2.50E+01
(+)6E-18
	1.17E+02
3.11E+01
(+)1E-15

	f14
	2.78E+03
3.46E+02

	1.05E+00
1.16E+00
(-)3E-18
	8.94E+02
2.41E+02
(-)3E-18
	1.29E+03
2.94E+02
(-)3E-18
	1.54E+03
3.48E+02
(-)5E-18
	3.38E+03
5.87E+02
(+)2E-08
	1.60E+01
4.52E+01
(-)3E-18
	2.91E+01
1.02E+01
(-)3E-18

	f15
	2.77E+03
3.90E+02

	4.83E+03
8.76E+02
(+)7E-18
	7.18E+03
2.82E+02
(+)3E-18
	4.18E+03
5.46E+02
(+)2E-17
	2.80e+03
4.47e+02
(=)6E-01
	3.43E+03
7.19E+02
(+)3E-09
	3.45E+03
5.87E+02
(+)7E-10
	3.59E+03
5.64E+02
(+)2E-11

	f16
	2.37E+00
4.00E-01

	1.72E+00
6.39E-01
(-)1E-08
	2.47E+00
2.45E-01
(=)4E-01
	2.24E+00
3.45E-01
(-)2E-02
	2.47E+00
3.23E-01
(=)3E-01
	8.83E-01
1.29E+00
(-)9E-13
	1.25E+00
2.30E-01
(-)8E-16
	1.68E+00
4.00E-01
(-)5E-13

	f17
	5.36E+01
5.18E+00

	3.05E+01
2.20E-02
(-)3E-18
	7.66E+01
9.93E+00
(+)1E-17
	6.97E+01
8.98E+00
(+)8E-16
	4.82E+01
4.23E+00
(-)2E-07
	7.45E+01
2.78E+01
(+)3E-07
	3.08E+01
1.97E-01
(-)3E-18
	3.72E+01
3.45E+00
(-)4E-18

	f18
	6.33E+01
1.75E+01

	6.52E+02
1.51E+02
(+)3E-18
	2.28E+02
1.42E+01
(+)3E-18
	1.33E+02
4.45E+01
(+)2E-16
	1.83E+02
7.91E+00
(+)3E-18
	8.04E+01
2.47E+01
(+)1E-07
	8.19E+01
1.45E+01
(+)3E-09
	8.97E+01
4.06E+01
(+)3E-07

	f19
	1.64E+00
1.55E-01

	1.34E+00
5.65E-01
(-)2E-11
	3.97E+00
1.50E+00
(+)2E-16
	3.21E+00
1.21E+00
(+)4E-11
	3.18E+00
7.23E-01
(+)1E-16
	3.60E+00
1.18E+00
(+)2E-14
	1.37E+00
2.45E-01
(-)4E-09
	1.81E+00
3.50E-01
(+)7E-03

	f20
	1.01E+01
5.48E-01

	1.49E+01
1.72E-01
(+)1E-19
	1.21E+01
4.32E-01
(+)3E-18
	1.29E+01
8.15E-01
(+)3E-18
	1.11E+01
7.33E-01
(+)5E-12
	1.50E+01
0.00E+00
(+)1E-20
	1.10E+01
7.12E-01
(+)1E-09
	1.08E+01
1.18E+00
(+)5E-05

	f21
	2.59E+02
4.97E+01

	3.34E+02
8.73E+01
(+)3E-06
	3.41E+02
9.24E+01
(+)1E-07
	3.36E+02
9.43E+01
(+)3E-07
	3.27E+02
7.01E+01
(+)6E-08
	3.27E+02
1.04E+02
(+)9E-05
	2.51E+02
4.74E+01
(=)5E-01
	2.55E+02
5.56E+01
(=)3E-01

	f22
	2.60E+03
3.40E+02

	1.05E+02
6.42E+01
(-)3E-18
	1.05E+03
4.48E+02
(-)3E-17
	1.26E+03
3.38E+02
(-)4E-18
	1.50E+03
4.04E+02
(-)2E-17
	3.54E+03
7.04E+02
(+)1E-12
	1.03E+02
3.37E+01
(-)3E-18
	1.40E+02
4.14E+01
(-)3E-18

	f23
	2.85E+03
3.70E+02

	6.01E+03
1.08E+03
(+)3E-18
	7.06E+03
8.69E+02
(+)1E-17
	5.14E+03
1.00E+03
(+)8E-18
	2.80E+03
6.38E+02
(=)2E-01
	3.77E+03
7.63E+02
(+)3E-12
	3.82E+03
5.97E+02
(+)7E-13
	4.10E+03
7.84E+02
(+)1E-12

	f24
	2.20E+02
5.35E+00

	3.18E+02
1.14E+01
(+)3E-18
	2.56E+02
1.44E+01
(+)3E-18
	2.84E+02
8.04E+00
(+)3E-18
	2.48E+02
1.12E+01
(+)4E-18
	2.55E+02
1.61E+01
(+)1E-16
	2.31E+02
8.73E+00
(+)2E-06
	2.49E+02
1.26E+01
(+)4E-18

	f25
	2.64E+02
1.18E+01

	3.41E+02
1.18E+01
(+)3E-18
	2.85E+02
8.26E+00
(+)8E-17
	2.89E+02
1.16E+01
(+)3E-16
	2.72E+02
8.14E+00
(+)5E-05
	2.70E+02
9.13E+00
(+)4E-02
	2.71E+02
2.15E+01
(+)2E-03
	2.83E+02
1.15E+01
(+)1E-13

	f26
	2.00E+02
1.63E-03

	3.58E+02
7.44E+01
(+)3E-18
	2.15E+02
4.53E+01
(+)3E-18
	3.21E+02
8.06E+01
(+)3E-18
	3.15E+02
5.27E+01
(+)3E-18
	3.14E+02
5.34E+01
(+)2E-13
	2.00E+02
2.23E-02
(=)3E-01
	2.00E+02
7.75E-03
(=)2E-1

	f27
	5.48E+02
7.48E+01

	1.29E+03
9.20E+01
(+)3E-18
	8.76E+02
1.17E+02
(+)4E-18
	1.03E+03
9.69E+01
(+)3E-18
	6.78E+02
9.86E+01
(+)2E-11
	8.01E+02
9.48E+01
(+)8E-18
	5.92E+02
1.23E+02
(+)4E-03
	7.20E+02
2.00E+02
(+)7E-06

	f28
	3.00E+02
2.87E-13

	3.29E+03
1.20E+03
(+)5E-20
	2.93E+02
3.65E+01
(=)2E-01
	4.95E+02
5.74E+02
(=)2E-01
	3.31E+02
2.10E+02
(=)7E-01
	4.31E+02
3.84E+02
(=)2E-01
	3.00E+02
2.73E-13
(=)NaN
	2.96E+02
2.80E+01
(=)2E-01
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Fig. 1. Convergence curves of the compared methods on the 30D instances of f3, f6, f7, f9, f11, f13, f18, f20.

2. Supplementary material for section 6.3
The detailed statistical results of the compared methods on the 50 dimensional instances of the CEC2013 benchmarks are given in Table 2. 
 
Table 2. Statistical results on CEC2013 at 50D. Average, median, minimum, maximum, of error in 51 independent runs
	f
	CLA-BBPSO-R-A
	CBBJ
	PBBPSO
	MCUPS
	DTT PSO
	CMA-ES
	HCLPSO
	EPSO

	f1
	0.00E+00
0.00E+00
	0.00E+00
0.00E+00
	0.00E+00
0.00E+00
	0.00E+00
0.00E+00
	0.00E+00
0.00E+00
	0.00E+00
0.00E+00
	0.00E+00
0.00E+00
	0.00E+00
0.00E+00

	f2
	8.98E+04
2.83E+04
	2.39E+06
7.50E+05
	2.91E+06
1.03E+06
	5.21E+06
1.90E+06
	4.35E+05
1.27E+05
	0.00E+00
0.00E+00
	1.64E+06
5.40E+05
	5.80E+05
1.93E+05

	f3
	3.39E+06
6.12E+06
	5.64E+09
6.28E+09
	5.51E+08
6.36E+08
	1.81E+09
1.76E+09
	1.33E+08
1.52E+08
	3.68E+02
1.23E+03
	1.76E+08
1.81E+08
	3.02E+08
4.29E+08

	f4
	1.33E+02
7.20E+01
	1.18E+05
2.92E+04
	1.86E+04
6.22E+03
	1.18E+02
4.59E+01
	2.08E+04
5.27E+03
	0.00E+00
0.00E+00
	1.77E+03
6.44E+02
	8.71E+01
3.87E+01

	f5
	0.00E+00
0.00E+00
	0.00E+00
0.00E+00
	0.00E+00
0.00E+00
	0.00E+00
0.00E+00
	0.00E+00
0.00E+00
	0.00E+00
0.00E+00
	0.00E+00
0.00E+00
	0.00E+00
0.00E+00

	f6
	2.74E+01
1.85E+01
	5.33E+01
2.28E+01
	4.80E+01
1.35E+01
	6.25E+01
2.46E+01
	4.57E+01
1.27E+01
	4.28E+01
7.88E+00
	4.45E+01
8.22E-01
	4.34E+01
2.58E+00

	f7
	3.40E+01
9.28E+00
	5.58E+02
5.34E+02
	7.13E+01
1.36E+01
	1.16E+02
2.88E+01
	5.83E+01
1.05E+01
	4.19E+01
1.70E+01
	4.15E+01
1.16E+01
	5.18E+01
1.30E+01

	f8
	2.11E+01
3.72E-02
	2.11E+01
4.36E-02
	2.11E+01
3.53E-02
	2.11E+01
4.83E-02
	2.11E+01
4.04E-02
	2.15E+01
7.68E-02
	2.11E+01
3.46E-02
	2.11E+01
3.83E-02

	f9
	3.73E+01
5.15E+00
	6.94E+01
4.11E+00
	5.21E+01
6.71E+00
	5.34E+01
4.71E+00
	3.41E+01
3.16E+00
	7.15E+01
1.44E+02
	4.10E+01
6.52E+00
	4.57E+01
5.05E+00

	f10
	4.41E-02
3.53E-02
	3.92E-01
2.08E-01
	1.51E-01
6.51E-02
	2.71E-01
3.75E-01
	2.07E-01
1.01E-01
	2.79E-02
2.60E-02
	2.16E-01
1.09E-01
	1.80E-01
9.53E-02

	f11
	7.10E+01
1.42E+01
	3.50E-13
6.37E-14
	1.09E+02
2.09E+01
	5.75E+01
1.82E+01
	9.42E+01
1.79E+01
	1.75E+02
5.62E+01
	2.53E-13
7.57E-14
	1.87E-01
4.61E-01

	f12
	7.21E+01
1.40E+01
	8.30E+02
1.49E+02
	2.18E+02
1.26E+02
	2.61E+02
5.92E+01
	9.46E+01
1.46E+01
	1.74E+02
5.94E+01
	1.32E+02
2.23E+01
	1.28E+02
3.29E+01

	f13
	1.63E+02
2.26E+01
	1.01E+03
1.41E+02
	3.84E+02
6.38E+01
	3.65E+02
7.60E+01
	2.30E+02
3.66E+01
	3.38E+02
9.28E+01
	2.54E+02
5.16E+01
	2.66E+02
5.36E+01

	f14
	5.52E+03
6.62E+02
	2.90E+00
1.75E+00
	2.54E+03
5.29E+02
	2.33E+03
5.46E+02
	3.22E+03
6.23E+02
	6.43E+03
7.81E+02
	1.72E+01
4.50E+01
	5.06E+01
1.95E+01

	f15
	5.83E+03
6.81E+02
	9.20E+03
1.14E+03
	1.39E+04
2.70E+02
	8.32E+03
1.13E+03
	6.27E+03
2.27E+03
	6.59E+03
1.75E+03
	6.95E+03
7.65E+02
	7.03E+03
6.55E+02

	f16
	3.15E+00
3.27E-01
	2.30E+00
6.64E-01
	3.40E+00
2.62E-01
	3.05E+00
3.83E-01
	3.39E+00
2.63E-01
	1.13E+00
2.24E+00
	1.64E+00
2.86E-01
	1.98E+00
3.24E-01

	f17
	1.01E+02
8.00E+00
	5.08E+01
3.44E-02
	1.85E+02
2.38E+01
	1.49E+02
2.20E+01
	1.13E+02
1.32E+01
	1.86E+02
9.21E+01
	5.12E+01
1.78E-01
	7.15E+01
1.02E+01

	f18
	1.52E+02
9.94E+01
	1.72E+03
3.37E+02
	4.73E+02
1.97E+01
	3.06E+02
8.42E+01
	3.87E+02
1.71E+01
	1.84E+02
1.11E+02
	1.74E+02
3.93E+01
	1.57E+02
4.28E+01

	f19
	3.67E+00
6.77E-01
	2.03E+00
7.21E-01
	1.14E+01
2.57E+00
	6.35E+00
1.48E+00
	8.98E+00
1.98E+00
	6.36E+00
1.29E+00
	2.38E+00
3.39E-01
	3.74E+00
8.88E-01

	f20
	1.86E+01
6.17E-01
	2.47E+01
5.00E-01
	2.20E+01
3.85E-01
	2.25E+01
1.50E+00
	2.04E+01
7.37E-01
	2.50E+01
0.00E+00
	2.03E+01
9.44E-01
	1.98E+01
9.58E-01

	f21
	5.75E+02
3.98E+02
	8.63E+02
3.53E+02
	8.50E+02
3.81E+02
	8.23E+02
3.43E+02
	7.31E+02
3.74E+02
	7.75E+02
4.16E+02
	2.69E+02
1.58E+02
	2.81E+02
1.55E+02

	f22
	5.69E+03
5.68E+02
	9.88E+01
9.49E+01
	2.83E+03
5.89E+02
	2.42E+03
7.27E+02
	3.80E+03
1.11E+03
	6.58E+03
1.03E+03
	5.30E+01
5.59E+01
	1.17E+02
7.34E+01

	f23
	6.26E+03
7.33E+02
	1.17E+04
1.40E+03
	1.39E+04
6.06E+02
	9.99E+03
1.45E+03
	6.74E+03
7.72E+02
	7.07E+03
1.02E+03
	7.96E+03
8.57E+02
	8.66E+03
1.18E+03

	f24
	2.66E+02
1.23E+01
	4.22E+02
1.98E+01
	3.21E+02
1.38E+01
	3.56E+02
1.16E+01
	2.97E+02
1.20E+01
	2.92E+02
1.02E+01
	2.85E+02
1.43E+01
	3.15E+02
1.34E+01

	f25
	3.34E+02
1.24E+01
	4.77E+02
2.34E+01
	3.67E+02
1.62E+01
	3.75E+02
1.46E+01
	3.38E+02
1.07E+01
	3.32E+02
1.03E+01
	3.58E+02
1.67E+01
	3.76E+02
1.13E+01

	f26
	2.75E+02
9.40E+01
	4.60E+02
6.65E+01
	3.93E+02
7.76E+01
	4.22E+02
6.23E+01
	3.68E+02
5.80E+01
	3.64E+02
6.27E+01
	2.03E+02
2.63E+01
	2.00E+02
2.09E-02

	f27
	1.17E+03
1.32E+02
	2.24E+03
1.22E+02
	1.50E+03
1.61E+02
	1.74E+03
1.59E+02
	1.26E+03
1.18E+02
	1.28E+03
2.51E+02
	1.24E+03
2.08E+02
	1.44E+03
2.40E+02

	f28
	4.00E+02
2.15E-13
	4.02E+03
3.11E+03
	8.36E+02
1.13E+03
	1.80E+03
1.63E+03
	7.28E+02
1.00E+03
	1.61E+03
1.51E+03
	4.00E+02
6.98E-13
	4.00E+02
1.06E-12



image2.tif
DTTPSO
——PBBPSO

- - -MCUPS
----- CLA-BBPSO
- - ~CMAES o
HCLPSO \
- - -EPSO

log(f)

[ 2 25 5
FE <105




image3.tif
——cBBJ

s DTTPSO
——PBBPSO
MCUPS
CLA-BBPSO
-CMA-ES
"HCLPSO
EPSO





image4.tif
~ CLA-BBPSO
-CMAES

0 05 1 15 2 25 3
FE x10°




image5.tif
cBBJ
DTTPSO
~———PBBPSO

= = =MCUPS
CLA-BBPSO
- - -CMA-ES
HCLPSO

- - -EPSO





image6.tif
100

%

80

70

60

50

40

EY

20

10

cBBJ
DTTPSO
~———PBBPSO

= = =MCUPS
CLA-BBPSO
- - -CMA-ES
HCLPSO

- - =EPSO





image7.tif
500

450 cBBJ 4
DTTPSO
400 ——PBBPSO
350 - - ~MCUPS
' CLA-BBPSO

3004 - - ~CMAES
HCLPSO
- - =EPSO

250

200

150

100

0 05 1 15 2 25 3




image8.tif




image9.tif
16

~ CLA-BBPSO

-CMAES
CLPSO
-EPSO

10




image1.tiff
log(f)





