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	Type
	ID
	CEC2017 Function name
	Rang
	Dimension
	fmin

	Unimodal
	F1
	Shifted and Rotated Bent Cigar Function
	[-100,100]
	30/50/100
	100

	
	F2
	Shifted and Rotated Sum of Different Power Function
	[-100,100]
	30/50/100
	200

	
	F3
	Shifted and Rotated Zakharov Function
	[-100,100]
	30/50/100
	300

	Multimodal
	F4
	Shifted and Rotated Rosenbrock’s Function
	[-100,100]
	30/50/100
	400

	
	F5
	Shifted and Rotated Rastrigin’s Function
	[-100,100]
	30/50/100
	500

	
	F6
	Shifted and Rotated Expanded Scaffer’s F6 Function
	[-100,100]
	30/50/100
	600

	
	F7
	Shifted and Rotated Lunacek Bi_Rastrigin Function
	[-100,100]
	30/50/100
	700

	
	F8
	Shifted and Rotated Non-Continuous Rastrigin’s Function
	[-100,100]
	30/50/100
	800

	
	F9
	Shifted and Rotated Levy Function
	[-100,100]
	30/50/100
	900

	
	F10
	Shifted and Rotated Schwefel’s Function
	[-100,100]
	30/50/100
	1000

	Hybrid
	F11
	Hybrid Function 1 (N=3)
	[-100,100]
	30/50/100
	1100

	
	F12
	Hybrid Function 2 (N=3)
	[-100,100]
	30/50/100
	1200

	
	F13
	Hybrid Function 3 (N=3)
	[-100,100]
	30/50/100
	1300

	
	F14
	Hybrid Function 4 (N=4)
	[-100,100]
	30/50/100
	1400

	
	F15
	Hybrid Function 5 (N=4)
	[-100,100]
	30/50/100
	1500

	
	F16
	Hybrid Function 6 (N=4)
	[-100,100]
	30/50/100
	1600

	
	F17
	Hybrid Function 6 (N=5)
	[-100,100]
	30/50/100
	1700

	
	F18
	Hybrid Function 6 (N=5)
	[-100,100]
	30/50/100
	1800

	
	F19
	Hybrid Function 6 (N=5)
	[-100,100]
	30/50/100
	1900

	
	F20
	Hybrid Function 6 (N=6)
	[-100,100]
	30/50/100
	2000

	Composition
	F21
	Composition Function 1 (N=3)
	[-100,100]
	30/50/100
	2100

	
	F22
	Composition Function 2 (N=3)
	[-100,100]
	30/50/100
	2200

	
	F23
	Composition Function 3 (N=4)
	[-100,100]
	30/50/100
	2300

	
	F24
	Composition Function 4 (N=4)
	[-100,100]
	30/50/100
	2400

	
	F25
	Composition Function 5 (N=5)
	[-100,100]
	30/50/100
	2500

	
	F26
	Composition Function 6 (N=5)
	[-100,100]
	30/50/100
	2600

	
	F27
	Composition Function 7 (N=6)
	[-100,100]
	30/50/100
	2700

	
	F28
	Composition Function 8 (N=6)
	[-100,100]
	30/50/100
	2800

	
	F29
	Composition Function 9 (N=3)
	[-100,100]
	30/50/100
	2900

	
	F30
	Composition Function 10 (N=3)
	[-100,100]
	30/50/100
	3000


Table 2. The experimental results of 16 algorithms in CEC-2017 (Dim=30).
	Function
	
	LSHADE_cnEpSin
	LSHADE_SPACMA
	MadDE
	DE
	AVOA
	GWO
	WOA
	CPSOGSA
	SO
	GTO
	COA
	RIME
	GJO
	DBO
	NOA
	SBOA

	F1
	Ave
	9.87E+04
	9.10E+04
	9.67E+05
	2.68E+07
	4.56E+06
	3.39E+09
	4.83E+09
	1.00E+09
	1.02E+07
	1.69E+05
	7.04E+08
	4.30E+06
	1.37E+10
	1.94E+08
	8.31E+06
	1.79E+04

	
	Std
	1.40E+05
	1.68E+05
	6.24E+05
	7.35E+06
	1.29E+07
	2.33E+09
	1.67E+09
	9.13E+08
	8.75E+06
	2.06E+05
	9.16E+08
	1.67E+06
	4.64E+09
	1.36E+08
	5.47E+06
	1.18E+04

	F2
	Ave
	1.95E+22
	1.20E+18
	4.40E+22
	1.37E+28
	9.22E+25
	2.07E+32
	1.79E+35
	3.46E+37
	1.09E+27
	2.57E+24
	8.55E+25
	3.91E+17
	2.22E+34
	5.15E+33
	2.09E+20
	2.42E+17

	
	Std
	1.06E+23
	5.21E+18
	2.41E+23
	2.94E+28
	4.85E+26
	1.04E+33
	6.43E+35
	1.29E+38
	5.83E+27
	1.15E+25
	3.91E+26
	9.09E+17
	7.22E+34
	2.45E+34
	9.79E+20
	4.66E+17

	F3
	Ave
	2.89E+04
	5.99E+04
	8.45E+04
	1.30E+05
	5.54E+04
	6.29E+04
	2.46E+05
	1.65E+05
	7.20E+04
	1.60E+04
	1.24E+05
	4.99E+04
	6.13E+04
	9.24E+04
	3.02E+04
	2.56E+04

	
	Std
	2.01E+04
	5.59E+04
	1.09E+04
	2.37E+04
	8.27E+03
	1.22E+04
	6.20E+04
	5.32E+04
	7.93E+03
	6.20E+03
	3.15E+04
	1.42E+04
	1.01E+04
	2.54E+04
	7.37E+03
	7.87E+03

	F4
	Ave
	5.02E+02
	5.07E+02
	5.13E+02
	6.41E+02
	5.45E+02
	6.54E+02
	1.25E+03
	9.24E+02
	5.56E+02
	5.18E+02
	6.16E+02
	5.31E+02
	1.59E+03
	7.20E+02
	5.28E+02
	5.01E+02

	
	Std
	2.43E+01
	2.74E+01
	1.41E+01
	1.95E+01
	4.03E+01
	1.01E+02
	4.23E+02
	2.78E+02
	3.37E+01
	3.24E+01
	6.91E+01
	3.48E+01
	8.48E+02
	2.28E+02
	3.87E+01
	2.81E+01

	F5
	Ave
	5.70E+02
	5.79E+02
	6.78E+02
	6.91E+02
	7.35E+02
	6.19E+02
	8.71E+02
	8.17E+02
	5.97E+02
	6.96E+02
	7.63E+02
	6.08E+02
	7.18E+02
	7.74E+02
	7.45E+02
	5.61E+02

	
	Std
	2.43E+01
	2.25E+01
	1.72E+01
	1.47E+01
	4.67E+01
	2.92E+01
	5.03E+01
	4.54E+01
	1.54E+01
	4.34E+01
	4.72E+01
	3.29E+01
	3.67E+01
	6.99E+01
	4.60E+01
	1.97E+01

	F6
	Ave
	6.05E+02
	6.01E+02
	6.11E+02
	6.04E+02
	6.57E+02
	6.14E+02
	6.78E+02
	6.71E+02
	6.16E+02
	6.48E+02
	6.52E+02
	6.15E+02
	6.40E+02
	6.49E+02
	6.37E+02
	6.00E+02

	
	Std
	2.94E+00
	7.41E-01
	4.16E+00
	6.34E-01
	8.12E+00
	5.17E+00
	9.77E+00
	9.40E+00
	7.15E+00
	9.67E+00
	1.32E+01
	5.36E+00
	9.75E+00
	1.19E+01
	1.24E+01
	1.91E+00

	F7
	Ave
	8.43E+02
	8.38E+02
	9.71E+02
	9.46E+02
	1.18E+03
	9.17E+02
	1.31E+03
	1.61E+03
	9.04E+02
	1.10E+03
	1.22E+03
	8.65E+02
	1.07E+03
	1.03E+03
	9.88E+02
	8.19E+02

	
	Std
	2.88E+01
	3.69E+01
	3.17E+01
	1.60E+01
	8.64E+01
	5.62E+01
	8.40E+01
	2.23E+02
	3.62E+01
	7.88E+01
	1.18E+02
	3.90E+01
	6.77E+01
	7.17E+01
	7.21E+01
	3.43E+01

	F8
	Ave
	8.79E+02
	8.80E+02
	9.47E+02
	9.86E+02
	9.69E+02
	9.02E+02
	1.07E+03
	1.03E+03
	8.94E+02
	9.58E+02
	9.85E+02
	9.11E+02
	9.81E+02
	1.03E+03
	9.79E+02
	8.77E+02

	
	Std
	1.60E+01
	2.11E+01
	1.53E+01
	1.34E+01
	3.53E+01
	1.84E+01
	5.65E+01
	4.98E+01
	2.45E+01
	3.48E+01
	2.17E+01
	2.57E+01
	4.66E+01
	5.49E+01
	4.45E+01
	1.55E+01

	F9
	Ave
	1.43E+03
	1.24E+03
	3.54E+03
	3.43E+03
	5.28E+03
	2.53E+03
	1.23E+04
	7.99E+03
	2.35E+03
	4.47E+03
	7.84E+03
	2.70E+03
	5.40E+03
	7.51E+03
	4.80E+03
	1.54E+03

	
	Std
	3.60E+02
	2.94E+02
	8.75E+02
	4.38E+02
	8.24E+02
	8.31E+02
	4.02E+03
	1.39E+03
	7.21E+02
	8.57E+02
	1.94E+03
	1.53E+03
	1.23E+03
	2.49E+03
	1.75E+03
	4.45E+02

	F10
	Ave
	5.13E+03
	5.04E+03
	5.80E+03
	6.89E+03
	5.35E+03
	5.12E+03
	7.57E+03
	5.56E+03
	4.09E+03
	5.91E+03
	6.33E+03
	4.59E+03
	7.21E+03
	6.54E+03
	5.20E+03
	3.98E+03

	
	Std
	8.81E+02
	9.53E+02
	4.00E+02
	3.21E+02
	8.29E+02
	1.34E+03
	8.13E+02
	5.78E+02
	7.08E+02
	8.46E+02
	9.47E+02
	4.99E+02
	1.50E+03
	1.18E+03
	4.97E+02
	5.04E+02

	F11
	Ave
	1.31E+03
	1.26E+03
	1.33E+03
	2.35E+03
	1.31E+03
	2.99E+03
	1.02E+04
	1.72E+03
	1.46E+03
	1.26E+03
	1.78E+03
	1.34E+03
	3.85E+03
	2.10E+03
	1.32E+03
	1.21E+03

	
	Std
	6.38E+01
	4.54E+01
	3.95E+01
	7.89E+02
	1.19E+02
	1.37E+03
	5.89E+03
	5.61E+02
	1.31E+02
	5.61E+01
	7.70E+02
	5.99E+01
	1.84E+03
	9.73E+02
	5.82E+01
	4.50E+01

	F12
	Ave
	7.28E+05
	4.40E+05
	2.12E+06
	3.38E+07
	1.66E+07
	1.16E+08
	5.77E+08
	2.83E+07
	3.78E+06
	1.57E+06
	1.29E+07
	2.38E+07
	1.08E+09
	3.37E+07
	2.87E+06
	1.09E+06

	
	Std
	1.01E+06
	4.00E+05
	7.34E+05
	1.20E+07
	1.64E+07
	1.21E+08
	3.23E+08
	4.21E+07
	4.86E+06
	1.46E+06
	1.19E+07
	1.77E+07
	9.83E+08
	3.68E+07
	3.03E+06
	1.47E+06

	F13
	Ave
	2.44E+04
	1.73E+04
	8.51E+04
	6.37E+06
	1.37E+05
	1.79E+07
	1.34E+07
	5.32E+04
	3.96E+04
	2.29E+04
	1.52E+05
	1.81E+05
	1.48E+08
	3.36E+07
	1.45E+04
	3.39E+03

	
	Std
	1.72E+04
	1.02E+04
	5.60E+04
	2.04E+06
	7.27E+04
	5.37E+07
	1.09E+07
	2.74E+04
	2.44E+04
	2.03E+04
	1.11E+05
	2.33E+05
	1.67E+08
	9.75E+07
	1.67E+04
	2.48E+04

	F14
	Ave
	1.60E+03
	1.60E+03
	1.23E+05
	6.45E+05
	8.22E+05
	6.58E+05
	2.01E+06
	4.39E+05
	7.75E+04
	4.38E+03
	3.86E+05
	9.41E+04
	1.05E+06
	4.40E+05
	3.11E+03
	3.19E+03

	
	Std
	5.72E+01
	5.99E+01
	1.04E+05
	4.59E+05
	9.33E+05
	6.67E+05
	2.49E+06
	4.42E+05
	9.48E+04
	2.84E+03
	4.03E+05
	7.95E+04
	1.16E+06
	9.00E+05
	2.82E+03
	3.95E+04

	F15
	Ave
	3.15E+03
	3.28E+03
	7.23E+03
	1.67E+06
	4.22E+04
	2.13E+06
	7.40E+06
	2.94E+04
	1.44E+04
	9.21E+03
	3.81E+04
	1.94E+04
	7.66E+06
	7.53E+04
	9.74E+03
	2.31E+03

	
	Std
	1.60E+03
	2.99E+03
	3.44E+03
	1.09E+06
	2.43E+04
	7.42E+06
	1.33E+07
	1.44E+04
	1.19E+04
	9.34E+03
	3.84E+04
	1.33E+04
	1.18E+07
	1.03E+05
	1.02E+04
	1.10E+04

	F16
	Ave
	2.35E+03
	2.59E+03
	2.62E+03
	2.98E+03
	3.13E+03
	2.77E+03
	4.36E+03
	3.29E+03
	2.60E+03
	2.86E+03
	3.24E+03
	2.83E+03
	3.12E+03
	3.44E+03
	2.78E+03
	2.35E+03

	
	Std
	2.36E+02
	2.01E+02
	2.23E+02
	1.82E+02
	3.83E+02
	2.16E+02
	6.96E+02
	4.69E+02
	2.66E+02
	2.84E+02
	3.64E+02
	3.44E+02
	4.03E+02
	4.61E+02
	3.49E+02
	3.20E+02

	F17
	Ave
	1.95E+03
	2.02E+03
	2.01E+03
	2.17E+03
	2.63E+03
	2.06E+03
	2.78E+03
	2.69E+03
	2.23E+03
	2.27E+03
	2.34E+03
	2.21E+03
	2.32E+03
	2.68E+03
	2.51E+03
	1.80E+03

	
	Std
	1.22E+02
	1.57E+02
	1.20E+02
	1.30E+02
	2.25E+02
	1.63E+02
	2.55E+02
	2.79E+02
	1.75E+02
	2.72E+02
	2.26E+02
	2.12E+02
	2.25E+02
	2.73E+02
	2.57E+02
	1.59E+02

	F18
	Ave
	3.60E+04
	1.06E+05
	5.45E+05
	2.10E+06
	2.64E+06
	2.68E+06
	1.80E+07
	9.50E+05
	1.35E+06
	1.13E+05
	1.97E+06
	1.45E+06
	6.69E+06
	6.36E+06
	1.60E+05
	5.42E+05

	
	Std
	2.17E+04
	3.56E+05
	3.09E+05
	1.22E+06
	3.07E+06
	5.43E+06
	2.37E+07
	1.35E+06
	1.57E+06
	6.77E+04
	1.73E+06
	1.19E+06
	1.72E+07
	6.70E+06
	1.49E+05
	4.96E+05

	F19
	Ave
	3.70E+03
	2.20E+03
	1.51E+04
	1.25E+06
	1.01E+05
	3.15E+06
	2.29E+07
	4.25E+04
	1.66E+04
	9.40E+03
	4.17E+04
	1.86E+04
	1.75E+07
	1.71E+06
	7.46E+03
	2.08E+03

	
	Std
	8.22E+03
	1.64E+02
	2.26E+04
	5.59E+05
	1.16E+05
	7.35E+06
	2.04E+07
	5.71E+04
	1.19E+04
	7.48E+03
	4.76E+04
	1.54E+04
	3.85E+07
	3.27E+06
	6.17E+03
	1.38E+04

	F20
	Ave
	2.35E+03
	2.47E+03
	2.37E+03
	2.52E+03
	2.80E+03
	2.45E+03
	2.91E+03
	2.92E+03
	2.48E+03
	2.63E+03
	2.64E+03
	2.54E+03
	2.68E+03
	2.65E+03
	2.68E+03
	2.23E+03

	
	Std
	9.76E+01
	1.50E+02
	1.05E+02
	1.24E+02
	2.09E+02
	1.55E+02
	2.05E+02
	2.95E+02
	1.82E+02
	2.10E+02
	2.08E+02
	2.27E+02
	2.64E+02
	2.13E+02
	2.32E+02
	1.02E+02

	F21
	Ave
	2.38E+03
	2.38E+03
	2.45E+03
	2.48E+03
	2.53E+03
	2.41E+03
	2.64E+03
	2.58E+03
	2.40E+03
	2.44E+03
	2.46E+03
	2.41E+03
	2.49E+03
	2.55E+03
	2.51E+03
	2.37E+03

	
	Std
	2.06E+01
	2.08E+01
	1.92E+01
	1.97E+01
	4.74E+01
	2.80E+01
	5.85E+01
	6.43E+01
	2.10E+01
	4.02E+01
	4.79E+01
	2.96E+01
	3.86E+01
	4.46E+01
	5.53E+01
	1.51E+01

	F22
	Ave
	4.08E+03
	2.31E+03
	2.51E+03
	3.44E+03
	5.76E+03
	5.27E+03
	7.89E+03
	6.59E+03
	3.91E+03
	3.22E+03
	3.61E+03
	5.02E+03
	5.86E+03
	5.61E+03
	6.52E+03
	2.30E+03

	
	Std
	1.94E+03
	4.46E+00
	9.62E+02
	2.58E+02
	2.21E+03
	1.91E+03
	2.10E+03
	1.38E+03
	1.85E+03
	1.87E+03
	2.25E+03
	2.16E+03
	2.60E+03
	2.23E+03
	1.57E+03
	8.60E+02

	F23
	Ave
	2.75E+03
	2.73E+03
	2.83E+03
	2.84E+03
	2.96E+03
	2.80E+03
	3.19E+03
	3.12E+03
	2.81E+03
	2.88E+03
	2.88E+03
	2.80E+03
	2.91E+03
	3.01E+03
	2.90E+03
	2.72E+03

	
	Std
	2.50E+01
	2.58E+01
	2.95E+01
	9.13E+00
	9.58E+01
	5.57E+01
	1.13E+02
	1.67E+02
	4.67E+01
	6.41E+01
	6.31E+01
	4.12E+01
	6.11E+01
	9.43E+01
	1.12E+02
	2.31E+01

	F24
	Ave
	2.91E+03
	2.90E+03
	3.00E+03
	3.05E+03
	3.15E+03
	2.97E+03
	3.28E+03
	3.35E+03
	2.96E+03
	3.06E+03
	3.02E+03
	2.95E+03
	3.11E+03
	3.16E+03
	3.14E+03
	2.89E+03

	
	Std
	2.53E+01
	2.07E+01
	2.22E+01
	1.69E+01
	1.06E+02
	7.30E+01
	1.01E+02
	9.74E+01
	3.95E+01
	1.19E+02
	6.16E+01
	4.15E+01
	7.21E+01
	8.52E+01
	1.54E+02
	1.73E+01

	F25
	Ave
	2.90E+03
	2.90E+03
	2.93E+03
	2.98E+03
	2.95E+03
	3.03E+03
	3.21E+03
	3.02E+03
	2.94E+03
	2.91E+03
	2.97E+03
	2.92E+03
	3.27E+03
	3.02E+03
	2.92E+03
	2.90E+03

	
	Std
	1.28E+01
	1.43E+01
	1.56E+01
	1.59E+01
	3.16E+01
	7.97E+01
	7.87E+01
	7.71E+01
	3.21E+01
	1.58E+01
	3.42E+01
	3.03E+01
	2.29E+02
	1.30E+02
	2.03E+01
	2.16E+01

	F26
	Ave
	4.58E+03
	4.31E+03
	3.56E+03
	5.35E+03
	6.88E+03
	5.04E+03
	8.28E+03
	7.46E+03
	5.53E+03
	5.10E+03
	6.91E+03
	4.94E+03
	6.32E+03
	6.94E+03
	5.92E+03
	4.26E+03

	
	Std
	3.43E+02
	4.81E+02
	9.37E+02
	4.75E+02
	9.46E+02
	4.01E+02
	1.18E+03
	1.12E+03
	5.97E+02
	1.64E+03
	1.30E+03
	8.63E+02
	6.40E+02
	8.95E+02
	1.49E+03
	7.51E+02

	F27
	Ave
	3.24E+03
	3.23E+03
	3.25E+03
	3.27E+03
	3.30E+03
	3.27E+03
	3.51E+03
	3.56E+03
	3.30E+03
	3.33E+03
	3.30E+03
	3.25E+03
	3.36E+03
	3.34E+03
	3.29E+03
	3.22E+03

	
	Std
	2.26E+01
	1.67E+01
	1.13E+01
	7.78E+00
	6.02E+01
	2.99E+01
	1.32E+02
	1.67E+02
	4.12E+01
	8.07E+01
	4.59E+01
	1.85E+01
	6.42E+01
	8.21E+01
	6.75E+01
	1.26E+01

	F28
	Ave
	3.26E+03
	3.25E+03
	3.28E+03
	3.38E+03
	3.32E+03
	3.48E+03
	3.92E+03
	3.35E+03
	3.36E+03
	3.28E+03
	3.36E+03
	3.28E+03
	3.85E+03
	3.74E+03
	3.27E+03
	3.25E+03

	
	Std
	2.44E+01
	3.24E+01
	2.55E+01
	2.55E+01
	2.30E+01
	8.78E+01
	2.58E+02
	6.33E+01
	4.53E+01
	3.16E+01
	4.62E+01
	3.00E+01
	3.40E+02
	9.15E+02
	1.78E+01
	2.97E+01

	F29
	Ave
	3.67E+03
	3.65E+03
	3.89E+03
	4.03E+03
	4.42E+03
	3.97E+03
	5.24E+03
	4.65E+03
	4.11E+03
	4.39E+03
	4.17E+03
	4.10E+03
	4.33E+03
	4.48E+03
	4.09E+03
	3.63E+03

	
	Std
	1.35E+02
	1.30E+02
	1.14E+02
	1.33E+02
	3.11E+02
	2.45E+02
	5.90E+02
	3.58E+02
	1.93E+02
	4.52E+02
	3.07E+02
	2.05E+02
	3.77E+02
	3.43E+02
	3.02E+02
	1.78E+02

	F30
	Ave
	3.02E+04
	2.20E+04
	3.40E+05
	1.52E+06
	1.75E+06
	1.38E+07
	6.19E+07
	6.47E+05
	2.88E+05
	2.35E+04
	1.14E+06
	6.15E+05
	4.32E+07
	4.63E+06
	2.61E+04
	1.20E+04

	
	Std
	2.37E+04
	1.19E+04
	1.69E+05
	7.64E+05
	1.28E+06
	9.88E+06
	5.31E+07
	6.16E+05
	3.23E+05
	1.64E+04
	9.77E+05
	3.40E+05
	4.33E+07
	9.50E+06
	1.57E+04
	1.07E+05

	(W|T|L)
	
	(24 |1 |5)
	(24 |0 |6)
	(29 |0 |1)
	(30 |0 |0)
	(30 |0 |0)
	(30 |0 |0)
	(30 |0 |0)
	(30 |0 |0)
	(30 |0 |0)
	(28 |0 |2)
	(30 |0 |0)
	(30 |0 |0)
	(30 |0 |0)
	(30 |0 |0)
	(28 |0 |2)
	


[bookmark: _Ref143077773]Table 3. The experimental results of 16 algorithms in CEC-2017 (Dim=50).
	Function
	
	LSHADE_cnEpSin
	LSHADE_SPACMA
	MadDE
	DE
	AVOA
	GWO
	WOA
	CPSOGSA
	SO
	GTO
	COA
	RIME
	GJO
	DBO
	NOA
	SBOA

	F1
	Ave
	7.63E+07
	6.86E+07
	7.54E+08
	2.10E+09
	3.17E+08
	1.09E+10
	2.06E+10
	7.73E+09
	7.62E+08
	1.94E+08
	1.05E+10
	4.31E+07
	3.82E+10
	6.41E+09
	5.45E+08
	3.82E+07

	
	Std
	5.04E+07
	4.96E+07
	3.57E+08
	3.25E+08
	4.35E+08
	4.24E+09
	4.75E+09
	4.18E+09
	4.60E+08
	1.78E+08
	5.73E+09
	1.31E+07
	8.55E+09
	9.48E+09
	2.85E+08
	8.80E+07

	F2
	Ave
	1.00E+30
	1.00E+30
	1.00E+30
	8.51E+58
	5.74E+55
	2.73E+62
	1.24E+82
	6.83E+71
	2.28E+56
	4.81E+54
	2.57E+60
	2.03E+42
	8.87E+62
	4.55E+69
	7.88E+47
	1.83E+33

	
	Std
	1.43E+14
	1.43E+14
	1.43E+14
	1.60E+59
	3.07E+56
	1.50E+63
	5.98E+82
	3.21E+72
	1.23E+57
	2.63E+55
	1.41E+61
	1.10E+43
	2.51E+63
	2.49E+70
	3.79E+48
	2.41E+41

	F3
	Ave
	1.26E+05
	1.67E+05
	1.88E+05
	2.91E+05
	1.85E+05
	1.61E+05
	3.07E+05
	3.55E+05
	1.69E+05
	7.54E+04
	3.32E+05
	2.15E+05
	1.41E+05
	2.68E+05
	1.42E+05
	1.03E+05

	
	Std
	5.90E+04
	8.51E+04
	2.36E+04
	3.40E+04
	3.92E+04
	2.68E+04
	1.06E+05
	7.48E+04
	1.81E+04
	1.56E+04
	4.93E+04
	4.09E+04
	1.87E+04
	7.46E+04
	3.70E+04
	2.12E+04

	F4
	Ave
	6.55E+02
	6.77E+02
	7.94E+02
	1.33E+03
	7.99E+02
	1.62E+03
	4.20E+03
	3.68E+03
	8.76E+02
	7.45E+02
	2.00E+03
	7.10E+02
	5.04E+03
	1.49E+03
	7.87E+02
	6.39E+02

	
	Std
	6.79E+01
	6.38E+01
	8.43E+01
	1.24E+02
	7.52E+01
	5.18E+02
	1.28E+03
	2.15E+03
	1.49E+02
	1.02E+02
	7.99E+02
	7.30E+01
	1.95E+03
	1.20E+03
	9.48E+01
	6.93E+01

	F5
	Ave
	7.28E+02
	7.26E+02
	9.08E+02
	9.41E+02
	8.64E+02
	7.94E+02
	1.14E+03
	1.04E+03
	7.10E+02
	8.47E+02
	8.92E+02
	7.58E+02
	9.39E+02
	9.72E+02
	9.02E+02
	7.15E+02

	
	Std
	3.54E+01
	3.51E+01
	2.41E+01
	1.93E+01
	3.87E+01
	6.37E+01
	8.39E+01
	8.76E+01
	2.37E+01
	3.94E+01
	3.17E+01
	4.76E+01
	6.95E+01
	1.09E+02
	6.75E+01
	3.89E+01

	F6
	Ave
	6.19E+02
	6.07E+02
	6.37E+02
	6.17E+02
	6.63E+02
	6.25E+02
	6.96E+02
	6.76E+02
	6.29E+02
	6.59E+02
	6.68E+02
	6.30E+02
	6.56E+02
	6.66E+02
	6.60E+02
	6.12E+02

	
	Std
	5.33E+00
	2.13E+00
	4.68E+00
	1.68E+00
	6.07E+00
	4.65E+00
	1.34E+01
	6.14E+00
	7.27E+00
	7.10E+00
	4.69E+00
	6.20E+00
	9.67E+00
	1.16E+01
	1.11E+01
	4.91E+00

	F7
	Ave
	1.12E+03
	1.09E+03
	1.37E+03
	1.29E+03
	1.66E+03
	1.17E+03
	1.94E+03
	2.81E+03
	1.19E+03
	1.52E+03
	1.76E+03
	1.12E+03
	1.43E+03
	1.40E+03
	1.41E+03
	1.11E+03

	
	Std
	5.75E+01
	5.71E+01
	5.45E+01
	2.99E+01
	1.09E+02
	1.06E+02
	1.22E+02
	3.12E+02
	6.43E+01
	9.67E+01
	8.63E+01
	7.09E+01
	9.36E+01
	1.69E+02
	1.21E+02
	7.55E+01

	F8
	Ave
	1.03E+03
	1.02E+03
	1.22E+03
	1.24E+03
	1.17E+03
	1.05E+03
	1.44E+03
	1.26E+03
	1.02E+03
	1.13E+03
	1.24E+03
	1.06E+03
	1.23E+03
	1.28E+03
	1.19E+03
	1.01E+03

	
	Std
	4.24E+01
	4.01E+01
	2.30E+01
	2.14E+01
	5.00E+01
	3.56E+01
	7.31E+01
	6.16E+01
	2.36E+01
	5.37E+01
	2.51E+01
	4.84E+01
	6.50E+01
	1.06E+02
	5.99E+01
	3.91E+01

	F9
	Ave
	6.72E+03
	4.98E+03
	1.84E+04
	1.72E+04
	1.38E+04
	1.20E+04
	3.87E+04
	1.97E+04
	6.82E+03
	1.22E+04
	3.17E+04
	1.14E+04
	2.38E+04
	2.94E+04
	1.60E+04
	1.84E+03

	
	Std
	2.99E+03
	2.43E+03
	2.33E+03
	2.15E+03
	1.70E+03
	5.37E+03
	7.93E+03
	3.19E+03
	2.62E+03
	1.65E+03
	4.73E+03
	4.06E+03
	4.70E+03
	7.94E+03
	3.69E+03
	2.36E+03

	F10
	Ave
	9.56E+03
	8.99E+03
	1.11E+04
	1.28E+04
	8.98E+03
	8.40E+03
	1.35E+04
	8.25E+03
	9.81E+03
	9.61E+03
	1.37E+04
	8.06E+03
	1.12E+04
	1.18E+04
	8.70E+03
	7.33E+03

	
	Std
	1.83E+03
	6.84E+02
	4.58E+02
	4.71E+02
	1.13E+03
	1.92E+03
	9.63E+02
	9.22E+02
	2.78E+03
	1.77E+03
	8.02E+02
	9.93E+02
	2.20E+03
	2.33E+03
	9.74E+02
	7.75E+02

	F11
	Ave
	1.59E+03
	2.70E+03
	3.62E+03
	9.04E+03
	2.02E+03
	6.93E+03
	8.87E+03
	9.49E+03
	3.27E+03
	1.47E+03
	6.08E+03
	1.77E+03
	1.03E+04
	5.20E+03
	1.69E+03
	1.45E+03

	
	Std
	1.93E+02
	2.85E+03
	7.25E+02
	2.57E+03
	5.43E+02
	2.79E+03
	2.05E+03
	5.16E+03
	1.09E+03
	8.87E+01
	2.88E+03
	1.51E+02
	2.78E+03
	4.40E+03
	1.52E+02
	1.28E+02

	F12
	Ave
	1.56E+07
	1.30E+07
	3.18E+07
	5.80E+08
	1.05E+08
	1.61E+09
	4.32E+09
	1.48E+09
	5.56E+07
	2.45E+07
	4.12E+08
	1.90E+08
	9.82E+09
	8.57E+08
	6.61E+07
	1.23E+07

	
	Std
	1.06E+07
	8.84E+06
	1.70E+07
	1.44E+08
	6.48E+07
	1.86E+09
	1.44E+09
	1.26E+09
	4.86E+07
	3.01E+07
	6.85E+08
	9.78E+07
	5.08E+09
	5.25E+08
	4.11E+07
	1.16E+07

	F13
	Ave
	4.07E+04
	2.32E+04
	1.39E+05
	3.26E+07
	2.31E+05
	2.09E+08
	4.86E+08
	6.65E+07
	3.22E+05
	3.42E+04
	2.55E+06
	4.73E+05
	2.87E+09
	1.30E+08
	5.40E+04
	1.48E+04

	
	Std
	1.80E+04
	1.13E+04
	1.81E+05
	1.47E+07
	3.19E+05
	1.62E+08
	2.85E+08
	1.35E+08
	3.02E+05
	1.86E+04
	4.37E+06
	2.20E+05
	3.44E+09
	2.02E+08
	2.92E+04
	1.32E+04

	F14
	Ave
	2.32E+04
	1.81E+04
	1.23E+06
	3.67E+06
	2.79E+06
	1.35E+06
	6.19E+06
	2.02E+06
	7.08E+05
	1.23E+05
	1.65E+06
	7.73E+05
	2.16E+06
	3.01E+06
	7.32E+04
	2.10E+05

	
	Std
	3.25E+04
	1.77E+04
	8.55E+05
	1.81E+06
	1.72E+06
	2.33E+06
	5.58E+06
	1.99E+06
	7.19E+05
	9.86E+04
	2.08E+06
	4.61E+05
	2.36E+06
	3.55E+06
	4.70E+04
	1.35E+05

	F15
	Ave
	1.18E+04
	8.59E+03
	4.68E+04
	5.77E+06
	6.18E+04
	1.98E+07
	5.69E+07
	5.79E+04
	3.56E+04
	1.80E+04
	8.92E+04
	1.04E+05
	2.58E+08
	2.13E+07
	1.42E+04
	1.06E+04

	
	Std
	6.30E+03
	5.95E+03
	3.87E+04
	3.67E+06
	3.83E+04
	2.37E+07
	8.44E+07
	2.56E+04
	2.63E+04
	9.04E+03
	4.27E+04
	5.16E+04
	4.17E+08
	6.63E+07
	7.69E+03
	8.18E+03

	F16
	Ave
	3.16E+03
	3.43E+03
	3.53E+03
	4.56E+03
	4.27E+03
	3.35E+03
	6.42E+03
	4.30E+03
	3.34E+03
	3.79E+03
	3.94E+03
	3.58E+03
	4.24E+03
	4.87E+03
	3.73E+03
	2.95E+03

	
	Std
	3.83E+02
	3.92E+02
	3.31E+02
	3.01E+02
	4.79E+02
	5.62E+02
	6.95E+02
	5.92E+02
	3.91E+02
	6.16E+02
	6.33E+02
	5.01E+02
	6.43E+02
	6.51E+02
	3.66E+02
	4.38E+02

	F17
	Ave
	2.97E+03
	3.26E+03
	3.12E+03
	3.60E+03
	3.91E+03
	3.21E+03
	4.48E+03
	3.74E+03
	3.27E+03
	3.43E+03
	3.47E+03
	3.44E+03
	3.68E+03
	4.25E+03
	3.38E+03
	2.71E+03

	
	Std
	3.24E+02
	2.41E+02
	1.28E+02
	2.29E+02
	3.65E+02
	5.03E+02
	5.53E+02
	5.02E+02
	2.84E+02
	4.38E+02
	4.26E+02
	2.84E+02
	5.32E+02
	5.02E+02
	3.41E+02
	2.66E+02

	F18
	Ave
	2.10E+05
	2.06E+05
	5.89E+06
	1.46E+07
	5.89E+06
	1.03E+07
	4.98E+07
	3.47E+06
	4.75E+06
	8.72E+05
	9.49E+06
	5.62E+06
	1.74E+07
	1.01E+07
	8.93E+05
	2.28E+06

	
	Std
	1.64E+05
	1.37E+05
	4.35E+06
	7.13E+06
	5.78E+06
	9.40E+06
	3.37E+07
	3.02E+06
	3.99E+06
	7.36E+05
	9.26E+06
	3.88E+06
	1.86E+07
	9.63E+06
	5.61E+05
	1.94E+06

	F19
	Ave
	2.23E+04
	1.77E+04
	3.62E+04
	1.24E+06
	3.63E+05
	5.88E+06
	2.54E+07
	5.45E+05
	9.46E+04
	1.66E+04
	4.63E+05
	3.38E+05
	2.59E+08
	6.46E+06
	1.67E+04
	1.82E+04

	
	Std
	1.86E+04
	1.09E+04
	1.24E+04
	8.63E+05
	3.75E+05
	1.21E+07
	2.39E+07
	7.76E+05
	1.12E+05
	1.16E+04
	8.33E+05
	2.85E+05
	3.80E+08
	7.61E+06
	1.23E+04
	1.38E+04

	F20
	Ave
	3.06E+03
	3.48E+03
	3.17E+03
	3.50E+03
	3.49E+03
	3.35E+03
	3.82E+03
	3.55E+03
	3.22E+03
	3.33E+03
	3.74E+03
	3.29E+03
	3.61E+03
	3.80E+03
	3.35E+03
	2.89E+03

	
	Std
	2.76E+02
	2.66E+02
	2.33E+02
	1.90E+02
	3.65E+02
	5.03E+02
	2.91E+02
	3.46E+02
	3.24E+02
	2.87E+02
	2.40E+02
	2.97E+02
	4.10E+02
	3.57E+02
	3.69E+02
	3.54E+02

	F21
	Ave
	2.53E+03
	2.52E+03
	2.69E+03
	2.74E+03
	2.81E+03
	2.57E+03
	3.09E+03
	2.96E+03
	2.51E+03
	2.64E+03
	2.70E+03
	2.57E+03
	2.74E+03
	2.88E+03
	2.79E+03
	2.48E+03

	
	Std
	3.60E+01
	2.95E+01
	2.91E+01
	1.97E+01
	8.45E+01
	7.51E+01
	1.14E+02
	1.18E+02
	3.99E+01
	5.68E+01
	8.11E+01
	5.08E+01
	7.94E+01
	1.03E+02
	1.11E+02
	4.11E+01

	F22
	Ave
	1.09E+04
	1.03E+04
	1.30E+04
	1.36E+04
	1.07E+04
	1.01E+04
	1.47E+04
	1.07E+04
	1.13E+04
	1.13E+04
	1.36E+04
	9.66E+03
	1.35E+04
	1.33E+04
	1.08E+04
	7.66E+03

	
	Std
	2.23E+03
	3.32E+03
	1.00E+03
	2.36E+03
	9.46E+02
	1.98E+03
	1.05E+03
	7.98E+02
	2.26E+03
	1.75E+03
	2.54E+03
	9.34E+02
	2.31E+03
	2.28E+03
	8.72E+02
	3.07E+03

	F23
	Ave
	3.03E+03
	3.01E+03
	3.18E+03
	3.18E+03
	3.43E+03
	3.06E+03
	3.89E+03
	3.62E+03
	3.09E+03
	3.29E+03
	3.32E+03
	3.07E+03
	3.36E+03
	3.59E+03
	3.42E+03
	2.94E+03

	
	Std
	6.10E+01
	3.55E+01
	3.29E+01
	2.64E+01
	1.44E+02
	8.50E+01
	1.60E+02
	1.27E+02
	6.33E+01
	1.35E+02
	1.26E+02
	7.04E+01
	1.00E+02
	1.77E+02
	2.01E+02
	5.82E+01

	F24
	Ave
	3.16E+03
	3.17E+03
	3.35E+03
	3.41E+03
	3.64E+03
	3.21E+03
	3.92E+03
	3.97E+03
	3.23E+03
	3.39E+03
	3.39E+03
	3.18E+03
	3.50E+03
	3.75E+03
	3.58E+03
	3.10E+03

	
	Std
	4.29E+01
	5.71E+01
	4.71E+01
	2.45E+01
	1.44E+02
	1.10E+02
	1.78E+02
	1.34E+02
	6.74E+01
	1.48E+02
	1.02E+02
	7.01E+01
	8.20E+01
	1.83E+02
	2.62E+02
	5.04E+01

	F25
	Ave
	3.14E+03
	3.15E+03
	3.37E+03
	3.74E+03
	3.27E+03
	4.08E+03
	5.24E+03
	4.47E+03
	3.36E+03
	3.22E+03
	3.98E+03
	3.14E+03
	6.00E+03
	3.57E+03
	3.26E+03
	3.10E+03

	
	Std
	4.83E+01
	6.02E+01
	8.99E+01
	1.08E+02
	6.37E+01
	4.45E+02
	6.69E+02
	7.02E+02
	1.33E+02
	5.70E+01
	4.26E+02
	3.97E+01
	7.79E+02
	6.46E+02
	6.30E+01
	4.37E+01

	F26
	Ave
	6.67E+03
	6.21E+03
	7.04E+03
	8.42E+03
	1.07E+04
	7.04E+03
	1.54E+04
	1.26E+04
	7.94E+03
	9.81E+03
	1.19E+04
	6.91E+03
	1.02E+04
	1.06E+04
	1.04E+04
	6.04E+03

	
	Std
	6.77E+02
	6.03E+02
	2.27E+03
	2.44E+02
	1.91E+03
	6.38E+02
	1.58E+03
	1.48E+03
	8.08E+02
	2.18E+03
	1.91E+03
	6.85E+02
	9.77E+02
	1.41E+03
	1.82E+03
	1.42E+03

	F27
	Ave
	3.57E+03
	3.55E+03
	3.71E+03
	3.88E+03
	3.90E+03
	3.74E+03
	5.03E+03
	4.79E+03
	3.81E+03
	3.94E+03
	3.86E+03
	3.62E+03
	4.14E+03
	3.90E+03
	3.76E+03
	3.38E+03

	
	Std
	1.02E+02
	1.24E+02
	7.85E+01
	5.90E+01
	1.98E+02
	1.16E+02
	7.48E+02
	5.14E+02
	1.31E+02
	2.92E+02
	2.11E+02
	9.98E+01
	2.14E+02
	2.39E+02
	2.12E+02
	6.97E+01

	F28
	Ave
	3.47E+03
	3.50E+03
	3.80E+03
	4.49E+03
	3.93E+03
	4.86E+03
	6.24E+03
	4.37E+03
	4.21E+03
	3.66E+03
	4.47E+03
	3.41E+03
	6.26E+03
	6.09E+03
	3.69E+03
	3.46E+03

	
	Std
	5.79E+01
	8.77E+01
	1.05E+02
	2.42E+02
	1.92E+02
	4.38E+02
	5.64E+02
	4.40E+02
	4.49E+02
	1.24E+02
	3.32E+02
	5.10E+01
	8.19E+02
	2.14E+03
	1.22E+02
	5.66E+01

	F29
	Ave
	4.47E+03
	4.27E+03
	5.04E+03
	5.26E+03
	5.53E+03
	4.90E+03
	9.25E+03
	7.06E+03
	5.01E+03
	5.45E+03
	5.65E+03
	5.26E+03
	6.27E+03
	6.17E+03
	5.35E+03
	4.26E+03

	
	Std
	3.11E+02
	3.04E+02
	2.38E+02
	2.32E+02
	6.79E+02
	4.12E+02
	1.50E+03
	1.18E+03
	3.46E+02
	8.76E+02
	6.36E+02
	3.21E+02
	7.17E+02
	6.00E+02
	3.81E+02
	4.03E+02

	F30
	Ave
	6.36E+06
	3.37E+06
	2.36E+07
	4.53E+07
	2.97E+07
	1.67E+08
	3.32E+08
	1.43E+08
	1.59E+07
	2.45E+06
	3.44E+07
	6.15E+07
	4.69E+08
	3.81E+07
	4.61E+06
	1.22E+06

	
	Std
	2.82E+06
	1.46E+06
	7.17E+06
	1.17E+07
	1.51E+07
	7.52E+07
	1.18E+08
	4.44E+07
	6.77E+06
	9.62E+05
	1.98E+07
	2.25E+07
	2.70E+08
	3.37E+07
	1.72E+06
	3.54E+05

	(W|T|L)
	
	(25 |2 |3)
	(23 |1 |6)
	(29 |0 |1)
	(29 |1 |0)
	(30 |0 |0)
	(30 |0 |0)
	(30 |0 |0)
	(30 |0 |0)
	(29 |1 |0)
	(26 |0 |4)
	(30 |0 |0)
	(29 |0 |1)
	(30 |0 |0)
	(30 |0 |0)
	(27 |0 |3)
	


[bookmark: _Ref143077775]Table 4. The experimental results of 16 algorithms in CEC-2017 (Dim=100).
	Function
	
	LSHADE_cnEpSin
	LSHADE_SPACMA
	MadDE
	DE
	AVOA
	GWO
	WOA
	CPSOGSA
	SO
	GTO
	COA
	RIME
	GJO
	DBO
	NOA
	SBOA

	F1
	Ave
	7.28E+09
	9.19E+09
	4.52E+10
	4.25E+10
	1.18E+10
	5.57E+10
	1.07E+11
	7.33E+10
	1.44E+10
	1.84E+10
	7.14E+10
	9.45E+08
	1.37E+11
	1.11E+11
	1.75E+10
	1.22E+10

	
	Std
	2.02E+09
	2.87E+09
	8.15E+09
	3.95E+09
	3.83E+09
	9.88E+09
	1.02E+10
	2.15E+10
	3.23E+09
	9.52E+09
	1.00E+10
	2.57E+08
	1.13E+10
	8.01E+10
	3.45E+09
	7.25E+09

	F2
	Ave
	1.00E+30
	1.00E+30
	1.00E+30
	2.72E+146
	6.94E+139
	1.33E+131
	3.32E+182
	5.64E+168
	3.61E+136
	5.16E+148
	5.59E+146
	9.83E+120
	5.83E+150
	6.83E+160
	9.57E+130
	9.29E+115

	
	Std
	1.43E+14
	1.43E+14
	1.43E+14
	1.40E+147
	1.97E+140
	4.03E+131
	NaN
	NaN
	1.77E+137
	2.82E+149
	3.06E+147
	4.08E+121
	3.19E+151
	NaN
	3.63E+131
	5.08E+116

	F3
	Ave
	3.93E+05
	4.18E+05
	4.83E+05
	7.09E+05
	4.41E+05
	5.44E+05
	9.04E+05
	7.93E+05
	3.72E+05
	2.53E+05
	7.63E+05
	7.07E+05
	4.00E+05
	6.20E+05
	3.74E+05
	3.37E+05

	
	Std
	8.13E+04
	1.37E+05
	4.79E+04
	4.42E+04
	1.68E+05
	8.13E+04
	1.02E+05
	6.48E+04
	2.63E+04
	2.05E+04
	1.02E+05
	1.23E+05
	5.65E+04
	2.31E+05
	7.99E+04
	1.95E+04

	F4
	Ave
	1.76E+03
	1.88E+03
	4.77E+03
	8.34E+03
	2.53E+03
	6.04E+03
	2.02E+04
	1.71E+04
	2.97E+03
	2.61E+03
	9.47E+03
	1.25E+03
	2.11E+04
	1.72E+04
	2.79E+03
	1.21E+03

	
	Std
	3.29E+02
	4.59E+02
	8.99E+02
	8.32E+02
	3.93E+02
	1.76E+03
	3.22E+03
	5.88E+03
	6.00E+02
	6.03E+02
	3.34E+03
	1.16E+02
	4.91E+03
	1.43E+04
	4.25E+02
	3.46E+02

	F5
	Ave
	1.30E+03
	1.28E+03
	1.68E+03
	1.75E+03
	1.41E+03
	1.23E+03
	1.98E+03
	1.82E+03
	1.18E+03
	1.39E+03
	1.52E+03
	1.32E+03
	1.58E+03
	1.79E+03
	1.63E+03
	1.10E+03

	
	Std
	1.10E+02
	8.49E+01
	4.31E+01
	3.49E+01
	7.82E+01
	8.43E+01
	1.18E+02
	1.26E+02
	6.42E+01
	5.40E+01
	5.49E+01
	9.46E+01
	1.06E+02
	1.83E+02
	1.16E+02
	7.18E+01

	F6
	Ave
	6.42E+02
	6.28E+02
	6.71E+02
	6.48E+02
	6.68E+02
	6.47E+02
	7.09E+02
	6.87E+02
	6.47E+02
	6.67E+02
	6.75E+02
	6.56E+02
	6.72E+02
	6.80E+02
	6.79E+02
	6.41E+02

	
	Std
	7.16E+00
	3.27E+00
	4.35E+00
	2.00E+00
	3.74E+00
	4.79E+00
	1.15E+01
	6.22E+00
	4.17E+00
	3.99E+00
	3.32E+00
	6.15E+00
	4.24E+00
	8.60E+00
	5.47E+00
	6.26E+00

	F7
	Ave
	2.54E+03
	2.23E+03
	3.05E+03
	2.87E+03
	3.20E+03
	2.20E+03
	3.83E+03
	6.88E+03
	2.24E+03
	3.08E+03
	3.42E+03
	2.16E+03
	3.02E+03
	3.03E+03
	3.21E+03
	2.39E+03

	
	Std
	2.43E+02
	2.41E+02
	1.27E+02
	9.33E+01
	1.60E+02
	1.66E+02
	1.95E+02
	5.20E+02
	1.20E+02
	1.68E+02
	1.06E+02
	1.97E+02
	1.93E+02
	3.00E+02
	2.28E+02
	1.51E+02

	F8
	Ave
	1.60E+03
	1.61E+03
	2.07E+03
	2.05E+03
	1.83E+03
	1.56E+03
	2.37E+03
	2.15E+03
	1.51E+03
	1.82E+03
	2.03E+03
	1.61E+03
	1.94E+03
	2.20E+03
	2.02E+03
	1.49E+03

	
	Std
	9.74E+01
	1.13E+02
	5.16E+01
	4.53E+01
	9.28E+01
	6.92E+01
	1.26E+02
	1.07E+02
	7.22E+01
	6.05E+01
	6.82E+01
	7.35E+01
	8.29E+01
	2.04E+02
	1.07E+02
	7.89E+01

	F9
	Ave
	3.10E+04
	3.37E+04
	5.88E+04
	8.05E+04
	3.05E+04
	4.43E+04
	7.74E+04
	4.76E+04
	2.77E+04
	2.89E+04
	5.08E+04
	4.73E+04
	6.15E+04
	7.66E+04
	4.17E+04
	2.73E+04

	
	Std
	7.51E+03
	9.36E+03
	4.96E+03
	8.88E+03
	3.88E+03
	1.28E+04
	1.74E+04
	5.25E+03
	5.86E+03
	2.44E+03
	1.12E+04
	1.67E+04
	1.11E+04
	1.05E+04
	5.42E+03
	3.08E+03

	F10
	Ave
	2.33E+04
	2.42E+04
	2.70E+04
	3.02E+04
	1.80E+04
	2.09E+04
	2.94E+04
	1.76E+04
	3.02E+04
	1.90E+04
	2.54E+04
	1.93E+04
	2.70E+04
	2.80E+04
	2.09E+04
	1.59E+04

	
	Std
	2.25E+03
	3.32E+03
	8.53E+02
	6.51E+02
	1.46E+03
	5.88E+03
	1.44E+03
	1.51E+03
	2.89E+03
	3.16E+03
	3.58E+03
	1.38E+03
	5.11E+03
	4.89E+03
	1.72E+03
	1.75E+03

	F11
	Ave
	5.00E+04
	5.95E+04
	1.06E+05
	1.27E+05
	1.04E+05
	9.21E+04
	2.91E+05
	2.17E+05
	1.40E+05
	3.40E+04
	3.49E+05
	4.22E+04
	1.04E+05
	2.32E+05
	7.16E+04
	2.28E+04

	
	Std
	3.42E+04
	4.03E+04
	1.34E+04
	1.68E+04
	2.81E+04
	2.43E+04
	1.16E+05
	5.60E+04
	2.51E+04
	9.99E+03
	7.93E+04
	1.71E+04
	1.89E+04
	6.52E+04
	2.71E+04
	9.14E+03

	F12
	Ave
	7.33E+08
	9.49E+08
	2.77E+09
	7.87E+09
	1.11E+09
	1.03E+10
	2.95E+10
	1.55E+10
	1.82E+09
	7.72E+08
	1.34E+10
	1.23E+09
	5.09E+10
	7.25E+09
	1.59E+09
	3.49E+08

	
	Std
	3.26E+08
	4.36E+08
	1.22E+09
	9.34E+08
	5.11E+08
	4.91E+09
	5.54E+09
	6.80E+09
	6.82E+08
	2.89E+08
	7.28E+09
	5.13E+08
	1.50E+10
	1.82E+09
	4.73E+08
	3.60E+08

	F13
	Ave
	2.57E+05
	7.50E+05
	1.51E+07
	8.87E+07
	5.47E+05
	1.61E+09
	2.92E+09
	8.84E+08
	2.94E+06
	1.83E+05
	9.96E+08
	2.32E+06
	8.62E+09
	2.74E+08
	9.20E+06
	5.68E+04

	
	Std
	1.00E+06
	1.11E+06
	1.83E+07
	3.01E+07
	1.83E+06
	1.64E+09
	1.21E+09
	8.83E+08
	2.19E+06
	1.96E+05
	1.53E+09
	1.03E+06
	3.08E+09
	2.02E+08
	2.11E+07
	1.02E+06

	F14
	Ave
	5.81E+05
	8.58E+05
	7.97E+06
	2.91E+07
	8.83E+06
	9.78E+06
	2.23E+07
	6.51E+06
	7.25E+06
	1.29E+06
	1.21E+07
	6.72E+06
	1.61E+07
	1.63E+07
	1.50E+06
	3.07E+06

	
	Std
	3.55E+05
	4.74E+05
	1.86E+06
	6.60E+06
	3.34E+06
	4.56E+06
	9.20E+06
	2.97E+06
	4.33E+06
	7.09E+05
	7.04E+06
	3.29E+06
	6.56E+06
	1.14E+07
	9.39E+05
	1.50E+06

	F15
	Ave
	5.69E+04
	2.70E+04
	1.01E+05
	1.97E+07
	1.04E+05
	3.58E+08
	5.09E+08
	2.21E+07
	5.33E+05
	2.96E+04
	4.76E+07
	4.57E+05
	3.19E+09
	6.64E+07
	1.19E+05
	7.78E+03

	
	Std
	2.02E+04
	1.23E+04
	9.05E+04
	8.92E+06
	1.96E+05
	5.50E+08
	2.06E+08
	3.94E+07
	5.39E+05
	1.93E+04
	2.28E+08
	2.68E+05
	2.91E+09
	9.90E+07
	8.46E+04
	3.98E+03

	F16
	Ave
	6.83E+03
	7.29E+03
	9.55E+03
	1.12E+04
	8.17E+03
	6.77E+03
	1.75E+04
	8.61E+03
	7.15E+03
	6.90E+03
	9.48E+03
	7.56E+03
	9.57E+03
	9.33E+03
	7.63E+03
	5.70E+03

	
	Std
	9.36E+02
	8.84E+02
	7.56E+02
	4.70E+02
	9.45E+02
	8.00E+02
	2.92E+03
	6.93E+02
	1.29E+03
	6.79E+02
	1.84E+03
	7.76E+02
	7.57E+02
	1.49E+03
	7.51E+02
	8.62E+02

	F17
	Ave
	5.21E+03
	5.67E+03
	6.09E+03
	7.95E+03
	6.32E+03
	5.60E+03
	3.20E+04
	7.09E+03
	5.73E+03
	6.13E+03
	7.40E+03
	6.03E+03
	1.87E+04
	9.58E+03
	5.78E+03
	4.97E+03

	
	Std
	5.22E+02
	7.85E+02
	3.82E+02
	4.19E+02
	6.92E+02
	5.51E+02
	2.80E+04
	8.40E+02
	4.76E+02
	7.47E+02
	1.51E+03
	6.27E+02
	1.64E+04
	1.79E+03
	5.92E+02
	6.07E+02

	F18
	Ave
	1.08E+06
	9.47E+05
	7.14E+06
	4.23E+07
	7.40E+06
	1.06E+07
	1.90E+07
	7.84E+06
	1.12E+07
	2.11E+06
	9.22E+06
	9.86E+06
	2.05E+07
	2.08E+07
	2.03E+06
	2.84E+06

	
	Std
	6.87E+05
	3.64E+05
	1.85E+06
	1.24E+07
	3.82E+06
	6.15E+06
	1.12E+07
	3.93E+06
	4.51E+06
	9.95E+05
	7.11E+06
	4.94E+06
	1.12E+07
	1.44E+07
	7.04E+05
	2.59E+06

	F19
	Ave
	3.72E+05
	1.70E+05
	2.50E+05
	2.91E+07
	2.84E+06
	2.04E+08
	5.06E+08
	6.81E+07
	2.75E+06
	1.29E+05
	2.75E+07
	1.64E+07
	2.54E+09
	9.37E+07
	1.11E+06
	6.72E+03

	
	Std
	2.71E+05
	2.54E+05
	1.35E+05
	1.50E+07
	2.08E+06
	2.29E+08
	1.93E+08
	1.31E+08
	1.77E+06
	1.46E+05
	4.54E+07
	1.33E+07
	1.72E+09
	9.68E+07
	9.40E+05
	4.24E+03

	F20
	Ave
	6.12E+03
	6.68E+03
	6.25E+03
	6.91E+03
	6.11E+03
	5.46E+03
	7.14E+03
	6.10E+03
	7.32E+03
	5.44E+03
	7.08E+03
	5.87E+03
	6.27E+03
	7.06E+03
	6.13E+03
	4.89E+03

	
	Std
	7.27E+02
	3.72E+02
	3.82E+02
	3.54E+02
	6.60E+02
	1.10E+03
	5.98E+02
	6.19E+02
	3.02E+02
	6.34E+02
	4.10E+02
	4.75E+02
	9.58E+02
	6.99E+02
	5.13E+02
	5.07E+02

	F21
	Ave
	3.15E+03
	3.13E+03
	3.49E+03
	3.59E+03
	3.67E+03
	3.15E+03
	4.46E+03
	4.23E+03
	3.09E+03
	3.46E+03
	3.76E+03
	3.17E+03
	3.57E+03
	4.02E+03
	3.73E+03
	2.99E+03

	
	Std
	1.20E+02
	1.13E+02
	8.85E+01
	3.89E+01
	1.96E+02
	1.74E+02
	2.02E+02
	2.10E+02
	7.29E+01
	1.67E+02
	1.68E+02
	1.13E+02
	1.23E+02
	1.93E+02
	2.82E+02
	7.55E+01

	F22
	Ave
	2.62E+04
	2.61E+04
	3.00E+04
	3.27E+04
	2.21E+04
	2.16E+04
	3.22E+04
	1.96E+04
	3.23E+04
	2.32E+04
	3.01E+04
	2.19E+04
	2.78E+04
	2.94E+04
	2.34E+04
	1.98E+04

	
	Std
	2.78E+03
	2.79E+03
	8.01E+02
	4.04E+02
	1.64E+03
	3.11E+03
	1.35E+03
	1.63E+03
	2.36E+03
	2.91E+03
	2.62E+03
	1.50E+03
	4.20E+03
	4.52E+03
	2.07E+03
	3.43E+03

	F23
	Ave
	3.80E+03
	3.64E+03
	3.98E+03
	3.99E+03
	4.43E+03
	3.75E+03
	5.32E+03
	5.19E+03
	3.74E+03
	4.19E+03
	4.26E+03
	3.75E+03
	4.45E+03
	4.81E+03
	4.16E+03
	3.39E+03

	
	Std
	1.37E+02
	6.84E+01
	8.71E+01
	3.57E+01
	3.38E+02
	6.94E+01
	2.24E+02
	3.65E+02
	1.04E+02
	2.03E+02
	1.64E+02
	1.41E+02
	1.44E+02
	2.65E+02
	3.31E+02
	7.97E+01

	F24
	Ave
	4.56E+03
	4.45E+03
	4.65E+03
	4.67E+03
	5.35E+03
	4.47E+03
	6.87E+03
	6.68E+03
	4.79E+03
	5.23E+03
	5.33E+03
	4.22E+03
	5.98E+03
	6.05E+03
	4.80E+03
	4.07E+03

	
	Std
	1.86E+02
	1.83E+02
	1.13E+02
	6.18E+01
	2.50E+02
	1.49E+02
	4.14E+02
	4.23E+02
	1.91E+02
	5.52E+02
	4.54E+02
	1.68E+02
	2.44E+02
	5.32E+02
	2.06E+02
	1.56E+02

	F25
	Ave
	4.35E+03
	4.36E+03
	6.61E+03
	1.10E+04
	4.93E+03
	7.23E+03
	1.08E+04
	1.06E+04
	5.55E+03
	4.73E+03
	8.17E+03
	3.99E+03
	1.28E+04
	7.83E+03
	5.04E+03
	4.04E+03

	
	Std
	2.70E+02
	2.51E+02
	6.35E+02
	7.68E+02
	4.33E+02
	8.41E+02
	1.23E+03
	2.06E+03
	4.43E+02
	3.84E+02
	1.16E+03
	1.54E+02
	1.90E+03
	3.53E+03
	3.69E+02
	4.09E+02

	F26
	Ave
	1.78E+04
	1.78E+04
	2.51E+04
	1.99E+04
	2.73E+04
	1.73E+04
	3.84E+04
	3.37E+04
	1.94E+04
	2.60E+04
	3.17E+04
	1.59E+04
	2.81E+04
	2.61E+04
	2.51E+04
	1.45E+04

	
	Std
	1.54E+03
	2.33E+03
	2.06E+03
	5.55E+02
	2.55E+03
	1.79E+03
	3.44E+03
	2.73E+03
	1.84E+03
	4.11E+03
	3.18E+03
	1.95E+03
	2.38E+03
	3.20E+03
	4.63E+03
	3.52E+03

	F27
	Ave
	4.19E+03
	3.96E+03
	4.38E+03
	5.02E+03
	4.38E+03
	4.27E+03
	6.33E+03
	6.43E+03
	4.35E+03
	4.37E+03
	4.47E+03
	4.02E+03
	5.84E+03
	4.75E+03
	4.26E+03
	3.71E+03

	
	Std
	2.18E+02
	1.94E+02
	1.27E+02
	1.49E+02
	3.12E+02
	1.77E+02
	8.42E+02
	8.75E+02
	1.63E+02
	3.84E+02
	3.27E+02
	1.68E+02
	4.62E+02
	5.08E+02
	2.81E+02
	1.05E+02

	F28
	Ave
	5.51E+03
	5.75E+03
	8.73E+03
	1.40E+04
	6.15E+03
	1.04E+04
	1.44E+04
	1.01E+04
	1.02E+04
	5.37E+03
	1.09E+04
	4.24E+03
	1.60E+04
	1.85E+04
	6.19E+03
	4.85E+03

	
	Std
	8.03E+02
	9.62E+02
	8.39E+02
	1.05E+03
	7.30E+02
	1.92E+03
	8.96E+02
	1.80E+03
	1.48E+03
	5.43E+02
	1.33E+03
	3.08E+02
	1.61E+03
	6.07E+03
	6.78E+02
	5.10E+02

	F29
	Ave
	8.27E+03
	8.13E+03
	1.08E+04
	1.10E+04
	9.86E+03
	9.44E+03
	2.13E+04
	1.38E+04
	9.29E+03
	8.95E+03
	1.18E+04
	9.57E+03
	1.77E+04
	1.20E+04
	1.00E+04
	7.26E+03

	
	Std
	7.68E+02
	5.50E+02
	4.70E+02
	4.50E+02
	9.11E+02
	8.51E+02
	5.36E+03
	2.06E+03
	7.91E+02
	9.47E+02
	1.72E+03
	6.09E+02
	1.03E+04
	2.36E+03
	7.46E+02
	6.63E+02

	F30
	Ave
	1.73E+07
	7.37E+06
	6.87E+07
	6.10E+07
	5.77E+07
	1.56E+09
	2.86E+09
	1.08E+09
	1.85E+07
	7.36E+06
	5.91E+08
	1.76E+08
	7.98E+09
	3.02E+08
	4.77E+07
	9.40E+05

	
	Std
	1.18E+07
	3.68E+06
	5.54E+07
	1.38E+07
	3.50E+07
	1.23E+09
	1.16E+09
	7.32E+08
	9.10E+06
	3.75E+06
	7.39E+08
	9.30E+07
	3.24E+09
	1.36E+08
	2.28E+07
	4.78E+05

	(W|T|L)
	
	(25 |1 |4)
	(24 |0 |6)
	(29 |0 |1)
	(29 |1 |0)
	(29 |0 |1)
	(28 |1 |1)
	(30 |0 |0)
	(29 |0 |1)
	(28 |1 |1)
	(27 |0 |3)
	(30 |0 |0)
	(26 |0 |4)
	(30 |0 |0)
	(30 |0 |0)
	(28 |0 |2)
	


[bookmark: _Ref143084011]Table 5. CEC-2022 test functions.
	[bookmark: _Hlk152424863]Type
	ID
	Description
	Range
	Dimension
	fmin

	Unimodal
	F1
	Shifted and full Rotated Zakharov Function
	[-100,100]
	20
	300

	Multimodal
	F2
	Shifted and full Rotated Rosenbrock’s Function
	[-100,100]
	20
	400

	
	F3
	Shifted and full Rotated Rastrigin’s Function
	[-100,100]
	20
	600

	
	F4
	Shifted and full Rotated Non-Continuous Rastrigin’s Function
	[-100,100]
	20
	800

	
	F5
	Shifted and full Rotated Levy Function
	[-100,100]
	20
	900

	Hybrid
	F6
	Hybrid Function 1 (N=3)
	[-100,100]
	20
	1800

	
	F7
	Hybrid Function 2 (N=6)
	[-100,100]
	20
	2000

	
	F8
	Hybrid Function 3 (N=5)
	[-100,100]
	20
	2200

	Composition
	F9
	Composition Function 1 (N=5)
	[-100,100]
	20
	2300

	
	F10
	Composition Function 2 (N=4)
	[-100,100]
	20
	2400

	
	F11
	Composition Function 3 (N=5)
	[-100,100]
	20
	2600

	
	F12
	Composition Function 4 (N=6)
	[-100,100]
	20
	2700


[bookmark: _Ref143084047][bookmark: _Hlk152510602]Table 6. Experimental Results of 16 algorithms in CEC-2022 (Dim=10).
	Function
	
	LSHADE_cnEpSin
	LSHADE_SPACMA
	MadDE
	DE
	AVOA
	GWO
	WOA
	CPSOGSA
	SO
	GTO
	COA
	RIME
	GJO
	DBO
	NOA
	SBOA

	F1
	Ave
	3.00E+02
	1.33E+03
	8.90E+02
	6.32E+03
	4.37E+02
	3.89E+03
	2.68E+04
	2.58E+03
	1.06E+03
	3.00E+02
	3.22E+03
	3.01E+02
	2.72E+03
	1.91E+03
	3.00E+02
	3.00E+02

	
	Std
	3.06E-06
	2.19E+03
	5.54E+02
	2.20E+03
	1.25E+02
	3.19E+03
	1.02E+04
	2.55E+03
	7.15E+02
	3.49E-04
	2.32E+03
	6.06E-01
	1.93E+03
	2.23E+03
	1.01E+00
	1.17E-01

	F2
	Ave
	4.05E+02
	4.06E+02
	4.02E+02
	4.09E+02
	4.28E+02
	4.26E+02
	4.82E+02
	4.35E+02
	4.09E+02
	4.08E+02
	4.15E+02
	4.17E+02
	4.49E+02
	4.31E+02
	4.09E+02
	4.00E+02

	
	Std
	2.47E+00
	3.15E+00
	3.51E+00
	3.75E+00
	3.12E+01
	2.44E+01
	8.36E+01
	3.37E+01
	1.69E+01
	1.31E+01
	2.55E+01
	2.54E+01
	2.48E+01
	3.31E+01
	1.54E+01
	1.25E+01

	F3
	Ave
	6.00E+02
	6.00E+02
	6.00E+02
	6.00E+02
	6.24E+02
	6.02E+02
	6.37E+02
	6.42E+02
	6.01E+02
	6.07E+02
	6.06E+02
	6.00E+02
	6.11E+02
	6.10E+02
	6.00E+02
	6.00E+02

	
	Std
	1.86E-01
	1.00E-02
	2.53E-02
	2.52E-03
	1.12E+01
	2.32E+00
	1.36E+01
	1.79E+01
	2.06E+00
	3.70E+00
	1.08E+01
	1.45E-01
	9.48E+00
	7.67E+00
	2.62E-01
	2.41E-03

	F4
	Ave
	8.06E+02
	8.08E+02
	8.14E+02
	8.28E+02
	8.33E+02
	8.16E+02
	8.45E+02
	8.40E+02
	8.14E+02
	8.24E+02
	8.31E+02
	8.26E+02
	8.34E+02
	8.31E+02
	8.36E+02
	8.05E+02

	
	Std
	2.54E+00
	3.59E+00
	2.85E+00
	5.25E+00
	9.64E+00
	7.71E+00
	1.76E+01
	1.24E+01
	4.66E+00
	8.66E+00
	3.52E+00
	1.01E+01
	1.11E+01
	1.10E+01
	2.08E+01
	4.91E+00

	F5
	Ave
	9.00E+02
	9.00E+02
	9.04E+02
	9.48E+02
	1.31E+03
	9.18E+02
	1.56E+03
	1.63E+03
	9.52E+02
	1.00E+03
	1.08E+03
	9.01E+02
	9.70E+02
	9.83E+02
	1.06E+03
	9.00E+02

	
	Std
	3.06E-01
	4.93E-01
	6.01E+00
	2.82E+01
	1.88E+02
	3.21E+01
	4.12E+02
	3.91E+02
	4.59E+01
	8.27E+01
	2.40E+02
	1.13E+00
	5.16E+01
	8.02E+01
	1.78E+02
	1.66E-01

	F6
	Ave
	1.83E+03
	1.83E+03
	1.96E+03
	9.88E+03
	4.36E+03
	6.41E+03
	5.51E+03
	3.51E+03
	3.22E+03
	2.08E+03
	4.93E+03
	4.26E+03
	1.37E+04
	5.86E+03
	1.88E+03
	1.94E+03

	
	Std
	2.28E+01
	2.52E+01
	2.89E+02
	1.36E+04
	2.06E+03
	2.29E+03
	2.79E+03
	1.74E+03
	1.39E+03
	9.67E+02
	2.11E+03
	1.96E+03
	9.61E+03
	2.23E+03
	2.78E+02
	2.02E+03

	F7
	Ave
	2.01E+03
	2.01E+03
	2.01E+03
	2.01E+03
	2.05E+03
	2.03E+03
	2.08E+03
	2.09E+03
	2.03E+03
	2.03E+03
	2.02E+03
	2.02E+03
	2.06E+03
	2.04E+03
	2.02E+03
	2.00E+03

	
	Std
	8.62E+00
	8.07E+00
	5.17E+00
	1.68E+00
	2.03E+01
	1.26E+01
	4.05E+01
	4.10E+01
	2.34E+01
	1.19E+01
	9.64E+00
	1.97E+01
	3.10E+01
	2.70E+01
	2.42E+01
	8.36E+00

	F8
	Ave
	2.21E+03
	2.22E+03
	2.22E+03
	2.22E+03
	2.23E+03
	2.23E+03
	2.23E+03
	2.29E+03
	2.22E+03
	2.22E+03
	2.24E+03
	2.22E+03
	2.23E+03
	2.23E+03
	2.22E+03
	2.22E+03

	
	Std
	9.34E+00
	7.70E+00
	4.07E+00
	3.87E+00
	1.10E+01
	2.99E+01
	8.30E+00
	6.68E+01
	1.80E+00
	4.78E+00
	3.65E+01
	4.91E+00
	3.29E+00
	1.13E+01
	7.60E+00
	8.84E+00

	F9
	Ave
	2.52E+03
	2.53E+03
	2.53E+03
	2.53E+03
	2.55E+03
	2.58E+03
	2.61E+03
	2.54E+03
	2.53E+03
	2.53E+03
	2.53E+03
	2.53E+03
	2.59E+03
	2.54E+03
	2.53E+03
	2.53E+03

	
	Std
	6.69E+00
	1.46E-13
	5.39E-06
	1.60E+00
	4.43E+01
	2.99E+01
	4.41E+01
	3.73E+01
	2.26E-01
	1.01E+00
	1.42E-03
	1.23E-03
	3.21E+01
	2.29E+01
	5.96E-09
	1.89E-13

	F10
	Ave
	2.53E+03
	2.50E+03
	2.52E+03
	2.49E+03
	2.57E+03
	2.56E+03
	2.61E+03
	2.66E+03
	2.56E+03
	2.53E+03
	2.55E+03
	2.52E+03
	2.60E+03
	2.53E+03
	2.57E+03
	2.50E+03

	
	Std
	4.61E+01
	1.91E+01
	3.80E+01
	1.84E+01
	6.59E+01
	5.73E+01
	2.16E+02
	3.44E+02
	1.12E+02
	5.29E+01
	6.18E+01
	4.53E+01
	2.11E+02
	5.74E+01
	8.30E+01
	5.51E+01

	F11
	Ave
	2.60E+03
	2.69E+03
	2.60E+03
	2.71E+03
	2.71E+03
	2.78E+03
	2.85E+03
	2.75E+03
	2.69E+03
	2.64E+03
	2.81E+03
	2.73E+03
	2.91E+03
	2.76E+03
	2.69E+03
	2.60E+03

	
	Std
	1.39E+02
	1.12E+02
	1.91E-02
	3.10E+01
	9.03E+01
	1.38E+02
	1.57E+02
	1.74E+02
	1.01E+02
	1.17E+02
	1.37E+02
	1.49E+02
	2.04E+02
	1.75E+02
	1.49E+02
	1.36E+02

	F12
	Ave
	2.86E+03
	2.86E+03
	2.86E+03
	2.87E+03
	2.87E+03
	2.88E+03
	2.89E+03
	2.92E+03
	2.87E+03
	2.87E+03
	2.87E+03
	2.87E+03
	2.88E+03
	2.87E+03
	2.87E+03
	2.86E+03

	
	Std
	2.73E+00
	1.37E+00
	1.48E+00
	8.93E-01
	2.42E+01
	3.20E+01
	3.73E+01
	8.25E+01
	1.18E+01
	1.55E+01
	1.02E+01
	5.12E+00
	1.67E+01
	1.13E+01
	1.04E+01
	2.07E+00

	(W|T|L)
	
	(6 |1 |5)
	(10 |1 |1)
	(12 |0 |0)
	(11 |0 |1)
	(12 |0 |0)
	(12 |0 |0)
	(12 |0 |0)
	(12 |0 |0)
	(12 |0 |0)
	(11 |0 |1)
	(12 |0 |0)
	(12 |0 |0)
	(12 |0 |0)
	(12 |0 |0)
	(10 |1 |1)
	


[bookmark: _Ref152424445]Table 7. Experimental Results of 16 algorithms in CEC-2022 (Dim=20).
	Function
	
	LSHADE_cnEpSin
	LSHADE_SPACMA
	MadDE
	DE
	AVOA
	GWO
	WOA
	CPSOGSA
	SO
	GTO
	COA
	RIME
	GJO
	DBO
	NOA
	SBOA

	F1
	Ave
	7.96E+03
	1.53E+04
	1.86E+04
	3.48E+04
	1.89E+04
	1.44E+04
	4.04E+04
	3.70E+04
	1.68E+04
	2.41E+03
	4.41E+04
	1.27E+03
	1.88E+04
	3.46E+04
	2.29E+03
	1.21E+03

	
	Std
	1.21E+04
	1.84E+04
	4.96E+03
	7.73E+03
	8.01E+03
	4.87E+03
	1.80E+04
	1.36E+04
	5.05E+03
	9.23E+02
	1.40E+04
	5.36E+02
	6.20E+03
	1.00E+04
	1.22E+03
	1.37E+03

	F2
	Ave
	4.64E+02
	4.48E+02
	4.57E+02
	4.82E+02
	4.83E+02
	5.17E+02
	6.32E+02
	4.87E+02
	4.60E+02
	4.69E+02
	5.04E+02
	4.57E+02
	6.18E+02
	5.02E+02
	4.53E+02
	4.49E+02

	
	Std
	2.28E+01
	1.99E+01
	1.13E+01
	1.17E+01
	3.71E+01
	4.28E+01
	5.76E+01
	3.83E+01
	1.58E+01
	1.89E+01
	5.20E+01
	1.57E+01
	8.59E+01
	6.14E+01
	2.10E+01
	1.22E+01

	F3
	Ave
	6.09E+02
	6.01E+02
	6.02E+02
	6.01E+02
	6.50E+02
	6.06E+02
	6.71E+02
	6.63E+02
	6.10E+02
	6.31E+02
	6.35E+02
	6.05E+02
	6.28E+02
	6.37E+02
	6.16E+02
	6.00E+02

	
	Std
	5.72E+00
	5.31E-01
	5.24E-01
	1.50E-01
	9.38E+00
	2.83E+00
	1.67E+01
	1.29E+01
	5.86E+00
	1.30E+01
	1.99E+01
	3.11E+00
	9.34E+00
	1.23E+01
	1.19E+01
	3.18E-01

	F4
	Ave
	8.67E+02
	8.38E+02
	8.73E+02
	9.27E+02
	8.89E+02
	8.62E+02
	9.50E+02
	9.17E+02
	8.48E+02
	8.77E+02
	8.90E+02
	8.63E+02
	8.97E+02
	9.18E+02
	9.02E+02
	8.40E+02

	
	Std
	1.70E+01
	1.46E+01
	9.74E+00
	1.31E+01
	1.47E+01
	3.44E+01
	4.10E+01
	2.76E+01
	1.83E+01
	1.39E+01
	9.10E+00
	1.90E+01
	2.78E+01
	2.82E+01
	2.93E+01
	1.16E+01

	F5
	Ave
	1.35E+03
	9.25E+02
	1.60E+03
	2.19E+03
	2.53E+03
	1.20E+03
	4.21E+03
	3.61E+03
	1.28E+03
	1.90E+03
	2.67E+03
	1.41E+03
	2.16E+03
	2.24E+03
	2.19E+03
	9.15E+02

	
	Std
	3.95E+02
	2.69E+01
	3.19E+02
	3.88E+02
	3.37E+02
	2.00E+02
	1.76E+03
	1.08E+03
	1.83E+02
	4.71E+02
	4.07E+02
	1.01E+03
	4.68E+02
	6.56E+02
	7.08E+02
	1.09E+02

	F6
	Ave
	7.31E+03
	2.18E+03
	3.77E+04
	3.16E+06
	5.75E+03
	4.36E+06
	7.56E+06
	6.66E+03
	6.92E+03
	6.39E+03
	5.07E+03
	1.31E+04
	2.47E+07
	4.07E+05
	7.22E+03
	7.44E+03

	
	Std
	5.95E+03
	4.76E+02
	2.13E+04
	1.32E+06
	4.99E+03
	7.86E+06
	8.86E+06
	6.14E+03
	5.59E+03
	6.40E+03
	5.04E+03
	7.55E+03
	4.66E+07
	6.85E+05
	5.48E+03
	6.50E+03

	F7
	Ave
	2.10E+03
	2.05E+03
	2.07E+03
	2.06E+03
	2.16E+03
	2.10E+03
	2.24E+03
	2.21E+03
	2.09E+03
	2.12E+03
	2.13E+03
	2.09E+03
	2.13E+03
	2.14E+03
	2.10E+03
	2.04E+03

	
	Std
	2.43E+01
	8.74E+00
	1.16E+01
	9.11E+00
	5.68E+01
	5.14E+01
	7.23E+01
	1.03E+02
	3.94E+01
	4.24E+01
	1.03E+02
	5.17E+01
	4.52E+01
	6.11E+01
	5.89E+01
	1.24E+01

	F8
	Ave
	2.23E+03
	2.23E+03
	2.23E+03
	2.23E+03
	2.26E+03
	2.25E+03
	2.31E+03
	2.43E+03
	2.24E+03
	2.26E+03
	2.29E+03
	2.25E+03
	2.24E+03
	2.30E+03
	2.29E+03
	2.23E+03

	
	Std
	3.82E+00
	4.78E+00
	1.08E+00
	2.03E+00
	4.78E+01
	4.48E+01
	6.70E+01
	1.37E+02
	2.37E+01
	5.00E+01
	7.47E+01
	4.26E+01
	3.08E+01
	6.97E+01
	7.94E+01
	2.13E+00

	F9
	Ave
	2.48E+03
	2.48E+03
	2.48E+03
	2.48E+03
	2.49E+03
	2.53E+03
	2.61E+03
	2.49E+03
	2.48E+03
	2.48E+03
	2.48E+03
	2.48E+03
	2.59E+03
	2.51E+03
	2.48E+03
	2.48E+03

	
	Std
	1.58E+00
	1.12E-03
	8.81E-02
	4.48E-01
	8.62E+00
	3.32E+01
	5.28E+01
	5.88E+00
	7.61E-01
	4.92E-02
	2.46E+00
	6.30E-01
	4.16E+01
	2.82E+01
	1.11E-01
	2.88E-03

	F10
	Ave
	3.10E+03
	2.52E+03
	2.52E+03
	2.51E+03
	3.47E+03
	3.68E+03
	5.13E+03
	4.91E+03
	3.08E+03
	3.34E+03
	3.47E+03
	2.91E+03
	4.09E+03
	3.44E+03
	3.06E+03
	2.69E+03

	
	Std
	5.30E+02
	6.02E+01
	5.25E+01
	7.47E+00
	7.56E+02
	7.26E+02
	1.16E+03
	6.89E+02
	4.52E+02
	1.23E+03
	1.22E+03
	3.00E+02
	1.50E+03
	1.08E+03
	3.21E+02
	2.73E+02

	F11
	Ave
	2.99E+03
	2.94E+03
	2.91E+03
	3.18E+03
	3.00E+03
	3.51E+03
	3.95E+03
	3.09E+03
	2.98E+03
	2.91E+03
	3.13E+03
	2.95E+03
	4.61E+03
	3.12E+03
	3.02E+03
	2.91E+03

	
	Std
	1.26E+02
	1.07E+02
	3.14E+01
	1.53E+02
	1.40E+02
	3.76E+02
	6.12E+02
	4.05E+02
	1.21E+02
	1.39E+02
	3.19E+02
	9.46E+01
	6.15E+02
	1.61E+02
	4.06E+02
	1.53E+02

	F12
	Ave
	2.91E+03
	2.96E+03
	2.96E+03
	2.97E+03
	3.00E+03
	2.99E+03
	3.09E+03
	3.33E+03
	3.02E+03
	3.03E+03
	2.98E+03
	2.98E+03
	3.03E+03
	3.03E+03
	2.98E+03
	2.95E+03

	
	Std
	1.09E+01
	1.29E+01
	5.59E+00
	6.35E+00
	4.44E+01
	3.73E+01
	1.31E+02
	1.95E+02
	3.64E+01
	6.81E+01
	2.44E+01
	3.54E+01
	4.45E+01
	6.30E+01
	5.54E+01
	4.64E+00

	(W|T|L)
	
	(10 |0 |2)
	(7 |1 |4)
	(11 |0 |1)
	(11 |0 |1)
	(11 |0 |1)
	(12 |0 |0)
	(12 |0 |0)
	(11 |0 |1)
	(11 |0 |1)
	(11 |0 |1)
	(11 |0 |1)
	(12 |0 |0)
	(12 |0 |0)
	(12 |0 |0)
	(11 |0 |1)
	


[bookmark: _Ref143180868]Table 8. P-value on CEC-2017 (Dim=30).
	Function
	LSHADE_cnEpSin
	LSHADE_SPACMA
	MadDE
	DE
	AVOA
	GWO
	WOA
	CPSOGSA
	SO
	GTO
	COA
	RIME
	GJO
	DBO
	NOA

	F1
	4.80E-07
	1.26E-01
	3.02E-11
	3.02E-11
	1.31E-08
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	2.38E-07
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11

	F2
	2.84E-04
	2.34E-01
	4.69E-08
	3.02E-11
	8.99E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	2.15E-06
	3.02E-11
	1.19E-01
	3.02E-11
	3.02E-11
	8.20E-07

	F3
	4.46E-01
	9.23E-01
	3.02E-11
	3.02E-11
	3.34E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	8.29E-06
	3.02E-11
	1.31E-08
	4.50E-11
	3.02E-11
	3.64E-02

	F4
	4.04E-01
	2.84E-01
	1.15E-01
	3.02E-11
	8.88E-06
	1.46E-10
	3.02E-11
	3.02E-11
	1.87E-07
	1.63E-02
	2.67E-09
	2.89E-03
	3.02E-11
	6.07E-11
	2.07E-02

	F5
	9.00E-01
	5.30E-01
	3.02E-11
	3.02E-11
	3.02E-11
	2.49E-06
	3.02E-11
	3.02E-11
	1.11E-03
	1.09E-10
	3.02E-11
	1.24E-03
	3.02E-11
	3.69E-11
	3.02E-11

	F6
	1.68E-04
	7.51E-01
	1.33E-10
	7.66E-05
	3.02E-11
	4.98E-11
	3.02E-11
	3.02E-11
	4.50E-11
	3.02E-11
	3.02E-11
	3.69E-11
	3.02E-11
	3.02E-11
	3.02E-11

	F7
	3.71E-01
	7.98E-02
	4.98E-11
	8.15E-11
	3.02E-11
	7.74E-06
	3.02E-11
	3.02E-11
	3.09E-06
	3.34E-11
	3.02E-11
	1.86E-01
	3.02E-11
	8.15E-11
	3.47E-10

	F8
	7.39E-01
	9.35E-01
	3.02E-11
	3.02E-11
	3.02E-11
	1.61E-06
	3.02E-11
	3.02E-11
	5.57E-03
	1.96E-10
	3.02E-11
	8.84E-07
	4.08E-11
	3.02E-11
	7.39E-11

	F9
	3.87E-01
	4.64E-03
	1.61E-10
	3.34E-11
	3.02E-11
	3.09E-06
	3.02E-11
	3.02E-11
	7.74E-06
	3.34E-11
	3.02E-11
	1.68E-04
	3.02E-11
	3.34E-11
	1.61E-10

	F10
	2.50E-03
	3.85E-03
	1.33E-10
	3.02E-11
	2.49E-06
	3.39E-02
	3.02E-11
	1.56E-08
	2.50E-03
	6.72E-10
	5.49E-11
	2.77E-01
	2.15E-10
	1.78E-10
	3.59E-05

	F11
	1.25E-07
	7.66E-05
	1.61E-10
	3.02E-11
	4.12E-06
	3.02E-11
	3.02E-11
	7.39E-11
	1.46E-10
	3.37E-04
	3.02E-11
	8.10E-10
	3.02E-11
	3.02E-11
	2.44E-09

	F12
	5.27E-05
	2.00E-06
	2.24E-02
	3.02E-11
	8.10E-10
	6.12E-10
	3.02E-11
	3.65E-08
	1.05E-01
	6.52E-01
	7.38E-10
	1.21E-10
	3.02E-11
	1.70E-08
	3.64E-02

	F13
	7.17E-01
	2.06E-01
	7.74E-06
	3.02E-11
	3.20E-09
	3.69E-11
	3.02E-11
	1.86E-03
	1.37E-01
	4.38E-01
	2.44E-09
	1.86E-09
	3.02E-11
	3.02E-11
	1.76E-02

	F14
	3.02E-11
	3.02E-11
	2.43E-05
	8.15E-11
	2.38E-07
	2.88E-06
	1.09E-10
	4.74E-06
	2.24E-02
	4.44E-07
	9.76E-10
	1.78E-04
	5.07E-10
	2.57E-07
	4.18E-09

	F15
	1.68E-04
	7.20E-05
	6.95E-01
	3.02E-11
	6.01E-08
	1.09E-10
	3.02E-11
	6.53E-07
	2.32E-02
	9.71E-01
	6.28E-06
	8.56E-04
	3.02E-11
	5.53E-08
	1.15E-01

	F16
	8.42E-01
	3.85E-03
	2.38E-03
	1.41E-09
	5.46E-09
	9.51E-06
	3.34E-11
	5.07E-10
	2.50E-03
	1.47E-07
	5.57E-10
	8.88E-06
	7.77E-09
	3.82E-10
	4.08E-05

	F17
	9.12E-01
	1.54E-01
	1.71E-01
	5.46E-06
	3.69E-11
	1.99E-02
	3.02E-11
	8.99E-11
	5.60E-07
	1.34E-05
	1.85E-08
	1.64E-05
	5.09E-08
	6.70E-11
	5.57E-10

	F18
	3.34E-11
	2.92E-09
	2.58E-01
	1.85E-08
	1.02E-05
	7.62E-03
	4.20E-10
	2.52E-01
	1.60E-03
	2.83E-08
	1.32E-04
	9.52E-04
	7.20E-05
	1.49E-06
	2.28E-05

	F19
	1.03E-06
	1.73E-07
	1.96E-01
	3.02E-11
	5.60E-07
	1.09E-10
	3.02E-11
	2.84E-04
	4.84E-02
	8.42E-01
	2.96E-05
	1.63E-02
	3.02E-11
	9.53E-07
	5.01E-02

	F20
	1.04E-04
	7.09E-08
	1.53E-05
	1.17E-09
	3.34E-11
	3.52E-07
	3.69E-11
	5.49E-11
	2.38E-07
	8.89E-10
	4.62E-10
	6.53E-07
	2.87E-10
	4.62E-10
	2.02E-08

	F21
	3.51E-02
	1.99E-02
	3.02E-11
	3.02E-11
	3.02E-11
	1.29E-09
	3.02E-11
	3.02E-11
	1.60E-07
	1.29E-09
	4.50E-11
	1.47E-07
	3.02E-11
	3.02E-11
	3.02E-11

	F22
	1.07E-07
	3.37E-05
	1.10E-08
	8.48E-09
	1.01E-08
	5.07E-10
	8.15E-11
	9.92E-11
	2.44E-09
	2.32E-06
	3.50E-09
	8.89E-10
	7.38E-10
	3.16E-10
	2.37E-10

	F23
	1.11E-04
	4.36E-02
	3.02E-11
	3.02E-11
	3.02E-11
	1.10E-08
	3.02E-11
	3.02E-11
	2.61E-10
	3.02E-11
	6.07E-11
	5.07E-10
	3.02E-11
	3.02E-11
	2.61E-10

	F24
	8.68E-03
	3.78E-02
	3.02E-11
	3.02E-11
	3.02E-11
	4.18E-09
	3.02E-11
	3.02E-11
	3.82E-09
	3.02E-11
	5.49E-11
	2.19E-08
	3.02E-11
	3.02E-11
	6.07E-11

	F25
	4.92E-01
	2.23E-01
	6.77E-05
	3.02E-11
	7.04E-07
	3.02E-11
	3.02E-11
	7.39E-11
	5.86E-06
	1.91E-02
	2.23E-09
	7.96E-03
	3.02E-11
	3.82E-09
	7.29E-03

	F26
	4.73E-01
	3.26E-01
	1.33E-02
	1.36E-07
	5.07E-10
	3.57E-06
	5.49E-11
	3.02E-11
	5.46E-09
	2.24E-02
	1.69E-09
	1.68E-04
	3.69E-11
	2.87E-10
	1.39E-06

	F27
	8.29E-06
	1.11E-03
	1.17E-09
	3.02E-11
	8.15E-11
	3.65E-08
	3.02E-11
	3.02E-11
	4.50E-11
	4.08E-11
	3.47E-10
	9.83E-08
	3.02E-11
	1.61E-10
	1.61E-10

	F28
	7.28E-01
	3.04E-01
	5.26E-04
	3.02E-11
	5.07E-10
	3.02E-11
	3.02E-11
	5.46E-09
	7.39E-11
	1.17E-03
	1.96E-10
	3.56E-04
	3.02E-11
	5.49E-11
	8.56E-04

	F29
	2.84E-01
	5.30E-01
	3.26E-07
	2.87E-10
	6.70E-11
	3.52E-07
	3.02E-11
	3.02E-11
	6.72E-10
	6.70E-11
	1.20E-08
	1.17E-09
	2.37E-10
	6.70E-11
	8.48E-09

	F30
	1.58E-01
	6.84E-01
	6.12E-10
	3.69E-11
	4.08E-11
	3.34E-11
	3.02E-11
	7.38E-10
	2.19E-08
	8.42E-01
	9.92E-11
	1.46E-10
	3.02E-11
	8.48E-09
	6.10E-01


[bookmark: _Ref143180870]Table 9. P-value on CEC-2017 (Dim=50).
	Function
	LSHADE_cnEpSin
	LSHADE_SPACMA
	MadDE
	DE
	AVOA
	GWO
	WOA
	CPSOGSA
	SO
	GTO
	COA
	RIME
	GJO
	DBO
	NOA

	F1
	1.11E-06
	2.68E-06
	6.07E-11
	3.02E-11
	1.69E-09
	3.02E-11
	3.02E-11
	3.02E-11
	6.07E-11
	5.46E-09
	3.02E-11
	9.51E-06
	3.02E-11
	3.02E-11
	3.02E-11

	F2
	1.21E-12
	1.21E-12
	1.21E-12
	3.02E-11
	1.61E-10
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	1.78E-10
	3.02E-11
	8.53E-01
	3.02E-11
	3.02E-11
	4.20E-10

	F3
	5.30E-01
	8.50E-02
	4.50E-11
	3.02E-11
	8.99E-11
	1.69E-09
	3.02E-11
	3.02E-11
	9.92E-11
	1.11E-06
	3.02E-11
	4.08E-11
	4.31E-08
	3.02E-11
	4.42E-06

	F4
	3.40E-01
	3.27E-02
	1.70E-08
	3.02E-11
	1.01E-08
	3.02E-11
	3.02E-11
	3.02E-11
	8.89E-10
	3.16E-05
	3.02E-11
	2.25E-04
	3.02E-11
	3.02E-11
	7.12E-09

	F5
	2.17E-01
	2.58E-01
	3.02E-11
	3.02E-11
	3.02E-11
	1.07E-07
	3.02E-11
	3.02E-11
	5.79E-01
	5.49E-11
	3.02E-11
	1.17E-03
	3.02E-11
	3.02E-11
	3.69E-11

	F6
	7.04E-07
	2.15E-06
	3.02E-11
	1.73E-07
	3.02E-11
	8.10E-10
	3.02E-11
	3.02E-11
	2.87E-10
	3.02E-11
	3.02E-11
	1.33E-10
	3.02E-11
	3.02E-11
	3.02E-11

	F7
	8.19E-01
	2.17E-01
	3.34E-11
	5.49E-11
	3.02E-11
	2.71E-02
	3.02E-11
	3.02E-11
	1.49E-04
	3.02E-11
	3.02E-11
	7.62E-01
	3.02E-11
	4.18E-09
	2.61E-10

	F8
	3.92E-02
	1.19E-01
	3.02E-11
	3.02E-11
	4.50E-11
	9.79E-05
	3.02E-11
	3.02E-11
	8.31E-03
	3.16E-10
	3.02E-11
	5.46E-06
	3.02E-11
	4.98E-11
	4.08E-11

	F9
	6.73E-01
	3.15E-02
	3.34E-11
	3.34E-11
	8.99E-11
	2.13E-05
	3.02E-11
	3.02E-11
	4.38E-01
	3.82E-10
	3.02E-11
	2.03E-07
	3.02E-11
	3.34E-11
	6.07E-11

	F10
	5.97E-09
	4.57E-09
	3.02E-11
	3.02E-11
	1.73E-07
	2.05E-03
	3.02E-11
	4.71E-04
	1.17E-04
	3.96E-08
	3.02E-11
	2.38E-03
	1.46E-10
	2.37E-10
	4.80E-07

	F11
	7.30E-04
	8.12E-04
	3.02E-11
	3.02E-11
	8.89E-10
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	1.15E-01
	3.02E-11
	4.57E-09
	3.02E-11
	3.02E-11
	1.25E-07

	F12
	5.20E-01
	6.84E-01
	5.09E-06
	3.02E-11
	6.70E-11
	3.02E-11
	3.02E-11
	3.02E-11
	2.03E-07
	5.94E-02
	3.69E-11
	3.02E-11
	3.02E-11
	3.02E-11
	1.96E-10

	F13
	9.06E-08
	1.86E-03
	2.87E-10
	3.02E-11
	4.98E-11
	3.02E-11
	3.02E-11
	3.02E-11
	4.08E-11
	8.88E-06
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	1.17E-09

	F14
	5.57E-10
	8.99E-11
	1.55E-09
	3.02E-11
	8.89E-10
	3.32E-06
	3.02E-11
	6.72E-10
	7.22E-06
	7.62E-03
	3.65E-08
	3.65E-08
	1.78E-10
	1.31E-08
	7.69E-08

	F15
	1.49E-01
	1.50E-02
	5.09E-08
	3.02E-11
	7.38E-10
	3.02E-11
	3.02E-11
	7.39E-11
	1.86E-06
	5.55E-02
	4.98E-11
	3.69E-11
	3.02E-11
	3.34E-11
	8.30E-01

	F16
	5.19E-02
	1.78E-04
	1.73E-06
	4.08E-11
	4.62E-10
	2.50E-03
	3.02E-11
	9.76E-10
	9.03E-04
	7.04E-07
	7.69E-08
	7.22E-06
	1.07E-09
	6.70E-11
	3.26E-07

	F17
	3.18E-03
	1.01E-08
	3.35E-08
	6.70E-11
	3.34E-11
	4.94E-05
	3.02E-11
	3.47E-10
	2.83E-08
	7.69E-08
	2.44E-09
	1.78E-10
	6.72E-10
	4.98E-11
	2.00E-06

	F18
	8.15E-11
	6.70E-11
	9.79E-05
	1.21E-10
	1.37E-03
	1.09E-05
	4.08E-11
	1.37E-01
	2.50E-03
	8.66E-05
	9.53E-07
	4.64E-05
	8.35E-08
	2.20E-07
	5.27E-05

	F19
	4.04E-01
	7.39E-01
	1.34E-05
	3.02E-11
	6.70E-11
	3.02E-11
	3.02E-11
	6.72E-10
	3.96E-08
	8.53E-01
	3.02E-11
	7.39E-11
	3.02E-11
	2.15E-10
	1.67E-01

	F20
	1.02E-01
	3.96E-08
	4.03E-03
	2.67E-09
	6.53E-07
	8.12E-04
	1.78E-10
	3.96E-08
	1.30E-03
	1.64E-05
	2.37E-10
	1.17E-04
	7.69E-08
	2.15E-10
	2.43E-05

	F21
	5.86E-06
	6.77E-05
	3.02E-11
	3.02E-11
	3.02E-11
	4.31E-08
	3.02E-11
	3.02E-11
	5.83E-03
	8.15E-11
	6.70E-11
	9.06E-08
	3.02E-11
	3.02E-11
	3.02E-11

	F22
	3.26E-07
	2.77E-05
	1.96E-10
	1.31E-08
	3.81E-07
	3.03E-03
	3.02E-11
	1.47E-07
	7.22E-06
	4.80E-07
	2.67E-09
	4.64E-03
	1.09E-10
	5.57E-10
	3.01E-07

	F23
	2.49E-06
	2.49E-06
	3.34E-11
	3.02E-11
	3.02E-11
	1.70E-08
	3.02E-11
	3.02E-11
	1.55E-09
	3.69E-11
	4.08E-11
	1.56E-08
	3.02E-11
	3.02E-11
	3.69E-11

	F24
	1.32E-04
	2.25E-04
	3.02E-11
	3.02E-11
	3.02E-11
	1.17E-05
	3.02E-11
	3.02E-11
	3.82E-09
	5.49E-11
	3.02E-11
	5.97E-05
	3.02E-11
	3.02E-11
	5.49E-11

	F25
	1.56E-02
	9.05E-02
	6.07E-11
	3.02E-11
	1.60E-07
	3.02E-11
	3.02E-11
	3.02E-11
	5.46E-09
	4.22E-04
	3.02E-11
	1.27E-02
	3.02E-11
	2.61E-10
	5.00E-09

	F26
	7.73E-02
	8.65E-01
	3.40E-01
	8.10E-10
	1.86E-09
	1.77E-03
	3.02E-11
	3.02E-11
	6.01E-08
	3.65E-08
	5.49E-11
	1.91E-02
	4.50E-11
	4.08E-11
	8.89E-10

	F27
	5.46E-09
	1.85E-08
	3.34E-11
	3.02E-11
	3.02E-11
	4.08E-11
	3.02E-11
	3.02E-11
	3.34E-11
	4.50E-11
	3.34E-11
	3.16E-10
	3.02E-11
	3.69E-11
	4.98E-11

	F28
	4.92E-01
	1.02E-01
	3.02E-11
	3.02E-11
	1.46E-10
	3.02E-11
	3.02E-11
	3.02E-11
	4.98E-11
	6.72E-10
	3.02E-11
	1.60E-03
	3.02E-11
	3.02E-11
	9.26E-09

	F29
	1.33E-02
	6.00E-01
	1.43E-08
	3.16E-10
	7.38E-10
	8.20E-07
	3.02E-11
	3.02E-11
	6.01E-08
	1.43E-08
	1.46E-10
	6.72E-10
	4.08E-11
	4.08E-11
	6.07E-11

	F30
	3.02E-11
	3.82E-10
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	1.70E-08
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	2.23E-09


[bookmark: _Ref143180871]Table 10. P-value on CEC-2017 (Dim=100).
	Function
	LSHADE_cnEpSin
	LSHADE_SPACMA
	MadDE
	DE
	AVOA
	GWO
	WOA
	CPSOGSA
	SO
	GTO
	COA
	RIME
	GJO
	DBO
	NOA

	F1
	5.57E-03
	1.96E-01
	3.34E-11
	3.02E-11
	6.95E-01
	3.02E-11
	3.02E-11
	3.02E-11
	6.79E-02
	6.38E-03
	3.02E-11
	3.34E-11
	3.02E-11
	5.49E-11
	3.92E-02

	F2
	1.21E-12
	1.21E-12
	1.21E-12
	3.02E-11
	3.02E-11
	4.50E-11
	3.02E-11
	3.02E-11
	3.02E-11
	2.87E-10
	3.02E-11
	4.35E-05
	3.02E-11
	3.02E-11
	8.99E-11

	F3
	8.31E-03
	3.79E-01
	3.02E-11
	3.02E-11
	3.59E-05
	4.20E-10
	3.02E-11
	3.02E-11
	2.57E-07
	3.34E-11
	3.02E-11
	3.02E-11
	3.01E-07
	4.50E-11
	5.79E-01

	F4
	2.64E-01
	5.75E-02
	3.02E-11
	3.02E-11
	7.12E-09
	3.02E-11
	3.02E-11
	3.02E-11
	9.92E-11
	3.08E-08
	3.02E-11
	3.47E-10
	3.02E-11
	3.02E-11
	6.12E-10

	F5
	3.59E-05
	2.77E-05
	3.02E-11
	3.02E-11
	7.39E-11
	1.84E-02
	3.02E-11
	3.02E-11
	7.96E-01
	8.15E-11
	3.02E-11
	5.60E-07
	3.02E-11
	3.02E-11
	3.02E-11

	F6
	4.83E-01
	1.09E-10
	3.02E-11
	1.11E-06
	3.02E-11
	4.71E-04
	3.02E-11
	3.02E-11
	2.25E-04
	3.02E-11
	3.02E-11
	7.38E-10
	3.02E-11
	3.02E-11
	3.02E-11

	F7
	5.57E-03
	6.67E-03
	3.02E-11
	4.50E-11
	3.02E-11
	2.96E-05
	3.02E-11
	3.02E-11
	7.66E-05
	3.34E-11
	3.02E-11
	2.00E-05
	5.49E-11
	9.92E-11
	3.02E-11

	F8
	6.77E-05
	1.75E-05
	3.02E-11
	3.02E-11
	3.34E-11
	2.75E-03
	3.02E-11
	3.02E-11
	3.26E-01
	3.02E-11
	3.02E-11
	9.53E-07
	3.02E-11
	3.02E-11
	3.02E-11

	F9
	1.12E-01
	2.62E-03
	3.02E-11
	3.02E-11
	5.87E-04
	3.96E-08
	3.02E-11
	3.02E-11
	8.30E-01
	1.33E-02
	4.98E-11
	1.60E-07
	3.02E-11
	3.02E-11
	5.49E-11

	F10
	4.50E-11
	3.69E-11
	3.02E-11
	3.02E-11
	6.00E-01
	5.37E-02
	3.02E-11
	8.42E-01
	6.70E-11
	2.12E-01
	3.16E-10
	1.11E-03
	4.50E-11
	3.82E-10
	1.69E-09

	F11
	8.65E-01
	1.86E-01
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	4.38E-01
	3.02E-11
	1.76E-01
	3.02E-11
	3.02E-11
	5.60E-07

	F12
	9.06E-08
	3.82E-09
	8.99E-11
	3.02E-11
	3.50E-09
	3.02E-11
	3.02E-11
	3.02E-11
	2.87E-10
	5.97E-09
	3.02E-11
	6.72E-10
	3.02E-11
	3.02E-11
	8.89E-10

	F13
	6.20E-04
	1.70E-08
	6.07E-11
	3.02E-11
	2.96E-05
	3.02E-11
	3.02E-11
	3.02E-11
	3.82E-10
	1.73E-06
	3.02E-11
	5.57E-10
	3.02E-11
	3.02E-11
	2.87E-10

	F14
	1.33E-10
	1.69E-09
	2.37E-10
	3.02E-11
	4.20E-10
	1.07E-09
	3.02E-11
	1.49E-06
	1.02E-05
	7.04E-07
	2.92E-09
	4.80E-07
	4.50E-11
	1.69E-09
	1.47E-07

	F15
	4.98E-11
	2.92E-09
	3.69E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.47E-10
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11

	F16
	4.08E-05
	1.25E-07
	3.02E-11
	3.02E-11
	1.96E-10
	1.87E-05
	3.02E-11
	6.07E-11
	6.74E-06
	1.19E-06
	6.70E-11
	2.23E-09
	3.02E-11
	5.49E-11
	1.46E-10

	F17
	8.50E-02
	1.68E-04
	5.00E-09
	3.02E-11
	2.44E-09
	1.41E-04
	3.02E-11
	1.33E-10
	7.22E-06
	3.26E-07
	3.82E-10
	3.01E-07
	3.02E-11
	3.02E-11
	3.77E-04

	F18
	2.61E-10
	4.98E-11
	2.13E-04
	3.02E-11
	5.83E-03
	1.64E-05
	3.20E-09
	1.95E-03
	3.52E-07
	6.53E-07
	4.03E-03
	1.43E-05
	5.07E-10
	6.53E-08
	1.29E-09

	F19
	3.02E-11
	1.46E-10
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	2.87E-10
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11

	F20
	5.97E-09
	3.69E-11
	1.96E-10
	3.02E-11
	1.31E-08
	2.51E-02
	3.34E-11
	4.57E-09
	3.02E-11
	1.37E-03
	3.02E-11
	3.08E-08
	1.56E-08
	6.70E-11
	9.76E-10

	F21
	4.44E-07
	5.86E-06
	3.02E-11
	3.02E-11
	3.02E-11
	1.49E-06
	3.02E-11
	3.02E-11
	4.74E-06
	3.69E-11
	3.02E-11
	1.01E-08
	3.02E-11
	3.02E-11
	3.02E-11

	F22
	4.50E-11
	4.50E-11
	3.02E-11
	3.02E-11
	2.68E-04
	8.24E-02
	3.02E-11
	1.15E-01
	3.02E-11
	5.61E-05
	3.02E-11
	5.26E-04
	4.08E-11
	1.33E-10
	1.49E-04

	F23
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	8.99E-11
	3.02E-11
	3.02E-11
	3.02E-11

	F24
	1.96E-10
	3.20E-09
	3.34E-11
	3.02E-11
	3.02E-11
	3.47E-10
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	1.44E-03
	3.02E-11
	3.02E-11
	3.34E-11

	F25
	9.59E-01
	9.47E-01
	4.08E-11
	3.02E-11
	5.86E-06
	3.34E-11
	3.02E-11
	3.02E-11
	6.12E-10
	5.26E-04
	3.02E-11
	1.07E-07
	3.02E-11
	8.15E-11
	1.69E-09

	F26
	8.30E-01
	5.59E-01
	1.20E-08
	1.22E-02
	6.72E-10
	2.58E-01
	3.02E-11
	3.02E-11
	8.24E-02
	2.83E-08
	6.07E-11
	1.60E-03
	2.61E-10
	2.44E-09
	1.19E-06

	F27
	1.33E-10
	2.57E-07
	3.02E-11
	3.02E-11
	8.99E-11
	4.08E-11
	3.02E-11
	3.02E-11
	3.02E-11
	6.07E-11
	4.50E-11
	4.57E-09
	3.02E-11
	4.50E-11
	1.78E-10

	F28
	1.32E-04
	6.74E-06
	3.02E-11
	3.02E-11
	2.19E-08
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.01E-04
	3.02E-11
	2.38E-07
	3.02E-11
	4.08E-11
	2.39E-08

	F29
	6.74E-06
	5.46E-06
	3.02E-11
	3.02E-11
	4.08E-11
	1.61E-10
	3.02E-11
	3.02E-11
	3.47E-10
	6.52E-09
	3.34E-11
	4.08E-11
	3.02E-11
	3.02E-11
	3.02E-11

	F30
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	4.08E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11


[bookmark: _Ref143180950]Table 11. P-value on CEC-2022 (Dim=10).
	Function
	LSHADE_cnEpSin
	LSHADE_SPACMA
	MadDE
	DE
	AVOA
	GWO
	WOA
	CPSOGSA
	SO
	GTO
	COA
	RIME
	GJO
	DBO
	NOA

	F1
	3.01E-11
	6.34E-05
	3.02E-11
	3.02E-11
	6.07E-11
	3.02E-11
	3.02E-11
	6.70E-11
	3.02E-11
	4.50E-11
	3.02E-11
	5.07E-10
	3.02E-11
	3.02E-11
	4.46E-01

	F2
	4.33E-02
	9.22E-01
	3.09E-05
	1.97E-02
	1.37E-02
	4.83E-05
	1.81E-07
	9.70E-03
	6.41E-01
	1.00E+00
	4.55E-01
	1.66E-01
	6.24E-09
	5.56E-05
	9.82E-01

	F3
	2.53E-04
	3.15E-02
	4.08E-11
	1.01E-08
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	4.50E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.34E-11

	F4
	3.37E-05
	5.12E-04
	6.57E-02
	6.70E-11
	1.33E-10
	1.91E-02
	5.07E-10
	9.90E-11
	1.56E-02
	2.03E-07
	3.34E-11
	1.20E-08
	8.99E-11
	7.38E-10
	2.23E-09

	F5
	1.37E-02
	1.22E-02
	1.55E-09
	3.02E-11
	3.02E-11
	8.15E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.34E-11
	6.52E-09
	3.34E-11
	3.02E-11
	8.99E-11

	F6
	3.02E-11
	3.02E-11
	3.82E-09
	1.39E-06
	4.20E-01
	1.17E-05
	4.64E-03
	5.59E-01
	2.46E-01
	4.18E-09
	3.64E-02
	3.48E-01
	1.61E-10
	5.87E-04
	1.78E-10

	F7
	1.91E-02
	2.05E-03
	3.77E-04
	1.68E-04
	6.07E-11
	5.19E-07
	3.02E-11
	3.02E-11
	2.43E-05
	3.81E-07
	6.38E-03
	4.84E-02
	3.02E-11
	1.41E-09
	5.30E-01

	F8
	2.71E-01
	9.63E-02
	2.32E-02
	1.54E-01
	1.09E-10
	6.72E-10
	3.69E-11
	2.87E-10
	3.83E-06
	2.62E-03
	3.50E-09
	1.33E-01
	6.07E-11
	3.81E-07
	3.26E-01

	F9
	5.14E-12
	4.59E-01
	5.14E-12
	5.14E-12
	5.14E-12
	5.14E-12
	5.14E-12
	2.64E-11
	1.30E-08
	2.03E-02
	5.14E-12
	5.14E-12
	5.14E-12
	4.06E-08
	3.15E-12

	F10
	5.75E-02
	1.99E-02
	9.71E-01
	7.62E-03
	2.84E-04
	3.64E-02
	9.03E-04
	1.22E-02
	5.37E-02
	3.40E-01
	1.44E-02
	7.96E-01
	1.30E-03
	8.50E-02
	8.68E-03

	F11
	2.50E-03
	1.49E-02
	6.63E-01
	6.63E-01
	4.68E-02
	6.79E-02
	1.04E-04
	4.55E-01
	1.26E-01
	5.94E-02
	9.21E-05
	1.03E-02
	2.25E-04
	5.01E-02
	4.68E-02

	F12
	4.60E-10
	5.01E-05
	8.23E-02
	1.46E-10
	5.95E-09
	3.25E-07
	3.01E-11
	3.81E-10
	9.89E-11
	2.31E-06
	4.41E-06
	7.07E-08
	7.68E-08
	1.85E-09
	7.69E-04


[bookmark: _Ref152509267]Table 12. P-value on CEC-2022 (Dim=20).
	Function
	LSHADE_cnEpSin
	LSHADE_SPACMA
	MadDE
	DE
	AVOA
	GWO
	WOA
	CPSOGSA
	SO
	GTO
	COA
	RIME
	GJO
	DBO
	NOA

	F1
	7.39E-11
	8.65E-01
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	1.06E-03
	3.02E-11
	1.08E-02
	3.02E-11
	3.02E-11
	5.59E-01

	F2
	9.59E-01
	2.38E-03
	6.95E-01
	3.01E-07
	1.11E-03
	3.82E-10
	3.02E-11
	2.68E-04
	4.29E-01
	1.33E-01
	7.20E-05
	8.42E-01
	3.02E-11
	8.29E-06
	6.95E-01

	F3
	3.02E-11
	9.07E-03
	8.99E-11
	2.43E-05
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	5.49E-11
	3.02E-11
	3.02E-11
	3.02E-11

	F4
	5.53E-08
	2.77E-01
	9.92E-11
	3.02E-11
	3.02E-11
	6.67E-03
	3.02E-11
	9.92E-11
	1.30E-01
	1.21E-10
	4.08E-11
	2.88E-06
	1.46E-10
	3.02E-11
	3.69E-11

	F5
	3.82E-09
	7.06E-01
	1.46E-10
	3.34E-11
	3.02E-11
	5.00E-09
	3.02E-11
	3.02E-11
	1.41E-09
	5.49E-11
	3.02E-11
	2.77E-05
	3.69E-11
	4.50E-11
	1.09E-10

	F6
	8.65E-01
	3.08E-08
	5.57E-10
	3.02E-11
	3.55E-01
	2.23E-09
	3.02E-11
	5.20E-01
	9.35E-01
	2.23E-01
	1.30E-01
	5.26E-04
	3.02E-11
	5.08E-03
	7.84E-01

	F7
	4.50E-11
	6.15E-02
	3.82E-09
	1.87E-07
	3.02E-11
	3.65E-08
	3.02E-11
	3.02E-11
	1.31E-08
	9.92E-11
	6.72E-10
	4.74E-06
	3.02E-11
	1.46E-10
	4.80E-07

	F8
	1.01E-08
	2.46E-01
	4.64E-03
	1.25E-07
	7.38E-10
	9.53E-07
	3.02E-11
	3.69E-11
	1.86E-06
	1.33E-02
	2.87E-10
	2.32E-06
	1.96E-10
	1.43E-08
	3.51E-02

	F9
	1.11E-06
	2.40E-01
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	3.02E-11
	4.08E-11
	1.77E-03
	3.02E-11
	3.02E-11
	3.02E-11
	7.39E-11
	8.15E-11

	F10
	2.68E-04
	2.81E-02
	5.11E-01
	1.00E+00
	8.20E-07
	7.60E-07
	8.48E-09
	8.15E-11
	9.79E-05
	2.32E-02
	2.38E-03
	1.24E-03
	4.94E-05
	6.20E-04
	1.53E-05

	F11
	2.61E-02
	4.64E-03
	7.01E-02
	5.53E-08
	1.37E-03
	1.09E-10
	3.02E-11
	4.46E-01
	9.47E-03
	3.95E-01
	4.22E-04
	1.56E-02
	3.02E-11
	3.26E-07
	4.46E-04

	F12
	4.50E-11
	1.03E-06
	1.09E-10
	3.02E-11
	1.21E-10
	2.44E-09
	3.02E-11
	3.02E-11
	3.02E-11
	7.38E-10
	1.33E-10
	3.82E-10
	3.02E-11
	8.15E-11
	4.94E-05



[bookmark: _Ref144318283]Table 13. Friedman average rank sum test results.
	Suites
	
	CEC-2017
	
	CEC-2022

	Dimensions
	
	30
	
	50
	
	100
	
	10
	
	20

	Algorithms
	
	Ave. Rank
	Overall Rank
	
	Ave. Rank
	Overall Rank
	
	Ave. Rank
	Overall Rank
	
	Ave. Rank
	Overall Rank
	
	Ave. Rank
	Overall Rank

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	LSHADE_cnEpSin
	
	3.03
	3
	
	3.32
	3
	
	4.00
	2.5
	
	2.31
	2
	
	5.92
	5

	LSHADE_SPACMA
	
	2.52
	2
	
	3.13
	2
	
	4.00
	2.5
	
	3.73
	3
	
	2.31
	2

	MadDE
	
	5.84
	4
	
	7.16
	8
	
	8.65
	10
	
	3.92
	4
	
	4.85
	3

	DE
	
	9.52
	10
	
	10.71
	11
	
	11.16
	11
	
	6.69
	6.5
	
	7.54
	9

	AVOA
	
	10.35
	12
	
	9.26
	10
	
	7.52
	9
	
	10.85
	13
	
	9.77
	11

	GWO
	
	8.87
	9
	
	8.13
	9
	
	7.23
	7
	
	10.31
	11.5
	
	8.92
	10

	WOA
	
	15.10
	16
	
	14.97
	16
	
	14.71
	16
	
	13.92
	16
	
	14.46
	16

	CPSOGSA
	
	12.58
	14
	
	12.29
	13
	
	11.52
	12
	
	12.85
	15
	
	12.08
	15

	SO
	
	6.77
	7
	
	6.23
	5
	
	6.90
	6
	
	7.54
	9
	
	6.00
	6

	GTO
	
	6.71
	6
	
	6.29
	6
	
	5.39
	5
	
	7.15
	8
	
	7.00
	8

	COA
	
	10.26
	11
	
	11.23
	12
	
	11.65
	13
	
	9.69
	10
	
	10.38
	12

	RIME
	
	6.35
	5
	
	5.68
	4
	
	5.26
	4
	
	6.69
	6.5
	
	5.38
	4

	GJO
	
	12.71
	15
	
	12.65
	15
	
	12.48
	14
	
	12.46
	14
	
	11.38
	13

	DBO
	
	12.55
	13
	
	12.45
	14
	
	12.55
	15
	
	10.31
	11.5
	
	11.62
	14

	NOA
	
	7.45
	8
	
	7.00
	7
	
	7.35
	8
	
	6.62
	5
	
	7.00
	8

	SBOA
	
	1.52
	1
	
	1.65
	1
	
	1.77
	1
	
	1.73
	1
	
	2.15
	1



Mathematical formulas for engineering problems 
1.Three-Bar Truss Design (TBTD)
The mathematical model for this problem is represented by Eq. (20).
	Consider
	,
	(20)

	Minimize
	,
	

	Subject to
	,
	

	
	,
	

	
	,
	

	Parameter range
	,
	

	Where
	
	




2.Pressure Vessel Design (PVD)
The mathematical model for this problem is represented by Eq. (21).
	Consider:
	
	(21)

	Minimize:
	
	

	Subject to:
	
	

	
	
	

	
	
	

	
	
	

	Parameters range:
	
	



3. Tension/Compression Spring Design (TCPD (case 1))
The mathematical model for this problem is represented by Eq. (23).
	Consider:
	
	(22)

	Minimize:
	
	

	Subject to:
	
	

	
	,
	

	
	
	

	
	
	

	Parameters range:
	5. 
	



4. Welded Beam Design (WBD)
The mathematical model for this problem is represented by Eq. (23).
	Consider:
	
	(23)

	Minimize:
	
	

	Subject to:
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	,
	

	
	
	

	Parameters range:
	
	

	Where,
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



5. Weight Minimization of Speed Reducer Design (WMSRD) 
The mathematical model for this problem is represented by Eq. (24).
	Minimize:
	

	Subject to:
	




             (24)







	Parameters range:
	
 



6. Rolling Element Bearing Design (REBD)
The mathematical model for this problem can be represented by Eq. (25).
	Consider:
	
	(25)

	Minimize:
	
	

	Subject to:
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Where,
	
	

	
	
	

	
	
	

	
	
	

	Parameters range:
	
	

	
	
	

	
	
	



7. Gear Train Design (GTD)
The mathematical model for this problem can be represented by Eq. (26).
	Consider，
	,
	  (26)

	Minimize，
	,
	

	Parameter range：
	.
	



8. Hydrostatic Thrust Bearing Design (HSTBD)
The mathematical model for this problem can be represented by Eq. (27).
	Minimize:
	

	Subject to:
	



                                                  (27)




	Where,
	




	With bounds,
	




9. Single Cone Pulley Design (SCPD)
The mathematical model for this problem can be represented by Eq. (28).
	[bookmark: _Hlk136088942]Minimize:
	

	Subject to:
	
                                                             (28)




	Where,
	






10. Gas Transmission Compressor Design (GTCD)
The mathematical model for this problem can be represented by Eq. (29).
	Minimize:
	

	Subject to:
	


	With bounds:                               
	                                                                  (29)
 
 
 



11. Planetary Gear Train Design (PGTD)
The mathematical model for this problem can be represented by Eq. (30).
	[bookmark: _Hlk136088537]Minimize:
	

	Where,
	


	Subject to:
	


                (30)








	Where,
	



	Parameters range:

	




and Ni = integer.



12. Four-stage Gear Box Design (F-sGBD)
The mathematical model for this problem can be represented by Eq. (31).

	[bookmark: _Hlk136089104]Consider:
	

	Minimize:
	,

	Subject to:
		

	

	

	

	

	

	

	

	

	

	

	                                   (31)

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	Where,
	


	Parameters range:
		,
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