A Appendix

This appendix provides a comprehensive analysis of the performance metrics for the five selected MAs
and their OBL variants, evaluated across 12 benchmark functions. The algorithms are assessed on
two different dimensionalities: 10 and 20. Detailed metrics, including Min, Max, Mean, Std, ET, and
NFEs, are presented in Tables 1 to 10. Furthermore, Tables 11 to 15 summarize the Friedman test
results based on mean fitness values. Additionally, Figures 1 to 30 depict the convergence curves of
various algorithmic variants across iterations, offering insights into their solution quality, convergence
speed, and the trade-off between exploration and exploitation.



Table 1: Performance metrics for DE variants across 12 Functions (D = 10)

Fy Fy 3 Fy Fs Fs F; Fy Fy Fio iy Fip

Min 3.00E+02 | 4.00E+02 | 6.00E+02 | 8.03E+02 | 9.00E+02 | 1.82E+03 | 2.00E+03 | 2.20E+03 | 2.53E+03 | 2.50E+03 | 2.60E+03 | 2.86E+03

Max 3.00E+02 | 4.09E+02 | 6.00E+02 | 8.36E+02 | 9.00E+02 | 3.77TE+03 | 2.02E+03 | 2.22E+03 | 2.53E+03 | 2.61E+03 | 3.00E+03 | 2.87E+03

DE Mean | 3.00E402 | 4.07TE+02 | 6.00E+02 | 8.22E+02 | 9.00E+02 | 2.21E4+03 | 2.01E+03 | 2.21E4+03 | 2.53E+03 | 2.51E+03 | 2.62E+03 | 2.86E+03
STD 6.39E-12 7.45E+400 | 4.15E-14 2.37TE+01 | 0.00E+00 | 6.39E+02 | 1.67TE+01 | 1.45E+01 | 2.29E+02 | 1.16E+02 | 8.27E+01 | 1.63E+02

ET 3.86E-01 3.85E-01 4.49E-01 3.99E-01 4.08E-01 3.83E-01 4.68E-01 4.96E-01 4.59E-01 4.51E-01 5.23E-01 5.28E-01

NFEs | 5.00E404 | 5.00E404 | 5.00E4+04 | 5.00E4+04 | 5.00E4+04 | 5.00E4+04 | 5.00E4+04 | 5.00E4+04 | 5.00E404 | 5.00E404 | 5.00E404 | 5.00E404

Min 3.00E+02 | 4.00E+02 | 6.00E+02 | 8.04E+02 | 9.00E+02 | 1.82E+03 | 2.00E+03 | 2.20E+03 | 2.53E+03 | 2.50E+03 | 2.60E+03 | 2.86E+03

Max 3.00E+02 | 4.09E+02 | 6.00E+02 | 836E+02 | 9.00E+02 | 4.71E+03 | 2.02E+03 | 2.23E+03 | 2.53E+03 | 2.61E+03 | 3.00E4+03 | 2.86E+03

o, | Mean | 3.00E+02 | 4.06E+02 | 6.00E4+02 | 8.19E+02 | 9.00E+02 | 2.34E+03 | 2.01E4+03 | 2.21E+03 | 2.53E+03 | 2.52E+03 | 2.62E+03 | 2.86E+03

~ | STD 1.27E-12 6.11E4+00 | 4.64E-14 2.16E+01 | 0.00E+00 | 9.55E+02 | 1.48E+01 | 1.58E+01 | 2.29E+02 | 1.29E+02 | 7.80E+01 | 1.63E+02
ET 3.80E-01 3.79E-01 4.39E-01 3.93E-01 4.03E-01 3.77TE-01 4.64E-01 4.90E-01 4.53E-01 4.42E-01 5.14E-01 5.15E-01

NFEs | 5.01E4+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04

0 Min 3.00E+02 | 4.00E+02 | 6.00E+02 | 8.04E+02 | 9.00E+02 | 1.81E+03 | 2.00E+03 | 2.20E+03 | 2.53E+03 | 2.50E+03 | 2.60E+03 | 2.86E+03
A Max 3.00E+02 | 4.09E+02 | 6.00E+02 | 837E+02 | 9.00E+02 | 5.03E+03 | 2.02E+03 | 2.22E+03 | 2.53E+03 | 2.61E+03 | 3.00E+03 | 2.87E+03
E a, | Mean | 3.00E+02 | 4.06E402 | 6.00E+02 | 8.22E+02 | 9.00E402 | 2.17TE+03 | 2.01E4+03 | 2.22E+403 | 2.53E+03 | 2.51E4+03 | 2.65E+03 | 2.86E+03
o || SsTD 1.65E-11 6.33E+00 | 5.87E-14 2.42E+01 | 0.00E+00 | 8.29E+02 | 1.72E+01 | 1.80E+01 | 2.29E+02 | 1.21E+02 | 1.32E4+02 | 1.63E+02
M ET 4.55E-01 4.40E-01 5.16E-01 4.56E-01 4.70E-01 4.06E-01 5.50E-01 5.84E-01 5.24E-01 5.09E-01 6.32E-01 6.15E-01
NFEs | 6.51E+04 | 6.50E+04 | 6.48E+04 | 6.49E+04 | 6.53E+04 | 6.48E+04 | 6.49E+04 | 6.51E+04 | 6.52E+04 | 6.48E+04 | 6.53E+04 | 6.53E+04

Min 3.00E+02 | 4.00E+02 | 6.00E+02 | 8.05E+02 | 9.00E+02 | 1.82E+03 | 2.00E+03 | 2.20E+03 | 2.53E+03 | 2.50E+03 | 2.60E+03 | 2.86E+03

Max 3.00E+02 | 4.09E+02 | 6.00E+02 | 835E+02 | 9.00E+02 | 4.35E+03 | 2.02E+03 | 2.22E+03 | 2.53E+03 | 2.61E+03 | 3.00E+03 | 2.87E+03

canl" Mean | 3.00E+02 | 4.07E+02 | 6.00E+02 | 8.23E+02 | 9.00E+02 | 2.22E+03 | 2.01E4+03 | 2.21E+03 | 2.53E+03 | 2.50E+03 | 2.63E+03 | 2.86E+03

& | STD 1.84E-11 7.40E4+00 | 5.49E-14 2.45E+01 | 0.00E+00 | 6.80E+02 | 1.54E+01 | 1.56E+01 | 2.29E+02 | 1.06E+02 | 1.03E4+02 | 1.63E+02
ET 4.62E-01 4.58E-01 5.66E-01 4.73E-01 4.89E-01 4.51E-01 5.74E-01 6.12E-01 5.56E-01 5.39E-01 6.33E-01 6.40E-01

NFEs | 6.50E+04 | 6.51E+04 | 6.51E+04 | 6.53E+04 | 6.50E+04 | 6.48E+04 | 6.52E+04 | 6.50E+04 | 6.51E4+04 | 6.51E+04 | 6.50E+04 | 6.52E+04




Table 1 continued from previous page

" i I3 Fy Fs Fys i Fyg Fy Fig Fp Fio

Min 3.00E+02 | 4.00E+02 | 6.00E+02 | 8.04E+02 | 9.00E+02 | 1.81E+03 | 2.00E+03 | 2.20E+03 | 2.53E+03 | 2.50E+03 | 2.60E+03 | 2.86E+03

Max 3.00E+02 | 4.09E+02 | 6.00E+02 | 835E+02 | 9.00E+02 | 6.93E+03 | 2.14E+03 | 2.22E+03 | 2.53E+03 | 2.61E+03 | 3.00E+03 | 2.86E+03

a, | Mean | 3.00E+02 | 4.07E+02 | 6.00E+02 | 8.23E+02 | 9.00E+02 | 2.32E+03 | 2.02E+03 | 2.21E+03 | 2.53E+03 | 2.51E+03 | 2.64E+03 | 2.86E+03

~ | STD 5.54E-12 7.62E+00 | 4.64E-14 2.48E+01 | 0.00E+00 | 1.15E+03 | 3.01E+01 | 1.69E+01 | 2.29E+02 | 1.20E+02 | 1.26E+02 | 1.63E+02
ET 3.76E-01 3.78E-01 4.41E-01 3.92E-01 4.09E-01 3.80E-01 4.69E-01 4.97E-01 4.60E-01 4.46E-01 5.15E-01 5.17E-01

NFEs | 5.01E4+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04

€3 Min 3.00E+02 | 4.00E+02 | 6.00E+02 | 8.04E+02 | 9.00E+02 | 1.82E+03 | 2.02E+03 | 2.22E+03 | 2.49E+03 | 2.50E+03 | 2.60E+03 | 2.85E+03
E Max 3.09E+04 | 4.09E+02 | 6.00E+02 | 8.70E+02 | 9.02E+02 | 3.29E+06 | 2.04E+03 | 2.24E+03 | 2.54E+03 | 2.65E+03 | 2.90E+03 | 2.90E+03
M | o, | Mean | 3.16E+03 | 4.04E402 | 6.00E402 | 8.38E+02 | 9.00E402 | 2.41E+05 | 2.02E403 | 2.23E403 | 2.51E+03 | 2.52E403 | 2.63E+03 | 2.87E+03
8 1 STD 7.8TE+03 | 4.88E+00 | 2.09E-02 4.12E+01 | 4.61E-01 7.03E+05 | 2.49E+01 | 2.66E+01 | 2.08E+4+02 | 1.23E+02 | 7.76E+01 | 1.67TE+02
@) ET 4.38E-01 4.32E-01 5.28E-01 8.19E-01 1.85E+00 | 1.94E+00 | 9.56E-01 5.65E-01 5.23E-01 5.12E-01 6.02E-01 6.04E-01
NFEs | 6.50E4+04 | 6.49E+04 | 6.52E4+04 | 6.51E4+04 | 6.50E4+04 | 6.49E+04 | 6.49E+4+04 | 6.50E4+04 | 6.51E4+04 | 6.51E4+04 | 6.54E+4+04 | 6.50E404

Min 3.00E+02 | 4.00E+02 | 6.00E+02 | 8.08E+02 | 9.00E+02 | 1.83E+03 | 2.00E+03 | 2.20E+03 | 2.49E+03 | 2.50E+03 | 2.60E+03 | 2.85E+03

Max 3.62E+04 | 4.08E+02 | 6.00E+02 | 8.70E+02 | 1.46E+03 | 1.58E+07 | 2.04E+03 | 2.33E+03 | 2.61E+03 | 3.53E+03 | 3.00E+03 | 2.90E+03

53* Mean | 3.76E4+03 | 4.05E4+02 | 6.00E4+02 | 8.38E+02 | 9.19E402 | 9.37E+05 | 2.02E4+03 | 2.23E4+03 | 2.51E4+03 | 2.55E4+03 | 2.63E4+03 | 2.87E+03

& | STD 9.07E+03 | 5.05E+00 | 3.51E-02 4.16E+01 | 1.02E+02 | 3.05E+06 | 2.31E+01 | 3.37TE+01 | 2.15E+02 | 2.40E+02 | 9.23E+01 | 1.68E+02
ET 4.21E-01 4.20E-01 5.05E-01 4.51E-01 4.68E-01 4.44E-01 5.50E-01 6.10E-01 5.53E-01 5.34E-01 6.36E-01 6.52E-01

NFEs | 6.51E+04 | 6.49E+04 | 6.53E+04 | 6.49E+04 | 6.51E+04 | 6.52E+04 | 6.49E+04 | 6.51E+04 | 6.50E+04 | 6.53E+04 | 6.50E+04 | 6.49E+04




Table 1 continued from previous page

Fy Fy F3 Fy Fs Fe Fr Fy Fy Fio Fi Fio

Min 3.00E+02 | 4.04E402 | 6.00E4+02 | 8.04E+02 | 9.00E402 | 1.80E+403 | 2.00E+03 | 2.20E+403 | 2.53E403 | 2.50E+03 | 2.60E+03 | 2.86E+403

Max | 3.00E4-02 | 4.09E+02 | 6.00E+02 | 8.33E+02 | 9.00E402 | 3.69E4-03 | 2.02E403 | 2.22E+03 | 2.53E+03 | 2.61E+03 | 2.75E403 | 2.86E4-03

a, | Mean | 3.00E+02 | 4.07E+02 | 6.00E+02 | 8.22E+02 | 9.00E+02 | 2.09E+03 | 2.01E+03 | 2.21E+03 | 2.53E+03 | 2.51E+03 | 2.61E+03 | 2.86E+03

| STD | 4.04E-10 | 7.66E+00 | 3.60E-14 | 2.35E+01 | 0.00E4+00 | 5.35E+02 | 1.40E+01 | 1.54E+01 | 2.29E+02 | 1.11E+02 | 2.75E+01 | 1.63E+02
ET 5.11E-01 | 5.07E-01 | 5.89E-01 5.30E-01 | 5.42E-01 | 5.06E-01 | 6.16E-01 | 6.51E-01 | 6.12E-01 5.97E-01 1.46E4-01 | 7.18E-01

NFEs | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04

@ Min 3.00E+02 | 4.00E402 | 6.00E4+02 | 8.03E+02 | 9.00E402 | 1.82E403 | 2.00E+03 | 2.20E+403 | 2.53E403 | 2.50E+03 | 2.60E+03 | 2.86E+403
A Max | 3.00E4-02 | 4.09E+02 | 6.00E+02 | 8.36E+02 | 9.00E402 | 3.96E4-03 | 2.02E403 | 2.22E+03 | 2.53E+03 | 2.61E+03 | 2.75E403 | 2.86E4-03
qu a, | Mean | 3.00E+02 | 4.06E4+02 | 6.00E+02 | 8.21E+02 | 9.00E+02 | 2.13E+03 | 2.01E+03 | 2.21E4+03 | 2.53E+03 | 2.51E+03 | 2.61E+03 | 2.86E+03
S || STD 1.89E-12 | 6.57TE400 | 5.87E-14 | 2.32E401 | 0.00E400 | 6.06E+02 | 1.63E+401 | 1.52E401 | 2.29E+02 | 1.11E4+02 | 2.75E401 | 1.63E+02
© ET 5.56E-01 | 5.61E-01 | 6.67E-01 5.94E-01 | 6.18E-01 | 3.33E400 | 7.18E-01 | 7.55E-01 | 6.88E-01 | 6.79E-01 | 7.99E-01 7.91E-01
NFEs | 6.51E+04 | 6.50E+04 | 6.51E+04 | 6.52E+04 | 6.48E+04 | 6.52E+04 | 6.50E+04 | 6.52E+04 | 6.50E+04 | 6.53E+04 | 6.50E+04 | 6.51E+04

Min 3.00E+02 | 4.04E402 | 6.00E4+02 | 8.02E+02 | 9.00E402 | 1.82E403 | 2.00E+03 | 2.20E+4-03 | 2.53E403 | 2.50E+03 | 2.60E+03 | 2.86E403

Max | 3.00E4-02 | 4.09E+02 | 6.00E+02 | 8.36E+02 | 9.00E402 | 2.97E4-03 | 2.02E403 | 2.22E+03 | 2.53E+03 | 2.50E+03 | 2.75E403 | 2.87E4-03

& | Mean 3.00E4-02 | 4.06E402 | 6.00E4-02 | 8.21E402 | 9.00E402 | 2.06E+03 | 2.01E+03 | 2.21E+03 | 2.53E+03 | 2.50E+03 | 2.61E+03 | 2.86E+03

P_% STD 1.24E-11 | 6.62E400 | 4.64E-14 | 2.33E401 | 0.00E400 | 4.11E+02 | 1.54E+01 | 1.47E+401 | 2.29E+02 | 1.00E+02 | 3.88E+401 | 1.63E+02
ET 5.56E-01 | 5.65E-01 | 6.71E-01 | 6.01E-01 | 6.46E-01 | 5.65E-01 7.07E-01 | 4.14E400 | 7.07TE-01 | 6.71E-01 | 7.87E-01 7.93E-01

NFEs | 6.52E+04 | 6.51E+04 | 6.49E+04 | 6.51E+04 | 6.50E+04 | 6.52E+04 | 6.51E+04 | 6.56E+04 | 6.52E+04 | 6.50E+04 | 6.50E+04 | 6.51E+04




Table 1 continued from previous page

" i I3 Fy Fs Fys i Fyg Fy Fig Fp Fio

Min 3.00E+02 | 4.04E+02 | 6.00E+02 | 8.02E+02 | 9.00E+02 | 1.81E+03 | 2.00E+03 | 2.20E+03 | 2.53E+03 | 2.50E+03 | 2.60E+03 | 2.86E+03

a, | Max 3.00E+02 | 4.09E+02 | 6.00E+02 | 838E+02 | 9.00E+02 | 5.39E+03 | 2.02E+03 | 2.23E+03 | 2.53E+03 | 2.61E+03 | 2.75E+03 | 2.86E+03

~ | Mean | 3.00E+02 | 4.07E4+02 | 6.00E402 | 8.20E+02 | 9.00E4+02 | 2.30E403 | 2.01E+03 | 2.21E4+03 | 2.53E4+03 | 2.51E+03 | 2.61E+03 | 2.86E403
STD 9.29E-13 6.94E+00 | 5.08E-14 2.30E+01 | 0.00E+00 | 9.79E+02 | 1.29E+01 | 1.58E+01 | 2.29E+02 | 1.15E+02 | 2.75E+01 | 1.63E+02

ET 3.84E-01 4.83E-01 5.15E-01 5.66E-01 4.94E-01 5.49E-01 5.48E-01 4.87E-01 4.51E-01 4.36E-01 5.10E-01 5.24E-01

NFEs | 5.01E4+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04

@ Min 3.00E+02 | 4.00E+02 | 6.00E+02 | 8.04E+02 | 9.00E+02 | 1.81E+03 | 2.00E+03 | 2.20E+03 | 2.53E+03 | 2.50E+03 | 2.60E+03 | 2.86E+03
Q. Max 3.00E+02 | 4.09E+02 | 6.00E+02 | 835E+02 | 9.00E+02 | 4.83E+03 | 2.02E+03 | 2.22E+03 | 2.53E+03 | 2.61E+03 | 2.75E+03 | 2.86E+03
DAQ a, | Mean | 3.00E+02 | 4.05E402 | 6.00E+02 | 8.22E4+02 | 9.00E4-02 | 2.15E+03 | 2.01E403 | 2.21E403 | 2.53E+03 | 2.51E403 | 2.61E+03 | 2.86E+03
O | ¥|STD 1.11E-12 5.64E+00 | 2.07E-06 2.39E+01 | 0.00E+00 | 7.04E+02 | 1.29E+01 | 1.71E+01 | 2.29E+02 | 1.20E+02 | 2.75E+01 | 1.63E+02
S ET 6.37E-01 6.62E-01 6.95E-01 6.38E-01 6.52E-01 6.15E-01 7.43E-01 7.76E-01 7.45E-01 7.06E-01 8.07E-01 8.05E-01
NFEs | 6.48E+04 | 6.51E+04 | 6.52E+04 | 6.51E+04 | 6.51E+04 | 6.51E+04 | 6.51E+04 | 6.47TE+04 | 6.48E+04 | 6.52E+04 | 6.51E+04 | 6.51E+04

Min 3.00E+02 | 4.00E+02 | 6.00E+02 | 8.03E+02 | 9.00E+02 | 1.82E+03 | 2.00E+03 | 2.20E+03 | 2.53E+03 | 2.50E+03 | 2.60E+03 | 2.86E+03

Max 3.00E+02 | 4.09E+02 | 6.00E+02 | 8.36E+02 | 9.00E+02 | 4.00E+03 | 2.02E+03 | 2.22E+03 | 2.53E+03 | 2.50E+03 | 2.75E+03 | 2.87E+03

53* Mean | 3.00E402 | 4.07TE+02 | 6.00E+02 | 8.19E+02 | 9.00E+02 | 2.22E+4+03 | 2.01E+03 | 2.21E4+03 | 2.53E+03 | 2.50E+03 | 2.61E+03 | 2.86E+03

& | STD 7.71E-13 7.04E+400 | 6.56E-14 2.18E+01 | 0.00E+00 | 7.38E+02 | 1.54E+01 | 1.28E+01 | 2.29E+02 | 1.00E+02 | 2.75E+01 | 1.63E+02
ET 5.46E-01 5.53E-01 6.33E-01 5.71E-01 5.92E-01 5.66E-01 6.79E-01 7.04E-01 6.57E-01 6.37E-01 7.31E-01 7.32E-01

NFEs | 6.48E4+04 | 6.51E4+04 | 6.52E4+04 | 6.51E4+04 | 6.51E4+04 | 6.50E4+04 | 6.53E4+04 | 6.50E4+04 | 6.52E+4+04 | 6.52E+4+04 | 6.50E4+04 | 6.49E+404




Table 1 continued from previous page

Fy Fy F3 Fy Fs Fe Fr Fy Fy Fio Fi Fio

Min 3.00E+02 | 4.00E402 | 6.00E4+02 | 8.04E+02 | 9.00E402 | 1.82E4+03 | 2.00E+03 | 2.20E+403 | 2.53E+403 | 2.50E+03 | 2.60E+03 | 2.86E403

Max | 3.00E+02 | 4.09E+02 | 6.00E+02 | 8.35E+02 | 9.00E+02 | 3.31E+03 | 2.02E+03 | 2.22E+03 | 2.53E+03 | 2.61E+03 | 2.75E+03 | 2.87E+03

a, | Mean | 3.00E+02 | 4.06E+02 | 6.00E+02 | 8.22E+02 | 9.00E+02 | 2.17E4+03 | 2.01E+03 | 2.21E+03 | 2.53E+03 | 2.52E+03 | 2.61E+03 | 2.86E+03

| STD | 8.41E-13 | 6.70E+00 | 4.64E-14 | 2.42E+01 | 0.00E4+00 | 5.96E+02 | 1.48E+01 | 1.35E+01 | 2.29E+02 | 1.25E+02 | 2.75E+01 | 1.63E+02
ET 4.12E-01 | 4.31E-01 | 4.64E-01 | 4.17E-01 | 4.06E-01 | 3.83E-01 | 4.70E-01 | 4.99E-01 | 4.59E-01 | 4.44E-01 | 5.35E-01 | 2.20E4-00

NFEs | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04

€3] Min 3.00E+02 | 4.04E402 | 6.00E4+02 | 8.04E+02 | 9.00E402 | 1.81E4+03 | 2.00E+03 | 2.20E+403 | 2.53E+403 | 2.50E+03 | 2.60E+03 | 2.86E+403
i Max | 3.00E4-02 | 4.09E+02 | 6.00E+02 | 8.29E+02 | 9.00E402 | 4.65E4-03 | 2.02E403 | 2.22E+03 | 2.53E+03 | 2.61E+03 | 2.60E4+03 | 2.87E4-03
M | o, | Mean | 3.00E402 | 4.06E4+02 | 6.00E+02 | 8.12E402 | 9.00E402 | 2.29E+03 | 2.01E403 | 2.21E403 | 2.53E+03 | 2.53E+03 | 2.60E403 | 2.86E+03
g @1 STD | 0.00E+00 | 6.62E+00 | 4.15E-14 | 1.46E+01 | 0.00E+00 | 9.00E+02 | 1.29E401 | 1.38E+01 | 2.29E+02 | 1.33E4+02 | 2.49E-13 1.63E+02
c ET 5.71E-01 | 5.71E-01 | 6.58E-01 | 6.07E-01 | 6.21E-01 | 5.89E-01 7.40E-01 | 7.36E-01 | 6.79E-01 | 6.73E-01 | 7.77E-01 7.63E-01
NFEs | 6.48E4-04 | 6.50E+04 | 6.53E+04 | 6.49E+04 | 6.50E4+04 | 6.48E4-04 | 6.52E4-04 | 6.50E+04 | 6.52E+04 | 6.49E+04 | 6.53E4+04 | 6.52E4-04

Min 3.00E+02 | 4.00E402 | 6.00E4+02 | 8.03E+02 | 9.00E402 | 1.81E4+03 | 2.00E+03 | 2.20E+403 | 2.53E+403 | 2.50E+03 | 2.60E+03 | 2.86E+403

Max | 3.00E4-02 | 4.09E+02 | 6.00E+02 | 8.24E+02 | 9.00E402 | 4.18E4-03 | 2.02E403 | 2.23E+03 | 2.53E+03 | 2.61E+03 | 2.60E4+03 | 2.86E4-03

8; Mean | 3.00E+02 | 4.07E+02 | 6.00E+02 | 8.10E+02 | 9.00E+02 | 2.21E+03 | 2.01E+03 | 2.21E+03 | 2.53E+03 | 2.53E+03 | 2.60E+03 | 2.86E+03

& | STD | 0.00E+00 | 7.04E400 | 4.64E-14 | 1.17E401 | 0.00E+00 | 6.66E+02 | 1.12E+01 | 1.39E401 | 2.29E402 | 1.33E4+02 | 2.03E-13 1.62E4-02
ET 5.76E-01 | 5.69E-01 | 6.61E-01 | 6.25E-01 | 4.95E+02 | 6.11E-01 7.41E-01 | 7.16E-01 | 6.68E-01 | 6.50E-01 | 7.38E-01 7.36E-01

NFEs | 6.51E+04 | 6.51E+04 | 6.50E+04 | 6.51E+04 | 6.49E+04 | 6.51E+04 | 6.50E+04 | 6.49E+04 | 6.52E+04 | 6.52E+04 | 6.51E+04 | 6.49E+04




Table 2: Performance metrics for DE variants across 12 Functions (D = 20)

il i F3 Fy Fs Fys I Fyg Fy Fig Fy Fio

Min 4.64E403 | 4.45E+02 | 6.00E4+02 | 8.90E+02 | 9.00E+02 | 3.85E+03 | 2.03E+03 | 2.23E+03 | 2.48E+03 | 2.50E+03 | 2.90E+03 | 2.93E+403

Max 1.55E+04 | 4.49E402 | 6.00E4+02 | 9.24E+02 | 9.00E4+02 | 4.01E+05 | 2.05E+03 | 2.24E+03 | 2.48E+4+03 | 5.03E+03 | 3.00E+03 | 2.98E+03

DE Mean | 9.85E+03 | 4.49E+402 | 6.00E+02 | 9.06E+02 | 9.00E4-02 | 4.38E+04 | 2.03E403 | 2.23E403 | 2.48E+03 | 2.86E+403 | 2.93E+03 | 2.94E+403
STD 9.92E4+03 | 4.85E+01 | 2.65E-05 1.07TE+02 | 7.05E-12 8.06E+04 | 3.43E4+01 | 3.17E+401 | 1.81E402 | 8.59E+402 | 3.37TE+402 | 2.42E402

ET 4.11E-01 4.20E-01 5.44E-01 4.44E-01 4.63E-01 4.15E-01 5.80E-01 6.14E-01 6.05E-01 6.01E-01 1.95E+01 | 7.00E-01

NFEs | 5.00E+04 | 5.00E404 | 5.00E+404 | 5.00E+04 | 5.00E404 | 5.00E+04 | 5.00E404 | 5.00E4-04 | 5.00E+04 | 5.00E4+04 | 5.00E+404 | 5.00E+04

Min 5.04E403 | 4.45E402 | 6.00E402 | 8.83E4+02 | 9.00E402 | 4.03E403 | 2.02E403 | 2.23E403 | 2.48E+403 | 2.50E+4+03 | 2.90E403 | 2.93E403

Max 1.83E+04 | 4.69E+02 | 6.01E+02 | 9.24E+02 | 9.00E+02 | 4.65E+04 | 2.05E+03 | 2.24E+03 | 2.48E+03 | 5.12E+03 | 3.00E+03 | 2.96E+03

a, | Mean | 9.62E+03 | 4.49E+02 | 6.00E402 | 9.07E+02 | 9.00E4+02 | 2.37E4+04 | 2.03E+03 | 2.23E+03 | 2.48E+403 | 2.96E+03 | 2.93E4+03 | 2.94E+403

~ | STD 9.71E4+03 | 4.91E+01 | 1.03E-01 1.07E+02 | 5.90E-11 2.39E4+04 | 3.26E+4+01 | 3.24E+4+01 | 1.81E402 | 9.81E4+02 | 3.37TE+402 | 2.41E+402
ET 4.10E-01 4.99E-01 7.93E-01 5.83E-01 6.05E-01 5.45E-01 7.89E-01 7.99E-01 7.91E-01 6.99E-01 9.12E-01 1.26E+00

NFEs | 5.01E4+04 | 5.01E4+04 | 5.01E4+04 | 5.01E4+04 | 5.01E4+04 | 5.01E4+04 | 5.01E4+04 | 5.01E4+04 | 5.01E4+04 | 5.01E4+04 | 5.01E4+04 | 5.01E+404

0 Min 4.28E+03 | 4.45E+02 | 6.00E+02 | 8.86E+02 | 9.00E4+02 | 4.47E+03 | 2.02E4+03 | 2.23E4+03 | 2.48E+03 | 2.50E+03 | 2.60E+03 | 2.90E+03
A Max 2.10E404 | 4.49E402 | 6.00E402 | 9.21E402 | 9.00E402 | 1.38E+405 | 2.05E+4+03 | 2.24E403 | 2.48E+403 | 4.48E+403 | 3.00E403 | 2.95E403
E a, | Mean | 9.43E+03 | 4.48E402 | 6.00E+02 | 9.06E4+02 | 9.00E402 | 3.00E+04 | 2.03E4+03 | 2.23E+403 | 2.48E+03 | 2.78E+03 | 2.91E+03 | 2.93E+03
o | ¥ | STD 9.98E+03 | 4.84E+01 | 2.04E-05 1.07TE+02 | 7.95E-12 3.69E4+04 | 3.26E+01 | 3.13E4+01 | 1.81E4+02 | 7.13E4+02 | 3.21E+402 | 2.35E+402
- ET 4.27E-01 5.14E-01 7.98E-01 6.56E-01 5.69E-01 6.09E-01 7.32E-01 7.94E-01 7.30E-01 6.60E-01 8.19E-01 8.90E-01
NFEs | 6.50E4+04 | 6.51E4+04 | 6.48E+04 | 6.50E+04 | 6.52E+04 | 6.51E4+04 | 6.51E4+04 | 6.51E4+04 | 6.50E4+04 | 6.52E+04 | 6.49E+04 | 6.52E+04

Min 3.30E+03 | 4.45E+02 | 6.00E+02 | 8.85E+02 | 9.00E4+02 | 3.40E+03 | 2.03E+03 | 2.23E+03 | 2.48E+03 | 2.50E+03 | 2.90E+03 | 2.90E+03

Max 1.80E+04 | 4.49E+02 | 6.00E+02 | 9.24E+02 | 9.00E+02 | 6.98E+04 | 2.04E+03 | 2.24E+03 | 2.48E+03 | 4.40E+03 | 3.00E+03 | 2.94E+03

Dcf)l" Mean | 1.056E+04 | 4.48E+02 | 6.00E4+02 | 9.07E+02 | 9.00E4+02 | 2.51E+04 | 2.03E+03 | 2.23E4+03 | 2.48E+03 | 2.97E+03 | 2.93E+03 | 2.91E+03

& | STD 1.08E+04 | 4.83E+01 | 2.11E-05 1.07TE+02 | 6.98E-12 2.61E4+04 | 3.29E+4+01 | 3.23E+4+01 | 1.81E4+02 | 8.67E+02 | 3.30E+4+02 | 2.07TE+402
ET 5.19E-01 5.25E-01 7.17E-01 5.32E-01 5.55E-01 4.91E-01 7.11E-01 7.67E-01 7.39E-01 6.72E-01 8.42E-01 8.75E-01

NFEs | 6.52E+04 | 6.53E+04 | 6.52E+04 | 6.52E+04 | 6.50E404 | 6.50E+04 | 6.51E4+04 | 6.52E404 | 6.51E+04 | 6.51E4+04 | 6.52E+04 | 6.51E+04




Table 2 continued from previous page

Fy Fy F3 Fy Fs Fe Fr Fy Fy Fio Fi Fio

Min 6.33E4-03 | 4.45E402 | 6.00E4-02 | 8.79E402 | 9.00E402 | 6.93E+03 | 2.02E+03 | 2.23E+03 | 2.48E+03 | 2.50E+03 | 2.90E+03 | 2.94E+03

Max 1.81E404 | 4.49E402 | 6.00E+02 | 9.21E402 | 9.00E402 | 1.35E+05 | 2.05E+03 | 2.24E403 | 2.48E+03 | 4.57E+03 | 3.00E403 | 3.01E+4+03

a, | Mean | 1.07TE+04 | 4.48E+02 | 6.00E+02 | 9.05E+02 | 9.00E+02 | 3.37E+04 | 2.03E+03 | 2.23E+03 | 2.48E+03 | 3.08E+03 | 2.92E+03 | 2.95E+03

~ | STD 1.10E4-04 | 4.84E401 | 1.91E-05 | 1.05E402 | 6.94E-12 | 4.11E+04 | 3.21E401 | 3.13E401 | 1.81E+02 | 1.02E+03 | 3.26E+402 | 2.50E+02
ET 4.05E-01 | 4.15E-01 | 5.43E-01 | 4.47E-01 | 4.63E-01 | 4.14E-01 5.84E-01 | 6.15E-01 | 6.01E-01 | 8.37TE4-00 | 7.34E-01 7.03E-01

NFEs | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04

€3] Min 3.00E4-02 | 4.00E4-02 | 6.00E4-02 | 8.22E402 | 9.00E402 | 2.03E+03 | 2.02E+03 | 2.22E+03 | 2.47E+03 | 2.50E+03 | 2.60E+03 | 2.90E+03
i Max 1.06E405 | 4.81E402 | 6.06E+02 | 9.97E+402 | 3.49E403 | 4.34E+07 | 2.29E403 | 2.35E4+03 | 2.48E+03 | 5.25E+03 | 3.35E+03 | 2.90E+403
M | o, | Mean | 3.71E4+04 | 4.30E4+02 | 6.00E+02 | 8.95E402 | 1.0 E403 | 2.84E+06 | 2.09E+403 | 2.24E403 | 2.48E+03 | 3.47E+03 | 2.93E403 | 2.90E+03
8 @1 STD | 4.97E404 | 3.54E+01 | 9.54E-01 1.05E+02 | 5.01E+02 | 9.53E+06 | 1.08E+02 | 5.49E+01 | 1.v7E402 | 1.42E4-03 | 3.48E4-02 | 2.00E4-02
o ET 4.66E-01 | 4.65E-01 | 6.49E-01 5.20E-01 | 5.27E-01 | 4.79E-01 | 6.90E-01 | 7.41E-01 7.10E-01 | 6.35E-01 | 8.18E-01 | 8.82E-01
NFEs | 6.51E404 | 6.48E+04 | 6.52E+04 | 6.49E+04 | 6.51E4+04 | 6.50E4-04 | 6.51E4-04 | 6.49E+04 | 6.53E+04 | 6.51E+04 | 6.52E4+04 | 6.50E4-04

Min 3.32E402 | 4.02E4-02 | 6.00E4-02 | 8.26E402 | 9.00E402 | 2.04E+03 | 2.02E+03 | 2.22E+03 | 2.47E+03 | 2.50E+03 | 2.60E+03 | 2.90E+03

Max 1.31E405 | 4.49E402 | 6.25E+02 | 1.01E403 | 3.12E403 | 2.75E+07 | 2.23E403 | 2.37TE403 | 2.52E+03 | 6.42E+03 | 3.35E+403 | 2.90E+03

8; Mean | 5.26E+04 | 4.31E+02 | 6.02E+02 | 9.23E+02 | 1.11E+03 | 1.92E4+06 | 2.10E+03 | 2.25E+03 | 2.48E+03 | 3.94E+03 | 2.94E+03 | 2.90E+03

& | STD | 6.56E+04 | 3.35E4+01 | 5.63E400 | 1.31E402 | 5.32E4+02 | 7.00E+06 | 1.16E+02 | 6.22E401 | 1.78E4+02 | 1.92E403 | 3.58E+02 | 2.00E+02
ET 4.92E-01 | 4.78E-01 | 6.91E-01 5.33E-01 | 5.54E-01 | 5.12E-01 7.20E-01 | 7.56E-01 7.13E-01 | 6.36E-01 | 8.13E-01 | 8.40E-01

NFEs | 6.51E404 | 6.52E+04 | 6.52E+04 | 6.49E+04 | 6.51E4+04 | 6.53E4-04 | 6.52E4-04 | 6.53E+04 | 6.50E+04 | 6.52E+04 | 6.50E4+04 | 6.52E4-04




Table 2 continued from previous page

" i I3 Fy Fs Fys i Fyg Fy Fig Fp Fio

Min 3.42E+03 | 4.45E+02 | 6.00E+02 | 8.71E+02 | 9.00E+02 | 841E+03 | 2.02E+03 | 2.23E+03 | 2.48E+03 | 2.50E+03 | 2.90E+03 | 2.93E+03

Max 1.95E+04 | 4.49E+02 | 6.00E4+02 | 9.22E+02 | 9.00E402 | 1.39E+05 | 2.06E+03 | 2.24E+03 | 2.48E+03 | 5.34E+03 | 3.00E+03 | 3.01E+03

a, | Mean | 1.08E+04 | 4.48E+02 | 6.00E+02 | 9.07E+02 | 9.00E+02 | 3.47E+04 | 2.03E+03 | 2.23E+03 | 2.48E+03 | 3.07E+03 | 2.92E+03 | 2.94E+03

~ | STD 1.11E+04 | 4.83E+01 | 1.83E-05 1.08E+02 | 5.11E-11 4.12E4+04 | 3.47E+01 | 3.27E+01 | 1.81E+02 | 1.09E+03 | 3.22E+02 | 2.44E+02
ET 7.29E-01 7.43E-01 8.35E+00 | 7.69E-01 7.98E-01 7.45E-01 9.42E-01 9.86E-01 1.01E4+00 | 8.82E-01 1.07E400 | 1.11E+00

NFEs | 5.01E4+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04

@ Min 5.91E+03 | 4.45E+02 | 6.00E+02 | 8.79E+02 | 9.00E4+02 | 6.73E+03 | 2.02E+03 | 2.23E+03 | 2.48E+03 | 2.50E4+03 | 2.90E+03 | 2.93E+03
DI Max 1.88E+04 | 4.49E+02 | 6.00E4+02 | 9.26E+02 | 9.00E402 | 9.74E+04 | 2.05E+03 | 2.24E+03 | 2.48E+03 | 4.69E+03 | 3.00E+03 | 2.96E+03
é a, | Mean | 1.13E+04 | 4.48E402 | 6.00E+02 | 9.04E4+02 | 9.00E4-02 | 2.77TE+04 | 2.03E403 | 2.23E403 | 2.48E+03 | 2.81E+403 | 2.95E+03 | 2.94E+403
O | #|STD 1.15E+04 | 4.81E+01 | 2.19E-05 1.056E+02 | 2.42E-11 3.02E4+04 | 3.17TE+01 | 3.27E+01 | 1.81E+02 | 7.06E+02 | 3.50E+02 | 2.42E+02
O ET 5.91E-01 6.39E-01 9.95E+00 | 6.75E-01 6.91E-01 6.10E-01 8.93E-01 9.44E-01 9.20E-01 8.17E-01 2.58E+01 | 1.14E+00
NFEs | 6.52E4+04 | 6.50E4+04 | 6.51E4+04 | 6.50E4+04 | 6.50E4+04 | 6.50E4+04 | 6.51E4+04 | 6.49E+04 | 6.53E4+04 | 6.48E+4+04 | 6.49E+4+04 | 6.52E404

Min 4.60E+03 | 4.45E+02 | 6.00E+02 | 8.90E+02 | 9.00E+02 | 2.84E+03 | 2.01E+03 | 2.22E+03 | 2.48E+03 | 2.50E+03 | 2.90E+03 | 2.93E+03

Max 1.65E+04 | 4.49E+02 | 6.00E4+02 | 9.19E4+02 | 9.00E402 | 1.33E4+05 | 2.05E+03 | 2.24E+03 | 2.48E+03 | 4.53E+03 | 3.00E+03 | 2.95E+03

53* Mean | 9.58E+4+03 | 4.49E+4+02 | 6.00E4+02 | 9.05E4+02 | 9.00E4+02 | 3.50E+04 | 2.03E4+03 | 2.23E403 | 2.48E+03 | 2.69E+03 | 2.95E4+03 | 2.94E+03

& | STD 9.66E+03 | 4.88E+01 | 2.02E-05 1.05E+02 | 8.29E-02 4.42E+04 | 3.05E+01 | 3.22E401 | 1.81E+02 | 5.68E+02 | 3.50E+02 | 2.41E+02
ET 5.90E-01 6.00E-01 8.26E-01 6.94E-01 5.54E+01 | 6.24E-01 9.13E-01 9.66E-01 9.20E-01 8.10E-01 1.05E400 | 1.12E+400

NFEs | 6.51E4+04 | 6.51E4+04 | 6.52E4+04 | 6.52E4+04 | 6.52E4+04 | 6.50E4+04 | 6.50E4+04 | 6.50E4+04 | 6.50E4+04 | 6.50E4+04 | 6.50E4+04 | 6.51E+404
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Fy Fy F3 Fy Fs Fe Fr Fy Fy Fio Fi Fio

Min 3.96E403 | 4.06E402 | 6.00E4-02 | 8.92E402 | 9.00E402 | 4.93E+03 | 2.02E+03 | 2.23E+03 | 2.48E+03 | 2.50E+03 | 2.90E+03 | 2.93E+03

Max 1.54E+404 | 4.49E402 | 6.00E+02 | 9.20E4-02 | 9.00E402 | 8.30E+04 | 2.07E+03 | 2.24E403 | 2.48E+03 | 5.03E+03 | 3.00E403 | 3.02E+03

a, | Mean | 8.90E+03 | 4.47E+02 | 6.00E+02 | 9.06E+02 | 9.00E+02 | 2.58E+04 | 2.03E+03 | 2.23E+03 | 2.48E+03 | 2.66E+03 | 2.93E+03 | 2.95E+03

~ | STD 1.09E4+04 | 4.80E401 | 1.84E-05 | 1.03E402 | 2.86E-12 | 3.00E+04 | 3.23E+401 | 3.23E+401 | 1.81E4+02 | 2.26E+02 | 3.54E+402 | 2.39E+402
ET 7.29E-01 | 7.43E-01 | 8.35E400 | 7.69E-01 | 7.98E-01 7.45E-01 | 9.42E-01 | 9.86E-01 1.01E+00 | 8.82E-01 1.07E+00 | 1.11E+400

NFEs | 6.51E+04 | 6.49E+04 | 6.50E+04 | 6.52E+04 | 6.51E+04 | 6.52E+04 | 6.49E+04 | 6.49E+04 | 6.52E+04 | 6.49E+04 | 6.51E+04 | 6.53E+04

@ Min 5.42E403 | 4.45E402 | 6.00E4-02 | 8.78E4-02 | 9.00E4-02 | 4.51E4-03 | 2.02E4-03 | 2.23E4-03 | 2.48E403 | 2.50E+403 | 2.90E403 | 2.93E+4+03
A Max 1.75E4+04 | 4.49E402 | 6.00E+02 | 9.18E402 | 9.00E402 | 8.59E+04 | 2.05E+03 | 2.24E403 | 2.48E+03 | 3.52E+03 | 3.00E+403 | 2.95E+03
E a, | Mean | 1.06E+04 | 4.48E+02 | 6.00E+02 | 9.03E+02 | 9.00E+02 | 2.75E+04 | 2.03E+03 | 2.23E+03 | 2.48E+03 | 2.53E+03 | 2.95E+03 | 2.94E+03
S | | STD 1.09E4+04 | 4.80E401 | 1.84E-05 | 1.03E402 | 2.86E-12 | 3.00E+04 | 3.23E+401 | 3.23E+401 | 1.81E+02 | 2.26E+02 | 3.54E+402 | 2.39E+402
< ET 7.29E-01 | 7.43E-01 | 8.35E400 | 7.69E-01 | 7.98E-01 7.45E-01 | 9.42E-01 | 9.86E-01 1.01E+00 | 8.82E-01 1.07E+00 | 1.11E400
NFEs | 6.54E4-04 | 6.52E+04 | 6.50E+04 | 6.51E+04 | 6.49E4+04 | 6.53E4-04 | 6.52E4-04 | 6.48E+04 | 6.49E+04 | 6.49E+04 | 6.51E4+04 | 6.51E4-04

Min 4.86E403 | 4.45E402 | 6.00E4-02 | 8.88E+402 | 9.00E402 | 3.66E+03 | 2.02E+03 | 2.23E+03 | 2.48E+03 | 2.50E+03 | 2.90E+03 | 2.93E+03

Max 1.79E404 | 4.71E402 | 6.00E+02 | 9.23E402 | 9.00E402 | 6.38E+04 | 2.04E+03 | 2.24E403 | 2.48E+03 | 3.38E+03 | 3.00E403 | 3.00E+4+03

& | Mean 9.40E+03 | 4.51E402 | 6.00E4+02 | 9.06E+02 | 9.00E402 | 1.91E404 | 2.03E+03 | 2.23E403 | 2.48E+403 | 2.55E+03 | 2.94E+03 | 2.94E403

P_% STD | 9.55E+03 | 5.12E401 | 2.25E-05 | 1.06E+02 | 1.63E-02 | 2.13E+04 | 3.29E+01 | 3.33E401 | 1.81E+02 | 2.20E+02 | 3.40E+402 | 2.44E+02
ET 7.29E-01 | 7.43E-01 | 8.35E400 | 7.69E-01 | 7.98E-01 7.45E-01 | 9.42E-01 | 9.86E-01 1.01E+00 | 8.82E-01 1.07E+00 | 1.11E+400

NFEs | 6.51E+04 | 6.49E+04 | 6.50E+04 | 6.52E+04 | 6.51E+04 | 6.52E+04 | 6.49E+04 | 6.49E+04 | 6.52E+04 | 6.49E+04 | 6.51E+04 | 6.53E+04
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" i I3 Fy Fs Fys i Fyg Fy Fig Fp Fio

Min 4.44E+4+03 | 4.49E+02 | 6.00E+02 | 8. 88E+02 | 9.00E+02 | 4.67TE+03 | 2.02E+03 | 2.22E+03 | 2.48E+03 | 2.50E+03 | 2.90E+03 | 2.93E+03

Max 2.36E+04 | 4.49E+02 | 6.00E+02 | 9.19E+02 | 9.00E+02 | 5.96E+04 | 2.05E+03 | 2.24E+03 | 2.48E+03 | 4.52E+03 | 3.00E+03 | 2.98E-+03

a, | Mean | 1.01E+04 | 4.49E+02 | 6.00E+02 | 9.06E+02 | 9.00E+02 | 2.62E+04 | 2.03E+03 | 2.23E+03 | 2.48E+03 | 2.66E+03 | 2.94E+03 | 2.94E+03

~ | STD 1.08E+04 | 4.91E+01 | 1.88E-05 1.06E+02 | 3.47E-11 2.89E+4+04 | 3.25E+01 | 3.17E+01 | 1.81E+02 | 5.10E+02 | 3.47TE+02 | 2.43E+02
ET 1.88E+00 | 1.83E+00 | 2.22E+4+00 | 1.89E+00 | 2.06E400 | 1.76E4+00 | 1.98E+00 | 9.81E-01 6.27E-01 5.71E-01 7.26E-01 7.10E-01

NFEs | 5.01E4+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04

€a| Min 2.45E+03 | 4.45E+02 | 6.00E+02 | 8.91E+02 | 9.00E+02 | 2.37E+03 | 2.02E+03 | 2.23E+03 | 2.48E+03 | 2.50E4+03 | 2.60E+03 | 2.94E+03
i Max 1.01E+04 | 4.67E+02 | 6.00E4+02 | 9.16E+02 | 9.00E402 | 9.48E+04 | 2.05E+03 | 2.24E+03 | 2.48E+03 | 4.96E+03 | 3.00E+03 | 2.96E+03
M | o, | Mean | 5.6TE+03 | 4.50E4+02 | 6.00E402 | 9.05E+02 | 9.00E402 | 1.98E+04 | 2.03E403 | 2.23E403 | 2.48E+03 | 2.61E403 | 2.92E+03 | 2.94E+03
% 1 STD 5.62E+03 | 5.00E+01 | 1.89E-05 1.05E+02 | 6.76E-13 2.62E4+04 | 3.15E+01 | 3.20E+01 | 1.81E+02 | 4.89E+02 | 3.29E+02 | 2.41E+02
c ET 7.85E-01 7.67TE-01 9.89E-01 4.22E+01 | 8.03E-01 7.42E-01 9.49E-01 1.00E+00 | 9.78E-01 9.05E-01 1.09E400 | 1.13E+00
NFEs | 6.54E+04 | 6.49E+04 | 6.50E+04 | 6.50E+04 | 6.53E+04 | 6.52E+04 | 6.49E+04 | 6.50E+04 | 6.51E+04 | 6.51E+04 | 6.49E+04 | 6.50E+04

Min 2.92E+03 | 4.06E+02 | 6.00E+02 | 8.88E+02 | 9.00E+02 | 2.25E+03 | 2.03E+03 | 2.23E+03 | 2.48E+03 | 2.50E4+03 | 2.60E+03 | 2.93E+03

Max 1.03E+04 | 4.67E+02 | 6.00E4+02 | 9.20E+02 | 9.00E402 | 1.14E+4+05 | 2.04E+03 | 2.24E+03 | 2.48E+03 | 2.70E+03 | 3.00E+03 | 2.99E+03

% Mean | 5.96E4+03 | 4.48E+4+02 | 6.00E4+02 | 9.03E4+02 | 9.00E402 | 2.27E+04 | 2.03E4+03 | 2.23E4+03 | 2.48E+4+03 | 2.52E4+03 | 2.93E4+03 | 2.94E+03

P_‘I-' STD 5.90E+03 | 4.86E+01 | 2.02E-05 1.04E+02 | 1.63E-02 3.42E+04 | 3.19E+01 | 3.32E+01 | 1.81E+02 | 1.27E+02 | 3.36E+02 | 2.41E+02
ET 7.37TE-01 7.48E-01 9.06E-01 7.84E-01 7.93E-01 7.51E-01 9.65E-01 1.04E400 | 2.96E+01 | 8.95E-01 1.08E400 | 1.17E+00

NFEs | 6.51E+04 | 6.51E+04 | 6.51E+04 | 6.52E+04 | 6.51E+04 | 6.51E+04 | 6.51E+04 | 6.51E+04 | 6.50E+04 | 6.51E+04 | 6.52E+04 | 6.51E+04




¢l

Table 3: Performance metrics for GA variants across 12 functions (D = 10)

Fy Fy 3 Fy Fs Fs F; Fy Fy Fio iy Fip

Min 8.25E+02 | 4.00E+02 | 6.00E+02 | 8.05E+02 | 9.00E+02 | 1.84E+03 | 2.00E+03 | 2.21E+03 | 2.53E+03 | 2.50E+03 | 2.60E+03 | 2.87E+03

Max 1.52E+04 | 4.78E+02 | 6.00E4+02 | 8.28E+02 | 1.02E403 | 8.03E+03 | 2.02E+03 | 2.34E+03 | 2.55E+03 | 2.62E+03 | 2.92E+03 | 2.89E+03

GA Mean | 5.11E+4+03 | 4.16E402 | 6.00E4+02 | 8.17E4+02 | 9.16E4+02 | 3.29E+03 | 2.02E4+03 | 2.22E403 | 2.54E+03 | 2.52E+03 | 2.70E4+03 | 2.87E+03
STD 5.91E+03 | 3.05E+01 | 3.62E-02 1.78E+01 | 2.88E+01 | 2.20E+03 | 1.98E+01 | 3.24E+401 | 2.37E4+02 | 1.23E+02 | 1.39E+02 | 1.72E+02

ET 1.33E4+00 | 1.37E+00 | 1.40E+00 | 1.33E4+00 | 3.74E+4+01 | 1.34E+00 | 1.46E+00 | 1.46E+00 | 1.45E+00 | 2.28E+01 | 1.48E+00 | 1.50E+00

NFEs | 5.10E404 | 5.10E404 | 5.10E4+04 | 5.10E4+04 | 5.10E4+04 | 5.10E4+04 | 5.10E4+04 | 5.10E4+04 | 5.10E404 | 5.10E4+04 | 5.10E404 | 5.10E404

Min 1.06E4+03 | 4.00E4+02 | 6.00E4+02 | 8.07TE4+02 | 9.00E402 | 1.83E4+03 | 2.00E+03 | 2.21E+03 | 2.53E+03 | 2.40E+03 | 2.60E+03 | 2.86E+03

Max 1.68E+04 | 4.71E+02 | 6.00E4+02 | 8.36E+02 | 2.11E403 | 7.95E4+03 | 2.02E+03 | 2.22E+03 | 2.55E+03 | 2.76E+03 | 3.00E+03 | 2.89E+03

o, | Mean | 6.69E+03 | 4.11E+02 | 6.00E4+02 | 8.18E+02 | 9.71E4+02 | 3.15E+03 | 2.02E+03 | 2.22E+03 | 2.54E+03 | 2.55E+03 | 2.69E+03 | 2.87E+03

~ | STD 7.56E+03 | 1.93E+01 | 2.37E-02 1.98E+01 | 2.30E+02 | 1.99E+4+03 | 1.91E+01 | 2.05E+4+01 | 2.37E4+02 | 1.63E4+02 | 1.35E+02 | 1.70E+02
ET 1.33E4+00 | 1.32E4+00 | 1.39E+4+00 | 1.33E4+00 | 1.79E401 | 1.32E4+00 | 1.49E+00 | 1.49E+00 | 1.46E+00 | 1.64E+01 | 1.49E+00 | 1.51E+00

NFEs | 5.11E4+04 | 5.11E4+04 | 5.11E4+04 | 5.11E4+04 | 5.11E4+04 | 5.11E4+04 | 5.11E4+04 | 5.11E4+04 | 5.11E4+04 | 5.11E4+04 | 5.11E4+04 | 5.11E+404

< Min 1.43E+03 | 4.00E4+02 | 6.00E4+02 | 8.06E+02 | 9.00E4+02 | 1.81E4+03 | 2.00E+03 | 2.22E+03 | 2.53E+03 | 2.50E+03 | 2.60E+03 | 2.86E+03
C? Max 1.48E+04 | 4.75E+02 | 6.00E4+02 | 8.43E+02 | 9.78E+4+02 | 7.47E+4+03 | 2.02E+4+03 | 2.22E+03 | 2.55E+03 | 2.64E+03 | 3.20E+03 | 2.89E+03
DAQ a, | Mean | 5.48E+03 | 4.08E402 | 6.00E+02 | 8.17E4+02 | 9.17E402 | 3.13E+03 | 2.02E+03 | 2.22E+403 | 2.53E+03 | 2.56E+03 | 2.73E+03 | 2.87E+03
o || STD 6.15E+03 | 1.94E+01 | 2.20E-02 1.88E+01 | 2.65E+01 | 2.10E4+03 | 1.77E+01 | 2.08E+01 | 2.35E+4+02 | 1.71E4+02 | 1.87E+4+02 | 1.72E+02
A ET 1.40E4+00 | 1.37E4+00 | 1.50E4+00 | 1.42E+00 | 3.31E4+00 | 3.50E+00 | 4.25E+00 | 3.86E+00 | 4.09E+00 | 4.71E+00 | 4.44E+00 | 5.69E+00
NFEs | 6.61E+04 | 6.61E+04 | 6.61E+04 | 6.60E+04 | 6.61E+04 | 6.59E+04 | 6.63E+04 | 6.64E+04 | 6.57E4+04 | 6.62E+04 | 6.59E+04 | 6.59E+04

Min 1.87E+03 | 4.00E4+02 | 6.00E4+02 | 8.07E+02 | 9.01E4+02 | 1.83E+03 | 2.00E+03 | 2.20E+03 | 2.53E+03 | 2.50E+03 | 2.60E+03 | 2.86E+03

Max 1.70E+04 | 4.68E+02 | 6.00E4+02 | 8.35E+02 | 1.14E4+03 | 6.44E+03 | 2.02E+03 | 2.22E+03 | 2.55E+03 | 2.63E+03 | 3.00E+03 | 2.89E+03

% Mean | 7.47E+03 | 4.09E+02 | 6.00E+02 | 8.19E+02 | 9.35E+02 | 3.08E+03 | 2.02E+03 | 2.22E+03 | 2.54E+03 | 2.57E+03 | 2.76E+03 | 2.87E+03

P_'I-' STD 8.41E+03 | 1.44E+01 | 2.34E-02 2.00E+01 | 6.94E+01 | 1.74E+03 | 1.91E+01 | 1.98E+01 | 2.36E+02 | 1.76E+02 | 2.00E4+02 | 1.70E+02
ET 1.39E4+00 | 1.36E4+00 | 1.48E+00 | 4.30E+01 | 1.43E4+00 | 1.39E+400 | 1.55E+00 | 7.81E+00 | 4.49E+00 | 4.03E+00 | 4.39E+00 | 4.48E+00

NFEs | 6.60E+04 | 6.60E+04 | 6.59E+04 | 6.60E+04 | 6.61E+04 | 6.60E+04 | 6.62E+04 | 6.62E+04 | 6.61E4+04 | 6.61E+04 | 6.61E4+04 | 6.60E+04




€1

Table 3 continued from previous page

" i I3 Fy Fs Fys i Fyg Fy Fig Fp Fio

Min 247E+03 | 4.00E+02 | 6.00E+02 | 8.07TE+02 | 9.00E4+02 | 1.84E+03 | 2.00E4+03 | 2.20E+03 | 2.53E+03 | 2.50E+03 | 2.60E+03 | 2.86E+03

Max 2.13E+04 | 4.90E+02 | 6.00E+02 | 8.59E+02 | 1.28E+03 | 7.95E+03 | 2.02E+03 | 2.34E+03 | 2.56E+03 | 2.67E4+03 | 3.20E+03 | 2.94E+03

a, | Mean | 8.05E+03 | 4.22E+02 | 6.00E+02 | 8.22E+02 | 9.63E+02 | 4.17E+03 | 2.02E+03 | 2.23E+03 | 2.54E+03 | 2.55E+03 | 2.78E+03 | 2.87E+03

~ | STD 8.92E+4+03 | 3.70E+01 | 1.36E-02 248E+01 | 1.28E+02 | 3.01E+03 | 1.83E+01 | 4.11E+01 | 2.38E+02 | 1.60E+02 | 2.52E+02 | 1.73E+02
ET 1.69E+00 | 1.61E4+00 | 1.71E4+00 | 2.12E4+02 | 1.65E4+00 | 1.60E+00 | 1.76E4+00 | 1.99E+01 | 1.74E+00 | 1.72E+00 | 1.87TE+00 | 7.53E+01

NFEs | 5.11E404 | 5.11E4+04 | 5.11E+04 | 5.11E4+04 | 5.11E+04 | 5.11E4+04 | 5.11E+04 | 5.11E404 | 5.11E+04 | 5.11E4+04 | 5.11E4+04 | 5.11E+04

< Min 3.99E+02 | 4.00E+02 | 6.00E+02 | 8.05E+02 | 9.01E+02 | 1.85E+03 | 2.00E+03 | 2.21E+03 | 2.50E+03 | 2.50E+03 | 2.60E+03 | 2.86E+03
L? Max 1.42E+04 | 4.91E+02 | 6.00E4+02 | 8.51E+02 | 1.25E4+03 | 7.69E+03 | 2.02E+03 | 2.34E+03 | 2.64E+03 | 2.64E+03 | 3.20E+03 | 2.90E+03
S a, | Mean | 4.84E+03 | 4.19E402 | 6.00E+02 | 8.19E4+02 | 9.55E402 | 3.46E+03 | 2.02E403 | 2.23E403 | 2.54E+03 | 2.54E+403 | 2.69E+03 | 2.87E+03
8 1 STD 5.82E+03 | 3.40E+01 | 4.17E-02 2.12E+01 | 9.62E+01 | 2.20E+03 | 1.83E+01 | 4.80E+01 | 2.37TE+02 | 1.54E+02 | 1.78E+02 | 1.73E+02
O ET 1.08E+00 | 1.08E4+00 | 1.16E4+00 | 1.10E4+00 | 1.11E400 | 1.08E+400 | 1.24E+00 | 1.25E+00 | 1.22E+00 | 2.62E+01 | 1.29E+00 | 1.29E+00
NFEs | 6.61E4+04 | 6.60E4+04 | 6.59E+04 | 6.60E4+04 | 6.61E4+04 | 6.59E+04 | 6.59E+4+04 | 6.59E+04 | 6.61E4+04 | 6.60E4+04 | 6.61E4+04 | 6.59E+404

Min 5.49E+02 | 4.00E+02 | 6.00E+02 | 8.04E+02 | 9.00E+02 | 1.82E+03 | 2.00E+03 | 2.22E+03 | 2.51E+03 | 2.50E+03 | 2.60E+03 | 2.86E+03

Max 1.51E+04 | 4.85E+02 | 6.00E4+02 | 8.49E+02 | 1.53E+03 | 8.06E+03 | 2.02E+03 | 2.34E+03 | 2.62E+03 | 2.78E+03 | 3.20E+03 | 2.94E+03

53* Mean | 5.83E4+03 | 4.20E4+02 | 6.00E4+02 | 8.24E+4+02 | 1.04E+403 | 3.99E+03 | 2.02E4+03 | 2.22E4+03 | 2.54E+03 | 2.56E+03 | 2.75E4+03 | 2.88E+03

& | STD 6.73E+03 | 3.30E+01 | 3.12E-02 2.71E+01 | 2.32E+02 | 3.03E+03 | 1.97TE+01 | 3.25E+01 | 2.41E+02 | 1.77E+02 | 2.41E+02 | 1.77E+02
ET 1.39E4+00 | 1.36E+00 | 1.49E+4+00 | 1.40E4+00 | 1.45E400 | 1.68E+00 | 1.87E+00 | 1.94E+00 | 1.90E+00 | 2.68E+00 | 2.90E+00 | 2.71E+00

NFEs | 6.62E+04 | 6.60E+04 | 6.60E+04 | 6.61E+04 | 6.60E+04 | 6.61E+04 | 6.61E+04 | 6.60E+04 | 6.61E+04 | 6.62E+04 | 6.61E+04 | 6.61E+04




VI

Table 3 continued from previous page

Fy Fy F3 Fy Fs Fe Fr Fy Fy Fio Fi Fio

Min 6.53E+02 | 4.00E402 | 6.00E4+02 | 8.06E+02 | 9.00E402 | 1.81E4+03 | 2.00E+03 | 2.20E+403 | 2.53E403 | 2.50E+03 | 2.60E+03 | 2.87E+403

Max 2.29E404 | 4.79E4-02 | 6.00E4-02 | 8.54E4-02 | 1.04E4-03 | 8.03E4-03 | 2.02E4-03 | 2.22E4-03 | 2.68E4-03 | 2.65E403 | 3.20E403 | 2.90E+403

a, | Mean | 5.96E+03 | 4.15E+02 | 6.00E+02 | 8.21E+02 | 9.21E+02 | 3.62E+03 | 2.02E+03 | 2.22E+03 | 2.54E+03 | 2.55E+03 | 2.71E+03 | 2.88E+03

| STD | 7.04E+03 | 3.00E+01 | 4.58E-02 | 2.49E+01 | 3.65E+01 | 2.50E+03 | 1.80E+01 | 2.01E+01 | 2.43E+02 | 1.65E+02 | 1.87E+02 | 1.76E+02
ET 1.31E4+00 | 1.34E+4+00 | 1.38E+00 | 1.31E+00 | 2.73E+00 | 2.92E+00 | 3.56E+00 | 3.90E+00 | 3.45E+00 | 2.90E+00 | 3.85E+00 | 3.72E+00

NFEs | 5.11E+04 | 5.11E+04 | 5.11E+04 | 5.11E+04 | 5.11E+04 | 5.11E+04 | 5.11E+04 | 5.11E+04 | 5.11E+04 | 5.11E+04 | 5.11E+04 | 5.11E+04

< Min 1.34E403 | 4.00E402 | 6.00E+02 | 8.03E+402 | 9.00E402 | 1.81E+03 | 2.00E+03 | 2.21E403 | 2.53E+03 | 2.50E+03 | 2.60E+403 | 2.86E+03
O Max 1.57E+04 | 4.81E402 | 6.00E+02 | 8.52E+02 | 9.60E+02 | 6.79E+03 | 2.02E+03 | 2.22E+03 | 2.55E+03 | 2.63E+03 | 3.00E+03 | 2.94E+03
é a, | Mean | 6.01E+03 | 4.11E4+02 | 6.00E+02 | 8.15E+02 | 9.13E+02 | 3.53E+03 | 2.02E+03 | 2.22E4+03 | 2.54E+03 | 2.54E+03 | 2.66E+03 | 2.87E+03
O || STD | 6.71E+03 | 2.38E+01 | 2.62E-02 | 1.83E+01 | 1.88E+01 | 2.33E4+03 | 1.93E401 | 1.92E+01 | 2.35E+02 | 1.47E402 | 1.14E+02 | 1.75E+02
© ET 1.38E400 | 1.37TE400 | 1.54E+00 | 1.41E400 | 1.41E400 | 1.38E+00 | 1.55E400 | 1.58E4-00 | 1.51E4+00 | 1.49E+00 | 1.63E400 | 1.65E+00
NFEs | 6.59E+04 | 6.62E+04 | 6.61E+04 | 6.59E+04 | 6.61E+04 | 6.62E+04 | 6.59E+04 | 6.62E+04 | 6.61E+04 | 6.61E+04 | 6.63E+04 | 6.60E+04

Min 7.73E+02 | 4.00E4+02 | 6.00E402 | 8.056E+02 | 9.00E+02 | 1.87E+403 | 2.00E403 | 2.22E+03 | 2.53E+03 | 2.50E+403 | 2.60E+03 | 2.87E+03

Max 1.156E+04 | 4.91E402 | 6.00E+02 | 8.34E+02 | 9.91E+02 | 8.00E+03 | 2.02E+03 | 2.34E+03 | 2.55E+03 | 2.62E+03 | 3.18E+03 | 2.93E+03

83 Mean | 4.56E+03 | 4.16E+02 | 6.00E+02 | 8.18E+02 | 9.16E+02 | 4.11E+03 | 2.02E+03 | 2.22E+03 | 2.54E+03 | 2.53E+03 | 2.69E+03 | 2.88E+03

& | STD | 4.95E+03 | 3.17E401 | 2.01E-02 | 1.99E401 | 2.51E4+01 | 3.04E+03 | 1.84E+01 | 3.27E4+01 | 2.36E+02 | 1.37E4+02 | 1.61E4+02 | 1.77TE+02
ET 1.39E400 | 1.36E400 | 1.49E+00 | 1.40E+400 | 1.45E400 | 1.68E+00 | 1.87E+400 | 1.94E400 | 1.90E4+00 | 2.68E+00 | 2.90E+400 | 2.71E+400

NFEs | 6.60E+04 | 6.60E+04 | 6.61E+04 | 6.62E+04 | 6.62E+04 | 6.62E+04 | 6.62E+04 | 6.63E+04 | 6.64E+04 | 6.62E+04 | 6.59E+04 | 6.62E+04




QT

Table 3 continued from previous page

" i I3 Fy Fs Fys i Fyg Fy Fig Fp Fio

Min 7.58E+02 | 4.00E+02 | 6.00E+02 | 8.04E+02 | 9.00E4+02 | 1.82E+03 | 2.00E+03 | 2.20E+03 | 2.53E+03 | 2.50E+4+03 | 2.60E+03 | 2.86E+03

Max 1.11E+04 | 4.75E+02 | 6.00E4+02 | 8.33E+02 | 1.01E4+03 | 7.44E+03 | 2.02E+03 | 2.22E+03 | 2.55E+03 | 2.63E+03 | 2.90E+03 | 2.89E+03

a, | Mean | 3.48E+03 | 4.13E+02 | 6.00E+02 | 8.20E+02 | 9.17E+02 | 3.39E+03 | 2.02E+03 | 2.22E+03 | 2.54E+03 | 2.54E+03 | 2.67E+03 | 2.87E+03

~ | STD 3.96E+03 | 2.75E+01 | 2.05E-02 2.12E+01 | 3.16E+01 | 2.41E+03 | 1.81E+01 | 2.03E+01 | 2.36E+02 | 1.49E+02 | 1.20E+02 | 1.73E+02
ET 1.64E4+00 | 1.56E+00 | 1.66E4+00 | 1.58E+00 | 2.62E+4+01 | 1.57E+4+00 | 1.70E+00 | 1.74E+00 | 1.68E+00 | 1.66E+00 | 1.01E+01 | 1.80E+00

NFEs | 5.11E404 | 5.11E4+04 | 5.11E+04 | 5.11E4+04 | 5.11E+04 | 5.11E4+04 | 5.11E+04 | 5.11E404 | 5.11E+04 | 5.11E4+04 | 5.11E4+04 | 5.11E+04

< Min 6.34E+02 | 4.00E+02 | 6.00E+02 | 8.04E+02 | 9.00E+02 | 1.83E+03 | 2.00E+03 | 2.20E+03 | 2.53E+03 | 2.50E+03 | 2.60E+03 | 2.86E+03
Q? Max 8.25E+03 | 4.77TE+02 | 6.00E+02 | 840E+02 | 1.20E+03 | 6.61E+03 | 2.02E+03 | 2.22E+03 | 2.54E+03 | 2.63E+03 | 3.18E+03 | 2.90E+03
E a, | Mean | 2.93E+03 | 4.11E402 | 6.00E+02 | 8.17E4+02 | 9.37E402 | 2.82E+03 | 2.02E403 | 2.22E403 | 2.53E+03 | 2.54E+403 | 2.69E+03 | 2.87E+03
o | ¥ | STD 3.25E+03 | 2.34E+01 | 3.02E-02 1.93E+01 | 8.00E+01 | 1.62E+03 | 1.76E+01 | 2.02E+4+01 | 2.34E+02 | 1.51E4+02 | 1.60E4+02 | 1.71E+02
< ET 2.06E+00 | 1.73E+00 | 1.71E+00 | 8.21E+01 | 1.60E+00 | 1.55E+00 | 1.88E+00 | 1.00E+01 | 1.95E+4+00 | 1.66E4+00 | 8.07E+4+00 | 1.79E+00
NFEs | 6.62E+04 | 6.61E+04 | 6.61E+04 | 6.61E+04 | 6.61E+04 | 6.62E+04 | 6.61E+04 | 6.59E+04 | 6.60E+04 | 6.62E+04 | 6.60E+04 | 6.61E+04

Min 8.05E+02 | 4.00E+02 | 6.00E+02 | 8.06E+02 | 9.00E+02 | 1.81E+03 | 2.00E+03 | 2.20E+03 | 2.53E+03 | 2.50E+03 | 2.60E+03 | 2.87E+03

Max 5.98E+03 | 4.69E+02 | 6.00E+02 | 8.41E+02 | 9.71E4+02 | 6.41E+03 | 2.02E+03 | 2.34E+03 | 2.55E+03 | 2.64E4+03 | 2.90E+03 | 2.89E+03

% Mean | 2.39E+4+03 | 4.09E402 | 6.00E4+02 | 8.20E4+02 | 9.17E4+02 | 3.15E4+03 | 2.02E4+03 | 2.22E403 | 2.54E+03 | 2.56E+03 | 2.65E4+03 | 2.87E+03

P_‘I-' STD 2.42E+03 | 1.86E+01 | 2.01E-02 2.14E+01 | 2.50E+01 | 2.01E+03 | 1.85E+01 | 3.21E+01 | 2.36E+02 | 1.66E+02 | 1.03E+02 | 1.72E+02
ET 1.59E+00 | 1.58E+00 | 1.69E+00 | 1.77E4+00 | 2.66E400 | 1.60E+400 | 1.75E+00 | 1.96E+00 | 5.90E+00 | 1.68E+00 | 1.79E+00 | 1.93E+00

NFEs | 6.61E4+04 | 6.61E4+04 | 6.61E4+04 | 6.60E4+04 | 6.61E4+04 | 6.60E4+04 | 6.62E4+04 | 6.59E+04 | 6.61E4+04 | 6.62E4+04 | 6.61E4+04 | 6.60E+404
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Table 3 continued from previous page

Fy Fy F3 Fy Fs Fe Fr Fy Fy Fio Fi Fio

Min 7.76E+02 | 4.00E4+02 | 6.00E402 | 8.06E+02 | 9.01E+02 | 1.83E403 | 2.00E403 | 2.21E+03 | 2.53E+03 | 2.50E+403 | 2.60E+03 | 2.87E+03

Max 1.24E+04 | 4.71E402 | 6.00E4+02 | 8.34E+02 | 9.44E+02 | 7.93E+03 | 2.02E+03 | 2.22E+03 | 2.55E+03 | 2.63E+03 | 3.00E+03 | 2.91E+03

a, | Mean | 3.81E+03 | 4.20E+02 | 6.00E+02 | 8.18E+02 | 9.12E+02 | 2.90E+03 | 2.02E+03 | 2.22E+03 | 2.54E+03 | 2.55E+03 | 2.71E+03 | 2.87E+03

| STD | 4.44E+403 | 3.64E+01 | 1.91E-02 | 1.88E+01 | 1.72E+01 | 1.83E+03 | 1.80E+01 | 2.04E+01 | 2.36E+02 | 1.58E+02 | 1.70E+02 | 1.74E+02
ET 1.33E4-00 | 1.32E400 | 1.39E+00 | 1.34E400 | 6.99E400 | 1.30E+00 | 1.43E400 | 1.45E+400 | 1.40E+00 | 3.58E+00 | 3.50E+400 | 1.54E+00

NFEs | 5.11E+04 | 5.11E+04 | 5.11E+04 | 5.11E+04 | 5.11E+04 | 5.11E+04 | 5.11E+04 | 5.11E+04 | 5.11E+04 | 5.11E+04 | 5.11E+04 | 5.11E+04

< Min 5.12E+02 | 4.00E+02 | 6.00E402 | 8.09E+02 | 9.00E+02 | 1.81E403 | 2.00E403 | 2.21E+03 | 2.53E+03 | 2.50E+403 | 2.60E+03 | 2.86E+03
tj Max | 3.39E4-03 | 4.72E+02 | 6.00E+02 | 8.33E+02 | 9.93E402 | 5.46E4-03 | 2.02E403 | 2.22E+03 | 2.55E+03 | 2.62E+03 | 3.00E4+03 | 2.92E4-03
M | o, | Mean | 1.56E+403 | 4.14E402 | 6.00E+02 | 8.19E402 | 9.14E402 | 3.14E+03 | 2.02E403 | 2.22E403 | 2.54E+03 | 2.54E+03 | 2.68E+403 | 2.87E+03
% @1 STD 1.44E403 | 2.86E401 | 2.73E-02 | 2.01E401 | 2.73E401 | 1.82E+03 | 1.87E+01 | 2.06E+401 | 2.37E+02 | 1.54E+02 | 1.50E+402 | 1.74E+402
C ET 3.83E+00 | 4.14E400 | 5.29E+00 | 4.12E+00 | 4.16E4-00 | 4.59E400 | 4.53E+00 | 3.69E+00 | 1.69E400 | 1.66E+00 | 1.84E+00 | 3.20E+401
NFEs | 6.61E+04 | 6.61E+04 | 6.60E+04 | 6.62E+04 | 6.61E+04 | 6.61E+04 | 6.60E+04 | 6.62E+04 | 6.61E+04 | 6.62E+04 | 6.60E+04 | 6.61E+04

Min 6.36E+02 | 4.00E402 | 6.00E4+02 | 8.07E+02 | 9.00E402 | 1.81E4+03 | 2.00E+03 | 2.20E+403 | 2.53E403 | 2.50E+03 | 2.60E+03 | 2.87E+403

Max | 3.67TE4-03 | 4.73E+02 | 6.00E+02 | 8.30E+02 | 9.99E402 | 7.29E4-03 | 2.02E403 | 2.22E+03 | 2.54E+03 | 2.62E+03 | 2.91E4+03 | 2.90E4-03

& | Mean 1.78E+03 | 4.15E4+02 | 6.00E+02 | 8.19E+02 | 9.21E+02 | 3.36E+03 | 2.02E+03 | 2.22E+03 | 2.54E+03 | 2.54E+03 | 2.68E+03 | 2.87E+03

P_% STD 1.66E403 | 2.91E401 | 2.33E-02 | 2.01E401 | 3.11E401 | 2.27E+03 | 1.77E401 | 2.06E401 | 2.36E+02 | 1.46E+02 | 1.38E+402 | 1.74E+402
ET 2.45E400 | 1.78E4-00 | 1.68E4-00 | 1.61E4-00 | 1.67E4-00 | 1.58E4-00 | 1.74E4-00 | 1.81E400 | 2.40E4-00 | 1.69E400 | 1.82E400 | 1.88E+400

NFEs | 6.62E+04 | 6.59E+04 | 6.59E+04 | 6.60E+04 | 6.58E+04 | 6.62E+04 | 6.63E+04 | 6.63E+04 | 6.62E+04 | 6.60E+04 | 6.63E+04 | 6.60E+04
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Table 4: Performance metrics for GA variants across 12 functions (D = 20)

il i F3 Fy Fs Fys I Fyg Fy Fig Fy Fio

Min 4.54E403 | 4.01E4+02 | 6.00E4+02 | 8.22E+02 | 9.16E+02 | 1.96E+03 | 2.03E+03 | 2.22E+03 | 2.48E+03 | 2.50E+03 | 2.90E+03 | 2.95E403

Max 2.36E+04 | 5.15E+02 | 6.03E+02 | 8.83E+02 | 1.29E+03 | 1.94E4+04 | 2.20E+03 | 2.46E+03 | 2.50E+03 | 3.02E+03 | 3.00E+03 | 3.00E+03

GA Mean | 1.19E+04 | 4.56E4+02 | 6.01E+02 | 8.47E+02 | 1.05E403 | 7.68E+03 | 2.07E+403 | 2.27E403 | 2.49E+03 | 2.61E4+03 | 2.93E+03 | 2.97E+4+03
STD 1.26E+04 | 5.91E+01 | 9.18E-01 4.97E401 | 1.81E+02 | 7.64E4+03 | 7.79E+01 | 9.29E+01 | 1.87TE+02 | 2.42E+02 | 3.31E+02 | 2.69E+02

ET 1.39E+00 | 2.97E400 | 6.53E+00 | 4.91E+00 | 4.45E4+00 | 3.37E+00 | 4.64E+00 | 3.47E+00 | 3.52E400 | 2.17TE+01 | 1.77E400 | 1.79E+00

NFEs | 5.11E404 | 5.11E404 | 5.11E4+04 | 5.11E404 | 5.11E4+04 | 5.11E4+04 | 5.11E404 | 5.11E4+04 | 5.11E404 | 5.11E404 | 5.11E404 | 5.11E404

Min 3.46E+03 | 4.28E+02 | 6.00E+02 | 8.23E+02 | 9.19E4+02 | 1.91E4+03 | 2.03E+03 | 2.22E4+03 | 2.48E+03 | 2.44E+03 | 2.60E+03 | 2.94E+03

Max 3.90E4+04 | 4.76E+02 | 6.02E+02 | 8.97TE+02 | 3.16E+03 | 1.95E+04 | 2.19E+03 | 2.34E+03 | 2.50E+03 | 3.12E+03 | 3.00E+03 | 3.05E+403

a, | Mean | 1.36E+04 | 4.59E+02 | 6.00E402 | 8.55E+02 | 1.34E+403 | 7.12E403 | 2.07E+03 | 2.23E+03 | 2.49E+403 | 2.69E+03 | 2.90E+4+03 | 2.98E+403

~ | STD 1.52E+04 | 6.11E+01 | 6.70E-01 5.84E401 | 6.83E402 | 7.21E403 | 8.61E4+01 | 4.65E4+01 | 1.86E+402 | 3.38E+402 | 3.056E+402 | 2.84E402
ET 1.39E+00 | 2.97E+00 | 6.53E+00 | 4.91E+00 | 4.45E+00 | 3.37E+00 | 4.64E+00 | 3.47E+00 | 3.52E+00 | 2.17E+01 | 1.77E+00 | 1.79E+00

NFEs | 5.11E404 | 5.11E404 | 5.11E4+04 | 5.11E4+04 | 5.11E4+04 | 5.11E4+04 | 5.11E4+04 | 5.11E4+04 | 5.11E404 | 5.11E4+04 | 5.11E4+04 | 5.11E+404

< Min 3.51E4+03 | 4.056E4+02 | 6.00E4+02 | 8.17E+02 | 9.05E+02 | 2.13E4+03 | 2.03E+03 | 2.22E+03 | 2.48E+03 | 2.50E+03 | 2.90E4+03 | 2.95E+03
CID Max 2.79E+04 | 4.75E+02 | 6.03E+02 | 8.75E+02 | 2.32E+03 | 1.95E4+04 | 2.19E+03 | 2.36E+03 | 2.50E+03 | 3.25E+03 | 3.00E+03 | 3.04E+03
S a, | Mean | 1.21E+04 | 4.57E402 | 6.00E+02 | 8.48E+02 | 1.15E403 | 7.15E+03 | 2.07E4+03 | 2.24E+4+03 | 2.49E+03 | 2.67E+03 | 2.93E+03 | 2.97E+03
o || STD 1.31E+04 | 5.92E+01 | 7.64E-01 4.95E+01 | 4.14E402 | 7.07E+03 | 7.83E+01 | 5.88E+01 | 1.88E+02 | 3.23E+02 | 3.28E+02 | 2.70E+02
= ET 3.72E+00 | 3.68E4+00 | 3.98E+00 | 1.26E+01 | 3.91E4+00 | 3.64E+00 | 4.23E+00 | 5.38E4+00 | 4.25E4+00 | 4.35E+00 | 4.75E+00 | 4.70E+00
NFEs | 6.60E+04 | 6.63E4+04 | 6.60E+04 | 6.62E+04 | 6.58E404 | 6.60E+04 | 6.61E4+04 | 6.60E404 | 6.60E+04 | 6.59E+04 | 6.62E+04 | 6.62E+04

Min 4.58E+03 | 4.45E+02 | 6.00E+02 | 8.29E+02 | 9.12E+02 | 2.00E4+03 | 2.02E+03 | 2.22E+03 | 2.48E+03 | 2.41E+03 | 2.90E4+03 | 2.93E+03

Max 3.25E4+04 | 5.21E+02 | 6.03E+02 | 8.94E+02 | 1.83E+03 | 2.20E+04 | 2.15E+03 | 2.36E+03 | 2.49E+03 | 2.92E+03 | 3.00E+03 | 3.04E+03

Dcf)l" Mean | 1.42E+04 | 4.60E+02 | 6.01E+02 | 8.47E+02 | 1.13E4+03 | 6.81E4+03 | 2.06E+03 | 2.24E+03 | 2.49E+03 | 2.64E+03 | 2.93E+03 | 2.98E+03

& | STD 1.63E+04 | 6.19E+01 | 1.03E+00 | 4.99E+01 | 3.15E+02 | 7.12E+03 | 6.61E+01 | 5.98E+01 | 1.87E+02 | 2.92E+02 | 3.29E+02 | 2.77E+02
ET 4.57E4+00 | 2.24E4+00 | 1.73E4+00 | 1.55E4+00 | 1.59E+00 | 1.44E+01 | 1.81E4+00 | 1.84E4+00 | 4.06E+01 | 1.79E+00 | 1.97E4+00 | 2.09E+00

NFEs | 6.63E+04 | 6.61E4+04 | 6.62E+04 | 6.59E+04 | 6.62E404 | 6.60E+04 | 6.60E4+04 | 6.59E+404 | 6.60E+04 | 6.60E+04 | 6.61E4+04 | 6.61E+04
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Table 4 continued from previous page

Fy Fy F3 Fy Fs Fe Fr Fy Fy Fio Fi Fio

Min 6.05E+03 | 4.45E402 | 6.00E4+02 | 8.25E+02 | 9.27E402 | 2.0TE4+03 | 2.03E+03 | 2.22E403 | 2.48E+403 | 2.41E+03 | 2.60E+03 | 2.94E403

Max | 3.18E404 | 4.89E+02 | 6.01E+02 | 9.08E+02 | 3.35E+403 | 2.10E4-04 | 2.17TE403 | 2.40E+03 | 2.50E+03 | 3.04E+03 | 3.00E403 | 3.06E4-03

a, | Mean | 1.85E+04 | 4.62E+02 | 6.00E+02 | 8.50E+02 | 1.25E+03 | 8.71E4+03 | 2.08E+03 | 2.26E+03 | 2.49E+03 | 2.63E+03 | 2.92E+03 | 2.98E+03

~ | STD 1.98E+404 | 6.31E401 | 4.88E-01 5.28E+01 | 5.54E402 | 9.03E4+03 | 8.92E401 | 7.81E401 | 1.88E4-02 | 2.86E402 | 3.26E4-02 | 2.79E4-02
ET 1.82E400 | 1.78E400 | 9.95E+00 | 2.01E400 | 2.08E4-00 | 2.00E+00 | 2.29E400 | 1.70E400 | 1.30E4+00 | 1.23E+00 | 1.37E400 | 1.44E+400

NFEs | 5.10E4-04 | 5.10E+04 | 5.10E+04 | 5.10E+04 | 5.10E4+04 | 5.10E4-04 | 5.10E4-04 | 5.10E+04 | 5.10E+04 | 5.10E+04 | 5.10E4+04 | 5.10E4-04

< Min 7.99E402 | 4.45E4-02 | 6.00E4-02 | 8.21E402 | 9.59E4-02 | 1.91E4-03 | 2.02E4-03 | 2.22E4-03 | 2.48E4-03 | 2.50E+4+03 | 2.60E403 | 2.90E+403
Q a, | Max 1.45E404 | 5.36E402 | 6.02E+02 | 8.82E402 | 2.11E403 | 3.30E+04 | 2.18E+403 | 2.46E+403 | 2.51E+03 | 3.23E+03 | 3.00E403 | 3.03E+03
qu @ | Mean | 6.07E+03 | 4.61E+02 | 6.00E402 | 8.49E+02 | 1.39E+03 | 9.94E+03 | 2.07E403 | 2.28E+03 | 2.49E+03 | 2.67E4+03 | 2.88E+03 | 2.93E+03
8 STD | 6.78E+03 | 6.38E+01 | 6.11E-01 5.21E4+01 | 6.03E402 | 1.20E404 | 7.49E401 | 1.04E4-02 | 1.88E4-02 | 3.29E4-02 | 2.99E4-02 | 2.30E4-02
O ET 1.15E400 | 1.156E400 | 1.34E+00 | 1.26E4-00 | 1.22E4-00 | 1.13E4+00 | 1.76E401 | 1.36E400 | 1.33E+00 | 1.25E+00 | 1.43E+400 | 1.47E+400
NFEs | 6.61E404 | 6.63E+04 | 6.62E+04 | 6.60E+04 | 6.60E4+04 | 6.60E4-04 | 6.59E4-04 | 6.58E+04 | 6.61E+04 | 6.62E+04 | 6.62E4+04 | 6.61E4-04

Min 1.76E+03 | 4.26E402 | 6.00E+02 | 8.28E+02 | 9.43E+02 | 2.02E+03 | 2.02E+03 | 2.22E+03 | 2.48E+03 | 2.50E+03 | 2.61E+03 | 2.90E+03

8; Max 1.80E+04 | 4.75E+402 | 6.05E+02 | 9.06E+02 | 5.77E+03 | 3.71E+06 | 2.24E+03 | 2.37E+03 | 2.51E+03 | 3.24E+03 | 3.00E+03 | 3.05E+03

Ay | Mean | 8.45E+03 | 4.59E402 | 6.01E4+02 | 8.64E4+02 | 1.92E4+03 | 1.34E+05 | 2.08E+03 | 2.26E4+03 | 2.49E+403 | 2.76E4+03 | 2.91E4+03 | 2.94E+03
STD | 9.16E+03 | 6.02E401 | 1.12E+00 | 6.65E+01 | 1.43E403 | 6.77TE+05 | 9.64E+01 | 8.31E401 | 1.89E+02 | 4.05E+02 | 3.22E402 | 2.45E+02

ET 1.08E4-00 | 1.07TE400 | 1.27E+00 | 1.15E400 | 1.15bE400 | 1.11E4+00 | 1.33E400 | 5.29E4-00 | 1.34E+00 | 1.26E+00 | 1.46E+400 | 1.47E+400

NFEs | 6.63E4-04 | 6.59E+04 | 6.60E+04 | 6.61E+04 | 6.61E4+04 | 6.59E4-04 | 6.59E4-04 | 6.59E+04 | 6.62E+04 | 6.61E+04 | 6.62E4+04 | 6.61E4-04
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Table 4 continued from previous page

" i I3 Fy Fs Fys i Fyg Fy Fig Fp Fio

Min 3.43E+03 | 4.49E+02 | 6.00E+02 | 8.24E+02 | 9.15E+02 | 1.88E+03 | 2.02E+03 | 2.22E+03 | 2.48E+03 | 2.41E+03 | 2.90E+03 | 2.95E+03

Max 3.04E4+04 | 5.07E+02 | 6.01E+02 | 8.85E+02 | 1.87E+03 | 1.90E+04 | 2.18E+03 | 2.36E+03 | 2.49E+03 | 3.00E+03 | 3.00E+03 | 3.02E+03

a, | Mean | 1.63E+04 | 4.64E+02 | 6.01E+02 | 8.49E+02 | 1.15E+03 | 6.83E+03 | 2.07E+03 | 2.26E+03 | 2.49E+03 | 2.62E+03 | 2.93E+03 | 2.97E+03

~ | STD 1.74E+04 | 6.52E+01 | 6.06E-01 5.26E+01 | 3.75E+02 | 6.88E+03 | 8.41E+01 | 7.76E+01 | 1.86E+02 | 2.65E+02 | 3.31E+02 | 2.71E+02
ET 3.06E+00 | 3.38E+00 | 4.03E+00 | 3.46E+00 | 3.73E+00 | 3.50E+00 | 4.20E+00 | 4.17TE+00 | 4.06E+00 | 4.30E+00 | 4.51E+00 | 1.90E+00

NFEs | 5.11E404 | 5.11E4+04 | 5.11E+04 | 5.11E4+04 | 5.11E+04 | 5.11E4+04 | 5.11E+04 | 5.11E404 | 5.11E+04 | 5.11E4+04 | 5.11E4+04 | 5.11E+04

< Min 4.49E+03 | 4.41E+02 | 6.00E+02 | 8.14E+02 | 9.39E+02 | 1.95E+03 | 2.02E+03 | 2.22E+03 | 2.48E+03 | 2.41E+03 | 2.90E+03 | 2.94E+03
C? Max 3.37TE+04 | 4.97E4+02 | 6.02E+02 | 8.86E+02 | 1.48E+03 | 1.61E+04 | 2.16E+03 | 2.36E+03 | 2.50E+03 | 3.01E+03 | 3.00E4+03 | 3.05E+03
S a, | Mean | 1.33E+04 | 4.56E402 | 6.00E+02 | 8.49E+02 | 1.07E403 | 6.35E+03 | 2.07E+403 | 2.25E403 | 2.49E+03 | 2.62E+403 | 2.92E+03 | 2.98E+403
o | ¥ | STD 1.46E+04 | 5.73E+01 | 4.95E-01 5.24E+01 | 2.12E+02 | 6.05E+03 | 7.75E+01 | 7.01E+01 | 1.88E+02 | 2.78E+02 | 3.17TE+02 | 2.77E+02
o ET 1.47E+00 | 1.46E+00 | 1.73E+00 | 1.53E+00 | 1.54E400 | 2.99E+4+00 | 1.80E+00 | 1.84E+00 | 1.80E+00 | 1.71E+00 | 1.93E+00 | 2.00E+00
NFEs | 6.60E+04 | 6.61E+04 | 6.62E+04 | 6.60E+04 | 6.59E+04 | 6.62E+04 | 6.60E+04 | 6.57TE+04 | 6.62E+04 | 6.62E+04 | 6.59E+04 | 6.65E+04

Min 3.11E4+03 | 4.29E+02 | 6.00E+02 | 8.16E+02 | 9.25E+02 | 2.00E+03 | 2.02E+03 | 2.22E+03 | 2.48E+03 | 2.50E+03 | 2.60E+03 | 2.95E+03

Max 3.01E+04 | 5.21E4+02 | 6.02E+02 | 8.92E4+02 | 1.55E+03 | 2.01E+04 | 2.16E+03 | 2.46E+03 | 2.49E+03 | 3.05E+03 | 3.00E4+03 | 3.03E+03

53* Mean | 1.37E4+04 | 4.60E+02 | 6.00E+02 | 8.52E+02 | 1.13E+03 | 6.61E+03 | 2.06E+03 | 2.26E+4+03 | 2.49E+03 | 2.63E+03 | 2.91E+03 | 2.97E+03

& | STD 1.54E+04 | 6.24E+01 | 4.41E-01 5.50E+01 | 2.86E+02 | 6.80E+03 | 7.03E+01 | 8.53E+01 | 1.86E+02 | 2.75E+02 | 3.22E+02 | 2.74E+02
ET 2.44E+00 | 2.56E+00 | 3.74E+00 | 2.42E+00 | 2.34E+00 | 2.44E+00 | 3.15E+00 | 3.08E+00 | 3.11E+4+00 | 2.79E4+00 | 2.68E+00 | 2.61E+00

NFEs | 6.62E4+04 | 6.59E+04 | 6.62E4+04 | 6.61E4+04 | 6.61E4+04 | 6.60E4+04 | 6.63E4+04 | 6.62E4+04 | 6.61E4+04 | 6.61E4+04 | 6.63E4+04 | 6.60E+404
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Table 4 continued from previous page

Fy Fy F3 Fy Fs Fe Fr Fy Fy Fio Fi Fio

Min 2.45E403 | 4.28E4-02 | 6.00E4-02 | 8.26E4-02 | 9.51E4-02 | 1.99E4-03 | 2.02E4-03 | 2.22E4-03 | 2.48E4-03 | 2.41E403 | 2.60E4+03 | 2.95E+403

Max | 3.35E+4-04 | 4.74E+02 | 6.01E+02 | 8.77E+02 | 2.40E4-03 | 1.72E4-04 | 2.14E4-03 | 2.34E+03 | 2.50E+03 | 3.25E+03 | 3.00E4-03 | 3.05E4-03

a, | Mean | 1.15E+04 | 4.58E+02 | 6.00E+02 | 8.52E+02 | 1.24E+03 | 6.41E+03 | 2.05E+03 | 2.24E+03 | 2.49E+03 | 2.60E+03 | 2.92E+03 | 2.98E+03

~ | STD 1.31E404 | 5.92E401 | 3.89E-01 5.41E4+01 | 4.61E402 | 6.08E403 | 5.89E401 | 6.24E4-01 | 1.87TE4-02 | 2.52E4-02 | 3.25E4-02 | 2.79E4-02
ET 1.67E+400 | 1.656E400 | 1.88E+00 | 1.70E4-00 | 3.18E400 | 1.67E+00 | 1.97E+400 | 1.20E4-01 | 2.07E4+00 | 1.98E+00 | 5.056E+400 | 2.26E+400

NFEs | 5.11E+04 | 5.11E+04 | 5.11E+04 | 5.11E+04 | 5.11E+04 | 5.11E+04 | 5.11E+04 | 5.11E+04 | 5.11E+04 | 5.11E+04 | 5.11E+04 | 5.11E+04

< Min 3.46E+03 | 4.45E402 | 6.00E4+02 | 8.18E+02 | 9.26E4-02 | 1.95E4+03 | 2.03E+03 | 2.22E403 | 2.48E403 | 2.50E+03 | 2.90E+03 | 2.94E403
O Max 2.33E+04 | 4.76E4+02 | 6.01E402 | 8.89E+02 | 1.78E+03 | 1.78E4-04 | 2.18E403 | 2.36E+03 | 2.50E+03 | 2.89E+403 | 3.00E+03 | 3.02E+03
E a, | Mean | 1.26E+04 | 4.56E4+02 | 6.00E+02 | 8.50E+02 | 1.10E+03 | 5.84E+03 | 2.07E+03 | 2.24E+03 | 2.49E+03 | 2.61E+03 | 2.92E+03 | 2.97E+03
o | P | STD 1.34E404 | 5.74E401 | 4.90E-01 5.37TE4+01 | 2.98E402 | 5.77TE4+03 | 7.28E401 | 6.02E4-01 | 1.87TE4-02 | 2.49E4-02 | 3.2TE4-02 | 2.72E4-02
< ET 1.82E4-00 | 4.08E400 | 3.75E+01 | 1.92E400 | 1.91E400 | 1.47E+01 | 2.16E400 | 2.20E400 | 2.17E4+00 | 2.08E+00 | 2.33E400 | 2.43E+00
NFEs | 6.60E+04 | 6.60E+04 | 6.63E+04 | 6.62E+04 | 6.60E+04 | 6.61E+04 | 6.61E+04 | 6.63E+04 | 6.61E+04 | 6.61E+04 | 6.61E+04 | 6.61E+04

Min 5.40E+03 | 4.45E+02 | 6.00E402 | 8.30E+02 | 9.07E+02 | 1.91E403 | 2.03E403 | 2.22E+03 | 2.48E+03 | 2.42E403 | 2.60E+03 | 2.94E+03

Max 2.52E+04 | 4.76E4+02 | 6.02E402 | 8.94E+02 | 3.07E+03 | 1.29E4-04 | 2.12E403 | 2.34E+03 | 2.50E+03 | 2.90E+403 | 3.00E+03 | 3.06E+03

83 Mean | 1.49E4-04 | 4.62E+02 | 6.00E+02 | 8.57E+02 | 1.37E403 | 5.58E4-03 | 2.05E+403 | 2.24E+03 | 2.49E+03 | 2.57E+03 | 2.90E4+03 | 2.98E4-03

& | STD 1.56E+04 | 6.30E+01 | 6.35E-01 5.94E4+01 | 6.92E402 | 4.93E4+03 | 5.28E4-01 | 5.86E4-01 | 1.88E4-02 | 2.156E402 | 3.17TE4-02 | 2.77TE4-02
ET 1.85E400 | 1.87TE400 | 4.19E+00 | 1.92E400 | 1.92E4-00 | 1.90E+00 | 2.23E400 | 2.19E400 | 2.16E+00 | 2.07E+00 | 2.32E400 | 2.37E+4+00

NFEs | 6.61E+04 | 6.60E+04 | 6.62E+04 | 6.60E+04 | 6.61E+04 | 6.62E+04 | 6.60E+04 | 6.61E+04 | 6.60E+04 | 6.60E+04 | 6.61E+04 | 6.61E+04
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Table 4 continued from previous page

" i I3 Fy Fs Fys i Fyg Fy Fig Fp Fio

Min 3.88E+03 | 4.36E+02 | 6.00E+02 | 831E+02 | 9.25E+02 | 2.11E+03 | 2.02E+03 | 2.22E+03 | 2.48E+03 | 2.42E+03 | 2.90E+03 | 2.95E+03

Max 2.65E+04 | 4.76E+02 | 6.05E+02 | 8.77TE+02 | 1.47TE+03 | 1.48E+04 | 2.18E+03 | 2.36E+03 | 2.50E+03 | 2.88E+03 | 3.00E+03 | 3.04E-+03

a, | Mean | 1.02E+04 | 4.59E+02 | 6.01E+02 | 8.50E+02 | 1.12E+03 | 4.92E+03 | 2.06E+03 | 2.24E+03 | 2.49E+03 | 2.61E+03 | 2.92E+03 | 2.97E+03

~ | STD 1.11E+04 | 6.00E4+01 | 1.26E4+00 | 5.17E4+01 | 2.67E4+02 | 4.26E4+03 | 6.97E+01 | 5.89E+01 | 1.88E+02 | 2.42E+02 | 3.21E+02 | 2.75E+02
ET 1.39E4+00 | 1.43E+00 | 9.51E4+00 | 1.50E4+00 | 1.45E+400 | 1.42E+00 | 9.26E+00 | 1.72E+00 | 1.67E+00 | 1.58E+00 | 2.10E+00 | 4.87E+00

NFEs | 5.11E404 | 5.11E4+04 | 5.11E+04 | 5.11E4+04 | 5.11E+04 | 5.11E4+04 | 5.11E+04 | 5.11E404 | 5.11E+04 | 5.11E4+04 | 5.11E4+04 | 5.11E+04

< Min 2.21E+03 | 4.45E+02 | 6.00E+02 | 8.21E+02 | 9.38E+02 | 1.88E+03 | 2.02E+03 | 2.22E+03 | 2.48E+03 | 2.50E+4+03 | 2.90E+03 | 2.94E+03
2 Max 2.01E+04 | 4.76E+02 | 6.02E+02 | 8.85E+02 | 1.92E+03 | 1.40E+04 | 2.14E+03 | 2.34E+03 | 2.50E+03 | 2.89E+4+03 | 3.00E+03 | 3.01E+03
M | o, | Mean | 7.72E+03 | 4.59E4+02 | 6.01E+402 | 8.50E+02 | 1.21E403 | 5.04E+03 | 2.05E403 | 2.25E403 | 2.49E+03 | 2.62E+403 | 2.92E+03 | 2.97E+03
g 1 STD 8.26E+03 | 5.99E+01 | 7.00E-01 5.22E+01 | 3.84E+02 | 4.45E+03 | 5.90E+01 | 6.31E+01 | 1.88E+02 | 2.59E+02 | 3.20E+02 | 2.71E+02
e ET 1.82E4+00 | 1.81E+00 | 4.29E+00 | 2.10E4+00 | 1.91E400 | 1.86E+4+00 | 6.47E+01 | 2.29E+00 | 2.15E+00 | 2.12E+00 | 7.59E+00 | 2.34E+00
NFEs | 6.61E+04 | 6.60E+04 | 6.61E+04 | 6.61E+04 | 6.60E+04 | 6.62E+04 | 6.62E+04 | 6.63E+04 | 6.62E+04 | 6.58E+04 | 6.61E+04 | 6.61E+04

Min 2.85E+03 | 4.29E+02 | 6.00E+02 | 8.36E+02 | 9.21E+02 | 1.89E+03 | 2.02E+03 | 2.22E+03 | 2.48E+03 | 2.41E+03 | 2.90E+03 | 2.94E+03

Max 1.62E4+04 | 4.76E+02 | 6.04E4+02 | 8.81E+02 | 2.19E+03 | 1.01E+04 | 2.17E4+03 | 2.34E+03 | 2.50E+03 | 2.89E+03 | 3.00E4+03 | 3.08E+03

53* Mean | 7.00E4+03 | 4.55E4+02 | 6.01E4+02 | 8.54E+02 | 1.37TE4+03 | 4.58E+03 | 2.05E4+03 | 2.24E4+03 | 2.49E+4+03 | 2.59E+03 | 2.92E4+03 | 2.97E+03

& | STD 7.33E+03 | 5.59E+01 | 1.14E+00 | 5.55E+01 | 6.40E+02 | 3.55E+03 | 5.73E+01 | 5.61E+01 | 1.87E+02 | 2.27E+02 | 3.16E+02 | 2.75E+02
ET 3.28E+00 | 1.86E+00 | 2.13E+00 | 2.36E+00 | 1.96E+00 | 1.86E+00 | 4.78E+00 | 2.20E+00 | 2.18E+00 | 8.50E+00 | 2.31E+00 | 2.35E+00

NFEs | 6.62E+04 | 6.60E+04 | 6.63E+04 | 6.59E+04 | 6.61E+04 | 6.62E+04 | 6.58E+04 | 6.60E+04 | 6.63E+04 | 6.62E+04 | 6.63E+04 | 6.61E+04
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Table 5: Performance metrics for PSO variants across 12 functions (D = 10)
Fy Fy 3 Fy Fs Fs F; Fy Fy Fio iy Fip

Min 3.00E4+02 | 4.00E+02 | 6.00E4+02 | 8.05E+02 | 9.00E+02 | 1.82E+03 | 2.00E+03 | 2.20E+03 | 2.53E+03 | 2.50E+03 | 2.60E+03 | 2.86E+403
Max 3.00E4+02 | 4.09E+02 | 6.06E+02 | 8.33E+02 | 9.02E+02 | 7.87TE+03 | 2.06E+03 | 2.22E+03 | 2.53E+03 | 2.63E+03 | 3.00E+03 | 2.88E+03
PSO Mean | 3.00E+02 | 4.04E+402 | 6.01E+02 | 8.15E+02 | 9.00E4-02 | 3.17TE+03 | 2.03E403 | 2.22E403 | 2.53E+03 | 2.57E403 | 2.69E+03 | 2.87E+4+03
STD 4.52E-14 5.07E+00 | 1.50E+00 | 1.66E+01 | 5.33E-01 2.10E403 | 3.29E+401 | 2.06E+401 | 2.29E402 | 1.78E+4+02 | 1.656E+402 | 1.67E402

ET 7.31E-01 6.65E-01 7.25E-01 6.65E-01 6.77E-01 6.65E-01 8.08E-01 8.18E-01 7.47E-01 7.28E-01 8.32E-01 8.86E-01
NFEs | 5.00E+04 | 5.00E404 | 5.00E404 | 5.00E+04 | 5.00E404 | 5.00E+04 | 5.00E404 | 5.00E4-04 | 5.00E+04 | 5.00E404 | 5.00E+404 | 5.00E+04
Min 3.00E4+02 | 4.00E402 | 6.00E4+02 | 8.05E4+02 | 9.00E402 | 1.81E+4+03 | 2.00E4+03 | 2.20E403 | 2.53E4+03 | 2.50E4+03 | 2.60E4+03 | 2.86E+03
Max 3.00E4+02 | 4.09E402 | 6.10E402 | 8.29E+402 | 9.02E402 | 7.85E+4+03 | 2.06E4+03 | 2.22E403 | 2.68E4+03 | 2.69E+03 | 3.18E4+03 | 2.91E+403
o, | Mean | 3.00E+02 | 4.03E+02 | 6.02E+02 | 8.15E+02 | 9.00E+02 | 3.97E+03 | 2.02E4+03 | 2.22E+03 | 2.53E+03 | 2.57E+03 | 2.75E+03 | 2.87E+03
~ | STD 4.87E-14 5.02E4-00 | 3.40E400 | 1.64E+401 | 6.62E-01 2.91E+4+03 | 2.82E401 | 2.01E401 | 2.36E402 | 1.82E+402 | 2.38E+402 | 1.68E402

ET 8.29E-01 7.87E-01 8.81E-01 8.22E-01 8.15E-01 7.93E-01 9.18E-01 8.39E+400 | 9.16E-01 8.88E-01 1.01E+00 | 9.95E-01
NFEs | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E+04 | 5.01E404 | 5.01E+04 | 5.01E4+04 | 5.01E404 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E+04
o Min 3.00E4+02 | 4.00E402 | 6.00E4+02 | 8.04E+02 | 9.00E402 | 1.81E4+03 | 2.00E4+03 | 2.20E403 | 2.53E+4+03 | 2.50E4+03 | 2.60E4+03 | 2.86E+03
g_? Max 3.00E4+02 | 4.09E402 | 6.11E4+02 | 8.27E4+02 | 9.03E+402 | 7.88E+4+03 | 2.05E4+03 | 2.34E403 | 2.53E+4+03 | 2.63E4+03 | 3.00E4+03 | 2.88E+03
= | o, | Mean | 3.00E4+02 | 4.03E+02 | 6.01E4+02 | 8.14E+02 | 9.00E402 | 3.85E+03 | 2.03E4+03 | 2.22E+03 | 2.53E4+03 | 2.56E4+03 | 2.72E+03 | 2.87E+403
% 9| STD 5.08E-14 4.17E400 | 2.20E400 | 1.08E+01 | 7.69E-01 2.81E4+03 | 2.72E401 | 3.056E+401 | 0.00E4-00 | 8.15E+401 | 1.86E+402 | 5.62E400
M ET 1.65E+00 | 2.20E+00 | 2.21E+00 | 2.15E+00 | 1.80E+00 | 1.44E+00 | 1.76E+00 | 1.64E+00 | 1.60E+00 | 1.45E+00 | 1.15E+00 | 1.21E+00
NFEs | 6.49E+04 | 6.52E4+04 | 6.51E4+04 | 6.52E+04 | 6.49E404 | 6.50E+04 | 6.50E+04 | 6.50E4+04 | 6.49E+04 | 6.49E+04 | 6.48E+04 | 6.51E+04
Min 3.00E4+02 | 4.00E402 | 6.00E4+02 | 8.05E4+02 | 9.00E402 | 1.81E4+03 | 2.00E4+03 | 2.22E403 | 2.53E+4+03 | 2.50E4+03 | 2.60E4+03 | 2.86E+03
canl" Max 3.00E4+02 | 4.71E402 | 6.02E4+02 | 8.30E4+02 | 9.03E+402 | 7.84E+4+03 | 2.04E+03 | 2.34E+403 | 2.53E4+03 | 2.62E4+03 | 3.00E4+03 | 2.89E+03
& | Mean | 3.00E+02 | 4.09E4+02 | 6.00E+02 | 8.13E+02 | 9.00E+02 | 3.73E+03 | 2.02E+03 | 2.22E+03 | 2.53E+03 | 2.55E+03 | 2.64E+03 | 2.87E+03
STD 4.64E-14 2.25E+01 | 8.15E-01 1.42E+01 | 6.67E-01 2.60E4+03 | 2.51E401 | 3.26E+401 | 2.29E402 | 1.56E+4+02 | 1.20E402 | 1.68E402

ET 6.04E-01 6.39E-01 7.13E-01 6.59E-01 6.58E-01 6.47E-01 7.63E-01 8.38E-01 7.23E-01 7.42E-01 7.99E-01 8.11E-01
NFEs | 6.52E+04 | 6.52E4+04 | 6.52E+04 | 6.50E+04 | 6.51E404 | 6.53E+04 | 6.51E4+04 | 6.53E4+04 | 6.51E+04 | 6.52E+04 | 6.51E+04 | 6.54E+04
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Table 5 continued from previous page

" i I3 Fy Fs Fys i Fyg Fy Fig Fp Fio

Min 3.00E+02 | 4.00E+02 | 6.00E+02 | 8.05E+02 | 9.00E+02 | 1.89E+03 | 2.00E+03 | 2.20E+03 | 2.53E+03 | 2.50E+03 | 2.60E+03 | 2.86E+03

Max 3.00E+02 | 4.09E+02 | 6.08E+02 | 8.44E+02 | 9.03E+02 | 7.38E+03 | 2.06E+03 | 2.34E+03 | 2.53E+03 | 2.89E+03 | 3.00E+03 | 3.08E+03

a, | Mean | 3.00E+02 | 4.04E+02 | 6.01E+02 | 8.16E+02 | 9.00E+02 | 3.27E+03 | 2.03E+03 | 2.24E+03 | 2.53E+03 | 2.58E+03 | 2.66E+03 | 2.90E+03

~ | STD 5.19E-14 5.40E+00 | 2.08E+00 | 1.83E+01 | 7.53E-01 2.05E+03 | 2.77TE+01 | 5.46E+01 | 2.29E+02 | 2.00E+02 | 1.37E+02 | 2.06E+02
ET 6.42E-01 7.99E-01 8.38E-01 8.08E-01 9.06E-01 7.90E-01 7.83E-01 7.97E-01 7.35E-01 7.32E-01 8.17E-01 8.10E-01

NFEs | 5.01E4+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04

8 Min 3.00E+02 | 4.00E+02 | 6.00E+02 | 8.06E+02 | 9.00E+02 | 1.80E+03 | 2.00E+03 | 2.22E+03 | 2.53E+03 | 2.50E+03 | 2.60E+03 | 2.86E+03
A Max 3.00E+02 | 4.71E+02 | 6.16E+02 | 849E+02 | 1.25E+03 | 8.07TE+03 | 2.13E+03 | 2.26E+03 | 2.68E+03 | 3.39E+03 | 3.00E+03 | 2.92E+03
E a, | Mean | 3.00E+02 | 4.07E402 | 6.06E+02 | 8.21E4+02 | 9.38E4-02 | 3.32E+03 | 2.04E+403 | 2.22E403 | 2.53E+03 | 2.62E403 | 2.71E+03 | 2.87E+03
Q | | STD 3.86E-13 1.43E4+01 | 7.46E4+00 | 2.33E+01 | 8.55E+01 | 2.30E+03 | 4.99E+01 | 2.34E+01 | 2.36E+02 | 3.05E+02 | 1.69E+02 | 1.69E+02
8 ET 7.71E-01 7.82E-01 8.73E-01 7.97E-01 8.67E-01 1.39E+01 | 8.86E-01 9.89E-01 8.74E-01 8.65E-01 9.86E-01 9.82E-01
FES 6.50E+04 | 6.50E+04 | 6.53E+04 | 6.49E+04 | 6.51E+04 | 6.53E+04 | 6.48E+04 | 6.50E+04 | 6.50E+04 | 6.52E+04 | 6.51E+04 | 6.50E+04

Min 3.00E+02 | 4.00E+02 | 6.00E+02 | 8.07TE+02 | 9.00E+02 | 1.83E+03 | 2.02E+03 | 2.20E+03 | 2.53E+03 | 2.50E+03 | 2.60E+03 | 2.86E+03

Max 3.00E+02 | 4.09E+02 | 6.31E+02 | 8.46E+02 | 1.32E+03 | 8.04E+03 | 2.14E+03 | 2.34E+03 | 2.68E+03 | 3.85E+03 | 3.00E+03 | 2.99E+03

53* Mean | 3.00E4+02 | 4.05E4+02 | 6.05E4+02 | 8.20E4+02 | 9.27E+4+02 | 3.95E4+03 | 2.05E4+03 | 2.23E403 | 2.53E4+03 | 2.61E4+03 | 2.72E4+03 | 2.89E+03

& | STD 2.70E-13 6.10E+00 | 9.71E+00 | 2.22E+01 | 8.16E+01 | 2.93E+03 | 5.31E+01 | 3.41E+01 | 2.36E+02 | 3.16E+02 | 1.84E+02 | 1.96E+02
ET 7.59E-01 7.76E-01 8.58E-01 7.70E-01 7.94E-01 7.76E-01 8.83E-01 1.41E+401 | 8.70E-01 8.68E-01 9.70E-01 9.72E-01

NFEs | 6.51E+04 | 6.52E+04 | 6.51E+04 | 6.52E+04 | 6.50E+04 | 6.51E+04 | 6.50E+04 | 6.50E+04 | 6.51E+04 | 6.50E+04 | 6.48E+04 | 6.52E+04
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Table 5 continued from previous page

Fy Fy F3 Fy Fs Fe Fr Fy Fy Fio Fi Fio

Min 3.00E+02 | 4.00E402 | 6.00E4+02 | 8.04E+02 | 9.00E402 | 1.83E403 | 2.00E+03 | 2.20E+403 | 2.53E403 | 2.50E+03 | 2.60E+03 | 2.86E+403

Max | 3.00E4-02 | 4.09E+02 | 6.08E+02 | 8.35E+02 | 9.03E402 | 7.85E4-03 | 2.05E+403 | 2.22E+03 | 2.53E+03 | 2.63E+03 | 3.00E403 | 2.91E4-03

a, | Mean | 3.00E+02 | 4.03E+02 | 6.01E+02 | 8.16E+02 | 9.01E+02 | 3.66E+03 | 2.03E+03 | 2.22E+03 | 2.53E+03 | 2.55E+03 | 2.66E+03 | 2.87E+03

| STD | 3.60E-14 | 4.06E+00 | 1.92E4+00 | 1.86E+01 | 8.32E-01 | 2.70E+03 | 2.89E+01 | 1.96E+01 | 2.29E+02 | 1.57E+02 | 1.43E+02 | 1.68E+02
ET 5.79E-01 | 5.31E-01 7.38E-01 5.67TE-01 | 5.17E-01 | 4.99E-01 5.83E-01 | 6.19E-01 | 5.81E-01 5.66E-01 | 6.45E-01 | 6.49E-01

FES 5.01E+04 | 5.01E4+04 | 5.01E4+04 | 5.01E+04 | 5.01E+04 | 5.01E4-04 | 5.01E404 | 5.01E+04 | 5.01E4+04 | 5.01E4+04 | 5.01E+04 | 5.01E+04

) Min 3.00E+02 | 4.00E402 | 6.00E4+02 | 8.03E+02 | 9.00E402 | 1.82E403 | 2.00E+03 | 2.20E+403 | 2.53E403 | 2.50E+03 | 2.60E+03 | 2.86E+403
z Max | 3.00E4-02 | 4.09E+02 | 6.08E+02 | 8.39E+02 | 9.03E402 | 7.89E403 | 2.05E+403 | 2.32E+03 | 2.53E+03 | 2.63E+03 | 3.00E403 | 2.87E4-03
= | o, | Mean | 3.00E+02 | 4.02E+02 | 6.01E+02 | 8.15E+02 | 9.00E4+02 | 3.09E+03 | 2.02E+03 | 2.22E+03 | 2.53E+03 | 2.56E+03 | 2.70E+03 | 2.87E+03
g @1 STD | 5.39E-14 | 3.19E+00 | 1.87E400 | 1.71E401 | 6.27E-01 | 2.11E403 | 2.79E401 | 2.93E+01 | 2.29E+02 | 1.69E4+02 | 1.76E+02 | 1.66E+02
O ET 5.39E-01 | 5.54E-01 | 6.13E-01 5.72E-01 | 5.78E-01 | 5.60E-01 | 6.64E-01 | 7.05E-01 | 6.44E-01 | 6.35E-01 | 7.17E-01 7.24E-01
NFEs | 6.51E+04 | 6.48E+04 | 6.52E+04 | 6.51E+04 | 6.50E+04 | 6.51E+04 | 6.50E+04 | 6.50E+04 | 6.50E+04 | 6.53E+04 | 6.50E+04 | 6.50E+04

Min 3.00E+02 | 4.00E402 | 6.00E4+02 | 8.04E+02 | 9.00E402 | 1.81E4+03 | 2.00E+03 | 2.20E+4-03 | 2.53E+403 | 2.50E+03 | 2.60E+03 | 2.86E403

Max | 3.00E4-02 | 4.09E+02 | 6.03E+02 | 8.33E+02 | 1.14E403 | 7.85E+4-03 | 2.05E+403 | 2.34E+03 | 2.53E+03 | 2.62E+03 | 3.00E403 | 2.95E4-03

& | Mean 3.00E4-02 | 4.03E4-02 | 6.00E4-02 | 8.156E402 | 9.08E+402 | 3.17E+03 | 2.02E+03 | 2.22E+03 | 2.53E+03 | 2.56E+03 | 2.64E+03 | 2.87E+03

P_% STD | 5.08E-14 | 5.18E+400 | 8.31E-01 1.65E+01 | 4.32E+01 | 2.05E+03 | 2.70E+01 | 3.23E+01 | 2.29E4+02 | 1.67TE4-02 | 1.10E4-02 | 1.70E4-02
ET 5.76E-01 | 5.76E-01 | 6.45E-01 | 6.00E-01 1.76E4+01 | 5.36E-01 | 6.43E-01 | 6.90E-01 | 6.31E-01 | 6.26E-01 | 7.10E-01 7.23E-01

NFEs | 6.51E404 | 6.53E+04 | 6.52E+04 | 6.49E+04 | 6.50E4+04 | 6.49E4-04 | 6.53E4-04 | 6.52E+04 | 6.50E+04 | 6.55E+04 | 6.50E4+04 | 6.52E4-04
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Table 5 continued from previous page

" i I3 Fy Fs Fys i Fyg Fy Fig Fp Fio

Min 3.00E+02 | 4.00E+02 | 6.00E+02 | 8.07TE+02 | 9.00E+02 | 1.81E+03 | 2.00E+03 | 2.20E+03 | 2.53E+03 | 2.50E+03 | 2.60E+03 | 2.86E+03

Max 3.00E+02 | 4.71E+02 | 6.06E+02 | 832E+02 | 9.03E+02 | 7.83E+03 | 2.04E+03 | 2.22E+03 | 2.68E+03 | 2.63E+03 | 2.90E+03 | 2.87E+03

a, | Mean | 3.00E+02 | 4.06E+02 | 6.01E+02 | 8.18E+02 | 9.00E+02 | 2.99E+03 | 2.02E+03 | 2.22E+03 | 2.54E+03 | 2.57TE+03 | 2.65E+03 | 2.87E+03

~ | STD 5.29E-14 1.40E401 | 1.68E+4+00 | 1.98E+01 | 6.58E-01 1.95E4+03 | 2.62E+01 | 2.00E4+01 | 2.42E+02 | 1.83E+02 | 1.06E+02 | 1.66E+02
ET 5.25E-01 6.10E-01 5.84E-01 4.96E-01 5.12E-01 5.14E-01 5.94E-01 6.31E-01 5.88E-01 5.90E-01 6.64E-01 6.92E-01

FES 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+404

o Min 3.00E+02 | 4.00E+02 | 6.00E+02 | 8.06E+02 | 9.00E+02 | 1.81E+03 | 2.00E+03 | 2.20E+03 | 2.53E+03 | 2.50E+03 | 2.60E+03 | 2.86E+03
gj Max 3.00E+02 | 4.09E+02 | 6.16E+02 | 835E+02 | 9.01E+02 | 7.92E+03 | 2.05E+03 | 2.34E+03 | 2.68E+03 | 2.62E+03 | 3.18E+03 | 2.87E+03
- a, | Mean | 3.00E+02 | 4.03E402 | 6.02E+02 | 8.19E4+02 | 9.00E4-02 | 3.59E+03 | 2.02E403 | 2.22E403 | 2.53E+03 | 2.56E+403 | 2.68E+03 | 2.87E+03
g 1 STD 4.52E-14 5.03E+00 | 3.36E+00 | 2.01E+01 | 5.70E-01 2.71E403 | 2.67TE+01 | 3.19E+01 | 2.36E+02 | 1.68E+02 | 1.78E+02 | 1.66E+02
c ET 7.02E-01 7.29E-01 8.01E-01 7.51E-01 7.66E-01 7.49E-01 8.55E-01 9.02E-01 8.66E-01 8.64E-01 9.63E-01 9.72E-01
NFEs | 6.51E4+04 | 6.50E4+04 | 6.50E4+04 | 6.51E4+04 | 6.50E4+04 | 6.50E4+04 | 6.50E4+04 | 6.49E+04 | 6.49E+4+04 | 6.50E4+04 | 6.53E4+04 | 6.50E404

Min 3.00E+02 | 4.00E+02 | 6.00E+02 | 8.05E+02 | 9.00E+02 | 1.80E+03 | 2.00E+03 | 2.22E+03 | 2.53E+03 | 2.50E+03 | 2.60E+03 | 2.86E+03

Max 3.00E+02 | 4.71E+02 | 6.11E+02 | 854E+02 | 9.01E+02 | 7.87TE+03 | 2.05E+03 | 2.34E+03 | 2.53E+03 | 2.63E+03 | 2.90E+03 | 3.06E+03

% Mean | 3.00E402 | 4.06E+02 | 6.01E+02 | 8.19E+02 | 9.00E+02 | 2.94E+4+03 | 2.03E+03 | 2.23E+4+03 | 2.53E+03 | 2.56E+03 | 2.68E+03 | 2.88E+03

P_‘I-' STD 4.40E-14 1.39E+401 | 2.97E4+00 | 2.09E+01 | 3.62E-01 2.04E+03 | 3.11E+01 | 4.11E+01 | 2.29E+02 | 1.68E+02 | 1.37E+02 | 1.80E+02
ET 8.01E-01 7.96E-01 8.58E-01 8.04E-01 8.04E-01 7.94E-01 8.91E-01 9.55E-01 9.58E-01 1.02E4+00 | 9.09E-01 9.57E-01

NFEs | 6.51E4+04 | 6.55E4+04 | 6.50E4+04 | 6.52E4+04 | 6.49E+04 | 6.50E4+04 | 6.48E+4+04 | 6.53E+04 | 6.48E+4+04 | 6.52E4+04 | 6.53E4+04 | 6.51E+404
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Table 5 continued from previous page

Fy Fy F3 Fy Fs Fe Fr Fy Fy Fio Fi Fio

Min 3.00E+02 | 4.00E402 | 6.00E4+02 | 8.09E+02 | 9.00E402 | 1.81E4+03 | 2.00E+03 | 2.20E+403 | 2.53E403 | 2.50E+03 | 2.60E+03 | 2.86E+403

Max | 3.00E4-02 | 4.09E+02 | 6.11E+02 | 8.39E+02 | 9.01E402 | 7.86E4-03 | 2.04E403 | 2.34E+03 | 2.68E+03 | 2.63E+03 | 3.00E403 | 2.94E4-03

a, | Mean | 3.00E+02 | 4.02E+02 | 6.01E+02 | 8.18E+02 | 9.00E+02 | 3.22E+03 | 2.02E+03 | 2.23E+03 | 2.53E+03 | 2.59E+03 | 2.65E+03 | 2.87E+03

| STD | 5.87E-14 | 3.29E+00 | 2.76E4+00 | 1.85E+01 | 4.12E-01 | 2.39E+03 | 2.59E+01 | 4.07E+01 | 2.36E+02 | 1.96E+02 | 1.24E+02 | 1.72E+02
ET 6.84E-01 | 6.71E-01 7.20E-01 | 6.50E-01 | 6.63E-01 | 6.49E-01 7.45E-01 | 7.93E-01 7.32E-01 7.22E-01 | 6.67TE4+01 | 8.23E-01

NFEs | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04

8 Min 3.00E+02 | 4.00E402 | 6.00E4+02 | 8.09E+02 | 9.00E402 | 1.82E403 | 2.00E+03 | 2.22E4-03 | 2.53E403 | 2.50E+03 | 2.60E+03 | 2.86E+403
A Max | 3.00E4-02 | 4.09E+02 | 6.08E+02 | 8.40E+02 | 9.08E402 | 7.86E4-03 | 2.07TE403 | 2.22E+03 | 2.68E+03 | 2.99E+03 | 3.00E403 | 2.96E4-03
é a, | Mean | 3.00E+02 | 4.03E4+02 | 6.01E+02 | 8.19E+02 | 9.01E+02 | 3.27E+03 | 2.03E+03 | 2.22E4+03 | 2.53E+03 | 2.57E+03 | 2.72E+03 | 2.87E+03
Q | | STD | 5.39E-14 | 4.04E400 | 2.56E+00 | 2.06E4+01 | 1.81E+00 | 2.24E+03 | 2.95E4+01 | 2.09E+01 | 2.36E4+02 | 1.93E+02 | 1.94E+02 | 1.72E+02
% ET 9.64E-01 | 5.20E4-00 | 1.04E4-00 | 9.64E-01 | 9.68E-01 | 9.47E-01 1.08E4-00 | 1.16E+00 | 1.05E+400 | 1.07TE400 | 1.17E4+00 | 1.17E+00
NFEs | 6.51E404 | 6.51E4+04 | 6.51E+04 | 6.50E+04 | 6.50E4+04 | 6.50E4-04 | 6.52E4-04 | 6.51E+04 | 6.50E+04 | 6.49E+04 | 6.51E4+04 | 6.50E4-04

Min 3.00E+02 | 4.00E402 | 6.00E4+02 | 8.04E+02 | 9.00E402 | 1.83E403 | 2.00E+03 | 2.22E+403 | 2.53E+403 | 2.50E+03 | 2.60E+03 | 2.86E+403

Max | 3.00E4-02 | 4.09E+02 | 6.12E+02 | 8.40E+02 | 1.37E403 | 7.89E4-03 | 2.05E+403 | 2.34E+03 | 2.53E+03 | 2.62E+03 | 3.00E403 | 2.96E4-03

8; Mean | 3.00E4-02 | 4.03E+02 | 6.01E+02 | 8.19E+02 | 9.17E402 | 3.55E4-03 | 2.03E403 | 2.23E+03 | 2.53E+03 | 2.57E+03 | 2.68E403 | 2.87E4-03

& | STD | 4.87E-14 | 4.98E400 | 2.62E400 | 2.07E4+01 | 8.54E+01 | 2.84E+03 | 2.93E+01 | 4.80E4+01 | 2.29E402 | 1.77E4+02 | 1.60E4+02 | 1.73E+02
ET 9.82E-01 | 9.49E-01 1.04E+00 | 7.09E+00 | 9.85E-01 | 9.48E-01 1.08E+00 | 1.14E+00 | 1.06E+00 | 5.97E+00 | 1.21E+00 | 1.17E+00

NFEs | 6.50E4-04 | 6.50E+04 | 6.52E+04 | 6.51E+04 | 6.50E4+04 | 6.49E4-04 | 6.51E404 | 6.52E+04 | 6.50E+04 | 6.51E+04 | 6.52E4+04 | 6.51E4-04
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Table 6: Performance metrics for PSO variants across 12 functions (D = 20)

Fy Fy F3 Fy F5 Fs Fr Fy Fy Fio Fiy Fip
Min 3.00E+02 | 4.00E402 | 6.00E4+02 | 8.35E+02 | 9.01E402 | 1.90E403 | 2.04E+03 | 2.22E403 | 2.48E403 | 2.50E+03 | 2.60E+03 | 2.95E4-03
Max | 3.00E4-02 | 4.74E+02 | 6.45E+02 | 8.95E+02 | 2.75E403 | 2.03E4-04 | 2.28E+403 | 2.36E+03 | 2.48E+03 | 5.24E+03 | 3.36E403 | 3.12E4-03
PSO Mean | 3.00E4-02 | 4.45E+02 | 6.10E+02 | 8.57E+02 | 1.15E403 | 5.25E4-03 | 2.12E+403 | 2.28E+03 | 2.48E+03 | 3.40E+03 | 2.92E403 | 3.00E4-03
STD | 3.06E-02 | 5.02E401 | 1.54E+01 | 5.87TE+01 | 4.80E402 | 5.59E+03 | 1.35E+02 | 9.76E4-01 | 1.81E+02 | 1.26E+03 | 3.50E402 | 3.00E+02
ET 6.75E-01 | 2.30E4-01 | 8.88E-01 7.30E-01 | 7.67E-01 7.16E-01 | 9.09E-01 | 9.57E-01 | 9.84E-01 1.50E+402 | 1.10E+00 | 1.09E+00
NFEs | 5.00E4-04 | 5.00E+04 | 5.00E+04 | 5.00E+04 | 5.00E404 | 5.00E4-04 | 5.00E404 | 5.00E+04 | 5.00E+04 | 5.00E+04 | 5.00E404 | 5.00E4-04
Min 3.00E402 | 4.00E402 | 6.00E402 | 8.31E4+02 | 9.01E4+02 | 1.83E4+03 | 2.02E+03 | 2.22E+03 | 2.48E+03 | 2.50E+03 | 2.60E+03 | 2.94E+03
Max 3.00E4+02 | 4.72E402 | 6.42E402 | 8.86E+4+02 | 2.38E+4+03 | 2.02E+04 | 2.29E+03 | 2.34E+03 | 2.48E+03 | 7.41E+03 | 3.00E+03 | 4.55E+03
a, | Mean | 3.00E+02 | 4.46E+02 | 6.13E4+02 | 8.54E+02 | 1.24E+403 | 5.73E4+03 | 2.10E+03 | 2.25E4+03 | 2.48E+403 | 3.57TE+03 | 2.93E+4+03 | 3.25E+403
| STD | 9.48E-02 | 5.15E+01 | 1.64E4+01 | 5.58E+01 | 5.30E+02 | 6.49E+03 | 1.11E+02 | 6.58E+01 | 1.81E+02 | 1.48E+03 | 3.42E+02 | 7.42E+02
ET 8.17E-01 | 8.47E-01 1.07E+00 | 8.82E-01 | 9.13E-01 | 8.55E-01 1.11E+00 | 1.15E+00 | 5.11E+00 | 1.04E+00 | 1.26E+00 | 1.30E+00
NFEs | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04
o Min 3.00E4+02 | 4.00E402 | 6.00E402 | 8.31E4+02 | 9.02E402 | 1.88E+03 | 2.04E+03 | 2.22E+03 | 2.48E+03 | 2.50E+03 | 2.60E+03 | 2.95E+03
z Max 3.00E4+02 | 4.73E402 | 6.25E402 | 8.90E4+02 | 2.10E4+03 | 1.77E4+04 | 2.23E+03 | 2.36E+03 | 2.48E+03 | 4.72E+03 | 3.36E+03 | 3.07E+03
3 | o, | Mean | 3.00E+02 | 4.50E+02 | 6.07E+02 | 8.55E+02 | 1.06E+03 | 5.75E403 | 2.10E+03 | 2.26E+03 | 2.48E+03 | 3.12E+03 | 2.93E+03 | 3.00E+03
g @1 STD | 2.65E-02 | 5.51E+01 | 9.77E400 | 5.67E+01 | 3.09E+02 | 5.93E+03 | 1.11E+02 | 7.69E+01 | 1.81E4+02 | 1.01E403 | 3.48E+02 | 3.01E-+02
m ET 1.04E4-00 | 9.90E-01 1.26E+00 | 1.07E+00 | 1.07E+00 | 9.92E-01 1.25E+00 | 1.65E+00 | 1.92E+00 | 7.87E-01 9.93E-01 1.04E+00
NFEs | 6.50E+04 | 6.50E+04 | 6.51E+04 | 6.52E+04 | 6.51E+04 | 6.51E+04 | 6.51E+04 | 6.49E+04 | 6.51E+04 | 6.51E+04 | 6.48E+04 | 6.51E+04
Min 3.00E4+02 | 4.056E402 | 6.02E4-02 | 8.30E4+02 | 9.01E4+02 | 1.82E4+03 | 2.04E+03 | 2.22E+03 | 2.48E+03 | 2.50E+03 | 2.60E+03 | 2.95E+03
Max 3.00E4+02 | 4.74E402 | 6.32E4-02 | 8.91E4+02 | 1.65E4+03 | 1.74E+04 | 2.24E+03 | 2.46E+03 | 2.48E+03 | 5.12E+03 | 3.00E+03 | 3.06E+03
Dcf)l" Mean | 3.00E402 | 4.51E+02 | 6.11E+02 | 8.52E+02 | 1.00E4+03 | 5.33E403 | 2.10E403 | 2.27TE+03 | 2.48E+03 | 3.51E+03 | 2.90E4+03 | 2.99E4-03
& | STD | 5.42E-02 | 5.30E+401 | 1.40E401 | 5.46E+01 | 2.29E402 | 5.36E4+03 | 1.05E+02 | 9.32E401 | 1.81E4+02 | 1.37TE+03 | 3.13E4+02 | 2.88E+402
ET 6.69E-01 | 6.78E-01 | 8.38E-01 7.04E-01 | 7.37E-01 7.10E-01 | 8.84E-01 | 9.80E-01 | 9.11E-01 | 8.47E-01 1.03E+00 | 1.11E+00
NFEs | 6.51E4+04 | 6.53E+04 | 6.51E+04 | 6.51E+04 | 6.52E4+04 | 6.50E4+04 | 6.50E4+04 | 6.52E+04 | 6.51E+04 | 6.49E+04 | 6.53E4+04 | 6.51E4-04
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Table 6 continued from previous page

Fy Fy F3 Fy Fs Fe Fr Fy Fy Fio Fi Fio

Min 3.00E+02 | 4.01E402 | 6.01E4+02 | 8.35E+02 | 9.05E402 | 1.87TE4+03 | 2.03E+03 | 2.22E+403 | 2.48E403 | 2.50E+03 | 2.90E+03 | 2.95E403

Max | 3.01E+02 | 4.74E+02 | 6.49E+02 | 8.94E+02 | 2.20E+03 | 1.80E+04 | 2.24E+03 | 2.46E+03 | 2.48E+03 | 4.77E+03 | 3.00E+03 | 3.80E+03

a, | Mean | 3.00E+02 | 4.49E+02 | 6.10E+02 | 8.52E+02 | 1.11E+03 | 6.27E+03 | 2.10E+03 | 2.28E+03 | 2.48E+03 | 3.58E+03 | 2.93E+03 | 3.11E+03

~ | STD 1.70E-01 | 5.36E+401 | 1.45E+01 | 5.34E+401 | 3.85E402 | 6.32E+03 | 1.07E4+02 | 1.00E402 | 1.81E+02 | 1.35E+03 | 3.30E+402 | 4.39E+02
ET 6.57E-01 | 6.96E-01 | 2.04E4-01 | 7.37E-01 | 7.49E-01 7.46E-01 | 9.04E-01 | 9.58E-01 | 9.23E-01 | 8.66E-01 | 2.02E4-00 | 1.06E+00

NFEs | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04

8 Min 3.00E+02 | 4.00E402 | 6.04E4+02 | 8.38E+02 | 9.66E+402 | 1.96E4+03 | 2.03E+03 | 2.22E403 | 2.48E+403 | 2.50E+03 | 2.90E+03 | 2.95E403
A Max 1.04E403 | 4.71E402 | 6.60E+02 | 9.30E+402 | 2.38E4-03 | 1.94E+04 | 2.33E403 | 2.56E403 | 2.48E+03 | 6.01E+03 | 4.39E403 | 3.21E+03
E a, | Mean | 3.25E+02 | 4.42E4+02 | 6.27E+02 | 8.65E+02 | 1.65E+03 | 6.60E+03 | 2.12E+03 | 2.28E+03 | 2.48E+03 | 3.95E+03 | 2.98E+03 | 3.03E+03
Q| “|STD 1.35E402 | 4.70E401 | 3.11E+01 | 6.79E401 | 8.77TE4+02 | 7.16E+03 | 1.36E4+02 | 1.09E4+02 | 1.81E+02 | 1.83E+03 | 4.63E+402 | 3.35E+02
8 ET 8.14E-01 | 8.21E-01 1.07E400 | 8.45E-01 | 9.13E-01 | 8.64E-01 2.13E+00 | 1.17E400 | 1.11E400 | 1.00E4+00 | 1.25E+00 | 1.29E4-00
NFEs | 6.48E4-04 | 6.52E+04 | 6.53E+04 | 6.51E+04 | 6.51E4+04 | 6.50E4-04 | 6.50E4-04 | 6.50E+04 | 6.51E+04 | 6.50E+04 | 6.50E4+04 | 6.48E4-04

Min 3.00E+02 | 4.00E402 | 6.12E4+02 | 8.28E+02 | 9.38E402 | 1.87TE4+03 | 2.06E+03 | 2.22E+403 | 2.48E+403 | 2.50E+03 | 2.60E+03 | 2.97E+403

Max 1.84E404 | 4.72E402 | 6.51E+02 | 9.33E402 | 6.79E403 | 2.04E+04 | 2.25E+403 | 2.49E403 | 2.48E+03 | 5.32E+03 | 3.35E+03 | 4.00E+4+03

83 Mean | 1.04E+03 | 4.43E+02 | 6.32E+02 | 8.71E+02 | 1.84E+03 | 6.32E+03 | 2.13E+03 | 2.29E+03 | 2.48E+03 | 3.77E+03 | 2.94E+03 | 3.25E+03

& | STD | 3.34E+03 | 4.72E401 | 3.40E+4+01 | 7.45E+401 | 1.44E+403 | 6.83E+03 | 1.36E+02 | 1.11E402 | 1.81E4+02 | 1.62E403 | 3.59E+02 | 5.97TE+02
ET 8.03E-01 | 8.01E-01 | 3.48E400 | 8.56E-01 | 9.11E-01 | 8.48E-01 1.06E4-00 | 1.13E+00 | 1.10E+00 | 9.96E-01 1.24E400 | 1.26E+400

NFEs | 6.53E+04 | 6.50E+04 | 6.51E+04 | 6.51E+04 | 6.52E+04 | 6.54E+04 | 6.49E+04 | 6.53E+04 | 6.49E+04 | 6.53E+04 | 6.52E+04 | 6.51E+04
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Table 6 continued from previous page

" i I3 Fy Fs Fys i Fyg Fy Fig Fp Fio

Min 3.00E+02 | 4.01E+02 | 6.00E+02 | 831E+02 | 9.03E+02 | 1.91E+03 | 2.04E+03 | 2.22E+03 | 2.48E+03 | 2.50E+03 | 2.90E+03 | 2.95E+03

Max 3.04E4+02 | 4.69E+02 | 6.32E+02 | 8.78E+02 | 1.62E+03 | 2.03E+04 | 2.25E+03 | 2.36E+03 | 2.48E+03 | 4.54E+03 | 3.00E+03 | 3.14E+03

a, | Mean | 3.00E+02 | 4.37E+02 | 6.10E+02 | 8.52E+02 | 9.94E+02 | 5.20E+03 | 2.09E+03 | 2.26E+03 | 2.48E+03 | 3.42E+03 | 2.94E+03 | 3.00E+03

~ | STD 6.83E-01 4.32E+01 | 1.35E+01 | 5.32E+01 | 1.92E+02 | 5.17TE+03 | 1.05E+02 | 7.80E+01 | 1.81E+02 | 1.25E+03 | 3.44E+02 | 3.07E+02
ET 5.44E-01 5.74E-01 7.01E-01 5.85E-01 6.11E-01 5.82E-01 7.33E-01 7.84E-01 1.39E+02 | 6.17E-01 7.28E-01 7.83E-01

NFEs | 5.01E4+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04

) Min 3.00E+02 | 4.03E+02 | 6.00E+02 | 821E+02 | 9.00E+02 | 1.88E+03 | 2.03E+03 | 2.22E+03 | 2.48E+03 | 2.50E+03 | 2.90E+03 | 2.95E+03
gj Max 3.00E+02 | 4.72E+02 | 6.42E+02 | 8.97E+02 | 2.04E+03 | 1.82E+04 | 2.23E+03 | 2.46E+03 | 2.48E+03 | 5.050E+03 | 3.00E4+03 | 3.20E+03
— a, | Mean | 3.00E+02 | 4.50E402 | 6.10E+02 | 8.55E+02 | 1.13E4-03 | 4.60E+03 | 2.09E403 | 2.29E403 | 2.48E+03 | 3.47E+403 | 2.92E+03 | 3.01E+4+03
g 1 STD 6.24E-02 5.31E+01 | 1.46E+01 | 5.71E+01 | 3.74E+02 | 4.42E+03 | 9.49E+01 | 1.13E+02 | 1.81E+02 | 1.40E+03 | 3.22E+02 | 3.17E+02
O ET 5.81E-01 1.18E+401 | 7.36E-01 6.11E-01 6.40E-01 6.01E-01 7.96E-01 8.46E-01 8.08E-01 7.34E-01 9.11E-01 9.59E-01
NFEs | 6.50E4+04 | 6.52E4+04 | 6.49E+04 | 6.52E4+04 | 6.51E4+04 | 6.48E+4+04 | 6.50E4+04 | 6.52E4+04 | 6.51E4+04 | 6.49E+4+04 | 6.51E4+04 | 6.51E+404

Min 3.00E+02 | 4.02E+02 | 6.00E+02 | 827TE+02 | 9.02E+02 | 1.87TE+03 | 2.04E+03 | 2.22E+03 | 2.48E+03 | 2.50E+03 | 2.60E+03 | 2.94E+03

9;7 Max 3.00E+02 | 4.76E+02 | 6.28E+02 | 8.92E+02 | 1.90E+03 | 1.36E+04 | 2.21E+03 | 2.34E+03 | 2.48E+03 | 4.63E+03 | 3.00E+03 | 3.06E+03

A&y | Mean | 3.00E+02 | 4.52E402 | 6.09E402 | 8.52E402 | 1.08E+03 | 4.53E+03 | 2.10E+03 | 2.25E403 | 2.48E+403 | 3.09E4+03 | 2.91E4+03 | 3.00E+03
STD 5.90E-02 548E+01 | 1.15E+01 | 5.39E+01 | 3.06E+02 | 4.02E+03 | 1.10E+02 | 6.67E+01 | 1.81E+02 | 9.78E+02 | 3.21E+02 | 2.98E+02

ET 5.77E-01 6.04E-01 1.94E+01 | 8.36E-01 8.63E-01 8.25E-01 1.08E+00 | 1.12E4+00 | 3.51E+4+01 | 1.01E4+00 | 1.22E+00 | 1.31E+00

NFEs | 6.51E4+04 | 6.49E+04 | 6.50E4+04 | 6.50E4+04 | 6.52E4+04 | 6.50E4+04 | 6.52E+04 | 6.49E+04 | 6.52E+4+04 | 6.49E+4+04 | 6.51E4+04 | 6.51E+404
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Table 6 continued from previous page

Fy Fy F3 Fy Fs Fe Fr Fy Fy Fio Fi Fio

Min 3.00E+02 | 4.03E402 | 6.00E4+02 | 8.30E+02 | 9.02E402 | 1.86E+4+03 | 2.03E+03 | 2.22E+403 | 2.48E+403 | 2.50E+03 | 2.60E+03 | 2.95E403

Max | 3.00E4-02 | 4.73E+02 | 6.37TE+02 | 9.17E+02 | 2.29E4-03 | 1.55E4-04 | 2.26E403 | 2.36E+03 | 2.48E+03 | 4.47E+03 | 3.36E403 | 3.26E4-03

a, | Mean | 3.00E+02 | 4.47E+02 | 6.15E+02 | 8.61E+02 | 1.19E4+03 | 5.62E+03 | 2.09E+03 | 2.27E+03 | 2.48E+03 | 3.24E+03 | 2.94E+03 | 3.01E+03

~ | STD 1.37E-02 | 5.09E401 | 1.97E+01 | 6.42E401 | 4.55E402 | 5.67E+03 | 1.07E402 | 8.83E4+01 | 1.81E+02 | 1.12E+03 | 3.59E+402 | 3.20E+402
ET 5.47E-01 | 5.72E-01 7.04E-01 | 6.25E-01 | 6.47E-01 | 6.85E-01 | 8.31E-01 1.06E+00 | 8.32E-01 7.07E-01 1.04E4-01 | 9.14E-01

NFEs | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04

) Min 3.00E4-02 | 4.01E402 | 6.00E4-02 | 8.27TE402 | 9.03E402 | 1.87E+03 | 2.04E+03 | 2.22E+03 | 2.48E+03 | 2.50E+03 | 2.90E+03 | 2.95E+03
z Max | 3.00E+02 | 4.73E+02 | 6.49E+02 | 8.93E+02 | 2.40E+03 | 1.93E+04 | 2.24E+03 | 2.36E+03 | 2.48E+03 | 4.78E+03 | 3.00E+03 | 3.04E+03
= | o, | Mean | 3.00E+02 | 4.53E+02 | 6.09E+02 | 8.58E+02 | 1.22E+03 | 5.18E+03 | 2.12E+03 | 2.26E+03 | 2.48E+03 | 3.59E+03 | 2.93E+03 | 2.99E+03
% @1 STD | 3.86E-02 | 5.58E+01 | 1.29E401 | 6.07E+01 | 5.40E+02 | 5.29E+03 | 1.30E402 | 8.52E+01 | 1.81E+02 | 1.41E403 | 3.30E+02 | 2.91E+02
<2 ET 1.59E+00 | 9.38E-01 1.15E400 | 1.01E+00 | 1.04E+00 | 1.00E400 | 1.20E4+00 | 1.27E+00 | 1.23E400 | 1.16E+00 | 1.32E+00 | 1.36E4-00
NFEs | 6.49E+04 | 6.50E+04 | 6.50E+04 | 6.50E+04 | 6.51E+04 | 6.52E+04 | 6.51E+04 | 6.52E+04 | 6.51E+04 | 6.53E+04 | 6.51E+04 | 6.50E+04

Min 3.00E4-02 | 4.00E402 | 6.01E4-02 | 8.30E402 | 9.01E402 | 1.85E+03 | 2.04E+03 | 2.22E+03 | 2.48E+03 | 2.50E+03 | 2.60E+03 | 2.95E+03

Max | 3.00E4-02 | 4.73E+02 | 6.64E+02 | 9.06E+02 | 2.05E403 | 1.83E4-04 | 2.20E403 | 2.36E+03 | 2.48E+03 | 4.53E+03 | 3.00E4+03 | 3.14E4-03

8; Mean | 3.00E+02 | 4.49E+02 | 6.16E+02 | 8.64E+02 | 1.26E+03 | 6.62E+03 | 2.10E+03 | 2.26E+03 | 2.48E+03 | 3.22E+03 | 2.92E+03 | 3.00E+03

& | STD | 3.43E-02 | 5.22E401 | 2.11E401 | 6.62E401 | 5.19E4+02 | 6.79E+03 | 1.07TE+02 | 7.72E401 | 1.81E4+02 | 1.07E4+03 | 3.37E+02 | 3.04E+02
ET 9.16E-01 | 9.70E-01 1.15E+00 | 1.01E+00 | 1.05E+00 | 1.01E+00 | 1.24E+00 | 3.02E+00 | 1.23E+00 | 1.13E+00 | 1.32E+00 | 1.39E+00

NFEs | 6.51E+04 | 6.52E+04 | 6.54E+04 | 6.51E+04 | 6.52E+04 | 6.52E+04 | 6.51E+04 | 6.54E+04 | 6.51E+04 | 6.51E+04 | 6.53E+04 | 6.50E+04
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Table 6 continued from previous page

" i I3 Fy Fs Fys i Fyg Fy Fig Fp Fio

Min 3.00E+02 | 4.01E+02 | 6.00E+02 | 821E+02 | 9.00E+02 | 1.89E+03 | 2.03E+03 | 2.22E+03 | 2.48E+03 | 2.50E+03 | 2.60E+03 | 2.95E+03

Max 3.00E+02 | 4.73E+02 | 6.43E+02 | 9.14E+02 | 2.68E+03 | 1.19E+04 | 2.29E+03 | 2.46E+03 | 2.48E+03 | 4.35E+03 | 3.00E+03 | 3.27E+03

a, | Mean | 3.00E+02 | 4.48E+02 | 6.15E+02 | 8.59E+02 | 1.44E+03 | 5.23E+03 | 2.11E+03 | 2.26E+03 | 2.48E+03 | 3.08E+03 | 2.91E+03 | 3.01E+03

~ | STD 9.70E-03 5.14E+01 | 1.89E+01 | 6.22E+01 | 7.94E+02 | 4.74E+03 | 1.20E+02 | 8.50E+01 | 1.81E+02 | 9.45E+02 | 3.21E+02 | 3.14E+02
ET 7.01E-01 6.94E-01 8.53E-01 7.06E-01 7.29E-01 6.89E-01 1.47E+00 | 9.64E-01 9.10E-01 8.25E-01 1.02E400 | 1.05E+00

NFEs | 5.01E4+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04

8 Min 3.00E+02 | 4.00E+02 | 6.01E+02 | 823E+02 | 9.0TE+02 | 1.84E+03 | 2.04E+03 | 2.22E+03 | 2.48E+03 | 2.50E+03 | 2.60E+03 | 2.95E+03
A | Max 3.00E+02 | 4.74E4+02 | 6.59E+02 | 8.87E+02 | 2.31E+03 | 1.04E+04 | 2.26E+03 | 2.36E+03 | 2.48E+03 | 5.04E+03 | 3.00E4+03 | 3.08E+03
E | Mean | 3.00E+02 | 4.45E+02 | 6.14E+02 | 8.56E+02 | 1.48E+03 | 4.58E+03 | 2.11E+03 | 2.28E+03 | 2.48E+03 | 3.76E+03 | 2.89E+03 | 3.00E+03
% STD 7.50E-03 4.98E+01 | 2.05E+01 | 5.85E+01 | 7.02E+02 | 4.01E+03 | 1.24E+02 | 1.03E+02 | 1.81E+02 | 1.55E+03 | 3.08E+02 | 2.99E+02
o ET 4.55E+00 | 1.20E+00 | 1.40E+00 | 1.22E+00 | 1.25E+00 | 1.62E+00 | 1.47E+00 | 1.563E+00 | 1.49E+00 | 1.40E+00 | 3.25E+01 | 1.69E+00
NFEs | 6.49E4+04 | 6.50E4+04 | 6.50E4+04 | 6.50E4+04 | 6.50E4+04 | 6.50E4+04 | 6.52E4+04 | 6.51E4+04 | 6.53E4+04 | 6.51E4+04 | 6.51E4+04 | 6.50E404

Min 3.00E+02 | 4.05E+02 | 6.01E+02 | 833E+02 | 9.02E+02 | 1.95E+03 | 2.04E+03 | 2.22E+03 | 2.48E+03 | 2.50E+03 | 2.60E+03 | 2.96E+03

9;7 Max 3.00E+02 | 4.74E+02 | 6.46E+02 | 8.92E+02 | 2.29E+03 | 1.99E+04 | 2.24E+03 | 2.36E+03 | 2.48E+03 | 4.64E+03 | 3.00E+03 | 3.12E+03

A&y | Mean | 3.00E+02 | 4.47E402 | 6.13E402 | 8.59E+402 | 1.35E+03 | 5.04E+03 | 2.10E+03 | 2.25E4+03 | 2.48E+403 | 3.31E4+03 | 2.93E+03 | 3.00E+03
STD 1.17E-03 5.00E+01 | 1.88E+01 | 6.03E+01 | 6.42E+02 | 4.94E+03 | 1.0TE+02 | 7.27E+01 | 1.81E+02 | 1.17E+03 | 3.42E+02 | 3.02E+02

ET 1.16E4+00 | 1.19E4+00 | 1.47E+00 | 4.92E4+00 | 1.27E4+00 | 1.20E400 | 1.51E+00 | 3.51E+00 | 3.14E+00 | 1.39E+00 | 1.63E+00 | 1.69E+00

NFEs | 6.52E4+04 | 6.52E4+04 | 6.50E4+04 | 6.53E4+04 | 6.51E4+04 | 6.53E+04 | 6.51E4+04 | 6.53E4+04 | 6.51E4+04 | 6.52E4+04 | 6.51E4+04 | 6.54E+404
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Table 7: Performance metrics for HS variants across 12 functions (D = 10)

Fy Fy 3 Fy Fs Fs F; Fy Fy Fio iy Fip

Min 3.35E+02 | 4.00E+02 | 6.00E+02 | 8.02E+02 | 9.00E+02 | 1.81E+03 | 2.00E+03 | 2.21E+03 | 2.53E+03 | 2.40E+03 | 2.60E+03 | 2.86E+03

Max 1.87E+03 | 4.69E+02 | 6.00E4+02 | 8.32E+02 | 9.21E4+02 | 7.20E4+03 | 2.02E+03 | 2.22E+03 | 2.54E+03 | 2.62E+03 | 3.13E+03 | 2.87TE+03

HS Mean | 6.60E4+02 | 4.08E402 | 6.00E4+02 | 8.15E4+02 | 9.05E4+02 | 2.99E4+03 | 2.01E4+03 | 2.22E403 | 2.53E4+03 | 2.55E4+03 | 2.71E4+03 | 2.87E+03
STD 4.81E4+02 | 1.42E+01 | 5.20E-03 1.85E+01 | 7.41E+00 | 1.84E+03 | 1.53E+01 | 1.86E+4+01 | 2.31E4+02 | 1.62E+4+02 | 1.76E+02 | 1.67E+02

ET 5.44E-01 5.35E-01 6.04E-01 5.67TE-01 5.67TE-01 5.46E-01 6.43E-01 6.73E-01 6.15E-01 6.26E-01 6.84E-01 6.90E-01

NFEs | 5.00E404 | 5.00E404 | 5.00E4+04 | 5.00E4+04 | 5.00E4+04 | 5.00E4+04 | 5.00E4+04 | 5.00E4+04 | 5.00E404 | 5.00E404 | 5.00E404 | 5.00E404

Min 3.60E+02 | 4.00E+02 | 6.00E+02 | 8.01E+02 | 9.00E+02 | 1.88E+03 | 2.00E+03 | 2.20E+03 | 2.53E+03 | 2.40E+03 | 2.60E+03 | 2.86E+03

Max 1.66E4+03 | 4.68E4+02 | 6.00E4+02 | 8.34E+02 | 9.19E402 | 6.27E4+03 | 2.02E+03 | 2.22E+03 | 2.54E+03 | 2.64E+03 | 3.00E+03 | 2.87TE+03

o, | Mean | 7.90E+02 | 4.12E+02 | 6.00E+02 | 8.13E+02 | 9.07TE+02 | 3.10E+03 | 2.01E4+03 | 2.22E+03 | 2.53E+03 | 2.54E+03 | 2.71E+03 | 2.87E+03

~ | STD 5.74E+02 | 2.22E+01 | 5.14E-02 1.72E+01 | 8.38E+00 | 1.69E4+03 | 1.50E+01 | 1.94E+4+01 | 2.31E4+02 | 1.71E4+02 | 1.58E+02 | 1.67E+02
ET 6.51E-01 6.43E-01 7.06E-01 6.65E-01 6.68E-01 6.49E-01 7.45E-01 7.75E-01 7.30E-01 7.20E-01 7.88E-01 7.96E-01

NFEs | 5.01E4+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04

n Min 3.45E+02 | 4.00E+02 | 6.00E+02 | 8.03E+02 | 9.01E+02 | 1.82E+03 | 2.00E+03 | 2.22E+03 | 2.53E+03 | 2.40E+03 | 2.60E+03 | 2.86E+03
m. Max 1.10E4+03 | 4.09E4+02 | 6.00E4+02 | 8.34E+02 | 9.28E+4+02 | 7.15E4+03 | 2.02E+03 | 2.22E+03 | 2.54E+03 | 2.62E+03 | 2.91E+03 | 2.87TE+03
E a, | Mean | 6.52E+02 | 4.05E402 | 6.00E+02 | 8.12E+02 | 9.08E402 | 3.28E+03 | 2.02E+03 | 2.22E+403 | 2.53E+03 | 2.52E+03 | 2.70E+03 | 2.87E+03
O | ¥| STD 4.29E4+02 | 5.83E+00 | 9.46E-02 1.50E+01 | 9.63E+00 | 2.07E+03 | 1.71E+01 | 2.03E+01 | 2.31E4+02 | 1.49E+4+02 | 1.51E+02 | 1.68E+02
- ET 9.11E-01 9.43E-01 1.06E4+00 | 1.18E400 | 9.14E-01 8.53E-01 9.92E-01 1.06E400 | 1.05E400 | 1.01E4+00 | 1.12E4+00 | 1.16E+00
NFEs | 6.52E+04 | 6.50E+04 | 6.49E+04 | 6.49E+04 | 6.53E+04 | 6.49E+04 | 6.49E+04 | 6.49E+04 | 6.50E+04 | 6.51E+04 | 6.51E+04 | 6.49E+04

Min 3.37TE+02 | 4.00E+02 | 6.00E+02 | 8.01E+02 | 9.00E+02 | 1.84E+03 | 2.00E+03 | 2.20E+03 | 2.53E+03 | 2.40E+03 | 2.60E+03 | 2.86E+03

Max 1.64E+03 | 4.93E4+02 | 6.01E4+02 | 8.27E+02 | 9.38E+02 | 6.83E+03 | 2.02E+03 | 2.22E+03 | 2.54E+03 | 2.63E+03 | 3.00E+03 | 2.87TE+03

% Mean | 6.68E+02 | 4.11E4+02 | 6.00E+02 | 8.12E+02 | 9.11E+02 | 2.99E+03 | 2.01E+03 | 2.22E+03 | 2.53E+03 | 2.48E+03 | 2.71E4+03 | 2.87E+03

P_'I-' STD 4.42E+02 | 2.15E+01 | 1.11E-01 1.46E+01 | 1.48E+01 | 1.70E4+03 | 1.43E+01 | 1.96E+4+01 | 2.32E+4+02 | 1.27E+02 | 1.60E+02 | 1.68E+02
ET 8.99E-01 8.70E-01 1.01E4+00 | 9.15E-01 9.33E-01 8.84E-01 1.06E4+00 | 1.12E400 | 1.06E400 | 1.02E4+00 | 1.15E4+00 | 1.16E+00

NFEs | 6.52E+04 | 6.50E+04 | 6.51E+04 | 6.53E+04 | 6.51E+04 | 6.49E+04 | 6.52E+04 | 6.53E+04 | 6.50E+04 | 6.53E+04 | 6.51E+04 | 6.50E+04
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Table 7 continued from previous page

" i I3 Fy Fs Fys i Fyg Fy Fig Fp Fio

Min 3.78E+02 | 4.00E+02 | 6.00E+02 | 8.02E+02 | 9.00E+02 | 1.83E+03 | 2.00E+03 | 2.21E+03 | 2.53E+03 | 2.40E+03 | 2.60E+03 | 2.86E+03

Max 1.46E+03 | 4.77E+02 | 6.00E4+02 | 8.33E+02 | 9.39E4+02 | 8.07E+03 | 2.02E+03 | 2.22E+03 | 2.54E+03 | 2.62E+03 | 3.00E+03 | 2.87TE+03

a, | Mean | 7.49E+02 | 4.15E+02 | 6.00E+02 | 8.14E+02 | 9.09E+02 | 3.72E+03 | 2.02E+03 | 2.22E+03 | 2.53E+03 | 2.55E+03 | 2.76E+03 | 2.87E+03

~ | STD 5.34E+02 | 2.40E+01 | 2.80E-02 1.74E+01 | 1.17E+01 | 2.65E+03 | 1.79E+01 | 1.99E+401 | 2.32E+4+02 | 1.65E+02 | 1.99E+02 | 1.65E+02
ET 8.02E-01 7.98E-01 8.74E-01 8.26E-01 8.32E-01 8.03E-01 9.33E-01 9.80E-01 9.26E-01 9.00E-01 9.94E-01 1.01E+00

NFEs | 5.01E4+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04

w0 Min 3.00E+02 | 4.00E+02 | 6.00E+02 | 8.04E+02 | 9.00E+02 | 1.83E+03 | 2.00E+03 | 2.20E+03 | 2.50E+03 | 2.50E+03 | 2.60E+03 | 2.85E+03
E Max 8.32E+02 | 4.78E+02 | 6.00E+02 | 825E+02 | 1.69E+03 | 8.24E+06 | 2.02E+03 | 2.22E+03 | 2.54E+03 | 2.63E+03 | 3.00E+03 | 2.87E+03
M | o, | Mean | 3.25E+02 | 4.12E402 | 6.00E402 | 8.13E+02 | 9.43E402 | 7.38E+05 | 2.02E403 | 2.22E403 | 2.52E+03 | 2.55E4+03 | 2.69E+03 | 2.86E+03
8 1 STD 1.03E+02 | 2.15E+01 | 1.68E-03 1.44E+01 | 1.48E+02 | 2.07E+06 | 1.83E+01 | 1.92E4+01 | 2.24E+4+02 | 1.58E+02 | 1.50E+02 | 1.63E+02
o ET 9.27E-01 9.05E-01 1.02E4+00 | 9.41E-01 9.53E-01 8.98E-01 1.06E+00 | 1.13E4+00 | 1.06E400 | 1.04E4+00 | 1.17E4+00 | 1.18E+00
NFEs | 6.50E+04 | 6.51E+04 | 6.52E+04 | 6.49E+04 | 6.51E+04 | 6.51E+04 | 6.52E+04 | 6.50E+04 | 6.49E+04 | 6.50E+04 | 6.52E+04 | 6.50E+04

Min 3.00E+02 | 4.00E+02 | 6.00E+02 | 8.02E+02 | 9.00E+02 | 1.92E+03 | 2.00E+03 | 2.21E+03 | 2.50E+03 | 2.40E+03 | 2.60E+03 | 2.86E+03

Max 8.34E+02 | 4.11E+02 | 6.00E+02 | 838E+02 | 1.37TE+03 | 3.59E+06 | 2.02E+03 | 2.22E+03 | 2.55E+03 | 2.62E+03 | 3.00E+03 | 2.90E+03

53* Mean | 3.30E+4+02 | 4.08E402 | 6.00E4+02 | 8.16E4+02 | 9.29E+4+02 | 2.16E4+05 | 2.02E4+03 | 2.22E403 | 2.52E4+03 | 2.54E+03 | 2.71E4+03 | 2.87E+03

& | STD 1.04E+02 | 7.91E+00 | 2.78E-03 1.74E+01 | 8.81E+01 | 7.68E+05 | 1.86E+01 | 1.97E+4+01 | 2.20E402 | 1.51E+02 | 1.63E+02 | 1.69E+02
ET 8.99E-01 8.72E-01 9.97E-01 9.19E-01 9.36E-01 8.95E-01 1.04E+00 | 1.11E4+00 | 1.04E400 | 1.03E400 | 1.13E4+00 | 1.16E+00

NFEs | 6.48E4+04 | 6.49E+04 | 6.50E4+04 | 6.50E4+04 | 6.51E4+04 | 6.49E+04 | 6.51E4+04 | 6.52E4+04 | 6.51E4+04 | 6.50E4+04 | 6.49E+4+04 | 6.50E404
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Table 7 continued from previous page

Fy Fy F3 Fy Fs Fe Fr Fy Fy Fio Fi Fio

Min 3.78E+02 | 4.00E402 | 6.00E4+02 | 8.03E+02 | 9.00E402 | 1.80E+403 | 2.00E+03 | 2.20E+403 | 2.53E403 | 2.40E+03 | 2.60E+03 | 2.86E+403

Max 2.07E403 | 4.70E4-02 | 6.00E4-02 | 8.29E4-02 | 9.31E4-02 | 5.37TE4-03 | 2.02E4-03 | 2.22E4-03 | 2.54E403 | 2.63E403 | 2.90E403 | 2.87E+4+03

a, | Mean | 7.09E+02 | 4.10E+02 | 6.00E+02 | 8.13E+02 | 9.07E+02 | 2.75E+03 | 2.01E+03 | 2.22E+03 | 2.53E+03 | 2.54E+03 | 2.69E+03 | 2.87E+03

| STD | 5.36E4+02 | 1.87E+01 | 7.18E-02 | 1.63E+01 | 1.09E+01 | 1.43E+03 | 1.46E+01 | 1.96E+01 | 2.32E+02 | 1.63E+02 | 1.23E+02 | 1.67E+02
ET 7.35E-01 | 7.55E-01 1.58E+00 | 1.04E+00 | 1.04E+00 | 1.01E+00 | 1.16E+00 | 1.22E+00 | 4.82E+00 | 7.41E+00 | 7.81E+00 | 5.47E+00

NFEs | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04

0 Min 3.33E+02 | 4.00E402 | 6.00E4+02 | 8.03E+02 | 9.00E402 | 1.80E+403 | 2.00E+03 | 2.21E403 | 2.53E403 | 2.50E+03 | 2.60E+03 | 2.86E403
= Max 1.40E+03 | 4.71E402 | 6.01E4+02 | 8.32E+02 | 9.64E+02 | 5.72E+03 | 2.02E+03 | 2.22E+03 | 2.54E+03 | 2.62E+03 | 2.75E+03 | 2.87E+03
E A, | Mean | 6.29E+02 | 4.10E4+02 | 6.00E+02 | 8.12E+02 | 9.08E+02 | 2.73E+03 | 2.01E+03 | 2.22E4+03 | 2.53E+03 | 2.56E+03 | 2.67E+03 | 2.87E+03
O [P | STD | 4.15E+02 | 1.93E+01 | 1.82E-01 1.50E+01 | 1.41E+01 | 1.35E+03 | 1.59E+01 | 1.98E+01 | 2.32E402 | 1.66E4-02 | 1.03E4-02 | 1.67TE4-02
© ET 7.95E-01 | 7.78E-01 | 9.15E-01 | 8.35E-01 | 8.95E-01 | 9.36E-01 | 9.39E-01 | 9.98E-01 | 9.32E-01 | 9.08E-01 1.04E+00 | 1.04E+400
NFEs | 6.51E404 | 6.50E+04 | 6.49E+04 | 6.51E+04 | 6.51E4+04 | 6.50E4-04 | 6.51E404 | 6.52E+04 | 6.52E+04 | 6.49E+04 | 6.49E4+04 | 6.51E4-04

Min 3.39E+02 | 4.00E402 | 6.00E4+02 | 8.01E+02 | 9.00E402 | 1.81E4+03 | 2.00E+03 | 2.20E+403 | 2.53E+403 | 2.50E+03 | 2.60E+03 | 2.86E403

Max 2.14E403 | 4.66E4-02 | 6.00E4-02 | 8.31E402 | 9.19E4-02 | 6.42E4-03 | 2.02E4-03 | 2.22E4-03 | 2.54E403 | 2.62E403 | 2.90E403 | 2.87E+4+03

8; Mean | 6.22E4-02 | 4.09E+02 | 6.00E+02 | 8.14E+02 | 9.06E+402 | 2.56E4-03 | 2.01E403 | 2.22E+03 | 2.53E+03 | 2.54E+03 | 2.67E403 | 2.87E4-03

& | STD | 4.80E+02 | 1.73E401 | 5.95E-02 | 1.71E401 | 8.50E+00 | 1.29E+03 | 1.55E+01 | 1.93E4+01 | 2.32E+402 | 1.52E4+02 | 1.06E4+02 | 1.67TE+02
ET 8.16E-01 | 8.12E-01 | 9.19E-01 | 8.40E-01 | 8.52E-01 | 8.18E-01 | 9.72E-01 1.02E400 | 9.44E-01 | 9.26E-01 1.05E+4-00 | 1.06E+400

NFEs | 6.51E404 | 6.52E+04 | 6.50E+04 | 6.51E+04 | 6.51E4+04 | 6.50E4-04 | 6.51E404 | 6.51E+04 | 6.52E+04 | 6.50E+04 | 6.51E4+04 | 6.53E4-04
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Table 7 continued from previous page

" i I3 Fy Fs Fys i Fyg Fy Fig Fp Fio

Min 3.50E+02 | 4.00E+02 | 6.00E+02 | 8.02E+02 | 9.00E+02 | 1.82E+03 | 2.00E+03 | 2.21E+03 | 2.53E+03 | 2.50E+03 | 2.60E+03 | 2.86E+03

Max 1.23E4+03 | 4.12E+02 | 6.00E4+02 | 8.32E+02 | 9.12E4+02 | 5.60E4+03 | 2.02E+03 | 2.22E+03 | 2.54E+03 | 2.62E+03 | 2.90E+03 | 2.87TE+03

a, | Mean | 6.12E+02 | 4.04E+02 | 6.00E+02 | 8.16E+02 | 9.05E+02 | 2.60E+03 | 2.01E+03 | 2.22E+03 | 2.53E+03 | 2.58E+03 | 2.66E+03 | 2.87E+03

~ | STD 3.97E+4+02 | 5.63E+00 | 7.75E-02 1.92E+01 | 6.10E4+00 | 1.24E+03 | 1.67E+01 | 1.75E4+01 | 2.32E4+02 | 1.83E+02 | 9.90E+01 | 1.67E+02
ET 8.57TE-01 8.42E-01 9.34E-01 8.60E-01 8.81E-01 8.39E-01 9.99E-01 1.06E400 | 1.02E400 | 9.50E-01 1.07E400 | 1.06E+400

FES 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+404

0 Min 3.83E+02 | 4.00E+02 | 6.00E+02 | 8.07TE+02 | 9.00E+02 | 1.82E+03 | 2.00E+03 | 2.21E+03 | 2.53E+03 | 2.50E+03 | 2.60E+03 | 2.86E+03
m. Max 1.76E+03 | 4.64E+02 | 6.00E+02 | 8.34E+02 | 9.12E4+02 | 5.19E+03 | 2.02E+03 | 2.22E+03 | 2.54E+03 | 2.61E+03 | 2.90E+03 | 2.88E+03
E a, | Mean | 7.60E+02 | 4.06E402 | 6.00E+02 | 8.27E+02 | 9.03E402 | 2.61E+03 | 2.01E403 | 2.22E403 | 2.53E+03 | 2.57E+4+03 | 2.67TE+03 | 2.87E+03
O || STD 5.71E+02 | 1.30E+01 | 3.26E-02 2.75E+01 | 3.94E+00 | 1.18E+03 | 1.41E+01 | 1.93E+01 | 2.32E+02 | 1.79E+02 | 1.34E+02 | 1.68E+02
S ET 1.29E4+00 | 1.26E4+00 | 1.42E4+00 | 1.31E4+00 | 1.31E4+00 | 1.29E4+00 | 1.49E+00 | 1.54E+00 | 1.47E+00 | 1.43E+00 | 1.58 E+00 | 1.60E+00
NFEs | 6.52E+04 | 6.53E+04 | 6.51E+04 | 6.48E+04 | 6.51E+04 | 6.52E+04 | 6.52E+04 | 6.50E+04 | 6.52E+04 | 6.52E+04 | 6.51E+04 | 6.49E+04

Min 3.46E+02 | 4.00E+02 | 6.00E+02 | 8.03E+02 | 9.00E+02 | 1.81E+03 | 2.00E+03 | 2.20E+03 | 2.53E+03 | 2.54E+03 | 2.60E+03 | 2.86E+03

Max 1.43E+03 | 4.71E+02 | 6.00E4+02 | 8.30E+02 | 9.40E402 | 7.70E+4+03 | 2.02E+03 | 2.22E+03 | 2.55E+03 | 2.62E+03 | 2.90E+03 | 2.87TE+03

53* Mean | 5.91E+4+02 | 4.14E402 | 6.00E4+02 | 8.15E4+02 | 9.06E4+02 | 3.17E4+03 | 2.01E4+03 | 2.22E403 | 2.53E+03 | 2.60E+03 | 2.69E+03 | 2.87E+03

& | STD 3.72E+02 | 2.74E+01 | 6.77E-02 1.79E+01 | 1.03E+01 | 2.07E+03 | 1.55E+01 | 1.87E+4+01 | 2.33E+4+02 | 1.99E+02 | 1.37E+02 | 1.68E+02
ET 1.46E+00 | 1.47E+00 | 1.60E4+00 | 1.37E+00 | 1.40E400 | 1.34E+4+00 | 2.87E+00 | 9.56E-01 8.86E-01 9.47E-01 1.04E+400 | 1.02E+00

NFEs | 6.51E4+04 | 6.52E4+04 | 6.50E4+04 | 6.50E4+04 | 6.51E4+04 | 6.53E+04 | 6.51E4+04 | 6.52E4+04 | 6.49E+4+04 | 6.52E+4+04 | 6.50E4+04 | 6.52E404
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Table 7 continued from previous page

'l F I3 Fy F5 s Iy Fyg Fy Fig Fry Fyo

Min 3.09E+02 | 4.00E+02 | 6.00E+02 | 8.03E+02 | 9.00E+02 | 1.80E+03 | 2.00E+03 | 2.21E+03 | 2.53E+03 | 2.50E+03 | 2.60E+03 | 2.86E+03

Max 1.17E4+03 | 4.72E4+02 | 6.00E4+02 | 8.31E+02 | 9.30E4+02 | 7.44E+03 | 2.02E+03 | 2.22E+03 | 2.54E+03 | 2.62E+03 | 2.90E4+03 | 2.87E+03

a, | Mean | 5.85E+02 | 4.08E+02 | 6.00E+02 | 8.17TE+02 | 9.09E+02 | 3.27E+03 | 2.01E+03 | 2.22E+03 | 2.53E+03 | 2.58E+03 | 2.70E+03 | 2.87E+03

~— | STD 3.55E+02 | 1.89E+4+01 | 6.96E-02 1.93E+01 | 1.10E+01 | 2.01E+03 | 1.42E+01 | 1.89E+01 | 2.32E+02 | 1.84E+02 | 1.55E+02 | 1.68E+02
ET 5.65E-01 5.34E-01 6.05E-01 5.62E-01 5.70E-01 5.48E-01 6.47E-01 6.75E-01 6.30E-01 6.18E-01 9.00E-01 1.07E+00

NFEs | 5.01E404 | 5.01E4+04 | 5.01E4+04 | 5.01E4+04 | 5.01E4+04 | 5.01E4+04 | 5.01E4+04 | 5.01E4+04 | 5.01E4+04 | 5.01E4+04 | 5.01E4+04 | 5.01E404

o~ Min 3.30E4+02 | 4.00E+02 | 6.00E+02 | 8.12E+02 | 9.00E+02 | 1.81E+03 | 2.00E+03 | 2.21E+03 | 2.53E+03 | 2.40E+03 | 2.60E+03 | 2.86E+03
o= Max 1.53E+03 | 4.75E+02 | 6.00E4+02 | 8.36E+02 | 9.25E+02 | 4.12E4+03 | 2.02E+03 | 2.22E+03 | 2.54E+03 | 2.61E4+03 | 2.90E4+03 | 2.87E+03
é a, | Mean | 6.50E+02 | 4.07E+02 | 6.00E402 | 8.27TE4+02 | 9.04E+02 | 2.51E4+03 | 2.01E4+03 | 2.22E+03 | 2.53E+03 | 2.56E+03 | 2.66E+03 | 2.87E+03
o | *|STD 4.58E+02 | 1.48E+401 | 6.34E-02 2.72E4+01 | 6.09E400 | 9.73E402 | 1.29E+401 | 1.94E401 | 2.31E402 | 1.71E402 | 1.13E402 | 1.68E402
g ET 1.12E4+00 | 1.06E+00 | 1.29E+400 | 1.14E+00 | 1.17E400 | 1.09E+00 | 1.29E+00 | 1.27E+00 | 1.22E+00 | 1.15E4+00 | 1.40E+00 | 1.10E400
NFEs | 6.51E4+04 | 6.50E4+04 | 6.49E+04 | 6.50E4+04 | 6.52E4+04 | 6.51E4+04 | 6.50E4+04 | 6.53E4+04 | 6.51E4+04 | 6.49E+04 | 6.49E+4+04 | 6.52E+404

Min 3.64E+4+02 | 4.00E+02 | 6.00E4+02 | 8.05E+02 | 9.00E+02 | 1.81E+03 | 2.00E+03 | 2.21E+03 | 2.53E+03 | 2.50E+03 | 2.60E+03 | 2.86E+03

Max 1.62E+03 | 4.71E4+02 | 6.00E4+02 | 8.35E+02 | 9.14E+02 | 5.02E4+03 | 2.02E+03 | 2.22E+03 | 2.54E+03 | 2.61E4+03 | 2.75E4+03 | 2.87E+03

% Mean | 7.02E+02 | 4.06E4+02 | 6.00E+02 | 8.26E+02 | 9.03E4-02 | 2.80E+03 | 2.01E403 | 2.22E403 | 2.53E+03 | 2.57E4+03 | 2.64E+03 | 2.87E+03

P_% STD 4.82E+02 | 1.82E+01 | 4.53E-02 2.68E+401 | 4.62E400 | 1.32E403 | 1.42E+401 | 1.94E401 | 2.32E402 | 1.79E402 | 7.28E+401 | 1.68E402
ET 1.33E+00 | 1.21E+00 | 1.27E+400 | 1.35E+00 | 1.17E400 | 1.18E+00 | 1.47E+00 | 1.58E+00 | 1.28E+00 | 1.20E+00 | 1.46E+00 | 1.16E400

NFEs | 6.51E404 | 6.53E4+04 | 6.51E4+04 | 6.52E4+04 | 6.52E+04 | 6.51E4+04 | 6.50E4+04 | 6.52E+04 | 6.50E4+04 | 6.51E4+04 | 6.52E+4+04 | 6.53E+404




L€

Table 8: Performance metrics for HS variants across 12 functions (D = 20)

il i F3 Fy Fs Fys I Fyg Fy Fig Fy Fio

Min 6.43E4+03 | 4.45E+02 | 6.00E4+02 | 8.78E+02 | 9.04E+02 | 1.85E+03 | 2.02E+03 | 2.22E+03 | 2.48E+03 | 2.40E+03 | 2.90E+03 | 2.93E+403

Max 1.96E+04 | 4.52E402 | 6.01E4+02 | 9.20E+02 | 9.48E+02 | 1.13E+04 | 2.07TE+03 | 2.24E+03 | 2.49E4+03 | 2.50E+03 | 2.93E+03 | 2.96E+03

HS Mean | 1.18E+04 | 4.50E+402 | 6.00E+02 | 9.02E+02 | 9.15E4-02 | 3.87TE+03 | 2.03E403 | 2.22E403 | 2.49E+03 | 2.41E403 | 2.91E+03 | 2.95E403
STD 1.19E+04 | 4.99E+01 | 5.03E-01 1.02E+02 | 1.76E401 | 3.11E4+03 | 3.70E+01 | 2.47TE+01 | 1.86E+02 | 3.68E+01 | 3.12E+02 | 2.50E+402

ET 8.77E-01 8.52E-01 1.01E+00 | 9.01E-01 9.26E-01 8.89E-01 1.09E+00 | 1.15E400 | 1.14E+00 | 1.06E+00 | 1.20E4+00 | 1.24E+00

NFEs | 5.00E+04 | 5.00E404 | 5.00E+404 | 5.00E+04 | 5.00E404 | 5.00E+04 | 5.00E404 | 5.00E4-04 | 5.00E+04 | 5.00E4+04 | 5.00E+404 | 5.00E+04

Min 6.16E4+03 | 4.49E+02 | 6.00E+02 | 8.86E+02 | 9.02E+02 | 1.94E+03 | 2.01E4+03 | 2.22E4+03 | 2.48E+03 | 2.40E+03 | 2.91E4+03 | 2.95E+03

Max 1.54E+04 | 4.83E+02 | 6.02E+02 | 9.14E+02 | 9.38E+02 | 1.53E+04 | 2.09E+03 | 2.24E+03 | 2.49E+03 | 2.50E+03 | 3.06E+03 | 2.98E+03

a, | Mean | 9.96E+03 | 4.54E+02 | 6.00E402 | 9.01E+02 | 9.16E+02 | 5.84E+4+03 | 2.04E+03 | 2.22E+03 | 2.49E+403 | 2.40E+03 | 2.93E+4+03 | 2.96E+403

~ | STD 9.98E+03 | 5.47E+01 | 5.40E-01 1.01E+02 | 1.81E+01 | 5.50E+03 | 4.80E+01 | 2.48E+01 | 1.86E+02 | 1.84E+01 | 3.31E+02 | 2.61E+02
ET 9.58E-01 9.82E-01 1.53E+01 | 1.81E+00 | 1.74E+00 | 1.67E+00 | 1.59E+00 | 3.23E+00 | 9.40E+00 | 1.13E+01 | 8.36E+00 | 1.76E+00

NFEs | 5.01E4+04 | 5.01E4+04 | 5.01E4+04 | 5.01E4+04 | 5.01E4+04 | 5.01E4+04 | 5.01E4+04 | 5.01E4+04 | 5.01E4+04 | 5.01E4+04 | 5.01E4+04 | 5.01E+404

n Min 6.63E+03 | 4.45E+02 | 6.00E+02 | 8.82E+02 | 9.01E4+02 | 1.86E+03 | 2.02E+03 | 2.22E+03 | 2.48E+03 | 2.40E+03 | 2.91E4+03 | 2.94E+03
= Max 1.76E+04 | 4.84E+02 | 6.01E+02 | 9.15E+02 | 9.46E+02 | 1.81E+04 | 2.09E+03 | 2.24E+03 | 2.49E+03 | 2.50E+03 | 2.94E+03 | 2.97E+03
E a, | Mean | 1.03E+04 | 4.56E402 | 6.01E+02 | 9.01E4+02 | 9.19E402 | 4.79E+03 | 2.04E+03 | 2.22E+403 | 2.49E+03 | 2.41E+4+03 | 2.93E+03 | 2.95E+03
O |#|STD 1.05E+04 | 5.77E+01 | 5.74E-01 1.01E+02 | 2.17TE+01 | 4.50E+03 | 4.71E+01 | 2.45E+01 | 1.85E+02 | 2.60E+01 | 3.26E+02 | 2.50E+02
A ET 1.27E+00 | 1.27E+00 | 1.54E+00 | 1.36E+00 | 1.36E+00 | 1.31E+00 | 1.60E+00 | 1.68E+00 | 1.65E+00 | 1.52E+00 | 1.82E+00 | 1.85E+00
NFEs | 6.50E+04 | 6.51E4+04 | 6.48E+04 | 6.50E+04 | 6.50E404 | 6.50E+04 | 6.50E+04 | 6.52E404 | 6.52E+04 | 6.48E+04 | 6.52E+04 | 6.50E+04

Min 6.21E4+03 | 4.45E+02 | 6.00E+02 | 8.75E+02 | 9.03E+02 | 1.82E+03 | 2.02E+03 | 2.22E+03 | 2.48E+03 | 2.40E+03 | 2.91E4+03 | 2.94E+03

Max 1.82E+04 | 4.81E+02 | 6.02E+02 | 9.16E+02 | 9.25E+02 | 1.51E+04 | 2.07E+03 | 2.25E+03 | 2.49E+03 | 2.40E+03 | 2.95E+03 | 2.98E+03

% Mean | 1.06E+04 | 4.55E4+02 | 6.01E+02 | 9.00E+02 | 9.14E402 | 4.76E+03 | 2.04E4+03 | 2.23E+403 | 2.49E+03 | 2.40E+03 | 2.93E+03 | 2.96E+03

P_'I-' STD 1.06E+04 | 5.60E+01 | 6.60E-01 1.01E+02 | 1.51E+01 | 4.54E+03 | 4.01E+01 | 2.64E+01 | 1.85E+02 | 9.14E-01 3.26E+02 | 2.59E+02
ET 1.30E+00 | 1.31E+00 | 1.57E+00 | 1.35E+00 | 1.39E+00 | 1.32E+00 | 1.62E+00 | 1.71E+00 | 1.65E+00 | 1.57E+00 | 1.82E+00 | 1.94E+00

NFEs | 6.51E4+04 | 6.49E+04 | 6.52E+04 | 6.50E+04 | 6.50E+04 | 6.52E4+04 | 6.51E4+04 | 6.51E+04 | 6.52E4+04 | 6.52E+04 | 6.49E+04 | 6.52E+404
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Table 8 continued from previous page

Fy Fy F3 Fy Fs Fe Fr Fy Fy Fio Fi Fio

Min 7.59E4+03 | 4.45E402 | 6.00E4-02 | 8.75E402 | 9.03E4-02 | 1.88E4-03 | 2.02E4-03 | 2.22E4-03 | 2.48E4-03 | 2.40E403 | 2.91E403 | 2.94E+403

Max 2.17TE+04 | 4.85E+02 | 6.01E402 | 9.16E+02 | 9.37E+02 | 1.74E404 | 2.09E403 | 2.24E+03 | 2.50E+03 | 2.50E+403 | 3.07TE+03 | 2.98E+03

a, | Mean | 1.28E+04 | 4.52E+02 | 6.00E+02 | 8.98E+02 | 9.16E+02 | 5.35E+03 | 2.04E+03 | 2.23E+03 | 2.48E+03 | 2.40E+03 | 2.93E+03 | 2.96E+03

N ~ | STD 1.30E404 | 5.31E401 | 5.24E-01 | 9.83E401 | 1.81E401 | 5.27E+03 | 4.77E+401 | 2.69E401 | 1.85E+02 | 1.84E+01 | 3.29E+402 | 2.56E+02
as ET 1.28E400 | 1.19E4-00 | 1.39E+00 | 1.25E400 | 1.25E400 | 1.27E+00 | 1.47E+400 | 1.51E400 | 1.49E+00 | 1.41E+00 | 1.59E+400 | 1.656E+00
E NFEs | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04
8 Min 3.63E4-02 | 4.47E402 | 6.00E4-02 | 8.17TE402 | 9.46E402 | 1.90E4+03 | 2.02E+03 | 2.22E+03 | 2.48E+03 | 2.40E+03 | 2.90E+03 | 2.90E+03
o Max | 6.00E4-03 | 5.35E+02 | 6.01E+02 | 8.59E+02 | 1.47E403 | 3.06E4-08 | 2.09E+4-03 | 2.24E+03 | 2.49E+03 | 2.63E+03 | 2.90E403 | 2.97E4-03
a, | Mean | 2.04E+03 | 4.64E+02 | 6.00E+02 | 8.38E+02 | 1.08E+03 | 1.07E+07 | 2.05E+03 | 2.22E4+03 | 2.48E+03 | 2.43E+03 | 2.90E+03 | 2.90E+03

@1 STD | 2.40E+03 | 6.77E+01 | 4.98E-01 | 3.90E+01 | 2.21E+02 | 5.59E+07 | 4.91E401 | 2.46E+01 | 1.83E+02 | 6.67E4+01 | 3.00E+02 | 2.03E+02

ET 1.31E400 | 1.28E4-00 | 1.58E+00 | 1.38E4-00 | 1.41E400 | 1.33E+00 | 1.66E+400 | 1.72E400 | 1.69E+00 | 1.58E+00 | 1.86E+400 | 1.91E+400

NFEs | 6.47E+04 | 6.50E+04 | 6.52E+04 | 6.51E+04 | 6.52E+04 | 6.52E+04 | 6.50E+04 | 6.52E+04 | 6.51E+04 | 6.50E+04 | 6.50E+04 | 6.53E+04

Min 4.19E402 | 4.45E402 | 6.00E4-02 | 8.25E402 | 9.21E402 | 1.91E4+03 | 2.02E+03 | 2.22E+03 | 2.48E+03 | 2.40E+03 | 2.90E+03 | 2.90E+03

Max 7.35E+03 | 5.17E+02 | 6.01E402 | 8.81E+02 | 1.35E+03 | 1.31E407 | 2.13E403 | 2.24E+03 | 2.49E+03 | 2.50E+403 | 3.00E+03 | 2.90E+03

& | Mean 1.89E+403 | 4.60E402 | 6.00E+02 | 8.46E+402 | 1.06E403 | 7.17E+05 | 2.05E+03 | 2.22E403 | 2.48E+03 | 2.42E+03 | 2.90E+403 | 2.90E+03

P_% STD | 2.18E+03 | 6.24E+01 | 5.77E-01 | 4.84E+4+01 | 1.91E402 | 2.71E4+06 | 5.12E4+01 | 2.46E+01 | 1.82E+02 | 4.51E+01 | 3.04E+02 | 2.00E4-02

ET 1.27E+00 | 1.26E400 | 1.53E+00 | 1.55E+00 | 1.54E+00 | 1.32E+00 | 1.62E+00 | 1.67E+00 | 1.67E+00 | 1.56E+00 | 1.82E+00 | 1.89E+00

NFEs | 6.50E+04 | 6.51E+04 | 6.51E+04 | 6.52E+04 | 6.52E+04 | 6.52E+04 | 6.51E+04 | 6.51E+04 | 6.52E+04 | 6.53E+04 | 6.49E+04 | 6.50E+04
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Table 8 continued from previous page

" i I3 Fy Fs Fys i Fyg Fy Fig Fp Fio

Min 6.36E+03 | 4.49E+02 | 6.00E+02 | 8.75E+02 | 9.02E+02 | 1.86E+03 | 2.02E+03 | 2.22E+03 | 2.48E+03 | 2.40E+03 | 2.91E+03 | 2.94E+03

Max 2.13E+04 | 4.99E+02 | 6.01E+02 | 9.14E+02 | 9.51E+02 | 9.46E+03 | 2.07E+03 | 2.24E+03 | 2.49E+03 | 2.50E4+03 | 2.95E+03 | 2.97E+03

a, | Mean | 1.18E+04 | 4.53E+02 | 6.00E+02 | 9.00E+02 | 9.21E+02 | 4.00E+03 | 2.04E+03 | 2.22E+03 | 2.48E+03 | 2.41E+03 | 2.93E+03 | 2.95E+03

~ | STD 1.20E+04 | 5.35E+01 | 5.80E-01 1.00E+02 | 2.40E+01 | 3.04E+03 | 4.24E+01 | 2.47E+4+01 | 1.84E+4+02 | 3.19E4+01 | 3.27E+02 | 2.53E+02
ET 1.00E+01 | 8.88E+00 | 5.20E4+00 | 1.15E4+00 | 1.16E400 | 1.12E4+00 | 1.39E+00 | 1.40E+00 | 1.36E+00 | 1.29E+00 | 1.47E+00 | 1.50E+00

NFEs | 5.01E4+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04

0 Min 3.71E+03 | 4.46E+02 | 6.00E+02 | 881E+02 | 9.02E+02 | 1.83E+03 | 2.02E+03 | 2.22E+03 | 2.48E+03 | 2.40E+03 | 2.91E+03 | 2.94E+03
m. Max 2.35E+04 | 4.79E+02 | 6.01E+02 | 9.18E+02 | 9.39E+02 | 7.66E+03 | 2.07E+03 | 2.25E+03 | 2.49E+03 | 2.50E+03 | 2.94E+03 | 2.97E+03
E a, | Mean | 1.13E+04 | 4.54E402 | 6.01E+02 | 9.02E4+02 | 9.17E402 | 3.72E+03 | 2.04E403 | 2.22E403 | 2.49E+03 | 2.41E403 | 2.93E+03 | 2.95E4+03
O || STD 1.17E+04 | 5.52E+01 | 5.94E-01 1.02E+02 | 2.00E+01 | 2.54E+03 | 4.15E+01 | 2.56E+4+01 | 1.85E+4+02 | 2.60E+4+01 | 3.29E+02 | 2.54E+02
o ET 1.17E4+00 | 1.17E4+00 | 1.43E4+00 | 1.24E4+00 | 1.25E4+00 | 1.19E+4+00 | 1.49E+00 | 1.55E+00 | 1.51E+00 | 1.41E+00 | 1.65E+00 | 1.71E+00
NFEs | 6.51E4+04 | 6.50E4+04 | 6.49E+04 | 6.51E4+04 | 6.51E4+04 | 6.50E4+04 | 6.51E4+04 | 6.52E4+04 | 6.52E+4+04 | 6.49E4+04 | 6.49E+04 | 6.51E+404

Min 4.56E+03 | 4.37TE+02 | 6.00E+02 | 883E+02 | 9.04E+02 | 1.84E+03 | 2.02E+03 | 2.22E+03 | 2.48E+03 | 2.40E+03 | 2.90E+03 | 2.94E+03

9;7 Max 2.07TE+04 | 4.94E+02 | 6.01E+02 | 9.11E+02 | 9.63E+02 | 8.72E+03 | 2.07E+03 | 2.25E+03 | 2.49E+03 | 2.50E4+03 | 3.01E+03 | 2.97E+03

Ay | Mean | 1.19E+04 | 4.54E402 | 6.00E402 | 9.02E402 | 9.16E4+02 | 3.32E+03 | 2.04E+03 | 2.22E403 | 2.48E+403 | 2.40E4+03 | 2.93E4+03 | 2.95E+03
STD 1.21E+04 | 5.49E+01 | 5.02E-01 1.03E+02 | 2.03E+01 | 2.29E+03 | 3.92E+01 | 2.55E+01 | 1.85E+02 | 1.85E+01 | 3.31E+4+02 | 2.52E+02

ET 1.19E4+00 | 1.20E4+00 | 1.44E4+00 | 1.26E4+00 | 1.27E400 | 1.20E400 | 1.52E+00 | 1.57E+00 | 1.53E+00 | 1.44E+00 | 1.67E+00 | 1.74E+00

NFEs | 6.50E+04 | 6.53E+04 | 6.50E+04 | 6.51E+04 | 6.55E+04 | 6.52E+04 | 6.52E+04 | 6.50E+04 | 6.50E+04 | 6.50E+04 | 6.48E+04 | 6.51E+04
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Fy Fy F3 Fy Fs Fe Fr Fy Fy Fio Fi Fio

Min 4.53E+03 | 4.46E402 | 6.00E4-02 | 8.79E402 | 9.03E402 | 1.86E+03 | 2.02E+03 | 2.22E+03 | 2.48E+03 | 2.40E+03 | 2.90E+03 | 2.94E+03

Max 1.61E4+04 | 4.81E402 | 6.01E+02 | 9.12E402 | 9.52E4-02 | 7.92E+03 | 2.09E+403 | 2.25E403 | 2.49E+03 | 2.50E+03 | 2.94E+403 | 2.97TE+4+03

a, | Mean | 9.69E+03 | 4.58E+02 | 6.00E+02 | 9.02E+02 | 9.15E+02 | 3.42E+03 | 2.04E+03 | 2.22E+03 | 2.49E+03 | 2.41E+03 | 2.92E+03 | 2.95E+03

| STD | 9.80E+03 | 5.94E+01 | 4.38E-01 1.03E+02 | 1.71E+01 | 2.06E+03 | 4.60E+01 | 2.47E+01 | 1.86E402 | 3.68E4-01 | 3.25E4-02 | 2.54E4-02
ET 1.24E+00 | 1.25E400 | 1.49E+00 | 1.33E+00 | 1.35E+00 | 1.30E+00 | 1.64E+00 | 1.85E+00 | 1.79E+00 | 1.71E+00 | 1.97E+00 | 2.05E+00

NFEs | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04 | 5.01E+04

0 Min 4.21E403 | 4.50E402 | 6.00E4-02 | 8.87TE4+02 | 9.02E402 | 1.94E+03 | 2.02E+03 | 2.22E+03 | 2.48E+03 | 2.40E+03 | 2.91E+03 | 2.94E+03
= Max 1.21E404 | 4.74E402 | 6.01E+02 | 9.25E402 | 9.24E402 | 5.65E+03 | 2.06E+03 | 2.24E403 | 2.49E+03 | 2.50E+03 | 3.02E403 | 2.97TE+03
E a, | Mean | 8.01E+03 | 4.57E+02 | 6.00E+02 | 9.09E+02 | 9.12E+02 | 3.46E+03 | 2.04E+03 | 2.23E+03 | 2.49E+03 | 2.42E+03 | 2.93E+03 | 2.95E+03
Q || STD | 7.97E+03 | 5.79E+01 | 4.72E-01 1.10E+02 | 1.28E+01 | 2.00E+03 | 4.41E+01 | 2.58E+01 | 1.86E+02 | 4.51E401 | 3.35E4-02 | 2.52E4-02
< ET 1.99E+00 | 2.03E400 | 2.29E+00 | 2.07E+00 | 2.06E+00 | 2.03E+00 | 2.41E+00 | 2.53E+00 | 2.50E+00 | 2.34E+00 | 2.64E+00 | 3.00E+00
NFEs | 6.52E4-04 | 6.51E+04 | 6.50E+04 | 6.50E+04 | 6.50E4+04 | 6.53E4-04 | 6.49E4-04 | 6.49E+04 | 6.51E+04 | 6.51E+04 | 6.51E4+04 | 6.50E4-04

Min 5.35E4+03 | 4.49E4-02 | 6.00E4-02 | 8.83E402 | 9.03E4-02 | 1.89E4-03 | 2.02E4-03 | 2.22E4-03 | 2.48E403 | 2.40E403 | 2.92E403 | 2.94E+403

Max 1.62E404 | 4.69E402 | 6.01E+02 | 9.13E402 | 9.41E402 | 7.22E+03 | 2.06E403 | 2.24E403 | 2.49E+03 | 2.50E+03 | 3.056E+03 | 2.98E+403

& | Mean 9.77TE4-03 | 4.53E402 | 6.00E4-02 | 9.03E402 | 9.14E402 | 3.42E+03 | 2.04E+03 | 2.22E+03 | 2.48E+03 | 2.42E+03 | 2.94E+03 | 2.95E+03

P_% STD | 9.81E+03 | 5.28E+01 | 4.78E-01 1.03E+02 | 1.71E+01 | 2.13E+03 | 4.48E+01 | 2.49E+01 | 1.84E402 | 4.11E401 | 3.45E4-02 | 2.54E4-02
ET 1.30E4-00 | 1.29E4-00 | 1.53E+00 | 1.36E4-00 | 1.35E400 | 1.31E+00 | 1.56E400 | 1.60E400 | 1.57E+00 | 1.48E+00 | 1.67E+400 | 1.71E+400

NFEs | 6.53E+04 | 6.50E+04 | 6.50E+04 | 6.50E+04 | 6.51E+04 | 6.52E+04 | 6.50E+04 | 6.51E+04 | 6.54E+04 | 6.52E+04 | 6.52E+04 | 6.51E+04
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" i I3 Fy Fs Fys i Fyg Fy Fig Fp Fio

Min 5.43E+03 | 4.49E+02 | 6.00E+02 | 8.78E+02 | 9.03E+02 | 1.98E+03 | 2.02E+03 | 2.22E+03 | 2.48E+03 | 2.40E4+03 | 2.91E+03 | 2.94E+03

a, | Max 1.40E+04 | 4.76E+02 | 6.01E4+02 | 9.17TE4+02 | 9.46E4+02 | 8.68E+03 | 2.07E+03 | 2.25E+03 | 2.49E+03 | 2.50E+03 | 3.01E+03 | 2.97TE+03

| Mean | 9.59E+03 | 4.55E4+02 | 6.00E+02 | 9.03E4+02 | 9.16E4+02 | 3.82E+03 | 2.04E+03 | 2.22E+03 | 2.48E+03 | 2.41E+03 | 2.93E4+03 | 2.95E+03
STD 9.52E+03 | 5.53E+01 | 5.85E-01 1.03E+02 | 1.78E+01 | 2.50E+03 | 4.23E+01 | 2.42E+01 | 1.84E+4+02 | 3.19E+4+01 | 3.30E+02 | 2.54E+02

ET 1.49E+00 | 1.33E4+00 | 1.40E4+00 | 1.38E+4+00 | 1.22E+4+00 | 1.36E+00 | 1.45E+00 | 1.60E+00 | 1.51E+00 | 1.43E+00 | 1.56E+00 | 1.61E+00

NFEs | 5.01E4+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04 | 5.01E+04 | 5.01E4+04 | 5.01E+04

w0 Min 4.73E4+03 | 4.50E+02 | 6.00E+02 | 8.96E+02 | 9.02E+02 | 2.11E+03 | 2.02E+03 | 2.22E+03 | 2.48E+03 | 2.40E+03 | 2.91E+03 | 2.94E+03
E Max 1.24E+04 | 4.76E+02 | 6.01E+02 | 9.23E4+02 | 9.32E4+02 | 6.19E+03 | 2.05E+03 | 2.24E+03 | 2.49E+03 | 2.50E+03 | 2.94E+03 | 2.97TE+03
M | o, | Mean | 8.09E+03 | 4.59E4+02 | 6.00E402 | 9.08E+02 | 9.13E402 | 3.48E+03 | 2.04E403 | 2.22E403 | 2.49E+03 | 2.41E403 | 2.93E+03 | 2.95E4+03
g 1 STD 8.08E+03 | 5.95E+01 | 4.59E-01 1.09E+02 | 1.52E+01 | 2.05E+03 | 4.19E+01 | 2.53E+01 | 1.86E+4+02 | 3.18E+01 | 3.25E+02 | 2.51E+02
C ET 1.35E4+00 | 1.37E+00 | 1.55E+00 | 1.42E+00 | 1.62E400 | 1.38E+00 | 1.67E+00 | 1.62E+00 | 1.58E+00 | 1.87E+00 | 2.02E+00 | 2.21E+00
NFEs | 6.50E+04 | 6.51E+04 | 6.49E+04 | 6.50E+04 | 6.52E+04 | 6.51E+04 | 6.50E+04 | 6.51E+04 | 6.50E+04 | 6.50E+04 | 6.52E+04 | 6.47E+04

Min 5.01E+03 | 4.50E+02 | 6.00E+02 | 8.89E+02 | 9.02E+02 | 2.00E+03 | 2.03E+03 | 2.22E+03 | 2.48E+03 | 2.40E4+03 | 2.90E+03 | 2.94E+03

Max 1.31E+04 | 4.75E+02 | 6.01E+02 | 9.20E4+02 | 9.36E+02 | 5.51E+03 | 2.06E+03 | 2.24E+03 | 2.50E+03 | 2.50E+03 | 3.04E+03 | 2.97TE+03

53* Mean | 8.38E+03 | 4.56E4+02 | 6.00E4+02 | 9.06E4+02 | 9.15E4+02 | 3.46E+03 | 2.04E+03 | 2.22E403 | 2.49E+4+03 | 2.41E+03 | 2.93E4+03 | 2.95E4+03

& | STD 8.28E+03 | 5.60E+01 | 5.52E-01 1.06E+02 | 1.70E+01 | 1.86E+03 | 4.31E+01 | 2.41E+4+01 | 1.86E+4+02 | 3.19E+01 | 3.34E+02 | 2.51E+02
ET 1.74E+00 | 1.84E+00 | 2.12E4+00 | 2.01E4+00 | 1.96E400 | 1.93E+4+00 | 2.12E+4+00 | 1.90E+00 | 1.54E+00 | 1.45E+00 | 1.61E+00 | 1.67E+00

NFEs | 6.49E4+04 | 6.51E4+04 | 6.50E4+04 | 6.53E4+04 | 6.48E+04 | 6.49E+4+04 | 6.52E4+04 | 6.52E4+04 | 6.53E+4+04 | 6.50E4+04 | 6.50E4+04 | 6.50E+404
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Table 9: Performance metrics for ABC variants across 12 functions (D = 10)
Fy Fy 3 Fy Fs Fs F; Fy Fy Fio iy Fip

Min 7.43E+03 | 4.05E+02 | 6.00E+02 | 8.22E+02 | 9.00E+02 | 2.16E4+04 | 2.02E+03 | 2.23E+03 | 2.49E+03 | 2.50E+03 | 2.60E+03 | 2.88E+03

Max 1.79E+04 | 4.07E4+02 | 6.00E+02 | 8.37E+02 | 9.00E+02 | 1.01E+06 | 2.03E+03 | 2.24E+03 | 2.49E4+03 | 2.51E+03 | 2.69E+03 | 2.90E+03

ABC Mean | 1.30E4+04 | 4.06E4+02 | 6.00E4+02 | 8.30E+02 | 9.00E4+02 | 3.34E+05 | 2.03E4+03 | 2.23E4+03 | 2.49E+03 | 2.50E4+03 | 2.60E4+03 | 2.90E+03
STD 1.30E+04 | 5.93E+00 | 5.06E-04 3.06E+01 | 5.42E-07 4.36E+05 | 2.82E+01 | 3.20E+4+01 | 1.89E+02 | 1.056E+02 | 1.63E+01 | 1.98E+402

ET 8.59E-01 8.51E-01 1.13E+00 | 8.70E-01 1.30E+00 | 1.98E+00 | 2.55E4+00 | 2.77E+00 | 2.60E400 | 2.19E+00 | 2.57E+4+00 | 2.56E+00

NFEs | 1.00E+05 | 1.00E405 | 1.00E+05 | 1.00E+05 | 1.00E4-05 | 1.00E+05 | 1.00E405 | 1.00E4-05 | 1.00E+05 | 1.00E405 | 1.00E+05 | 1.00E405

Min 5.12E+03 | 4.05E+02 | 6.00E+02 | 8.07TE+02 | 9.00E+02 | 4.72E404 | 2.02E+03 | 2.23E+03 | 2.49E+03 | 2.50E+03 | 2.60E+03 | 2.87E+03

Max 1.91E+04 | 4.07TE+02 | 6.00E+02 | 8.41E+02 | 9.00E+02 | 5.20E+05 | 2.03E+03 | 2.24E+03 | 2.49E+03 | 2.51E+03 | 2.75E+03 | 2.90E+03

o, | Mean | 1.19E+04 | 4.06E+02 | 6.00E4+02 | 8.30E+02 | 9.00E+02 | 2.15E+05 | 2.03E+03 | 2.23E+03 | 2.49E+03 | 2.50E+03 | 2.61E+03 | 2.89E+03

~ | STD 1.22E+04 | 5.90E+00 | 6.47E-04 3.09E+01 | 1.62E-06 2.51E4+05 | 2.81E401 | 3.16E401 | 1.90E402 | 1.03E+402 | 3.75E+401 | 1.95E402

ET 1.79E+00 | 1.81E+00 | 2.20E+00 | 1.90E+00 | 1.96E+00 | 1.78E+00 | 1.46E+00 | 1.69E+00 | 1.32E+00 | 9.61E-01 1.14E+00 | 1.13E400

NFEs | 1.00E405 | 1.00E405 | 1.00E+05 | 1.00E405 | 1.00E405 | 1.00E+05 | 1.00E+05 | 1.00E405 | 1.00E+05 | 1.00E+05 | 1.00E405 | 1.00E4+05

Q Min 9.84E4+02 | 4.05E402 | 6.00E4+02 | 8.31E4+02 | 9.00E402 | 7.06E4+05 | 2.03E4+03 | 2.23E403 | 2.49E+4+03 | 2.50E4+03 | 2.60E4+03 | 2.90E+4+03
2 Max 1.03E+04 | 4.06E+02 | 6.00E+02 | 8.47TE+02 | 9.00E+02 | 6.55E+06 | 2.03E+03 | 2.24E+03 | 2.49E+03 | 2.50E+03 | 2.60E+03 | 2.90E+03
A | o | Mean | 3.24E+403 | 4.06E+02 | 6.00E+02 | 8.38E+402 | 9.00E4+02 | 3.44E+06 | 2.03E+03 | 2.24E+03 | 2.49E+03 | 2.50E+03 | 2.60E4+03 | 2.90E+03
g 9| STD 3.45E4+03 | 5.78E4+00 | 3.13E-11 3.85E+4+01 | 2.41E-08 3.82E+06 | 2.84E+01 | 3.58E+01 | 1.86E+02 | 1.00E+02 | 5.30E-03 2.00E4-02
M ET 9.13E-01 8.95E-01 1.11E+00 | 9.43E-01 9.78E-01 8.83E-01 1.16E+00 | 1.25E+00 | 1.12E+00 | 1.12E+00 | 1.33E+00 | 1.31E+00
NFEs | 1.15E405 | 1.15E405 | 1.15E+05 | 1.15E405 | 1.15E405 | 1.16E+05 | 1.15E4+05 | 1.15E405 | 1.15E+05 | 1.16E+05 | 1.15E405 | 1.16E+05

Min 8.89E+4+02 | 4.05E4+02 | 6.00E4+02 | 8.24E+4+02 | 9.00E402 | 6.86E+05 | 2.03E4+03 | 2.23E403 | 2.49E4+03 | 2.50E4+03 | 2.60E4+03 | 2.90E+4+03

Max 4.42E4+03 | 4.07E4+02 | 6.00E4+02 | 8.47E+4+02 | 9.00E402 | 8.89E+06 | 2.03E4+03 | 2.24E403 | 2.49E403 | 2.50E4+03 | 2.75E4+03 | 2.90E+4+03

canl" Mean | 2.59E+403 | 4.06E4+02 | 6.00E+02 | 8.37E+402 | 9.00E402 | 3.37E+06 | 2.03E+03 | 2.23E403 | 2.49E+03 | 2.50E+03 | 2.61E403 | 2.90E+03

& | STD 2.45E403 | 5.89E400 | 1.17E-11 3.79E+4+01 | 2.71E-09 3.90E+406 | 2.86E+4+01 | 3.47E+401 | 1.86E+402 | 1.00E402 | 3.19E401 | 2.00E4-02

ET 9.35E-01 9.47E-01 1.37E+00 | 1.04E+00 | 1.06E+00 | 9.47E-01 1.44E+00 | 1.58E+00 | 1.54E+00 | 1.36E+00 | 1.76E+00 | 1.85E+00

NFEs | 1.00E405 | 1.00E405 | 1.00E+05 | 1.00E405 | 1.00E405 | 1.00E+05 | 1.00E4+05 | 1.00E405 | 1.00E+05 | 1.00E+05 | 1.00E405 | 1.00E4+05
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Fy i 3 F, F5 Fs i Fy Fy Fio iy Fip

Min 9.08E+03 | 4.05E+02 | 6.00E+02 | 8.22E+02 | 9.00E+02 | 2.60E+04 | 2.02E+03 | 2.23E+03 | 2.49E+03 | 2.50E+03 | 2.60E+03 | 2.85E+03
Max 2.21E+04 | 4.09E+02 | 6.00E+02 | 8.38E+02 | 9.00E4+02 | 9.59E+05 | 2.03E+03 | 2.24E+03 | 2.49E+03 | 2.53E+03 | 2.76E+03 | 2.90E+03
a, | Mean | 1.37E+04 | 4.06E+02 | 6.00E+02 | 8.31E+02 | 9.00E+02 | 3.88E+05 | 2.03E+03 | 2.23E+03 | 2.49E+03 | 2.51E+03 | 2.61E+03 | 2.89E+03
~ | STD 1.39E+04 | 6.20E4+00 | 6.34E-04 3.12E+01 | 1.11E-06 4.70E4+05 | 2.84E+01 | 3.24E+401 | 1.90E+02 | 1.06E+02 | 4.10E4+01 | 1.89E+02

ET 6.12E-01 6.44E-01 8.22E-01 6.87E-01 7.48E-01 6.63E-01 8.38E-01 9.30E-01 8.52E-01 8.09E-01 9.68E-01 9.35E-01
NFEs | 1.00E405 | 1.00E405 | 1.00E4+05 | 1.00E405 | 1.00E405 | 1.00E+4+05 | 1.00E4+05 | 1.00E405 | 1.00E+05 | 1.00E+05 | 1.00E405 | 1.00E+4+05
&) Min 3.00E+02 | 4.00E+02 | 6.00E+02 | 8.09E+02 | 9.00E+02 | 2.18E+03 | 2.02E+03 | 2.20E+03 | 2.49E+03 | 2.50E+03 | 2.60E+03 | 2.85E+03
ECQ Max 3.18E+04 | 4.07TE+02 | 6.00E+02 | 8.60E+02 | 1.35E+03 | 7.04E+06 | 2.06E+03 | 2.27TE+03 | 2.49E+03 | 2.59E+03 | 2.60E+03 | 2.90E+03
A |y | Mean | 5.94E403 | 4.01E402 | 6.00E+02 | 8.41E402 | 9.25E402 | 1.08E+06 | 2.03E+403 | 2.24E4-03 | 2.49E+03 | 2.50E+03 | 2.60E403 | 2.89E+403
g 21 STD 1.21E+04 | 1.73E400 | 1.42E-02 4.45E+01 | 9.73E+01 | 2.00E+06 | 3.21E+01 | 3.76E+01 | 1.86E+02 | 1.05E+02 | 0.00E4+00 | 1.94E+02
@) ET 7.82E-01 7.69E-01 9.09E-01 9.14E-01 8.32E-01 8.76E-01 1.07E+00 | 1.16E400 | 9.82E-01 1.30E+01 | 1.05E4+00 | 1.17E+00
© NFEs | 1.15E405 | 1.15E405 | 1.15E405 | 1.15E405 | 1.15E405 | 1.15E405 | 1.15E405 | 1.15E405 | 1.15E4+05 | 1.15E4+05 | 1.15E405 | 1.15E4+05
Min 3.00E+02 | 4.00E+02 | 6.00E+02 | 8.05E+02 | 9.00E+02 | 1.92E+03 | 2.00E+03 | 2.22E+03 | 2.49E+03 | 2.50E+03 | 2.60E+03 | 2.85E+03
Max 4.98E+04 | 4.08E+02 | 6.15E+02 | 8.75E+02 | 9.09E+02 | 1.94E+07 | 2.05E+03 | 2.26E+03 | 2.49E+03 | 2.80E+03 | 2.90E+03 | 2.90E+03
CQQI-' Mean | 9.38E+4+03 | 4.01E4+02 | 6.00E4+02 | 8.42E4+02 | 9.01E4+02 | 1.33E4+06 | 2.03E4+03 | 2.24E4+03 | 2.49E+03 | 2.53E+03 | 2.62E4+03 | 2.88E+03
& | STD 1.70E+04 | 1.97E+00 | 2.68E+00 | 4.54E+01 | 1.85E+400 | 4.04E+06 | 2.97E+01 | 3.71E+01 | 1.86E+02 | 1.46E+02 | 7.75E+01 | 1.85E+02
ET 1.06E4+00 | 9.51E-01 1.44E4+00 | 1.25E4+00 | 1.27E400 | 1.07E4+00 | 1.57E+00 | 1.70E+00 | 1.55E+00 | 1.45E+00 | 1.75E+00 | 2.00E+00
NFEs | 1.15E405 | 1.15E405 | 1.16E4+05 | 1.15E405 | 1.15E405 | 1.15E4+05 | 1.15E405 | 1.15E405 | 1.15E4+05 | 1.15E4+05 | 1.15E405 | 1.15E4+05
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Fy Fy F3 Fy Fs Fe Fr Fy Fy Fio Fi Fio

Min 5.17TE403 | 4.06E4-02 | 6.00E4-02 | 8.21E402 | 9.00E4-02 | 7.82E4-03 | 2.02E4-03 | 2.23E4-03 | 2.49E403 | 2.50E+403 | 2.60E403 | 2.86E+403

Max 1.87E404 | 4.07TE402 | 6.00E+02 | 8.39E402 | 9.00E402 | 4.88E+05 | 2.03E+03 | 2.24E403 | 2.49E+03 | 2.51E+03 | 2.74E403 | 2.90E+03

a, | Mean | 1.16E+04 | 4.06E+02 | 6.00E+02 | 8.31E+02 | 9.00E+02 | 2.40E+05 | 2.03E+03 | 2.23E+03 | 2.49E+03 | 2.50E+03 | 2.61E+03 | 2.89E+03

O ~ | STD 1.20E+04 | 5.86E4+00 | 6.25E-04 | 3.18E+01 | 1.28E-06 | 2.75E+05 | 2.81E+01 | 3.21E+01 | 1.89E+02 | 1.03E+02 | 2.95E+01 | 1.93E+02
a) ET 8.16E-01 | 8.12E-01 | 9.87E-01 | 8.46E-01 | 8.76E-01 | 8.11E-01 1.04E+00 | 1.10E+00 | 1.02E+00 | 1.01E+00 | 1.16E+00 | 1.16E+00
j NFEs | 1.00E4-05 | 1.00E+05 | 1.00E+05 | 1.00E+05 | 1.00E4-05 | 1.00E4-05 | 1.00E4-05 | 1.00E+05 | 1.00E+05 | 1.00E+05 | 1.00E4-05 | 1.00E4-05
g Min 2.50E+403 | 4.06E4-02 | 6.00E4-02 | 8.17TE402 | 9.00E4-02 | 6.04E4-05 | 2.02E4-03 | 2.23E4-03 | 2.49E403 | 2.50E+4+03 | 2.60E4+03 | 2.90E+403
@} Max 1.32E404 | 4.06E402 | 6.00E+02 | 8.45E402 | 9.00E402 | 7.24E+06 | 2.03E403 | 2.25E403 | 2.49E+03 | 2.50E+03 | 2.60E+403 | 2.90E+03
a, | Mean | 7.20E+03 | 4.06E4+02 | 6.00E+02 | 8.36E+02 | 9.00E+02 | 2.98E+06 | 2.03E+03 | 2.24E+03 | 2.49E+03 | 2.50E+03 | 2.60E+03 | 2.90E+03

@1 STD | 7.57E+03 | 5.84E+00 | 1.87E-11 | 3.69E+01 | 2.15E-08 | 3.48E+06 | 2.86E401 | 3.57E+01 | 1.86E+02 | 1.01E4+02 | 2.11E-03 | 2.00E+02

ET 8.75E-01 | 8.71E-01 1.07E+00 | 9.07E-01 | 9.51E-01 | 8.65E-01 1.12E4-00 | 1.20E+00 | 1.10E+400 | 1.06E+400 | 1.30E+00 | 1.27E+00

NFEs | 1.16E4-05 | 1.15E+05 | 1.15E+05 | 1.15E+05 | 1.16E405 | 1.15E4-05 | 1.15E4-05 | 1.15E+05 | 1.15E+05 | 1.156E+05 | 1.16E405 | 1.15E4-05

Min 2.49E403 | 4.06E4-02 | 6.00E4-02 | 8.16E4-02 | 9.00E4-02 | 1.42E4-06 | 2.02E4-03 | 2.23E4-03 | 2.49E403 | 2.50E4+03 | 2.60E403 | 2.90E+403

Max 1.58E+404 | 4.07TE402 | 6.00E+02 | 8.47E+402 | 9.00E402 | 6.75E+06 | 2.03E403 | 2.25E403 | 2.49E+03 | 2.50E+03 | 2.60E+403 | 2.90E+03

83 Mean | 6.38E+03 | 4.06E+02 | 6.00E+02 | 8.37E+02 | 9.00E+02 | 2.82E+06 | 2.03E+03 | 2.24E+03 | 2.49E+03 | 2.50E+03 | 2.60E+03 | 2.90E+03

& | STD | 6.83E+03 | 5.89E4+00 | 3.03E-11 | 3.79E+401 | 7.08E-09 | 3.08E+06 | 2.86E+01 | 3.64E4+01 | 1.86E+02 | 1.01E402 | 1.28E-07 | 2.00E+02

ET 9.11E-01 | 9.17E-01 1.37E400 | 1.06E+00 | 1.07E+00 | 9.37E-01 1.45E400 | 1.55E+00 | 1.51E+00 | 1.37E400 | 1.74E+00 | 1.86E+00

NFEs | 1.15E4-05 | 1.15E+05 | 1.15E+05 | 1.15E+05 | 1.15E405 | 1.15E4-05 | 1.15E405 | 1.15E+05 | 1.15E+05 | 1.15E+05 | 1.15E405 | 1.15E4-05
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" i I3 Fy Fs Fys i Fyg Fy Fig Fp Fio

Min 3.57TE+03 | 4.05E+02 | 6.00E+02 | 820E+02 | 9.00E+02 | 2.30E+04 | 2.02E+03 | 2.22E+03 | 2.49E+03 | 2.50E+03 | 2.60E+03 | 2.87E+03

Max 1.41E+04 | 4.06E+02 | 6.00E4+02 | 8.40E+02 | 9.00E402 | 4.91E4+05 | 2.03E+03 | 2.23E+03 | 2.49E+03 | 2.51E+03 | 2.69E+03 | 2.90E+03

a, | Mean | 8.19E+03 | 4.06E+02 | 6.00E+02 | 8.32E+02 | 9.00E+02 | 1.54E+05 | 2.03E+03 | 2.23E+03 | 2.49E+03 | 2.50E+03 | 2.61E+03 | 2.89E+03

O ~ | STD 8.46E+03 | 5.78E+00 | 1.04E-03 3.22E+01 | 3.06E-06 1.82E+05 | 2.78E+01 | 3.00E+01 | 1.89E+02 | 1.02E+02 | 2.80E+01 | 1.94E+402
M ET 6.26E-01 6.14E-01 7.72E-01 6.34E-01 6.94E-01 6.08E-01 7.82E-01 8.36E-01 7.61E-01 7.78E-01 8.67TE-01 1.15E+00
j NFEs | 1.00E405 | 1.00E405 | 1.00E4+05 | 1.00E405 | 1.00E405 | 1.00E+4+05 | 1.00E4+05 | 1.00E405 | 1.00E+05 | 1.00E+05 | 1.00E405 | 1.00E+4+05
g Min 8.85E+02 | 4.05E+02 | 6.00E+02 | 8.26E+02 | 9.00E+02 | 8.74E+05 | 2.02E+03 | 2.23E+03 | 2.49E+03 | 2.50E+03 | 2.60E+03 | 2.90E+03
@3 Max 2.43E+03 | 4.07TE+02 | 6.00E+02 | 8.50E+02 | 9.00E+02 | 6.17TE+06 | 2.03E+03 | 2.24E+03 | 2.49E+03 | 2.63E4+03 | 2.74E+03 | 2.90E+03
a, | Mean | 1.48E+03 | 4.06E402 | 6.00E+02 | 8.40E+02 | 9.00E4-02 | 2.70E+06 | 2.03E403 | 2.24E403 | 2.49E+03 | 2.51E+403 | 2.60E+03 | 2.90E+03

1 STD 1.23E+03 | 5.84E+00 | 1.32E-11 4.05E+01 | 1.92E-09 2.89E4+06 | 2.83E+01 | 3.57E+01 | 1.86E+02 | 1.14E+02 | 2.48E+01 | 2.00E+02

ET 8.64E-01 8.53E-01 1.01E4+00 | 6.54E+01 | 8.72E-01 8.15E-01 1.02E+00 | 1.11E4+00 | 1.02E400 | 1.01E4+00 | 1.19E4+00 | 1.19E+00

NFEs | 1.15E405 | 1.16E405 | 1.15E405 | 1.15E405 | 1.15E405 | 1.15E4+05 | 1.15E405 | 1.15E405 | 1.15E4+05 | 1.15E4+05 | 1.15E405 | 1.15E4+05

Min 9.03E+02 | 4.05E+02 | 6.00E+02 | 8.28E+02 | 9.00E+02 | 6.58E+05 | 2.02E+03 | 2.23E+03 | 2.49E+03 | 2.50E+03 | 2.60E+03 | 2.90E+03

Max 1.94E+03 | 4.06E+02 | 6.00E4+02 | 8.47E+02 | 9.00E402 | 5.94E+4+06 | 2.03E+03 | 2.24E+03 | 2.49E+03 | 2.60E+03 | 2.75E+03 | 2.90E+03

53* Mean | 1.41E+403 | 4.06E4+02 | 6.00E4+02 | 8.41E+4+02 | 9.00E4+02 | 2.38E+06 | 2.03E4+03 | 2.24E4+03 | 2.49E+4+03 | 2.51E4+03 | 2.61E4+03 | 2.90E+4+03

& | STD 1.15E4+03 | 5.63E4+00 | 3.51E-11 4.08E+01 | 1.70E-09 2.62E406 | 2.85E+01 | 3.53E+01 | 1.86E+02 | 1.07E+02 | 2.77TE+01 | 2.00E+02

ET 1.32E4+00 | 1.33E4+00 | 1.75E4+00 | 1.45E+00 | 1.43E400 | 1.32E4+00 | 1.85E+00 | 1.98E+00 | 1.90E+00 | 1.74E+00 | 2.17TE+00 | 2.25E+00

NFEs | 1.15E405 | 1.15E405 | 1.15E4+05 | 1.15E405 | 1.15E405 | 1.15E4+05 | 1.15E405 | 1.15E405 | 1.15E4+05 | 1.15E4+05 | 1.15E405 | 1.15E4+05
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Fy Fy F3 Fy Fs Fe Fr Fy Fy Fio Fi Fio

Min 3.21E+03 | 4.00E+402 | 6.00E4+02 | 8.22E+02 | 9.00E402 | 1.45E4+04 | 2.03E+03 | 2.23E403 | 2.49E403 | 2.50E+03 | 2.60E+03 | 2.86E+403

Max 1.38E+404 | 4.06E4+02 | 6.00E+02 | 8.40E+402 | 9.00E402 | 5.25E+05 | 2.03E403 | 2.24E403 | 2.49E+03 | 2.51E+03 | 2.67E+403 | 2.90E+403

a, | Mean | 7.97E+03 | 4.06E+02 | 6.00E+02 | 8.32E+02 | 9.00E+02 | 1.62E+05 | 2.03E+03 | 2.23E+03 | 2.49E+03 | 2.50E+03 | 2.60E+03 | 2.89E+03

| STD | 7.99E+03 | 5.87E4+00 | 6.48E-04 | 3.20E+01 | 1.21E-06 | 1.91E+05 | 2.80E+01 | 3.17E+01 | 1.88E+02 | 1.02E+02 | 1.32E4+01 | 1.93E+02
ET 1.33E+01 | 8.13E-01 1.01E+00 | 8.42E-01 | 8.82E-01 | 8.09E-01 1.05E+00 | 1.10E+00 | 1.01E+00 | 9.94E-01 1.17E400 | 1.36E+400

NFEs | 1.00E4-05 | 1.00E+05 | 1.00E+05 | 1.00E+05 | 1.00E4-05 | 1.00E4-05 | 1.00E4-05 | 1.00E+05 | 1.00E+05 | 1.00E+05 | 1.00E4-05 | 1.00E4-05

8 Min 3.58E402 | 4.056E402 | 6.00E4-02 | 8.20E402 | 9.00E402 | 1.85E+05 | 2.02E+03 | 2.23E+03 | 2.49E+03 | 2.50E+03 | 2.60E+03 | 2.90E+03
< Max | 6.37E4-02 | 4.06E+02 | 6.00E+02 | 8.40E+02 | 9.00E402 | 8.10E4-06 | 2.03E403 | 2.24E+03 | 2.49E+03 | 2.50E+03 | 2.60E4+03 | 2.90E4-03
E a, | Mean | 4.56E+02 | 4.05E4+02 | 6.00E+02 | 8.27E+02 | 9.00E+02 | 2.92E+06 | 2.03E+03 | 2.24E+03 | 2.49E+03 | 2.50E+03 | 2.60E+03 | 2.90E+03
O |¥]STD 1.67E+402 | 5.44E400 | 4.90E-12 | 2.75E401 | 3.24E-10 | 3.34E+06 | 2.78E+401 | 3.54E+401 | 1.86E+02 | 1.00E+02 | 2.92E-12 | 2.00E+402
g ET 1.08E4-00 | 1.07TE400 | 1.29E+00 | 1.13E400 | 1.16E400 | 1.06E+00 | 1.33E400 | 1.41E400 | 1.31E4+00 | 1.27E+00 | 1.51E400 | 1.48E+400
NFEs | 1.15E4-05 | 1.15E+05 | 1.15E+05 | 1.15E+05 | 1.15E4-05 | 1.15E4-05 | 1.15E405 | 1.15E+05 | 1.16E+05 | 1.15E+05 | 1.15E405 | 1.16E4-05

Min 3.43E402 | 4.056E402 | 6.00E4-02 | 8.17TE402 | 9.00E402 | 1.62E4+05 | 2.02E+03 | 2.23E+03 | 2.49E+03 | 2.50E+03 | 2.60E+03 | 2.90E+03

Max 5.45E+02 | 4.06E+02 | 6.00E402 | 8.30E+02 | 9.00E+02 | 6.86E4-06 | 2.03E403 | 2.25E+03 | 2.49E+03 | 2.50E+403 | 2.60E+03 | 2.90E+03

83 Mean | 4.35E4-02 | 4.05E+02 | 6.00E+02 | 8.25E+02 | 9.00E402 | 1.93E4-06 | 2.03E403 | 2.24E+03 | 2.49E+03 | 2.50E+03 | 2.60E4+03 | 2.90E4-03

& | STD 1.42E+02 | 5.47E4+00 | 6.34E-12 | 2.50E+01 | 3.63E-10 | 2.32E+06 | 2.71E+01 | 3.65E+01 | 1.86E+02 | 1.00E+02 | 2.36E-11 | 2.00E+02
ET 1.31E400 | 1.30E4-00 | 1.79E+00 | 1.44E400 | 1.47TE400 | 1.36E+00 | 1.86E+400 | 1.98E400 | 1.92E+00 | 1.77E+00 | 2.15E400 | 2.24E+400

NFEs | 1.15E4-05 | 1.15E+05 | 1.15E+05 | 1.15E+05 | 1.15E405 | 1.15E4-05 | 1.15E405 | 1.15E+05 | 1.15E+05 | 1.15E+05 | 1.15E405 | 1.15E4-05
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Table 10: Performance metrics for ABC variants across 12 functions (D = 20)

il i F3 Fy Fs Fys I Fyg Fy Fig Fy Fio

Min 1.27E+04 | 4.05E402 | 6.00E4+02 | 8.24E+02 | 9.00E4+02 | 5.34E+06 | 2.03E+03 | 2.23E+03 | 2.49E4+03 | 2.50E+03 | 2.60E+03 | 2.90E+03

Max 5.61E+04 | 4.07TE4+02 | 6.00E+02 | 8.54E+02 | 9.00E+02 | 3.28E+4+07 | 2.05E+03 | 2.26E+03 | 2.54E+03 | 2.74E+03 | 2.75E+03 | 2.90E+03

ABC Mean | 3.15E+04 | 4.06E402 | 6.00E+02 | 8.43E+02 | 9.00E4-02 | 1.53E+07 | 2.04E403 | 2.24E403 | 2.50E+03 | 2.56E+4+03 | 2.62E+03 | 2.90E+03
STD 1.08E+05 | 1.79E+01 | 1.37E-01 1.24E+02 | 9.10E400 | 3.58E+07 | 1.37E+02 | 1.00E4+02 | 1.88E+02 | 3.33E+03 | 3.00E+02 | 2.00E+402

ET 1.87TE+00 | 1.94E+400 | 2.72E4+00 | 1.54E+00 | 9.36E-01 8.32E-01 1.26E+00 | 1.36E+400 | 1.34E+00 | 1.18E+00 | 1.52E+00 | 2.94E+00

NFEs | 1.00E+05 | 1.00E405 | 1.00E+05 | 1.00E+05 | 1.00E4-05 | 1.00E+05 | 1.00E405 | 1.00E4-05 | 1.00E+05 | 1.00E405 | 1.00E+05 | 1.00E405

Min 3.59E+04 | 4.17E4+02 | 6.00E4+02 | 9.06E+02 | 9.03E+02 | 1.09E+07 | 2.10E4+03 | 2.26E4+03 | 2.48E+03 | 2.62E+03 | 2.90E4+03 | 2.90E+03

Max 1.26E+05 | 4.19E+02 | 6.00E+02 | 9.42E+02 | 9.26E+02 | 6.19E+07 | 2.16E+03 | 2.32E+03 | 2.50E+03 | 6.92E+03 | 2.90E+03 | 2.90E+03

a, | Mean | 8.25E+04 | 4.18E+02 | 6.00E402 | 9.21E+02 | 9.08E+02 | 2.88E+407 | 2.13E+03 | 2.29E4+03 | 2.49E403 | 5.01E+03 | 2.90E+4+03 | 2.90E+403

O ~ | STD 8.49E+04 | 1.80E+01 | 1.19E-01 1.22E+02 | 9.34E+00 | 3.14E+07 | 1.29E+02 | 8.67E+01 | 1.90E+02 | 3.09E+03 | 3.00E+02 | 2.00E+02
m ET 8.01E-01 8.18E-01 1.20E+00 | 9.10E-01 9.44E-01 8.35E-01 1.30E+00 | 1.35E+00 | 1.31E+00 | 1.17E+00 | 1.52E+00 | 1.59E+00
j NFEs | 1.00E+05 | 1.00E4+05 | 1.00E+05 | 1.00E+05 | 1.00E405 | 1.00E+05 | 1.00E405 | 1.00E405 | 1.00E+05 | 1.00E4+05 | 1.00E+05 | 1.00E4+05
g Min 9.75E+04 | 4.17E4+02 | 6.00E4+02 | 9.09E+02 | 9.00E4+02 | 2.36E+07 | 2.09E+03 | 2.27E4+03 | 2.47E+03 | 5.70E4+03 | 2.90E4+03 | 2.90E+03
M Max 3.65E+05 | 4.19E4+02 | 6.00E4+02 | 9.42E+02 | 9.05E+02 | 8.31E+07 | 2.15E4+03 | 2.40E4+03 | 2.49E+03 | 7.10E4+03 | 2.90E+03 | 2.90E+03
a, | Mean | 2.13E+05 | 4.18E402 | 6.00E+02 | 9.28E+02 | 9.01E402 | 5.33E+07 | 2.13E4+03 | 2.32E+403 | 2.47TE+03 | 6.60E4+03 | 2.90E+03 | 2.90E4+03

9| STD 2.25E405 | 1.76E401 | 8.85E-03 1.29E+02 | 1.20E+00 | 5.55E+07 | 1.26E+02 | 1.22E+02 | 1.73E+02 | 4.22E+03 | 3.00E+02 | 2.00E+02
ET 8.72E-01 8.93E-01 1.31E+00 | 1.00E+00 | 1.12E+00 | 1.12E+00 | 1.72E+00 | 1.86E+00 | 1.80E+00 | 1.61E+00 | 2.11E+00 | 2.24E+00

NFEs | 1.15E+05 | 1.15E405 | 1.15E+05 | 1.15E+05 | 1.15E405 | 1.15E+05 | 1.15E405 | 1.15E405 | 1.15E+05 | 1.15E4+05 | 1.15E+05 | 1.15E4+05

Min 7.68E4+04 | 4.17TE402 | 6.00E402 | 9.01E402 | 9.00E402 | 2.00E407 | 2.08E+403 | 2.29E+403 | 2.47TE+4+03 | 2.61E4+03 | 2.90E+403 | 2.90E+403

Max 2.87TE4+05 | 4.19E402 | 6.00E402 | 9.43E402 | 9.03E402 | 1.02E408 | 2.16E4+03 | 2.36E+403 | 2.50E+403 | 7.01E4+03 | 2.91E403 | 2.90E+403

Dcf)l" Mean | 1.52E+05 | 4.18E4+02 | 6.00E+02 | 9.30E+02 | 9.01E402 | 5.76E+07 | 2.12E4+03 | 2.32E+403 | 2.47TE+03 | 6.34E+03 | 2.90E+03 | 2.90E+03

& | STD 1.59E+05 | 1.76E+01 | 7.37E-03 1.30E+02 | 8.73E-01 6.10E4+07 | 1.25E4+02 | 1.22E402 | 1.75E402 | 4.05E4+03 | 3.01E4+02 | 2.00E+402
ET 9.74E-01 9.97E-01 1.45E+00 | 1.11E+00 | 1.15E+00 | 1.03E+00 | 1.54E+00 | 1.66E+00 | 1.67E+00 | 1.50E+00 | 2.06E+00 | 2.16E+00

FES 1.00E+05 | 1.00E+05 | 1.00E+05 | 1.00E+05 | 1.00E+05 | 1.00E+05 | 1.00E+05 | 1.00E+05 | 1.00E+05 | 1.00E+05 | 1.00E+05 | 1.00E+05
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Table 10 continued from previous page

Fy Fy F3 Fy Fs Fe Fr Fy Fy Fio Fi Fio

Min 5.96E+04 | 4.17E402 | 6.00E402 | 9.08E+02 | 9.02E+02 | 1.49E407 | 2.09E403 | 2.26E+03 | 2.48E+03 | 2.59E+403 | 2.90E+03 | 2.90E+03

a, | Max 2.00E+05 | 4.19E+02 | 6.00E402 | 9.38E+02 | 9.22E+02 | 7.37E407 | 2.16E403 | 2.34E+03 | 2.51E4+03 | 7.10E403 | 2.90E+03 | 2.90E+03

~ | Mean | 1.09E405 | 4.18E+02 | 6.00E402 | 9.25E+02 | 9.07E+02 | 3.96E+07 | 2.13E+03 | 2.29E+03 | 2.49E+03 | 5.63E+03 | 2.90E+03 | 2.90E+03
STD 1.12E+05 | 1.79E+01 | 1.21E-01 1.26E+02 | 9.25E+00 | 4.23E+07 | 1.33E+02 | 9.35E+01 | 1.91E402 | 3.64E4-03 | 3.00E4-02 | 2.00E4-02

ET 6.42E+00 | 7.01E-01 | 9.84E-01 7.50E-01 | 8.01E-01 | 6.93E-01 1.06E4-00 | 1.15E+00 | 1.10E400 | 1.03E400 | 1.27E+00 | 1.34E+00

NFEs | 1.00E4-05 | 1.00E+05 | 1.00E+05 | 1.00E+05 | 1.00E4-05 | 1.00E4-05 | 1.00E4-05 | 1.00E+05 | 1.00E+05 | 1.00E+05 | 1.00E4-05 | 1.00E4-05

8 Min 5.16E4+04 | 4.10E4-02 | 6.00E4-02 | 8.31E402 | 9.02E4-02 | 2.03E4-03 | 2.02E4-03 | 2.23E4-03 | 2.47E403 | 2.50E403 | 2.90E403 | 2.90E+403
< Max 2.57TE+05 | 4.80E+02 | 7.17TE402 | 1.01E4+03 | 7.27E+03 | 7.08E408 | 2.38E+4-03 | 2.64E+03 | 2.70E+03 | 7.56E+403 | 3.00E+03 | 2.90E+03
E A, | Mean | 1.18E+05 | 4.17E4+02 | 6.12E+02 | 9.48E+02 | 1.84E+03 | 3.50E+07 | 2.16E+03 | 2.35E+03 | 2.48E+03 | 5.50E+03 | 2.93E+03 | 2.90E+03
o || STD 1.27E405 | 2.32E401 | 3.33E+01 | 1.58E402 | 1.57TE403 | 1.34E+08 | 1.97E+402 | 1.88E+402 | 1.87E+02 | 3.70E+03 | 3.30E+402 | 2.00E+402
8 ET 8.38E-01 | 7.72E-01 1.12E+00 | 9.08E-01 | 9.50E-01 | 8.76E-01 1.28E+4-00 | 1.40E+00 | 1.32E+400 | 1.18E400 | 1.42E+00 | 1.62E+00
NFEs | 1.15E4-05 | 1.15E+05 | 1.15E+05 | 1.15E+05 | 1.15E4-05 | 1.15E4-05 | 1.15E405 | 1.15E+05 | 1.15E+05 | 1.15E+05 | 1.15E405 | 1.15E4-05

Min 4.72E4+04 | 4.17E402 | 6.00E4+02 | 9.19E+02 | 9.00E402 | 1.96E407 | 2.09E+03 | 2.27E+403 | 2.47E403 | 2.50E+03 | 2.90E+03 | 2.90E+403

Max 2.64E+05 | 4.19E4+02 | 6.00E402 | 9.42E+02 | 9.04E+02 | 1.16E408 | 2.16E403 | 2.37TE+03 | 2.48E+03 | 7.18E+403 | 2.94E+03 | 2.90E+03

83 Mean | 1.38E4-05 | 4.18E+02 | 6.00E+02 | 9.32E+02 | 9.01E402 | 5.95E4-07 | 2.12E4-03 | 2.32E+03 | 2.47E+03 | 5.56E+03 | 2.90E4+03 | 2.90E4-03

& | STD 1.45E+05 | 1.80E+4+01 | 8.13E-03 | 1.32E+02 | 1.15E+00 | 6.36E+07 | 1.21E+02 | 1.20E+02 | 1.72E+02 | 3.68E+03 | 3.02E+02 | 2.00E+02
ET 6.24E-01 | 6.40E-01 | 9.22E-01 7.46E-01 | 7.22E-01 | 6.93E-01 1.02E+00 | 1.07E+00 | 1.02E+00 | 9.43E-01 1.17E400 | 1.26E+400

NFEs | 1.00E4-05 | 1.00E+05 | 1.00E+05 | 1.00E+05 | 1.00E+4-05 | 1.00E4-05 | 1.00E4-05 | 1.00E+05 | 1.00E+05 | 1.00E+05 | 1.00E4+05 | 1.00E4-05
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Table 10 continued from previous page

" i I3 Fy Fs Fys i Fyg Fy Fig Fp Fio

Min 5.25E+04 | 4.17TE+02 | 6.00E+02 | 9.08E+02 | 9.01E+02 | 6.12E+06 | 2.10E+03 | 2.25E+03 | 2.47E+03 | 2.62E4+03 | 2.90E+03 | 2.90E+03

Max 1.46E+05 | 4.19E4+02 | 6.00E4+02 | 9.38E+02 | 9.43E+4+02 | 5.52E+07 | 2.16E+03 | 2.31E+03 | 2.50E+03 | 6.97TE+03 | 2.90E+03 | 2.90E+03

a, | Mean | 8.58E+04 | 4.18E+02 | 6.00E+02 | 9.24E+02 | 9.08E+02 | 2.66E+07 | 2.13E+03 | 2.28E+03 | 2.49E+03 | 4.84E+03 | 2.90E+03 | 2.90E+03

~ | STD 8.86E+04 | 1.79E+01 | 1.28E-01 1.24E+02 | 1.12E+01 | 2.92E+07 | 1.36E+02 | 8.59E+01 | 1.87E+4+02 | 3.00E+4+03 | 3.00E+02 | 2.00E+02
ET 8.22E-01 8.38E-01 1.22E4+00 | 9.32E-01 9.53E-01 8.51E-01 1.28E+00 | 1.38E+00 | 1.33E4+00 | 1.19E4+00 | 1.55E+00 | 1.61E+00

NFEs | 1.00E405 | 1.00E405 | 1.00E4+05 | 1.00E405 | 1.00E405 | 1.00E+4+05 | 1.00E4+05 | 1.00E405 | 1.00E+05 | 1.00E+05 | 1.00E405 | 1.00E+4+05

O Min 6.84E+04 | 4.17TE+02 | 6.00E+02 | 9.09E+02 | 9.00E+02 | 2.14E+07 | 2.09E+03 | 2.27TE+03 | 2.47E+03 | 2.50E+03 | 2.88E+03 | 2.90E+03
Eﬁﬂ Max 2.84E+05 | 4.19E+02 | 6.00E+02 | 9.40E+02 | 9.04E+02 | 1.16E+08 | 2.16E+03 | 2.40E+03 | 2.49E+03 | 7.23E+03 | 3.00E+03 | 2.90E+03
2 | o, | Mean | 1.60E4+05 | 4.18E+02 | 6.00E+02 | 9.27E+02 | 9.01E+02 | 5.74E+07 | 2.13E4+03 | 2.31E+03 | 2.47E+03 | 6.69E+03 | 2.91E+03 | 2.90E+03
g 1 STD 1.68E+05 | 1.78E+01 | 8.26E-03 1.27E+02 | 9.09E-01 6.26E+07 | 1.27E+02 | 1.16E+02 | 1.73E+02 | 4.36E+03 | 3.07TE+02 | 2.00E+02
@) ET 9.02E-01 9.01E-01 1.32E4+00 | 1.00E4+00 | 1.03E400 | 9.14E-01 1.40E+00 | 1.56E+4+00 | 1.47E4+00 | 1.32E4+00 | 1.71E4+00 | 1.81E+00
NFEs | 1.15E405 | 1.15E405 | 1.15E405 | 1.15E405 | 1.15E405 | 1.15E4+05 | 1.15E405 | 1.15E405 | 1.15E405 | 1.15E4+05 | 1.15E405 | 1.15E4+05

Min 6.37TE+04 | 4.17E+02 | 6.00E+02 | 9.31E+02 | 9.01E+02 | 1.07TE+08 | 2.11E+03 | 2.29E+03 | 2.48E+03 | 4.75E+03 | 2.90E+03 | 2.90E+03

Max 2.15E+06 | 4.19E+02 | 6.00E+02 | 9.74E+02 | 9.32E+02 | 7.78E+08 | 2.26E+03 | 2.76E+03 | 2.70E+4+03 | 7.70E4+03 | 2.90E+03 | 2.90E+03

53* Mean | 3.84E+405 | 4.18E+02 | 6.00E+02 | 9.57TE+02 | 9.08E+02 | 3.84E+4+08 | 2.21E+03 | 2.46E+4+03 | 2.56E+03 | 7.21E+03 | 2.90E+03 | 2.90E+03

& | STD 5.60E+05 | 1.78E+01 | 2.31E-01 1.57E+02 | 1.15E+01 | 4.13E4+08 | 2.14E+02 | 2.80E+4+02 | 2.70E4+02 | 4.84E+03 | 3.00E+02 | 2.00E+02
ET 8.05E-01 8.25E-01 1.20E4+00 | 9.32E-01 9.29E-01 8.34E-01 1.26E+00 | 1.35E4+00 | 1.31E4+00 | 1.18E400 | 1.53E+00 | 1.60E+00

NFEs | 1.00E405 | 1.00E405 | 1.00E4+05 | 1.00E405 | 1.00E405 | 1.00E4+05 | 1.00E4+05 | 1.00E4+05 | 1.00E+05 | 1.00E+05 | 1.00E4+05 | 1.00E+05
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Table 10 continued from previous page

Fy Fy F3 Fy Fs Fe Fr Fy Fy Fio Fi Fio

Min 3.21E4+04 | 4.17E402 | 6.00E4+02 | 9.11E+02 | 9.01E402 | 5.34E406 | 2.08E+03 | 2.26E+403 | 2.47E403 | 2.54E+03 | 2.90E+03 | 2.90E403

Max | 9.17E4-04 | 4.19E+02 | 6.00E+02 | 9.37E+02 | 9.26E4-02 | 3.55E4-07 | 2.16E403 | 2.32E+03 | 2.49E+03 | 6.67E+03 | 2.91E403 | 2.90E4-03

a, | Mean | 6.24E+04 | 4.18E+02 | 6.00E+02 | 9.23E+02 | 9.07E+02 | 1.64E+07 | 2.12E+03 | 2.28E+03 | 2.48E+03 | 3.57TE-+03 | 2.90E+03 | 2.90E+03

| STD | 6.45E+04 | 1.79E4+01 | 1.34E-01 1.24E+02 | 8.71E+00 | 1.78E+07 | 1.24E+02 | 8.20E+01 | 1.7Y9E402 | 1.76E4-03 | 3.01E4-02 | 2.00E4-02
ET 6.85E-01 | 7.49E-01 1.46E+401 | 7.28E-01 | 7.16E-01 | 6.47E-01 | 9.80E-01 1.10E4-00 | 1.02E4+00 | 9.22E-01 1.18E4-00 | 1.28E+400

NFEs | 1.00E4-05 | 1.00E+05 | 1.00E+05 | 1.00E+05 | 1.00E4-05 | 1.00E4-05 | 1.00E4-05 | 1.00E+05 | 1.00E+05 | 1.00E+05 | 1.00E4-05 | 1.00E4-05

O Min 4.21E4+04 | 4.17E402 | 6.00E4+02 | 9.12E+02 | 9.00E4-02 | 1.57TE4+07 | 2.09E+03 | 2.27E403 | 2.47E403 | 6.38E+03 | 2.90E+03 | 2.90E+403
Q Max 1.79E405 | 4.19E402 | 6.00E+02 | 9.47E402 | 9.09E402 | 1.17E+08 | 2.17E403 | 2.37TE4+03 | 2.48E+03 | 7.29E+03 | 2.90E+403 | 2.90E+03
— | r | Mean | 8.92E4+04 | 4.18E+02 | 6.00E402 | 9.35E+02 | 9.01E402 | 5.63E+07 | 2.13E4+03 | 2.32E+03 | 2.47E+03 | 7.01E4+03 | 2.90E+03 | 2.90E403
g @1 STD | 9.51E+04 | 1.78E+01 | 7.68E-03 | 1.36E+02 | 2.25E+00 | 6.20E+07 | 1.34E402 | 1.25E+02 | 1.72E+02 | 4.61E4+03 | 3.00E+02 | 2.00E+02
C ET 1.07E400 | 1.27E401 | 1.32E+00 | 1.08E400 | 1.11E400 | 1.04E+00 | 1.43E400 | 1.53E400 | 1.47E+00 | 3.50E+01 | 1.56E+400 | 1.66E+00
NFEs | 1.07E+00 | 1.27E+01 | 1.32E+00 | 1.08E+00 | 1.11E+00 | 1.04E+00 | 1.43E+00 | 1.53E+00 | 1.47E+00 | 3.50E+01 | 1.56E+00 | 1.66E+00

Min 3.91E4+04 | 4.17E402 | 6.00E4+02 | 9.12E+02 | 9.00E4-02 | 6.22E406 | 2.08E+03 | 2.26E+403 | 2.47E403 | 2.50E+03 | 2.90E+03 | 2.90E+403

Max 1.32E405 | 4.19E402 | 6.00E+02 | 9.45E402 | 9.06E402 | 5.96E+07 | 2.16E4+03 | 2.35E4+03 | 2.48E+03 | 7.19E+03 | 2.92E403 | 2.90E+403

% | Mean 7.89E4+04 | 4.18E4-02 | 6.00E4-02 | 9.34E4-02 | 9.01E4-02 | 2.69E4-07 | 2.12E4-03 | 2.30E4-03 | 2.47E403 | 6.33E403 | 2.90E403 | 2.90E+4+03

P_% STD | 8.24E+04 | 1.78E+01 | 8.14E-03 | 1.34E+402 | 1.72E400 | 2.94E407 | 1.20E4+02 | 1.06E+02 | 1.69E+02 | 4.09E+03 | 3.01E4+02 | 2.00E+4-02
ET 6.38E-01 | 6.51E-01 | 9.42E-01 7.24E-01 | 7.38E-01 | 6.92E-01 1.03E4-00 | 1.12E4+00 | 1.06E+00 | 9.60E-01 1.22E4-00 | 1.28E+400

NFEs | 1.00E4-05 | 1.00E+05 | 1.00E+05 | 1.00E+05 | 1.00E+4-05 | 1.00E4-05 | 1.00E4-05 | 1.00E+05 | 1.00E+05 | 1.00E+05 | 1.00E4+05 | 1.00E4-05
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" i I3 Fy Fs Fys i Fyg Fy Fig Fp Fio

Min 2.58E+04 | 4.17TE+02 | 6.00E+02 | 8.98E+02 | 9.01E+02 | 7.27E+06 | 2.11E+03 | 2.27E+03 | 2.47E+03 | 2.51E+03 | 2.90E+03 | 2.90E+03

Max 1.12E4+05 | 4.19E+02 | 6.00E4+02 | 9.34E+02 | 9.25E+4+02 | 3.49E+07 | 2.14E+4+03 | 2.32E+03 | 2.49E+03 | 6.75E+03 | 2.91E+03 | 2.90E+03

a, | Mean | 6.56E+04 | 4.18E+02 | 6.00E+02 | 9.20E+02 | 9.07E+02 | 1.66E+07 | 2.13E+03 | 2.29E+03 | 2.48E+03 | 3.23E+03 | 2.90E+03 | 2.90E+03

~ | STD 6.79E4+04 | 1.79E+01 | 1.13E-01 1.20E4+02 | 9.43E+00 | 1.79E+07 | 1.27E+02 | 8.71E4+01 | 1.77E4+02 | 1.48E+03 | 3.01E+02 | 2.00E+02
ET 8.28E-01 8.50E-01 1.22E4+00 | 9.38E-01 9.62E-01 8.65E-01 1.29E+00 | 1.39E4+00 | 1.34E+4+00 | 1.23E4+00 | 1.55E+00 | 1.63E+00

FES 1.00E4+05 | 1.00E4+05 | 1.00E4+05 | 1.00E4+05 | 1.00E405 | 1.00E+405 | 1.00E+05 | 1.00E+05 | 1.00E+05 | 1.00E+05 | 1.00E+05 | 1.00E+05

8 Min 1.28E+04 | 4.17E+02 | 6.00E4+02 | 9.09E+02 | 9.00E402 | 4.47E+06 | 2.09E+03 | 2.26E+03 | 2.47E+03 | 2.50E+03 | 2.90E+03 | 2.90E+03
<F Max 2.77TE+04 | 4.76E+02 | 6.00E+02 | 9.36E+02 | 9.04E+02 | 8.19E+07 | 2.17E+03 | 2.36E+03 | 2.47E+03 | 6.53E+03 | 3.00E+03 | 2.90E+03
é a, | Mean | 2.19E+04 | 4.20E402 | 6.00E+02 | 9.26E4+02 | 9.01E402 | 3.71E+07 | 2.12E403 | 2.31E403 | 2.47E+03 | 3.05E403 | 2.91E+03 | 2.90E+03
o || STD 2.18E+04 | 2.22E+01 | 5.38E-03 1.26E+02 | 1.41E+00 | 4.12E4+07 | 1.17E+02 | 1.12E4+02 | 1.66E4+02 | 1.46E+03 | 3.11E4+02 | 2.00E+02
g ET 1.29E4+00 | 1.28E4+00 | 1.71E4+00 | 1.39E4+00 | 1.42E+400 | 1.32E+4+00 | 1.80E+00 | 1.94E+00 | 1.86E+00 | 1.68E+00 | 2.12E+00 | 2.19E+00
NFEs | 1.15E405 | 1.15E405 | 1.15E405 | 1.15E405 | 1.15E405 | 1.15E4+05 | 1.15E405 | 1.15E405 | 1.15E405 | 1.15E4+05 | 1.15E405 | 1.15E4+05

Min 1.13E+04 | 4.17E+02 | 6.00E4+02 | 9.08E+02 | 9.00E402 | 3.26E+06 | 2.07E+03 | 2.27E+03 | 2.47E+03 | 2.50E+03 | 2.90E+03 | 2.90E+03

Max 2.97TE+04 | 4.49E+02 | 6.00E+02 | 9.44E+02 | 9.02E+02 | 3.42E+07 | 2.15E+03 | 2.34E+03 | 2.47E+03 | 6.32E+03 | 3.00E+4+03 | 2.90E+03

53* Mean | 2.08E4+04 | 4.19E+02 | 6.00E+02 | 9.31E+02 | 9.01E+02 | 1.84E+07 | 2.11E+03 | 2.30E4+03 | 2.47E+03 | 2.65E+03 | 2.91E+03 | 2.90E+03

& | STD 2.09E+04 | 1.95E+01 | 5.38E-03 1.31E+02 | 1.06E4+00 | 1.99E+07 | 1.09E+02 | 1.01E4+02 | 1.66E+4+02 | 7.28E+02 | 3.14E+4+02 | 2.00E+02
ET 8.07E-01 8.24E-01 1.20E4+00 | 9.15E-01 9.38E-01 8.39E-01 1.27E+00 | 1.37E4+00 | 1.32E4+00 | 1.19E4+00 | 1.53E+00 | 1.61E+00

NFEs | 1.00E405 | 1.00E405 | 1.00E4+05 | 1.00E405 | 1.00E405 | 1.00E4+05 | 1.00E4+05 | 1.00E4+05 | 1.00E+05 | 1.00E+05 | 1.00E4+05 | 1.00E+05




Table 11: Friedman Mean Rank Results for DE variants

Algorithm Diemension | Friedman Rank | Diemension | Friedman Rank
Mean Rank Mean Rank
DE_BOBL_IP 17.625 6 32.167 12
DE_BOBL_SP 21.292 10 26.875 3
DE_BOBL_IP_SP 21.542 11 30.625 7
DE_QOBL_IP 17.917 7 30.167 6
DE_QOBL_SP 17.458 5 28.25 4
DE_QOBL_IP_SP 15.167 3 31.125 9
DE_GOBL_IP D =10 18.458 8 D =20 31.792 11
DE_GOBL_SP 17.708 6 32.458 13
DE_GOBL_IP_SP 17.208 4 31.708 10
DE_COOBL_IP 23.375 12 29.083 5
DE_COOBL_SP 36.917 14 38.417 14
DE_COOBL_P_SP 43.250 15 46.833 15
DE_QROBL_IP 18.208 9 31.083 8
DE_QROBL_SP 12.958 2 24 1
DE_QROBL_IP_SP 11.708 1 26.292 2
Table 12: Friedman Mean Rank Results for GA variants
Algorithm Diemension | Friedman Rank | Diemension | Friedman Rank
Mean Rank Mean Rank
GA_BOBL_IP 48.833 10 43.25 9
GA_BOBL_SP 47.250 8 42.25 7
GA_BOBL_IP_SP 49.583 11 44.417 10
GA_QOBL_IP 46.917 5 39.917 4
GA_QOBL_SP 43.583 1 39.167 3
GA_QOBL_IP_SP 46.333 2 42.667 8
GA_GOBL_IP D =10 53.333 12 D =20 46.25 12
GA_GOBL_SP 44.250 3 39.917 4
GA_GOBL_IP_SP 50.750 12 42 6
GA_COOBL_IP 57.417 14 45.833 11
GA_COOBL_SP 52.500 13 38.75 2
GA_COOBL_IP_SP 60.167 15 46.417 13
GA_QROBL.IP 47.083 7 40.083 )
GA_QROBL_SP 47.583 9 38.75 2
GA_QROBL_IP_SP 46.583 4 37.333 1
Table 13: Friedman Mean Rank Results for PSO variants
Algorithm Diemension | Friedman Rank | Diemension | Friedman Rank
Mean Rank Mean Rank
PSO_BOBL_IP 41.625 9 41.167 8
PSO_BOBL_SP 38.125 5 40.958 7
PSO_BOBL_IP_SP 36.333 4 36.792 2
PSO_QOBL_IP 38.417 6 42.833 12
PSO_QOBL_SP 39.208 7 43.5 13
PSO_QOBL_IP_SP 42.833 11 41.75 10
PSO_GOBL_IP D=10"""1 33333 1 D=20""1 39195 4
PSO_GOBL_SP 33.917 2 41.208 9
PSO_GOBL_IP_SP 35 3 35.333 1
PSO_COOBL_IP 42.333 10 41.833 11
PSO_COOBL_SP 53.583 14 51 14
PSO_COOBL_IP_SP 54.625 15 51.667 15
PSO_QROBL_IP 40.5 8 39.583 5
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Algorithm Diemension | Friedman Rank | Diemension | Friedman Rank
Mean Rank Mean Rank
PSO_QROBL_SP 43.625 112 38.75 3
PSO_QROBL_IP_SP 44.25 13 40.625 6
Table 14: Friedman Mean Rank Results for HS variants
Algorithm Diemension | Friedman Rank | Diemension | Friedman Rank
Mean Rank Mean Rank
HS_BOBL_IP 37.083 8 34.5 11
HS_BOBL_SP 35.083 4 33.333 10
HS_BOBL_IP_SP 34.833 2 32.833 8
HS_QOBL_IP 33.083 1 31.5 3
HS_QOBL_SP 37.167 9 34.667 12
HS_QOBL_IP_SP 41 14 32.833 8
HS_GOBL_IP D =10 35.667 5 D =20 32.667 7
HS_GOBL_SP 37.5 10 34.5 11
HS_GOBL_IP_SP 34.167 3 32.083 5
HS_COOBL_IP 42.333 15 34.917 13
HS_COOBL_SP 36 7 28.833 1
HS_COOBL_IP_SP 39.583 12 29.167 2
HS_QROBL_IP 40.167 13 32.333 6
HS_QROBL_SP 37.083 8 31.667 4
HS_QROBL_IP_SP 37.583 11 33 9
Table 15: Friedman Mean Rank Results for ABC variants
Algorithm Diemension | Friedman Rank | Diemension | Friedman Rank
Mean Rank Mean Rank
ABC_BOBL_IP 42.833 10 44.583 11
ABC_BOBL_SP 41.083 3 41 6
ABC_BOBL_IP_SP 41.167 4 41.083 7
ABC_QOBL_IP 41.417 6 37.75 4
ABC_QOBL_SP 41.417 6 41.583 9
ABC_QOBL_IP_SP D =10 41.333 5 D =920 39.583 5
ABC_GOBLIP 41.833 7 43.667 10
ABC_GOBL_SP 42 8 41.417 8
ABC_GOBL_IP_SP 42.083 9 41.083 7
ABC_COOBL_IP 43.917 12 46.417 12
ABC_COOBL_SP 43.583 11 53.5 13
ABC_COOBL_IP_SP 47.583 13 56.667 14
ABC_QROBL_IP 40.583 2 37.083 3
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Fig. 1: Convergence curves of DE and its variant during IP phase (D = 10).
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Fig. 2: Convergence curves of DE and its variant during SP phase (D = 10).
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Fig. 3: Convergence curves of DE and its variant during IP-SP phase (D = 10).
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Fig. 4: Convergence curves of DE and its variant during IP phase (D = 20).

o7



Fitness Value

3 «10Convergence Curve of DE in SP phase for Function F 1

DE
e DE-BOBL
25 DE-COOBL
DE-GOBL
DE-QOBL
~—— DE-QROBL
2
o
E]
©
>
® 15
3
£
ic
1
05
0 " )
0 200 400 600 800 1000
Iteration
(a) Fy
2600 Convergence Curve of DE in SP phase for Function F 7
DE
DE-BOBL
2500 DE-COOBL
= DE-GOBL
DE-QOBL
DE-QROBL
2400
2300
2200 [
2100
2000
0 200 400 600 800 1000
Iteration
(c) Fr

Convergence Curve of DE in SP phase for Function F 3

740
DE
~—— DE-BOBL
720 DE-COOBL
DE-GOBL
DE-QOBL
700 ~——— DE-QROBL
]
T 680
>
7]
1]
1]
£ 660
Z
640
620
600 y
0 200 400 600 800 1000
Iteration
(b) Fs3
5500 Convergence Curve of DE in SP phase for Function F 9
DE
DE-BOBL
5000 DE-COOBL
= DE-GOBL
DE-QOBL
4500 DE-QROBL
]
T 4000
S
»
2
o
£ 3500
g
3000
2500
2000
0 200 400 600 800 1000
Iteration
(d) Fo

Fig. 5: Convergence curves of DE and its variant during SP phase (D = 20).
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Fig. 6: Convergence curves of DE and its variant during IP-SP phase (D = 20).
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Fig. 7: Convergence curves of GA and its variant during IP phase (D
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Fig. 8: Convergence curves of GA and its variant during SP phase (D = 10).
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Fig. 9: Convergence curves of GA and its variant during IP-SP phase (D = 10).
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Fig. 10: Convergence curves of GA and its variant during IP phase (D
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Fig. 11: Convergence curves of GA and its variant during SP phase (D = 20).
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Fig. 12: Convergence curves of GA and its variant during IP-SP phase (D = 20).
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Fig. 13: Convergence curves of PSO and its variants during IP phase (D = 10).
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Fig. 14: Convergence curves of PSO and its variant during SP phase (D = 10).
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Fig. 15: Convergence curves of PSO and its variant during IP-SP phase (D = 10).
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Fig. 16: Convergence curves of PSO and its variant during IP phase (D = 20).
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Fig. 17: Convergence curves of PSO and its variant during SP phase (D = 20).
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Fig. 18: Convergence curves of PSO and its variant during IP-SP phase (D = 20).

71



Fitness Value

7 «10Convergence Curve of HS in IP phase for Function F1

HS
HS-BOBL
6 HS-COOBL
HS-GOBL
HS-QOBL
5 HS-QROBL
]
T4
>
3
2
3
£3
g
2
1
0
0 200 400 600 800 1000
Iteration
(a) Fy
2250 Convergence Curve of HS in IP phase for Function F7
HS
HS-BOBL
HS-COOBL
2200 HS-GOBL
HS-QOBL
HS-QROBL
2150
2100
2050
2000
0 200 400 600 800 1000
Iteration
(c) Fr

Fitness Value

Fitness Value

Convergence Curve of HS in IP phase for Function F3

700
HS
690 HS-BOBL
HS-COOBL
680 HS-GOBL
HS-QOBL
670 HS-QROBL
660
650
640
630
620
610
600 y
0 200 400 600 800 1000
Iteration
(b) Fs3
3200 Convergence Curve of HS in IP phase for Function F9
HS
HS-BOBL
3100 HS-COOBL
HS-GOBL
HS-QOBL
3000 HS-QROBL
2900
2800
2700
2600
2500
0 200 400 600 800 1000
Iteration
(d) Fo

Fig. 19: Convergence curves of HS and its variant during IP phase (D = 10).
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Fig. 20: Convergence curves of HS and its variant during SP phase (D
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Fig. 21: Convergence curves of HS and its variant during IP-SP phase (D = 10).
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Fig. 22: Convergence curves of HS and its variant during IP phase (D = 20).
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Fig. 23: Convergence curves of HS and its variant during SP phase (D = 20).
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Fig. 24: Convergence curves of HS and its variant during IP-SP phase (D = 20).
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Fig. 25: Convergence curves of ABC and its variant during IP phase (D = 10).
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Fig. 26: Convergence curves of ABC and its variant during SP phase (D = 10).
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Fig. 27: Convergence curves of ABC and its variant during IP-SP phase (D = 10).

80



«103onvergence Curve of ABC in IP phase for Function F1

25
ABC
s ABC-BOBL
s ABC-COOBL
2 ABC-GOBL
ABC-QOBL
~ ABC-QROBL
S5
[
>
123
@0
il
T 1
05
!
0
0 200 400 600 800 1000
Iteration
(a) Fy
2700 Convergence Curve of ABC in IP phase for Function F7
ABC
ABC-BOBL
2600 = ABC-COOBL
= ABC-GOBL
ABC-QOBL
2500 ABC-QROBL
3
T 2400
S
»
2
o
£ 2300
g
2200
1 L
2100 L - T
2000
0 200 400 600 800 1000
Iteration
(c) Fr

Convergence Curve of ABC in IP phase for Function F3

740
ABC
s ABC-BOBL
720 - ABC-COOBL
ABC-GOBL
ABC-QOBL
700 ~——— ABC-QROBL
]
© 680
>
13
123
@
£ 660
Z
640
620
600
0 200 400 600 800 1000
Iteration
(b) F3
4000 Convergence Curve of ABC in IP phase for Function F9
ABC
~——— ABC-BOBL
3800 = ABC-COOBL
= ABC-GOBL
3600 ABC-QOBL
ABC-QROBL
o 3400
=3
s
@ 3200
o
£
W 3000
2800
2600
2400
0 200 400 600 800 1000
Iteration
(d) Fo

Fig. 28: Convergence curves of ABC and its variant during IP phase (D = 20).
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Fig. 29: Convergence curves of ABC and its variant during SP phase (D = 20).
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Fig. 30: Convergence curves of ABC and its variant during IP-SP phase (D = 20).
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