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Figure Captions

Fig. S1. The median error values versus function evaluations (FES) obtained by the
four compared mutation strategies on three 30-dimensional functions F7, F15 and
F20.

Fig. S2. The median error values versus function evaluations (FES) obtained by
JADE, SaDE, EPSDE, JDE, CoDE, SHADE, CoBIiDE and CIPDE on the 30-
dimensional functions F3, F7 and F10.

Fig. S3. The median error values versus function evaluations (FES) obtained by
JADE, SaDE, EPSDE, jDE, CoDE, SHADE, CoBIiDE and CIPDE on the 30-
dimensional functions F12, F13 and F15.

Fig. S4. The median error values versus function evaluations (FES) obtained by
JADE, SaDE, EPSDE, JDE, CoDE, SHADE, CoBIiDE and CIPDE on the 30-
dimensional functions F18, F19 and F23.



Differential evolution powered by collective information

Table S1. Error values of the four compared mutation strategies on the 30-dimensional CEC2013
benchmark set over 51 independent runs.

Func DE/current-to DE/current-to DE/current-to CIMDE
-best/1/bin -pbest/1/bin -gr_best/1/bin
F1 0.00E+00 = 0.00E+00 = 0.00E+00 = 0.00E+00
(0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00)
F2 3.06E+07 - 4.72E+07 - 5.08E+07 - 2.37E+07
(8.39E+06) (8.82E+06) (1.20E+07) (5.15E+06)
3 4 53E+05 = 5.14E-03 + 1.44E-02 + 2.95E+05
(2.52E+06) (1.97E-02) (4.98E-02) (6.27E+05)
Fa 1.61E+04 - 1.74E+04 - 1.95E+04 - 1.21E+04
(3.03E+03) (2.70E+03) (3.79E+03) (1.99E+03)
Fs5 0.00E+00 = 0.00E+00 = 0.00E+00 = 0.00E+00
(0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00)
6 1.97E+01 - 1.48E+01 - 1.51E+01 - 1.35E+01
(1.45E+01) (1.67E+00) (2.32E+00) (6.22E-01)
F7 8.34E+00 - 1.31E+00 - 1.59E+00 - 3.45E-01
(1.17E+01) (1.24E+00) (1.21E+00) (6.12E-01)
F8 2.10E+01 = 2.09E+01 = 2.10E+01 = 2.09E+01
(4.04E-02) (5.77E-02) (3.99E-02) (6.02E-02)
F9 3.42E+01 + 3.83E+01 - 3.86E+01 - 3.73E+01
(6.29E+00) (9.65E-01) (1.08E+00) (1.43E+00)
F10 8.36E-03 = 2.22E-03 + 6.80E-04 + 1.07E-02
(7.98E-03) (4.13E-03) (2.37E-03) (9.40E-03)
F11 1.07E+02 - 1.07E+02 - 1.08E+02 - 9.17E+01
(8.49E+00) (6.85E+00) (8.25E+00) (7.39E+00)
F12 1.84E+02 - 1.85E+02 - 1.87E+02 - 1.63E+02
(1.12E+01) (8.60E+00) (1.07E+01) (1.25E+01)
F13 1.83E+02 - 1.83E+02 - 1.86E+02 - 1.63E+02
(9.60E+00) (9.31E+00) (8.46E+00) (9.38E+00)
F14 4.60E+03 = 4.68E+03 - 4.67E+03 - 4.56E+03
(2.87E+02) (2.30E+02) (2.85E+02) (2.24E+02)
F15 7.19E+03 - 7.19E+03 - 7.23E+03 - 7.03E+03
(2.71E+02) (2.39E+02) (2.58E+02) (2.84E+02)
F16 2.44E+00 = 2.44E+00 = 2.43E+00 = 2.49E+00
(3.05E-01) (3.03E-01) (2.97E-01) (3.31E-01)
F17 1.41E+02 - 1.41E+02 - 1.41E+02 - 1.24E+02
(7.63E+00) 6.76E+00) (6.95E+00) (5.75E+00)
F18 2.14E+02 - 2.13E+02 - 2.16E+02 - 1.92E+02
(1.23E+01) (1.02E+01) (1.03E+01) (7.88E+00)
F19 1.23E+01 - 1.25E+01 - 1.27E+01 - 1.10E+01
(7.64E-01) (7.38E-01) (6.37E-01) (6.51E-01)
F20 1.24E+01 - 1.23E+01 - 1.23E+01 - 1.20E+01
(2.88E-01) (1.84E-01) (2.42E-01) (2.31E-01)
F21 2.73E+02 + 2.95E+02 + 2.83E+02 + 2.96E+02
(6.40E+01) (3.44E+01) (4.61E+01) (4.25E+01)
F22 4 56E+03 = 4. 77E+03 - 4. 78E+03 - 4.44E+03
(3.31E+02) (3.04E+02) (2.91E+02) (3.24E+02)
F23 7.16E+03 - 7.17E+03 - 7.23E+03 - 7.01E+03
(2.71E+02) (3.27E+02) (2.78E+02) (2.69E+02)
F24 2.18E+02 - 2.00E+02 - 2.00E+02 - 2.00E+02
(1.85E+01) (5.94E-01) (1.49E-01) (1.31E-02)
F25 2.50E+02 - 2.50E+02 - 2.60E+02 - 2.42E+02
(7.77E+00) (1.06E+01) (1.36E+01) (9.98E+00)
F26 2.04E+02 - 2.05E+02 - 2.04E+02 - 2.01E+02
(1.40E+01) (1.37E+01) (6.73E-01) (3.72E-01)
F27 7.19E+02 - 4.97E+02 - 4.64E+02 - 3.00E+02
(2.67E+02) (2.91E+02) (2.64E+02) (3.00E-01)
F28 3.00E+02 + 3.00E+02 + 3.00E+02 + 3.00E+02
(2.63E-13) (2.70E-13) (2.83E-13) (3.13E-13)
- 17 20 20
= 8 4 4
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Table S2. Error values of the four compared mutation strategies on the 50-dimensional CEC2013
benchmark set over 51 independent runs.

Func DE/current-to DE/current-to DE/current-to CIMDE
-best/1/bin -pbest/1/bin -gr_best/1/bin
F1 0.00E+00 = 0.00E+00 = 0.00E+00 = 0.00E+00
(0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00)
F2 1.14E+08 - 1.74E+08 - 2.03E+08 - 8.62E+07
(2.03E+07) (2.64E+07) (2.87E+07) (1.36E+07)
F3 1.18E+08 - 4.81E+03 + 3.80E+03 + 6.26E+04
(4.99E+08) (9.63E+03) (7.35E+03) (1.71E+05)
F4 2.83E+04 - 3.24E+04 - 3.55E+04 - 1.55E+04
(4.88E+03) (4.26E+03) (4.15E+03) (2.02E+03)
5 0.00E+00 = 0.00E+00 = 0.00E+00 = 0.00E+00
(0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00)
6 4.35E+01 - 4.35E+01 - 4.35E+01 - 4.34E+01
(3.79E-01) (7.04E-02) (6.72E-02) (7.49E-14)
F7 2.82E+01 - 8.33E+00 - 1.03E+01 - 6.44E-01
(1.54E+01) (5.21E+00) (5.30E+00) (1.45E+00)
F8 2.11E+01 = 2.11E+01 = 2.11E+01 = 2.11E+01
(4.01E-02) (3.56E-02) (3.06E-02) (3.53E-02)
F9 6.87E+01 = 7.15E+01 - 7.21E+01 - 7.02E+01
(5.55E+00) (1.82E+00) (1.32E+00) (1.66E+00)
F10 2.90E-02 + 1.55E-02 + 1.74E-02 + 5.52E-02
(1.26E-02) (9.48E-03) (1.06E-02) (2.90E-02)
F11 2.54E+02 - 2.54E+02 - 2.58E+02 - 2.20E+02
(1.55E+01) (1.14E+01) (1.04E+01) (9.03E+00)
F12 3.80E+02 - 3.73E+02 - 3.76E+02 - 3.35E+02
(1.41E+01) (1.62E+01) (1.34E+01) (1.49E+01)
F13 3.79E+02 - 3.75E+02 - 3.76E+02 - 3.36E+02
(1.49E+01) (1.42E+01) (1.66E+01) (1.39E+01)
Fl4 1.01E+04 - 1.01E+04 - 1.01E+04 - 9.85E+03
(3.27E+02) (2.82E+02) (4.02E+02) (3.51E+02)
F15 1.40E+04 - 1.39E+04 = 1.39E+04 = 1.38E+04
(3.34E+02) (3.61E+02) (4.51E+02) (3.59E+02)
F16 3.33E+00 = 3.38E+00 = 3.33E+00 + 3.45E+00
(3.53E-01) (3.09E-01) (2.68E-01) (2.62E-01)
F17 3.15E+02 - 3.14E+02 - 3.14E+02 - 2.74E+02
(1.24E+01) (1.08E+01) (1.17E+01) (9.70E+00)
F18 4.27E+02 - 4.25E+02 - 4,25E+02 - 3.82E+02
(1.34E+01) (1.41E+01) (1.33E+01) (1.35E+01)
F19 2.70E+01 - 2.77E+01 - 2.76E+01 - 2.45E+01
(1.21E+00) (9.44E-01) (1.41E+00) (1.05E+00)
F20 2.21E+01 - 2.21E+01 - 2.21E+01 - 2.17E+01
(3.42E-01) (2.71E-01) (2.30E-01) (2.75E-01)
F21 6.48E+02 = 5.99E+02 = 6.23E+02 = 8.54E+02
(4.50E+02) (4.49E+02) (4.56E+02) (3.97E+02)
F22 1.01E+04 - 9.85E+03 - 9.94E+03 - 9.28E+03
(5.09E+02) (3.82E+02) (3.48E+02) (4.15E+02)
F23 1.39E+04 - 1.37E+04 - 1.37E+04 - 1.35E+04
(3.98E+02) (3.88E+02) (4.18E+02) (3.60E+02)
Foa 2.45E+02 - 2.08E+02 - 2.03E+02 - 2.03E+02
(2.35E+01) (1.68E+01) (1.07E+01) (7.81E+00)
F25 2.88E+02 - 2.93E+02 - 3.08E+02 - 2.76E+02
(1.32E+01) (1.91E+01) (2.95E+01) (1.39E+01)
F26 3.85E+02 - 3.73E+02 - 3.43E+02 - 2.86E+02
(8.43E+01) (8.30E+01) (1.01E+02) (4.08E+01)
F27 1.13E+03 - 1.24E+03 - 1.34E+03 - 4.23E+02
(4.07E+02) (5.22E+02) (5.18E+02) (1.43E+02)
F28 7.57E+02 - 4.61E+02 = 4.00E+02 = 4.00E+02
(9.87E+02) (4.38E+02) (2.87E-13) (2.87E-13)
- 21 19 19
= 6 7 6
+ 1 2 3
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Table S3. Error values of CIMDE and CIMXDE on the 30 and 50-dimensional CEC2013 benchmark set
over 51 independent runs.

Func CIMDE CIMXDE CIMDE CIMXDE
(D =30) (D =30) (D =50) (D =50)
F1 0.00E+00 = 0.00E+00 0.00E+00 = 0.00E+00
(0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00)
F2 2.37E+07 - 3.75E+05 8.62E+07 - 6.54E+05
(5.15E+06) (1.57E+05) (1.36E+07) (1.94E+05)
F3 2.95E+05 = 2.18E+05 6.26E+04 = 1.79E+05
(6.27E+05) (5.42E+05) (1.71E+05) (5.99E+05)
F4 1.21E+04 - 2.32E+02 1.55E+04 - 4.98E+02
(1.99E+03) (1.67E+02) (2.02E+03) (2.56E+02)
Fs5 0.00E+00 = 0.00E+00 0.00E+00 = 0.00E+00
(0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00)
6 1.35E+01 - 1.30E+01 4.34E+01 + 4.34E+01
(6.22E-01) (8.37E+00) (7.49E-14) (1.53E-13)
F7 3.45E-01 = 2.55E-01 6.44E-01 + 1.75E+00
(6.12E-01) (2.91E-01) (1.45E+00) (1.59E+00)
F8 2.09E+01 = 2.09E+01 2.11E+01 = 2.11E+01
(6.02E-02) (5.03E-02) (3.53E-02) (3.22E-02)
F9 3.73E+01 - 6.65E+00 7.02E+01 - 1.27E+01
(1.43E+00) (1.90E+00) (1.66E+00) (3.16E+00)
F10 1.07E-02 + 1.50E-02 5.52E-02 = 5.37E-02
(9.40E-03) (9.96E-03) (2.90E-02) (2.84E-02)
F11 9.17E+01 - 1.46E+01 2.20E+02 - 1.87E+01
(7.39E+00) (1.85E+01) (9.03E+00) (5.26E+00)
F12 1.63E+02 - 8.95E+00 3.35E+02 - 2.19E+01
(1.25E+01) (2.81E+00) (1.49E+01) (5.04E+00)
F13 1.63E+02 - 2.10E+01 3.36E+02 - 5.83E+01
(9.38E+00) (1.35E+01) (1.39E+01) (2.28E+01)
F14 4.56E+03 - 1.14E+03 9.85E+03 - 1.54E+03
(2.24E+02) (6.54E+02) (3.51E+02) (8.27E+02)
F15 7.03E+03 - 2.51E+03 1.38E+04 - 5.66E+03
(2.84E+02) (1.70E+03) (3.59E+02) (3.29E+03)
F16 2.49E+00 = 2.46E+00 3.45E+00 = 3.43E+00
(3.31E-01) (2.59E-01) (2.62E-01) (2.52E-01)
F17 1.24E+02 - 1.17E+02 2.74E+02 - 2.19E+02
(5.75E+00) (1.57E+01) (9.70E+00) (5.18E+01)
F18 1.92E+02 - 1.66E+02 3.82E+02 - 3.37E+02
(7.88E+00) (1.02E+01) (1.35E+01) (1.17E+01)
F19 1.10E+01 - 4.36E+00 2.45E+01 - 5.14E+00
(6.51E-01) (2.99E+00) (1.05E+00) (3.05E+00)
£20 1.20E+01 - 1.04E+01 2.17E+01 - 1.94E+01
(2.31E-01) (8.61E-01) (2.75E-01) (1.29E+00)
F21 2.96E+02 = 2.89E+02 8.54E+02 = 9.33E+02
(4.25E+01) (4.11E+01) (3.97E+02) (3.35E+02)
F22 4.44E+03 - 1.30E+03 9.28E+03 - 1.23E+03
(3.24E+02) (1.12E+03) (4.15E+02) (1.16E+03)
F23 7.01E+03 - 1.70E+03 1.35E+04 - 3.79E+03
(2.69E+02) (1.10E+03) (3.60E+02) (8.97E+02)
F24 2.00E+02 = 2.00E+02 2.03E+02 = 2.01E+02
(1.31E-02) (1.50E+00) (7.81E+00) (5.11E+00)
F25 2.42E+02 = 2.41E+02 2.76E+02 = 2.77TE+02
(9.98E+00) (4.80E+00) (1.39E+01) (6.53E+00)
F26 2.01E+02 - 2.02E+02 2.86E+02 = 2.80E+02
(3.72E-01) (1.41E+01) (4.08E+01) (4.51E+01)
F27 3.00E+02 = 3.00E+02 4.23E+02 + 5.28E+02
(3.00E-01) (3.73E-01) (1.43E+02) (1.62E+02)
F28 3.00E+02 = 3.00E+02 4.00E+02 - 4.57E+02
(3.13E-13) (2.89E-13) (2.87E-13) (4.06E+02)
- 16 15
= 11 10
+ 1 3
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Table S4. Error values of CIPDE and seven state-of-the-art DE variants on the 30-dimensional CEC2013
benchmark set over 51 independent runs.

Func. JADE SaDE EPSDE jDE CoDE SHADE CoBiDE CIPDE
1 000E+00=  0.00E+00=  0.00E+00=  0.00E+00=  0.00E+00=  0.00E+00=  0.00E+00=  0.00E+00
(0.00E+00)  (0.00E+00)  (0.00E+00)  (0.00E+00)  (0.00E+00)  (0.00E+00)  (0.00E+00)  (0.00E+00)
py  923E#03=  171E+05-  143E+06-  126E+05-  882E+04-  136E+04=  BTOE+04-  100E+04
(7.64E+03)  (7.83E+04)  (S.4TE+06)  (6.64E+04)  (4.07E+04)  (9.19E+03)  (4.99E+04)  (7.54E+03)
F3 133E+05+  355E+06-  105E+08-  452E+05-  6.69E+05-  2.55E+05+  6.83E+03=  6.76E+05
(5.75E+05)  (4.88E+06)  (2.38E+08)  (9.30E+05)  (145E+06)  (L64E+06)  (3.07E+04)  (1.85E-+06)
4 DI4E+03+  186E+01-  194E+03-  179E+01-  7.29E-02-  9.22E-04+  124E-03=  513E+03
(L23E+04)  (4.86E+01)  (L.14E+04)  (L59E+01)  (L.16E-01)  (L40E-03)  (207E-03)  (9.06E+03)
- 0.00E+00=  000E+00=  0.00E+00=  0.00E+00=  0.00E+00=  0.00E+00=  0.00E+00=  0.00E+00
(0.00E+00)  (0.00E+00)  (0.00E+00)  (0.00E+00)  (0.00E+00)  (0.00E+00)  (0.00E+00)  (0.00E+00)
g OQ0E+00=  26IE+01-  O25E+00-  121E+01-  148E#00-  525E-0L=-  529E+00-  0.00E+00
(0.00E+00)  (2.49E+01)  (L46E+00)  (2.34E+00)  (5.10E+00)  (3.70E+00)  (7.92E+00)  (0.00E+00)
7 4BTE+00-  8OLE+00-  487E+01-  224E+00=  1.02E+01-  2.87E+00=  381E+00=  2.80E+00
(4.60E+00)  (6.25E+00)  (2.85E+01)  (L77E+00)  (7.45E+00)  (2.78E+00)  (3.32E+00)  (2.37E+00)
g 209E+0L=  200E+01=  209E+0L=  209E+0L=  208E+0L+  208E+0L+ 209E+01=  2.09E+01
(5.87E-02)  (5.46E-02)  (5.43E-02)  (5.52E-02) (1.35E-01)  (L95E-01)  (7.71E-02)  (4.05E-02)
Fo 270E+01-  152E+01+  3.33E+01-  2.27E+01-  1.39E+01+  2.80E+01-  110E+01+  1.93E+01
(L55E+00)  (250E+00)  (3.62E+00)  (6.08E+00)  (3.29E+00)  (L67E+00)  (2.91E+00)  (3.18E+00)
Flo  670E-02=  175E-01-  851E-02-  353E-02+  354E-02+  134E-01-  326E-02+ 6.10E-02
(426E-02)  (8.22E-02)  (5.20E-02)  (2.10E-02) (2.04E-02)  (848E-02)  (L99E-02)  (3.51E-02)
gy OO0E#00=  314E+00-  195E-02=  O000E+00=  390E-02=  000E+00=  OO0E+00=  0.00E+00
(0.00E+00)  (1.80E+00)  (1.39E-01)  (0.00E+00)  (1.95E-01)  (0.00E+00)  (0.00E+00)  (0.00E-+00)
1  237E+0L-  323E+01-  500E+01-  602E+01-  3.75E+01-  202E+01-  408E+0l-  157E+01
(456E+00)  (8.81E+00)  (9.12E+00)  (LISE+01)  (1.28E+01)  (3.14E+00)  (1.23E+01)  (4.50E+00)
F13  AG9EF01-  7.A1E+01-  7.38E+01-  B.OSE+0L-  7.87E+0L-  418E+01-  BAOE+0l-  193E+0L
(1L25E+01)  (2.10E+01)  (L.30E+01)  (L71E+01)  (2.57E+01)  (L31E+01)  (2.35E+01)  (9.05E+00)
Flq  258E-02+  378E+02-  273E-01+  163E-08+  3.20E+00-  261E-02+  146E+02- 5.82E-01
(2.68E-02)  (LI5E+02)  (1.21E-01)  (7.02E-03)  (3.06E+00)  (249E-02)  (6.04E+01)  (4.96E-01)
Fis  321E+03-  BOSE+03-  G5BE+03-  5.8E+03-  349E+03-  3.15E+03-  305E+03-  2.75E+403
(2.83E+02)  (4.24E+02)  (6.18E+02)  (3.93E+02)  (5.03E+02)  (2.90E+02)  (5.28E+02)  (6.87E+02)
F1g  L77E*00+  233E+00=  243E+00=  240E+00=  372E-0L+  988E01+  BI4EOL+  210E+00
(7.23E-01)  (3.06E-01)  (2.80E-01)  (2.64E-01) (2.60E-01)  (153E-01)  (8.24E-01)  (7.74E-01)
17 BO4E0L+  496E+01-  304E+01+  304E+01+  304E+0L+  304E+01+  360E+0L-  3.05E+01
(0.00E+00)  (3.58E+00)  (1.96E-03)  (9.43E-07) (9.34E-03)  (1.80E-14)  (155E+00)  (3.05E-02)
F1g  [62E+01-  L67E+02-  L30E+02-  LS7E+02-  G5IE+0L-  734E+01-  T03E+0l-  3.96E+40L
(655E+00)  (125E+01)  (L.42E+01)  (LB4E+01)  (LI7E+01)  (5.15E+00)  (L52E+01)  (3.34E+00)
Flg  L44E+00-  G64E+00-  183E+00-  L163E+00-  156E+00-  140E+00-  193E+00-  102E+00
(9.90E-02)  (L28E+00)  (2.46E-01)  (1L.56E-01) (2.76E-01)  (9.49E-02)  (4.20E-01)  (1.31E-01)
Fpo  LOGE+01-  114E+01-  129E+01-  L118E+01-  10GE+0L-  L10E+0L-  107E+0L-  9.74E+00
(7.89E-01)  (3.76E-01)  (7.66E-01)  (3.78E-01) (7.00E-01)  (447E-01)  (6.07E-01)  (7.23E-01)
[y 28BEX02=  333E+02-  B07EX02=  204E+02=  322E+02=  B05E#02=  341E+02-  2.90E+02
(3.25E+01)  (8.16E+01)  (6.96E+01)  (6.35E+01)  (7.52E+01)  (6.04E+01)  (LOLE+02)  (4.82E+01)
Fpp  LOTE$02+  AOSE+02-  352E+02-  LIS5E#02=  LO7E+02-  LO7E#02+  271E+02-  L11E+02
(250E+01)  (2.98E+02)  (L.30E+02)  (L25E+01)  (2.96E+01)  (L59E+01)  (9.72E+01)  (1L.42E+01)
Fp3  GA9E+03-  GAOE+03-  G.OAE+03-  5.AOE+03-  342E+03-  350E+03-  3.12E+03-  2.54E+403
(4.06E+02)  (472E+02)  (6.46E+02)  (4.41E+02)  (5.48E+02)  (3.76E+02)  (5.45E+02)  (5.59E+02)
oy 212E+02-  221E+02-  293E+02-  207E#02=  223E+02-  207E+02=  208E+02=  2.07E+02
(L10E+01)  (4.95E+00)  (5.36E+00)  (5.73E+00)  (8.94E+00)  (4.05E+00)  (5.73E+00)  (4.16E+00)
Fps  275E+02-  256E+02+  299E+02-  256E+02+  254E#02+  281E+02-  249E+02+  263E+02
(L29E+01)  (7.02E+00)  (3.11E+00)  (L46E+01)  (7.22E+00)  (7.98E+00)  (5.78E+00)  (1.02E+01)
Fop  203E¥02=  210E+02-  360E+02-  200E+02-  208E+02-  202E+02-  205E+02-  2.00E+02
(2.34E401)  (3.34E+01)  (5.91E+01)  (6.21E-03)  (3.10E+01)  (L56E+01)  (2.44E+01)  (8.07E-03)
£y,  63BE+02-  A92E+02-  120E+03-  442E+02=  586E+02-  57IE+02-  55QE+02-  4.16E+02
(2.31E+02)  (7.87E+01)  (5.19E+01)  (128E+02)  (L.14E+02)  (2.17E+02)  (L.OOE+02)  (8.36E+01)
Fpg  3O00E¥02=  300E+02-  300E+02=  300E+02=  300E+02=  300E+02-  300E+02-  3.00E+02
(150E-13)  (2.10E-13)  (9.09E-14)  (9.09E-14)  (0.00E+00)  (1.37E-13)  (2.61E-13)  (4.55E-14)
- 12 22 19 13 17 13 16
= 10 4 7 11 5 8 8
+ 6 2 2 4 6 7 4




Differential evolution powered by collective information

Table S5. Error values of CIPDE and seven state-of-the-art DE variants on the 50-dimensional CEC2013
benchmark set over 51 independent runs.

Func. JADE SaDE EPSDE iDE CoDE SHADE CoBiDE CIPDE
£y  OO0E*00=  OOOE+00=  000E+00=  0O00E+00=  O.00E+00=  000E+00=  000E+00=  0.00E+00
(0.00E+00)  (0.00E+00)  (0.00E+00)  (0.00E+00)  (0.00E+00)  (0.00E+00)  (0.00E+00)  (0.00E-+00)
£y  250E+04=  B5QOE+05-  Q.00E+06- ~ 4.88E+05-  271E+05-  390E+04-  352E+05-  233E+04
(166E+04)  (L35E+05)  (2.01E+07)  (LO9E+05)  (9.81E+04)  (L77E+04)  (L51E+05)  (1.32E+04)
3 392E+06=  246E+07-  485E+08-  3Q1E+06=  132E+07-  837E+05+  A5AE+06=  5.08E+06
(T47E+06)  (2.35E+07)  (L56E+09)  (5.50E+08)  (L42E+07)  (L14E+0B)  (7.60E+06)  (9.12E+06)
Fq AO9E+03+  166E+02-  9.83E+03-  B36E+01-  16BE-01-  B39E-03+  7.12E-02- 8.74E+03
(1L43E+04)  (453E+02)  (3.24E+04)  (6.37E+01)  (1.80E-01)  (LO7E-02)  (6.81E-02)  (1.37E+04)
s OO0E+00=  000E+00=  O000E+00=  0Q0E#00=  O0Q0E+00=  O0Q0E+00=  O0Q0E+00=  0.00E+00
(0.00E+00)  (0.00E+00)  (0.00E+00)  (0.00E+00)  (0.00E+00)  (0.00E+00)  (0.00E+00)  (0.00E+00)
Fg  A27E+0L=  AT9E+01-  373E+0L+  AS7E+01-  430E+01+  434E+01=  436E+01-  4.34E+0L
(5.23E+00)  (L30E+01)  (6.03E+00)  (4.86E-01)  (4.30E+00)  (1.91E-13)  (8.00E-01)  (1.59E-13)
- 238E+01-  335E+01-  7.60E+01-  1.35E+01+  403E+01-  187E+01=  253E+01-  1.83E+01
(9.70E+00)  (8.32E+00)  (3.45E+01)  (6.01E+00)  (L.1SE+01)  (6.51E+00)  (LOSE+01)  (6.62E+00)
pg 211EX01=  211E+01=  211E+01=  211E+01+  210E+01+  209E+01+ 211E+01=  2.11E+01
(857E-02)  (3.78E-02)  (3.26E-02)  (3.63E-02) (6.81E-02)  (L66E-01)  (9.31E-02)  (3.59E-02)
- 5.32E+01-  341E+01+  7.02E+01-  4.99E+01-  3.30E+01+  557E+01-  263E+01+  4.06E+01
(2.56E+00)  (4.81E+00)  (3.43E+00)  (7.77E+00)  (5.ATE+00)  (L.8OE+00)  (4.65E+00)  (4.55E+00)
Flo  DO67E-02+  205E-01-  124E-01=  412E-02+  557E-02+  145E-01-  7.95E-02= 9.69E-02
(356E-02)  (9.36E-02)  (8.31E-02)  (2.16E-02) (3.01E-02)  (7.83E-02)  (4.36E-02)  (6.99E-02)
Frg  OQ0E#00=  180E+01-  371E-0L-  O0Q0E+00=  BO0E-01-  000E+00=  312E-01- 0.00E+00
(0.00E+00)  (6.51E+00)  (L45E+00)  (0.00E+00)  (8.68E-01)  (0.00E+00)  (1.55E+00)  (0.00E+00)
Flp  D92E+0L-  9.7E+01-  LESE+02-  1A1E+02-  O25E+0L-  40IE+01=  BO0E+0L-  4.12E+401
(9.89E+00)  (L.85E+01)  (2.56E+01)  (L.82E+01)  (L.96E+01)  (5.15E+00)  (2.06E+01)  (8.07E+00)
F13  L32E+02-  200E+02-  227E+02-  182E+02-  205E+02-  10OE+02-  169E+02-  9.54E+01
(2.25E+01)  (3.82E+01)  (3.94E+01)  (2.28E+01)  (4.55E+01)  (L.85E+01)  (4.07E+01)  (2.20E+01)
14 38902+  BOBE+02-  5.OSE+02-  271E-03+  3.30E+01-  257E-02+  501E+02-  231E+00
(2.23E-02)  (LBOE+02)  (6.34E+02)  (5.81E-03)  (2.85E+01)  (L.74E-02)  (2.19E+02)  (1.21E+00)
F1s  G87E¥03-  LIOE+04-  140E+04-  OQUE+03-  60E+03-  681E+03-  G4SE+03=  6.27E+403
(453E+02)  (LOAE+03)  (6.60E+02)  (6.13E+02)  (7.39E+02)  (4.80E+02)  (7.13E+02)  (9.14E+02)
F1g  L74EX00+  3I5E+00=  3.30E+00-  3.8E+00=  O43E-01+  L34E+00+  63LE-01+  256E+00
(758E-01)  (321E-01)  (3.08E-01)  (3.14E-01) (403E-01)  (L96E-01)  (9.72E-01)  (L.17E+00)
ri; BOBE01+  B74E+01-  5OBE+0L+  508E+01+  520E+01-  50BE#01+  7.73E+0L-  5.10E+01
(466E-14)  (7.43E+00)  (1.37E-01)  (4.99E-14) (483E-01)  (556E-14)  (5.79E+00)  (7.50E-02)
Flg  L42B+02-  320E+02-  3.38E+02-  285E+02-  121E+02-  127E+02-  118E+02-  7.14E+01
(1L23E+01)  (2.13E+01)  (247E+01)  (223E+01)  (L71E+01)  (7.81E+00)  (L.99E+01)  (5.32E+00)
Flg  279E+00-  122E+01-  GOBE+00-  284E+00-  3.16E+00-  257E+00-  3.36E+00-  205E+00
(2.04E-01)  (5.32E400)  (7.46E-01)  (2.79E-01) (6.23E-01)  (L44E-01)  (8.01E-01)  (2.42E-01)
oo LO4EX01=  200E+01-  223E+01-  212E+01-  199E+01-  200E+01-  201E+01-  L91E+01
(7.27E-01)  (459E-01)  (852E-01)  (5.12E-01) (745E-01)  (5.92E-01)  (6.54E-01)  (7.28E-01)
Fpp  OO0E+02=  857E+02=  7.A7E+02=  520E+02+  67IE+02+  7.74E#02=  420E+02+  BATEH02
(3.11E+02)  (351E+02)  (4.17E+02)  (4.08E+02)  (4.54E+02)  (4.35E+02)  (3.98E+02)  (4.09E+02)
£y  LBTE*0L+  AB9E+02-  209E+03-  273E+01+  4I5E+01-  142E+01+  525E402-  247E+01
(273E+01)  (441E+02)  (5.12E+02)  (3.29E+01)  (4.01E+01)  (8.26E+00)  (2.48E+02)  (2.97E+01)
Fp3  [22E+03-  LA7E+04-  130E+04-  O82E+03-  T47E+03-  T36E+03-  675E+03-  6.05E+403
(6.37E+02)  (L18E+03)  (6.01E+02)  (6.76E+02)  (B.6OE+02)  (7.26E+02)  (9.49E+02)  (1.02E+03)
oy 243EY02=  265E402-  3.82E+02-  238E+02=  258E#02-  231E+02+  241E+02=  2.38E+02
(L41E+01)  (9.89E+00)  (4.40E+00)  (L13E+01)  (1.32E+01)  (7.67E+00)  (L1.34E+01)  (8.72E+00)
Fps  353E+02-  BA7EX02+  384E+02-  3ABE+02+  3ABE+02+  360E+02-  BO0LE+02+  330E+02
(2.38E+01)  (9.38E+00)  (3.76E+00)  (2.70E+01)  (L.I5E+01)  (1.39E+01)  (1.20E+01)  (1.39E+01)
Fop  33BE#02-  277E+02=  ATBE02-  251E+02+  288E+02=  344E+02-  250E+02+  2.99E+02
(9.69E+01)  (8.58E+01)  (5.90E+00)  (7.89E+01)  (8.76E+01)  (9.99E+01)  (8.06E+01)  (7.40E+01)
Fp7  L29E+03-  1OSE+03-  212E+03-  954E+02=  108E+03-  1A2E+03-  O.80E+02=  9.44E+402
(366E+02)  (9.78E+01)  (3.56E+01)  (2.39E+02)  (LOSE+02)  (3.04E+02)  (L43E+02)  (2.12E+02)
Fpg  D7SE02=  AG2E+02-  B7OE+02-  400E+02=  577E+02+  4Q0E+02-  4Q0E+02=  5.1GE+02
(7.08E+02)  (4.40E+02)  (7.25E+02)  (287E-13)  (7.13E+02)  (357E-13)  (2.93E-13)  (5.78E+02)
- 11 20 21 11 17 13 14
= 11 6 5 8 3 7 9
+ 6 2 2 9 8 8 5




Differential evolution powered by collective information

Table S6. Error values of CIPDE and seven state-of-the-art DE variants on the 100-dimensional CEC2013
benchmark set over 51 independent runs.

Func. JADE SaDE EPSDE jDE CoDE SHADE CoBiDE CIPDE
£y O0O0E+00=  0.00E+00=  000E+00=  0Q0E+00=  0.00E+00=  000E+00=  0.00E+00 = 0.00E+00
(0.00E+00)  (0.00E+00)  (0.00E+00)  (0.00E+00)  (0.00E+00)  (0.00E+00)  (0.00E+00)  (0.00E+00)
- 3.18E+05-  166E+06-  5.86E+05-  166E+06-  9.10E+05-  2.96E+05-  L.17E+06- 2.48E+05
(7.22E+04)  ()3.38E+05  (1.19E+05)  (4.74E+05)  (2.47E+05)  (6.69E+04)  (2.80E+05)  (5.66E+04)
F3 177E+08 +  7.82E+08-  9.26E+08=  0.86E+07+  157E+08+  4.84E+07+  1.23E+08 + 3.39E+08
(L31E+08)  (6.73E+08)  (2.04E+09)  (1.23E+08)  (L.15E+08)  (4.18E+07)  (L17E+08)  (2.99E+08)
Fq  L72E+04=  LO2E+03-  7.06E+03-  471E+02-  184E+00-  273E-02=  153E-01= 2.31E+04
(355E+04)  (L25E+03)  (1.58E+04)  (4.09E+02)  (L.86E+00)  (3.28E-02) (1.02E-01)  (3.11E+04)
rc OO0E#00=  0.00E+00=  QQ0E+00=  O.00E+00=  0Q0E+00=  0.00E+00=  0.00E+00= 0.00E+00
(0.00E+00)  (0.00E+00)  (0.00E+00)  (0.00E+00)  (0.00E+00)  (0.00E+00)  (0.00E+00)  (0.00E+00)
Fo 120E+02=  108E+02=  843E+0l=  203E+02-  1.30E+02-  143E+02-  1.50E+02- 1.06E+02
(6.01E+01)  (5.38E+01)  (5.07E+01)  (3.37E+01)  (5.31E+01)  (4.93E+01)  (423E+01)  (5.89E+01)
- 748E+01-  8.09E+01-  962E+01-  449E+01+  6.98E+01-  6.19E+01=  6.38E+0L- 6.06E+01
(1.38E+01)  (L48E+01)  (1.89E+01)  (9.74E+00)  (L.18E+01)  (L.O6E+01)  (1.50E+01)  (1.49E+01)
Fg  218EX01=  213E401=  2I3E+01=  243E+01+  212E+01+  212E+01+  2.13E+0L+ 2.13E+01
(387E-02)  (237E-02)  (2.79E-02)  (2.75E-02)  (6.32E-02)  (8.15E-02) (3.75E-02) (3.78E-02)
Fo 1.33E+02-  9.56E+0L+  144E+02-  1.28E+02-  9.09E+01+  1.37E+02-  7.70E+0L+ 1.11E+02
(2.75E400)  (8.20E+00)  (5.27E+00)  (3.78E+00)  (7.43E+00)  (2.52E+00)  (6.76E+00)  (7.41E+00)
1o 952E02-  165E01-  117E-01-  147E-01-  864E-02-  LO7E-0L- 1.43E-01 - 7.06E-02
(5.63E-02)  (9.24E-02)  (7.27E-02)  (1.03E-01)  (447E-02)  (4.75E-02) (7.58E-02) (4.38E-02)
gy O00E+00=  L20E+02-  709E+01-  000E+00=  201E+01-  195E-02=  8.72E+00- 0.00E+00
(0.00E+00)  (2.81E+01)  (4.80E+01)  (0.00E+00)  (5.23E+00)  (L.39E-01)  (6.78E+00)  (0.00E+00)
Flp  L79E+02=  33BE+02-  696E+02-  223E+02-  296E+02-  135E+02+  255E402- 1.75E+02
(211E+01)  (471E+01)  (551E+01)  (3.98E+01)  (4.32E+01)  (LBAE+01)  (4.41E+01)  (2.17E+01)
F13  416E+02-  GO7E+02-  BOBE+02-  450E+02-  567E+02-  357E+02=  A74E+02- 3.64E+02
(473E+01)  (6.04E+01)  (5.16E+01)  (5.07E+01)  (8.30E+01)  (4.19E+01)  (752E+01)  (4.62E+01)
14  LS0E-01+  145E403-  756E+03-  126E-02+  213E+02-  6.64E-02+  126E+03- 9.38E+00
(240E-02)  (3.40E+02)  (8.93E+02)  (2.63E-02)  (1.26E+02)  (LA7E-02)  (5.12E+02)  (3.24E+00)
Fis  LOOE+04-  200E+04-  303E+04-  204E+04-  144E+04-  146E+04-  L36E+04- 1.33E+04
(7.24E402)  (5.61E+03)  (6.09E+02)  (9.46E+02)  (L.25E+03)  (7.65E+02)  (1.00E+03)  (1.36E+03)
Flg  203E+00+  374E+00=  3O5E+00-  363E+00=  L76E+00+  1.83E+00+  5.02E-01+ 3.08E+00
(446E-01)  (2.24E-01)  (2.62E-01)  (3.70E-01)  (5.36E-01)  (2.25E-01) (1.89E-01)  (1.17E+00)
F17  LO2E#02+  206E+02-  261E+02-  102E+02+  115E+02-  1O2E+02+  L.O2E+02- 1.02E+02
(9.67E-14)  (2.03E+01)  (243E+01)  (1.29E-13)  (2.68E+00)  (L.10E-13)  (1.91E+01)  (1.58E-01)
Flg  364E¥02-  AG0E+02-  O78E+02-  556E+02-  353E+02-  B11E+02-  277E+02- 2.23E+02
(2.36E+01)  (L97E+02)  (5.20E+01)  (3.79E+01)  (3.91E+01)  (L79E+01)  (3.70E+01)  (2.11E+01)
Flg  878EX00+  400E+0L-  376E+0L-  5STE+00+  O50E+00+  8.14E+00+  B.93E+00+ 1.10E+01
(113E+00)  (8.35E+00)  (3.87E+00)  (5.24E-01)  (2.04E+00)  (L.14E+00)  (1.34E+00)  (2.26E+00)
Fpo  BOOE+0L-  500E+0L-  500E+0L-  500E+01-  499E+01-  500E+01-  4.99E+0L- 4.95E+01
(6.29E-06)  (3.22E-14)  (1.01E-13)  (355E-07)  (2.96E-01)  (9.90E-08) (5.13E-01) (4.29E-01)
£y 3B0EX02+  396E+02+  39GE+02+  373E+02+  367E+02+  3.86E+02+  375E+02+ 3.94E+02
(401E+01)  (L9BE+01)  (L96E+01)  (4.51E+01)  (4.76E+01)  (3.48E+01)  (4.40E+01)  (2.38E+01)
£y,  B3TEX0L+  972E+02-  101E+04-  136E+02-  229E+02-  S5IE+01+  LO4E+03- 6.10E+01
(5.46E+01)  (4.11E+02)  (9.92E+02)  (8.50E+01)  (1.27E+02)  (5.47E+01)  (431E+02)  (4.98E+01)
Fp3  L7IE+04-  L74E+04-  308E+04-  200E+04-  165E+04-  172E+04-  L57E+04- 1.45E+04
(LOBE+03)  (4.66E+03)  (7.56E+02)  (1.04E+03)  (L37E+03)  (L13E+03)  (L73E+03)  (L.94E+03)
Fpq  327E¥02=  38BEX02-  3.5E+02+  297E+02+  3.66E+02-  3.05E+02+  3.20E+02+ 3.29E+02
(125E+01)  (L51E+01)  (5.60E+01)  (1.82E+01)  (2.12E+01)  (L.38E+01)  (1.72E+01)  (1.52E+01)
Fps  6OSE+02-  502E+02+  626E+02-  459E+02+  AB6E+02+  609E+02-  4.64E+02+ 5.19E+02
(118E+01)  (LB4E+01)  (1.28E+01)  (3.93E+01)  (213E+01)  (L13E+01)  (L.B4E+01)  (3.82E+01)
g GA2E+02-  AOAE402-  G21E+02-  524E+02-  494E+02-  58AE+02-  ATIE402- 4.50E+02
(301E+01)  (L70E+01)  (6.67E+01)  (6.73E+01)  (2.27E+01)  (5.79E+01)  (2.35E+01)  (3.38E+01)
Fp;  331E#03-  234E403-  273E+03-  227E+03-  236E+03-  203E+03=  195E+03= 1.91E+03
(5.01E+02)  (2.25E+02)  (1.11E+03)  (5.83E+02)  (2.21E+02)  (B.61E+02)  (3.04E+02)  (2.84E+02)
Fpg  38lE¥03=  AIOE+03-  402E+03-  33BE+03+ 3.83E+03=  378E+03=  344E+03+ 3.62E+03
(1L22E+03)  (L91E+03)  (1.58E+03)  (1.07E+03)  (L58E+03)  (L.11E+03)  (1.O7E+03)  (1.25E+03)
- 12 20 21 14 18 10 15
= 9 5 5 4 3 8 4
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Differential evolution powered by collective information

Table S7. Error values of the CIMXDE and CIPDE on the 30 and 50-dimensional CEC2013 benchmark
set over 51 independent runs.

Func CIMXDE (D = 30) CIPDE(D =30) CIMXDE (D =50) CIPDE(D =50)
F1 0.00E+00 = 0.00E+00 0.00E+00 = 0.00E+00
(0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00)
2 3.75E+05 - 1.00E+04 6.54E+05 - 2.33E+04
(1.57E+05) (7.54E+03) (1.94E+05) (1.32E+04)
F3 2.18E+05 + 6.76E+05 1.79E+05 + 5.08E+06
(5.42E+05) (1.85E+06) (5.99E+05) (9.12E+06)
Fa 2.32E+02 - 5.13E+03 4.98E+02 - 8.74E+03
(1.67E+02) (9.06E+03) (2.56E+02) (1.37E+04)
Fs5 0.00E+00 = 0.00E+00 0.00E+00 = 0.00E+00
(0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00)
6 1.30E+01 - 0.00E+00 4.34E+01 = 4.34E+01
(8.37E+00) (0.00E+00) (1.53E-13) (1.59E-13)
F7 2.55E-01 + 2.80E+00 1.75E+00 + 1.83E+01
(2.91E-01) (2.37E+00) (1.59E+00) (6.62E+00)
F8 2.09E+01 = 2.09E+01 2.11E+01 = 2.11E+01
(5.03E-02) (4.05E-02) (3.22E-02) (3.59E-02)
F9 6.65E+00 + 1.93E+01 1.27E+01 + 4.06E+01
(1.90E+00) (3.18E+00) (3.16E+00) (4.55E+00)
F10 1.50E-02 + 6.10E-02 5.37E-02 + 9.69E-02
(9.96E-03) (3.51E-02) (2.84E-02) (6.99E-02)
F11 1.46E+01 - 0.00E+00 1.87E+01 - 0.00E+00
(1.85E+01) (0.00E+00) (5.26E+00) (0.00E+00)
F12 8.95E+00 + 1.57E+01 2.19E+01 + 4.12E+01
(2.81E+00) (4.50E+00) (5.04E+00) (8.07E+00)
F13 2.10E+01 = 1.93E+01 5.83E+01 + 9.54E+01
(1.35E+01) (9.05E+00) (2.28E+01) (2.20E+01)
F14 1.14E+03 - 5.82E-01 1.54E+03 - 2.31E+00
(6.54E+02) (4.96E-01) (8.27E+02) (1.21E+00)
F15 2.51E+03 + 2.75E+03 5.66E+03 + 6.27E+03
(1.70E+03) (6.87E+02) (3.29E+03) (9.14E+02)
F16 2.46E+00 = 2.10E+00 3.43E+00 - 2.56E+00
(2.59E-01) (7.74E-01) (2.52E-01) (1.17E+00)
F17 1.17E+02 - 3.05E+01 2.19E+02 - 5.10E+01
(1.57E+01) (3.05E-02) (5.18E+01) (7.50E-02)
F18 1.66E+02 - 3.96E+01 3.37E+02 - 7.14E+01
(1.02E+01) (3.34E+00) (1.17E+01) (5.32E+00)
F19 4.36E+00 - 1.02E+00 5.14E+00 - 2.05E+00
(2.99E+00) (1.31E-01) (3.05E+00) (2.42E-01)
F20 1.04E+01 - 9.74E+00 1.94E+01 - 1.91E+01
(8.61E-01) (7.23E-01) (1.29E+00) (7.28E-01)
F21 2.89E+02 - 2.90E+02 9.33E+02 - 8.47E+02
(4.11E+01) (4.82E+01) (3.35E+02) (4.09E+02)
F22 1.30E+03 - 1.11E+02 1.23E+03 - 2.47E+01
(1.12E+03) (1.42E+01) (1.16E+03) (2.97E+01)
F23 1.70E+03 + 2.54E+03 3.79E+03 + 6.05E+03
(1.10E+03) (5.59E+02) (8.97E+02) (1.02E+03)
F24 2.00E+02 + 2.07E+02 2.01E+02 + 2.38E+02
(1.50E+00) (4.16E+00) (5.11E+00) (8.72E+00)
25 2.41E+02 + 2.63E+02 2.77E+02 + 3.30E+02
(4.80E+00) (1.02E+01) (6.53E+00) (1.39E+01
F26 2.02E+02 - 2.00E+02 2.80E+02 + 2.99E+02
(1.41E+01) (8.07E-03) (4.51E+01) (7.40E+01)
F27 3.00E+02 + 4,16E+02 5.28E+02 + 9.44E+02
(3.73E-01) (8.36E+01) (1.62E+02) (2.12E+02)
F28 3.00E+02 - 3.00E+02 4 57E+02 + 5.16E+02
(2.89E-13) (4.55E-14) (4.06E+02) (5.78E+02)
- 13 11
= 5 4
+ 10 13




Differential evolution powered by collective information

Table S8. Error values of the seven CIPDE variants and CIPDE on the 30-dimensional CEC2013
benchmark set over 51 independent runs.

Func Variant-I Variant-11 Variant-111 Variant-IV CIPDE
F1 0.00E+00 = 0.00E+00 = 0.00E+00 = 0.00E+00 = 0.00E+00
(0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00)
2 1.61E+04 - 1.53E+04 - 1.80E+04 - 1.02E+04 = 1.00E+04
(1.06E+04) (9.17E+03) (1.21E+04) (8.45E+03) (7.54E+03)
F3 2.31E+06 = 5.88E+06 - 3.79E+06 = 8.06E+05 = 6.76E+05
(4.67E+06) (2.78E+07) (7.56E+06) (2.15E+06) (1.85E+06)
Fa 1.05E+03 - 3.81E+03 = 9.88E+03 - 3.71E+02 + 5.13E+03
(1.77E+03) (7.05E+03) (1.23E+04) (9.72E+02) (9.06E+03)
5 0.00E+00 = 0.00E+00 = 0.00E+00 = 0.00E+00 = 0.00E+00
(0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00)
6 2.01E-01 - 1.55E+00 - 6.75E-01 - 5.18E-01 = 0.00E+00
(4.06E-01) (6.28E+00) (3.68E+00) (3.70E+00) (0.00E+00)
F7 4.14E+00 = 1.67E+01 - 5.29E+00 - 3.68E+00 = 2.80E+00
(4.15E+00) (1.01E+01) (5.07E+00) (3.03E+00) (2.37E+00)
F8 2.09E+01 + 2.09E+01 = 2.09E+01 + 2.09E+01 = 2.09E+01
(1.25E-01) (1.08E-01) (1.37E-01) (4.80E-02) (4.05E-02)
F9 2.73E+01 - 1.98E+01 = 1.87E+01 = 2.78E+01 - 1.93E+01
(2.43E+00) (3.09E+00) (2.77E+00) (1.82E+00) (3.18E+00)
F10 6.45E-02 = 6.63E-02 = 6.75E-02 = 6.41E-02 = 6.10E-02
(3.32E-02) (3.46E-02) (4.29E-02) (4.22E-02) (3.51E-02)
F11 0.00E+00 = 0.00E+00 = 0.00E+00 = 0.00E+00 = 0.00E+00
(0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00)
F12 2.04E+01 - 3.54E+01 - 1.73E+01 = 1.62E+01 = 1.57E+01
(4.23E+00) (1.04E+01) (7.27E+00) (3.48E+00) (4.50E+00)
F13 3.63E+01 - 6.62E+01 - 1.62E+01 = 3.06E+01 - 1.93E+01
(1.02E+01) (1.76E+01) (9.53E+00) (1.08E+01) (9.05E+00)
F14 4.08E-03 + 5.06E-02 + 1.14E-02 + 2.99E+00 - 5.82E-01
(9.33E-03) (2.77E-02) (1.27E-02) (1.26E+00) (4.96E-01)
F15 3.53E+03 - 3.46E+03 - 2.53E+03 = 3.19E+03 - 2.75E+03
(8.70E+02) (5.96E+02) (5.85E+02) (5.81E+02) (6.87E+02)
F16 2.32E+00 = 1.26E+00 + 2.13E+00 = 2.44E+00 = 2.10E+00
(6.54E-01) (7.30E-01) (8.11E-01) (3.00E-01) (7.74E-01)
F17 3.04E+01 + 3.04E+01 + 3.04E+01 + 3.06E+01 - 3.05E+01
(3.28E-14) (2.44E-14) (2.27E-14) (6.56E-02) (3.05E-02)
F18 6.44E+01 - 6.30E+01 - 4.00E+01 = 6.90E+01 - 3.96E+01
(8.13E+00) (9.91E+00) (3.96E+00) (1.47E+01) (3.34E+00)
F19 1.73E+00 - 1.09E+00 = 1.07E+00 = 1.60E+00 - 1.02E+00
(2.15E-01) (1.94E-01) (1.88E-01) (1.63E-01) (1.31E-01)
F20 1.01E+01 - 1.13E+01 - 9.85E+00 = 9.89E+00 = 9.74E+00
(4.91E-01) (1.51E+00) (5.31E-01) (4.68E-01) (7.23E-01)
F21 2.90E+02 = 2.73E+02 - 2.77E+02 = 2.94E+02 = 2.90E+02
(3.00E+01) (4.51E+01) (4.99E+01) (4.46E+01) (4.82E+01)
F22 1.07E+02 + 1.13E+02 + 1.07E+02 + 1.15E+02 - 1.11E+02
(1.96E+00) (6.27E+01) (2.11E+00) (1.64E+01) (1.42E+01)
F23 3.20E+03 - 3.47E+03 - 2.64E+03 = 3.01E+03 - 2.54E+03
(6.05E+02) (6.67E+02) (7.06E+02) (4.24E+02) (5.59E+02)
F24 2.09E+02 - 2.32E+02 - 2.21E+02 - 2.09E+02 - 2.07E+02
(4.11E+00) (1.33E+01) (7.53E+00) (5.24E+00) (4.16E+00)
F25 2.86E+02 - 2.61E+02 = 2.69E+02 - 2.69E+02 - 2.63E+02
(4.82E+00) (8.59E+00) (7.44E+00) (1.57E+01) (1.02E+01)
F26 2.00E+02 - 2.00E+02 - 2.00E+02 - 2.00E+02 = 2.00E+02
(2.14E-01) (4.41E-02) (8.06E-02) (6.55E-02) (8.07E-03)
F27 6.32E+02 - 7.43E+02 - 5.62E+02 - 3.79E+02 + 4.16E+02
(2.52E+02) (1.28E+02) (6.45E+01) (5.69E+01) (8.36E+01)
F28 3.00E+02 = 3.00E+02 - 3.00E+02 = 3.00E+02 = 3.00E+02
(0.00E+00) (3.44E-13) (6.43E-14) (0.00E+00) (4.55E-14)
- 15 15 8 11
= 9 9 16 15
+ 4 4 4 2
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Differential evolution powered by collective information

Table S9. Error values of the seven CIPDE variants and CIPDE on the 30-dimensional CEC2013
benchmark set over 51 independent runs.

Func Variant-V Variant-VI Variant-VII CIPDE
F1 0.00E+00= 0.00E+00 = 0.00E+00 = 0.00E+00
(0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00)
F2 1.38E+04 - 1.02E+04 = 1.19E+04 = 1.00E+04
(1.16E+04) (6.60E+03) (8.39E+03) (7.54E+03)
F3 1.40E+06 - 1.46E+06 = 8.35E+05 = 6.76E+05
(4.62E+06) (3.59E+06) (2.94E+06) (1.85E+06)
F4 4. 77TE+03= 2.03E+03 = 9.07E+03 - 5.13E+03
(8.06E+03) (4.29E+03) (1.38E+04) (9.06E+03)
5 0.00E+00= 0.00E+00 = 0.00E+00 = 0.00E+00
(0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00)
6 2.17E+00 - 1.04E+00 - 5.26E-02 - 0.00E+00
(7.16E+00) (5.18E+00) (3.26E-01) (0.00E+00)
F7 1.57E+01 - 2.93E+00 = 2.88E+00 = 2.80E+00
(8.27E+00) (2.31E+00) (2.05E+00) (2.37E+00)
F8 2.09E+01= 2.09E+01 + 2.09E+01 = 2.09E+01
(9.02E-02) (7.33E-02) (4.66E-02) (4.05E-02)
F9 1.86E+01= 1.97E+01 = 2.82E+01 - 1.93E+01
(2.97E+00) (2.54E+00) (2.24E+00) (3.18E+00)
F10 6.62E-02 = 6.55E-02 = 6.62E-02 = 6.10E-02
(3.91E-02) (3.56E-02) (4.38E-02) (3.51E-02)
F11 0.00E+00= 0.00E+00 = 0.00E+00 = 0.00E+00
(0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00)
F12 2.61E+01 - 2.06E+01 - 1.12E+01 + 1.57E+01
(8.63E+00) (6.93E+00) (2.78E+00) (4.50E+00)
F13 491E+01 - 3.46E+01 - 1.57E+01 + 1.93E+01
(1.91E+01) (1.23E+01) (7.87E+00) (9.05E+00)
F14 4,90E-02 + 7.19E-01 - 6.64E+01 - 5.82E-01
(3.19E-02) (5.81E-01) (2.91E+01) (4.96E-01)
F15 2.69E+03= 3.12E+03 - 2.64E+03 = 2.75E+03
(6.31E+02) (6.01E+02) (4.36E+02) (6.87E+02)
F16 2.08E+00= 1.84E+00 = 2.24E+00 = 2.10E+00
(9.20E-01) (8.24E-01) (5.86E-01) (7.74E-01)
F17 3.04E+01+ 3.05E+01 = 3.18E+01 - 3.05E+01
(3.24E-14) (4.67E-02) (3.39E-01) (3.05E-02)
F18 5.51E+01 - 5.64E+01 - 4 52E+01 - 3.96E+01
(8.62E+00) (2.23E+01) (6.65E+00) (3.34E+00)
F19 1.12E+00 - 1.05E+00 = 1.64E+00 - 1.02E+00
(1.62E-01) (1.58E-01) (1.93E-01) (1.31E-01)
F20 1.02E+01 - 1.03E+01 - 9.98E+00 - 9.74E+00
(6.99E-01) (6.66E-01) (5.75E-01) (7.23E-01)
F21 2.93E+02 - 2.94E+02 = 3.01E+02 - 2.90E+02
(5.28E+01) (4.46E+01) (4.51E+01) (4.82E+01)
F22 1.15E+02+ 1.15E+02 = 1.86E+02 - 1.11E+02
(5.21E+01) (1.52E+01) (2.76E+01) (1.42E+01)
F23 2.88E+03 - 3.22E+03 - 2.56E+03 = 2.54E+03
(5.74E+02) (6.75E+02) (5.87E+02) (5.59E+02)
F24 2.27E+02 - 2.10E+02 - 2.09E+02 - 2.07E+02
(1.38E+01) (5.60E+00) (4.75E+00) (4.16E+00)
F25 2.60E+02= 2.64E+02 = 2.76E+02 - 2.63E+02
(9.10E+00) (1.11E+01) (1.53E+01) (1.02E+01)
F26 2.03E+02= 2.02E+02 = 2.02E+02 - 2.00E+02
(1.91E+01) (1.61E+01) (1.48E+01) (8.07E-03)
F27 6.91E+02 - 4.69E+02 = 4.33E+02 = 4.16E+02
(1.15E+02) (1.44E+02) (1.01E+02) (8.36E+01)
F28 3.00E+02 - 3.00E+02 = 3.00E+02 - 3.00E+02
(3.02E-13) (0.00E+00) (1.91E-13) (4.55E-14)
- 14 9 14
= 11 18 12
+ 3 1 2
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Differential evolution powered by collective information

Table S10. Error values of the seven CIPDE variants and CIPDE on the 50-dimensional CEC2013
benchmark set over 51 independent runs.

Func Variant-I Variant-11 Variant-111 Variant-IV CIPDE
F1 0.00E+00 = 0.00E+00 = 0.00E+00 = 0.00E+00 = 0.00E+00
(0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00)
2 5.85E+04 - 4.60E+04 - 4.93E+04 - 2.25E+04 = 2.33E+04
(2.55E+04) (3.34E+04) (2.60E+04) (1.40E+04) (1.32E+04)
F3 6.93E+06 = 2.96E+07 - 6.39E+06 = 5.91E+06 = 5.08E+06
(1.70E+07) (7.36E+07) (1.16E+07) (1.91E+07) (9.12E+06)
Fa 5.01E+02 - 1.04E+04 = 2.13E+04 - 2.35E+02 + 8.74E+03
(1.16E+03) (1.49E+04) (1.83E+04) (8.30E+02) (1.37E+04)
5 0.00E+00 = 0.00E+00 = 0.00E+00 = 0.00E+00 = 0.00E+00
(0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00)
6 4.34E+01 = 4.44E+01 - 4.34E+01 = 4.34E+01 + 4.34E+01
(3.97E-05) (5.40E+00) (5.60E-05) (1.73E-13) (1.59E-13)
F7 2.48E+01 - 4.70E+01 - 2.63E+01 - 2.07E+01 = 1.83E+01
(1.14E+01) (1.18E+01) (1.32E+01) (8.06E+00) (6.62E+00)
F8 2.11E+01 = 2.11E+01 = 2.11E+01 = 2.11E+01 = 2.11E+01
(9.76E-02) (1.00E-01) (6.35E-02) (3.83E-02) (3.59E-02)
F9 5.61E+01 - 4.31E+01 - 4.08E+01 = 5.61E+01 - 4.06E+01
(2.28E+00) (5.32E+00) (4.41E+00) (2.99E+00) (4.55E+00)
F10 6.97E-02 = 8.66E-02 = 5.90E-02 + 7.80E-02 = 9.69E-02
(4.08E-02) (5.43E-02) (3.01E-02) (4.67E-02) (6.99E-02)
F11 0.00E+00 = 0.00E+00 = 0.00E+00 = 0.00E+00 = 0.00E+00
(0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00)
F12 4.92E+01 - 8.14E+01 - 5.03E+01 - 4.18E+01 = 4.12E+01
(8.19E+00) (1.82E+01) (1.42E+01) (8.27E+00) (8.07E+00)
F13 1.09E+02 - 1.68E+02 - 9.24E+01 = 9.52E+01 = 9.54E+01
(1.94E+01) (3.48E+01) (2.04E+01) (2.10E+01) (2.20E+01)
F14 1.80E-02 + 6.81E-02 + 1.72E-02 + 8.72E+00 - 2.31E+00
(1.20E-02) (2.71E-02) (1.13E-02) (3.03E+00) (1.21E+00)
F15 7.12E+03 - 6.67E+03 - 6.27E+03 = 6.92E+03 - 6.27E+03
(1.07E+03) (9.56E+02) (7.85E+02) (8.29E+02) (9.14E+02)
F16 2.89E+00 = 1.88E+00 + 2.42E+00 = 3.27E+00 - 2.56E+00
(1.07E+00) (9.77E-01) (1.27E+00) (3.39E-01) (1.17E+00)
F17 5.08E+01 + 5.08E+01 + 5.08E+01 + 5.12E+01 - 5.10E+01
(5.88E-14) (5.99E-14) (5.27E-14) (9.12E-02) (7.50E-02)
F18 1.15E+02 - 1.28E+02 - 7.08E+01 = 1.22E+02 - 7.14E+01
(1.37E+01) (2.27E+01) (6.63E+00) (3.05E+01) (5.32E+00)
F19 3.21E+00 - 2.43E+00 - 1.87E+00 + 3.16E+00 - 2.05E+00
(3.76E-01) (4.52E-01) (2.22E-01) (3.38E-01) (2.42E-01)
F20 1.90E+01 = 1.97E+01 - 1.89E+01 = 1.90E+01 = 1.91E+01
(6.71E-01) (9.98E-01) (9.19E-01) (8.05E-01) (7.28E-01)
F21 6.52E+02 + 8.30E+02 - 7.87E+02 = 9.24E+02 + 8.47E+02
(4.66E+02) (4.03E+02) (4.27E+02) (2.97E+02) (4.09E+02)
F22 1.16E+01 + 1.38E+02 - 1.19E+01 + 4,19E+01 - 2.47E+01
(7.27E-01) (9.60E+01) (1.50E+00) (5.20E+01) (2.97E+01)
F23 6.68E+03 - 7.27E+03 - 6.39E+03 - 6.38E+03 = 6.05E+03
(7.55E+02) (1.10E+03) (9.48E+02) (8.79E+02) (1.02E+03)
F24 2.35E+02 = 2.82E+02 - 2.49E+02 - 2.39E+02 = 2.38E+02
(1.32E+01) (2.06E+01) (1.49E+01) (9.32E+00) (8.72E+00)
F25 3.70E+02 - 3.32E+02 = 3.43E+02 - 3.36E+02 = 3.30E+02
(5.90E+00) (1.70E+01) (1.39E+01) (3.00E+01) (1.39E+01)
F26 2.16E+02 + 3.57E+02 - 2.11E+02 + 3.00E+02 = 2.99E+02
(5.04E+01) (8.80E+01) (3.84E+01) (5.55E+01) (7.40E+01)
F27 1.40E+03 - 1.36E+03 - 1.18E+03 - 9.54E+02 = 9.44E+02
(3.98E+02) (2.00E+02) (1.37E+02) (2.41E+02) (2.12E+02)
F28 4,00E+02 = 7.56E+02 - 4,00E+02 = 4.00E+02 = 5.16E+02
(2.84E-13) (9.84E+02) (2.87E-13) (2.87E-13) (5.78E+02)
- 12 18 8 8
= 11 7 14 17
+ 5 3 6 3
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Table S11. Error values of the seven CIPDE variants and CIPDE on the 50-dimensional CEC2013
benchmark set over 51 independent runs.

Func Variant-V Variant-VI Variant-VII CIPDE
F1 0.00E+00 = 0.00E+00 = 0.00E+00 = 0.00E+00
(0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00)
2 5.34E+04 - 2.64E+04 = 3.16E+04 - 2.33E+04
(3.80E+04) (1.45E+04) (1.63E+04) (1.32E+04)
F3 2.40E+07 - 3.83E+06 = 2.92E+06 = 5.08E+06
(4.96E+07) (6.48E+06) (7.97E+06) (9.12E+06)
F4 1.19E+04 - 9.72E+03 = 1.47E+04 - 8.74E+03
(1.57E+04) (1.52E+04) (2.14E+04) (1.37E+04)
5 0.00E+00 = 0.00E+00 = 0.00E+00 = 0.00E+00
(0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00)
6 4.37E+01 - 4,34E+01 = 4.34E+01 = 4.34E+01
(1.12E+00) (1.61E-13) (1.44E-13) (1.59E-13)
F7 4.68E+01 - 2.13E+01 = 1.88E+01 = 1.83E+01
(1.39E+01) (7.42E+00) (7.43E+00) (6.62E+00)
F8 2.11E+01 = 2.11E+01 = 2.11E+01 = 2.11E+01
(7.46E-02) (4.11E-02) (3.53E-02) (3.59E-02)
F9 4.06E+01 = 4.21E+01 = 4.69E+01 - 4.06E+01
(6.46E+00) (4.97E+00) (6.65E+00) (4.55E+00)
F10 9.29E-02 = 9.07E-02 = 9.24E-02 = 9.69E-02
(6.45E-02) (5.76E-02) (6.05E-02) (6.99E-02)
F11 0.00E+00 = 0.00E+00 = 7.55E-02 - 0.00E+00
(0.00E+00) (0.00E+00) (2.28E-01) (0.00E+00)
F12 7.25E+01 - 4.82E+01 - 3.53E+01 + 4,12E+01
(1.82E+01) (1.44E+01) (5.16E+00) (8.07E+00)
F13 1.51E+02 - 1.04E+02 - 8.93E+01 = 9.54E+01
(3.33E+01) (2.28E+01) (1.98E+01) (2.20E+01)
F14 5.98E-02 + 2.76E+00 = 1.75E+02 - 2.31E+00
(2.74E-02) (1.37E+00) (9.44E+01) (1.21E+00)
F15 6.53E+03 = 6.79E+03 - 6.35E+03 = 6.27E+03
(9.05E+02) (1.21E+03) (6.95E+02) (9.14E+02)
F16 2.59E+00 = 2.63E+00 = 2.99E+00 = 2.56E+00
(1.09E+00) (1.03E+00) (7.17E-01) (1.17E+00)
F17 5.08E+01 + 5.10E+01 = 5.43E+01 - 5.10E+01
(5.98E-14) (8.77E-02) (7.65E-01) (7.50E-02)
F18 1.11E+02 - 9.42E+01 - 8.45E+01 - 7.14E+01
(1.64E+01) (3.34E+01) (8.62E+00) (5.32E+00)
F19 2.41E+00 - 2.04E+00 = 3.16E+00 - 2.05E+00
(4.13E-01) (3.40E-01) (3.90E-01) (2.42E-01)
F20 1.95E+01 - 1.90E+01 = 1.90E+01 = 1.91E+01
(8.69E-01) (8.15E-01) (8.33E-01) (7.28E-01)
F21 7.70E+02 = 7.74E+02 = 8.38E+02 = 8.47E+02
(4.19E+02) (3.77E+02) (3.76E+02) (4.09E+02)
F22 1.28E+02 = 2.46E+01 = 2.38E+02 - 2.47E+01
(9.97E+01) (2.98E+01) (9.64E+01) (2.97E+01)
F23 6.44E+03 = 6.65E+03 - 6.12E+03 = 6.05E+03
(1.05E+03) (1.08E+03) (1.04E+03) (1.02E+03)
F24 2.77E+02 - 2.38E+02 = 2.39E+02 = 2.38E+02
(1.79E+01) (8.36E+00) (9.41E+00) (8.72E+00)
F25 3.25E+02 = 3.31E+02 = 3.52E+02 - 3.30E+02
(1.54E+01) (1.71E+01) (2.66E+01) (1.39E+01
F26 3.88E+02 - 3.14E+02 = 2.67E+02 + 2.99E+02
(4.00E+01) (7.50E+01) (7.08E+01) (7.40E+01)
F27 1.25E+03 - 9.37E+02 = 8.78E+02 = 9.44E+02
(1.59E+02) (2.29E+02) (1.94E+02) (2.12E+02)
F28 8.15E+02 - 4 59E+02 - 4 59E+02 = 5.16E+02
(1.05E+03) (4.22E+02) (4.24E+02) (5.78E+02)
- 14 6 10
= 12 22 16
+ 2 0 2
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Table S12 Complexity (in seconds) of the compared algorithms in the 30-dimensional case.

D Algorithm To T1 T2 (T2=T1)/ To
DE/current-to-best/1/bin 2.4100 3.3951 8.8588
DE/current-to-pbest/1/bin 2.4414 3.4949 9.4739
DE/current-to-gr_best/1/bin 2.4055 3.8073 12.6061
CIMDE 2.3942 4.3121 17.2473
CIMXDE 2.4331 4.4468 18.1088
CIPDE 2.4451 4.5960 19.3426
30 JADE 0.1112 2.4200 3.7526 11.9838
SaDE 2.4041 4.3866 17.8282
EPSDE 2.4302 7.7306 47.6655
jDE 2.4949 3.5557 9.5396
CoDE 2.3973 6.6730 38.4505
SHADE 2.4441 5.4667 27.1817
CoBIiDE 2.4222 6.0329 32.4703
Variant-VII 2.4468 6.5506 36.9047

Table S13. Complexity (in seconds) of the compared algorithms in the 50-dimensional case.

D Algorithm To T1 T2 (T2—To)/ To
DE/current-to-best/1/bin 3.2988 4.5486 11.2392
DE/current-to-pbest/1/bin 3.3378 4.6487 11.7887
DE/current-to-gr_best/1/bin 3.3406 4.9885 14.8192
CIMDE 3.2851 5.6785 21.5234
CIMXDE 3.3129 5.7349 21.7806
CIPDE 3.2934 5.8848 23.3040
50 JADE 0.1112 3.3014 4.9142 14.5036
SaDE 3.3177 5.5370 19.9577
EPSDE 3.3138 8.9679 50.8462
jDE 3.3770 4.6844 11.7572
CoDE 3.3214 8.0760 42.7572
SHADE 3.3263 6.5384 28.8858
CoBiDE 3.3221 8.4007 45.6709
Variant-VII 3.3690 8.0063 41.7023

Table S14. Average CPU time (in seconds) cost by the compared algorithms on the 30-dimensional
functions F2, F9 and F27 over 5 independent runs.

D Algorithm F2 F9 F27
DE/current-to-best/1/bin 4.8965 66.3432 77.6688
DE/current-to-pbest/1/bin 5.2000 66.8526 77.8622
DE/current-to-gr_best/1/bin 5.4370 67.0030 78.4915
CIMDE 7.1951 68.4145 79.9689
CIMXDE 6.6984 68.5498 79.5446
CIPDE 7.2562 69.1789 80.2242
30 JADE 5.7670 66.9743 78.1771
SaDE 7.1557 68.8656 80.8761
EPSDE 11.6798 73.2372 85.4304
jDE 4.8127 66.8889 77.7142
CoDE 8.1948 69.7916 81.4511
SHADE 7.6882 69.7605 80.6736
CoBIiDE 7.1512 68.8203 80.2277
Variant-VII 7.9483 70.1827 81.1043
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Table S15. Error values of CIPDE with different T values on the 30-dimensional CEC2013 benchmark set
over 51 independent runs.

Func CIPDE
T=10 T=50 T=130 T=170 (T = 90)
F1 0.00E+00 = 0.00E+00 = 0.00E+00 = 0.00E+00 = 0.00E+00
(0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00)
F2 9.63E+03 = 9.72E+03 = 9.51E+03 = 9.79E+03 = 1.00E+04
(7.39E+03) (6.81E+03) (6.59E+03) (6.98E+03) (7.54E+03)
F3 1.10E+06 = 8.04E+05 = 1.47E+06 = 5.65E+05 = 6.76E+05
(3.23E+06) (2.93E+06) (3.45E+06) (1.79E+06) (1.85E+06)
F4 1.15E+04 - 1.01E+04 = 3.50E+03 = 2.90E+03 = 5.13E+03
(9.05E+03) (1.13E+04) (7.45E+03) (7.11E+03) (9.06E+03)
Fs5 0.00E+00 = 0.00E+00 = 0.00E+00 = 0.00E+00 = 0.00E+00
(0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00)
6 0.00E+00 = 7.82E-02 = 5.18E-01 = 1.66E-09 = 0.00E+00
(0.00E+00) (5.58E-01) (3.70E+00) (1.19E-08) (0.00E+00)
F7 1.54E+01 - 3.93E+00 - 3.01E+00 = 2.95E+00 = 2.80E+00
(8.43E+00) (3.13E+00) (2.57E+00) (2.42E+00) (2.37E+00)
F8 2.09E+01 = 2.09E+01 = 2.09E+01 = 2.09E+01 = 2.09E+01
(5.49E-02) (4.94E-02) (4.90E-02) (6.55E-02) (4.05E-02)
F9 1.50E+01 + 1.90E+01 = 1.94E+01 = 1.91E+01 = 1.93E+01
(3.88E+00) (3.43E+00) (3.77E+00) (3.26E+00) (3.18E+00)
F10 6.65E-02 =- 6.07E-02 = 7.42E-02 = 6.02E-02 = 6.10E-02
(3.42E-02) (3.41E-02) (5.09E-02) (3.54E-02) (3.51E-02)
F11 5.13E+00 - 0.00E+00 = 0.00E+00 = 0.00E+00 = 0.00E+00
(2.95E+00) (0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00)
F12 1.63E+01 = 1.51E+01 = 1.63E+01 = 1.56E+01 = 1.57E+01
(4.86E+00) (4.70E+00) (4.83E+00) (3.72E+00) (4.50E+00)
F13 4.28E+01 - 2.71E+01 - 2.28E+01 = 2.58E+01 - 1.93E+01
(1.97E+01) (1.26E+01) (1.13E+01) (1.02E+01) (9.05E+00)
F14 5.31E+02 - 2.38E-01 + 2.26E+00 - 6.05E+00 - 5.82E-01
(1.95E+02) (1.72E-01) (1.29E+00) (2.59E+00) (4.96E-01)
F15 3.10E+03 - 2.80E+03 = 2.63E+03 = 2.67E+03 = 2.75E+03
(7.35E+02) (6.85E+02) (6.02E+02) (4.71E+02) (6.87E+02)
F16 2.09E+00 = 2.08E+00 = 2.06E+00 = 2.24E+00 = 2.10E+00
(6.56E-01) (6.72E-01) (7.31E-01) (5.60E-01) (7.74E-01)
F17 3.72E+01 - 3.04E+01 + 3.06E+01 - 3.07E+01 - 3.05E+01
(2.79E+00) (4.75E-03) (6.65E-02) (9.35E-02) (3.05E-02)
F18 4.42E+01 - 3.98E+01 = 3.97E+01 = 4.04E+01 = 3.96E+01
(1.04E+01) (4.66E+00) (3.99E+00) (3.50E+00) (3.34E+00)
F19 2.22E+00 - 1.14E+00 - 9.88E-01 = 9.80E-01 = 1.02E+00
(4.58E-01) (1.89E-01) (1.23E-01) (1.65E-01) (1.31E-01)
F20 1.06E+01 - 1.01E+01 - 1.01E+01 - 9.80E+00 = 9.74E+00
(6.64E-01) (7.90E-01) (6.32E-01) (6.30E-01) (7.23E-01)
F21 2.89E+02 - 2.83E+02 = 2.97E+02 = 2.92E+02 = 2.90E+02
(4.11E+01) (4.61E+01) (4.92E+01) (4.64E+01) (4.82E+01)
F22 3.66E+02 - 1.08E+02 = 1.17E+02 - 1.18E+02 - 1.11E+02
(1.89E+02) (2.37E+01) (2.96E+01) (2.04E+01) (1.42E+01)
F23 3.44E+03 - 2.50E+03 = 2.47E+03 = 2.69E+03 = 2.54E+03
(7.49E+02) (5.74E+02) (7.12E+02) (7.03E+02) (5.59E+02
F24 2.16E+02 - 2.08E+02 = 2.09E+02 = 2.10E+02 - 2.07E+02
(5.99E+00) (5.01E+00) (4.45E+00) (5.14E+00) (4.16E+00)
F25 2.57E+02 + 2.59E+02 + 2.61E+02 = 2.61E+02 = 2.63E+02
(7.57E+00) (1.10E+01) (8.51E+00) (1.03E+01) (1.02E+01)
F26 2.05E+02 = 2.04E+02 = 2.00E+02 = 2.02E+02 = 2.00E+02
(2.30E+01) (2.13E+01) (7.49E-02) (1.49E+01) (8.07E-03)
Fo7 4.88E+02 - 4.25E+02 = 4.34E+02 = 4.33E+02 = 4.16E+02
(8.76E+01) (1.06E+02) (9.73E+01) (9.57E+01) (8.36E+01)
F28 3.00E+02 - 3.00E+02 = 3.00E+02 = 3.00E+02 = 3.00E+02
(2.17E-13) (8.51E-14) (7.19E-14) (9.65E-14) (4.55E-14)
- 16 4 4 5
= 10 21 24 23
+ 2 3 0 0

15



Differential evolution powered by collective information

Table S16. Error values of CIPDE with different NP values on the 30-dimensional CEC2013 benchmark
set over 51 independent runs.

CIPDE
NP =50 NP = 150 NP = 200 NP = 250 (NP = 100)
1 0.00E+00 = 0.00E+00 = 0.00E+00 = 0.00E+00 = 0.00E+00
(0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00)
- 8.44E+03 = 7.88E+03 + 5.49E+03 + 2.06E+03 + 1.00E+04
(6.93E+03) (7.89E+03) (4.56E+03) (2.88E+03) (7.54E+03)
F3 3.14E+06 - 9.23E+04 = 2.84E+05 = 8.06E+03 + 6.76E+05
(7.76E+06) (5.63E+05) (8.86E+05) (5.73E+04) (1.85E+06)
F4 7.82E+03 - 7.61E+03 = 5.77E+03 = 5.98E+03 = 5.13E+03
(1.20E+04) (1.01E+04) (8.94E+03) (8.32E+03) (9.06E+03)
- 0.00E+00 = 0.00E+00 = 0.00E+00 = 0.00E+00 = 0.00E+00
(0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00) (0.00E+00)
Fo 1.38E+00 - 1.58E+00 - 6.51E-01 - 2.27E+00 - 0.00E+00
(3.73E+00) (6.27E+00) (3.79E+00) (1.93E+00) (0.00E+00)
- 1.45E+01 - 1.44E+00 + 1.13E+00 + 6.70E-01 + 2.80E+00
(8.12E+00) (1.54E+00) (8.66E-01) (3.45E-01) (2.37E+00)
Fg 2.09E+01 = 2.09E+01 = 2.09E+01 = 2.10E+01 = 2.09E+01
(5.94E-02) (5.27E-02) (6.51E-02) (3.66E-02) (4.05E-02)
Fo 2.10E+01 - 1.98E+01 = 1.94E+01 = 1.98E+01 = 1.93E+01
(3.51E+00) (2.91E+00) (2.51E+00) (2.77E+00) (3.18E+00)
F10 1.03E-01 - 5.53E-02 = 4.80E-02 = 5.26E-02 = 6.10E-02
(7.33E-02) (3.61E-02) (2.80E-02) (2.76E-02) (3.51E-02)
F11 0.00E+00 = 0.00E+00 = 2.29E-08 - 3.90E-01 - 0.00E+00
(0.00E+00) (0.00E+00) (4.84E-08) (5.41E-01) (0.00E+00)
1o 2.21E+01 - 1.24E+01 + 1.11E+01 + 1.92E+01 - 1.57E+01
(6.04E+00) (5.05E+00) (5.82E+00) (4.24E+00) (4.50E+00)
F13 4.38E+01 - 1.38E+01 + 1.19E+01 + 1.66E+01 = 1.93E+01
(1.85E+01) (7.47E+00) (6.77E+00) (6.08E+00) (9.05E+00)
F14 9.51E-02 + 8.80E+00 - 4.26E+01 - 2.34E+02 - 5.82E-01
(3.84E-02) (3.22E+00) (1.00E+01) (6.90E+01 (4.96E-01)
F15 3.06E+03 - 2.53E+03 = 2.54E+03 = 2.70E+03 = 2.75E+03
(5.94E+02) (5.75E+02) (5.27E+02) (5.28E+02) (6.87E+02)
F16 1.91E+00 = 2.08E+00 = 2.24E+00 = 2.32E+00 = 2.10E+00
(8.38E-01) (8.36E-01) (6.42E-01) (4.82E-01) (7.74E-01)
1 3.04E+01+ 3.09E+01 - 3.20E+01 - 3.61E+01 - 3.05E+01
(6.49E-05) (1.55E-01) (3.20E-01) (1.01E+00) (3.05E-02)
F1g 4.62E+01- 4.16E+01 - 4.35E+01 - 5.83E+01 - 3.96E+01
(9.10E+00) (6.13E+00) (5.49E+00) (1.05E+01) (3.34E+00)
F10 1.13E+00 - 1.12E+00 - 1.23E+00 - 1.87E+00 - 1.02E+00
(2.15E-01) (1.76E-01) (1.94E-01) (2.16E-01) (1.31E-01)
F20 1.02E+01 - 9.66E+00 = 9.54E+00 = 9.50E+00 = 9.74E+00
(6.65E-01) (6.19E-01) (5.28E-01) (5.23E-01) (7.23E-01)
21 3.00E+02 = 2.94E+02 = 3.00E+02 = 2.88E+02 = 2.90E+02
(7.94E+01) (2.38E+01) (5.88E+01) (3.25E+01) (4.82E+01)
F22 1.11E+02 + 1.25E+02 - 1.49E+02 - 3.12E+02 - 1.11E+02
(3.79E+00) (4.37E+00) (7.90E+00) (4.68E+01) (1.42E+01)
F23 3.10E+03 - 2.43E+03 = 2.23E+03 + 2.60E+03 = 2.54E+03
(5.26E+02) (6.18E+02) (4.76E+02) (4.99E+02) (5.59E+02)
E2 2.20E+02 - 2.06E+02 = 2.07E+02 = 2.01E+02 + 2.07E+02
(7.44E+00) (5.12E+00) (4.72E+00) (9.88E-01) (4.16E+00)
Fos 2.63E+02 = 2.59E+02 = 2.61E+02 = 2.62E+02 = 2.63E+02
(1.03E+01) (8.09E+00) (9.35E+00) (8.95E+00) (1.02E+01)
F26 2.32E+02 = 2.02E+02 = 2.04E+02 + 2.00E+02 + 2.00E+02
(5.55E+01) (1.45E+01) (1.98E+01) (2.35E-04) (8.07E-03)
Fo7 5.85E+02 - 3.85E+02 + 3.40E+02 + 3.26E+02 + 4.16E+02
(1.42E+02) (9.21E+01) (4.82E+01) (4.58E+01) (8.36E+01)
F28 3.00E+02 - 3.00E+02 = 3.00E+02 = 3.00E+02 - 3.00E+02
(2.04E-13) (0.00E+00) (0.00E+00) (9.09E-14) (4.55E-14)
- 16 6 7 9
= 9 17 14 13
+ 3 5 7 6
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Differential evolution powered by collective information
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Fig. S1. The median error values versus function evaluations (FES) obtained by the four compared mutation

strategies on three 30-dimensional functions F7, F15 and F20.
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Differential evolution powered by collective information
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Fig. S2. The median error values versus function evaluations (FES) obtained by JADE, SaDE, EPSDE, jDE, CoDE,

SHADE, CoBiDE and CIPDE on the 30-dimensional functions F3, F7 and F10.
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Differential evolution powered by collective information
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Fig. S3. The median error values versus function evaluations (FES) obtained by JADE, SaDE, EPSDE, jDE, CoDE,
SHADE, CoBIiDE and CIPDE on the 30-dimensional functions F12, F13 and F15.
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Differential evolution powered by collective information
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Fig. S4. The median error values versus function evaluations (FES) obtained by JADE, SaDE, EPSDE, jDE, CoDE,
SHADE, CoBiDE and CIPDE on the 30-dimensional functions F18, F19 and F23.
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