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Abstract: Different metaheuristic algorithms often show significant performance differences in solving optimization
problems. Differential evolution (DE) algorithm has a good global search ability, while it has disadvantages of slow con-
vergence speed and low efficiency. Covariance matrix adaptive evolution strategy (CMA-ES) has strong local search
capabilities and rotation invariance, but it is easy to fall into local optimum. Therefore, there is a potential synergy between
DE and CMA-ES. To address these problems, this paper proposes an integrated covariance matrix adaptive evolution s-
trategy and differential evolution optimization algorithm (CMADE). Under the framework of the CMADE, DE algorithm
is designed for global search, and CMA-ES algorithm is designed for local search. The two algorithms are integrated by
a periodic information exchange strategy to realize collaborative interaction and feedback control. During the information
exchange, the best individual is selected from the population of DE algorithm, then CMA-ES algorithm is used for local
search around the best individual. Considering the diversity and optimality of solutions, we choose a new population from
the mixed populations of DE and CMA-ES for global search , to realize the dynamic balance between global search and
local search. We conduct extensive experiments on the suit of CEC 2014 benchmark functions and comprehensive compar-
isons with the seven algorithms including CMA-ES, DE, SaDE, jDE, EPSDE, ACODE and SHADE, which demostrates
the superiority of the proposed CMADE.
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Fig. 1 Schematic diagram of CMADE algorithm
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Table 1 Comparison of computational results between CMADE and other algorithms (D=30)
5 CMA-ES DE SaDE jDE EPSDE ACODE SHADE CMADE
TIME  0.00E+00 8.55E+04 9.99E+04 5.38E+04 1.13E+04 9.51E+03 0.00E+00 1.34E+05
FL 52 (0.00E+00) + (2.23E+04) +  (0.00E+00) + (2.79E+04) + (1.97E+04)+ (2.72E+04)+ (0.00E+00)+ 9.28E+04
FHME 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 b2 (0.00E+00)~ (0.00E+00)~ (0.00E+00)~ (0.00E+00)~ (0.00E+00)~ (0.00E+00)~ (0.00E+00)~ 0.00E+00
EEME 0.00E+00 1.47E—09 4.02E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
F3 b2 (0.00E+00)~ (8.06E—09)~ (9.57E+01)~ (0.00E+00)~ (0.00E+00)~ (0.00E+00)~ (0.00E+00)~  0.00E+00
SFEME 0.00E+00 3.43E+00 4.75E+01 8.95E—01 2.97E+00 2.11E+00 2.22E—01 3.49E+00
FA ol (0.00E+00) + (1.23E+01)~ (3.70E4+01)— (7.89E—01)+ (1.98E+00)+ (1.I6E+01)+ (444E—01)+ 1.24E+01
EEME 2.00E+01 2.10E+01 2.05E+01 2.04E+01 2.04E+01 2.05E+01 2.06E+01 2.05E+01
F5 b2 (1.00E—05)~ @40TE—02)~ 410E—02)~ (424E—02)~ (6.99E—02)~ (5.05E—02)~ (1.05E—01)~ 1.05E—01
A 0.00E+00 1.82E—01 5.25E+00 9.13E—01 1.85E+01 1.05E+01 1.16E—05  2.23E—01
FO  JmE  (325E+00)—  (6.10E—01)+ (1.97E+00)— (2.01E+00)— (1.27E+00)—  (5.64E+00)— (3.59E—05)+ 5.61E—01
EEME 0.00E+00 7.39E—04 7.30E—03 0.00E+00 8.22E—04 3.29E—04 0.00E+00 0.00E+00
F7 %ie%  (0.00E+00)~ (2.83E—03)— (L.I9E—02)— (0.00E+00)~ (2.53E—03)— (1.80E—03)— (0.00E+00)~ 0.00E+00
TEIME 4.07E+02 2.05E+01 3.32E—02 0.00E+00 0.00E+00 0.00E+00 3.44E+01 2.26E+01
F8  Jriz:  (074E+01) — (1.07E+01)+ (1.82E—01)+ (0.00E+00)+ (0.00E+00)+ (0.00E+00)+ (3.04E+00)—  6.29E+00
SEEME 6.30E+02 1.68E+02 3.69E+01 3.94E+01 4.43E+01 7.62E+01 7.90E+01 3.64E+01
FO b2  (143E402) —  (411E40D)— (L14E+0D)~ (6.11E+00)— (6.75E+00)— (6.61E+00)— (7.20E+00)—  1.46E+01
SEEME 5.09E+03 1.88E+03 2.45E—01 2.08E—03 1.64E+00 1.20E+02 1.11E+03 4 42E+02
FI0 g (711E+02) —  (2.17E+03)—  (4.10E—01)+ (6.35E—03)+ (7.91E+00)+ (2.66E+01)+ (1.17E+02)—  2.23E+02
FHIME 4.32E+03 7.00E+03 3.19E+03 2.44E+03 3.46E+03 3.81E+03 4.46E+03 3.02E+03
FI1  jrese  (876E+02) —  (2.60E+02)—  (5.70E+02)—  (3.17E+02) +  (4.09E+02)—  (2.56E+02)—  (2.82E+02)—  7.82E+02
“FHE 2.38E—08 2.30E+00 8.02E—01 4.72E—01 5.09E—01 7.87E—01 8.50E—01  3.91E—01
FI2 pomess  (134E-08)+ (294E—01)— (1.27E—01)— (5.78E—02)— (4.15E—02)— (9.00E—02)— (1.0SE—01)— 2.41E—01
THEME  3.58E—02 3.67E—01 2.41E—01 3.01E—01 2.52E—01 2.76E—01 1.85E—01  2.68E—01
FI3 4muese  (116E—02)+ (6.41E—02)— (3.33E—02) + (3.22E—02)— (468E—02)+ (440E—02)~ (239E—02)+ 6.77E—02
FHE 4.06E—01 2.74E—01 2.29E—01 2.64E—01 2.85E—01 2.73E—01 259E—01  2.63E—01
Fld  4mubse  (432E-02) — (3.64E—02)~ (3.51E—02)+ (3.10E—02)~ (7.90E—02)— (3.01E—02)~ (3.00E—02)~ 4.45E—02
EEME 1.33E+00 1.53E+01 3.88E+00 5.63E+00 5.51E+00 8.07E+00 8.87E+00 5.07E+00
FIS s (736E—01)+ (2.63E+00)—  (L.I9E+00) + (6.20E—01)— (6.06E—01)— (5.89E—0D)— (9.03E—01)—  2.60E+00
M 1.21E+01 1.28E+01 1.10E+01 9.79E+00 1.11E+01 1.09E+01 1.16E+01 9.53E+00
FI6  jrubse  847E—01)— (1.92E—0D)— (2.67E—01)— (338E—0D)~ (4.63E—01)— (3.39E—01)— (439E—01)— 1.08E+00
EEME 5.18E+02 1.31E+03 1.41E+04 9.48E+02 3.74E+04 5.54E+02 4.24E+02 5.37E+02
FI7 ¥ (173E+02)~ (3.35E+02)—  (LISE+04)—  (8.94E+02)— (334E+04)— (232E+02)~ (1.31E+02)+ 4.23E+02
FYIME 2.24E+01 4.27E+01 4.86E+02 2.01E+01 1.01E+03 2.52E+01 2.33E+01 1.38E+01
FI8  jruese  (178E+01) —  (LG4E+0D)—  (5.14E+02)—  (1.05E+01)—  (2.88E+03)—  (1.35E+0D)—  (3.51E+00)—  8.60E+00
“FHAE 6.94E+00 3.73E+00 4.50E+00 4.42E+00 1.33E+01 3.82E+00 4.55E+00 2.68E+00
FI9  jpomse  (031E400) —  (9.54E—0D)—  (1.33E+00)— (8.00E—01)— (L.21E+00)— (4.90E—01)— (3.94E—01)— 5.43E—0l
EEME 3.63E+00 1.56E+01 9.49E+01 1.24E+01 7.67E+01 1.71E+01 1.67E+01 1.13E+01
F20 jruess  (152B4+00)+  (9.74E+00)—  (1.00E+02)—  (3.79E+00)—  (2.29E+02)—  (5.14E+00)—  (2.01E+00)—  5.55E+00
FHME 2.93E+02 4.71E+02 3.30E+03 2.17E+02 8.28E+03 2.27E+02 297E+02  3.69E+02
F21 s (124E+02) +  (B.14E+02)—  (422E403)—  (1.33E+02) + (1.23E+04)—  (1.25E+02)+ (1.02E+02)+ 2.98E+02
EEME 8.94E+02 2.00E+02 1.39E+02 1.27E+02 2.07E+02 1.03E+02 1.38E+02 3.48E+02
F22 iM% (3.03E+02) —  (140E+02)+ (621E401) + (6.45E+01)+ (8.45E+01)+ (5.67E+0D)+ (5.30E+01)+ 2.24E+02
P 3.14E+02 3.15E+02 3.15E+02 3.15E+02 3.14E+02 3.15E+02 3.15E+02  3.15E+02
F23 ki (0.00E+00)~ (2.19E—13)~ (2.11E—13)~ (5.78E—14)~ (1.05E—12)~ (5.78E—14)~ (5.78E—14)~ 2.23E—13
SEEME 5.60E+02 2.14E+02 2.26E+02 2.24E+02 2.28E+02 2.25E+02 225E+02  2.00E+02
F24  pom:  (4.95E402) —  (L10E+0D)—  (LI14E+00)— (L.IIE+00)— (4.73E+00)— (1.46E+00)— (2.07E+00)— 3.06E—02
TEME 2.07E+02 2.03E+02 2.09E+02 2.03E+02 2.00E+02 2.00E+02 2.03E+02 2.00E+02
F25 4RME%  (1.99E4+0D)~ (227E—0D)~ (1.53E+00)~ (5.61E—0l)~ (125E—01)~ (3.88E—02)~ (5.04E—02)~ 2.42E—13
SEEME 1.50E+02 1.00E+02 1.07E+02 1.00E+02 1.00E+02 1.00E+02 1.00E+02 1.00E+02
F26  jmi¥:  (143E+02) — (642E—02)~ (2.53E+01)— (452E—02)~ (445E—02)~ (4.17E—02)~ (2.56E—02)~ 6.90E—02
SEEME 7.36E+02 3.94E+02 4.15E+02 3.39E+02 8.22E+02 3.36E+02 3.00E+02  4.01E+02
F2T FiM  (340E+02) — (256E+01)~ (5.07E+01)~ (4.86E+01)+ (147E+02)— (4.54E+01)+ (2.88E—11)+ 1.67E—01
M 7.04E+03 8.17E+02 8.93E+02 7.95E+02 3.97E+02 8.03E+02 8.46E+02 8.21E+02
F28 4TuE%  (2.95E+03) — (2.63E+0D)~ (328E+01)— (L.6SE+0D)~ (143E+01)+ (331E+01)~ (1.34E+01)~ 2.51E+01
EEME 2.04E+02 4.82E+02 1.15E+03 8.07E+02 2.14E+02 7.18E+02 7.16E+02 5.65E+02
F29  ¥im2  (354E—01)+ (2.58E+02)+ (1.78E+02)—  (LOOE+02)—  (1.23E+00)+ (7.73E+01)—  (2.39E+00)—  2.62E+02
FHAME 4.89E+02 4.05E+02 1.50E+03 1.25E+03 5.84E+02 1.10E+03 2.23E+03 4.21E+02
F30  4ruE%:  (1.80E+02) — (224E+01)~ (5.87E+02)— (S.01E+02)—  (1.68E+02)— (4.56E+02)—  (7.76E+02)—  4.35E+01
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Table 2 Parameter sensitivity analysis
?% Gchange Gchange Gchange p p p NPDE NPDE NPDE */]??ﬁ
500 1500 2000 0.2 0.4 0.5 30 70 90 CMADE
F1  1.85E+05- 1.35E+05~ 1.15E+05+ 1.99E+05+ 1.45E+05+ 147E+05+ 1.55E+05+ 1.87E+05+ 2.55E+05+ 1.34E+05
F2 0.00E+00~ 0.00E+00~ 0.00E+00~ 0.00E+00~ 0.00E+00~ 0.00E+00~ 2.10E-06+ 0.00E+00~ 1.36E-05+ 0.00E+00
F3 0.00E+00~ 0.00E+00~= 0.00E+00~ 0.00E+00+ 0.00E+00~= 0.00E+00~ 5.70E+00+ 0.00E+00~ 0.00E+00~ 0.00E+00
F4  1.02E+01- 7.46E+00- 3.42E+00~ 3.26E+00- 1.27E+00- 1.01E+01+ 5.10E+00+ 5.61E+00+ 3.76E+00+ 3.49E+00
F5 2.05E+01=~ 2.05E+01~ 2.05E+01~ 2.05E+01~ 2.05E+01=~ 2.05E+01~ 2.06E+01~ 2.05E+01~ 2.08E+01~ 2.05E+01
F6 390E-01~ 221E-01~ 198E-0l~ 4.20E-01+ 2.56E-01+ 2.52E-01+ 1.63E+00+ 1.86E-02— 2.61E-01+ 2.23E-01
F7  9.04E-04- 0.00E+00~ 4.93E-04- 0.00E+00~ 247E-04+ 5.75E-04+ 3.29E-03+ 0.00E+00~ 0.00E+00~ 0.00E+00
F8 2.63E+01- 2.04E+01+ 1.88E+01+ 2.25E+01~ 2.29E+01~ 2.15E+01~ 2.88E+01+ 3.08E+01+ 1.01E+02+ 2.26E+01
F9 4.13E+01- 3.07E+01+ 2.27E+01+ 3.85E+01+ 4.40E+01+ 3.75E+01=~ 4.20E+01+ 8.27E+01+ 1.81E+02+ 3.64E+01
F10 3.92E+02+ 3.23E+02+ 3.79E+02+ 3.93E+02- 4.45E+02~ 4.10E+02- 4.82E+02+ 6.53E+02+ 2.65E+03+ 4.42E+02
F11 3.18E+03— 3.19E+03— 2.81E+03+ 3.05E+03~ 3.04E+03~ 2.93E+03~ 3.42E+03+ 2.90E+03~ 5.23E+03+ 3.02E+03
F12 4.15E-01- 4.14E-01- 3.56E-01+ 3.51E-01- 3.53E-01- 3.54E-01- 4.40E-01+ 5.74E-01+ 1.19E+00+ 3.91E-01
F13 295E-01- 2.84E-01- 3.13E-0l1- 2.56E-01~ 2.07E-01- 2.24E-01- 3.23E-01+ 3.81E-01+ 4.07E-01+ 2.68E-01
F14 272E-0l1=~ 255E-0l~ 2.57E-01=~ 2.55E-01~ 249E-01- 263E-01~ 3.06E-01+ 2.71E-01~ 2.78E-01+ 2.63E-01
F15 5.49E+00- 5.58E+00- 8.10E+00- 5.61E+00+ 3.80E+00- 4.87E+00~ 5.35E+00+ 1.50E+01+ 1.62E+01+ 5.07E+00
F16 9.52E+00~ 9.42E+00~ 9.59E+00~ 9.31E+00~ 9.20E+00~ 9.08E+00~ 1.02E+01+ 1.08E+01+ 1.19E+01+ 9.53E+00
F17 6.28E+02—- 5.86E+02— 7.32E+02- 6.52E+02+ 6.37E+02+ 5.05E+02- 9.82E+03+ 1.34E+03+ 1.69E+03+ 5.37E+02
F18 1.45E+01~ 8.88E+00+ 147E+01 ~ 1.29E+01- 1.33E+01~ 1.22E+01- 2.62E+01+ 4.50E+01+ 5.99E+01+ 1.38E+01
F19 2.61E+00~ 2.51E+00+ 3.00E+00- 2.51E+00- 248E+00- 2.36E+00- 3.04E+00+ 3.98E+00+ 4.85E+00+ 2.68E+00
F20 1.32E+01- 1.20E+01- 1.12E+01~ 1.15E+01~ 1.16E+01~ 8.69E+00- 7.01E+01+ 1.37E+01+ 4.27E+01+ 1.13E+01
F21 3.42E+02+ 4.20E+02- 4.52E+02- 3.45E+02—- 4.04E+02+ 3.67E+02~ 7.83E+02+ 3.17E+02- 9.30E+02+ 3.69E+02
F22 3.72E+02- 3.39E+02~ 3.56E+02— 3.33E+02~ 291E+02- 4.20E+02+ 3.63E+02~ 3.57E+02~ 2.84E+02- 3.48E+02
F23 3.15E+02~ 3.15E+02~ 3.15E+02~ 3.15E+02~ 3.15E+02~ 3.15E+02~ 3.15E+02~ 3.15E+02~ 3.15E+02~ 3.15E+02
F24 2.00E+02~ 2.00E+02~ 2.00E+02~ 2.00E+02=~ 2.00E+02~ 2.00E+02~ 2.00E+02~ 2.00E+02=~ 2.00E+02~ 2.00E+02
F25 2.00E+02~ 2.00E+02~= 2.00E+02~ 2.00E+02~ 2.00E+02~= 2.00E+02~= 2.00E+02~= 2.00E+02~= 2.00E+02=~ 2.00E+02
F26 1.00E+02=~ 1.00E+02~ 1.00E+02~ 1.00E+02~ 1.00E+02~ 1.00E+02~ 1.00E+02~ 1.00E+02~ 1.00E+02~ 1.00E+02
F27 3.97E+02~ 4.01E+02~ 3.97E+02=~ 4.01E+02~ 3.97E+02~ 4.01E+02~ 3.92E+02~ 4.01E+02~ 4.01E+02~ 4.01E+02
F28 8.34E+02~ 8.20E+02=~ 8.21E+02~ 8.17E+02~ 8.27E+02~ 8.21E+02~ 8.59E+02~ 8.15E+02~ 8.18E+02=~ 8.21E+02
F29 6.29E+02—- 5.35E+02+ 5.26E+02+ 6.43E+02+ 5.93E+02+ 6.00E+02+ 1.05E+03+ 3.49E+02- 3.48E+02- 5.65E+02
F30 4.42E+02—- 4.42E+02—- 4.22E+02=~ 4.50E+02+ 4.17E+02~ 4.21E+02~ 6.80E+02+ 5.95E+02+ 9.84E+02+ 4.21E+02
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Fig. 2 Contribution rate and sub-algorithm convergence curve of 4 representative functions
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