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Abstract: Complex single-objective optimization problem is a hot topic in the field of evolutionary computation. Differential evolution
and covariance evolution are considered to be two of the most effective algorithms for this problem, as the difference information similar
to the gradient can effectively guide the algorithm towards the optimal solution direction, and the covariance is based on statistics to
generate an offspring population. In this paper, the covariance information is introduced to improve the difference operator, then an
evolutionary algorithm based on neighborhood difference and covariance information (DEA/NC) is proposed to deal with complex
single-objective optimization problem. The two commonly used difference operators generated by random selection individuals and
combined by the current optimal solution are analyzed. With the first approach, the difference information cannot be used as a local
gradient information to guide the search of the algorithm when the Euclidean distance between randomly selected individuals is large.
Meanwhile, the second approach will make the population search in the direction of the current optimal solution, which will lead the
population to quickly fall into local optimum. In this paper, a neighborhood difference method is proposed to improve the effectiveness of
the differential operator while avoiding the diversity of population loss. In addition, a covariance is introduced to measure the correlation
between individual variables, and the correlation is used to optimize the difference operator. Finally, the algorithm tests the
single-objective optimization problem in cec2014, and compares the results with the existing differential evolution algorithms. The
experimental results show the effectiveness of the proposed algorithm.

Key words: single-objective optimization; evolutionary algorithm; differential evolution; the covariance evolution; diversity
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Fig.1 Basic flow of differential evolution algorithm
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Table 1 Results got by DEA/NC on CEC2014 benchmarks for 10, 30, 50 and 100 dimensions in 50 runs
DU, ) 8 44 5 4 10,30,50 FH 100 i, DEA/NC 57 ik 4E CEC2014 MK | 50 Wil 5715 2 ) 45 4

zx1

Dim=10

Dim=30

Dim=50

Dim=100

Min

Mean

Std

Min

Mean

Std

Min

Mean

Std

Min

Mean

Std

0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.14E-13
5.99E-02
9.86E-03
0.00E+00
2.98E+00
6.89E+00
4.37E-01
2.12E-01
3.73E-02
4.41E-02
4.55E-01
8.38E-01
2.08E-01
1.03E+00
2.68E-02
1.11E-01
2.08E-02
3.38E-01
3.29E+02
1.08E+02
1.19E+02
1.00E+02
1.93E+00
3.57E+02
1.33E+02
3.31E+02

1.23E-13
1.17E-14
2.79E-14
1.70E+01
1.96E+01
1.43E+00
8.60E-02
4.49E-01
1.04E+01
1.40E+02
3.56E+02
8.65E-01
1.32E-01
2.25E-01
9.91E-01
1.86E+00
1.02E+02
5.26E+00
6.86E-01
1.95E+00
3.69E+01
1.60E+01
3.29E+02
1.20E+02
1.58E+02
1.00E+02
1.98E+02
3.96E+02
1.95E+02
5.81E+02

3.15E-13
1.41E-14
3.83E-14
1.69E+01
3.88E+00
1.17E+00
5.27E-02
6.98E-01
4.57E+00
1.12E+02
2.05E+02
3.03E-01
6.53E-02
7.29E-02
3.28E-01
4.29E-01
9.59E+01
3.93E+00
9.01E-01
1.19E+00
5.15E+01
8.48E+00
3.33E-13
6.76E+00
3.10E+01
3.88E-02
1.87E+02
4.36E+01
3.88E+01
1.33E+02

1.12E+03
1.42E-11
3.98E-13
2.76E-09
2.04E+01
8.32E+00
1.14E-13
3.98E+00
3.28E+01
3.53E+00
1.44E+03
2.03E-01
2.03E-01
1.83E-01
3.06E+00
8.80E+00
6.92E+02
2.34E+01
2.41E+00
8.01E+00
2.99E+01
4.11E+01
3.15E+02
2.22E+02
2.00E+02
1.00E+02
4.01E+02
8.21E+02
2.87E+02
6.99E+02

2.33E+04
1.99E-09
8.16E-10
1.69E-01
2.09E+01
1.39E+01
2.01E-02
1.40E+01
6.77E+01
3.21E+02
2.76E+03
1.90E+00
3.53E-01
2.92E-01
7.13E+00
1.03E+01
3.28E+03
7.81E+01
1.01E+01
4.94E+01
8.64E+02
2.93E+02
3.15E+02
2.25E+02
2.09E+02
1.06E+02
5.80E+02
1.09E+03
2.23E+06
1.97E+03

1.98E+04
4.30E-09
1.28E-09
1.56E-01
8.73E-02
2.64E+00
1.96E-02
4.99E+00
1.70E+01
2.07E+02
5.39E+02
6.33E-01
7.69E-02
7.81E-02
2.45E+00
7.30E-01
3.25E+03
5.74E+01
1.63E+01
6.95E+01
7.91E+02
1.53E+02
5.59E-13
1.35E+00
3.35E+00
2.37E+01
1.54E+02
2.53E+02
3.86E+06
8.74E+02

9.04E+04
4.81E-05
2.12E-01
2.14E-01
2.10E+01
1.93E+01
4.55E-13
2.29E+01
9.45E+01
1.32E+02
2.73E+03
3.33E-01
3.19E-01
2.32E-01
8.34E+00
1.73E+01
9.66E+03
6.55E+01
6.43E+00
5.61E+01
3.97E+03
2.70E+02
3.44E+02
2.54E+02
2.00E+02
1.00E+02
8.82E+02
1.31E+03
7.97E+02
8.29E+03

3.10E+05
9.23E-02
1.66E+02
5.79E+01
2.11E+01
2.67E+01
1.03E-02
3.79E+01
1.56E+02
7.16E+02
5.33E+03
2.73E+00
4.88E-01
3.49E-01
1.79E+01
1.92E+01
4.73E+04
3.22E+02
1.19E+01
3.05E+02
2.30E+04
8.64E+02
3.44E+02
2.58E+02
2.11E+02
1.28E+02
1.11E+03
1.81E+03
2.55E+07
1.05E+04

1.48E+05
2.65E-01
2.90E+02
3.67E+01
3.20E-02
3.76E+00
1.31E-02
7.45E+00
3.22E+01
3.74E+02
8.67E+02
7.48E-01
8.79E-02
9.74E-02
5.33E+00
8.82E-01
2.30E+04
3.08E+02
2.44E+00
2.43E+02
1.86E+04
2.93E+02
4.18E-13
2.54E+00
1.17E+01
4.49E+01
1.10E+02
5.08E+02
1.66E+07
2.00E+03

1.24E+05
1.42E+00
3.94E+00
9.59E+01
2.02E+01
5.91E+01
0.00E+00
8.79E+01
3.95E+02
1.02E+03
1.08E+04
2.90E+00
4.97E-01
3.15E-01
3.89E+01
3.81E+01
2.28E+04
1.32E+02
6.09E+01
1.39E+02
1.23E+04
1.35E+03
3.31E+02
3.04E+02
1.90E+02
1.90E+02
1.89E+03
3.67E+03
7.97E+03
6.58E+03

1.91E+06
1.66E+01
3.95E+02
1.70E+02
2.02E+01
6.70E+01
0.00E+00
1.18E+02
4.61E+02
1.75E+03
1.17E+04
3.26E+00
5.37E-01
3.41E-01
5.95E+01
3.99E+01
3.55E+05
1.63E+03
7.82E+01
5.47E+03
1.76E+05
1.77E+03
3.31E+02
3.12E+02
2.25E+02
1.90E+02
2.02E+03
4.53E+03
8.06E+07
8.61E+03

4.84E+05
1.60E+00
3.98E+02
6.99E+01
2.12E-02
6.80E+00
0.00E+00
2.14E+01
4.51E+01
4.33E+02
6.22E+02
3.12E-01
4.26E-02
2.26E-02
1.33E+01
1.46E+00
1.09E+05
1.78E+03
2.28E+01
2.82E+03
4.41E+03
2.90E+02
1.07E-08
4.82E+00
2.00E+01
3.05E-02
1.23E+02
6.39E+02
9.27E+06
1.81E+03

Table 2 Comparison of DEA/NC with state-of-the-art algorithms on the CEC2014 benchmarks
using the Wilcoxon Rank-Sum test (significantly, p<0.05)
% 2 DEAINC 5 H A& i i 5k AE CEC2014 Il 8 _E [ Rk F0KY 56 (52 25 2k 7K F p<0.05) 4% 5

Vs. DEA/NC

b3e3pbest

FCDE

FERDE

FWA-DE

POBL-ADE

RSDE

Dim
better
worse
similar

10
1
21
8

30 50
6 6
16 14
8 10

10 30
1 1
28 25

1 4

50
1
27
2

10 30
2 3
14 18
14 9

50 | 10
3 9
18 | 11
9. Is0

30 50
17 10
S W
8 9

10
6
17
7

30 50
15 16
8 13

7 1

10 30
17 19
4 5
9 6

50
16
8
6
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