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A Gaussian Estimation of Distribution Algorithm Using
General Second-order Mixed Moment

REN Zhi-Gang?' LIANG Yong-Sheng' ZHANG Ai-Min' PANG Bei'

Abstract Traditional Gaussian estimation of distribution algorithms (GEDAS) are confronted with issues that variable
variances decrease fast and the long axis of the probability density ellipsoid (PDE) tends to be perpendicular to the
improvement direction of the objective function, leading to reduction of search efficiency of GEDA and premature conver-
gence. To alleviate these issues, this paper proposes a novel GEDA based on the general second-order mixed moment. In
each iteration, this algorithm first estimates an initial mean using weighted excellent samples, then shifts the mean along
the improvement direction of the objective function and estimates the covariance matrix with the new mean as the center.
Theoretical and numerical analysis results both show that this simple operation can adaptively adjust the location, size
and long axis direction of PDE without increasing computation. As a consequence, the search efficiency of the algorithm is
improved. Experiments are conducted on 14 benchmark functions. The resultant Cohen’s d effect size demonstrates that
the proposed algorithm possesses stronger global optimization ability than traditional GEDA. And compared with some
state-of-the-art particle swarm optimization and differential evolution algorithms, it can produce significantly superior
solutions for 9 functions within the same function evaluation times.
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Table 1 ~ The mean and standard deviation of the function error values obtained by 7 algorithms

T EMNA, AMaLGaM CMA-ES CLPSO CoBiDE MPEDE GSM-GEDA
2.21E4+04-  1.63E—14-  158E-25-  0.00E400+  0.00E+00+  0.00E400* 3.98E—27

/i 1.65E+03 8.07TE—14 3.35E—26 0.00E+00 0.00E+00 0.00E+00 7.85E-28
L1I0E4+04~  206E—16-  1.12E-24-  840E+02-  1.60E—12—~  1.01E—26+ 1.78E—26

f2 1.15E+03 6.64E—16 2.93E-25 1.90E+02 2.90E—12 2.05E—26 ATTE—27
L.97TE+08~  3.37E—09~  5.54E—21-  142E4+07-  7.26E404~  1.01E4+01- 1.12E—22

s 3.18E+07 1.19E—08 1.69E—21 4.19E+06 5.64E+04 8.32E400 2.85E—23
7ATE403~  217E—11-  9.15E405-  6.99E+03~  116E—03~  6.61E—16- 1.89E—25

fi 1.39E+03 1.05E—10 2.16E+06 1.73E+03 2.74E—03 5.68E—16 3.89E—26
2.81E4+04~  246E+01-  2.77E—10~  3.86E+03~  8.03E4+0l1~  7.21E—06- 8.90E—11

fs 2.22E403 1.05E+01 5.04E—11 4.35E402 1.51E+02 5.12E—06 3.54E—11
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