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Walsh Analysis of Crossover in Genetic Algorithms
HirosHI FURUTANIf

Crossover, which is one of the most important operators in Genetic Algorithms (GAs), is
analysed by means of Walsh transformation. The effect of crossover on the distribution of
individuals is described by using the crossover matrix. The crossover matrix can be decom-
posed into the Kronecker products of two 2 x 4 small matrices, and the Walsh transform of
the crossover matrix has a very simple form. One of the crossover’s roles is to decrease the
correlation between genes and to reduce the linkage disequilibrium. In general, it is expected
that when the sum of linkage disequilibrium coefficients becomes negative, it has the effect
of retarding the speed of evolution. Therefore in such a case, crossover reduces the sum of
linkage disequilibrium coefficients to zero, and recovers the speed of evolution. In numerical
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experiments, we show these effects of crossover in the GA on the multiplicative landscape.
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Fig.1 Average Hamming distance with ¢ = 8, a = 0.8,
p =0.01 and N = 10, 100, 1000. The results are av-
eraged over 100 runs. The solid lines stand for the
data with crossover (x = 1), and the dotted lines
for without crossover (x = 0).
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Fig.2 Variance of Hamming distance. The calculation is

the same as in Fig. 1.
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Fig.5 Scatter diagram of A f(t) versus VAR(f) with x = 1
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black circles for 22 < t < 50.
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