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Effect of Stochastic Fluctuations in Genetic Algorithms
Fixation and Extinction of Schemata

HirosHI FURUTANI,t SUSUMU KATAYAMAT and MAKOTO SAKAMOTOf

Since genetic algorithms (GAs) treat a population of finite size, it is necessary to study
the effect of stochastic fluctuations in evolution processes. In this study, we investigated
the influence of genetic drift due to finite population size on the performance of GA on the
multiplicative landscape. We observed large difference between numerical experiments with
finite population size and the prediction of deterministic theory, and noted the extinction of
favorable first order schemata in the experiments. It was also noted that the population can
be assumed to be in linkage equilibrium in GA calculations with crossover. Therefore, we
performed the investigation of frequencies of the first order schemata, and calculated their
changes in time by using the Wright-Fisher model and diffusion equations, which have played
important roles in the mathematical analysis of evolution. We showed that these mathemat-
ical theories reasonably predict various quantities including the ultimate fixation probability
and average fixation time.
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Fig.1 Dependence of average fitness f(t) on N. Selection
parameter s = 0.1. Results of numerical experiment
with crossover (x = 1). Solid line with x shows val-
ues of deterministic model.
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Table 1 Ultimate fixation probability. «(0.5) are values

obtained by the diffusion model. WFM stands for
the Wright-Fisher model. GA (x = 1) are results
of numerical experiments with crossover.

S N s u(0.5) WFM GA(x=1)
4.0 10 04 0.982 0.968 0.892
40 0.1 0.979 0.973
100 0.04 0.981 0.977
200  0.02 0.981 0.980
0.2 10  0.02 0.550 0.549 0.554
40  0.005 0.550 0.532
100  0.002 0.550 0.556
200  0.001 0.550 0.574
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Coefficient for Fixation Time

a(N,s)
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09 00000O0DDDDDOD a(N,s)D SOOO
Fig.9 Dependence of the proportional coefficient a(N, s)

of average number of generations for fixation on S.

02 000000000000 a(N,s)
Table 2 Proportional coefficient a(N, s) of average
number of generations for fixation.

S N s a(N,s) WFM GA(x=1)
4.0 10 04 0.745 0.749 0.701
40 0.1 0.738 0.752
100 0.04 0.739 0.739
200  0.02 0.741 0.704
0.2 10  0.02 1.382 1.255 1.199
40  0.005 1.339 1.326
100  0.002 1.362 1.330
200  0.001 1.370 1.396
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