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Abstract. Using a directed mutation can improve the efficiency of processing
many optimization problems. The first mutation operators of this kind proposed
by Hildebrand [1], however, suffer from the asymmetry parameter influencing
the mutation step size. Extreme asymmetry can lead to infinite step size. The
operator presented here overcomes this drawback and preserves the step size.

The main idea of the directed mutation is to focus on mutating into the most beneficial
direction by using a customizable asymmetrical distribution. In this way the optimiza-
tion strategy can adopt the most promising mutation direction over the generations. It
thus becomes nearly as flexible as with Schwefel’s correlated mutation [2] but causes
only linear growth of the strategy parameters instead of quadratic growth.

A normalization function is introduced to decouple asymmetry from the variance,
i.e. the step size. By incorporating the normalization function the variance becomes
independent of the asymmetry parameter. Given below are the definitions of the den-
sity function for the normalized directed mutation and its normalization function:
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Formulas for the expected value and variance of a random variable X  distributed
according to the normalized asymmetrical distribution take the following form:
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To get a notion of this distribution the following figure shows some graphs of the
density function and distribution for different asymmetry settings.

Fig. 1. Density function and distribution of the normalized asymmetrical mutation for σ = 1.
Asymmetry parameters: a = -10, a = -1 (dashed); a = 0 (solid); a = 1, a = 10 (dotted).

Random numbers distributed according to the normalized asymmetrical distribution
can be generated by multiplying its inverse function with uniformly distributed ran-
dom numbers. The inverse function is defined by
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Using the normalized directed mutation has shown to be very effective in optimizing
test functions, as well as real world problems [3]. Taking into account that the appli-
cation of the operator itself is quite fast, e.g. compared to the correlated mutation, the
use of the directed mutation might be quite beneficial for many problems.
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