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Kimura’s neutral theory of molecular evolution [1] addresses the fact that most mutations at the geno-
typic level are not expressed in the phenotype, and suggests that random genetic drift is of great impor-
tance in natural evolution. Sets of genotypes connected by such neutral mutations form potentially large
neutral networks [2] within which natural selection cannot play a direct role. However, it is understood
that the accumulation of neutral mutations may potentiate the occurrence of beneficial mutations at a
later stage.

Studies of neutrality in genotype-phenotype mappings have been conducted both in biology and in
evolutionary computation [3]. In particular, Fonseca and Correia [4] proposed a family of uniformly
redundant binary representations based on error-control codes. Such representations can exhibit various
degrees of redundancy, neutrality, and other properties believed to influence the performance of evolu-
tionary algorithms, such as connectivity, locality, and synonymity [5], and have allowed this influence
to be studied experimentally to some extent [6].

In this work, a mathematical framework for the study and characterisation of Fonseca and Correia’s
representations is developed, leading to the definition of suitable equivalence classes and to the par-
titioning of the representation space with respect to neutral network structure and connectivity. The
practical implications of the proposed framework are also discussed.

Keywords: Mathematical models; genetic representations; neutral networks; evolutionary computation.
Acknowledgements. This work was partially supported by a Short Term Scientific Mission (STSM)
grant from COST Action CA15140 on Improving Applicability of Nature-Inspired Optimisation by
Joining Theory and Practice (ImAppNIO), by national funds through the Portuguese Foundation for
Science and Technology (FCT), and by the European Regional Development Fund (FEDER) through
COMPETE 2020 – Operational Program for Competitiveness and Internationalisation (POCI).

REFERENCES

[1] M. Kimura, Evolutionary rate at molecular level, Nature, 217, pp. 624-626, 1968.
[2] P. Schuster, W. Fontana, P. F. Stadler, I. L. Hofacker, From sequences to shapes and back: A case study in RNA secondary

structures, Proceedings of the Royal Society B, Biological Sciences, 255, pp. 279-284, 1994.
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