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ABSTRACT

1

The relation between diversity and genotype to phenotype mapping has been the focus of several studies. In those Evolutionary
Algorithms (EAs) where the genotype is a sequence of symbols, the
contribution of each of those symbols in determining the phenotype may vary greatly, possibly being null. In the latter case, the
unused portions of the genotype may host a large amount of the
population diversity. However, reasoning on coarse-grained measures makes it hard to validate such a claim and, more in general,
to gain insights into the interactions between genotype-phenotype
mapping and diversity. In this paper, we propose a novel visualization which summarizes in a single, compact heat map (the DU
map), three kinds of information: (a) how diverse are the genotypes
in the population at the level of single symbols; (b) if and to what
degree each individual symbol in the genotype contributes to the
phenotype; (c) how the two previous measures vary during the
evolution. We experimentally verify the usefulness of the DU map
w.r.t. its primary goal and, more broadly, when used to analyze
different EA design options. We apply it to Grammatical Evolution
(GE) as it constitutes an ideal testbed for the DU map, due to the
availability of different mapping functions.

Many evolutionary algorithms (EAs) are based on a twofold representation of individuals, which are described by means of a genotype and a phenotype. In those algorithms, a genotype-phenotype
mapping function maps any genotype to a phenotype, possibly in
a many-to-one fashion. Grammatical Evolution (GE) [28] is one
such EA in which the mapping function exploits a user-provided
context-free grammar that is tailored to the specific problem being
tackled. In practice, in order to use GE, the user is only required
to provide: (a) the grammar corresponding to a language suitable
to describe candidate solutions and (b) a fitness function able to
assess them. Both things only require the knowledge of the specific
domain, whereas the internals of the EA can be ignored by the
user: this feature enabled a wide adoption of GE. Practitioners and
researchers extensively relied on GE to tackle a diverse set of problems such as, e.g., generation of road traffic rules [23], identification
of taxonomies in Wikipedia [3], and development of artificial neural
networks [1].
Despite having favored its widespread adoption, the genotypephenotype mapping of GE has also been largely discussed among
scholars who debated and still debate about the analogies with nature [26, 27, 32, 38], the deviation from its initial motivations [39],
and its properties [20, 24, 33, 34]. Among the several arguments
raised in those discussions, one is particularly significant: the relation between the search effectiveness and the tendency of the
mapping to map different genotypes to the same phenotype. The latter property is called redundancy and has been recently the subject
of some experimental studies [20, 33]: both works better characterized the redundancy in GE, respectively in terms of its (non)
uniformity and its relation with diversity; still, the cited works do
not deliver a clear view on if and how redundancy affects the search
effectiveness.
On the other hand, redundancy is closely related to neutrality,
i.e., the ability of a genetic operator to introduce different genetic
materials without changing the fitness of an individual [41]. In a
twofold representation EA, such as GE, neutrality can be achieved
also by means of the mapping function which, by favoring manyto-one mapping, allows the progressive modification of a genotype
without negatively affect the corresponding (good) phenotype. Indeed, high neutrality has been identified as one of the motivations
for GE [8, 9] and stated to be beneficial to—again—diversity and
eventually to GE effectiveness.
In this paper, we propose a novel visualization aimed at easing
the investigation of the relation between genotype-phenotype mapping and diversity. We tailored our proposal to GE, because of its
widespread usage and the availability of different variants for the
mapping functions [16, 21, 25], which facilitates the experimental
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