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Trieste, Italy
emedvet@units.it

Tea Tušar
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ABSTRACT

1

We consider the problem of visualizing the population dynamics
along an evolutionary run using a dimensionality reduction technique for mapping individuals from the original search space to
a 2-D space. We quantitatively assess four of these techniques in
terms of their ability to preserve useful information about (a) population movements and (b) exploration-exploitation trade-off. We
propose two compact visualizations aimed at highlighting these
two aspects of population dynamics and evaluate them qualitatively.
The results are very promising as the proposed framework is indeed
able to represent crucial properties of population dynamics in a
way that is both highly informative and simple to understand.

Visualizing the positions in the search space of individuals which
are being evolved may be of great help to Evolutionary Computation (EC) practitioners and researchers. Different tasks related
to the analysis and debugging of an evolutionary run may be performed more easily and intuitively if the reasoning is supported by
a visualization: e.g., verifying if there is a diversity issue, analyzing
the exploration-exploitation trade-off, checking if the population
gets trapped in (multiple) local optima. Indeed, several visualizations with these aims have been proposed or used in the literature
[1–4, 6, 7, 9, 12, 13, 15, 16, 19, 21, 25, 31], but they are mostly specific to single Evolutionary Algorithms (EAs) or limited to specific
representations (with the exception of [6]).
One way to make a visualization method or tool applicable to
a larger class of EAs is to first employ a dimensionality reduction
technique to map individuals from high-dimensional search spaces
(be it continuous or discrete) to a Cartesian plane and then visualize them in that plane. In the past, several methods have already
used dimensionality reduction techniques for visualization purposes. For example, [16] employs simple projections to selected
coordinates of the search space producing separate scatter plots and
entire scatter plot matrices. Other approaches have utilized more
sophisticated mappings on continuous search spaces, such as Principal Component Analysis (PCA) [4], Sammon mapping [11, 14, 24],
Self-Organizing Maps (SOMs) [1], and, most recently, t-Distributed
Stochastic Neighbor Embedding (t-SNE) [22]. For discrete spaces,
in [27] the projection to a Cartesian plane is done by means of
quadcodes, while [8] uses Sammon mapping on binary strings.
In this work, we propose a general framework which may, in
principle, work with any dimensionality reduction technique and
support different visualizations. We experimentally compare four of
these techniques and different design options for the visualization.
We evaluate the resulting visualization variants in terms of their
ability to highlight two specific aspects of the population dynamics:
(a) where and how the population moves and (b) if it is doing
exploration or exploitation, two antagonistic cornerstones of search
based optimization [5].
We applied each variant to a discrete optimization problem and
a continuous optimization problem, each tunable in the number of
optima and dimensionality of the search space. We quantitatively
assessed the dimensionality reduction techniques in terms of the
two aspects mentioned above and we qualitatively evaluated the
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