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1 INTRODUCTION

Evolutionary algorithms work in an algorithmically simple
manner. When put to work they produce a vast amount of
data. Apart from simple convergence information it is a
non-trivial task to extract useful information from those
data to provide insight into the state and progress of the
evolutionary algorithm.

In this presentation we outline a set of standard visualiza-
tion techniques for different data types. These data types
and techniques give an instant visual impression of the
evolutionary algorithm's progress and the actual state of
the population. Hopefully, the proposed set will open up a
discussion about necessary and useful visualization tech-
niques between users of evolutionary algorithms.

Beside the standard set, an advanced technique for visual-
izing high-dimensional data is outlined - multidimensional
scaling. This techniques can, for instance, be applied to
the visualization of the "path through the search space" of
the best individuals during an optimization run, and the
comparison of multiple runs regarding the variables of in-
dividuals and multi criteria objective values ("path
through solution space").

The above topics are presented in detail in {4]i In this
presentation we only give a short overview of the main
ideas of both topics.

All methods were selected according to their usefulness

for real world applications. We employed these visualiza-
tion techniques in the course of solving real world prob-
lems using evolutionary algorithms and for the analysis of
optimization runs. Examples will be shown during the
presentation.

2 SET OF STANDARD VISUALIZATION
TECHNIQUES

A number of data types and techniques useful for visualiz-
ing the state of the population and the progress of the evo-
lutionary algorithm are proposed. These techniques are
simple to calculate and easy to display using standard
visualization tools. This set of techniques provides a base-
line for understanding the evolutionary process.

An overview of the different data types and time frames
useful for the visualization of evolutionary algorithms is
given in ﬁgure{i! The techniques are systematized into
categories depending on the time range represented by the
data. The first category encloses methods for visualizing
data produced during many generations, thus presenting a
picture of the progress or course of the evolutionary algo-
rithm. The second category contains techniques to visual-
ize data produced anew for every generation. These tech-
niques give a picture of the current state of the population.
The third category visualizes data of multiple runs, thus
comparing different evolutionary algorithms.

Using this classification for each data type proposed a
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Data Types and Time Frames of Evolutionary Algorithms for Visualization

Pohlheim, H.: Visualization of Evolutionary Algorithms - Real-World Application of Standard Techniques and Multidimensional Visualization. In
Banzhaf, W. (ed.): GECCO'99 - Proceedings of the Genetic and Evolutionary Computation Conference — Workshop Program, San Francisco, CA:

Morgan Kaufmann, pp. ???-2?2, 1999.



number of techniques can be specified and implemented.
See [4]\for details and examples.

For extended applications or special evolutionary algo-
rithms new data types and techniques can be included into
this framework (for instance, the advanced handling of
multiple objective values (pareto front) or cluster tree
analysis for termination). Because of the specialized ap-
plication these techniques are not part of the standard set.

The proposed standard set of visualization techniques is
implemented in the Genetic and Evolutionary Algorithm
Toolbox for Matlab - GEATbx {2] A graphical user inter-
face may be used to access all the different visualization
methods and styles during and after (online and off-line)
an optimization. The flexibility offered by the user inter-
face and the integration into the GEATbx gives the user a
powerful tool, easy to use for the thorough examination
and for the detailed documentation of various aspects of
the optimization runs.

3 MULTIDIMENSIONAL VISUALIZA-
TION

Most of the commonly used techniques for visualization
are limited to representing data depending on one or two
variables. This is due to the human visual limitation to
three dimensions. There are two possible extensions to go
beyond this limitation: using color for the fourth dimen-
sion and time as the fifth dimension. Neither possibility is
very common and requires practice, especially if time is
used for visualizing the fifth dimension. However, if the
problem incorporates more than five dimensions a new
method for visualizing arbitrarily high dimensions must be
found.

For the visualization of multidimensional data a method to
transform multidimensional data to a lower dimension is
needed, preferably to 2 or 3 dimensions. This transforma-
tion should provide a lower-dimensional picture where the
dissimilarities between the data points of the multidimen-
sional domain corresponds with the dissimilarities of the
lower-dimensional domain. These transformation methods
are referred to as ‘multidimensional scaling” ([1]; [5]). To
measure the dissimilarity, the distance between pairs of
data points is used. These distances can be genuine dis-
tances in the respective high-dimensional domain, for in-
stance the Euclidean distance. One of the best known
methods for multidimensional scaling is SAMMON map-
ping {61,
Examples for the use of multi-dimensional scaling are:
e visualization of variables of (best) individuals of an
optimization run ("path through search space"),
e visualization of non-dominated solutions in multiob-
jective optimization - multi criteria objective values
("path through solution space").
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The resulting diagrams may produce clearer pictures than
visualizing the data directly. Additionally, a comparison
of the data of multiple optimization runs is possible, a task
very difficult using only standard visualization techniques.
Please see ti_]-_:for examples.

4 REAL-WORLD APPLICATION

During the last years we employed the proposed visualiza-
tion techniques in the course of solving real world prob-
lems. Depending on the problem to solve and the open
questions a few methods were selected. These methods
supported the analysis of optimization runs. At the same
time we could give a visual and compact documentation.
Unexpected behaviour and special effects could be easier
detected and explained using the graphical representation.

Some examples for the employment of visualization tech-
niques to real-world applications will be shown during the
presentation.

5 CONCLUDING REMARKS

The proposed set of "standard" visualization techniques
for evolutionary algorithms provides a baseline for under-
standing the evolutionary process. Combined with ad-
vanced techniques, powerful visualization tools to aid the
designer and user of evolutionary algorithms can be con-
structed. Multidimensional scaling opens a field for visu-
alization not only applicable to the domain of evolutionary
algorithms.

The presented visualization techniques were applied in the
course of solving real world problems using evolutionary
algorithms. Thus, these techniques are not just proposed,
but have been used and proved informative (see {3]}. An
example implementation of all these and additional tech-

niques can be found in}[2]:
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