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ABSTRACT
In this paper we present a new variant of the Ant Problem
in the Dynamic Problem Domain. This approach presents
a functional dynamism to the problem landscape, where by
the behaviour of the ant is driven by its ability to explore the
search space being constrained. This restriction is designed
in such a way as to ensure that no generalised solution to
the problem is possible, thus providing a functional change
in behaviour.

Categories and Subject Descriptors
I.2 [Artificial Intelligence]; I.2.2 [Automatic Program-
ming]; F.4.2 [Grammars and Other Rewriting Sys-
tems]

General Terms
Algorithms, Experimentation

Keywords
Genetic Programming, Artificial Ant, Dynamic Optimisa-
tion

1. INTRODUCTION
Explicit studies of the behaviour of Genetic Program-

ming(GP) in dynamic environments are minimal to date [2],
and this has been recognised as an open issue for GP [11].
In this study we present a novel benchmark Dynamic Ant,
and examine the behaviour of a grammar based form of GP
on this benchmark.

The Ant Trail Problem has been viewed by many in Evo-
lutionary Computation(EC) as a complex problem [7]. The
most famous and widely used example of such a trail prob-
lem is the classic Santa Fe Ant Trail Problem. Harder vari-
ants also exist such as Los Altos Trail and San Mateo Trail
which build upon the ideas behind the Santa Fe Trail and
extend them by adding the need to learn more complex
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behaviours. These trails are used as common benchmark
problems within the GP Field [5], as they provide problems
which have been widely implemented and results are avail-
able for many different GP Systems. Grammatical Evolution
(GE) [10, 2] is a grammar based from of GP [8], that has
established itself as one of the most popular and widely used
forms of grammar based GP over recent years [9].

It has been seen that solutions evolved with GE in a static
environment have performed well when applied to real world
dynamic situations. This is of interest as the problems these
solutions came from are based in static environments. Cur-
rent research interest has led to an investigation into apply-
ing GE to Dynamic Problem domains, but first a definition
of Dynamic must be reached. To aid with this definition
and before tackling complex real world problems a strategy
of establishing a suite of benchmark problems is desirable.
Dempsey et al. [2] makes reference to a spectrum of Dy-
namism in a very in-depth review of the current state of
the dynamic problem domain and examines similar ideas by
Branke [1] and DeJong [4] to name a few. The spectrum
described is one from a problem where the change is pre-
dictable to a problem which is completely random. Due to
this spectrum we began to investigate the possibility of tak-
ing a standard GP benchmark and using it as inspiration
for a dynamic benchmark that could be placed on the spec-
trum. In [6] Langdon et al. define a Dynamic Ant problem
which takes inspiration from the Santa Fe style trail and con-
structs what they deem to be a dynamic trail, by taking core
modules of the Santa Fe style trail and constructing random
trails. There is one drawback to this approach, it was ob-
served that a general solution to all trails could be found. Is
this dynamic or can this be viewed more as a generalisation
problem? In the opinion of the authors a problem can be
said to be dynamic if a functional change exists over time,
and this change should not allow for a generalised optimal
solution for all possible functions, as the goal of a dynamic
problem is to adapt and evolve towards the ideal solution at
a given time. With this in mind we propose a new Dynamic
Ant, which experiences a functional change over time.
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2. DYNAMIC ANT PROBLEM
Dynamic Ant (DA) is a problem which came about after

much discussion into what constituted a Dynamic Problem.
The reasons for basing our first dynamic problem in the
ant domain were twofold, firstly it was based on a classic
benchmark problem in the Santa Fe Ant Trail [5], and sec-
ondly the ant trail represents a challenging type of problem
to solve [7]. Originally the Ant was based upon work by
[6] in which a form of DA was proposed where the build-
ing block or common modules that made up the Santa Fe
trail where extracted and then randomly put together to
form a trail. This design did not fit in with the idea that
a dynamic problem should involve a functional change and
that this change should lead to distinct behaviours. Previ-
ous approaches generated a solution which could successfully
complete any generated trail as well as the original Santa Fe
trail [6].

With this in mind a trail was designed which would remain
static and the energy given to the ant or the number of moves
possible would be set so that a change in energy would drive
a functional change in the ants behaviour. While the trail
design appears simple it is so by design, to enable detailed
investigation into the behaviour of the ant as we increase the
number and difficulty of obstacles that need to be negotiated
to maximise food consumption. In order for our DA to fall
in line with the idea of a functional change, specific energy
levels had to be selected in order for the ants behaviour to be
manipulated. The classic behaviour of an ant is to maximise
the amount of food it eats. By adjusting the energy available
to the ant, it was possible to make it attractive for the ant
to skip food, as it would be less efficient to eat food down a
certain path. The start position for the ant would be facing
east while positioned a the start of the trail in the top left
corner. The DA uses a similar grammar to those used in the
majority of Santa Fe type trails. The energy levels chosen
where picked as a result of testing and manual calculations.

3. EXPERIMENTAL DESIGN
We wish to test the hypothesis that cycling through dif-

ferent functional requirements of the ant problem will not
be detrimental to performance of GE in the Dynamic Ant
problem and that GE can move within the solution space
to optimal solutions for the current period of activity in the
problem. We also wish the verify that the optimal solutions
for each energy level are distinct and that no universal so-
lution exists for all possible states of the problem.

4. CONCLUSIONS & FUTURE WORK
Upon examination of the results certain observations are

apparent. The performance of GE on the problem contin-
ues to improve over the 200 generations regardless of the
frequency of change within the problem. The average best
fitness and average mean fitness over the runs show that
the performance levels of the system maintain knowledge
as when we cycle the systems worst performance improves
pointing towards the population continuing to learn and re-
tain knowledge.

Further examination of the results show that as the system
cycles the performance of GE with respect to the time taken
to adjust to the new environment decrease with every cycle.
The shock of changing environments is reduced with each
cycle and the slope of the performance graphs increases and

shows a much faster adaptation to the new environment in
getting back down to previously seen performance levels and
surpassing these levels.

This work has helped to define what we mean by a dy-
namic problem and has proven a good start to research in the
dynamic domain. The first goal of this dynamic research is
to establish a taxonomy of dynamism and fit problems into
this so that we can establish a suite of benchmark prob-
lems. The Dynamic Ant is the first of these problems and
it is hoped to use other known static benchmark problems
and investigate if a dynamic implementation would meet our
functional change criteria and where such problems place
within the taxonomy above would be. A full version of this
paper is also available [3].
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