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There has been a lot of interest in breaking symmetries in CSPs over the past
ten years. The research carried out has detailed how to exploit the symmetries
in CSPs so that we only search for unique solutions i.e. we will count two sym-
metrically equivalent solutions as one solution. In doing so we hope to take less
time finding solutions.

There are many already implemented methods of breaking symmetries but
there are none yet that can cope with n! symmetries where n is the number of
constrained variables. My current research is a first step in making a system that
can deal with a very large number of symmetries.

This first step is to break unique symmetries. Given a set of symmetries S,
of a CSP, a partial assignment A can be taken to another partial assignment A′,
using symmetry g ∈ S. It is possible for another symmetry h ∈ S to take A to
A′. Thus we only need to break g or h but not both. By doing this we perform
unique symmetry breaking.

The way we find unique symmetries is by using techniques from group theory,
a field of pure maths. Hundreds of years of work has gone into group theory and
so its methods are very efficient and well researched. A group can be described
using a set of generators, and we can represent a group with millions of elements
(in this case symmetries) with only a few generators. We can use the orbit finding
algorithm which runs in linear time and whose output are the unique symmetries.

I have used an encoding of the orbit finding algorithm to perform symmetry
breaking and I have solved a 4 by 4 alien tiles grid problem (with 2n!2 = 1152
symmetries where n is 4) in 125 seconds. With no symmetry breaking this takes
1293 seconds.

There are other methods that are more efficient such as those that do not
perform symmetry breaking on symmetries that have already been broken. Using
group theory techniques though I can expand my current method to include the
advantages of previous research making a system which should hopefully be able
to cope with n! symmetries.
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