
Abstract

This dissertation proposes an approach to solving hard combinatorial problems in massively
parallel architectures using parallel metaheuristics.

Combinatorial problems are common in many scientific fields. Scientific progress is con-
strained by the fact that, even using state of the art algorithms, solving hard combinatorial
problems can take days or weeks. This is the case with the Label Switching Problem (LSP)
in the field of Bioinformatics.

In this field, prior work to solve the LSP has resulted in the program CLUMPP (CLUster
Matching and Permutation Program). CLUMPP focuses solely on the use of a sequential,
classical heuristic, and has had success in smaller low complexity problems.

By contrast this dissertation proposes the Parallel Solvers model for the acceleration of
hard combinatorial problems. This model draws on the commonalities evident in algorithms
and strategies in metaheuristics.

After investigating the effectiveness of the mechanisms apparent in the Parallel Solvers
model with regards to the LSP, the author developed DePermute, an algorithm which can be
used to solve the LSP significantly faster. Results were generated from time based testing of
simulated data, as well as data freely available on the Internet as part of various projects.

An investigation into the effectiveness of DePermute was carried out on a CPU (Central
Processing Unit) based computer. The time based testing was carried out on a CPU based
computer and on a Graphics Processing Unit (GPU) attached to a CPU host computer. The
dissertation also proposes the design of an Field Programmable Gate Arrays (FGPA) based
implementation of DePermute.

Using Parallel Solvers, in the DePermute algorithm, the time taken for population group
sizes, K, ranging from K = 5 to 20 was improved by up to two orders of magnitude using the
GPU implementation and aggressive settings for CLUMPP. The CPU implementation, while
slower than the GPU implementation still outperforms CLUMPP, using aggressive settings,
marginally and usually with better quality. In addition it outperforms CLUMPP by at least
an order of magnitude when CLUMPP is set to use higher quality settings.

Combinatorial problems can be very difficult. Parallel Solvers has been effective in the
field of Bioinformatics in solving the LSP. This dissertation proposes that it might assist in
the reasoning and design of algorithms in other fields.
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