Making sense
of the

Atravelling salesperson sets out on a trip around
the country. Given a number of cities, and

the costs of travelling, what is the cheapest round
trip she can take to visit each city only once, and
then return home? The most direct way for her to
answer this question would be to try all the different
combinations, and see which one is the cheapest.
However, even with just a few different cities, there
are many combinations that could be tried, and the
more there are, the more complicated the problem
becomes. Instead, computational techniques that
somehow restrict the problem are needed, to
produce a useful solution within a practical time
frame.
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There are many real-world problems that are similar
to this, and a variety of different computational
techniques have been developed to find practical
ways to solve them. One of the newest ones is
known as parameterised complexity, and it is in this
area that Dr Catherine McCartin, a Senior Lecturer
in Computer Science at Massey University, carries out
her research."Parameterised complexity techniques
for designing algorithms for this kind of problem have
given us efficient ways of producing exact solutions
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detailed road maps are readily available in most industrialised countries.” Mason is
currently using Global Positioning System (GPS) data to extract the speed at which
ambulances travel with and without lights and sirens at different times of the day.

“It's like laying electronic breadcrumbs every 30 seconds or every minute; we have to
do a probabilistic analysis to determine the most likely routes the vehicle took. We've
come up with a new algorithm for that.”

Optima has developed different ways to represent the data, for example, with the
dots coloured by speed.Inside tunnels, GPS units can’t reach the satellites, so maps
scatter high speed dots in nearby suburban streets. 'm working out how to clean up
these position errors as well as errors in the road networks that cities provide.”

Fourth year and Masters students in Engineering Science also work on these
problems. My fourth year and Masters students from last year are both now working
at Optima.” Mason is also working with Shane Henderson, now at Cornell University
in the USA, to improve the optimisation strategies built into SIREN Live.

This unique work was recognised in front of more than 700 people, including the
Prime Minister, at the 2006 Price Waterhouse Coopers Hi-Tech Awards in November,
when Optima accepted the Enatel NZ Hi-Tech Innovation of the Year award for
Optima’s SIREN products.

See also
www.esc.auckland.ac.nz/Mason or www. TheOptimaCorporation.com

very complex

to real-world problems that we would previously
have had to approximate,” she said."‘Parameterised
complexity also gives us the chance to view a
problem from several different perspectives.”

Parameterised complexity is based on the simple
observation that many real-world problems have
certain aspects of their input that vary only within
a moderate range, at least for instances that are
of practical importance. By exploiting such small
parameters, many problems can be efficiently
solved. There are often several different ways to
‘parameterise’ a problem.

Parameterised complexity has applications in

many different areas, and McCartin works on both
the theory and its uses. One application involves
developing methods to help construct evolutionary
trees. Often, she explained,"you have several
phylogenetic trees from the same group of organisms
— they might come from different gene markers.

But you want to find the true model that reflects
evolutionary history!'The problem, however is finding
out what that is, and it is here that parameterised
complexity methods can help.

“Parameterised complexity ideas are applied in all
kinds of places. Computational biology is a major
one, because it is a newish area and lots of things are
happening there, and a lot of their problems seem

to fit with the parameterised view," said McCartin,
who enjoys the exact nature of her work.“! like the
fact that you can get useful solutions for things where
there were none before. Also, | like knowing that my
work produces robust results. It is quite satisfying to
be able to prove things.”

In 2006, McCartin received the Royal Society of New
Zealand's Hatherton Award, which is presented for
the best scientific paper by a PhD student at any New
Zealand university in physical, earth, mathematical

and information sciences. McCartin received the
award for her paper entitled “Parameterized Counting
Problems”, which was published in the Annals of Pure
and Applied Logic in July 2005.

By Anna Meyer
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The NZIMA'’s MathsReach initiative
was launched by the Prime Minister,
the Right Honourable Helen Clark,
at Onehunga High School
in February 2007.
MathsReach provides a collection of
resources on the web and CD for
school students, teachers, parents
and careers advisors, showing
what lies beyond the school curriculum.
It offers insight into the lives of
mathematical scientists and inspires
students to see how mathematics can
open doors to all sorts of opportunities.
See www.mathreach.org
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