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When is the next bus?
ublic transport improvement is an important issue in modern
cities. New rail systems, bus corridors, privatisation and
P
competition are innovations that require good design for efficiency and usability. Research into journey planning systems and
transport network design in the Department of Computer Science
at NUI Maynooth is aimed at improving these.
The process of planning a journey by public transport may not
be straightforward when one is presented with several alternate
routes with associated journey times, fares and numbers of vehicle
changes (for example, bus to train) as well as other costs. Ideally,
a user of the public transport system would like to choose a
journey route with the best values for all these factors, but this is
not as simple as it may seem. They all cannot be condensed into
one, as trade-offs exist between them. For example, seeking
cheaper fares may result in using a route with longer journey
times. Also, there may be no solution that contains the best values
for all criteria. Multiobjective Optimisation can be used to solve
this type of problem.
Attempts to narrow down the multitude of alternative routes to
a more manageable list can be based on techniques developed by
the 19th century Italian engineer-economist Vilfredo Pareto. A
computer can use this process to extract a set (known as the
Pareto-optimal set) of candidate journeys that have no solutions
better on all criteria (time, cost, changes). Users then choose their
desired journey from this set. The user's task changes from
solution finding to choosing, according to their preferences, from
the small number of best solutions.
This method based on Pareto-optimality can be extended to
analyze the 'quality' of public transport networks. Providing a
universally acceptable definition of 'quality' for a transport
network is difficult, but some of the contributing factors are quite
evident, such as average distance to nearest bus-stop, waiting time,
journey times and so on. Given an existing network, random
additions (mutations) are made to it. Its Pareto-optimal set is reNATIONAL· UNIVERSnY OF
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An example showing how random additions may produce better routes.

computed. Further analysis of the mutated graph's Pareto-optimal
set, combined with comparisons between the two graphs, can be
used to decide whether or not the mutated network is more efficient for journey planning.
This procedure is repeated many times, forming a multiobjective genetic algorithm that evolves better networks. This
technique can be used to suggest changes to, for example, an
existing bus network to improve the service. It can also expand to
evolve designs for public transport networks from scratch with
very little starting information.

Contact: Dr Adam Winstanley, Department of Computer
Science, NUI Maynooth; E-mail: a dam.winstanley@may.ie
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Virtual Reality Web
esktop Virtual Reality offers new and
D
exciting opportunities for World Wide
Web users. Currently, WWW users complain of having to repeatedly alter the
terms in a web-search query to find useful
information, or having to jump to a different search engine, or becoming disoriented
and unable to find a previously visited
page. The most common mistake users
make is submitting a URL (xyz.com) to a
search engine, even though the required
address is already known.
The VR-Net project tackles these prob-

Figure 1: Identified clusters are depicted
in Virtual Reality.

lems by placing all search results (webpages and any hyperlinks between them)
within a Desktop Virtual-reality Environment (DVE). (Standard computers now
posses the power to support DVEs, often
by using plug-in software to an ordinary
web-browser.) Hyper-linked pages are
located in the same region of the DVE, and
the VR-Net meta-search process identifies
inter-linked 'clusters' of pages - rather than
individual pages. Users can explore the virtual world by looking at the thumbnail previews of web-pages, and if a relevant page
is found then they can examine any other
pages that contain a hyperlink to or from
that page.
Each cluster of web-pages identifies a
different 'theme' within the scope of the
original query. For example, searching with
the term 'bass' finds clusters of web-pages
related to fishing, guitars, beer etc. VR-Net
places each of these page clusters in a separate area of the virtual environment,
allowing the users to refine their query by
moving towards one cluster or another
within the DVE.
This work has broader implications for
visualising other networks, and this is par-
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Figure 2: A cluster of results,
all linked to isoc.org.
ticularly important given the recent merging of the Internet with both fixed and
mobile telecommunications networks.
*David Cleary is a postgraduate student
in the Department of Computer Science,
NUIM, and is also Director of Ericsson
Research Laboratory, Athlone, Ireland.

Contact: Diarmuid O'Donoghue;
E-mail: diarmuid.odonoghue@may.ie;
follow the VR-Net link from the following
web-page: http://www.cs.may.ie/~dod.
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