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Abstract

This paper presents a system for graph clustering where users
can visuadlize the clustering and give “hints’ that help a
computing method to find better solutions. Hints include a
variety of constraints, as well as direct manipulation of the
previously computed clustering. The framework is flexible: it
can accommodate several kinds of hints, clustering algorithms,
and visualization techniques.
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I ntroduction

Graph clustering is an important and difficult
optimization problem that arises in Software Engineering
(Rayside, Reuss, Hedges and Kontogiannis 2000,
Koschke and Eisenbarth 2000, Tzerpos and Holt 2000),
VLSl design (Alpert and Kahng 1995), Distributed and
Parallel Processing (Kumar, Grama, Gupta and Karypis
1994), and in many other areas. We have developed a
system (called HINTS) for graph clustering where users
play a strong role. The system follows a framework
where a soft computing method for clustering is driven by
user’s hints. Suggestions provided by the user include a
variety of constraints for solutions, as well as direct
manipulation of the previously computed clustering. The
main resources of our system are:

» Simulated Annealing and hill-climbing algorithms
for clustering with support for several constraints;

* a visudization module that shows drawings and
various measures of the current clustering;

* an interface for giving hints. Here, we focus on
setting constraints (e.g. defining limits on cluster
size, on the numbers of clusters, and balance). The
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user can activate or deactivate these constraints as
well as set their relative importance.

HINTS uses soft computing methods like hill-climbing
and Simulated Annealing for two reason: (1) they are
flexible enough to deal with many constraints, and (2) it
allows iterative changes on the solution (which is
necessary for user interaction).

Visualizations Tools

In the system, the clustering algorithms attempt to
minimize a weighted function of the constraints and the
objective function, representing the quality of a
clustering. During the processing the system keeps track
of the best solution, which is drawn on the screen using
some graph drawing techniques and statistic graphics.
The visuaization of this solution occurs through three
main views. The first is a histogram that shows the
number of clusters for each cluster size. The second is a
scatter-plot style graphic that shows the size of each
cluster. The third is a graph drawing that shows the
current clustering. Constraints are also indicated in the
views by drawing extra lines or by using different colors.
Moreover, the general evolution of the -clustering
algorithms is shown by continuously updating the
visualization. If the screen is not updated for a long time,
this means that the system may have falen into a loca
minimum and needs user intervention. See a snapshot of
the system’ s interface on the picture below.
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Picture 1: HINTSInterface

These visual features offer feedback to the user, so that
one can analyse the clustering and identify changes that
can drive the optimisation agorithms toward better
solutions.

Giving Hints

The system accepts user hints and automaticaly
incorporates them into the optimisation processing. The
main types of hints are;

» Constraint modification — the user changes the value
of a constraint in order to make it loose or tight,
thus helping the system to escape from local
minimums. It is aso possible to reset the
importance of each constraint in order to focus the
search on a specific quality aspect (e.g., good
balance).

* Manua changes on clusters — the user manualy
changes the current solution by executing some
simple operations like breaking an existing cluster
and regrouping its verticesin a different way.

» Algorithm selection — the user can change the
clustering agorithm (between a hill-climbing
method and a Simulated Annealing in the current
version of the system), whenever it gets stuck in a
local minimum or it is improving very slowly the
current solution.

These hints can be given at any time, as the user sees that
part of the clustering has a poor quality or that the
clustering method got stuck. Then by giving hints to the
system, it is possible to work on those aspects.

Observe that it may also be the case that the users do not
know precisely about all constraints to a particular
problem at the beginning of the systems execution;
therefore, they will have to dynamically adjust them later
on. In this situation we say the hints mechanism aso
provides a way of adding domain knowledge to the
system.

Conclusion

In our system the user plays a strong role by giving hints
to a soft computing method for Graph Clustering.
Visuaization techniques offer feedback to the user about
the quality of the clustering as well as some indication of
the algorithms' efficiency. This feedback allows the user
to decide which type of hintsto give next to the system.

There are a number of other hints that have not been
included yet into the system such as: defining constraints
that group some vertices into a same cluster. However,
the currently available facilities already show a very
promising path for alowing the user to become a strong
part of the optimisation process.

HINTS is one of severa attempts to test the hypothesis
that a human can assist an optimisation method. Some
similar approaches on this direction are described by
Andersen et al. (20000 and by Lesh, Marks and
Patrigname (2000), and they add weight to this
hypothesis.
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