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Preface

Visualization research aims to provide insight into large, complicated data
sets and the phenomena behind them. While there are different methods of
reaching this goal, topological methods stand out for their solid mathemat-
ical foundation, which guides the algorithmic analysis and its presentation.
Topology-based methods in visualization have been around since the begin-
ning of visualization as a scientific discipline, but they initially played only a
minor role. In recent years, interest in topology-based visualization has grown
and significant innovation has led to new concepts and successful applications.
The latest trends adapt basic topological concepts to precisely express user
interests in topological properties of the data.

This book is the outcome of the second workshop on Topological Methods
in Visualization, which was held March 4-6, 2007 in Kloster Nimbschen near
Leipzig, Germany. The workshop brought together more than 40 international
researchers to present and discuss the state of the art and new trends in the
field of topology-based visualization. Two inspiring invited talks by George
Haller, MIT, and Nelson Max, LLNL, were accompanied by 14 presentations
by participants and two panel discussions on current and future trends in
visualization research.

This book contains thirteen research papers that have been peer-reviewed
in a two-stage review process. In the first phase, submitted papers where
peer-reviewed by the international program committee. After the workshop
accepted papers went through a revision and a second review process taking
into account comments from the first round and discussions at the workshop.

About half the papers concern topology-based analysis and visualization of
fluid flow simulations; two papers concern more general topological algorithms,
while the remaining papers discuss topology-based visualization methods in
application areas like biology, medical imaging and electromagnetism.

The book starts with two articles demonstrating the use of finite-time Lya-
punov exponents (FTLE) in the visualization of fluid flow simulations (Garth
et al., Sadlo and Peikert). The third paper focuses on the calculation of sep-
aration surfaces in realistic CFD simulations (Wiebel et al.). It is followed
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by a paper on topology-based support for the visual analysis of complicated
molecules in biology using isosurfaces (Bajaj et al.). The calculation of con-
tour trees for scalar fields on arbitrary meshes is shown by Carr and Snoeyink.
Pathline attributes are suggested as an extension of well-known topological
concepts to unsteady fields by Shi et al. Salzbrunn and Scheuermann use
flow structures based on streamline predicates to select representative stream-
lines in three- dimensional flows. Max and Weinkauf present a method that
is guaranteed to find all critical points of a field generated by a finite set of
point charges and they demonstrate its use in the study of electrical fields
around molecules. Since the study of chaotic dynamical systems is a real chal-
lenge, Krauskopf et al. present a robust algorithm for the calculation of global
manifolds; furthermore they demonstrate it, applying it to the well-known
Lorenz system. Three applications of topological methods to fluid flow prob-
lems follow: first, a topology-guided analysis of vortex breakdown including
an approximate analytical model is given (Riitten and Bohme). Second, an
article by Peikert and Sadlo studies vortex rings using Poincaré sections. The
third article, authored by Laramee et al., identifies several tasks for topologi-
cal methods in industrial computational fluid dynamics (CFD) analysis based
on specific examples. Finally, the contribution by Thomas Wischgoll shows
the use of vector field topology for the calculation of center lines in medical
imaging data.

Overall, the book presents an informative overview of current research in
topology-based visualization and provides insight into various specific research
topics.
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