
Mathematical Visualization 



Springer-Verlag Berlin Heidelberg GmbH 



Hans-Christian Hege 
Konrad Polthier (Eds.) 

Mathematical 
Visualization 
Algorithms, Applications 
and Numerics 

With 187 Figures, 46 in Color 
and 12 Tables 

Springer 



Hans-Christian Hege 
Wissenschaftliche Visualisierung 
Konrad-Zuse-Zentrum fiir Informationstechnik Berlin 
TakustraBe 7 
D-14195 Berlin, Germany 
e-mail: hege@zib.de 

Konrad Polthier 
Fachbereich 3, Mathematik 
Technische Universităt Berlin 
StraBe des 17. Juni 136 
D-10623 Berlin, Germany 
e-mail: polthier@math.tu-berlin.de 

Library of Congress Cataloging-in-Publication Data 

Mathematical visualization : algorithms, applications, and numerics 1 
Hans-Christian Hege. p. cm. 
Includes bibliographical references. 
ISBN 978-3-642-o8373-0 ISBN 978-3-662-03567-2 (eBook) 
DOI 10.1007/978-3-662-03567-2 
1. Mathematics--Graphic methods--Data processing--Congresses. 
2. Computer graphics--Data processing--Congresses. 
I. Hege, Hans-Christian, 1954- II. Polthier, Konrad. 
QA90.M34 1998 
510: .285'66--dc21 

98-36657 
CIP 

Mathematics Subject Classification (1991): 65-04,53-04,65505, 68U05 

This work is subject to copyright. AII rights are reserved, whether the whole or part of 
the material is concerned, specifically the rights of translation, reprinting, reuse of il­
lustrations, recitation, broadcasting, reproduction on microfilm or in any other way, 
and storage in data banks. Duplication of this publication or parts thereof is permitted 
only under the provisions of the German Copyright Law of September 9, 1965, in 
its current version, and permission for use must always be obtained from Springer­
Verlag. Violations are liable for prosecution under the German Copyright Law. 

© Springer-Verlag Berlin Heidelberg 1998 
Originally published by Sprioger-Verlag Berlio Heidelberg New York in 1998 
Softcover reprint of the hardcover 1St edition 1998 

The use of general descriptive names, registered names, trademarks, etc. in this publi­
cation does not imply, even in the absence of a specific statement, that such names are 
exempt from the relevant protective laws and regulations and therefore free for gen­
eral use. 

Cover figure by H. Loffelmann, T. Kucera, and E. Groller, Institute of Computer 
Graphics, Vienna University of Technology, Wien (Austria). 

Cover design: design & production GmbH, Heidelberg 
Typesetting: by the authors using a Springer TEX macro package 
Photo composition output by Text & Grafik, B.E.S. GmbH, Heidelberg 

SPIN 10638350 46/3143 - 5 43 2 1 o - Printed on acid-free paper 



Preface 

Mathematical Visualization is a young field in the interdisciplinary area of 
numeries, geometry, and computer graphics. It develops powerful visualiza­
tion tools for mathematical research and utilizes mathematical techniques for 
computer graphics and scientific visualization. 

The present book is the second in aseries of publications on this sub­
ject. The articles were presented at the international workshop "Visualiza­
tion and Mathematics", held from September 16-19, 1997 in Berlin-Dahlem 
(Germany). WeIl-known experts contributed latest research material to this 
volume. Each paper was carefully reviewed and evaluated by an international 
program committee. The articles cover many topics of mathematical visual­
ization, comprising computer graphical techniques and visualization methods, 
handling of meshes and polygonal data representations, as weIl as application 
of visualization techniques in geometry and numeries. 

We organized the material in the following five sections although many 
articles can not uniquely be associated with a single category: 

Meshes, Multilevel Approximation, and Visualization 
Geometry and N umerics 
Graphics Algorithms and Implementations 
Geometrie Visualization Techniques 

- Vector Fields and Flow Visualization. 

The themes represent most active research topics. Specifically there are new 
methods and experimental results for surfaces with given curvature proper­
ties, the use of Morse theory in the validation of triangle nets, and Clifford 
algebras for approximation of vector fields. Promising trends are new devel­
opments in the numerics on discrete geometries, the study of adaptive and 
hierarchical techniques in space and time, and new visualization methods for 
displaying mathematical structures. 

We hope the book unveals new insight into the evolving and fascinating 
area, and the reader will become acquainted with recent developments. 



VI Preface 

We thank all authors for their contributions and all members of the pro­
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interest and continuous support of Dr. Martin Peters from Springer-Verlag is 
very much appreciated. 

Berlin, 1998 Hans-Christian Hege l . Konrad Polthier 2 

1 Konrad-Zuse-Zentrum für Informationstechnik Berlin (ZIB), 
Department of Scientific Visualization 

2 Technische Universität in Berlin (TUB), Fachbereich Mathematik and 
Sonderforschungsbereich "Differential Geometry and Quantum Physics" 



Table of Contents 

Preface . . . . . . . . . . . . .. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .. . .. V 
List of Contributors ............................................. XV 

I Meshes, Multilevel Approximation, and Visualization 

Tetrahedra Based Volume Visualization 
Paolo Cignoni, Claudio Montani, Roberto Scopigno 

3 

1 Introduction................................................. 3 
2 Volume Modeling Based on Simplicial Complexes ......... . . . . . . . 4 
3 Visualization of Simplicial Complexes .......................... 5 
4 Isosurface Fitting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
5 Direct Volume Rendering Algorithms . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
6 Decreasing Complexity ....................................... 13 
7 Concluding Remarks ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 14 
8 Acknowledgements........................................... 16 

Mesh Optimization and Multilevel Finite Element Approxi-
mations 19 
Roberto Grosso, Thomas Ertl 

1 Introduction................................................. 19 
2 Mesh Reduction Techniques . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 20 
3 Linear Approximation in Hilbert Spaces ........................ 21 
4 Algorithm................................................... 25 
5 Results..................................................... 27 
6 Conclusions................................................. 28 

Efficient Visualization of Data on Sparse Grids 
Norbert Heußer, Martin Rumpf 

31 

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 31 
2 Brief Review of Functions on Sparse Grids .. . . . . . . . . . . . . . . . . . . .. 34 
3 Recursive Sparse Grid Interpolation . . . . . . . . . . . . . . . . . . . . . . . . . . .. 36 
4 ProceduralData Access ....................................... 38 
5 Estimating Higher Order Function Offsets . . . . . . . . . . . . . . . . . . . . . .. 39 
6 Improving Efficiency ......................................... 42 

A Meta Scheme for Iterative Refinement of Meshes 
M arkus K ohler 

45 

1 Introduction................................................. 45 
2 Meta Scheme for Sub division . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 46 



VIII Table of Contents 

3 Analysis of the Type Relation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 48 
4 Description of Topology and the Doubling Operator. . . . . . . . . . . . .. 50 
5 The A veraging Operator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 53 
6 Object Linking ........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 56 
7 Conclusion.................................................. 57 

A Scheme for Edge-based Adaptive Tetrahedron Sub division 61 
Detlef Ruprecht, Heinrich Müller 

1 Introduction................................................. 61 
2 Triangle Subdivision . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 63 
3 Tetrahedron Subdivision . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 64 
4 Discussion.................................................. 67 

11 Geometry and N umerics 

Finite Element Approximations and the Dirichlet Problem for 
Surfaces of Prescribed Mean Curvature 73 
Gerhard Dziuk, John E. Hutchinson 

1 H -Harmonie Maps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 73 
2 Discrete H-Harmonic Maps ................................... 77 
3 Proof of Main Theorem. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 79 
4 Numerical Results ........................................... 85 

Efficient Volume-Generation During the Simulation of NC-
Milling 89 
Georg Glaeser, Eduard Gröller 

1 Introduction................................................. 89 
2 Swept Volumes ........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 92 
3 Tool Path Generation ........................................ 97 
4 The r-Buffer Representation of Surfaces . . . . . . . . . . . . . . . . . . . . . . .. 99 
5 Conclusion and Future Work .................................. 104 
6 Acknowledgements ........................................... 105 

Constant Mean Curvature Surfaces with Cylindrical Ends 107 
Karsten Große-Brauckmann, Robert B. Kusner, John M. Sullivan 

1 Immersed Examples and Almost Embeddedness .................. 108 
2 Nonexistence Results for Cylindrieal Ends ....................... 108 
3 The Necksize Problem ........................................ 110 
4 Numerical Examples ......................................... 111 
5 The Fundamental Domains as Truncated Triunduloids ............ 112 
6 Conjectures................................................. 114 



Table of Contents IX 

Discrete Rotational CMC Surfaces and the Elliptic Billiard 117 
Tim Hoffmann 

1 Introduction ................................................. 117 
2 Discrete Rotational Surfaces ................................... 118 
3 Unrolling Polygons and Discrete Rotational Surfaces ............. 119 
4 The Standard Billiard in an Ellipse and Hyperbola ............... 119 
5 Discrete Rotational CMC Surfaces ............................. 120 

Zonotope Dynamics in Numerical Quality Control 125 
Wolfgang Kühn 

1 Discrete Dynamical Systems ................................... 125 
2 The Wrapping Effect ......................................... 127 
3 Zonotopes, Intervals and the Interval Hull ....................... 127 
4 Zonotope Dynamics .......................................... 130 
5 The Cascade Reduction Algorithm ............................. 130 
6 The Performance of the Cascade Reduction ..................... 131 
7 Example: The Cremona map .................................. 131 
8 Example: Langford's vector field ............................... 132 

Straightest Geodesics on Polyhedral Surfaces 
Konmd Polthier, Markus Schmies 

135 

1 Introduction ................................................. 135 
2 Review of Geodesics on Smooth Surfaces ........................ 137 
3 Curvature of Polyhedral Surfaces .............................. 138 
4 Discrete Straightest Geodesics ................................. 141 
5 Discrete Geodesic Curvature .................................. 144 
6 Parallel Translation of Vectors ................................. 146 
7 Runge Kutta on Polyhedral Surfaces ........................... 148 
8 Conclusion .................................................. 150 

III Graphics Algorithms and Implementations 

Support of Explicit Time and Event Flows in the Object-
Oriented Visualization Toolkit MAM/VRS 153 
Jürgen Döllner, Klaus Hinrichs 

1 Architectural Limitations of Visualization Software ............... 153 
2 Graphics Objects: Basic Visualization Entities ................... 154 
3 Behavior Graphs: Time and Event Flows ........................ 157 
4 Example: An Animated, Interactive 3D Vi ewer .................. 161 
5 Implementation .............................................. 164 
6 Conclusions and Future Work ................................. 165 



x Table of Contents 

A Survey of Parallel Coordinates 
Al/red Inselberg 

167 

1 In the Spirit of Descartes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 167 
2 Duality in 2-D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 00 0 168 
3 Lines, p-flats and Polytopes in RN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 171 
4 Representation Mapping 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 176 
5 Hypersurfaces 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 177 

Hierarchical Techniques for Global Illumination Computations 
- Recent Trends and Developments 181 
Philipp Slusallek, Mare Stamminger, Hans-Peter Seidel 

1 Introduction 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 181 
2 Fundamentals 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 182 
3 Hierarchical Techniques 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 184 
4 Clustering 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 188 
5 Refiners Based on Bounded Transport 00000000000000000000000000 190 
6 Conclusions 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 192 

Two-Dimensional Image Rotation 
Ivan Sterling, Thomas Sterling 

195 

1 Introduction 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 195 
2 Mathematical Statement of the Problem 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 196 
3 Notation 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 197 
4 The P Array 000000000000000000000000000000000000000000000000 197 
5 The T -Scheme 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 200 
6 The Modified T-Scheme 00000000000000000000000000000000000000 200 
7 Periodicity 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 201 
8 Lower Bounds 00000000000000000000000000000000000000000000000 201 
9 Optimal Cases 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 204 
10 Non-optimal Cases 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 00 0 205 
11 Miscellaneous Comments and Questions 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 206 

An Object-Oriented Interactive System for Scientific Simula-
tions: Design and Applications 207 
Ao Co Telea, Co W.AoM. van Overveld 

1 Introduction 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 207 
2 Previous Work 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 208 
3 Conceptual Model and Design of the Simulation System 0 0 0 0 0 0 0 0 0 0 209 
4 A Finite Elements Object-Oriented Library 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 214 
5 Structure of a Generic FE Simulation 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 214 
6 Example of Modelling a PDE: The Wave Equation 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 216 
7 Use of the Simulation System in Engineering Problems 0 0 0 0 0 0 0 0 0 0 0 218 
8 Conclusion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 218 



Table of Contents 

IV Geometrie Visualization Teehniques 

Auditory Morse Analysis of Triangulated Manifolds 
Ulrike Axen, Herbert Edelsbrunner 

XI 

223 

1 Audio as an Experimental and Analytic Tool .................... 223 
2 Wave Traversal .............................................. 224 
3 Wave Traversal as a Morse Function ............................ 230 
4 Computation of Waves, Critieal Points and Sound ................ 234 

Computing Sphere Eversions 237 
George Francis, John M. Sullivan, Chris Hartman 

1 Introduction ................................................. 237 
2 Symmetrie Eversions Driven by Willmore Energy ................ 238 
3 Visualizing the Double Locus Surface of an Eversion .............. 245 
4 Level Curve Methods for Everting Spheres ...................... 250 

Morse Theory for Implicit Surfaee Modeling 
John C. Hart 

257 

1 Introduction ................................................. 257 
2 The Problem of Modeling with Implicit Surfaces ................. 257 
3 Morse Theory ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260 
4 Application to Implicit Surfaces ................................ 263 
5 Conclusion .................................................. 267 

Special Relativity in Virtual Reality 
Rene T. Rau, Daniel Weiskopj, Hanns Ruder 

269 

1 Introduction ................................................. 269 
2 Special Relativistie Transformation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 270 
3 Special Relativistic Rendering ................................. 271 
4 Virtual Reality for Relativistie Flights .......................... 275 
5 Description of the System ..................................... 278 
6 Conclusions and Further Work ................................. 278 

Exploring Low Dimensional Objeets in High Dimensional Spaees281 
Dennis Roseman 

1 Introduction ................................................ 281 
2 Some Terminology for High Dimensional Viewing ................ 281 
3 Four Sam pIe Problems ........................................ 282 
4 Hew ........................................................ 282 
5 Getting from High Dimensions Down to Four Dimensions . . . . . . . . . 286 
6 Mathematics and Slicing ..................................... 287 
7 Conclusions, Future Developments ............................. 289 



XII Table of Contents 

V Vector Fields and Flow Visualization 

Fast LIC with Piecewise Polynomial Filter KerneIs 
Hans-Christian Hege, Detlev Stalling 

295 

1 Introduction ................................................. 295 
2 Line Integral Convolution .................................... 296 
3 Convolution Theorem, Filter KerneIs .......................... 300 
4 A General Fast LIC Algorithm ................................ 307 
5 Statistical Analysis of LIC Images ............................. 309 
6 Results .................................................... 312 

Visualizing Poincare Maps together with the Underlying Flow 315 
Helwig Löjjelmann, Thomas Kucera, Eduard Gröller 

1 Introduction ................................................. 315 
2 About Poincare Maps ........................................ 316 
3 Previous and Related Work ................................... 317 
4 Visualizing Poincare Maps .................................... 318 
5 Embedding the Visualization of Poincare Maps within the 3D Flow 321 
6 Animation Aspects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 324 
7 Implementation Issues . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 324 
8 Conclusions................................................. 325 
9 Acknowledgements ........................................... 326 

Accuracy in 3D Particle Tracing 
Adriano Lopes, Ken Brodlie 

329 

1 Introduction ................................................. 329 
2 Accuracy and the Dataflow Model ............................. 330 
3 Particle Tracing ............................................. 331 
4 Accuracy Assessment in a Runge-Kutta Method ................. 332 
5 Results..................................................... 339 
6 Conclusion and future work ................................... 340 
7 Acknowledgements ........................................... 340 

Clifford Algebra in Vector Field Visualization 
Gerik Scheuermann, Hans Hagen, Heinz Krüger 

343 

1 Introduction................................................. 343 
2 Clifford Algebra ............................................. 344 
3 Clifford Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 345 
4 Vector Field Visualization Using Clifford Algebra ................ 347 
5 Results..................................................... 350 
6 Acknowledgement ............................................ 350 



Table of Contents 

Visualization of Complex ODE Solutions 
Laurent Testard 

XIII 

353 

1 Introduction ................................................. 353 
2 Extended Phase Portraits ..................................... 356 
3 Applications to CODEs ....................................... 359 
4 Conclusion .................................................. 362 

Appendix: Color Plates 363 



List of Contributors 

Ulrike Axen 
University of Illinois 
Dep. of Computer Science 
MC-258 
Urbana, IL 61801 
USA 
axenGcs.uiuc.edu 
www.ncsa.uiuc.edu/VEG/audio/people/ua 

Ken Brodlie 
University of Leeds 
School of Computer Studies 
Leeds LS2 9JT 
United Kingdom 
kwbGscs.leeds.ac.uk 
www.scs.leeds.ac.uk/kwb 

Paolo Cignoni 
Instituto di Elaborazione 
dell'lnformazione Consiglio 
N azionale delle Ricerche 
Via S. Maria 46 
56126 Pisa 
Italy 
cignoniGiei.pi.cnr.it 
miles.cnuce.cnr.it/cg/peopleCigno.html 

J ürgen Döllner 
Universität Münster 
Institut für Informatik 
Einsteinstr. 62 
48149 Münster 
Germany 
dollnerGuni-muenster.de 
wwwmath.uni-muenster.de/-dollner 

Gerd Dziuk 
Universität Freiburg 
Inst. für Angewandte Mathematik 
Hermann-Herder-Str. 10 
79104 Freiburg 
Germany 
gerdGmathematik.uni-freiburg.de 
www-mathematik.uni-freiburg.de/ 
homepages/gerd.html 

Herbert Edelsbrunner 
University of Illinois 
Department of Computer Science 
MC-258 
Urbana, IL 61801 
USA 
edelsbrunnerGcs.uiuc.edu 
www.cs.uiuc.edu 

ThOInas Ertl 
Universität Erlangen 
IMMD 9 
Am Weichselgarten 9 
91058 Erlangen 
Germany 
ertlGinformatik. uni-erlangen. de 
www9.informatik.uni-erlangen.de/ 
Persons/Ertl 

George Francis 
University of Illinois 
Department of Mathematics 
1407 W Green St 
Urbana, IL 61801 
USA 
gfrancisGuiuc.edu 
www.math.uiuc.edu/-gfrancis 



XVI 

Georg Glaeser 
University of Applied Arts 
o. Kokoschka-Platz 2 
1010 Vienna 
Austria 
ggGpicasso.tuwien.ac.at 
www.geornetrie.tuwien.ac.at/glaeser 

Eduard Gröller 
Vienna University of Technology 
Karlsplatz 13 
1040 Vienna 
Austria 
groellerGcg.tuwien.ac.at 
www.cg.tuwien.ac.at/staff/ 
EduardGroeller.html 

Karsten Große-Brauckmann 
Universität Bonn 
Mathematisches Institut 
Beringstr. 1 
53115 Bonn 
Germany 
kgbCmath.uni-bonn.de 
rhein.iam.uni-bonn.de/-kgb 

Roberto Grosso 
Universität Erlangen 
IMMD IX 
Am Weichselgarten 9 
91058 Erlangen 
Germany 
grosso@informatik.uni-erlangen.de 
www9.informatik.uni-erlangen.de/ 
Persons/Grosso 

Hans Hagen 
Universität Kaiserslautern 
Fachbereich Informatik 
Postfach 3049 
67653 Kaiserslautern 
Germany 
hagenCinformatik.uni-kl.de 
davinci. informatik.uni-kl.de: 8000/ 
people/hagen.html 

List of Contributors 

John C. Hart 
Washington State University 
School of EECS 
Pullman, WA 99164-2752 
USA 
hart@eecs.wsu.edu 
www.eecs.wsu.edu/-hart 

Chris Hartman 
University of Illinois 
Department of Mathematics 
1409 W. Green St. 
Urbana, IL 61801 
USA 
hartman@math.uiuc.edu 
www.math.uiuc.edu/~hartrnan 

Hans-Christian Hege 
Konrad-Zuse-Zentrum für 
Informationstechnik Berlin (ZIB) 
Takustr. 7 
D-14195 Berlin 
Germany 
hege«lzib.de 
www.zib.de/hege 

N orbert Heußer 
Universität Bonn 
Sonderforschungsbereich 256 
Wegelerstr. 6 
53115 Bonn 
Germany 
kender@iam.uni-bonn.de 
rhein.iam.uni-bonn.dej-kender 

Klaus Hinrichs 
Universität Münster 
Institut für Informatik 
Einsteinstr. 62 
48149 Münster 
Germany 
Klaus.Hinrichs@inforrnatik.uni-rnuenster.de 
www.uni-muenster.de/informatik/u/khh 



List of Contributors 

John E. Hutchinson 
Australian National University 
School of Mathematical Sciences 
GPO Box 4 
Canberra ACT 0200 
Australia 
john.hutchinson~anu.edu.au 

www.anu.edu.au 

Tim Hoffmann 
Technische Universität Berlin 
Fachbereich Mathematik, MA 8-3 
Straße des 17. Juni 136 
10623 Berlin 
Germany 
timh@sfb288.math.tu-berlin.de 
www-sfb288.math.tu-berlin.de/-timh 

Alfred Inselberg 
Multidimensional Graphs Ltd. 
36 A Yehuda Halevy Street 
43556 Raanana 
Israel 
aiisreal@rnath.tau.ac.i 

Markus Kohler 
Universität Dortmund 
Lehrstuhl Informatik VII 
Otto-Hahn-Straße 16 
D-44221 Dortmund 
Germany 
Markus.Kohler@cs.uni-dortrnund.de 
ls7-www.informatik.uni-dortmund.dej 
-kohler 

Heinz Krüger 
University of Kaiserslautern 
Physics Department 
Postfach 3049 
67653 Kaiserslautern 
Germany 
krueger@physik.uni-kl.de 

XVII 

Wolfgang Kühn 
Konrad-Zuse-Zentrum für 
Informationstechnik Berlin (ZIB) 
Takustrasse 7 
14195 Berlin 
Germany 
kuehn@zib.de 
www.zib.de/kuehn 

Thomas K ucera 
Vienna University of Technology 
Institute of Computer Graphics 
Karlsplatz 13/186/2 
1040 Vienna 
Austria 
tkucera@cg.tuwien.ac.at 
www.ac.tuwien.ac.atJhome 

Robert B. Kusner 
University of Massachusetts 
Dep. of Math. and GANG Center 
1435G Lederle Grad. Res. Tower 
Amherst MA 01003 
USA 
kusner@gang.umass.edu 
www.gang.umass.edu/people/rk.html 

Helwig Löffelmann 
University of Technology 
Institute of Computer Graphics 
Karlsplatz 13/186/2 
1060 Vienna 
Austria 
helwig@cg.tuwien.ac.at 
www.cg.tuwien.ac.at/home 

Adriano Lopes 
University of Leeds 
School of Computer Studies 
Leeds LS2 9JT 
United Kingdom 
adriano@SC5.1eeds.ac.uk 
www.scs.leeds.ac.uk/postgrads/adriano.html 



XVIII 

Claudio Montani 
Instituto di Elaborazione 
dell'Informazione Consiglio 
N azionale delle Ricerche 
Via S. Maria 46 
56126 Pisa 
Italy 
montani0iei.pi.cnr.it 
miles.cnuce.cnr.it/cg/peopleMonta.html 

Heinrich Müller 
Universität Dortmund 
Informatik VII 
Graphische Systeme 
D-44221 Dortmund 
Germany 
rnueller01s7.inforrnatik.uni-dortmund.de 
ls7-www.informatik.uni-dortmund.de/ 
-mueller 

Cornelius W. A. M. van 
Overveld 
Eindhoven Uni. of Technology 
Dep. of Math. and Comp. Science 
Den Dolech 2 
5600 MB Eindhoven 
The N etherlands 
wsinkvo@win.tue.nl 
www.win.tue.nl/inf 

Konrad Polthier 
Technische Universität Berlin 
FB Mathematik, MA 8-3 
Straße des 17. Juni 136 
D-10623 Berlin 
Germany 
polthier~math.tu-berlin.de 

www-sfb288.math.tu-berlin.de/-konrad 

Rene T. Rau 
Universität Tübingen 
WSI/GRIS 
Auf der MorgensteIle 10 
72076 Tübingen 
Germany 
rrau@gris.uni-tuebingen.de 
www.gris.uni-tuebingen.de/ 
people/staff/rrau 

List of Contributors 

Dennis Roseman 
The University ofIowa 
Department of Mathematics 
Iowa City, IA 52242-1419 
USA 
rosernan@math.uiowa.edu 
www.math.uiowa.eduj-roseman 

Hanns Ruder 
Universität Tübingen 
Theoretische Astrophysik 
Auf der MorgensteIle 10 
72076 Tübingen 
Germany 
ruder~tat.physik.uni-tuebingen.de 

aorta.tat.physik.uni-tuebingen.de 

Martin Rumpf 
Universität Bonn 
Institut für Angewandte 
Mathematik 
Wegelerstr. 6 
D-53115 Bonn 
Germany 
rumpf@iam.uni-bonn.de 
www.iam.uni-bonn.de/-rumpf 

Detlef Ruprecht 
Andersen Consulting 
Otto-Volger-Straße 15 
65843 Frankfurt 
Germany 

Gerik Scheuermann 
Universität Kaiserslautern 
Postfach 3049 
67653 Kaiserslautern 
Germany 
scheuer@inforrnatik.uni-kl.de 
davinci. informatik.uni-kl.de: 8000/ 
-scheuer 



List of Contributors 

Markus Sehmies 
Technische Universität Berlin 
FB Mathematik, MA 8-3, Sfb 288 
Straße des 17. Juni 136 
D-I0623 Berlin 
Germany 
tn130sfb288.math.tu-berlin.de 
www-sfb288.math.tu-berlin.de 

Roberto Seopigno 
CNUCE - Cons. Naz. delle Ricerche 
Department Parallel Processing 
Via S. Maria 36 
56126 Pisa 
Italy 
r.scopignoGcnuce.cnr.it 
miles.cnuce.cnr.it/cg/peopleScop.html 

Hans-Peter Seidel 
Universität Erlangen 
IMMD - IX 
Am Weichselgarten 9 
91058 Erlangen 
Germany 
seidelGinformatik.uni-erlangen.de 
www9.informatik.uni-erlangen.de/ 
Persons/Seidel 

Philipp Slusallek 
University of Erlangen 
IMMD IX 
Am Weichselgarten 9 
91058 Erlangen 
Germany 
slussalekGinformatik.uni-erlangen.de 
www9.informatik.uni-erlangen.de/ 
Persons/Slusallek 

Detlev Stalling 
Konrad-Zuse-Zentrum für 
Informationstechnik Berlin (ZIB) 
Takustr.7 
D-14195 Berlin 
Germany 
stallinglDzib.de 
www.zib.de/stalling 

Mare Stamminger 
Universität Erlangen 
IMMD IX 
Am Weichselgarten 9 
91058 Erlangen 
Germany 
stammingerGinformatik.uni-erlangen.de 
www9.informatik.uni-erlangen.de/ 
Persons/Stamminger 

Ivan Sterling 
University of Toledo 
Department of Mathematics 
Toledo, OH 43606-3390 
USA 
isterlinGmath.utoledo.edu 
www.math.utoledo.edu/faculty-pages/ 
isterling.html 

Thomas Sterling 
1715 Chandler 
Ann Arbor 
Michigan 48105 
USA 

John M. Sullivan 
University of Illinois 
Mathematics Department 
1409 W Green St 
Urbana, IL 61801-2975 
USA 
jmsGmath.uiuc.edu 
www.math.uiuc.edu/-jms 

Alexandru C. Telea 

XIX 

Eindhoven Uni. of Technology 
Dep. of Math. and Comp. Science 
Den Dolech 2 
5600 MB Eindhoven 
The N etherlands 
alextGwin.tue.nl 
www.win.tue.nl/inf 



xx 

Laurent Testard 
Institute d'Informatique et de 
Mathematiques Appliques de 
Grenoble (IMAG, LMC) 
51 rue des Mathematiques, BP 53 
38041 Grenbole Cedex 9 
France 
Laurent.TestardGimag.fr 
www-lmc.imag.fr/-testard 

Daniel Weiskopf 
Universität Tübingen 
Theoretische Astrophysik 
Auf der Morgenstelle 10 
72076 Tübingen 
Germany 
daniel.weiskopfGstudent.uni-tuebingen.de 
www.gris.uni-tuebingen.de 

List of Contributors 


