
Mathematics and Visualization

Series editors
Hans-Christian Hege
David Hoffman
Christopher R. Johnson
Konrad Polthier
Martin Rumpf



More information about this series at http://www.springer.com/series/4562

http://www.springer.com/series/4562


Julien Tierny

Topological Data Analysis
for Scientific Visualization

123



Julien Tierny
CNRS, Sorbonne Université, LIP6
Department of Scientific Computing
Paris, France

ISSN 1612-3786 ISSN 2197-666X (electronic)
Mathematics and Visualization
ISBN 978-3-319-71506-3 ISBN 978-3-319-71507-0 (eBook)
https://doi.org/10.1007/978-3-319-71507-0

Library of Congress Control Number: 2017960812

Mathematics Subject Classification (2010): 68U01

© Springer International Publishing AG 2017
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology
now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
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 general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or
the editors give a warranty, express or implied, with respect to the material contained herein or for any
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional
claims in published maps and institutional affiliations.

Printed on acid-free paper

This Springer imprint is published by Springer Nature
The registered company is Springer International Publishing AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

https://doi.org/10.1007/978-3-319-71507-0


Any problem which is non-linear in
character, which involves more than one
coordinate system or more than one variable,
or where structure is initially defined in the
large, is likely to require considerations of
topology and group theory for its solution.
In the solution of such problems classical

analysis will frequently appear as an
instrument in the small, integrated over the
whole problem with the aid of topology or
group theory.

Marston Morse [87]



This book is dedicated to all those who
supported me along the years.



Preface

This book is adapted from my habilitation thesis manuscript, which reviewed my
research work since my Ph.D. thesis defense (2008), as a postdoctoral researcher at
the University of Utah (2008–2010) and a permanent CNRS researcher at Telecom
ParisTech (2010–2014) and at Sorbonne Universités UPMC (2014-present).

This book presents results obtained in collaboration with several research groups
(University of Utah, Lawrence Livermore National Laboratory, Lawrence Berkeley
National Laboratory, Universidade de Sao Paulo, New York University, Sorbonne
Universités, Clemson University, University of Leeds) as well as students whom I
informally or formally advised.

This research has been partially funded by several grants, including a Ful-
bright fellowship (US Department of State), a Lavoisier fellowship (French Min-
istry for Foreign Affairs), a Digiteo grant (national funding, “Uncertain Topo-
Vis” project 2012-063D, Principal Investigator), an ANR grant (national funding,
“CrABEx” project ANR-13-CORD-0013, local investigator), a CIFRE partnership
with Renault, a CIFRE partnership with Kitware, a CIFRE partnership with Total,
and a BPI grant (national funding, “AVIDO” project, local investigator).

During this period, I taught regularly at the University of Utah (2008–2010),
Telecom ParisTech (2011–present), Sorbonne Universités (2011–present), and since
2013 at ENSTA ParisTech and University of Versailles, where I am the head
instructor for the scientific visualization course.

This book describes most of the results published over this period (Chap. 3: [118,
125], Chap. 4: [63, 125, 128], Chap. 5: [16, 17, 55, 101], Chap. 6: [21, 56–58, 74, 117,
130]). I refer the interested reader to the following publications [12, 49, 50, 52, 80,
83, 95, 96, 107, 108, 111–113, 119–124, 126, 127, 132, 133] for additional results
not described in this document.

The reading of this book only requires a basic background in computer science
and algorithms; most of the mathematical notions are introduced in a dedicated
chapter (Chap. 2).

Paris, France Julien Tierny
October 2017
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