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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 (201 1—-present), Sorbonne Universités (201 1—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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Notations
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Topological space

Boundary of a topological space
Manifold

Euclidean space of dimension d

d-simplex, face of a d-simplex

Vertex, edge, triangle, and tetrahedron

Link and star of a simplex

d-simplices of the link and the star of a simplex

Simplicial complex
Triangulation
Piecewise linear manifold

i-th Betti number
Euler characteristic

ith barycentric coordinates of a point p relatively to a simplex o
Piecewise linear scalar field

Gradient of a PL scalar field f

Lower and upper link of o relatively to f

Memory position offset of the vertex v

Sub- and sur-level set of the isovalue i relatively to f

Persistence diagram of f
Persistence curve of f
Reeb graph of f

Number of loops of Z(f)
Contour tree of f

Join and split trees of f
Morse-Smale complex of f
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