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— Persistence of Homology — Afra Zomorodian (After Salvador Dali)

To my parents

On the left, a double-torus and a 1-cycle lie on a triangulated 2-manifold. There is a box-shaped
cell-complex above. An unknot hangs from the large branch of the sapless withering tree. Through
some exertion, the tree identifies itself as a maple by bearing a single green leaf. A deformed two-
sphere, a torus, and a nonbounding loop form a pile in the center. Near the horizon, a 2-manifold
is embedded by an associated height field. It divides itself into regions using the 1-cells of its
Morse-Smale complex.
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Preface

My goal in this book is to enable a non-specialist to grasp and participate
in current research in computational topology. Therefore, this book is not a
compilation of recent advances in the area. Rather, the book presents basic
mathematical concepts from a computer scientist’s point of view, focusing on
computational challenges and introducing algorithms and data structures when
appropriate. The book also incorporates several recent results from my doc-
toral dissertation and subsequent related results in computational topology.

The primary motivation for this book is the significance and utility of topo-
logical concepts in solving problems in computer science. These problems
arise naturally in computational geometry, graphics, robotics, structural biol-
ogy, and chemistry. Often, the questions themselves have been known and
considered by topologists. Unfortunately, there are many barriers to interac-
tion:

• Computer scientists do not know the language of topologists. Topology,
unlike geometry, is not a required subject in high school mathematics and is
almost never dealt with in undergraduate computer science. The axiomatic
nature of topology further compounds the problem as it generates cryptic
and esoteric terminology that makes the field unintelligible and inaccessible
to non-topologists.

• Topology can be very unintuitive and enigmatic and therefore can appear
very complicated and mystifying, often frightening away interested com-
puter scientists.

• Topology is a large field with many branches. Computer scientists often re-
quire only simple concepts from each branch. While there are certainly a
number of offerings in topology by mathematics departments, the focus of
these courses is often theoretical, concerned with deep questions and exis-
tential results.

xi
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xii Preface

Because of the relative dearth of interaction between topologists and computer
scientists, there are many opportunities for research. Many topological ques-
tions have large complexity: the best known bound, if any, may be exponential.
For example, I once attended a talk on an algorithm that ran in quadruply ex-
ponential time! Let me make this clear. It was

O

(
2222n

)
.

And one may overhear topologists boasting that their software can now han-
dle 14 tetrahedra, not just 13. But better bounds may exist for specialized
questions, such as problems in low dimensions, where our interests chiefly lie.
We need better algorithms, parallel algorithms, approximation schemes, data
structures, and software to solve these problems within our lifetime (or the
lifetime of the universe.)

This book is based primarily on my dissertation, completed under the super-
vision of Herbert Edelsbrunner in 2001. Consequently, some chapters, such as
those in Part Three, have a thesis feel to them. I have also incorporated notes
from several graduate-level courses I have organized in the area: Introduction
to Computational Topology at Stanford University, California, during Fall 2002
and Winter 2004; and Topology for Computing at the Max-Planck-Institut für
Informatik, Saarbrücken, Germany, during Fall 2003.

The goal of this book is to make algorithmically minded individuals fluent in
the language of topology. Currently, most researchers in computational topol-
ogy have a mathematics background. My hope is to recruit more computer
scientists into this emerging field.

Stanford, California A. J. Z.
June 2004
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