
Preface

A Euclidean shortest path connects a source with a destination, avoids some places
(called obstacles), visits some places (called attractions), possibly in a defined or-
der, and is of minimum length. Euclidean shortest-path problems are defined in the
Euclidean plane or in Euclidean 3-dimensional space. The calculation of a convex
hull in the plane is an example for finding a shortest path (around the given set
of planar obstacles). Polyhedral obstacles and polyhedral attractions, a start and an
endpoint define a general Euclidean shortest-path problem in 3-dimensional space.

The book presents selected algorithms (i.e., not aiming at a general overview)
for the exact or approximate solution of shortest-path problems. Subjects in the
first chapters of the book also include fundamental algorithms. Graph theory offers
shortest-path algorithms for discrete problems. Convex hulls (and to a lesser extent
also constrained convex hulls) have been discussed in computational geometry. Sei-
del’s triangulation and Chazelle’s triangulation method for a simple polygon, and
Mitchell’s solution of the continuous Dijkstra problem have also been selected for a
detailed presentation, just to name three examples of important work in the area.

The book also covers a class of algorithms (called rubberband algorithms),
which originated from a proposal for calculating minimum-length polygonal curves
in cube-curves; Thomas Bülow was a co-author of the initiating publication, and he
coined the name ‘rubberband algorithm’ in 2000 for the first time for this approach.

Subsequent work between 2000 and now shows that the basic ideas of this al-
gorithm generalised for solving a range of problems. In a sequence of publications
between 2003 and 2010, we, the authors of this book, describe a class of rubberband
algorithms with proofs of their correctness and time-efficiency. Those algorithms
can be used to solve different Euclidean shortest-path (ESP) problems, such as cal-
culating the ESP inside of a simple cube-arc (the initial problem), inside of a simple
polygon, on the surface of a convex polytope, or inside of a simple polyhedron, but
also ESP problems such as touring a finite sequence of polygons, cutting parts, or
the safari, zookeeper, or watchman route problems.

We aimed at writing a book that might be useful for a second or third-year al-
gorithms course at the university level. It should also contain sufficient details for
students and researchers in the field who are keen to understand the correctness
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proofs, the analysis of time complexities and related topics, and not just the algo-
rithms and their pseudocodes. The book discusses selected subjects and algorithms
at some depth, including mathematical proofs for most of the given statements. (This
is different from books which aim at a representative coverage of areas in algorithm
design.)

Each chapter closes with theoretical or programming exercises, giving students
various opportunities to learn the subject by solving problems or doing their own
experiments. Tasks are (intentionally) only sketched in the given programming exer-
cises, not described exactly in all their details (say, as it is typically when a costumer
specifies a problem to an IT consultant), and identical solutions to such vaguely de-
scribed projects do not exist, leaving space for the creativity of the student.

The audience for the book could be students in computer science, IT, mathemat-
ics, or engineering at a university, or academics being involved in research or teach-
ing of efficient algorithms. The book could also be useful for programmers, mathe-
maticians, or engineers which have to deal with shortest-path problems in practical
applications, such as in robotics (e.g., when programming an industrial robot), in
routing (i.e., when selecting a path in a network), in gene technology (e.g., when
studying structures of genes), or in game programming (e.g., when optimising paths
for moves of players)—just to cite four of such application areas.

The authors thank (in alphabetical order) Tetsuo Asano, Donald Bailey, Chander-
jit Bajaj, Partha Bhowmick, Alfred (Freddy) Bruckstein, Thomas Bülow, Xia Chen,
Yewang Chen, David Coeurjolly, Eduardo Destefanis, Michael J. Dinneen, David
Eppstein, Claudia Esteves Jaramillo, David Gauld, Jean-Bernard Hayet, David
Kirkpatrick, Wladimir Kovalevski, Norbert Krüger, Jacques-Olivier Lachaud, Joe
Mitchell, Akira Nakamura, Xiuxia Pan, Henrik G. Petersen, Nicolai Petkov, Fridrich
Sloboda, Gerald Sommer, Mutsuhiro Terauchi, Ivan Reilly, the late Azriel Rosen-
feld, the late Klaus Voss, Jinlong Wang, and Joviša Žunić for discussions or com-
ments that were of relevance for this book.

The authors thank Chengle Huang (ChingLok Wong) for discussions on rubber-
band algorithms; he also wrote C++ programs for testing Algorithms 7 and 8. We
thank Jinling Zhang and Xinbo Fu for improving C++ programs for testing Algo-
rithm 7. The authors acknowledge computer support by Wei Chen, Wenze Chen,
Yongqian Du, Wenxian Jiang, Yanmin Luo, Shujuan Peng, Huijuan Pi, Huazhen
Wang, and Jian Yu.

The first author thanks dean Weibin Chen at Huaqiao University for supporting
the project of writing this book. The second author thanks José L. Marroquín at
CIMAT Guanajuato for an invitation to this institute, thus providing excellent con-
ditions for working on this book project.

Parts of Chap. 4 (on relative convex hulls) are co-authored by Gisela Klette, who
also contributed comments, ideas and criticisms throughout the book project.

We are grateful to Garry Tee for corrections and valuable comments, often adding
important mathematical or historic details.
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