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Preface

The research on spanning trees has been one of the most important areas in
algorithm design. People who are interested in algorithms will find this book
informative and inspiring. The new results are still accumulating, and we try
to make clear the whole picture of the current status and future developments.

This book is written for graduate or advanced undergraduate students in
computer science, electrical engineering, industrial engineering, and mathe-
matics. It is also a good reference for professionals.

Our motivations for writing this book:

1. To the best of our knowledge, there is no book totally dedicated to the
topics of spanning trees.

2. Our recent progress in spanning trees reveals a new line of investigation.

3. Designing approximation algorithms for spanning tree problems has be-
come an exciting and important field in theoretical computer science.

4. Besides numerous network design applications, spanning trees have also
been playing important roles in newly established research areas, such
as biological sequence alignments, and evolutionary tree construction.

This book is a general and rigorous text on algorithms for spanning trees. It
covers the full spectrum of spanning tree algorithms from classical computer
science to modern applications. The selected topics in this book make it an
excellent handbook on algorithms for spanning trees. At the end of every
chapter, we report related work and recent progress.

We first explain general properties of spanning trees. We then focus on
three categories of spanning trees, namely, minimum spanning trees, shortest-
paths trees, and optimum routing cost spanning trees. We also show how to
balance the tree costs. Besides the theoretical description of the methods,
many examples are used to illustrate the ideas behind them. Moreover, we
demonstrate some applications of these spanning trees. We explore in details
some other interesting spanning trees, including maximum leaf spanning trees
and minimum diameter spanning trees. In addition, Steiner trees and evo-
lutionary trees are also discussed. We close this book by summarizing other
important problems related to spanning trees.

Writing a book is not as easy as we thought at the very beginning of this
project. We have tried our best to make it consistent and correct. However,
it’s a mission impossible for imperfect authors to produce a perfect book.
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Cayley’s formula, 1

center, 154

centroid, 46, 88

clustering gene expression data, 17
cut and leaf set, 67

diameter, 154
Dijkstra’s algorithm, 25
distance matrix, 170

eccentricity, 154

Eulerian cycle, 131

Eulerian graph, 131

evolutionary tree, 170

evolutionary tree insertion problem,
172

exact cover by 3-sets, 148

four-point condition, 171

Hamiltonian cycle, 150
Hamiltonian path, 169

knapsack problem, 126

Kruskal’s algorithm, 15

LART, see light approximate routing
cost spanning tree

LASF, see light approximated shortest-
path forest

LAST, see light approximate shortest-
paths tree

LCS, see longest common subsequence

leafy forest, 164

leafy tree, 163

light approximate routing cost span-
ning tree, 130

light approximate shortest-paths tree,
129

light approximated shortest-path for-
est, 137

longest common subsequence, 84

maximum leaf spanning tree, 162
MDST, see minimum diameter span-
ning tree
median, 45
metric closure, 58
metric graph, 57
minimum k-spanning tree, 169
minimum bounded degree spanning tree,
170
minimum cut, 94
minimum degree spanning tree, 169
minimum diameter spanning tree, 157
minimum geometric 3-degree spanning
tree, 170
minimum increment evolutionary tree,
172
minimum routing cost spanning tree,
41, 85, 129
p-source, 86
Steiner, 127
minimum routing cost spanning trees
p-source, 109
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minimum shortest-paths tree, 170

minimum spanning tree, 9, 19, 129,
148

MLST, see maximum leaf spanning
tree

MRCT, see minimum routing cost span-
ning tree

AMRCT, 61

MST, see minimum spanning tree

OCT, see optimal communication span-
ning tree

optimal communication spanning tree,
85

p-source, 85

optimal product-requirement commu-
nication spanning tree, 85

optimal sum-requirement communica-
tion spanning tree, 85, 104

phylogeny, 170
Priifer sequence, 2
Prim’s algorithm, 13

Index

minimum, see minimum spanning
tree
SPT, see shortest-paths tree
SROCT, see optimal sum-requirement
communication spanning tree
star, 50
k-star, 62, 67
configuration, 74
general, 50
Steiner ratio, 140, 151
Steiner tree, 147-154, 170
Euclidean, 148
graph, 148
minimal, 140, 148

traveling salesperson problem, 18, 150

tree metric, 171

TSP, see traveling salesperson prob-
lem

ultrametric, 171
ultrametric tree, 171

PROCT, see optimal product-requirement

communication spanning tree

radius, 154

rectilinear, 148

routing cost, 41

routing load, 41
product-requirement, 89
sum-requirement, 104

satisfiability problem, 110
scaling and rounding, 101, 126
separator, 48
minimal, 48
path, 53
shortest total path length spanning
tree, 83
shortest-paths tree, 23, 44
SMT, see Steiner tree, minimal
solution decomposition, 46
SP-alignment, see sum-of-pair, align-
ment
spanner, 145
spanning tree, 1
counting, 1



