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This volume, the third in a sequence that began with The Theory of Matroids
and Combinatorial Geometries, concentrates on the applications of matroid theory
to a variety of topics from engineering (rigidity and scene analysis), combinatorics
(graphs, lattices, codes and designs), topology and operations research (the greedy
algorithm). As with its predecessors, the contributors to this volume have written
their articles to form a cohesive account so that the result is a volume that will
be a valuable reference for research workers.

© Cambridge University Press www.cambridge.org



http://www.cambridge.org/0521381657
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-0-521-38165-9 - Matroid Applications
Edited by Neil White

Frontmatter

More information

ENCYCLOPEDIA OF MATHEMATICS AND ITS APPLICATIONS

EDITED BY G.-C. ROTA

Editorial Board

R.S. Doran, J. Goldman, T.-Y. Lam, E. Lutwak

Volume 40

Matroid Applications

© Cambridge University Press www.cambridge.org



http://www.cambridge.org/0521381657
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-0-521-38165-9 - Matroid Applications
Edited by Neil White

Frontmatter

More information

ENCYCLOPEDIA OF MATHEMATICS AND ITS APPLICATIONS

L. A. Santalo Integral Geometry and Geometric Probability

G. E. Andrews The Theory of Partitions

R. J. McEliece The Theory of Information and Coding: A Mathematical

Framework for Communication

W. Miller, Jr  Symmetry and Separation of Variables

D. Ruelle Thermodynamic Formalism: The Mathematical Structures of

Classical Equilibrium Statistical Mechanics

H. Minc Permanents

F. S. Roberts Measurement Theory with Applications to Decisionmaking,

Utility, and the Social Sciences

8 L. C. Biedenharn and J. D. Louck Angular Momentum in Quantum
Physics: Theory and Application
9 L. C. Biedenharn and J. D. Louck The Racah—Wigner Algebra in Quantum

Theory

10 J. D. Dollard and C. N. Friedman Product Integration with Application to
Differential Equations

11 W. B. Jones and W. J. Thron Continued Fractions: Analytic Theory and
Applications

12 N. F. G. Martin and J. W. England Mathematical Theory of Entropy

13 G. A. Baker, Jr and P. Graves-Morris Padé Approximants, Part I: Basic
Theory

14 G. A. Baker, Jr and P. Graves-Morris Padé Approximants, Part 11:
Extensions and Applications

15 E. C. Beltrametti and G. Cassinelli The Logic of Quantum Mechanics

16 G. D. James and A. Kerber The Representation Theory of the Symmetric
Group

17 M. Lothaire Combinatorics on Words

18 H. O. Fattorini The Cauchy Problem

19 G. G. Lorentz, K. Jetter and S. D. Riemenschneider Birkhoff Interpolation

20 - R. Lidl and H. Niederreiter Finite Fields

21 W.T. Tutte Graph Theory

22 J.R. Bastida Field Extensions and Galois Theory

23 J. R. Cannon The One-Dimensional Heat Equation

24 S. Wagon The Banach—Tarski Paradox

25 A.Salomaa Computation and Automata

26 N. White (ed.) Theory of Matroids

27 N. H. Bingham, C. M. Goldie and J. L. Teugels Regular Variation

28 P. P. Petrushev and V. A. Popov Rational Approximation of Real Functions

29 N. White (ed.) Combinatorial Geometries

30 M. Pohst and H. Zassenhaus Algorithmic Algebraic Number Theory

31 J. Aczel and J. Dhombres Functional Equations in Several Variables

32 M. Kuczma, B. Choczewski and R. Ger - Iterative Functional Equations

33 R. V. Ambartzumian Factorization Calculus and Geometric Probability

34 G. Gripenberg, S.-O. Londen and O. Staffans Volterra Integral and
Functional Equations

35 G. Gasper and M. Rahman Basic Hypergeometric Series

36 E. Torgersen Comparison of Statistical Experiments

37 A. Neumaier Interval Methods for Systems of Equations

38 N. Korneichuk Exact Constants in Approximation Theory

39 S.Sakai Operator Algebras in Dynamical Systems

[V =N W N =

NN

© Cambridge University Press www.cambridge.org



http://www.cambridge.org/0521381657
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-0-521-38165-9 - Matroid Applications
Edited by Neil White

Frontmatter

More information

ENCYCLOPEDIA OF MATHEMATICS AND ITS APPLICATIONS

Matroid Applications

Edited by

NEIL WHITE
Upniversity of Florida

=5 CAMBRIDGE

UNIVERSITY PRESS

© Cambridge University Press www.cambridge.org



http://www.cambridge.org/0521381657
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-0-521-38165-9 - Matroid Applications
Edited by Neil White

Frontmatter

More information

CAMBRIDGE UNIVERSITY PRESS
Cambridge, New York, Melbourne, Madrid, Cape Town, Singapore, Sdo Paulo

Cambridge University Press
The Edinburgh Building, Cambridge CB2 8RU, UK

Published in the United States of America by Cambridge University Press, New York

www.cambridge.org
Information on this title: www.cambridge.org/9780521381659

© Cambridge University Press 1992

This publication is in copyright. Subject to statutory exception
and to the provisions of relevant collective licensing agreements,
no reproduction of any part may take place without the written
permission of Cambridge University Press.

First published 1992
A catalogue record for this publication is available from the British Library

Library of Congress Cataloguing in Publication data

Matroid applications / edited by Neil White.
p. cm.— (Encyclopedia of mathematics and its applications ; v. 40)
Includes bibliographical references and index.
ISBN 0-521-38165-7
1. Matroids. I. White, Neil. II. Series.
QA166.6.M38 1992
5117.6—dc20 91-27184 CIP

ISBN 978-0-521-38165-9 hardback

Transferred to digital printing 2007

© Cambridge University Press www.cambridge.org



http://www.cambridge.org/0521381657
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-0-521-38165-9 - Matroid Applications
Edited by Neil White

Frontmatter

More information

CONTENTS

1.1
1.2
13
1.4
1.5
1.6
1.7
1.8
1.9

2.1
22
23
24
2.5
2.6

31
32

List of Contributors
Preface

Matroids and Rigid Structures Walter Whiteley
Bar Frameworks on the Line — The Graphic Matroid
Bar Frameworks in the Plane

Plane Stresses and Projected Polyhedra

Bar Frameworks in 3-space

A Matroid from Splines

Scene Analysis of Polyhedral Pictures

Special Positions

Conclusions

Historical Notes

Exercises

References

Perfect Matroid Designs M. Deza

Introduction

Some Lattice Properties and Parameters of PMDs
Intersection Properties of the Hyperplane Family
PMDs of Rank 4

Triffids

Some Close Relatives of PMDs and Further Directions
References

Infinite Matroids James Oxley

Pre-independence Spaces and Independence Spaces
B-matroids

Exercises

References

© Cambridge University Press

www.cambridge.org



http://www.cambridge.org/0521381657
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-0-521-38165-9 - Matroid Applications
Edited by Neil White

Frontmatter
More information
viii Contents
4 Matroidal Families of Graphs J. M. S. Simdes-Pereira 91
4.1 Introduction 91
4.2 Matroidal Families of Graphs: a Definition 92
4.3 Countably Many Matroidal Families 96
4.4 Uncountably Many Matroidal Families 98
4.5 Digraphs and Infinite Graphs 101
Exercises 102
References 104
5 Algebraic Aspects of Partition Lattices Ivan Rival and Miriam Stanford 106
5.1 Introduction 106
5.2 The Lattice of All Partitions 107
5.3 Lattice Embeddings 112
5.4 Postscript 118
Exercises 119
References 120
6 The Tutte Polynomial and Its Applications Thomas Brylawski
and James Oxley 123
6.1 Introduction 123
6.2 The Tutte Polynomial 124
6.3 T-G Invariants in Graphs 136
6.4 The Critical Problem 162
6.5 Linear Codes 181
6.6 Other Tutte Invariants 188
Exercises 197
References 215
7 Homology and Shellability of Matroids and Geometric Lattices
Anders Bjéorner 226
7.1 Introduction 226
7.2 Shellable Complexes 228
7.3 Matroid Complexes 232
7.4 Broken Circuit Complexes 238
7.5 Application to Matroid Inequalities 242
7.6 Order Complexes of Geometric Lattices 248
7.7 Homology of Shellable Complexes 252
7.8 Homology of Matroids 255
7.9 Homology of Geometric Lattices 259
7.10 The Orlik—Solomon Algebra 264
7.11 Notes and Comments 267
Exercises 270
References 281
8 Introduction to Greedoids Anders Bjorner and Giinter M. Ziegler 284
8.1 Introduction 284
8.2 Definitions and Basic Facts 286
8.3 Examples 293

© Cambridge University Press www.cambridge.org



http://www.cambridge.org/0521381657
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-0-521-38165-9 - Matroid Applications
Edited by Neil White

Frontmatter

More information

Contents

8.4 Structural Properties

8.5 Optimization on Greenoids

8.6 The Greedoid Polynomial

8.7 Antimatroids

8.8 Poset of Flats

8.9 Further Topics

8.10 Notes and Comments

Exercises
References

Index

ix

302
308
313
319
327
335
343
348
354

358

© Cambridge University Press

www.cambridge.org



http://www.cambridge.org/0521381657
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-0-521-38165-9 - Matroid Applications
Edited by Neil White

Frontmatter

More information

CONTRIBUTORS

Anders Bjorner

Department of Mathematics
Royal Institute of Technology
S-100 44 Stockholm
SWEDEN

Thomas Brylawski
Department of Mathematics
University of North Carolina
Chapel Hill, NC 27514 USA

M. Deza

Tokyo Institute of Technology
Department of Information Science
Ookayama, Meguro-ku, Tokyo 152
JAPAN

James Oxley

Department of Mathematics
Louisiana State University
Baton Rouge, LA 70803 USA

Ivan Rival

Department of Computer Science
34 Somerset Street E.

University of Ottawa

Ottawa, KIN 9B4 CANADA

J. M. S. Simdes-Pereira
Departamento de Matematica
Faculdade de Ciéncias e Tecnologia
Universidade de Coimbra
Apartado 3008

3000 Coimbra, PORTUGAL

Miriam Stanford
Department of Mathematics
Queens University
Kingston, Ontario

K7L 3N6 CANADA

Prof. Walter Whiteley
461 Putney

St. Lambert, Quebec
J4P 3B8 CANADA

Prof. Giinter M. Ziegler
Department of Mathematics
Augsburg University
Universitétsstr. 2

D-8900 Augsburg

F.R. of GERMANY

© Cambridge University Press

www.cambridge.org



http://www.cambridge.org/0521381657
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-0-521-38165-9 - Matroid Applications
Edited by Neil White

Frontmatter

More information

PREFACE

This is the third volume of a series that began with Theory of Matroids and
continued with Combinatorial Geometries. These three volumes are the
culmination of more than a decade of effort on the part of the many
contributors, potential contributors, referees, the publisher, and numerous
other interested parties, to all of whom I am deeply grateful. To all those
who waited, please accept my apologies. I trust that this volume will be found
to have been worth the wait.

This volume begins with Walter Whiteley’s chapter on the applications of
matroid theory to the rigidity of frameworks: matroid constructions prove
to be rather useful and matroid terminology provides a helpful language for
the basic results of this theory. Next we have Deza’s chapter on the beautiful
applications of matroid theory to a special aspect of combinatorial designs,
namely perfect matroid designs. In Chapter 3, Oxley considers ways of
generalizing the matroid axioms to infinite ground sets, and Sim3es-Pereira’s
chapter on matroidal families of graphs discusses other ways of defining a
matroid on the edge set of a graph than the usual graphic matroid method.
Next, Rival and Stanford consider two questions on partition lattices. These
lattices are a special case of geometric lattices and the inclusion of this chapter
will provide a lattice-theoretic perspective which has been lacking in much
current matroid research (but which seems alive and well in oriented matroids).
Then we have the comprehensive survey by Brylawski and Oxley of the Tutte
polynomial and Tutte—Grothendieck invariants. These express the dele-
tion—contraction decomposition that is so important within matroid theory
and some of its important applications, namely graph theory and coding
theory. Bjorner describes the homology and shellability properties of several
simplicial complexes associated with a matroid; the complexes of independent
sets, of broken circuits, and of chains in the geometric lattice. This chapter
and the previous one constitute a study of the deepest known matroid
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Xii Preface
invariants. We conclude with an exposition by Bjorner and Ziegler of
greedoids, a generalization of matroids that embody the greedy algorithm

and hence are very useful in operations research.

University of Florida Neil L. White
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