Contents

Preface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ix

Chapter 1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.1 Summary 1 1.2 Historical Notes 3

Chapter 2 Basic Definitions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

2.1 Overview and Notation 5 2.2 Graph Definitions 6 2.3 Matrix Definitions 18 2.4 Complexity of Algorithms 24 2.5 References 25

Chapter 3 From Graphs to Matroids . . . . . . . . . . . . . . . . . . . . . 26

3.1 Overview 26 3.2 Graphs Produce Graphic Matroids 27 3.3 Binary Matroids Generalize Graphic Matroids 52 3.4 Abstract Matrices Produce All Matroids 71 3.5 Characterization of Binary Matroids 85 3.6 References 87 v

Chapter 4 Series-Parallel and Delta-Wye Constructions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89

4.1 Overview 89 4.2 Series-Parallel Construction 90 4.3 Delta-Wye Construction for Graphs 96 4.4 Delta-Wye Construction for Binary Matroids 101 4.5 Applications, Extensions, and References 109

Chapter 5 Path Shortening Technique . . . . . . . . . . . . . . . . . . . . 111

5.1 Overview 111 5.2 Shortening of Paths 112 5.3 Intersection and Partitioning of Matroids 119 5.4 Extensions and References 125

Chapter 6 Separation Algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . 128

6.1 Overview 128 6.2 Separation Algorithm 129 6.3 Sufficient Conditions for Induced Separations 134 6.4 Extensions of 3-Connected Minors 147 6.5 Extensions and References 150

Chapter 7 Splitter Theorem and Sequences of Nested Minors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151

7.1 Overview 151 7.2 Splitter Theorem 152 7.3 Sequences of Nested Minors and

Wheel Theorem 157 7.4 Characterization of Planar Graphs 163 7.5 Extensions and References 165

Chapter 8 Matroid Sums . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 168

8.1 Overview 168 8.2 1- and 2-Sums 169 8.3 General k-Sums 173 8.4 Finding 1-, 2-, and 3-Sums 180 8.5 Delta-Sum and Wye-Sum 182 8.6 Extensions and References 186

Chapter 9 Matrix Total Unimodularity and Matroid Regularity . . . . . . . . . . . . . . . . . . . . . . . . . . . . 188

9.1 Overview 188 9.2 Basic Results and Applications of

Total Unimodularity 189 9.3 Characterization of Regular Matroids 196 9.4 Characterization of Ternary Matroids 199 9.5 Extensions and References 202

Chapter 10 Graphic Matroids . . . . . . . . . . . . . . . . . . . . . . . . . . . . 205

10.1 Overview 205 10.2 Characterization of Planar Matroids 206 10.3 Regular Matroids with M(K_{3;3}) Minors 214 10.4 Characterization of Graphic Matroids 224 10.5 Decomposition Theorems for Graphs 227 10.6 Testing Graphicness of Binary Matroids 238 10.7 Applications, Extensions, and References 241

Chapter 11 Regular Matroids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 245

11.1 Overview 245 11.2 1-, 2-, and 3-Sum Compositions

Preserve Regularity 246 11.3 Regular Matroid Decomposition Theorem 251 11.4 Testing Matroid Regularity and

Matrix Total Unimodularity 259 11.5 Applications of Regular Matroid

Decomposition Theorem 260 11.6 Extensions and References 270

Chapter 12 Almost Regular Matroids . . . . . . . . . . . . . . . . . . . . . 272

12.1 Overview 272 12.2 Characterization of Alpha-Balanced Graphs 274 12.3 Several Matrix Classes 284 12.4 Definition and Construction of

Almost Regular Matroids 294 12.5 Matrix Constructions 302 12.6 Applications, Extensions, and References 312

Chapter 13 Max-Flow Min-Cut Matroids . . . . . . . . . . . . . . . . . 314

13.1 Overview 314 13.2 2-Sum and Delta-Sum Decompositions 316 13.3 Characterization of Max-Flow Min-Cut Matroids 326 13.4 Construction of Max-Flow Min-Cut Matroids and Polynomial Algorithms 335 13.5 Graphs without Odd-K_4 Minors 340 13.6 Applications, Extensions, and References 348

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 350

Author Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 378

Subject Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 383