
Contents

Preface

1. A Review of Elementary Matrix Algebra

1. Introduction, 1
2. Definitions and Notation, 1
3. Matrix Addition and Multiplication, 2
4. The Transpose, 3
5. The Trace, 4
6. The Determinant, 5
7. The Inverse, 8
8. Partitioned Matrices, 11
9. The Rank of a Matrix, 13

10. Orthogonal Matrices, 14
11. Quadratic Forms, 15
12. Complex Matrices, 16
13. Random Vectors and Some Related Statistical Concepts, 18

Problems, 28

2. Vector Spaces

1. Introduction, 32
2. Definitions, 32
3. Linear Independence and Dependence, 38
4. Bases and Dimension, 41
5. Matrix Rank and Linear Independence, 43
6. Orthonormal Bases and Projections, 48
7. Projection Matrices, 52
8. Linear Transformations and Systems of Linear Equations, 60



viii CONTENTS

9. The Intersection and Sum of Vector Spaces, 67
10. Convex Sets, 70

Problems, 74

3. Eigenvalues and Eigenvectors 84

1. Introduction, 84
2. Eigenvalues, Eigenvectors, and Eigenspaces, 84
3. Some Basic Properties of Eigenvalues and Eigenvectors, 88
4. Symmetric Matrices, 93
5. Continuity of Eigenvalues and Eigenprojections, 102
6. Extremal Properties of Eigenvalues, 104
7. Some Additional Results Concerning Eigenvalues, 111

Problems, 122

4. Matrix Factorizations and Matrix Norms 131

1. Introduction, 131
2. The Singular Value Decomposition, 131
3. The Spectral Decomposition and Square Root Matrices of a

Symmetric Matrix, 138
4. The Diagonalization of a Square Matrix, 144
5. The Jordan Decomposition, 147
6. The Schur Decomposition, 149
7. The Simultaneous Diagonalization of Two Symmetric Matrices,

154
8. Matrix Norms, 157

Problems, 162

5. Generalized Inverses 170

1. Introduction, 170
2. The Moore-Penrose Generalized Inverse, 171
3. Some Basic Properties of the Moore-Penrose Inverse, 174
4. The Moore-Penrose Inverse of a Matrix Product, 180
5. The Moore-Penrose Inverse of Partitioned Matrices, 185
6. The Moore-Penrose Inverse of a Sum, 186
7. The Continuity of the Moore-Penrose Inverse 188
8. Some Other Generalized Inverses, 190
9. Computing Generalized Inverses, 197

Problems, 204



CONTENTS IX

6. Systems of Linear Equations 210

1. Introduction, 210
2. Consistency of a System of Equations, 210
3. Solutions to a Consistent System of Equations, 213
4. Homogeneous Systems of Equations, 219
5. Least Squares Solutions to a System of Linear Equations, 222
6. Least Squares Estimation For Less Than Full Rank Models, 228
7. Systems of Linear Equations and the Singular Value

Decomposition, 233
8. Sparse Linear Systems of Equations, 235

Problems, 241

7. Special Matrices and Matrix Operators 247

1. Introduction, 247
2. Partitioned Matrices, 247
3. The Kronecker Product, 253
4. The Direct Sum, 260
5. The Vec Operator, 261
6. The Hadamard Product, 266
7. The Commutation Matrix, 276
8. Some Other Matrices Associated with the Vec Operator, 283
9. Nonnegative Matrices, 288

10. Circulant and Toeplitz Matrices, 300
11. Hadamard and Vandermonde Matrices, 305

Problems, 309

8. Matrix Derivatives and Related Topics 323

1. Introduction, 323
2. Multivariable Differential Calculus, 323
3. Vector and Matrix Functions, 326 '
4. Some Useful Matrix Derivatives, 332
5. Derivatives of Functions of Patterned Matrices, 335
6. The Perturbation Method, 337
7. Maxima and Minima, 344
8. Convex and Concave Functions, 349
9. The Method of Lagrange Multipliers, 353

Problems, 360



X CONTENTS

9. Some Special Topics Related to Quadratic Forms 370

1. Introduction, 370
2. Some Results on Idempotent Matrices, 370
3. Cochran’s Theorem, 374
4. Distribution of Quadratic Forms in Normal Variates, 378
5. Independence of Quadratic Forms, 384
6. Expected Values of Quadratic Forms, 390
7. The Wishart Distribution, 398

Problems, 409

References 416

Index 421

List of Series Titles


	Inhaltsverzeichnis
	[Seite 1]
	[Seite 2]
	[Seite 3]
	[Seite 4]


