Numerical Methods with Circulant-Like
Preconditioners for ODE Systems

by

Song Li Li

Master of Science in Mathematics

Faculty of Science and Technology
University of Macau



Contents

LIST OF TABLES ... . e iii
Chapter 1: INTRODUCTIOIN ...t 1
1.1 BVMs and Their Matrix Forms . . . ... ... .. ....... 2

1.2 Krylov Subspace Methods . . . . . ... .. ... ........ 5
1.3 Toeplitz Systems and Circulant-Like Preconditioners . . . . . . 10
1.3.1 Toeplitz Matrices and Circulant Matrices . . . . . . . . . 10

1.3.2 Circulant-Like Preconditioners for Toeplitz Systems . . . 12

Chapter 2: CIRCULANT-BLOCK PRECONDITIONERS FOR

SOLVING ODES . ... i e e 17
2.1 The Underlying Problems . . . .. .. ... ... ........ 17
2.2 Construction of Preconditioner . . ... ... ... ....... 19
2.3 Operation Cost and Convergence Analysis . . . ... ... ... 21

23.1 The Operation Cost . . . ... ... ........... 21

2.3.2 The Convergence Rate . . . . . .. ... ... ...... 22
2.4 Numerical Experiments . . . . . . ... ... ... ........ 24

Chapter 3: PRECONDITIONED WR-LMF-BASED METHOD
FOR ODE SYSTEMS............... e 28



31 WRMethodforODEs . . . .. ... ............... 28
3.2 Error Bound of WR Iterations . . . . . ... ... ... ..... 31
3.3 BVMs and Strang’s Preconditioner . . . .. ... ... ..... 32
3.4 Invertibility of Strang’s Preconditioner . . ... ... ... ... 34
3.5 Convergence Rate and Operation Cost . . . .. ... ... ... 36
3.6 Numerical Experiments . . . . . . .. ... .. ... ....... 39
BIBLIOGRAPHY ... i e e e e 46

ii



