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Abstract 

We give a matrix factorization for the solution of the linear system Ax = f , when 

coefficient matrix A is a dense symmetric positive definite matrix. We call this fac-

torization as "WW T  factorization". The algorithm for this factorization is given. 

Existence and backward error analysis of the method are given. The WDWT fac-

torization is also presented. 

When the coefficient matrix is a symmetric tridiagonal matrix, a small modification 

to the WWT  factorization is given and we call this factorization as "WZ factor-

ization". In this factorization the inner (n — 2) x (n — 2) submatrices of W and 

Z are same as the inner (n — 2) x (n — 2) submatrices of W and WT  respectively 

corresponding to the case when coefficient matrix is symmetric tridiagonal matrix. 

When combined with partitioning scheme, it renders a divide and conquer algorithm 

for the symmetric tridiagonal linear systems. We proved the existence of the fac-

torization in the important cases which occur frequently in scientific computations; 

when the coefficient matrix A is (0 Symmetric positive definite matrix (ii) Sym-

metric diagonally dominant in addition to the nonsingularity. Solution procedure 

crucially hinges on the solution of the "reduced system". We proved that reduced 

system retains the original properties of the original matrix like symmetric positive 

definiteness, diagonally dominance. The backward error analysis is given. The WDZ 

algorithm is also designed for symmetric tridiagonal linear systems. 



Vi 	 ABSTRACT 

The divide and conquer approach considered above is extended to symmetric banded 

linear systems with semibandwidth 0. In this WZ factorization, the inner (n — 

20) x (n — 20) submatrices of 1/1/ and Z are same as that of W and WT  respectively 

corresponding to the case when coefficient matrix is a symmetric band matrix with 

semibandwidth 0. Existence theorems and backward error analysis are given. 

A parallel algorithm is presented for the solution of symmetric positive definite block 

tridiagonal linear systems. The idea in solving symmetric tridiagonal linear systems 

is extended to symmetric block tridiagonal linear systems. The existence theorems 

and backward error analysis are given. 

A parallel algorithm based on multifrontal technique for WWT  factorization during 

the solution of large sparse symmetric positive definite linear systems is given. The 

method is formulated in terms of frontal matrices, update matrices and elimination 

tree. The method reorganizes the overall factorization of a sparse matrix into a 

sequence of partial factorization of dense smaller matrices. 

All the designed parallel algorithms are implemented on the parallel machine Sun-

fire 6800 having 16 processors with Solaris 8.0 operating system. MPI is used as 

internode communication. 



Contents 

Certificate 

Acknowledgements 

Abstract 

List of Figures 

List of Tables 

1 Introduction 1 

1.1 Need for High Speed Computing 	  2 

1.2 Need for a Parallel Computer 	  5 

1.3 Literature Survey 	  6 

1.3.1 	Dense linear systems 	  7 

1.3.2 	Tridiagonal linear systems 	  9 

1.3.3 	Banded linear systems 	  12 

1.3.4 	Block tridiagonal linear systems 	  14 

1.3.5 	Sparse linear systems 	  15 

vii 



viii CONTENTS 

2 

1.4 	Layout of the Thesis 	  

Symmetric Linear System Solver 

18 

21 

2.1 The Present Method 	  22 

2.2 Algorithm and its Complexity 	  23 

2.3 Existence Theorems 	  25 

2.4 Backward Error Analysis 	  32 

2.5 WDW T  Factorization 	  39 

2.6 Numerical Example 	  42 

2.7 Conclusions 	  44 

3 Parallel Symmetric Tridiagonal Linear System Solver 45 

3.1 The Present Method 	  47 

3.1.1 	Partitioning of the system 	  48 

3.1.2 	WZ factorization 	  48 

3.1.3 	The method 	  50 

3.2 WZ Algorithm 	  52 

3.2.1 	Complexity and speedup 	  54 

3.3 Existence Theorems 	  54 

3.4 Backward Error Analysis 	  63 

3.5 WDZ Factorization 	  69 

3.6 Numerical Experiments 	  73 

3.7 Conclusions 	  77 

4 Parallel Symmetric Banded Linear System Solver 79 

4.1 The Present Method 	  81 

4.1.1 	Partitioning of the system 	  81 

4.1.2 	WZ factorization 	  82 

4.1.3 	The method 	  84 



CONTENTS 	 ix 

4.2 Algorithm and its Complexity 	  87 

4.2.1 Complexity and speedup 	  91 

4.3 Existence Theorems 	  92 

4.4 Backward Error Analysis 	  96 

4.5 Numerical Experiments 	  108 

4.6 Conclusions 	  115 

5 Parallel Symmetric Block Tridiagonal Linear System Solver 	117 

5.1 The Present Method 	  118 

5.1.1 Partitioning of the system 	  118 

5.1.2 Block WZ factorization 	  119 

5.1.3 The method 	  121 

5.2 Algorithm and its Complexity 	  123 

5.2.1 Complexity and speedup 	  125 

5.3 Existence Theorems 	  125 

5.4 Backward Error Analysis 	  138 

5.5 Numerical Experiments 	  148 

5.6 Conclusions 	  155 

6 Parallel Symmetric Sparse Linear System Solver 	 157 

6.1 Elimination Tree 	  159 

6.1.1 How to calculate fill-ins? 	  159 

6.2 Multifront al Method 	  162 

6.2.1 Formation of Frontal and Update matrices 	  164 

6.3 Algorithm 	  165 

6.4 Numerical Experiments 	  168 

6.5 Conclusions 	  171 

Bibliography 	 173 



x 	 CONTENTS 

Bio-Data 	 189 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13

