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Abstract

In this work, we develop fast, accurate, numerically stable and scalable parallel algo-
rithms for the solution of diagonally dominant linear systems. Solving these linear sys-
tems Ax = f is central to the field of scientific and engineering computations. We give
a WZ factorization for the solution of dense diagonally dominant nonsingular linear sys-
tems. The existence of the factorization is given. The backward error analysis of the WZ

factorization method is given and numerical stability of the method is established.

The WZ factorization for the diagonally dominant tridiagonal coefficient matrix is given.
Existence of the factorization is proved for diagonally dominant nonsingular matrices.
A parallel algorithm for the solution of diagonally dominant tridiagonal linear systems
based on the given WZ factorization, with a small modification, is developed using divide
and conquer technique. The coefficient matrix is partitioned into r blocks along the main
diagonal and all partitions are related to each other with one coupling variable. A reduced
system of order 2r is constructed from the coupling variables of each partition. Solu-
tion of the original linear system depends on the solution of reduced system. It has been
proved that the reduced system has the same properties, like nonsingularity, tridiagonal
structure and diagonally dominance, as that of the original linear system which ensures
the existence of solution of the reduced system. The backward error analysis of the par-
allel algorithm is given and numerical stability is proved. The idea used for tridiagonal
linear systems is extended to the diagonally dominant narrow banded coefficient matrix
of order N with semibandwidth 8 (8 < N).

The block WZ factorization for the block tridiagonal toeplitz-block-toeplitz (TBT) coef-

ficient matrix .7 is given. The coefficient matrix is decomposed as .o/ = A; + S, such that
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A; = W,Z;, where the factors W; and Z; are block tridiagonal and are constructed from the
block W and Z factors of <7, and S is a block matrix with only seven non-zero block en-
tries concentrated on the middle. A direct parallel block WZ algorithm, named DPBWZA,
for the solution of block tridiagonal TBT linear system .7 x = f is constructed based on the
splitting and the block WZ factorization using divide and conquer technique. Existence
of the block WZ factorization of the coefficient matrix .27 is proved for block diagonally
dominant matrices. The backward error analysis of the parallel algorithm DPBWZA is

presented and numerical stability is established.

A Parallel Algorithm, named PBWZA, for the solution of strictly diagonally dominant
block tridiagonal linear systems is designed. The linear system is partitioned along the
main diagonal and in each partition, a sequential iterative scheme is used simultaneously.
Thus, an iterative scheme is developed for the parallel solution of block tridiagonal linear
systems. Convergence of the iterative scheme given for parallel algorithm is assured for

strictly diagonally dominant block tridiagonal linear systems.

An incomplete WZ factorization (IWZ factorization) for the diagonally dominant banded
sparse matrix is given. A hybrid parallel algorithm, called Incomplete WZ Parallel Solver
(IWZPS), for the solution of large sparse linear systems is constructed. The sparse linear
system Ax = f is first reordered to form a narrow banded linear system which is sparse
within the band. The reordered system is then partitioned and the given /W Z factorization
with some modification is used to develop the parallel algorithm. The solution obtained

is refined using outer iterations of a krylov subspace method.

All the above parallel algorithms are implemented.
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