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Abstract

This paper proposes an algorithm for computing
symmetric eigenvalues and eigenvectors that uses a one-
sided Jacobi approach and is targeted to a multicomputer
in which nodes can be wranged as a two-dimensional
mesh with an arbitrary number of rows and columns. The
algorithm is analysed through simple analytical models of
execution time, which show that an adequate choice of the
mesh configuration (number of rows and columns) can
improve performance significantly, with respect to a one-
dimensional configuration, which is the most frequently
considered scenario in current proposals. This
improvement is especially noticeable in large systems.

1 Introduction

Many authors have focused on the problem of computing
the eigenvalues and eigenvectors of a real symmetric
matrix on different types of computing machines.
including systolic arrays (i.e. [2], |6]) shared memory
multiprocessors  (i.e. [1]) and distributed memory
multiprocessors (multicomputers, for short) (ie. [4])
Those proposals in which the target system is a mesh-
connected multicomputer are particularly relevant, since
this type of parallel machine organization is considered to
be a promising platform for large scale efficient
supercomputing.

In this paper. the target system is a 2¢-node wormhole
multicomputer, arranged as a 2"%2" two-dimensional four-
neighbour mesh, with any value for r and ¢, provided that
r+¢ = d. Therefore, the results of this paper are usetul in
the context of application specific mesh design or in the
context of multicomputers which allow such an arbitrary
configuration of the nodes, as it is the case of transputer-
based systems. Additionally, the results ot the paper are
useful as a first step to solve the problem of eigenvalue
and eigenvector computation on a multicomputer with a
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fixed configuration of nodes (i.e a squared two or three
dimensional mesh). which is the subject of further work
[8]

Proposals for parallel eigenvalue and eigenvector
computation are frequently based on Jacobi methods
because, although they require more arithmetic
computations than others (e.g. QR iteration), they exhibit
a large degree ol potential parallelism. The one-sided
Jacobi method [3] 1s particularly attractive since it has
lower communication requirements than the alternative
two-sided method [ 10]

Several approaches have been proposed for the
parallel organization of the computations in a Jacobi
method. Such approaches are referred to as Jacobi
orderings A particular organization of a Jacobi ordering
in the form of a set of cooperating processes (or nodes) is
referred to as a Jacobi algorithm.

Parallel Jacobi algorthms for eigenvalue computation
on mesh multicomputers known to us use a one-
dimensional organization of the nodes. either with a
wraparound link (1e rings) or without 1t (i.e. lines). For
this  reason. they will bhe called one-dimensional
algorithms. See (41, [2], [9] for a few relevant proposals of
one-dimensional algorithms.

This paper proposes a novel Jacobi algorithm that uses
a two-dimenstonal organization of the nodes and will be
called the two-dimensional algorithm. The algorithm uses
the one-sided Jacobi method and a Jacobi ordering used in
a one-dimensional algorithm proposed in [4]. We show
that the two-dimensional algorithm 1s more efficient on
the target system than the one-dimensional algorithm,
since it has a lower communication cost. This will be
shown through simple analytical models of performance,
which enable us to derive the number of rows (2') and
columns (2°) that minimize the execution time on the
configurable mesh.

The ideas brought together m this paper can be used to
derive other two-dimensional algorithms which use
alternative Jacobi ordermgs. Additionally, our proposal
can also be used for singular value decomposition (SVD)
since Jacobt methods can also be applied in this matrix






