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I. Introduction

Parallel computing algorithm should

be devised to fully exploit the concur-
rency of matrix operations. To enhance
the performance and utilization, compu-~
tation loads should be distributed over
the processors.

If one requires only the solution

of the linear system

AXx = b (1)

where A is a nonsingular matrix of order
n, one need not compute A'l. Procedure
involving A_l always requires more work
than the elimination reduction method.
However, it happens in a problem that
the elements of A1 have some physical
meaning.

Next, the Lyapunov equation

ATX + XA = Q (2)

is frequently encountered in control en-
gineering. The steady~-state solution of
the time-invariant Riccati equation

0=a"%x +xa-xee18™xT + 0 (3)

is of the type of Eq. (2), for which

efficient methods of solution exist [1].
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If A is asymptotically stable, a safe
initial value is Xo =0

for iterative method. If A is not asymp-
totically stable sophisticated methods
f{2-3} for choosing an initial value Py
are required.

Tridiagonal matrix can be decomposed
by a cyclic reduction algorithm [4].
However, it requires much computation
before decomposition. Therefore, one-
shot decomposition algorithm is required.

All the algorithms proposed in the
following Sections enhance the utiliza-
tidn and require minimum storage. ‘Matrix
inversion and decomposed linear system
solver are suitable for SIMD machine.
Lyapunov equation solver is suitable for
synchronous MIMD machine.

Some algorithms are decomposed natu-
rally for parallel processing over pro-
cessors. Natural decomposition is inher-
ent in a problem. Matrix inversion and
Lyapunov equation are good example.
However, linear system equations should

be decomposed forcibly.

2. Matrix Inversion Algorithm.
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Let X be the inverse matrix of a
nonsingular matrix A of order n. Then

the following relation holds.
AX = I (4)

We denote by XKyr Xpr oo, X the vectors
formed by the first, second, ..., nth-
column of X, and analogously we define
the unit vectors. Now the equation AX=I
can be transformed by a linear system of

the following form

A

. .
31 L1
A e
= (5)
Al 1%, *n

Therefore, matrix inversion problem is
replaced by n linear systems of equat-
ions, all with the same coefficient

matrix

Afr = ir , r=1, ... , n . (6)

Above algorithm is due to Fraberg {5].
Eg. (4) can be decomposed naturally by
Eq. (6) to be distributed over SIML pro-
cessors. Number of resultant linear sys-
tem equations is dependent on the order
of matrix A. All these systems in Eq.
(6) have unique solution, since A is non-

singular.

3. Lyapunov Matrix Equation Solver
Lyapunov equation for algebraic Ri-
ccati equation is of the form
T
AX + XA =0

where order of X is n. Lyapunov equation

can be transformed into
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b 4 X 914
Bij = bij - Tt 153 I Pl B O
bl] %h 4ni
Eq. (7) can be converted into an equiv-
alent system of the form
r T T h
(1] [ - -
% A | | Biy By ovc Bz
x k) A B._ B
-2 12 22
= + )
(k+1} ~
Fn I Ad _Bln ....... Bnn_
(xJ] ~
fl 4
(k} ~
L - %2 (8)
(k) -
g
..-n B - —n—-
with the initial vector 5(0). Each pLro-

cessor only computes the following matrix

equation in a synchronous fashion.
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Lyapunov equation can be decomposed natu- [2]
rally, and the number of resultant equa-
tions depends on the order of square

matrix X.

4. Tridiagonal System Decomposition

[3)
Linear System

Ax = Db

can be triangularized by the multipli- (4]

cation of P such as

PAx = Pb . {10}
If we use P of the form [5]
. |
1 |
|
' |
p= 1o, i<
Pig
D i
-jil P
|
o
L )
where
aij ayg
Pij=-3= ¢ Pyi=-7—.
12 ii
linear system of Eg. (1) can be decom-

posed into n sublinear system equations.

If ajj

is required before decomposition.

is zero, elementary row operation
Then
they are suitable for SIMD machine.
Tridiagonal linear system equation can be

forcibly decomposed with P.
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