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SOLVING Ay = b VIA ORDINARY
'DIFFERENTIAL EQUATIONS




Cachoeira Paulista, 14/03/94

Meu Caro GurQ para assuntos algébricos:

O algoritmo do qual lhe falei & o seguinte

Considere resolver
(1) Ax = b A It on

e seja

uma decomposigdo de A em matrizes triangulares inferior (L) e

superior (U), com Lj{ = 1, entdo (1) é equivalente a
(2 &) Ly = b
(2 15) e = v

Até aqui nada de novo. Seja L = I - J, entdo (2 a)

equivale a
Yy = Jd v+ b
Defina

Como J é nilpotente, a solucdo de (3) é
T4l
Yedes ( 25 J&kith
=0
Sejunt il .et® tals. que (U DY44 = 1, D diagonal, e UD = I-G.

Observe que como det(U) = det(A), D sempre existe. Ela é
simplesmente a inversa da diagonal de U. Entdo, de (2 b),

(4) (I - @) (D 1x) =y,



ou D lx = gD~ 1x) + y.

Como G também é nilpotente,

n-1
Drlx.=- (> E:GY) y.
i=0
Finalmente,
n-1 n-1
x =Bl L 63X E %) B,
1=0 1=0

ou, se preferir, em forma iterativa:
X0=b

Xks1 = T X + C,

onde
J b ke -2
T=1 8 el X n-1 « k « 2(n-1)
D 0 Jeo= 00 1

Rodei seis exemplos tirados do Dahlquist, em cinco deles
obtive a solugdo rapidamente. O caso que nao funcionou, foi
devido & decomposigdo LU, mas terei que vé-lo com mais
cuidado. O método é evidentemente mais lento que o LU e pode
ser que, para uma boa aproximagdo, até que o Jacobi; a
vantagem estaria em obter a solugdo exata, em forma
ifarafive, com um nomero  fiRitoY de ‘pasBos. Se estiver
disposto a mais uma tentativa de publicar, vamos & frente.

Um abraco,
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some step h and, finally, the limit of y(t), solution of the ODE, as
t > = is equal to the solution of (1), thus providing an alternative
method for solving the linear algebraic equation. The restriction
that the eigenvalues of the iteration matrix for the IS have modulus
less than 1 is improved to only have real part smaller than 1. In
fact, it is known that, in this case, it is possible to find a B8 -
extrapolation which converges, the difficulty resides in finding the
extrapolating parameter, a problem which we avoid obtaining the DE.
Furthermore, there is no reason for restricting the integration of
the ODE to one-step integration methods, any good numerical one may
yield an approximate solution of (1).

We believe that further investigation may lead to some
significant results such us better computing times, better
approximations for the same time, etc. Furthermore, other relations
between ODE's and iterative schemes may appear, for example between
conditional convergence and initial manifolds.
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We analise in this paper some relations between

iferative methods for solving the linear system
Ay = b (1)

difference equations, B-extrapolations [2] and ordinary differential
equations.

We consider, throught this work only NxN real matrices,
and Nx1 real vectors. The matrix A in (1) is assumed to be
nonsingular.

We stablish the diagram

Linear Equations

- : Iterative Scheme —» OpE — Difference Equation
IS : DE
and show that: the stability of the static solution of the ODE is
related to the convergence of both, the IS and the DE; if the DE is
obtained by the Euler discretization, then the IS and the DE coincide;

the static solution of the ODE is stable if and only if the DE

obtained by a numerical Taylor integration method is convergent for
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