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Abstract

This paper deals with iterative domain decomposition algorithms for solving a singu-
larly perturbed convection—diffusion problem. The algorithms are based on Schwarz
alternating procedure applied to a discrete approximations of the continuous problem.
Convergence properties of the algorithms are established, and their parallel implemen-
tations are discussed. Numerical results for a test singularly perturbed problem are
presented.
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1. Introduction

We are interested in iterative domain decomposition methods for solving the
convection—diffusion problem with regular boundary layers
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where Q = {P = (x,y): 0<x<1,0<y<1},¢is asmall positive parameter, f3,
f» and ¢, are constants and 0€Q is the boundary of Q. If the data of the problem
are sufficiently smooth, then under suitable continuity and compatibility con-
ditions on the data, a unique solution u(P) of (1) exists (see [1] for details). Fur-
thermore, for ¢ < 1, problem (1) is singularly perturbed and characterized by
boundary layers (i.e., regions with rapid change of the solution) of width
O(¢|lng) at x =1 and y = 1 (see [2] for details).

Iterative domain decomposition algorithms based on Schwarz-type alternat-
ing procedures for solving singularly perturbed problems have received much
attention for their potential as efficient algorithms for parallel computing
(cf., for example, [3-7] and references cited there).

In [5], for solving problem (1), the classical Schwarz alternating method and
some variants of it were analysed. In the case of domain decomposition into
two subdomains, a convergence rate for the continuous problem (i.e. without
resort to discretization in subdomains) as a function of the perturbation
parameter ¢ and an amount of overlap between two subdomains was studied.
It was shown that the Schwarz-type iterates {u"”} converge to the exact solu-
tion u at the rate

max | u) —u| < exp(—ocdg’l)mgx | u™ —u |,
where d > 0 measures the overlap between the two subdomains, and > 0 is a
constant independent of .

In [3], on the basis of asymptotic criteria, representations of optimal inter-
face positions for the Schwarz alternating procedure were derived. For one
dimension version of problem (1), in the case of domain decomposition into
the two subdomains [0, x;], [x», 1], x| > x,, the interface positions x;, x, from
[3] are of order O(¢|lng|). If the number of mesh points in each subdomain is
the same, N, then this interface condition is satisfied when NV is of order O(1/
(g|lngl)). Since the number of mesh points depends inversely on the perturba-
tion parameter, then, in general, this approach leads to a nonuniform (in the
perturbation parameter) convergent domain decomposition procedure.

In [7], a two-level iterative domain decomposition method with overlapping
vertical strips was introduced. The iterative method from [7] consists of the two
iterative processes: outer iterations and inner iterations. One outer iteration
represents computing difference problems on the overlapping subdomains in
serial, starting from the first left subdomain and finishing off on the last right
subdomain (according to upwind error propagation). Thus, the multiplicative
Schwarz method is the outer part of the algorithm. At the level of the inner
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