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Abstract

The solution of singular perturbation convection-diffusion problems contain layers
and the width of the layers varies with respect to the perturbation parameter, due
to this these problems can not be solved using classical methods on uniform meshes
and so in this thesis we are interested in parameter-uniform numerical methods that
work for all values of the perturbation parameter for some singularly perturbed

convection-diffusion problems.

An almost second order uniformly convergent alternate overlapping Schwarz
method is developed for solving singularly perturbed problems of types: linear
convection-diffusion problems, a system of M (> 2) weakly coupled linear convection-

diffusion problems and semilinear convection-diffusion problems.

A high order numerical method for a system of two weakly coupled singularly per-
turbed convection-diffusion problems multiplied with the distinct perturbation pa-
rameters is designed and the method yields almost second order parameter-uniform
convergence with respect to the distinct perturbation parameters. A priori bounds
on the solution, its derivatives and its decomposition into regular and singular com-

ponents are also derived.



vi ABSTRACT

An alternate overlapping Schwarz method is constructed for time-dependent sin-
gularly perturbed problems of types: linear convection-diffusion problems, a weakly
coupled systems of M (> 2) convection-diffusion problems and semilinear convection-
diffusion problems using the backward Euler method in time direction and HODIE
scheme in space direction. The numerical approximations obtained from these

method are first order in time and almost second order in space.

Finally, two uniformly convergent numerical methods are designed for two weakly
coupled systems of time-dependent singularly perturbed linear convection-diffusion
problems. The designed Method-I is parameter-robust of first order in time and
parameter-robust of almost first order in space; while the designed Method-II is
parameter-robust of first order in time and parameter-robust of almost second or-
der in space. We also analyze the behavior and a priori bounds of the solution,
its derivatives and construct a suitable decomposition into the regular and singular

components.

Numerical experiments are conducted on some standard examples for all the

developed numerical schemes to validate the theoretical results.
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