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RKM and HAM for solving singularly perturbed problems and singularly perturbed differential-difference problems i‘wi

Abstract

In this thesis consider singularly perturbed problems (SPP) and singularly perturbed differential-
difference problems (SPDDP) that have boundary-layer behavior and some of the problems that
are largely similar to these kinds of SPP and SPDDP. We solve them by using Reproducing Kernel
Hilbert Space Method (RKHSM) and Homotopy Analysis Method. We consider RKM without Gram—
Schmidt orthogonalization process. First, we introduce mentioned RKM and for implementing it, we
decompose the problem domain into two subintervals such that one of them has not the boundary
layer and the other one has. The subinterval in which the boundary layer exists is important. If the
boundary layer exists on the left subinterval, the present RKM will provide a proper approximation
of solution, otherwise we need to change the variable of the SPP and SPDDP to shift the boundary
layer region. Results of the present scheme indicate that new algorithm has the following advan-
tages: small computational work, fast convergence, and high precision. In SPP and SPDDP, when
the delay parameter is large or the perturbation parameter is small, obtaining a proper approximate
solution with present RKM is difficult and therefore we use HAM to compare the results with other
numerical methods and the present RKM. We find that the use of the homotopy analysis method, in
addition to easy implementation, also provides better results. Moreover we introduce convergence

and error analysis theorems and prove them for each method and problem.
Keywords: Singularly perturbed problem; Singularly perturbed differential-difference problem;

Boundary-layer behavior; Reproducing kernel Hilbert space method;, Homotopy analysis method;

Convergence analysis; Error analysis.
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