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Abstract

The widespread applications of the p-Laplacian problems with multiple solutions in real life
naturally appeals to the development of numerical methods for their solutions. Many signifi-
cant solutions to these problems are known to lack stability. As a consequence, they are very
elusive to capture and also hard to study. Most often, to solve such problems numerically for
multiple solutions, there are two things to keep in mind. Firstly, we need an algorithm that
can capture multiple unstable solutions in a stable way. Secondly, implementing those algo-
rithms through computers requires a different set of numerical techniques for discretization
of the problems. Although the p-Laplacian problems with multiple solutions refer to a large
class of problems, here we consider only a few problems of that class for the development of
appropriate numerical methods to obtain their multiple solutions. Precisely, in this thesis we
study the numerical methods for finding multiple solutions to four types of p-Laplacian prob-
lems: p-Laplacian equations, cooperative p-Laplacian systems and the eigenvalue problems

for the p-Laplacian and for a system of p-Laplacians.

By considering p-area problems, where the p-Laplacian equation is a special case of such
problems, a numerical algorithm which is a hybridization of the local minimax method and
Newton’s method is developed for finding their multiple solutions. We discuss a mathemat-
ical justification for the applicability of the method which highlights the main advantages
of using this hybrid method compared to the existing well-known local minimax method.
The discretization of the problems using the finite element method is presented with the as-
sociated convergence analysis of the solutions to the discretized problems. Thereafter, two
numerical methods are developed for the system of p-Laplacians by elevating the strategy of
the min-orthogonal method. One is for the cooperative p-Laplacian systems and the other
one is for the eigenvalue problems for a system of p-Laplacians. In both cases, we first
recommend a selection mapping in a product Banach space so that the solution manifold
is well-defined. We then set up local characterizations for the coexisting solutions of p-
Laplacian systems and the eigenfunctions of the p-Laplacian system, respectively. These
local characterizations prompts us to designed two algorithms which are elucidated by their
flow charts. Further, we carry out the convergence analysis of these algorithms. We also
develop some techniques for local instability analysis of the solutions to both types of prob-
lems that can be done computationally. Then we discuss the finite element discretization of
both the problems and give the convergence results of their respective numerical solutions.
In numerical experiments, all of these numerical methods have been successfully applied to

solve different types of model problems with multiple solutions.

For the culmination of this piece of work we carry out the numerical implementation of a

v



vi ABSTRACT

mesh-free strategy called WEB-method for obtaining multiple solutions of some p-Laplacian
problems. Basically, to avoid the drawbacks of the standard mesh-based finite element
method we applied the WEB-method for the discretization of problems. The WEB-method is
a mesh-less Galerkin method that uses weighted extended B-splines on regular grids as basis
functions. The efficiency of the WEB-method is tested by combining it with a local minimax
algorithm to solve two different model problems, namely the p-Laplacian equations and the
eigenvalue problem for the p-Laplacian for their multiple numerical solutions. The experi-
mental results illustrate advantages of using the WEB-method over the standard mesh-based

finite element method though sometimes WEB-method is computationally expensive.
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