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Aims and
intended
learning

outcomes

The main objective of the course is to familiarize students with the fundamental concepts, theories, and
methods related to linear and nonlinear eigenvalue problems. Throughout the course, doctoral students
develop the ability to determine and analyze eigenvalues and eigenvectors, understand their role in
various mathematical models, and apply appropriate numerical methods to solve these problems.
Particular emphasis is placed on practical applications in mathematics, physics, engineering, and
computer science.

This emphasis on applications is well justified, as the modeling of physical and engineering processes
often leads to ordinary differential equations, systems of differential equations, and partial differential
equations, which in turn give rise to eigenvalue problems. Eigenvalue problems represent one of the
fundamental and most important topics in modern mathematics.

Coutse content/topics

e  Linear Eigenvalue Problems

Nonsymmetric Case
Power Method (Mises Iteration); Inverse Iteration; Deflation ; Subspace Iteration QR Algorithm; Acceleration

of

the QR Algorithm Using Shifts; QZ Algorithm for the Generalized Eigenvalue Problem

Symmetric Case
QR Algorithm, Bisection (Based on Sylvester’s Law of Inertia), Rayleigh Quotient Iteration, Divide-and-Conquer
Method, Jacobi Method, Singular Value Decomposition (SVD), Generalized Symmetric Eigenvalue Problem
Structured Matrices and Their Eigenvalue Problems

Applications of Linear Eigenvalue Problems in Physics and Engineering

e Nonlinear Eigenvalue Problems
Linearization
Variational Characterization (Min—Max Principle)
Sylvester’s Law of Inertia for Nonlinear Eigenvalue Problems
Arnoldi Method for Nonlinear Eigenvalue Problems
Jacobi—Davidson-Type Projection Methods for Nonlinear Eigenvalue Problems

Special Focus on Quadratic Eigenvalue Problems

Applications of Nonlinear Eigenvalue Problems
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