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Abstract

Polynomial root finding is a ¢lassical problem with applications in many branches
of mathematics. A natural generalization of this problem is to consider polynomials with
vornplex matbrix voellicients, known as malrix polynomials, where one is inleresled in eigen-
values of such polynomials. Thesze sigenvalues come out as roots of the determinant of matrix
polynomials. The problem of finding eigenvalues and eigenvectors for matrix polynomials is
referied to as polynomial eigenvalue problem, abbreviated as PET. Matrix pelynomials can
alzo be viewed as matrices with scalar polynomial entries. Similarly, matrices with entries
that are scalar rational functions are known as rational matrices, and the corresponding prob-
lemn of finding their cigenvalues and cigenvectors iz called the rational eigenvalue problem,
abbreviated as REP. Determining the exact eizenvalues of matrix polynomials and rational
matrices is challenging, hence they are often approximated using iterative methods. Conse-
quently, establishing bounds on the eigenvalues i= crucial for making an initial guess, which
mfuences the convergence rate of the iteration.

In this talk, we determine the location of sigenvalues of complex and quaternion matrix
polynomials, as well as complex ratioual matrices. We begin by proving thal complex ma-
trix polynomials with doubly stochastic or Schur stable matrix coefficients have eigenvalues
confined within specific annnlar regions. We then discuss the notion of (hyper)stability of
complex matrix polynomials and extend the sams to right quaternion matrix polynomials
in order to obtain location of their right eigenvalues relative to certain subsets of the set
of quaternions. In particular, we provs that right eigenvalues of a right quaternion matrix
polynomial lic between two concentric balls of specific radii in the sct of quaternions con-
tered at the origin. A generalization of the Enestrom-Kakeya theorem to quaternion matrix
polynomials is obtained as an application. We also deduce hyperstability of cartain univari-
ate quaternion matrix polynomials via stability of certain multivariate quaternion matrix
polynomials.

Furthermore, we derive bounds on the moduli of eigenvalues of arbitrary and special type of
complex rational matrices. For a given arbitrary complex raticnal matrix F(\), we associate
a block matrix Cg, whose blocks consist of the coefficient matrices of E(A), as well as a
scalar real rational function g(z), whose coefficients are the norms of the coefficient matrices
of F{A). We prove Lhal a zero of gz) which is grealer lhan the moduli of all Lhe poles of
R(A) is an uppar bound on the moduli of eigenvalues of R[A). Mareover, by using a block
matbrix associated with g(z), we establish bounds on the zeros of ¢(z), which in turn yield
bounds on the moduli of eigenvalues of 12(4). [or eigenvalues of a special type of complex
rational matrix T(A), we obtain an upper bound by applying the Baunar-Fike thecrem on
the associated block matrix Cr. We derive & lower bound in terms of a zero of a scalar
rcal rational function p(z), associated with T(A), using Rouchd’s theorem for matrix-valued
functions. Other upper bounds, by applying numerical radins inequality to a block matrix &,
associated with a scalar real rational functicn g(z) corresponding to T(\) are also obtained.
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