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Abstract

This thesis consists of six papers. The main topic of all these papers is modeling
a class of linear time-invariant systems. The system class is parameterized
in the context of interpolation theory with a degree constraint. In the papers
included in the thesis, this parameterization is the key tool for the design of
dynamical system models in fields such as spectral estimation and model
reduction. A problem in spectral estimation amounts to estimating a spectral
density function that captures characteristics of the stochastic process, such
as covariance, cepstrum, Markov parameters and the frequency response of
the process. A  model reduction problem consists in finding a small order
system which replaces the original one so that the behavior of both systems is
similar in an appropriately defined sense.  In Paper A a new spectral estimation
technique based on the rational covariance extension theory is proposed. The
novelty of this approach is in the design of a spectral density that optimally
matches covariances and approximates the frequency response of a given
process simultaneously.In Paper B  a model reduction problem is considered.
In the literature there are several methods to perform model reduction. Our
attention is focused on methods which preserve, in the model reduction phase,
the stability and the positive real properties of the original system. A reduced-
order model is computed employing the analytic interpolation theory with
a degree constraint. We observe that in this theory there is a freedom in the
placement of the spectral zeros and interpolation points. This freedom can be
utilized for the computation of a rational positive real function of low degree
which approximates the best a given system. A problem left open in Paper B
is how to select spectral zeros and interpolation points in a systematic way
in order to obtain the best approximation of a given system. This problem is
the main topic in Paper C. Here, the problem is investigated in the analytic
interpolation context and spectral zeros and interpolation points are obtained
as solution of a optimization problem.In Paper D, the problem of modeling a
floating body by a positive real function is investigated. The main focus is  on
modeling the radiation forces and moment. The radiation forces are described
as the forces that make a floating body oscillate in calm water. These forces
are passive and usually they are modeled with system of high degree. Thus,
for efficient computer simulation it is necessary to obtain a low order system
which approximates the original one. In this paper, the procedure developed
in Paper C is employed. Thus, this paper demonstrates the usefulness of the
methodology described in Paper C for a real world application.In Paper E,
an algorithm to compute the steady-state solution of a discrete-type Riccati
equation, the Covariance Extension Equation, is considered. The algorithm
is based on a homotopy continuation method with predictor-corrector steps.
Although this approach does not seem to offer particular advantage to previous
solvers, it provides insights into issues such as positive degree and model
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reduction, since the rank of the solution of the covariance extension problem
coincides with the degree of the shaping filter. In Paper F a new algorithm for
the computation of the analytic interpolant of a bounded degree is proposed.
It applies to the class of non-strictly positive real interpolants and it is capable
of treating the case with boundary spectral zeros. Thus, in Paper~F, we deal
with a class of interpolation problems which could not be treated by the
optimization-based algorithm proposed by Byrnes, Georgiou and Lindquist.
The new procedure computes interpolants by solving a system of nonlinear
equations. The solution of the system of nonlinear equations is obtained by a
homotopy continuation method.
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