ELEC 501 Fall-02
Topicsfor the Term Project

1. A survey of balancing related model reduction methods: A literature survey and comparison of the model
reduction algorithms based on balancing certain system gramians. The project includes

(a) Lyapunov Balancing ( the one we discussed in the class)
(b) Positive Real Balancing ( balancing of the passive systems)
(c) Bounded Real Balancing ( balancing of the bounded real systems)
(d) Stochastic Balancing
(e) LQG Balancing
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2. Frequency Weighted Balanced Reduction: The frequency weighted balancing method is used to minimize
the error between the full-order model G(s) and the approximant G,.(s) over a specified frequency region,
i.e. for some input weighting W;(s) and the output weighting W, (s), the goal is to minimize the weighted
error

| Wo(s)(G(s) = Gr(s))Wi(s)

The project includes a survey of the several weighted balanced reduction algorithms and their applications
to numerical problems.
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(@) Enns’ weighted balancing method

(b) Lin and Chiu’s weighted balancing method

(c) Weighted balancing approach of Sreeram et al.

(d) Zhou’s self-weighted balancing method

(e) Gawronski and and Juang’s band limited approach
(f) Gugercin and Antoulas’s modification to (e) above.
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3. Approximate low-rank solutions to large-scale Lyapunov equations: For large-scale settings, obtaining
an exact solution to the Lyapunov equation AP+PAT 4+ BB = 0, becomes a formidable task. This project
studies the approximate solutions, especially the low-rank ones, of the Lyapunov equation; i.e., given A and
B, find a low-rank square-root factor U € R™*" with n < r so that 7 = UUT is an approximate solution
to AP + PAT + BBT = 0. The methods which are based on the so-called Alternating Direction Implicit



(ADI) iteration are of particular interest.
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. Model reduction of the flexible structures: The dynamical systems of the form

Mi(t) + Gi(t) + Kz(t) = Hu(t),  y(t) = Pa(t) + Qi(t). (1)

where M ,G,K € R™*"™ H € R"*™ and P, Q € RP*™ are called the flexible structures ( sometimes also
called the second order systems). Many mechanical structures are often of this form. The project studies the
approximation methods for the model reduction of the flexible structures including

(a) Krylov-based methods and balanced reduction based on the following equivalent first-order state-space
form of the flexible structure:

00 = | g o |10+ ] Sy |0 )
v = [P Qlaw,  where g0 | 7.

Note that (2) is in the state-space form with the state g(¢).
(b) Balanced reduction directly on the flexible (second-order) form (1).

The main issue here is to find a reduced order model which is directly in the second-order form (1) above or
can be transformed back into that form.
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. Model reduction of the linear periodic time-varying (LPTV) systems: The discrete-time [-periodic sys-
tem is defined as

Tpt1 = ApTi + Brug, yr = Cypzg

where A;;; = A; € R™*", Bjy; = B; € R"*P, and Cjyy; = C; € RP*™ for j € Z, and | € Z; that is,
the state-space matrices are periodically time-varying. This projects involves the realization problem and/or
the model reduction methods for LPTV systems.
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. Model reduction of the positive real (passive) systems: This project involves the analysis of the several
model reduction methods for the passive systems and their comparison through some numerical examples
(for example some RLC circuits).

(a) Positive real ( passive) balanced model reduction

(b) Gugercin and Antoulas’ modified positive real balanced reduction

(c) Freund’s passive model reduction via the Lanczos procedure

(d) Antoulas’ passive model reduction based on the rational Krylov method
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. Rational Krylov method for model reduction of large-scale systems: In the class, we have discussed the
moment matching problem around infinity. However, in many cases one is interested in matching the mo-
ments at various selected frequencies to obtain a better approximation over a broad frequency range. The
solution in this case is given by the Rational Krylov method of Ruhe. This projects involves the analysis of
the Rational Krylov method and its comparison with other reduction techniques.
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