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Linearizations of transfer function matrices
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Given a rational matrix R(λ), the Rational Eigenvalue Problem (REP) consists of finding
scalars λ0 (eigenvalues) such that there exist nonzero constant vectors x and y (eigenvectors)
satisfying

R(λ0)x = 0 and yTR(λ0) = 0,

under the regularity assumption detR(λ) 6≡ 0. The numerical solution of REPs is recently
getting a lot of attention from the numerical linear algebra community since REPs appear
directly from applications or as approximations to arbitrary nonlinear eigenvalue problems.
Rational matrices also appear in linear systems and control theory. Nowadays, a competitive
method for solving REPs is linearization. Linearization transforms the REP into a generalized
eigenvalue problem in such a way that the pole and zero information of the corresponding ra-
tional matrix is preserved. In this talk, we present a new family of local linearizations of
rational matrices, by considering the definition of local linearizations in [1]. We use the fact
that any rational matrix R(λ) can be written as the transfer function matrix of a polynomial
system matrix. That is, of the form R(λ) = D(λ) + C(λ)A(λ)−1B(λ), where D(λ), C(λ),
B(λ) and A(λ) are polynomial matrices. Then, the new linearizations are constructed from
linearizations of the polynomial matrices D(λ) and A(λ), where each of them can be repre-
sented in terms of any polynomial basis. We show by example how this theory can be used
for solving scalar rational equations.
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