
20 March 2024

POLITECNICO DI TORINO
Repository ISTITUZIONALE

A non-intrusive algorithm for parameterized model order reduction of LTI systems with guaranteed dissipativity / Bradde,
Tommaso; Grivet-Talocia, Stefano. - ELETTRONICO. - (2022), pp. 65-65. (Intervento presentato al  convegno MORe
2022: Model Reduction and Surrogate Modeling tenutosi a Berlin, Germany nel 19-23 Sep 2022).

Original

A non-intrusive algorithm for parameterized model order reduction of LTI systems with guaranteed
dissipativity

Publisher:

Published
DOI:

Terms of use:

Publisher copyright

(Article begins on next page)

This article is made available under terms and conditions as specified in the  corresponding bibliographic description in
the repository

Availability:
This version is available at: 11583/2985825 since: 2024-02-09T12:09:23Z

Technical University of Berlin



A non-intrusive algorithm for parameterized model order reduction

of LTI systems with guaranteed dissipativity

T. Bradde and S. Grivet-Talocia

Politecnico di Torino, Department of Electronics and Telecommunications

We present a non-intrusive approach for generating LTI parameterized reduced-order models (PROMs)
that are dissipative by construction. The approach is based on a convex formulation and enforcement
of the dissipativity constraints, thus avoiding potentially unreliable heuristic post-processing schemes.
Let ϑ ∈ Θ ⊂ Rd be a vector of external parameters and s the Laplace variable. We assume that
the frequency response of the underlying system H̆(s,ϑ) ∈ CP×P is available at discrete frequency
sk = jωk, k = 1 . . .K and parameter samples ϑm, m = 1 . . .M through some measurement or �rst-
principle solver. The PROM is generated by enforcing a �tting condition H(jωk,ϑm) ≈ H̆(jωk,ϑm),
assuming the following parameterized rational model structure
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where Ri,`, ri,` are unknown coe�cients, and ϕi(s) = (s− qi)−1 with Re {qi} < 0 are partial fraction
frequency-dependent basis functions, as in Vector Fitting schemes [2]. Parameterization is induced

by multivariate Bernstein polynomials b``(ϑ) with degree ` = (¯̀
1, . . . , ¯̀

d), where I` denotes the set
of admissible multi-indices. Due to the presence of unknowns at both numerator and denominator
in (1), determination of model coe�cients is performed through an iteratively re-weighted linearized
least squares process known as PSK iteration [3].
Both asymptotic stability and dissipativity are enforced uniformly ∀ϑ ∈ Θ by exploiting the uniform
positivity and partition of unity properties of Bernstein polynomials. On one hand, stability is im-
plied by the denominator D(s,ϑ) being a uniformly Positive Real function, whereas dissipativity is
implied by H(s,ϑ) being a uniformly Bounded Real function, assuming a scattering representation.
Both conditions are formulated algebraically through the appropriate Kalman-Yakubovich-Popov lem-
mas, which lead to parameter-dependent Linear Matrix Inequality (LMI) conditions, to be enforced
uniformly ∀ϑ ∈ Θ. All terms in these LMIs are then represented as truncated Bernstein polynomial
expansions, including also the energy storage function. The result is a �nite set of independent LMIs
in the model coe�cients, which are enforced concurrently with the model-data �tting. Exploiting the
degree elevation property of Bernstein polynomials is shown to e�ectively reduce the conservativity of
the LMI discretization, leading to certi�ed uniformly stable and dissipative models, with controlled
accuracy. Technical derivations and proofs are available in [1]. Application examples in the area of
electronic CAD will be presented.
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