STRUCTURED POLYNOMIAL EIGENPROBLEMS RELATED TO TIME-DELAY SYSTEMS^∗

HEIKE FASSBENDER^†, D. STEVEN MACKEY^‡, NILOUFER MACKEY^‡, AND CHRISTIAN SCHRÖDER^§

Abstract. A new class of structured polynomial eigenproblems arising in the stability analysis of time-delay systems is identified and analyzed together with new types of closely related structured polynomials. Relationships between these polynomials are established via the Cayley transformation. Their spectral symmetries are revealed, and structure-preserving linearizations constructed. A structured Schur decomposition for the class of structured pencils associated with time-delay systems is derived, and an algorithm for its computation, which compares favorably with the QZ algorithm, is presented along with numerical experiments.

Key words. Polynomial eigenvalue problem, palindromic matrix polynomial, quadratic eigenvalue problem, even matrix polynomial, structure-preserving linearization, matrix pencil, structured Schur form, real QZ algorithm, spectral symmetry, Cayley transformation, involution, time-delay system, delay-differential equation, stability analysis.

AMS subject classifications. 15A18, 15A21, 15A22, 34K06, 34K20, 47A56, 47A75, 65F15.

∗Received November 30, 2007. Accepted January 27, 2009. Published online on July 24, 2009. Recommended by Daniel Kressner.

†TU Braunschweig, Carl-Friedrich-Gauß-Fakultät, Institut Computational Mathematics, AG Numerik, 38023 Braunschweig, Germany (h.fassbender@tu-bs.de).

‡Department of Mathematics, Western Michigan University, Kalamazoo, MI 49008, USA (steve.mackey@wmich.edu, nil.mackey@wmich.edu). Supported by National Science Foundation grant DMS-0713799.

§TU Berlin, Institut für Mathematik, MA 4-5, 10623 Berlin, Germany (schroed@math.tu-berlin.de). Supported by MATHEON, the DFG research center in Berlin.