ON THE SHIFTED QR ITERATION APPLIED TO COMPANION MATRICES^∗

DARIO A. BINI^†, FRANCESCO DADDI^‡, AND LUCA GEMIGNANI^§

Abstract. We show that the shifted QR iteration applied to a companion matrix F maintains the weakly semiseparable structure of F . More precisely, if A_i − α_iI = Q_iR_i, A_{i+1} := R_iQ_i + α_iI, i = 0, 1, . . ., where A_0 = F , then we prove that Q_i, R_i and A_i are semiseparable matrices having semiseparability rank at most 1, 4 and 3, respectively. This structural property is used to design an algorithm for performing a single step of the QR iteration in just O(n) flops. The robustness and reliability of this algorithm is discussed. Applications to approximating polynomial roots are shown.

Key words. companion matrices, QR factorization, QR iteration, semiseparable matrices, eigenvalues, polynomial roots.

AMS subject classifications. 65F15, 15A18, 65H17.

∗Received October 31, 2003. Accepted for publication August 30, 2004. Recommended by L. Reichel. †Dipartimento di Matematica, Università di Pisa, via Buonarroti 2, 56127 Pisa. E-mail:

bini@dm.unipi.it. This work was partially supported by MIUR, grant number 2002014121 and by GNCS-

INDAM grant “Metodi numerici innovativi per il trattamento di matrici strutturate e sparse.”

‡Dipartimento di Matematica, Università di Pisa, via Buonarroti 2, 56127 Pisa.

§Dipartimento di Matematica, Università di Pisa, via Buonarroti 2, 56127 Pisa. E-mail:

gemignan@dm.unipi.it.