STABILITY PROPERTIES OF DIFFERENTIAL-ALGEBRAIC EQUATIONS AND SPIN-STABILIZED DISCRETIZATIONS^∗

PETER KUNKEL^† AND VOLKER MEHRMANN^‡

Abstract. Classical stability properties of solutions that are well-known for ordinary differential equations (ODEs) are generalized to differential-algebraic equations (DAEs). A new test equation is derived for the analysis of numerical methods applied to DAEs with respect to the stability of the numerical approximations. Morevover, a stabilization technique is developed to improve the stability of classical DAE integration methods. The stability regions for these stabilized discretization methods are determined and it is shown that they much better reproduce the stability properties known for the ODE case than in the unstabilized form. Movies that depict the stability regions for several methods are included for interactive use.

Key words. nonlinear differential-algebraic equations, stability, asymptotic stability, Lyapunov stability, spinstabilized discretization, test equation, strangeness index

AMS subject classifications. 65L80, 65L20, 34D20, 34D23

∗Received September 12, 2006. Accepted for publication June 27, 2007. Recommended by S. Vandewalle. The research was supported by the Mathematisches Forschungsinstitut Oberwolfach Research-in-Pairs Program.

†Mathematisches Institut, Universität Leipzig, Augustusplatz 10–11, D-04109 Leipzig, Fed. Rep. Germany (kunkel@mathematik.uni-leipzig.de).

‡Institut für Mathematik, MA 4-5, Technische Universität Berlin, D-10623 Berlin, Fed. Rep. Germany (mehrmann@math.tu-berlin.de). Supported by Deutsche Forschungsgemeinschaft, through MATHEON, the DFG Research Center “Mathematics for Key Technologies” in Berlin.