PIECEWISE LINEAR WAVELET COLLOCATION, APPROXIMATION OF THE BOUNDARY MANIFOLD, AND QUADRATURE^∗

S. EHRICH^† AND A. RATHSFELD^‡

Abstract. In this paper we consider a piecewise linear wavelet collocation method for the solution of boundary integral equations of order r = 0, −1 over a closed and smooth boundary manifold. The trial space is the space of all continuous and piecewise linear functions defined over a uniform triangular grid and the collocation points are the grid points. For the wavelet basis in the trial space we choose the three-point hierarchical basis together with a slight modification near the boundary points of the global patches of parametrization. We choose three, four, and six term linear combinations of Dirac delta functionals as wavelet basis in the space of test functionals. The usual compression results apply, i.e., for N degrees of freedom, the fully populated stiffness matrix of N^2 entries can be approximated by a sparse matrix with no more than O(N[log N]^2) nonzero entries. The topic of the present paper, however, is to show that the parametrization can be approximated by low order piecewise polynomial interpolation and that the integrals in the stiffness matrix can be computed by quadrature, where the quadrature rules are combinations of product integration applied to non analytic factors of the integrand and of high order Gauß rules applied to the analytic parts. The whole algorithm for the assembling of the matrix requires no more than O(N[log N]^4) arithmetic operations, and the error of the collocation approximation, including the compression, the approximate parametrization, and the quadratures, is less than O(N^{−1}[log N]^2). Note that, in contrast to wellknown algorithms by v.Petersdorff, Schwab, and Schneider, only a finite degree of smoothness is required.

Key words. boundary integral equation of order 0 and -1, piecewise linear collocation, wavelet algorithm, approximation of parametrization, quadrature.

AMS subject classifications. 45L10, 65D32, 65R20, 65N38.

∗Received July 14, 2000. Accepted for publication May 16, 2001. Recommended by R. Varga. †Institute of Biomathematics and Biometry, GSF-National Research Center for Environment and Health, Ingolstädter Landstraße 1, D-85764 Neuherberg, Germany. Part of this research was performed during a visit to the Weierstrass Institute for Applied Analysis and Stochastics (WIAS). Thanks to WIAS for their great hospitality and financial support. E-mail: ehrich@gsf.de

‡Fakultät für Mathematik, Technische Universität Chemnitz, Reichenhainer Str. 39, D-09107 Chemnitz, Germany. This research was supported by a grant of Deutsche Forschungsgemeinschaft under grant numbers Pr 336/5-1 and Pr 336/5-2. E-mail: andreas.rathsfeld@mathematik.tu-chemnitz.de