ON THE EVALUATION OF FINITE ELEMENT SENSITIVITIES TO NODAL COORDINATES^∗

RENÉ SCHNEIDER^† AND PETER K. JIMACK^‡

Abstract. We present a derivation of the derivative of general systems of finite element equations with respect to the coordinates of the nodes in the underlying finite element mesh. The resulting expressions allow the systematic evaluation of such derivatives without the need to resort to automatic differentiation or the expense associated with finite difference approximations. The principal motivation for this work comes from problems in optimal design, however, other potential applications are also described. The results obtained are validated through numerical examples.

Key words. adjoint, discrete adjoint, sensitivity analysis, differentiation, derivatives, finite element method, FEM, moving finite elements, moving mesh, moving nodes, nodal coordinates, node movement, node positions, shape derivative

AMS subject classifications. 65N30, 80M10, 49Q10, 49Q12

∗Received October 12, 2007. Accepted for publication May 5, 2008. Published online on March 4, 2009. Recommended by T. Apel.

†TU Chemnitz, FakultÃt fÃ^1_4 r Mathemetik, 09107 Chemnitz, Germany (rene.schneider@mathematik.tu-chemnitz.de).

‡University of Leeds, School of Computing, Leeds LS2 9JT, UK (pkj@comp.leeds.ac.uk).