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Abstract

We present scalable domain decomposition solvers for cardiac electromechanical mod-
els describing the bioelectrical excitation-recovery of the myocardium and its associated
mechanical contraction and relaxation. The bioelectrical model consists of a reaction-
diffusion system coupled with an ODE system for the ionic current dynamics, while the
mechanical model consists of a nonlinear elasticity system coupled with an ODE sys-
tem for the active tension generation [1, 2]. These models are discretized in time by
Implicit-Explicit (IMEX) finite differences and in space by isoparametric Q1 finite ele-
ments. At each time step, the large-scale nonlinear electromechanical system is solved
by decoupling these subsystems, solving iteratively the bioelectrical linear system with a
multilevel Schwarz preconditioned PCG method ([3, 4]) and solving the nonlinear mechan-
ical system with a Newton-Krylov-BDDC method [5]. 3D parallel tests on a BlueGene/Q
cluster show the scalability and quasi-optimality of the proposed parallel solvers.
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