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The resistive magnetohydrodynamics (MHD) model describes the dynamics of charged
fluids in the presence of electromagnetic fields. MHD models are used to describe im-
portant phenomena in the natural physical world and in technological applications. This
model is non-self adjoint, strongly coupled, highly nonlinear and characterized by multi-
ple physical phenomena that span a very large range of length- and time-scales. These
interacting, nonlinear multiple time-scale physical mechanisms can balance to produce
steady-state behavior, nearly balance to evolve a solution on a dynamical time-scale that
is long relative to the component time-scales, or can be dominated by just a few fast
modes. These characteristics make the scalable, robust, accurate, and efficient computa-
tional solution of these systems extremely challenging. For multiple-time-scale systems,
fully-implicit methods can be an attractive choice that can often provide unconditionally-
stable time integration techniques. The stability of these methods, however, comes at
a very significant price, as these techniques generate large and highly nonlinear sparse
systems of equations that must be solved at each time step.

This talk describes recent progress on the development of a scalable fully-implicit sta-
bilized unstructured finite element (FE) capability for 3D resistive MHD. The brief dis-
cussion considers the development of the stabilized FE formulation [1, 2], the underlying
fully-coupled preconditioned Newton-Krylov (NK) nonlinear iterative solver, and an inte-
grated adjoint-based error-estimation and sensitivity analysis capability[3, 4, 5]. To enable
robust, scalable and efficient solution of the large-scale sparse linear systems generated
by the Newton linearization, algebraic multilevel preconditioners are employed|[1, 2, 6, 7].
To demonstrate the performance of these methods representative results, that include the
parallel and algorithmic scaling of these methods, are presented. These results include
weak-scaling studies on up to 256K cores and an initial strong-scaling study on up to
500,000 cores.
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