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L. V. Kaléa, Robert Haberb, Jonathan Bootha, Shripad Thitea, Jayandran Palaniappanb,

aDepartment of Computer Science
bDepartment of Theoretical and Applied Mechanics

Center for Process Simulation and Design
University of Illinois at Urbana-Champaign

Urbana, Illinois 61801
{l-kale1,r-haber,jbooth,thite,palanppn}@uiuc.edu

We present an efficient parallel implementation of the Spacetime Discontinuous Galerkin method for hyper-
bolic problems. In particular, we are interested in parallel implementations of direct element-by-element
or patch-by-patch solution techniques that are possible on spacetime meshes that conform to an appropri-
ate causality cone constraint [1]. We consider applications to linearized elastodynamics [2] as well as to
nonlinear conservation laws. Our implementation is based on the Charm++ [3] Finite Element Method
(FEM) framework [4].

The FEM framework provides automatic mesh partitioning. In addition, it updates boundary conditions
and boundary element data across the partitioned mesh. The framework also provides access to many
Charm++ features [5]; these include message-driven execution, automatic load balancing, shrink/expand
capability and automatic checkpoint/restart. Accessing these features requires little to no effort by the
application developer, as the code that enables them is part of the FEM framework itself.

The causality cone constraint introduces special challenges in the case of nonlinear conservation laws,
where the constraint is solution-dependent. This requires us to interleave mesh generation with the solu-
tion process in a parallel, advancing-front algorithm. In contrast to linear problems where a local search
suffices, implementation of the cone constraint in nonlinear problems requires a global search. We demon-
strate a parallel library that implements the global check for the cone constraint, and present results that
demonstrate its impact on performance. We present results obtained on large parallel machines and discuss
directions for continuing research.

References
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[4] Milind A. Bhandarkar and L. V. Kalé, A Parallel Framework for Explicit FEM, Lecture Notes in
Computer Science, Vol 1970, Eds: Valero and Prasanna and Vajpeyam, Springer Verlag, 385-395 (2000).
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