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Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States
government. Neither the United States government nor Lawrence Livermore National Security, LLC,
nor any of their employees makes any warranty, expressed or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Reference herein
to any specific commercial product, process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States government or Lawrence Livermore National Security, LLC. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United States government or
Lawrence Livermore National Security, LLC, and shall not be used for advertising or product
endorsement purposes.

This work performed under the auspices of the U.S. Department of Energy by Lawrence Livermore
National Laboratory under Contract DE-AC52-07NA27344.
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Generalized Bootstrap AMG and AIR-AMG for coupled PDE systems with a focus on space-
time discretizatoins

PI: James Brannick Penn State University

The Pennsylvania State University (“Subcontractor’’) has worked on the design of new
algebraic, parallel, multilevel methods that obtain the full space and time solution of systems
of PDEs. In particular, the PI and his collaborators explored semi-intrusive approaches based
on algebraic multigrid (AMG). The focus of the research has been on the development of
these techniques for the Euler equations in 1d and 2d. The overall research focused on the
development of adaptive AIR (approximate ideal restriction) AMG solvers for these
problems. The Pl also explored the use of smoothed aggregation and root-node energy-based
AMG solvers for these problems.

The high-level accomplishments of this project are shown below.

1. Development of (nonsymmetric) AIR AMG solvers amenable to systems of PDEs, with
a focus on space-time discretizations of hyperbolic systems of PDEs and systems in a
mixed hyperbolic-diffusive regime.

2. Development of smoothed aggregation and root-node energy minimization techniques for
space-time PDEs.

3. Applications of these techniques to the 1d and 2d Euler equations discretized using finite
difference and finite element methods.

Overall, all methods were shown to be effective for cases where the advection was constant.
However, in the case of non-constant advection or in the mixed hyperbolic-diffusive regime only
the AIR-based AMG solver has shown promising results. Future work will focus on further
development of these techniques for non-constant advection.



