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Research Summary

A scalable parallel version of hp3D—a finite element (FE) software for analysis and dis-
cretization of complex three-dimensional multiphysics applications has been developed. The
software supports hybrid MPI/OpenMP parallelism for large-scale computation on modern
manycore architectures. The focus of the effort lies on the development and optimization
of the parallel software infrastructure underlying all distributed computation. While the
code supports standard Galerkin methods, special emphasis is given to systems arising from
discretization with the discontinuous Petrov—Galerkin (DPG) method. The method guar-
antees discrete stability by employing locally optimal test functions, and it has a built-in
error indicator which we exploit to guide mesh adaptivity. In addition to interfacing with
thirdparty packages for various tasks, we have developed our own tools including a parallel
nested dissection solver suitable for scalable FE computation of waveguide geometries. For
weak-scaling results with up to 24 576 CPU cores and numerical simulations with more than
one billion degrees of freedom see [3].

The new software capabilities enable solution of challenging wave propagation problems
with important applications in acoustics, elastodynamics, and electromagnetics. These ap-
plications are difficult to solve in the high-frequency regime because the FE discretization
suffers from significant numerical pollution errors that increase with the wavenumber. It is
critical to control these errors to obtain a stable and accurate method. We studied [4] the
pollution effect for waveguide problems with more than 8 000 wavelengths in the context of
robust DPG FE discretizations for the time-harmonic Maxwell equations. We also discussed
adaptive refinement strategies for multi-mode fiber waveguides where the propagating trans-
verse modes must be resolved sufficiently. Our study shows the applicability of the DPG
error indicator to this class of problems.

As promised, an extensive documentation is underway. A book documenting the code
[5] is under preparation and should be finished in year 2021.

Presentations made
The following presentations acknowledged the award.

e S. Henneking, “A Numerical Study of the Pollution Error and DPG Adaptivity for
Long Waveguide Simulations”, FE Rodeo, Baylor University, Waco, Feb. 28-29, 2020.

e L. Demkowicz, “Short course on the DPG Method.” Aachen University, July 16, 2020
(remote).

The work will also be presented by S. Henneking during the oncoming CSE conference (re-
mote) in March 2021.



Papers published

The development of the parallel MPI/openMP hp3D code has been the subject of the dis-
sertation of Stefan Henneking [3]. Papers [2, 4, 6] describe projects in which we have used
the parallel MPI/openMP hp3D code or have done a substantial new development in the
code. The serial version of the code was used in papers [9, 1] and dissertations of Socratis
Petrides [8], and Jaime Mora-Paz [7].

Awards or recognition received

We managed to secure a small grant from Sandia National Labs: “A Scalable MPI/OpenMP
hp-Adaptive Finite Element Software Library for Complex DoD Multiphysics Applications”,
04/01/2019 - 9/30/2019, $50,000. In October 2020, we submitted to NSF the proposal on:
Elements:Software. A Scalable Open-Source hp-Adaptive FE Software for Compler Multi-
physics Applications (pending).
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