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Abstract: <span>Discontinuous Galerkin finite element (DGFE) methods combine advantages of both finite differences and finite elements
approaches. These methods scale extremely well and they have been very successful in computational fluid dynamics. As such we would like to
transpose them to the domain of relativistic astrophysics. Recently we have implemented DGFE methods in the Einstein Toolkit a large numerical
relativity codebase used by hundreds of scientists around the world. However before DGFE methods can be used in production simulations we must
ensure that our implementation is up to the efficiency and accuracy standards of a production codebase. Here we detail our efforts to test our
implementation using the Apples with Apples tests (c.f. arXiv:gr-qc/0305023 and arXiv:0709.3559). We briefly introduce DGFE methods explain
the Apples with Applestests and our rationale for using them and discuss results.</span>

Pirsa: 14050045 Page 1/41



] -~ ’ i fon: 32X = Swap: O Hod Hay 07 1 Ll
File Edit View Document Tools Window Help ’>

Input: — DVI- 1920x1080p@60Hz

_ord_presenta... [x)
u Output:  SDI - 1920x1080I@60Hz
=~ & |G T nofse) | @ ® 2%~ | = b [T -

lﬂ Pleasa fill out the fallowing farm. You cannot save data typed into this form.
I Please print your completed form if you would like a copy for your records,

Testing Discontinuous Galerkin Methods in the
Einstein Toolkit for Numerical Relativity

Jonah M. Miller

with Erik Schnetter. lan Hinder. Frederico Guercilena.

David Radice, and Barry Wardell

Perimeter Institute for Theoretical Physics
University of Guelph

Compute Ontario Research Day,
May 2014

Pirsa: 14050045 Page 2/41



Numerical Relativity

e Numerically solving system of 10 coupled highly nonlinear

second-order PDEs

10.1103/PhysRevD.79.024003 or arXiv:0810.1767
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Over 100 registered users

= most registered users contribute

Over 50 research groups from around
the world

= a real international community

Cited in well over 100 publications
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Discontinuous Galerkin Methods

x(‘()l]_l])lltﬂti()l]_&ll domain

J. Miller (PI) DG Methods May 2014 5/ 20

Pirsa: 14050045 Page 9/41



~ Discontinuous Galerkin Methods

subdomain/element

“

x('(nnputntimml domain

J. Miller (PI) DG Methods May 2014 5/ 20

Pirsa: 14050045 Page 10/41



| ”"“Di'é;ééjntinuous Galerkin Methods

subdomain/element

<

evolved function

‘L('(nnputntimml domain

J. Miller (PI) DG Methods May 2014 5/ 20

Pirsa: 14050045 Page 11/41



| 'DiSC'ontinuous Galerkin Methods

subdomain/element

e

evolved function

x('(nn])utnrimml domain

J. Miller (PI) DG Methods May 2014 5/ 20

Pirsa: 14050045 Page 12/41



) ”Di“SCbntinuous Galerkin Methods

subdomain/element

v

evolved function

x(-()m]mtnrimml domain

J. Miller (PI) DG Methods May 2014 5/ 20

Pirsa: 14050045 Page 13/41



Discontinuous Galerkin Methods

Boundaries are multivalued
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physical system

highly nonlinear equations
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physical system

highly nonlinear equations

measurable quantity to extract
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~ Coordinates are Dynamical Variables

Image: Abell 2218 galaxy cluster. Credit: NASA.
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~ Coordinates are Dynamical Variables
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Port singularity handling

to DGFE

Add fluid dynamics

Code optimization

Performance tests

Relativistic astrophysics!
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