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There won’t be sufficient experimental data
2040 is just around the corner! by 2040 to fully qualify components for next-
gen fusion reactors
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Motivation

We need multiphysics simulation tools capable of
modelling a range of fusion use cases, spanning
both time and frequency domains.
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Engineers must have scalable multiphysics
simulation tools to enable them to
substantively assess and de-risk complex
component and reactor designs in silico.
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What is MOOSE?

e Open source parallel C++ FE framework from
Idaho National Laboratory (INL)

e Large user community
(~1.8k ¥ on GitHub)

e Wide range of existing validated physics
modules

e Scalable to O(10%) CPU cores

e Simple interface - no a priori coding
knowledge required
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Alas, libMesh has significant drawbacks:

e Limited support for H(curl) and H(div) vector FE types
(e.g. Dirichlet BCs for ND1 and RT FEs not supported)

e Only full-matrix assembly supported

e No GPU support - a dealbreaker for many new HPC
systems
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What is MFEM?

Authority

e Open source parallel C++ FE library from
Lawrence Livermore National Laboratory
(LLNL)

e Large user community
(~1.7k ¥%¢ on GitHub)

e Support for high-order ND and RT FEs,
including Dirichlet BCs

e Support for alarge number of performant
solvers and preconditioners

e GPU support: CUDA, HIP, OCCA, RAJA,
OpenMP
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It'd be ideal if we could leverage the modularity and interface simplicity of the
MOOSE frontend with the power, scalability and GPU support of the MFEM
backend
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GitHub ©

p | aty D UsS Getting Started

s enables the set-up al embly of finit: nt problems using the finite element library

Container

Ubuntu with all d rHub, and

ve mode with th

1l README 3 LGPL-2.1 license
n then be found at fopt/platypus/platypus-optin

Platypus ptions for g Docker
) Documentation [FEESNg) ) uin: [FEESING) () suildres: [FEEEng codecov [N ticense [IEPESE) TIP: P atypus Dependencies
Platypus is a MOOSE-based application created to enable custom MOOSE problems to be set up and solved ainer ¢ ng up- ncies for Plat
finite element library as an alternative backend to libMesh. It is based off of the MOOSE

using the
that uses MFEM for solving electromagnetics problems in a variety of

electromagnetics app
formulations.

docker pull alexanderianblair/platypus-depsimain

Platypus is under active development and is being updated frequently. for those who wish to build Platypus thems:
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https://aurora-multiphysics.github.io/platypus/
https://aurora-multiphysics.github.io/platypus/
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@ platypus - % Earpins ~
° MOOSE app P main -~ §*31B 3 Sotof © | Addfile ~
l:i alexanderianblair M
e Bypasses MOOSE’s libMesh backend, uses MFEM
. I github
instead
| doc
B docker
e Similar GPU performance as native MFEM (more on - e
thIS SOOH') B scripts
B sc
e Support for MPI, OpenMP parallelism » ot

B unit
[ .clang-format
e  Static and transient problems (implicit integration)

[3 .clang-tidy

[ .editorconfig

[ .gitignore

e Bilinear form assembly levels: full, element, partial,
legacy

mmit-confi

e Under active development, v1.0 coming soon o e

[ LICENSE
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V- (aVT) =

[Ke
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Diffusion Example - GPU Execution

Platypus

MFEM Example 1
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~10°% DoFs (NVIDIA A100)

2@ I 4 platypus_cuda_diffusion_full_3x.qdrep mfem_cuda_diffusion_full_3x.qdrep X
= Timeline View - | | @ Options... = Q 1x 3 warnings, 18 messages
- Os 2s 25 6s 8s 10s 12s 14s =
100%
» CPU(128) .
r kemel
» CUDA HW (0000:81:00.0- NVIDIA, | (70 " E—
~ Threads (10)
0-100%|
~ | [791447] platypus-opt ~
0S runtime libraries
( [Solve [679... [ output [3.145 5]
B |(BuilaEquationSystem _ | |[Mult [71_)
NVTX — O ——
CUDA API L1
is hidden. — 4 0-100% O L]
Project 1 X platypus_cuda_diffusion_full_3x.qdrep X [[uitZuReERETGTETCT (11 EACL =]
= Timeline View ~ | @ Options... = Q 1x 4 warnings, 18 messages
v 0s 2s 4s 6s 8s 10 12s 14s =
100%
» CPU(128) o

kemel

» CUDA HW (0000:01:00.0 - NVIDIA memory s -m .
= Threads (9)
gy

~ | [462300] ex1p =

0S runtime libraries

main [15.199 s]

Output [3.101 5] )

Mesh [4.716 5]

[Set_]|| LinearForm Assemble [2.417 s]_|[BilinearForm Asse...|[Sol._|
|

NVTX
[ SetDevice[1959s] |
cuda_](=)

CUDA API

Profile
— 4 0-100%
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Assembly Levels
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e  Static Diffusion example
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NVIDIA vs AMD

e MFEM example 1
e Full assembly
e Single GPU

e Jacobi smoother
preconditioning

e Conjugate Gradient solver
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main.i

Main App

MultiApp 1 MultiApp 2

subl.i

e Mesh updates - AMR and transient mechanical problems

e MOOSE/MFEM transfers - moving variables/GridFunctions MultiApp 3
from one sub-app to another so as to implement subsi
interoperability with MOOSE physics modules

e Nonlinear problems - necessary for a number of coupled
physics problems

e Automatic differentiation - use of Enzyme planned

e Matrix-free assembly - Requires integrating 1ibCEED into
our CI
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In silico de-risking of fusion reactor and experiment components is crucial for delivering viable
fusion within a reasonable timeline and resource constraints.

We need new scalable tools that can leverage (pre-)Exascale systems to enable engineers to
carry out actionable multiphysics simulations.

Platypus enables the solution of large-scale FE problems on CPU or GPU in the MOOSE FE
framework using MFEM as the underlying FE backend.

Preliminary analysis of Platypus shows performance on par with native MFEM, particularly for
GPU runs.

Initial support for solving single-variable steady or transient linear problems has been added — first
formal release coming soon!

24 | OFFICIAL H. Bergallo Rochaet al. | Fusion HPC Workshop | 21st November 2024



UK Atomic

Energy
Authority

sd2s

r'

$e

Thank you!

This work has been funded by the Fusion Futures Programme. As announced by the UK
Government in October 2023, Fusion Futures aims to provide holistic support for the
development of the fusion sector.
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