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Motivation
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Motivation

2040 is just around the corner!
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There won’t be sufficient experimental data 

by 2040 to fully qualify components for next-

gen fusion reactors

STEP Concept 

(UK)

K-DEMO Concept 

(S. Korea)
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Motivation

Khodak A et al. 2018 Fusion Engineering and 

Design 137 124-129

CHIMERA CSUT
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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.

We need multiphysics simulation tools capable of 

modelling a range of fusion use cases, spanning 

both time and frequency domains.
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MOOSE and 

MFEM
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What is MOOSE?
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● Open source parallel C++ FE framework from 

Idaho National Laboratory (INL)

● Large user community 

(~1.8k on GitHub)

● Wide range of existing validated physics 

modules

● Scalable to O(104) CPU cores

● Simple interface - no a priori coding 

knowledge required 
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libMesh
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Alas, libMesh has significant drawbacks:

● Limited support for H(curl) and H(div) vector FE types 

(e.g. Dirichlet BCs for ND1 and RT FEs not supported)

● Only full-matrix assembly supported

● No GPU support - a dealbreaker for many new HPC 

systems
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What is MFEM?

● Open source parallel C++ FE library from 

Lawrence Livermore National Laboratory 

(LLNL)

● Large user community 

(~1.7k on GitHub)

● Support for high-order ND and RT FEs, 

including Dirichlet BCs

● Support for a large number of performant 

solvers and preconditioners

● 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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Platypus
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Platypus
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https://aurora-multiphysics.github.io/platypus/

https://aurora-multiphysics.github.io/platypus/
https://aurora-multiphysics.github.io/platypus/
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Platypus

● MOOSE app

● Bypasses MOOSE’s libMesh backend, uses MFEM 

instead

● Similar GPU performance as native MFEM (more on 

this soon!)

● Support for MPI, OpenMP parallelism

● Static and transient problems (implicit integration)

● Bilinear form assembly levels: full, element, partial, 

legacy

● Under active development, v1.0 coming soon
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Static Diffusion Example

15

diffusion.i
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Performance 

and Scaling
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Diffusion Example – GPU Execution

17

Platypus

MFEM Example 1

~106 DoFs (NVIDIA A100)
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Assembly Levels
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● Static Diffusion example

● CUDA backend

● Single NVIDIA A100 GPU

● Jacobi smoother 

preconditioning

● MFEM Conjugate Gradient 

solver
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NVIDIA vs AMD
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● MFEM example 1

● Full assembly

● Single GPU

● Jacobi smoother 

preconditioning

● Conjugate Gradient solver
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NVIDIA vs AMD
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● MFEM example 1

● Partial assembly

● Single GPU

● Jacobi smoother 

preconditioning

● Conjugate Gradient solver
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Future Work
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Future Work
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● Mesh updates - AMR and transient mechanical problems

● MOOSE/MFEM transfers - moving variables/GridFunctions 

from one sub-app to another so as to implement 

interoperability with MOOSE physics modules

● Nonlinear problems - necessary for a number of coupled 

physics problems

● Automatic differentiation - use of Enzyme planned

● Matrix-free assembly - Requires integrating libCEED into 

our CI
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Conclusion
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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!
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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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