
Applications
Some of the large-scale simulation codes powered by MFEM
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GPU Support as a First-class Citizen
MFEM has provided GPU acceleration for over 6 years (since mfem-4.0) 

§ Matrix-free partial assembly (PA) § ready for future hardware§ runtime-selectable backends

C++ lambdas



Performance-Portable GPU Finite Element Kernels
MFEM’s results on the CEED bake-off problems are state-of-the-art 
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Scalability of high-performance PDE solvers, IJHPCA 2020
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FEM Operator Decomposition + Partial Assembly for HPC
Decompose A into parallel, mesh, basis, and geometry/physics parts 

§ Key for AMR, HO, GPUs

§ Enables dFEM

§ Partial assembly = store only D, evaluate B

§ Optimal memory, near-optimal FLOPs compared to A
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§ GPU computing

— Solver optimizations on El Capitan

— Kernels using tensor/matrix cores

— Mixed precision algorithms

§ Differentiable Simulations

— dFEM autodiff in next release

— AD on GPU · Enzyme collaboration

— ALE multi-physics · inverse design

§ R&D

— Meshing and discretizations for AI workflows

— Efficient high-order methods on mixed meshes · including simplices

— Improved field transfer · multiphysics coupling · particles support

§ New releases

— mfem-4.9 in Nov · switch to C++17 · initial dFEM in mfem::future

§ What would you like to see?

— Slack: #meet-the-team · GitHub: github.com/mfem/mfem/issues · Email: mfem@llnl.gov

Roadmap for Next Year
Plans for FY26
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§ Strong development team

—Pushing the boundaries of finite element R&D

—Made a lot of progress last year

§ Awesome applications

—Both at DOE, industry and academia

—Scaled to world’s largest supercomputers

§ Growing community

—GitHub, workshop, tutorials

—Users contribute back, become developers

§ The future is bright

—Exciting new directions

—MFEM keeps growing and accelerating

The state of MFEM is strong

!



Website:
mfem.org

Software: 
github.com/mfem

Publications: 
mfem.org/publications

Email: 
mfem@llnl.gov

MFEM Resources

§ Explore our publications§ Contribute to the code§ Contact us with questions + feedback
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