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The team
Main developer
• Francesc Verdugo (VU)

GalerkinToolkit form compiler
• Xiaowei Ouyang (VU)
• Tiziano de Matteis (VU)

Software sustainability & GPU
• Robin Richardson (NLeSc)
• Stijn Heldens (NLeSc)
• Alessio Sclocco (NLeSc)
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Why another FEM library?

• Deal.ii
• GalerkinToolkit.jl
• Gridap.jl
• FEniCS
• Ferrite.jl
• Firedrake
• MFEM
• ...
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Agenda

This talk
• Multi-level API
• What is new in our code generation strategy?
• Towards GPU support

Next: Xiaowei’s talk
• The GalerkinToolkit form compiler (GTFC)
Next: GalerkinToolkit demo
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Simple FEM in math notation

Let f, g : Rd −→ R be two functions.
Let Ω ⊂ Rd be a computational domain.
Let T be a triangulation of Ω
Let V := {v ∈ H1(Ω) : v(x) is a polynomial for all x ∈ T ∈ T }
Let V0 := {v ∈ V : v(x) = 0 for x ∈ ∂Ω}
Let Vg := {v ∈ V : v(x) = g(x) for x ∈ ∂Ω}

Find u ∈ Vg such that:∫
Ω∇u(x) · ∇v(x) dx =

∫
Ω f(x)v(x) dx for all v ∈ V0
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”High-Level” API
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”Low-level” API

Toolkit
Galerkin
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”Low-level” API
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API trade-offs
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GalerkinToolkit form compiler (GTFC)

* The actual generated code is slightly different 10 of 26



User-defined functions and types
Let σ : Rd −→ Rd be a user-defined flux

The weak form transforms into∫
Ω σ(∇u(x)) · ∇v(x) dx =

∫
Ω v(x) dx
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User-defined functions and types

* The actual generated code is slightly different 12 of 26



Example: Interfacing with Tensors.jl
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Polyhedral complexes
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Polyhedral complexes

GT.∫(x->v(x),dΩ)

GT.∫(x->v(x),dΓ)

GT.∫(x->v[1](x)-v[2](x),dΛ)

GT.∫(x->v(x)+q(x),dΓ)
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Manifolds
Example: Laplace-Beltrami on a Möbius strip
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Parametrizable code generation
Example: Residual of a non-linear problem (p-Laplacian).
r(v) =

∫
Ω∇v ·

(
|∇uh|p−2 ∇uh

)
dΩ
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Building SciML problems

18 of 26



Performance: Gridap vs GalerkinToolkit

Higher is better. Results for unstructured hexahedal meshes. Internal git branch.19 of 26



Performance: FEniCSx vs GalerkinToolkit

Higher is better. Results for unstructured hexahedal meshes. Internal git branch.20 of 26



Porting low-level API to GPUs
Example: Integrate a user-defined function on the CPU

∫
Ω f(x)dx
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Porting low-level API to GPUs
Example: Integrate a user-defined function on the GPU

Internal git branch. 22 of 26



Porting low-level API to GPUs
Example: Matrix-free Laplace matrix-vector product

Internal git branch.
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Porting low-level API to GPUs
Example: Matrix-free Laplace matrix-vector product

Lower is better. Internal git branch.
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Porting low-level API to GPUs
Example: Matrix-free Laplace matrix-vector product

Higher is better. Internal git branch.
25 of 26



GalerkinToolkit: Summary

• New multi-purpose FEM package in Julia
• Multi-level API
• Inter-operable with Julia package

ecosystem
• Towards GPU support
• It is FOSS!
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