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Tabulation in FEniCSx
● FEniCS uses FIAT.
● We want:

– Tabulation at runtime.
– C++.



  

Basix
github.com/FEniCS/basix

● C++ with Python interface



  

Lagrange
Nédélec (first kind)
Nédélec (second kind)
Raviart–Thomas
Brezzi–Douglas–Marini
Bubble
Crouzeix–Raviart
Regge

Lagrange (Q)
Nédélec
Raviart–Thomas
Bubble
DPC
Serendipity



  

Higher order spaces



  

DOF transformations
● Solution?: order cells in the mesh

Input cells
[0, 5, 1]
[1, 2, 3]
[5, 3, 0]
[5, 1, 2]

Cells
[0, 1, 5]
[1, 2, 3]
[0, 3, 5]
[1, 2, 5]



  



  
Rainer Agelek, Michael Anderson, Wolfgang Bangerth, and William L. Barth. 
On orienting edges of unstructured two- and three-dimensional meshes. (2017)
ACM Transactions on Mathematical Software 44, 1, 5:1–5:22. DOI: 10.1145/3061708



  

Example: Hexahedron



  

Example: Hexahedron



  

Example: Hexahedron



  

Example: Order 4 Lagrange



  

Example: Order 4 Lagrange



  

Example: Order 4 Lagrange



  

Example: Order 4 Lagrange



  

Example: Order 4 Lagrange



  

Example: Order 4 Lagrange



  



  



  

In general
● Precompute:

– 1 matrix for each edge
– 2 matrices for each face

● Compare local and global numbers 
to decide which matrices to apply



  

Example: Order 2 Nédélec
(first kind)



  

Example: Order 2 Nédélec
(first kind)



  

Basix
import basix
element = basix.create_element(
    "Nedelec 1st kind H(curl)", "tetrahedron", 2)
print(element.base_transformations)



  

Example: Order 3 Nédélec 



  

arxiv.org/abs/2102.11901



  

defelement.com



  

Thanks for listening!

arxiv.org/abs/2102.11901
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