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Previous versions of FEniCS have focused on adding more features and functionality by adding inter-
faces to an increasing list of third party libraries, for linear algebra, plotting, mesh partitioning, etc. In the
latest version of FEniCSx we are moving away from this trend, on the assumption that users can interface
third-party libraries themselves, given the right interface to FEniCS.

This can be viewed as “turning FEniCS inside-out” as the previous internal workings have become
public interfaces, and FEniCS itself is simplified and reduced.

I will show some examples using the Trilinos solvers, custom mesh partitioning and how to access
data directly for I/O and visualisation.

You can cite this talk as:
Chris Richardson. “Turning FEniCS inside out”. In: Proceedings of FEniCS 2021, online, 22-26 March
(eds Igor Baratta, Jergen S. Dokken, Chris Richardson, Matthew W. Scroggs) (2021), 151-163. DpoOIL:
10.6084/m9. figshare.14495253.

BibTeX for this citation can be found at https://mscroggs.github.io/fenics2021/talks/richardson.html.
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DOLFIN 2017

GenericMatrix::set local(...);

Trilinos




GenericTransport::move(src, dest);
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FEniCS-X: A modular Finite Element code

“Keep it simple and give the user freedom to do things their own way”

C++ dolfinx library (with Python bindings)

Mesh ——| Assemble —>  Solve

T T l

Input Kernel Output

Python: ufl, basix, ffcx



Matrix assembly plugins/callbacks

dolfinx::fem::assemble matrix(...)

for cells in mesh:
geom = geometry(cell)

el

Ae = tabulate_ tensor(geom, ...)
global mat_insert(Ae, ..

.) \\

/

mat_insert()

\ fem::Form

tabulate tensor()




Turning things inside out: C++ [ambda functions

auto mat_insert = [&A](int nrows, int* rows,
int ncols, int* cols, double *Ael)

{
for (int i = @; i < nrows; ++i)
for (int j = 0; j < ncols; ++j)
A[rows[i], cols[j]] += Ael[i*ncols + j];
}

dolfinx::fem::assemble matrix(mat_insert, form, bcs);




1. Usingother linear algebra backends: Trilinos

Tpetra: :CrsMatrix<double> A;

auto mat_insert = [&A](int nrows, int* rows,
int ncols, int* cols, double *Ael)
{

for (int i = @; 1 < nrows; ++i)
{
ArrayView<const int> col view(cols, ncols);
ArrayView<double> col view(Ael + i*ncols, nc);
for (int j = @; j < ncols; ++j)
A.sumIntoLocalValues(rows[i], col view, val view);




2. Lumping of mass matrix into diagonal

std: :vector<double> diag;

auto vec _insert = [&dJiag](int nrows, int* rows,
int ncols, int* cols, double *Ael)
{
for (int i = @; 1 < nrows; ++i)
for (int j = @; j < ncols; ++j)
diag[rows[i]] += Ael[i*ncols + j];

}

fem: :assemble matrix(vec_insert, form, bcs);




3. Action of a form (matrix-free)

auto mat_apply = [&uvec, &wvec](int nr, const int* rows,
int nc, const int* cols, const double* Ae)
{

for (int i = @; i < nr; ++1i)
for (int j = @; j < nc; ++j)
wvec[rows[1i]] += Ae[i * nc + j] * uvec[cols[]]];

}s

fem: :assemble _matrix(mat_apply, form, bcs);




4. Assemble diagonal, and action of L+U — Jacobi

std: :vector<double> diag, w, u;

auto insert_diag = [&diag] (int nrows, int* rows,
int ncols, int* cols, double *Ael)
{
for (int 1 = @; i < nrows; ++i)
diag[rows[i]] += Ael[i*ncols + i];

}

auto apply lu = [&w, &u] (int nrows, int* rows,
int ncols, int* cols, double *Ael)
{
for (int i = @; i < nrows; ++i)
for (int j = @; j < ncols; ++j)
if (j '= 1)
wlrows[i]] += Ael[i*ncols + j] * u[cols[j]];
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ﬁ Python version? But don’t do this without an adult present...

a = inner(grad(u), grad(v))*dx
a_form = fem.Form(a)

rdata = []
cdata = []
vdata = []

def mat_insert(rows, cols, vals):
vdata.append(vals)
rdata.append(numpy.repeat(rows, len(cols)))
cdata.append(numpy.tile(cols, len(rows)))
return ©

# Using Python callback is SLOW...
dolfinx.cpp.fem.assemble _matrix(mat_insert, a_form._cpp_object, [])
scipy.sparse.coo_matrix((vdata, (rdata, cdata)))
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Summary

FENniCS-X is more open to experimentation at the low level
Plugin functionality via std::function in C++ for matrix insertion
- FEniCS-X need know nothing about your LA backend
Can also prototype in Python (but don’t do this for a real application)
- Bettertousee.g. cppimport towrap a snippet
There are a number of things you can do with fem::assemble_matrix
Mesh partitioning has some similar plugins with std::function
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