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ABSTRACT SOLVING THE POISSON PROBLEM WITH FIREDRAKE NUMERICAL SOLUTION

Partial Differential Equations (PDEs) are used to model The Poisson equation is a prototype ellip- y axis Convergence study
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of these equations can be solved analytically, in most and boundarv. respectivelv. H
cases one needs to implement a numerical method such Y P Y 1-229';1 ; 21 1 de-i
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as the finite element method (FEM) to solve them nu- Poisson Problem:
merically. Firedrake is a FEM-based automated system V- (kVu) = f i O 2.02e-5 /.94 4.76e-3
for solving ’DEs numerically that can be used to alle- ’ 4.16e-4 3.98 7.03e-2
viate implementation burden. Vu-n =g, on 'y 2.54e-6 7.97 1.19e-3
Goal of the project: The main goal of this project is uw=1uy, onlp 1.04e-4 4.00 3 52e-2
to investigate Firedrake’s potential as a ’DE solver for 3 4]e-7 7 45 2 99e-4
inverse problems governed by "DEs. In particular we:
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. Investigated how to install and run Firedrake. f(z,y) = 2m*[sin®(7x) cos(2my) — cos(2mx) cos®(my)] (0,0)

. Implemented the Poisson model problem. glz,y) =0 | | |
. Studied the convergence for the numerical solution uo(0,4) = uo(L,y) =0,k =1, L = H =1 Figure 1: The domain and boundaries
of the Poisson problem with linear and quadratic fi- 0 . O ’ )
nite element basis functions. True Solution:

Utrue (T, Y) = sinQ(wz) COS2(7Ty)
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The Firedrake software stack is made up of various
packages and layers, which are used together to com-
pose models of finite element problems. The following
illustration® shows the internal Firedrake toolchain.
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log(Mesh Refinment h)
L*() == {V / v(z)|*dz < oo 2 | Figure 3: Log-log plot of the errors ||e|| &, ||e|| .2 as func-
tions of h for the Poisson problem for piecewise-linear
(blue) and quadratic (black) basis functions.
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Geomgtry, assen?bly, roblem 1 Figure 2: The true solution utme(x, y)
onlinear | compiled (weok Form PDE) Vo:={veH () :v=00nTp} CONCLUSIONS & FUTURE WORK
PETSc4py (KSP, modified . . . o . . : . :
SNES, DMPlex) FFC ﬂ The Poisson equation can be formulated in a variational form; that is, a form where the variable u can ° Flredrak.e offers a user fr 1end1}’ an.d Comp.rehens“’e
atrieas Local assembly be approximated numerically while in the same time we relax some of the regularity conditions. installation process, with detailed instructions/doc-
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vectors kernels (AST) umentation.
I B PYyOP2 Capabilities include: weak forms, derivatives, access
(Set, Map, Dat) l PP . : p ,
e ll a — oop clglt::;ace Variational Formulation of the Poisson Problem to PETSc linear algebra solvers, visualization with
Parallel loops: kernels = .
executed over mesh IAST optimiser Fmd = V su Ch that ?;I&Vlew e.tc 1 . - : -
Parallel scheduling, code generation - € numerical results comply in accordance to e
vy Explicitly /Q kVu - Vod{l = /Q fodf2+ /F gudl'y expected theoretical convergence rates.
GPU ‘ pardware. . " Future work includes extending the Poisson code
If,';’éi:ﬁg_/)  Future | fnﬁf,f:,',fen for all test functions v € V. to an inverse problem and to investigate the paral-
| .t Eatio lelism capabilities of Firedrake.
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