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· recall the most basic problem
1y

-
-2n=f Poisson

equation'> X 3
strong form

-n = 0
-

· if we want an accurate solution then

wa will use a fine gridd...

whatdoes it mean for the solver to be fast?
-

O2 how do you get Firedrake to use a fast solver?-



major stages of PDE FE solving :
---
--

① strong Som statement:

·
-T u=f

= weak form into code :
I↑

GDUTV -Str=0 -> F= (dot(grad (n),grad(ul)
-
...)*dx

i

· Fassabled itlearsit
e

F

An= b
you

control

"t this process
U= [run code on A, b] through options

parae visualize/analyze results



Insidesolve (F == 0
,
U, ... )

· U holds (unknown) nodal values

· Firedrake assembles a linear system

An= b 3 done one for the linear
Poisson equatin

· A is NXN symmetric and invertible
-3- -

- ↑forPoisson T because
N = m+i b

.C.s are
for UnitSquareMesh(m,m)

at least
chosen

· A is sparse)- because O
correctly-FunctionSpacelmesh, 'CG", k)



forResh= Unit Square Mesh (88)

T
Fas

NE(m+ 1)
=

= 8)
...

A is 81x8)



solver possibilities for Aut:/ not a complete list !--

· LU decomposition = Gaussian elimination-
· conjugate gradient (CG) iteration] suitable
· preconditioned CG using an

for Poisson

incomplete-factorization preconditioner
· preconditioned CG using a

geometric multigrd preconditioner



what?"solver"means

·
"

&glo tI
&

L
⑳
- complif· · .i fer's·

· memory N
⑳ limits&

-> N
I I I 1

fine meshes->-coarsemeshes

what matters in practice is rate of growth!
-



test-casesolver : · solves Poisson on unit square
· user specifies msh and solver-

parameters
· measures solve

in seconds



demo-
· run &

read
-

lowfish . py

*py
medfish.py

· at

right :
-----

an

my

128Gb fast fisho py

desktop



MectureKrylov space methos

An= b E too expensive by LU or otherdirect"
solver

· try ④
U= Cob + C, Ab + C2A2b+... +Ab

(why? because "Aw" is cheap
A. Krylo

if A is sparse Chapter2
↓

:
Kn(A,b)= span Eb, Ab, .... Arb3

· conjugate gradients finds C; so that

error in is minimized in MulaAAw]
norm



eature: precandidering Sor An= b-

d

defi if M is an invertible (near map then
mis

(M An= M + b

3 meeis the He preconditioned tem and

"m"fast
(Am(u) = b

②MAsAmt
is the right-preconditioned system has better--

spectrum
C· idea : MA or AM can have better-behaved

--

Krylor space Kn/M"A,Mb) or Kn(AmYb)



ecture: multigrid Meshltierarchy (mesh, k)

S
in Firedrake

dea : ① build finest A .
Brandt

-
mesh via hierudy Chapter

6=<

② multigid solvers Six

low-frequency errors over2


