Stabilization for convergence of iterative solvers

e In general, E°(u) with multipla minima and D? E° positive semidefinite
e Need for stabilization = E$(v) = E°(v) + 7HVUH2L2(Q)
e Global convergence for the damped Quasi-Newton scheme
Forany u, ug € V,
(a) Input ug, j := 0
(b) Solve a(u; — uji1,v) = (DES(uj),v)
(c) Setj := j + 1 and goto (a)
with a elliptic and continuous, Eg uniformly convex, and DE% Lipschitz.

Theorem [Bartels et al 04] There holds
| B2 ug0) — B (u) < aBS () — B (w) and [lu — ugl® < BOES (uy) — BS(u41))

with o < 1 provided some side restrictions are met.

e For u minimizer of Es inV =
imES (u;) = ES(u)  lim|lu —ug|| =0



Stabilization for strong convergence of gradients
e (up,) infimizing sequence for E¢ := [, W**(Du) dz 4+ L(u) such that
up, — win W5HP with up, — win LP but Duj, — Duin LP
e For each h > 0, let u;, minimize £ + .J;, over Ay, = Du;, — Duw in LP (for some J},)

e Sketch of the proof for p = 2, u € H?(; IR™) with
Jn(v) = h?/2]|Av||3 . and DL uniformly monotone.

Monotony of D L, Galerkin orthogonality, and standard arguments give
|| Aell7. + llell72 < b2 (1)

Y

Since e = 0 on 0f), Green formula gives
|Dell2, = — [,e- Aedz
Use Cauchy, Young inequalities and (1)
1Dell72 < llellz2l|Aellrz < h/2[[Ae||7. +1/(2h)ell7: < h

e Proof in [Bartels et al. 04] for the following stabilization terms for standard low-order FEM
> Jn(vn) =Y gee, Mk [z [[Don])? ds
> Jn(vn) = /g hv_ |Dvy, — ADvy, | do
> Jn(vn) =R [, |Dvp|? da




