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Exercise sheet 5 for Friday, May 26, 2017

To be handed in at the beginning of the exercise session, or before May 26, 12:00 p.m. at the drop box in front of room 149.

Exercise 16: (Fortin’s Criterion)
Assume that there exists a projector 1, : V — S, such that
B(wp, Iyv) = B(wp,v), v eV,

Show that then
B(wh, Uh) Cn

inf sup > .
wn€Uh v, e, || W llullvnllv — Tkl cevv)

3 points

Exercise 17: (Saddle-point formulation)

a) Formulate a saddle-point problem which is equivalent to the PG-scheme (4.5.11) with the
optimal test-space T (Up,).

b) Formulate a saddle-point problem which is equivalent to the infinite dimensional weak
formulation (4.5.1). What is the solution for the auxiliary variable r in this case?

2+3=>5 points

Exercise 18: (Nested iteration)

Either complete the following exercise or hand in a sketch of your ideas for a solution where
you point out your questions:

Assume that the following routines are given.
Res|uy, Uy, Sy — r, € Sy, such that for wy, € U,

(Th, vn)v = B(up,vn) — f(vn),  vp € Sh. (1)
Projliy, zn, Up, Sp] — uy, such that for a, € Uy, 2z, € Sy,

(un, wp)u = (@n, wp)u + B(wn, z1),  wp, € Uy, (2)

Exp[U;, Sp] — (U, Sh) such that Uy, C Us, S, € S, € V such that for some fixed § < 1 the
space Sy, is 0-proximal for U, and for some constant ( < 1 one has

[ (tn, F)llv < Cllrn(uns £)llv, (3)



where 7y, (un, f), 7n(Tn, f) are the solution components in V of the saddle-point problems (4.8.1)
with respect to Uy, Sy, Uy, Sy, respectively.

Employ the above routines to formulate a skeleton of an algorithm

Solve[B, f,e] — (U, V., u) such that U. C U, V. C V are finite dimensional trial- and test-
search-spaces with the following properties:

(i) V is é-proximal for Ug;
(ii) the corresponding PG solution u,. satisfies
lu = uelly <e,

where u is the exact solution of

B(u,v) = f(v), wveV.

6 points

Preview to Exercise sheet 6 (incomplete):

Exercise 19: (Nested iteration - due date: Friday, June 2)

a) Complete exercise 18.

b) Estimate the computational work in terms of the number of calls of the routines Res,
Proj;

c) Estimate the total number N = N(¢) of flops if the number of flops for Proj[s, zn, Uy, Sp]

and Res[uy,, Uy, Sy] stays uniformly proportional to dim Uy, dim Sy, respectively, and if
dim S;, < Cdim Uy, uniformly.

6+2+42=10 points



