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1. Energy norm stability of a hierarchical FE basis
Let D = (0,1),V = H}(D) and

2z 0<az<i,
plx)=¢ 1—-2z ;<z<l,
0 else.

We want to approximate V' by the hierarchical Finite Element spaces
Ve i=span{¢f, 0 < (<L, 1<j <2,
where
Yh) =2"2¢ 2z —j +1).
Any element v;, € V], can be written as

L M,

_ 00
=2 ) v

=0 j=1

where M, = 2¢ and vf € R.
Prove that there exists a constant C'z independent of L, sucht that for every

v € V)
" - L M, LM,
CE oD Il < Hlollp < € Y2 D Il
(=0 j=1 =0 j=1

holds. (Show that Example 3.5 fullfills Assumption 3.4 from the lecture.)
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2. Memory requirements for realization of a sparse-tensor matrix-vector multipli-
cation
Let AeL,e/ = <A\Ilz, \I/”>, where A is an elliptic operator, U¢ = {1/Jf, 1< < Mg}, 1/1f
the basis functions of W, and M, = dim(W,) ~ 2¢. Assume that

#nnz(A,ﬁf,) < Cy(min(¢, 0') + ]_)d—lzdmax(é,é’)'

Prove that Algorithm 3.8 from the lecture (below) requieres a storage of order

O(L425).
Store Ay, 0,0/ =0,..., Land (cop)p <L
for 61,622 51 +€2 < L do
Loty = 0

for 0}, 0,: V) + 0, < L do
Yoo = (AlegfICegeg)(Aézg)T
else
Yerts = Af g (coe, (A p)T)
end if
Toyty = Tiyty + Yorto
end for
end for
for gl,ggl 51 + 62 < L do
Co189 = Loy,
end for
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