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DAEs - Control and Numerics
Exercise Sheat 1 - Solution theory
Solutions

Exercise 1 (Regularity)
Both matrix pairs are singular, because det(Es — A) = 0. Basic column and row transformations yield

1 00 -1 0 0 1 00 1 00
0 0 1,0 1 0of],({]0 O 1|[,]0 0 O
0 00 0 00 0 00 0 0 1
Exercise 2 (Wong-sequences)
See also [1]. Some calculation gives
1 00 1
.01 0 - 1
Vi=im | o > Wi =ker E =im |,
1 1 1 2
and -
1 0 1 0
Vo =imV, whereV := _01 _21 , Wy =im W, where W := (1) _11
0 1] 0 2
and Voy; = V; and Way, = W, for all ¢ € N. Hence
1 0 1 0] 4 1 4 -1
|0 2 0 1 1 0o 3 2 =2
P= -1 -1 1 -1}’ Q -4 -1 4 -1
0 1 0 2] -2 -2 0 3
and ~
1 0 0 O %2 % 0 0
01 0 O -2 2 00
frnd = 3 3
PEQOO—%%’PAQ001O
00 -5 3 L0 0 0 1
Observation: )
I 0 J 0
PEQ = [0 N] , PAQ = o 1]

where N € R?*2 is nilpotent. Solutions of Ei = Az + f is given by @Q () with v, w solutions of
v=Juv+ f1, Nw=w+ fo,
_(f
where Pf = (f1).

Exercise 3 (Drazin inverse)

From (A\E — A)"Y(AE — A) = I it follows that AE — A = I, hence A = AE — I. Therefore
EA=FEWM\E-1)=(\E-1)E = AFE.

Some calculations show

01 0 O 0 1 0 -2
. loooo .. 11 1 -1
VAV = 0 0 % 0 with V7' = 1 —1 -1 0
00 0 1 1 1 -1 -1



and

00 00 1 1 -1 -1
f—1 |02 0 0 . 4t -1 -1 0
WEW™" = 00 1 1 with W™ = 0 -1 0 9 |
0 0 0 1 1 1 1 -1
hence
5 1 5 _1 5 5 1 1
6 2 § 9§ 8 § 2 2
R 2 9 2 2 A 221 1
EP=1% 7 % P, A= % 1 1
I | 203 2 2
-3 L 3 -3 -3 -3 02

Exercise 4 (A bad distribution)
Lemma 2.2.3 in [2].
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