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sE — A € K™ "[s| regulédr <= m = n und det(sE — A) # 0.
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sE — A € K™ "[s| regulédr <= m = n und det(sE — A) # 0.

WeierstraB-Normalform [WeierstraB 1868]:
___|

nxn : . B o I 0 _ J 0
35, T eC inv.: S(sE A)T—S[O N 0 I
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sE — A € K™ "[s| regulédr <= m = n und det(sE — A) # 0.
WeierstraB-Normalform [WeierstraB 1868]:

nxn : . B o I 0 _ J 0
35, T eC inv.: S(sE A)T—S[O N 0 I

Quasi-WeierstraB-Form [B.,lichmann&Trenn 2011]:
— Wong-Sequenzen [Wong 1974]

Vo i=K", Vie1 = ATYEV), V= (Vi
1€EN

Wy = {0}, Wit1 = E_l(AWi), W* .= U Wi.
1€EN
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sE — A € K™ "[s| regulédr <= m = n und det(sE — A) # 0.
WeierstraB-Normalform [WeierstraB 1868]:

|
nxn : . B o I 0 . J 0
35, T eC inv.: S(sE A)T—S[O N 0 I
Quasi-WeierstraB-Form [B.,lichmann&Trenn 2011]:
— Wong-Sequenzen [Wong 1974]
Vo i=K", Vie1 = ATYEV), V= (Vi
ieN
Wy = {0}, Wit1 = E_l(AWi), W* = U W;.
ieN
imV =V* imW = W*:
I 0 J 0
____| -1 _ _ _
[EV,AW ]| (sE — A)[V,W] =s [O N] [0 I]
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Beispiel: elektrischer Schaltkreis

+
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— FEi=Ax+f
- (p+7p—7p07pT7iLaipvimviG7iF7iRai07iV7i07iT)T
f=DBumitu=(I,V)T"
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Matrizen-Biischel sFF — A

_— sE—AeK™"s], K=Q,R oder C
Kronecker Normalform [Kronecker 1890, Gantmacher 1959]:
S(sE — A)T = diag(P1(s),...,Pp(s), Ji(s),...,Ts(s),
Ni(s), ..., Nn(s), Qi(s), ..., Qq(s))

____|

Al

ro 1 10 o
Pils)=s| - - ]—[ ] Ty =s—| |
L 01 10 1
A
-0 1 0 1
Ni(s) =s ]—I, Qi(s) =s 1o — o
S .0 1
- 0 1 0

Die Quasi-Kronecker-Form fiir Matrizen-Biischel Problemstellung

Thomas Berger (TU llmenau) und Stephan Trenn (U Wiirzburg) TECHNISCHE UNIVERSITAT
Institut filr Mathematik, Technische Universitit llmenau Seite 5 / 17 ILMENAU




01 10
N 731(8)<—>|: }x:[ }1: —  unterbestimmt
01 10
Al
Ji(s) & & = ' x
1
A .
—>  regular
01
Ni(s) & | =
1
0
0 1
Qi(s) +» 1.:'0 &= 0.:'1 r —> iiberbestimmt
— 1 0
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|
Ziel: Quasi-Kronecker-Form
np nr ng
. SEp — Ap 0 0 myp
S<$E_A)T_ 0 SER—AR 0 mp
0 0 sEqg — Ag mQ
|
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Wong-Sequenzen [Wong 1974]
K™ Vo :i= K"

| K"
.= AL )
EV* +AW* VlJrl =A (EVI)
V= ﬂ Vi
iEN
Wy := {0}
MMk Wit1 = E_l(AWi)
m
“owe=Uw
1€EN
np ng nQ
_ |sEp—Ap 0 0 mp
—  SGE- AT = 0 sEp — Ap 0 mp
0 0 SEQ — AQ mQ
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Quasi-Kronecker-Dreiecks-Form [B.&Trenn 2011]

— im P, =V NWw* im P, = EV* N AW*
VMW @imR; =V +W* EV N AW* @im Ry = EV* + AW*
V*+W)eimQ@; =K" (EV*+ AW")®imQy = K™

[Py, Ry, Q2] (sE — A)[P1, Ry, Q1]

Ep Epr Epq Ap Apr Apq
=S 0 ER ERQ — 0 AR ARQ
0 0 Eg 0 0 A

o Lp, Ap e K"PX"P 'mp < np,
viaeCu {OO} : I‘k([j()\Ep — Ap) =mp
o Fp Ar € KMEX"E mp =np, sEr — Ap ist regular

N, 5, Ao € KTeXQ mg > ng,
vaeCu {OO} : I‘kc()\EQ — AQ) =ng
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Quasi-Kronecker-Dreieeks-Form [B.&Trenn 2011]

. Ep Epr Epq Ap Apr Apg
S|s 0 ER ERQ - 0 AR ARQ T
0 0 FEo 0 0 Ag
Ep 0 0 Ap 0 0
=s| 0 Erp 0| —-10 Ar O
0 0 Eo 0 0 Ao
|
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Quasi-Kronecker-Dreieeks-Form [B.&Trenn 2011]

. Ep Epr Epq Ap Apr Apg
S S 0 ER ERQ - 0 AR ARQ T
0 0 Eq 0 0 Aq
Ep 0 0 Ap 0 0
=s| 0 Erp O0O|—-]0 Ar O
0 0 Eg 0 0 Ag
I o 71! 0= FErg + ErF1 + F2Eq
Tz T2 0= Agro + ARFi + F5A
Si=10 I -F o mARTLT R
_0 0 I 0=FEpr+ EpGi+ GoFER
1 G, H 0=Apr+ApGi + G2AR
T:= |0 I F
— 0o o0 1 0= (Epg + EprF1) + EpH, + HyEq

- 0= (Apg + AprF1) + ApH, + H2Aq
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0=M+PX+YQ
0=R+SX+YT
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|
0=M+PX+YQ
0=R+SX+YT
I®P QT®I]| (vec(X) _ (vec(M)
I®S TTeI| \vec(Y)) vec(R)
____|
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Char. der Lsg. der DAE [B.&Trenn 2011]

sEp — Ap 0 0 0
— ssE-ar=| o o 0
0 0 0 sBEq — Aq
Mq(s) !
(sEp — Ap)[Mp(s), Kp(s)] = [1,0] und [KQ(S)} (sFq = Aq) = M ’
|
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Char. der Lsg. der DAE [B.&Trenn 2011]

SEP—AP 0 0 0
— 0 sT—J 0 0
S(sB - AT = 0 0 sN-—1I 0

0 0 0  sEo-—Ag

(sEp — Ap)[Mp(s), Kp(s)] = [I,0] und KQ((S} (sBq = 4e) = H ’

e feC™: I Lsg. xvon Ei = Az + f < Ko(&)(fq) =0, fo =[0,0,0,1]Sf
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Char. der Lsg. der DAE [B.&Trenn 2011]

SEP—AP 0 0 0
— 0 sT—J 0 0
S(sB - AT = 0 0 sN-—1I 0

0 0 sEq — Ao

0
(sEp — Ap)[Mp(s), Kp(s)] = [1,0] und {%g((fﬂ (sEo — Ag) = H .

e feC™: I Lsg. xvon Ei = Az + f < Ko(&)(fq) =0, fo =[0,0,0,1]Sf
e JLsg. x des AWP Ei = Az + f, 2(0) = 2° <=

zg = (Mq(5)(f@)) (0) und ai = — < Z NF(L)R( ) 0)
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Char. der Lsg. der DAE [B.&Trenn 2011]

SEP—AP 0 0 0
— 0 sT—J 0 0
S(sB - AT = 0 0 sN-—1I 0

0 0 sEq — Ao

Kols) 0
e feC™: I Lsg. xvon Ei = Az + f < Ko(&)(fq) =0, fo =[0,0,0,1]Sf
e JLsg. x des AWP Ei = Az + f, 2(0) = 2° <=

0
(sEp — Ap)[Mp(s), Kp(s)] = [1,0] und {Mg((j)} (sEq — Ag) = H .

zg = (Mq(5)(f@)) (0) und ai = — < Z NF(L)R( ) 0)

’ o Mr()(fr) + Kr(§)(sg)
o Jas | | €2l 46’ Joe 7 fa(s)ds
— T e= x; - vy ENR(E )(J)
rQ Mq($)(fo)
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0 1 0
o B Mo(s)] [ 1 0
- P() Ep(s)] = _01 0(1)25 1| und {KQ(S)} —LKs 1
fPZRG% fJ:H
= KL 1, K00, ~ o, o 0, 1T, Jo = [V
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o B Mos)] _[ 1 0
- P() Ep(s)] = _01 0(1)25 L und {KQ(S)} —LKs 1
szﬁ fJ_H
= KL 1, K00, ~ o, o 0, 1T, Jo = [V

e 1 Losungen <—

0=Ko($)(fo)=—-LK&I+V bzw. |V =LKZI
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) o= und | Me()| _ [ 1 0
— [Mp(s), Kp(s)] _01 0(1){91 d {KQ(S)} {m}

fP = RGKRF’ .fJ = []'
1% 1 1 1
fN = ?[_1’_1’_K’0707_RG’_RG’O’_RG7 RIG}Tv fQ = [I7V]T

e 1 Losungen <—

0=Ko($)(fo)=—-LKSI+V bzw. |V =LKZI

o 20 ist konsistent <=

20 = Tl %, (0) T, Mo($) (fQ) O],
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5 §)] = un ]\fQ(S) _ 1 0
- MP(5) Kp(s)] _01 0[1)%5 ! d {KQ(S)} —LKs 1

frp= ﬁ fJ =
Iy = %1, -1, -K,0,0,— 4, e mg) o fo=LV]T

e 1 Losungen <—

0=Ko($)(fo)=—-LKSI+V bzw. |V =LKZI

o 2V ist konsistent <=
2 = T, %, %, —fn(0) ", Mo (55)(fo)(0)]T,
e jede Lsg. = hat die Form
x = Tluy, usa, R;TVRF + RCUy + us ‘ %, %,

\%4 \%4 -V T
V 0,0, RF+RG’ Rr+Rg’ 0, Rr+Rg’ RF+Rg ‘ I]
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