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z1(t): 00 m000
x2(t) : 00 moO00O
x3(t): 00m1000
x4q(t) : OO0 moO0O0O

xs(t): 00000000
re(t): 00D00D0OO

L OO

Tr1 = T3

To — T4

mixy = —kixr1 — x5 + u
maxy = —koxa + x5

x5 = fxe

re = 1 — 2 (= 3 — x4)



Standard form: @(t) = Az(t)+ Bu(t) 0000000000

T1 T T3 T4 u

0 0 1 0 0

A= 0 0 0 1 B = 0
—k1/mq 0 —f/m1  f/mq 1/my

0 —ko/my  f/mg —f/mgy 0

Descriptor form: Fz(t) = Ax(t) + Bu(t) 0000000

F = A= B =
1 O O 0 O0O0 0 O 10 0 O 0
0 1 0 O0 00O 0 O 01 0 O 0
0 O mq; 0 00 -k O OO -10 1
0 O O mo 0O 0 —ky OO0 1 O 0
0 O O 0 o0O0 0 O 00 —1 f 0
1 -1 0 0 00 0 O 00 0 1 0
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(Accurate Numbers)

61

>, —1-¢l—1.€241.8=0
@2 &
’7&773 —l-m—-1-m2+1-13=0

H-O — . 0, 2-HoO=2-Ho+1:-09

Stoichiometry

Velocity — Displacement: v=1:2 (=s-x)
Current — Charge: ¢€=1-Q (=s-Q)



D(s) = |[A — sF | B]

r1 T9 s T4 Ty Tg
—S 0 1 0 0 O
0 —S 0 1 0O O
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Q(s)

0[0:0000]=[0@G,4)00000]x[0;;0000]
U O:0=T"" 0000000000000 DjD:T_cj

000000000000 s (:%)DDDD T—1

= |Q(s) = diag[s"1,...,s"m] . Q(1) - diag [sT€1,...,s ©n]
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(maxd)
1000A=Q+70000 (R: 000, C:000)

rank A = Ig%f;(CC{rank Q[I,J] +rank TR\ I,C \ J]}\
T f(I,Jd)

1. 0000000 (I,J)0000000000000000
J000000000000000000

2. 000 (I,J)0000 f(I,J) 00000000000
Joooo > f(1,J)0000000nong

3.0000 < 00000000000000000000000

N /
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(minQd)

1000A=Q+TO0000 (R 000, C:000)

~

rank A = |R| 4+ |C|

‘|'Ig1%1’ijlgc{rankQ[I, J| — |I| —|J| | rank T[I,J] = 0}

)

1. 000000 ooooA0DO0OOOO
OJ0I=R,J=000000000100000
2. Ddoobooooooooooooobod
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Block-Triangularization

Linear/nonlinear eq.

variables

equations

O

Decomposition into Subproblems

< Solvability of each subproblem
Hierarchy among subproblems

Significance of decomposition — Unigueness
Algorithm for decomposition

—> Combinatorial Matrix Theory



Combinatorial Canonical Form of LM-matrix

Admissible transformation
~nonsingular (constant) € K
l 1

S+ 0 Q
SR | . P, | =
O T
permut. permut.
horizontal tail | Qy N
row-full rank To J
2
Combinatorial Canonical Form 1 >
2
(CCF) B
e Uniquely determined O Qo
e Efficiently computed Too
vertical tail

column-full rank





