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Duality: the i/s/o case
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For state equations, factor
L L,] = X*[EX AX|
5] - g~
If X, X" have orthonormal rows (e.g. via SVD):
E=XLX"and A= XL, X"
Moreover,

B=—-X[u, ... ujJandC=[y; ...yn] X"
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x state for w € B, x’ for w’ € B-L:

W’TW — 1 (X’TX)
dt

...same as 1st order case:

« Factorize Loewner matrix L = X’" X;
e Solvefor E, F, G

[E F G X

w

Xdiag(ﬂi)i=1,...,N:|
=0

e B={w|3Ixst EZXx+ Fx+ Gw =0}
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An identifiability condition

Theorem: Assume N > n, the McMillan degree of the
system.

If there are n linearly independent w;(-) = w;e*",

and L = X' X is a rank-revealing factorization, then

rank X =n .

Proof: Assume rank X < n, then 3 «; s.t. w.l.o.g.
Z?:'l Yiai = 0.

Now >0 , Xia; = x(0), where x(-) is state trajectory of
w(-) := X i, Wie' a.

w(-) belongs to “autonomous” (w/out inputs) subbe-
havior =—> w(-) = 0 = contradiction. O
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Remarks
» As in subspace identification: compute state
trajectories from data, solve for system matrices;

» Basis-free approach —-
factorization «~ state-space basis

» For J-self-dual systems, i.e. w.r.t. (-, ),
L = X7 X is energy matrix ~~ storage function

Lossless port-Hamilt./self-adj. Hamiltonian case
(w/ Birthday Boy # 1)

» Dual data computable from primal ones:
wer e BandVv'w=0—=— ve " € B+

o General (non vector-exponential) discrete-time
case (w/ Birthday Boy # 2) also possible.
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Relations with interpolation
Looking for H € RP*™(¢) such that:

WH(u) = y*,i=1,...,N
H(A,‘)Ui = yi,i=1,...,N.

LCF/RCF H(¢) = N(£)D(¢)~' = P(§)'Q(¢) =
model vector-exponential trajectories

u; . u, .
""e# and | il eM
i erana |37

of

respectively.
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Relations with bilinear differential forms

B = kerR <d) = imM (d)
dt dat
d d
1 = imMmR" ([—= )| =kerM" [ ——
B im ( dt) er ( dt)

R(§)M(€) = 0,4 = 3 W((, n) such that

R(—)M(n) = (¢ +n)W(¢,n) = (C+n)X' ()" X(n)
with X (4), X’ (2) state maps for 23, resp. B+

= X/TX

RCQMM) _ xr()T i
ot = X(Q) X(n) e~ [Ai+ﬂjl}i,j=1,---7’v
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Conclusions

o Data ~- state trajectories
~» state equations

using bilinear structure on state from bilinear
structure on external variables

o Model order reduction:
Data ~» reduced-order state trajectories
~» reduced-order state equations

Lossless port-Hamilt. & self-adj. Hamilt. case

o Current research:

¢ 1D parametric modelling
2D case: Roesser models for wie*1e*22, i =1,...,N
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