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Problem statement

Dynamical total least squares (DTLS)

LTI model: 22

Given input/output data: u,y € RV i

® Unknown model parameters: a € R", b € R"+!
® Approximating data &, ¥
® Misfits @1, ¥
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Problem statement

Dynamical total least squares (DTLS)

N . b(z)
® Given input/output data: u,y € RV u Ellimod=l325
® Unknown model parameters: a € R", b € R™! .
]
® Approximating data &, ¥
e Misfitsao, y Y v
shts . y Given data
c(2)
€ 2(2)
A b(z A
i & y . —
® Special case in misfit-versus-latency framework
i — «— y
u y

Lemmerling et al. 2001 [6]
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LTI model: 22

Given input/output data: u,y € RV i
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Misfits @1,

DTLS

. M2 a2 A2 112
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Solution methods — MEVP

DTLS as a multi-parameter eigenvalue problem (MEVP)

DTLS

. &2 =12 112 o112
min o = |3 + [|§]; = llu — @ll; + ly — 71>

n n
St Pirnt D aifkin—i = billpn_i fork=0,...,N—n—1.
i=1 i=0
T 2 =T 2
w= [}/N—1 Uny-1 Yn-2 Un—2 ... Yo Uo] o = w

and w and w similarly.

Using a similar derivation as in De Moor 2020 [5]
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Solution methods — MEVP

DTLS as a multi-parameter eigenvalue problem (MEVP)

1 —b() ai —b1 ... dap —bn
1 —by ... ap_1 —b,_1 a, —b,
Tab—
1 —bg a —by an —b,
1 _bO an—1 _bnfl an _bn

such that T,w =0

Using a similar derivation as in De Moor 2020 [5]
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1 —b() ai —b1 ... dap —bn
1 —by ... ap_1 —b,_1 a, —b,
Tab—
1 —bg a —by an —b,
1 _bO an—1 _bnfl an _bn

such that T,w =0

Toow = Top (w— W) W =T Tapw

—i
=Taw =Tl (TasThy) Tapw

Using a similar derivation as in De Moor 2020 [5]
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such that T,w =0
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—i
=Taw =Tl (TasThy) Tapw

2 _ 2T ToT T\~ L
occ=ww=w T, (TabTab) Taew

Using a similar derivation as in De Moor 2020 [5]
Sem Viroux Connection between DTLS as an MEVP and as a Riemannian SVD March 21, 2023 3/11


mailto:sem.viroux@esat.kuleuven.be
https://esat.kuleuven.be/stadius

Solution methods — MEVP

DTLS as a multi-parameter eigenvalue problem (MEVP)

2 _ aTw TT T\ L
occ=ww=w T, (TabTab) Taw

Auxilary variables:

Dab = TabT-;b

f=D_ Taw

Using a similar derivation as in De Moor 2020 [5]
Sem Viroux Connection between DTLS as an MEVP and as a Riemannian SVD March 21, 2023 4/11


mailto:sem.viroux@esat.kuleuven.be
https://esat.kuleuven.be/stadius

Solution methods — MEVP

Multi-parameter eigenvalue problem (MEVP)

Dab TabW f —0
wTTIb o? —1( —

Using a similar derivation as in De Moor 2020 [5]
De Cock and De Moor 2021 [1]
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Solution methods — MEVP

Multi-parameter eigenvalue problem (MEVP)
b T[]

2%
MEVP
(eg., ifn=1)

(AO + A1a1 a4 Azaf 4 Boo aF BlObO AF BOlbl aF Bgobg aF Bllbobl + Bogb%) v=_0

Mab

® constant coefficient matrices A and B ® cigenvalues given by powers of a, b

® multivariate matrix polynomial Mp ® solutions via rank deficiency of M,
® v contains f and derivatives thereof

Using a similar derivation as in De Moor 2020 [5]
De Cock and De Moor 2021 [1]
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Solution methods — RiSVD

Dynamic TLS (DTLS) & structured TLS (STLS)

. ~ 2 =12 112 o112
min 0% = [[all, + [|7]; = [lu — &l + lly - 712,

n n
st Yktnt Z aiVktn—i = Z bilktn—i fork=0,...,N—n—1
i—1 i=0

mn 2= A =|H-R  em=[v U A=V 0. A=[¥|0
1 e U, 0, U: Hankel matrices constructed from u, u,
st. H [ a ] =0 oY, ?, Y: Hankel matrices constructed from y.v.y
—b ® constraint imposes rank-deficiency of A
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Solution methods — RiSVD

STLS & the Riemannian SVD (RiSVD)

~ A 2 p— T p—
ol o2 = HHHi _ HH _ HH , Hv=Dyur, u D,u=1,
a,b F < H'u=D,vr, v'D,v=1.
1
st. H ab =0 ® Riemannian singular triplets (u, 7, v)

® RiSVD triplets correspond to critical points of
STLS

ev=|a" —bT]T
® D, and D, positive definite weighting

matrices quadratic in the elements of u and v

[ 7‘2:0’2

Theorem 1 of De Moor 1994 [3]
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Solution methods — RiSVD

Solving the RiSVD

RiSVD

® Heuristic solution methods: Hv =D,ur, u'D,u=1

o Inverse iteration algorithm o T
o Christiaan’s flow (CF) H'u=D,vr, v Dyv=1
o Dependent on initial guess

e Convergence (to global minimizer) not ® Riemannian singular triplets (u, 7, v)

proven ® RiSVD triplets correspond to critical points of
o “Works in most cases” STLS
o RiSVD triplets correspond to e y— [aT 7bT]T
equilibria . . L
o CF: triplet with minimal 72 is stable ® D, and D, positive definite weighting
matrices quadratic in the elements of u and v
L] 7—2 = 0’2

De Moor 1993 [2]
De Moor 1995 [4]
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Research auestions

Research questions

MEVP

® Can a proof be formulated for the Mapv =0
heuristic algorithms in the RiSVD
problem setting?

® |s there any connection between both RiSVD

formulations?

Hv = D,ur, uTDVu =1,

H'u=D,vr, v D,v=1.
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