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algebraic independence, 26 fractional representations LTI, 163
arrow reversal, 52

Gaussian elimination, 185
Beurling—Lax theorem, 134
Bezout equations, 102, 105, 162 Hankel norm, 257
bounded real lemma, 289

identification

chain scattering matrix from 10, 67

state-space, 227 indefinite metric, 233
Cholesky factorization, 188 J-orthogonalization, 204
co-inner, 98 Krein space, 234
continuous product, 44, 49 Pontryagin space, 234
coprime inner, 98

inner, 105 inner product

of Z-polynomials, 163 stochastic, 138

innovation, 139

Darlington synthesis, 288 interpolation
deadbeat control, 155, 165 Hermite—Fejer, 247
decomposition by parts, 91 ill-posed, 247
determinism, 26 maximum entropy, 203
dichotomy, 133 Nevanlinna—Pick, 232, 244
dynamic programming, 10 Pick matrix, 233, 246
dynamical system Schur, 233, 244

definition, 23 Schur-Takagi, 233

tangential, 244

equation inverse

Riccati, 128, 133 Moore—Penrose, 4

external factorization, 154
Kalman gain, 143

factor Kronecker theorem, 63
left-inner, 171 KYP lemma, 285, 289
left-outer, 171
outer, 171 LDU factorization, 188
right-inner, 171 left-inner, 98
right-outer, 171 linear equations, 3

factorization overdetermined, 4
coprime, 95, 100 LU
external, 95, 99 factorization, 185
outer—inner, 118 lazy evaluation, 186
polynomial coprime, 154 pivot, 186, 187
QR and LQ, 115 quasi-separable, 188

feedback control, 14 Schur complement, 187

filter strict factorization, 189
Kalman, 136 Lyapunov—Stein equation, 74, 164
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MATLAB notation, 61
matrix
echelon form, 115
inner product, 217
positive real, 204
matrix operations
matrix—vector multiplication, 88
product of matrices, 90
sum of matrices, 89
maximal phase system, 190
Moore—Penrose pseudo-inverse, 171
co-kernel computation, 177
lazy evaluation, 178
quasi-separable, 169, 171
range computation, 177

Nehari extension, 270
Nerode equivalence, 25, 36
nest, 110

nest algebra, 38, 134
Neumann series, 49
Newton, Isaac, 23
notation, Xix

one-sided series calculus, 165
operator
Hankel, 37
maximal phase, 190
shift, 46, 96
state transition, 43
optimization
dynamic, 10
orthogonalization
Gram-Schmidt, 118
by rotation, 115
output innovation, 139

para-Hermitian conjugate, 130
parametrization

Nehari, 269

of positive definite matrices, 214
phase function, 96
polynomial ratios*, 161
polynomial representations LTI, 163
preconditioning, 220
principal vectors, 157
principle

Bellman, 10

orthogonality, 137, 140

realization
balanced, 76
companion form, 53
degree, 43
input normal form, 74
nonminimality, 77
output normal form, 74
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with partial information, 65
reflection coefficients, 214
right-inner, 98

scattering
chain map, 225
conservation of energy, 224
ports, 224
waves, 224
Schur algorithm
partial factorization, 207
smoothing, 147
spectral factorization, 201
spectral radius, 49
of ZA, 49
stability
uniform exponential, 47
staircase support, 208
state, 23
estimation, 136
evolution, 30
minimality, 25
observability, 26
reachability, 26
trajectory, 31
transition function, 30
Stein equation
square-root algorithm, 75
subspace
full range, 111
neutral, 234
wandering, 110
subspace tracking, 270
Sylvester equation, 252
system
anti-causal, 50
anti-causality, 33
behavior, 26, 34
causal, 43
causality, 33
continuous-time, 28
conversion to upper, 173
definition, 21
degree, 67, 99
discrete events, 29
discrete-time, 28
dual, 50
finitely indexed, 34
functional behavior, 27
Hankel map, 60
hybrid, 30
identification, 60
identity, 96
infinitely indexed, 34
inner, 95
inputs, 28
lossless, 96
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LTV, 41

maximum phase, 226
observability operator, 62
outer, 91

outputs, 28

planetary, 23
quasi-separable, xi, 57
reachability operator, 62
realization, 43, 60
transfer operator, 27, 55

Theta matrix

admissible inputs, 207

standard, 206
tracking

linear model, 15
transfer operator

W -transform, 243

convolution, 243
transformation

generalized rotations, 115

Householder, 133

ue.s., 47
unstable systems, 164

vector
isotropic, 234

W -transform, 243
Z,46

Z-polynomials, 154
zero dimension, 44
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