
Index

0, xiv
1, xiv
1+, xvii
〈x, x∗〉, xv, 113
�, 286–290, 294
�δ , 150
�, 286, 288, 290, 294
R, xv, 121
Rh , xv, 335

�t , 76–78
�t , 76–78
�†, 339
�d , 326, 339, 347
�θ,γ , 151–153, 155
+̇, xvii
�-dual, 118
⊕, xvii
x∗x , xv

A, xv
A, xv
A∗, xvi, 114
A�, 117, 118
A ≥ 0, xvi
A � 0, xvi
A†, 337
Aα , 128, 130
Ad , 339
Ah , 129, 130
At

s , 5, 37–39, 42, 44, 65, 333, 335,
336

A�, 117, 118
At , 31, 32, 34, 57
A|Xn , 123
A|Xn , 123
A−∗, 115
A&B, xvi

Abel approximation, 130, 295, 300
Abel extension, 302, 314
abstract boundary condition, 289
abstract elliptic problem, 289
abstract partial differential operator,

289
admissibility
based on duality, 572–576
based on Lax–Phillips model,

610–613
contraction semigroups, 602–610
diagonal semigroups, 598–602
Hilbert space case, 576–583
in Reg, 573, 576
in L1, 573, 576
infinite time, 569
normal semigroups, 598–602

admissible
A-admissible, 189–190
control operator, 21, 570, 571
definition, 569–572
jointly, 21, 453, 571
observation operator, 21, 570, 572
observation/feedthrough operator, 570,

572
output feedback operator, 17, 411,

412
output injection pair, 423, 424
state feedback pair, 422, 423

analytic group, 86
analytic semigroups, 11, 150–164
analytic system, 326, 366, 440
annihilator, 540
anti-causal, 15, 67, 332–337
anti-causal dual, 15
anti-Hankel operator, 67
anti-Toeplitz operator, 67
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approximation
of identity, 128–130, 295–302
of observation operator, 300–302
of semigroup, 128–130

available storage, 25, 687, 695

B, xv, 196–213
B, xv, 29, 31, 32, 34, 57, 74, 77, 195
B†, 337
Bd , 339
Bs , 335
Bt

s , 5, 29–31, 37–39, 42, 44, 65, 333, 335,
336

Bt , 5, 37–39, 41, 61, 65, 336
B(U ), xv
B(U ; Y ), xv
backward input map, 335
backward input/output map, 335
backward output function, 333
backward output map, 335
backward state trajectory, 333
backward state transition map, 335
backward wave operator, 75
balanced, 20
bounded real, 25, 695
passive, 25, 689, 695
realization, 20, 530–537, 689

BC, BCω , BCω,loc, xvii, 60
BC0, BC0,ω , BC0,ω,loc, xvii, 60
BCn

ω , BCn
ω,loc, BCn

0,ω , BCn
0,ω,loc, 90

Beta function, xvii, 146, 297
Bezout identity, 18
bi-inner, 23, 624
BMO, 606, 608
BMOA, 606, 608
boundary control node, 284–294
boundary control system, 14, 46,

284–294
boundary/distributed control
node, 293–294
system, 293–294

bounded, 444
�

p
r -bounded, 698

ω-bounded, 65, 69, 521, 523, 525, 527,
528, 570, 581, 611

jointly, 571, 581, 611
control operator, 12
group, 109
input, 444
input/output, 444, 463
input/state, 443
observation operator, 12
output, 444

real balanced, 695
semigroup, 109
state/output, 444
state/state, 443

BUC, xviii
BUCω , BUCω,loc, 60
BUCn

ω , BUCn
ω,loc, 90

C , xv, 213–219
C , Cn , C∞, xviii
C, C+, C−, C+

, C
−
, xiv

C, xv, 710
C, xv, 30–32, 34, 57, 74, 77, 195
C|(X+BU )1 , 286, 288, 289, 294
Cβ , 303, 304, 310, 312
Cβ

w , C
β
s , 302

C†, 337
Cα , 300, 301
Cβ,h , 300–302
C&D, xv, xvi
Cd , 339
C+

ω , C
−
ω , C

+
ω , C

−
ω , xiv

Cs , 5, 29–31, 37–39, 41, 65, 333, 336
Ct

s , 5, 37, 39, 42, 44, 335, 336
Ct , 335
C̃ , 303, 304, 310, 312
C|W , 276–284, 290
C̃w , C̃s , 302
Carleson measure, 22, 591–598
cascade connection, 417, 418
compatible, 437
stabilizable, 462

Cauchy formula, 142
Cauchy problem, 11, 12, 133–140
causal, 67
causal dual, 15
causality condition, 33, 39, 42, 73, 336
Cayley transform, xv, 26, 113, 707–719
C&Dβ , C&Dβ

w , C&Dβ
s , 314

C̃&D, C̃&Dw , C̃&Ds , 314
central controller, 493
Cesàro approximation, 130, 295, 296,

300
Cesàro extension, 302, 330, 331
Cesàro mean, 331
chain scattering transformation, 16, 386–400,

402
characteristic function, xvii, 24, 654
closed range, 556
of Hankel operator, 505, 561

closed-loop generators, 425–436
closed loop observation/feedthrough operator,

425
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closed loop sensitivity, 407
closed loop system, 17, 405
compatible, 433–435
dual, 436

closed loop regular, 435–440
system node, 425

co-energy preserving, 623, 628
co-generator, 27, 714
co-isometric dilation, 643
co-isometric operator, 734
co-lossless system, 636–643
coercive, 554
combined observation/feedthrough operator,

12, 228
compatible closed-loop system,

433–435
compatible extension, 303
compatible flow-inverted system,

361–363
compatible node, 285, 286
compatible partial flow-inversion,

398–399
compatible realization, 285
compatible system, 13, 276–285, 295, 318,

329, 347, 364
complementary sensitivity, 408
complemented subspace, 180
completely non-unitary, 23, 623, 627
composition, 39, 42, 336
compression, 24, 643, 655
conservative extension, 655–660
conservative system, 23, 628–636
contraction group, 109
contraction semigroup, 109, 602
contractive
purely, 623

control operator, 3, 12, 25, 196–213, 241,
697

L1-well-posed, 200
bounded, 12, 28, 46, 78, 80, 217, 224, 227,

325, 566
determined by feedthrough operator,

280
dual, 343
injective, 267

controllability
approximate, 19
conditions, 538–546
exact, 521–530
gramian, 20, 21
of transformed system, 551–554

controllable, 19, 506
controllable mode, 546–549

controller, 19
coprime
detectability, 19
factorizations, 465–485
fractions, 465–485
left, 466
exponentially, 466

necessary condition, 469
right, 454, 455, 466
exponentially, 466

stabilizability, 19
corona theorem, 503
cross product, 52
compatible, 283
dual, 340
stabilizable, 462

D, xv, 219–226
D+, D+

, D−, D−
, xiv

D+
r , D

+
r , D

−
r , D

−
r , xiv

D, xv, 30–32, 34, 57, 74, 77, 195
D̂, xv
D†, 337
D (A), xvi
Dd , 339
Ds , 5, 29, 31, 37–39, 41, 65, 333, 335,

336
Dt

s , 5, 37, 39, 42, 44, 335, 336
Dt , 5, 37, 39, 41, 335, 336
D (A&B), 210
D (C̃w), 318
D (C̃), D (

Cβ
)
, 304, 312

Darlington synthesis, 660
Datko’s theorem, 192
decompositions of systems, 266–273
deficiency operator, 22, 621
delay line, 46, 50, 66, 79, 82, 198, 216, 223,

226, 256, 277, 279, 282, 283, 325, 340,
436, 523

denominator, 466
detectability, 18, 453–465
left coprime, 478
meromorphic extensions, 461
necessary rank condition, 460
preserved under feedback, 458, 481

detecting coprime, 473–485
detecting exponentially, 482
detecting left coprime, 478
diagonal semigroup, 103, 118, 164, 191, 260,

261, 263, 590, 591, 598, 600
diagonal system, 13, 260–265, 275, 598
diagram
conventions, 38
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dilation, 24
co-isometric, 643–655
isometric, 643–655
minimal, 644
of a semigroup, 643
of a system, 24, 655
unitary, 643–655

dim(X ), xvi
direct sum, 180
discrete time, 55, 696–703
dissipative operator, 109–113
distribution output, 246
doubly coprime factorization, 18
dual, 15
generators, 343, 347
of L p

ω , 119
of closed-loop system, 436
of flow-inverted system, 367–368
of partially flow-inverted system,

399–400
system, 337–349

duality between observation and control,
554–565

dynamic controller, 19
dynamic stabilization, 19, 462, 494, 495, 497,

498

eω , xvii
eigenvalue, xvi, 93, 103
eigenvector, xvi, 93, 103
energy preserving extension, 655–660
energy preserving system, 23,

628–636
exactly controllable, 521–530
in finite time, 560

exactly observable, 521–530
in finite time, 560

exponential shift, 51
exponential stability, 18
extended system, 453
extrapolation space, 10

Ft , 76–78
factorization
doubly coprime, 466
joint, 467

of Hankel operator, 517–521
feedback, 16
cancellation, 416, 417
compatible, 433–435
dynamic output, 419, 485
partial, 420, 421

compatible, 438
identity, 420, 421

regular, 435–440
state, 422, 423, 456
static output, 403–418
cancellation, 410
repeated, 410

feedthrough operator, 4, 12, 13, 25, 28, 205,
217, 219–226, 318, 697

determined by control operator, 278, 280
Fefferman’s theorem, 608
final space, 734
final time, 37, 335

+∞, 37
−∞, 335

flow-inversion, 15, 16, 349–368, 551
compatible, 361–363
dual, 367–368
of system node, 354
partial, 552
regular, 363–367

flow-invertible, 16, 352, 353, 358, 359, 361,
378, 701

dual, 367, 400
operator node, 355, 382
partially, 389, 395, 397
system node, 361

forcing function, 11
forward wave operator, 75
fraction
coprime
left, 466
right, 466

fractional order, 148
fractional power, 140–149, 159, 191
frequency domain, 1, 169–177
functional calculus, 140–149

�, xvii, 148
γλ, xv, 51
Gamma function, xvii, 148, 296
reflection formula, 148

generator
bounded, 86, 87
closed, 88
closed-loop, 425–436
dual, 343
of analytic semigroup, 152, 155, 159
of bounded semigroup, 109
of C0 group, 85
of C0 semigroup, 85, 87–98, 106, 108
on a Hilbert space, 165, 166, 582
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of co-isometric semigroup, 632
of contraction semigroup, 109, 111
of diagonal semigroup, 103
of dual semigroup, 117
of isometric semigroup, 632
of Lax–Phillips model, 257, 610
of normal semigroup, 106
of shift semigroup, 90, 91, 98, 101,

191
frequency domain description, 178

of uniformly continuous group, 86
of unitary semigroup, 632

Gram operator, 534, 689
gramian
controllability, 21, 526, 583–591
observability, 21, 526, 583–591

group, 35
analytic, 86
C0, 35
locally bounded, 35
shift, 82
strongly continuous, 35

growth bound, 9, 60–67, 82

H2, 569
H∞, 569, 576–583
H p , 576
Hankel
operator, 19, 67, 70, 81, 510, 561, 565
closed range, 505, 561
factorization, 517–521
of inverse, 350

realization, 517–521
Hautus rank conditions, 460, 543–545, 548,

549
Heaviside function, xvii, 321
Hille–Yosida theorem, 106–109
hyperbolic, 80
partial differential equation, 78, 191

identity feedback
negative, 409
positive, 409

incoming subspace, 71
induced input normalized system, 530
induced output normalized system, 531
initial space, 734
initial state, 38, 65, 333
initial time, 28, 37, 38, 204, 333, 335

−∞, 65, 66, 237, 238
inner, 23
inner state space, 71

input
complementary sensitivity, 408
function, 28, 38, 333
loop gain, 408
map, 8, 35, 37, 195, 196
backward, 333, 335

normalized, 20
return difference, 408
sensitivity, 408
space, 1, 35

input/output map, 1, 8, 35, 37, 70
backward, 333, 335
regular, 317–329

interaction operator, 453
internal loop, 504
interpolation space, 10, 148
intertwined semigroups, 190
invariant, 655
co-invariant, 655

invariant subspace, 11, 180–190, 508
inversion
flow, 349–368
partial flow, 386–400
time, 368–378
time-flow, 378–386

isometric, 623
dilation, 643
operator, 734
semigroup, 608

isometry, 734
partial, 734

j , xiv
Jα , 128–130, 295, 296, 301
Jβ,h , 295–297, 301, 302
J h , 129, 130, 295
jointly admissible, 21
jointly stabilizable and detectable, 18

Kalman–Yakubovich–Popov inequality,
695

L, xv, 709
l1, 742
L2, 76, 79, 80, 82, 273
L∞-well-posed, 36, 37, 222, 223
L p , L∞, xviii
L p

ω , L p
ω,loc, L p

0 , L p
0,ω , L p

0,ω,loc, xviii, 60

�
p
0,r , 698

L p
c,loc, 35

L p
loc,c , 333

�
p
r , 698
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�
p
r -bounded, 698

L p|Reg, xviii, 36
L p|Reg-well-posed, 9, 37
L p|Reg0, 36
L p-well-posed, 34
Laguerre
series, 707
shift, 712
transform, xv, 26, 707–719

Laplace transform, 1, 11, 169–177, 231, 233,
577, 740, 742

L2-version in Hilbert space, 578, 583
bilateral, 170
finite, 170
left-sided, 170, 264, 266

Lax–Phillips model, 66, 71–77, 81, 83, 257,
259

dual, 342
inverse, 380

Lebesgue
extension, 331
point, 312, 315, 317, 331

left invertible, 555
linear fractional transform, 26,

703–707
local degree, 544
log, xvii
loop break point, 407
loop gain, 408
lossless, 23, 677
system, 636–643

Lyapunov equation
controllability, 21, 585
observability, 21, 584
residual, 584, 585

main operator, 3, 13, 25, 241,
697

matrix of an operator, 589
McMillan degree, 544
meromorphic, 544
minimal dilation, 24
minimal realization, 19, 505–512
minimal system, 506
minimal losses, 694
modal controllability, 20,

546–549
modal minimality, 547
modal observability, 20,

546–549
mode
controllable, 546
observable, 547

N (A), xvi
negative norm, 10
nilpotent, 545
node, 2, 34
normal generator, 106
normal operator, 105, 188
normal semigroup, 106, 260, 265, 591, 601,

602
normal system, 13, 265–266, 598
normalized realization, 530–537
null space
of adjoint, 555

numerator, 466

ωA, xvi, 61
observability
approximate, 19
conditions, 538–546
exact, 521–530
gramian, 20, 21
of transformed system, 551–554

observable, 19, 506
observable mode, 546–549
observable subspace of Lax–Phillips model,

660
observation operator, 4, 12, 25, 213–219, 241,

697
L∞-well-posed, 214
Reg-well-posed, 214
bounded, 12, 28, 46, 78, 205, 222, 224, 227,

325
closable, 283
compatible extension, 277
dense range, 268
dual, 343
extended, 277, 302–313

observation/feedthrough operator, 227–256,
274

closed-loop, 425
extended, 313–317

ωA, 65
operator
closed, 114
densely defined, 115
dual, xvi, 114
sectorial, 150–164

operator node, 13, 239
compatible extension, 279
extended, 279

optimal
∗-optimal system, 684
system, 684

order of a pole, 544
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orthonormal basis, 101, 102, 124, 191, 261,
262, 589

outgoing subspace, 71
output
complementary sensitivity, 408
distribution, 246
feedback, 403–422, 552
feedback operator, 404, 411, 412
function, 28, 38, 66
backward, 333

injection, 17, 422–425, 552
loop gain, 408
map, 8, 35, 37, 195, 196
backward, 333, 335

normalized, 20
of system node, 246
sensitivity, 408
space, 1, 35

π+, xv
π+, xv, 35, 697
π−, xv
π−, xv, 35, 697
π J , xv
πJ , xv, 30, 35, 60
Paley–Wiener theorem, 578
parabolic, 80, 150
parabolic partial differential equation, 78,

191
parabolic system, 326, 366, 440
parallel connection, 13, 54, 55, 463
compatible, 284
dual, 340

parbalanced realization, 533
part of an operator in a subspace, 188
partial differential equation
hyperbolic, 78, 191
parabolic, 78, 191

partial flow-inversion, 386–400, 416
compatible, 398–399
dual, 399–400
regular, 399

partial isometry, 734
passive, 22
purely, 623, 624
realization, 677–691
system, 616–628
system node, 616–628

pivot space, 126
pole, 544
positive norm, 10
positive operator, 733
Potapov–Ginzburg transformation, 16

power stable, 702
pre-annihilator, 540
Pritchard–Salamon class, 79
projection, 181
of X onto Z along Y , 181

pseudo-similar, 19
pseudo-similar realizations,

511–517
purely contractive, 23, 623
purely passive, 23, 627
part of input/output map, 627

quotient map, 212, 507
quotient semigroup, 509
quotient space, 507

R, R+, R+
, R−, R−

, xiv
R (A), xvi
ρ(A), xvi, 93, 94
range
closed, 556
of adjoint, 555

rank(A), xvi
reachable
subspace, 506
of Lax–Phillips model, 660

realization, 19, 68, 70, 71, 79, 199, 474, 505,
565, 566

∗-restricted shift, 566
balanced, 530–537
balanced Hankel, 533
balanced passive, 689
bounded B and C , 566
compatible, 285
conservative, 670–677
dependent of, 331
exactly controllable, 528
exactly observable, 528, 530
Hankel, 517–521
independent of, 331
minimal, 81, 505–512, 527, 566
normalized, 530–537
parbalanced, 533
passive, 670–677
pseudo-similar, 511–517
restricted shift, 566
shift, 67–71, 505, 521
bilateral input, 69, 83, 199, 216, 285,
340

bilateral output, 69, 83, 200, 216,
340

exactly controllable, 69, 83, 199, 216,
285, 340, 505, 521, 529, 566
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realization (cont.)
exactly observable, 69, 70, 83, 199, 216,
340, 474, 505, 521, 530, 566

restricted exactly controllable, 531, 566
restricted exactly observable, 566

similar, 528
strongly stable, 474

reciprocal transform, 27, 719–728
reducing subspace, 11, 181
reflection operator, 121
reflexive, 50, 114, 117, 119, 200, 226, 563
Reg, Regω , Regω,loc, xviii, 60
Reg0, Reg0,ω , Reg0,ω,loc, xviii, 60
Regloc,c , 333
Regn , xviii
Regn

ω , Regn
ω,loc, Regn

0,ω , 90
Reg-well-posed, 36, 80, 222, 223
regular, 317–329
regular closed-loop system, 435–440
regular flow-inverted system, 363–367
regular partial flow-inversion, 399
regular system, 14
regulated function, 9, 730
required supply, 25, 687, 695
residual cost operator, 584, 585
resolvent, 93
identity, 94
of shift semigroup, 100
operator, 93, 100, 103
frequency domain description, 179

set, xvi, 93, 94
return difference, 408
Riemann–Lebesgue Lemma, 324
Riesz
basis, 191, 275
projection, 186

rigged Banach spaces, 11, 122–125, 191, 278
right invertible, 555

σ , xv, 697
σ (A), σp(A), σr (A), σc(A), xvi, 93
scattering, 74, 81, 83, 616–695
matrix, 76
operator, 76

Schur decomposition, 748
sector, 150–152, 155
sectorial, 150–164
semi-lossless system, 23, 636–643
semigroup, 34, 35

C0, 35
analytic, 150–164
approximations, 128–133
backward, 333

co-isometric, 623
completely nonunitary, 623
diagonal, 191
dual, 113–122
energy preserving, 623
exponentially shifted, 93, 164
generator, 3, 241
locally bounded, 35, 64
norm continuous, 85–87
quotient, 509
shift, 82
dual, 120

similarity transformed, 93
strongly continuous, 35
time compressed, 93, 164
unitary, 623

sensitivity, 408
complementary, 408

shift, 30
bilateral, 47, 90, 98, 100, 120, 178,

179
circular, 48, 91, 98, 101, 120, 179, 180
dual, 120
finite, 48, 91, 98, 101, 120, 179, 180
frequency domain description, 177–180
incoming, 47, 90, 98, 101, 120, 178,

179
outgoing, 47, 91, 98, 101, 120, 179

similarity, 340, 528
transformation, 51
unitary, 644

simple function, 217
simple system, 23, 627
smooth
in space, 134, 137, 205, 206, 214
in time, 134, 137, 205, 207–209, 214, 220,

228, 229, 234, 236–238
Sobolev space, 10
solution, strong, 133, 134, 137, 139

on the whole line, 202, 204, 207, 450
spectral minimality, 20, 549–551
spectral projection, 11, 185–188
spectral resolution, 105, 188
spectrum, xvi, 93, 98–106
continuous, xvi, 93, 98, 103
of conservative system, 691–692
of Lax–Phillips model, 258
point, xvi, 93, 98, 103
residual, xvi, 93, 98

spectrum determined growth, 11, 164–167,
192, 582

stability, 17, 443–453
exponential, 18
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frequency domain conditions, 446, 448
preserved under feedback, 450

stabilizability, 18, 453–465
meromorphic extensions, 461
necessary rank condition, 460
preserved under feedback, 458, 481
right coprime, 478

stabilization
coprime, 473–485
dynamic, 485–501
dynamic output feedback, 485
exponential, 457, 478, 481, 482, 485
input, 457, 478, 485
input/output, 457, 478, 485
input/state, 457, 478, 485
output, 457, 478, 485
output feedback, 456
right coprime, 478
state/output, 457, 478, 485
state/state, 457, 478, 485
strong, 457, 478, 481, 482, 485
weak, 457, 478, 485

stable, 21, 444
exponentially, 444, 450, 451, 463, 480
input, 444
input/output, 444
jointly, 571
output, 444
power stable, 702
strong input, 444
strong output, 444
strongly, 18, 444, 450, 451, 463, 480
input/output, 444
input/state, 444
state/output, 444
state/state, 444

strongly l p
r -stable, 702

weakly, 18, 444
weakly l p

r -stable, 702
state, 38, 66
state feedback, 17, 422–425, 552
state space, 1, 35
state trajectory, 28, 204
backward, 333
of system node, 246

state transition map, 37
backward, 335

static, 13, 23, 67, 223
step function, 730
Stirling’s formula, 132
strictly noncyclic, 561, 567
strongly l p

r -stable, 702
strongly stable, 18

subspace
invariant, 11, 180–190
reachable, 506
reducing, 11, 181
unobservable, 506

sum junction, 53, 267, 463
compatible, 284
dual, 340

summability methods, 14
symbolic calculus, 11
system

∗-optimal, 684
analytic, 326
anti-causal, 332–337
backward, 371
compatible, 276–284
dual, 347

conservative, 23
diagonal, 13, 260–265
dual, 337–349
energy preserving, 23
exponentially shifted, 51, 66, 257, 283, 339,

524
flow-invertible, 16
minimal, 506
normal, 13, 265–266
optimal, 684
regular, 14, 317–329, 331
dual, 347

similarity transformed, 51, 66, 121, 164,
191, 257, 275, 283, 340, 524

stabilizability, 462
simple, 23, 627
static, 13
strongly regular, 331
time compressed, 51, 66, 257, 283, 339, 524
stabilizability, 462

time-flow-invertible, 380
time-invertible, 15, 371
uniformly regular, 331
weakly regular, 331

L1-well-posed, 321
system node, xii, 2, 12, 227–256
algebraic formulas, 254, 255
closed-loop, 425
dual, 343
flow-inverse, 354
time-inverse, 371

T, xiv
τ t
[0,T ), 47, 48, 50, 61, 91, 98, 101, 120, 178,

179
TT , xiv
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Tt , 76–78
τ t , xv, 47, 49, 61, 90, 98, 100, 120, 177, 178
τ t+, 47, 49, 61, 90, 98, 101, 120, 177, 178
τ t−, 47, 49, 61, 91, 98, 101, 120, 177, 179
τ t

TT
, 48, 90, 91, 98, 101, 120, 178, 179,

437
T-junction, 54, 268, 463
compatible, 284
dual, 340

TI, TIC, xvi, 68
TI p

ω , TICp
ω , 68

TIReg, TIReg
ω , TIReg

loc , 68
TICp

∞, TICp
loc, 68

TICReg, TICReg
ω , TICReg

∞ , 68
time compression operator, xv, 51
dual, 121
inverse, 121

time discretization, 55–59
time domain, 1
time-flow-inversion, 15, 378–386
time-flow-invertible, 380, 382, 629, 702
dual, 385
operator node, 382

time-invariance, 39, 42, 67, 336
time-inversion, 15, 368–378, 552, 553
time-invertible, 15, 371, 373–378, 701
dual, 373

Toeplitz operator, 67
totally bounded, 737, 738
totally disconnected, 550
trace operator, 289
transfer function, 1, 4, 12, 76, 82, 227–238,

241, 274, 331, 503, 566, 605, 740, 742
analytic, 227
bi-inner, 624
discrete time, 700
dual, 343
of compatible system, 279

transform
Cayley, 707–719
Laguerre, 707–719
linear fractional, 703–707
reciprocal, 27, 719–728

U , xvi
uniformly positive operator, 733
unitarily similar, 644
unitary, 623, 734
part of semigroup, 627

universal model, 24, 660–670
unobservable, 590
subspace, 506
of Lax–Phillips model, 660

variation of constants formula, 31, 99, 100,
133, 195

Wk , 278
w-lim, xv
W n,p , xviii
W n,p

ω , W n,p
loc , W n,p

0,ω , W n,p
c,loc, W n,p

ω,loc, 90
weak∗-dense, 114
weakly l p

r -stable, 702
weakly stable, 18
Weiss notation, 76–78, 84
well-posed linear system, 9, 37, 38
Wold decomposition, 609, 670, 693

X , xvi
X∗, 113
X + BU , 211, 282, 284
(X + BU )1, 210, 211, 274, 280–282, 285
X�, 117, 118
Xα , 147, 148
Xn , xvi, 122–125
X∗

n , xvi[
X
U

]
, xvii

Y , xvi
Yosida
approximation, 130, 226, 295, 296, 298, 300
extension, 302, 314, 330, 331

Youla parametrization, 19, 485–502
Young’s inequality, 740

Z, Z+, Z−, xiv
Z -transform, 26, 699
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