Index

4BP (H^∞ 4BP), 690

I/O, 713

~A, ~A_+, 1046 a.e., 908, 1049 absolutely continuous, 927 adjoint, 1040

Banach, 871 causal, 50, 157

discrete-time, 783 Hilbert, 871 of C , 157 of a function, 998 admissible, 247

(DF-)controller, 283 (DF-)controller with internal loop, 294 (DPF-)controller with internal loop, 318 input or output operator, 226 K, 226 [ K F ] , 226 output injection pair, 240 P , 469, 471, 818 state feedback, 226 static output feedback, 222 discrete-time, 799 algebra

Banach, 882 algebraic subclass, 170 almost every, 908 almost everywhere, 908 almost periodic, 957 almost separably-valued, 911 analytic continuation, 963 analytic semigroup, 441 anti-causal, 50 ASP, 716

B^∗-algebra, 882 B^∗-algebra isomorphism, 883 Banach algebra, 882 Banach space, 870 basis

orthonormal, 871 Besicovitch, 958 Bezout identity, 205 bijection, 1048 Bochner integrable, 927 Bochner integral, 909, 927 Bochner measurable, 911 Borel function, 909 Borel measurable

function, 909 set, 909 Borel measure, 909 Borel set, 909 boundary, 867 boundary function, 102, 102, 103 bounded

input operator, 166, 194, 274 output operator, 166, 194, 274 Bounded (Real) Lemma, 591, 847 B^∗_w-CARE, 421

C^+ ∪ {∞}, 72 C_0-semigroup, 901 canonical factorization, 19 cardinality, 1047 CARE, 408, 469

B^∗_w-CARE, 421 generalized (on Dom(A_{crit})), 457 CARI, 519, 522, 600, 602 Cauchy-sequence, 868 causal, 15, 48

discrete-time, 783 causal adjoint, 50, 157

discrete-time, 783

1051 causal dual system (Σ^d )

discrete-time, 797 Cayley function, 789 Cayley transform, 73, 790 central controller, 710 chain scattering transformation, 341 change of variable in an integral, 933 characteristic function, 909 classical theory, 1048 closed

operator, 884 set, 867 closed-loop system

static output feedback, 221, 222 closure, 867 co-minimax J-coercive, 670 co-spectral factorization, 142, 209 coercive, 872, 873, 885, 1048, see Jcoercive coinduction, 893 compact, 867

operator, 871 compatible

generators, 189 output operator pair, 189 pair, 189 complemented subspace, 892 complete

measure, 908 metric space, 868 completion

of a measure, 909 of a normed space, 885 cone property, 951 conjugate-linear, 896 connected, 868 continuity

absolute, 927 continuous

uniformly, 868 continuous function, 867 continuous time, 1049 control, 34, 157, 626 controller

(DF-), 283 with internal loop (DF-), 294 with internal loop (DPF-), 318 convergence, 867

absolute, 927 strong, 875 uniform, 875 weak, 875 convolution

of functions, 966 of measures, 972 of sequences, 781 strong, 1012 convolution multiplication, 137 coprime, 205 coprime factorization, 207 coprime internal loop, 306 corona, 124 Corona Theorem, 124, 126

pseudo-, 129 cost function, 364

abstract, 354 cost operator, 368 cost-minimizing, see minimizing countable, 1048 countably additive, 907 countably infinite, 1048 countably-valued measurable function, 911 counting measure, 908 coupling condition, 692 critical, see J-critical CTI∗, 1047

DARE, 818 DARI, 826, 845, 846, 849 denominator, 207 density

of C^∞_c in L^p_ω, 921 of simple functions in L^p_ω, 921 derivative, 918

complex, 961 Fréchet, 355, 366 partial, 918 detectable, 240 DF-controller, 281 DF-stabilization, 281 differentiable, 918 k times, 918 dimension, 1047 disc algebra, 73 disconnected, 868 discrete measure class, 74 discrete metric, 919 discrete part, 1049 discrete time, 1049 discrete topology, 919 discretization, 807 distributed, 10 distribution, 948 disturbance, 34, 626 Dominated Convergence Theorem, 928 dual space (X^∗), 870 dual system (Σ^d ), 157

discrete-time, 797 duality, 50 dynamic output feedback, 281 Dynamic Output Feedback Controller (DF-controller), 281 Dynamic Partial Output Feedback Controller (DPF-controller), 282 dynamic stabilization, 281

eCARE, 469 eCARI, 519 eDARE, 818 eDARI, 849 eFICP

abstract, 681 eIARE, 471 ELS, 397 embedding, 890 equal

map with coprime internal loop, 307 equivalent

(DF-)controller, 294 (DPF-)controller, 318 norms, 871 estimatable, 249, 428 exactly ω-observable realization, 158 exactly observable, 200 exactly reachable, 200 exponentially stable, 48, 161

semigroup, 901 Extended Linear System (ELS), 397 extension, 891

feedback form, see state feedback form feedthrough operator, 169

discrete-time, 787 FICP

H^∞, 34 abstract, 681 Finite Cost Condition, 366 finite time interval, 394 finite-dimensional function, 1048 finite-dimensional system, 1048 finite-dimensional theory, 1048 finite-dimensional vector space, 1048 finite-horizon, 394 F_ℓ, 318, 321, 322, 714, 1042 force

the dark side of, 626 Fourier multiplier theory, 81 Fourier multipliers, 100 Fourier transform, 969

of a TI map, 82 Fréchet derivative, 355, 366 Fredholm operator, 883 frequency domain, 1048 frequency-domain

(J,S)-lossless, 69 frequency-domain theory, 1048 Fubini Theorem, 929 full control problem

H^2, 590 H^∞, 627

game

H^∞ minimax, 626 generalized CARE, 457 generalized IARE, 455 generate, 169, 189 generated, 164 generator

infinitesimal, 901 generators, 22, 164

closed-loop, 230 compatible, 189 discrete-time, 795 generators of a WPLS, 169 greatest, 1049 growth rate, 901

H^∞-FI-pair, 614 H^∞-SF-operator, 614 H^2 problem, 584 Hölder Inequality, 910 Hadamard Three Line Theorem, 966 Hankel operator, 51 Hausdorff–Young Theorem, 992 Hilbert space, 870 Hille–Yosida Theorem, 903 holomorphic, 961 homeomorphic, 867 homeomorphism, 867, 872

I/O, 1049 I/O 4BP, 715 I/O map, 155

discrete-time, 794 I/O-theory, 1048 IARE, 471

generalized, 455 IARI, 522 iff, 1049 imbedding, 890 impulse response, 186 inclusion, 890 induction, 892 infinitesimal generator, 901 inherit (a topology), 867 initial value, 157 initial value setting, 157

discrete-time, 795 injective, 1048 inner

(J,S)-, 207 r.c.f., 207 inner product, 870 inner product space, 870 input, 157 input operator, 164 input space, 155 integral

strong, 1011 uniform, 1011 weak, 1011 integrand, 927 interaction operator, 240 interior, 867 internal loop

(DF-)controller with, 294 (DPF-)controller with, 318 internally, 156 interval, 868 Inverse Fourier transform, 971 invertibility

left, 133 invertible, 1048

left-, 117 quasi-left-, 131 right-, 117 involution, 882 iR ∪ {∞}, 72 isometric, 868 isometry, 868, 871 isomorphism

B^∗-algebra, 883 Banach, 871

(J,S)-inner, 207 (J,S)-lossless, 207 J-coercive, 379, 431

abstract, 358 positively, 379

abstract, 358 over U_{exp}, 576 over U_{out}, 572 J-critical, 363, 364, 407, 408 abstract, 354 J-critical control in the feedback form, 407 P , 469, 471, 818 J-critical control

in state feedback form, 374 in WPLS form, 374 J-critical cost, 367 J-critical cost operator, 368

(J,∗)-critical factorization, 539 joint d.c.f., 207, 307 jointly admissible, 240 jointly stabilizable and detectable, 240 jointly stabilizing, 240 (J,S)-lossless, 69, 479

frequency-domain, 69

Laplace transform, 969

of a TIC_∞ map, 49 weak, 1017 Lax–Phillips scattering theory, 23 Lebesgue

measurable, 909 Lebesgue integral, 909 Lebesgue measure, 908 Lebesgue points, 942 Lebesgue’s Dominated Convergence Theorem, 928 Lebesgue’s Monotone Convergence Theorem, 910 left shift, 782 left-invertibility

in ∗TI^∗, 133 pseudo-, 128 left-invertible, 117, 1048

quasi-, 131 limit, 1047 limit point, 867 Linear Quadratic Regular, 555 Liouville, 962 lossless

(J,S)-, 69, 207, 479 r.c.f., 207, 633, 716 LQR, 427, 555 LQR problem, 555 LQR-B^∗_w-CARE, 549 LQR-CARE, 549 Lyapunov equation, 512

M, 907 map, 1049

with coprime internal loop, 306 with d.c. internal loop, 306 with internal loop, 294 with l.c. internal loop, 306 with r.c. internal loop, 306 matrix pencil, 825 maximal, 1049 maximal ideal space, 125 maximum modulus principle, 963 Mean Value Inequality, 944 measurability

uniform, 998 measurable, 911

Bochner, 911 Borel measurable function, 909 Borel measurable set, 909 Lebesgue, 909 strongly, 911, 998 weakly, 998 measure

Borel, 909 counting, 908 metric, 868 metric space, 868 metrizable, 868 minimal, 200 minimal cost operator, 558 minimax J-coercive, 670 minimax control, 645 minimax game, 626 minimization, 425, 557 minimizing, 557

strictly, 557 Minkovski, 939 Minkovski Inequality, 910 Morera, 962 MTI, MTIC, and their variants, 74 μ × ν, 928 multi-index, 948, 950

Nehari problem, 685 neighborhood, 867 nonnegative, 872 nonsingular problem, 1049 nontangential, 967 norm, 870, 1039 normed space, 870 norming, 891 notation, 166, 1037 null set, 908 numerator, 207

observability, 241 observability map, 155

discrete-time, 794 observability subpace, 200 observable, 200 one-to-one, 1048 onto, 873, 885, 1048 open

set, 867 operator matrices, 858 optimal, see J-critical optimizable, 249, 427 order of partial derivatives, 918 orthogonal projection, 871 orthonormal, 871 orthonormal basis, 871 outer, 216 output, 157 output feedback operator

admissible, 222 stabilizing, 223 output injection operator, 240 output injection pair, 240 output operator, 164 output space, 155

(P), 469 P-stabilizing, 469 p., pp., 1049 Paley–Wiener Theorem, 102 parallel connection, 263 partial derivative, 918 (PB), 469 PB-stabilizing, 469 pivot space, 897, 898, 898 Plancherel transform, 977 plant, 281 Poisson integral, 101 Poisson integral formula, 967, 971 for measures, 973 pole, 113 poles, 214 Popov operator, 21, 596

positive, 596 Popov Toeplitz operator, 379 positive, 872

uniformly, 872 Positive (Real) Lemma, 594, 848 positive measure, 907 prefix, 223, 226, 247, 469, 471, 818 Pritchard–Salamon system, 275 product measure, 928 product topology, 867 projection, 871

orthogonal, 871 proper, 49, 1049 PS-system, 275 P_X-CARE, 691, 697 P_X-DARE, 709, 762 P_Y-CARE, 692, 697 P_Y-DARE, 710, 762 P_Z-CARE, 692, 697 P_Z-DARE, 711, 762

quasi-left-invertible, 131

Radon–Nikodym, 918 rapidly decreasing functions, 978 reachability, 242 reachability map, 155

discrete-time, 794 reachability subspace, 200 reachable, 200 realization, 158

discrete-time, 796 redundant, 1049 reflection

discrete-time, 782 reflexive, 871 regular, 169

half-plane-, 169 K, 226 [ K F ] , 226 line-, 169 P , 469, 471, 818 vertically, 169 regular measure, 932 residual cost condition, 469 resolvent, 901 resolvent equation, 904 Riccati equation, see CARE, DARE, IARE, eCARE, eDARE, eIARE and B^∗_w-CARE Riccati inequality, see CARI, DARI, IARI, eCARI, eDARI and eIARI Riemann–Lebesgue lemma, 970 Riesz–Thorin Interpolation Theorem, 991 right factorization, 207 right-invertible, 117, 1048

S, 978 S-spectral factor, 207 s.t., 1049 Salamon–Weiss system (= WPLS), 167 scaling, 50, 160

discrete-time, 799 semigroup, 155

analytic, 441 C_0, 901 exponentially stable, 901 ω-stable, 901 strongly stable, 901 weakly stable, 901 SFCP

H^∞, 34 σ-algebra, 907 σ-finite, 908 Σ_Ed , 747 Σ_T, 753 Σ_X, 744 Σ_Y, 744 Σ_Z, 747, 762 signature operator, 207, 409, 482, 491, 818 simple function, 909, 922 simple measurable function, 909, 922 singular problem, 1049 singularity, 113

removable, 963 Small Gain Theorem, 285 smallest, 1049 Sobolev Imbedding Theorem, 951 Sobolev space, 950 solution greatest (of the [e]CARE/[e]IARE), 478 greatest (of the B^∗_w-CARE), 427 greatest (of the DARE/DARI), 849 of the [e]CARE, 469 of the [e]DARE, 818 of the [e]IARE, 471 SOS, 156 sos, 794 SOS-stable, 156 span, 1047 spectral factor, 207 spectral factorization, 136, 207, 385 discrete-time, 831 H^2, 540

discrete-time, 542, 544 spectral radius, 882 spectrum, 871, 882, 901

AP-, 958 stability shift, 50, 160

discrete-time, 799 stabilizable, 226, 246

(DF-), 283 by static output feedback, 246 state feedback, 226 strongly [_{A B} C D ] -, 850 through B_1, 615 with internal loop (DF-), 294 with internal loop (DPF-), 318 stabilization

dynamic, 281 stabilizes, 223

(DF-), 283 DF-, 294 DPF-, 318 with internal loop (DF-), 294 with internal loop (DPF-), 318 stabilizing, 408, 409

(DF-)controller, 283 (DF-)controller with internal loop, 294 (DPF-)controller with internal loop, 318 K, 226 [ K F ] , 226 output injection pair, 240 P , 469, 471, 818 ∗-stabilizing, 223, 226 state feedback, 226 static output feedback, 223 discrete-time, 799 stable, 48, 1049

discrete-time, 794 discrete-time I/O map, 783 exponentially, 156, 161, 901 discrete-time, 794 discrete-time I/O map, 783 I/O, 156 input, 156 internally, 156 K, 226 [ K F ] , 226 ω-, 155, 156, 901 output, 156 P , 469, 471, 818 strongly, 156, 901 weakly, 156, 901 wpls, 794 stable-output system

discrete-time, 794 stable-output system (SOS), 156 state, 157 state feedback

operator, 408 state feedback form

control in, 374, 407 minimizing control in, 557 state feedback operator

admissible, 226 discrete-time, 800 stabilizing, 226 state feedback pair

admissible, 226 stabilizing, 226 state map, 794 state space, 155 state-space, 1048 statement

ideological, 206 static, 50 static output feedback discrete-time, 799 strictly positive, 594 stronger

topology, 867 strongly measurable, 82, 911, 998 suboptimal, 34, 614

controller, 690 controller for the I/O 4BP, 714 suffix, 226, 469, 818 sum-compatible, 893 superfluous, 1049 support, 1047 surjective, 1048 symbol, 49, 82 symplectic pencil, 825

Taylor series, 963 test function, 948 TI^∗,TIC^∗, 1046 ti^∗,tic^∗, 1047 time domain, 1048 time-invariance, 15 time-invariant, 48

discrete-time, 783 time-invariant setting, 157

discrete-time, 796 Toeplitz, 142 Toeplitz operator, 47, 49, 56 topological space, 867 topological vector space, see TVS topology, 867

product, 870 weak, 871 weak^∗, 871 transfer function, 49, 168

discrete-time, 786 TVS, 870

U^∗_∗ -stabilizing solution of the [e]CARE, 469 unbounded

input operator, 166 output operator, 166 uncountable, 1048 uniform measurability, 998 uniformly continuous, 868 uniformly positive, 872 unit, 882 unitary, 871 unitary extension, 875 unstable, 48 U_u, 614

vector-valued, 42

w.l.o.g., 1050 w.r.t., 1049 weak derivative, 948, 950 weak topology, 871 weak^∗ topology, 871 weaker

topology, 867 weakest, 867 weakly measurable, 998 weighting pattern, 186 Weiss extension, 172 well-posed, 1049

controller, 327 controller with internal loop, 303 DF-controller, 303, 318 DPF-controller, 320, 328 I/O map, 49 P , 471 Well-Posed Linear System, see WPLS well-posed linear system

discrete-time, see wpls Wiener class

causal (MTIC^{L1} ), 75 Wiener class (MTI^{L1} ), 74 Wiener–Hopf operator, 56 WPLS, 21, 155 wpls, 794 WPLS form

control in, 374

Youla parametrization, 289, 290, 311, 336, 337

Z-transform, 782

HELSINKI UNIVERSITY OF TECHNOLOGY INSTITUTE OF MATHEMATICS RESEARCH REPORTS

The list of reports is continued inside. Electronical versions of the reports are available at http://www.math.hut.fi/reports/ .

A453 Marko Huhtanen

Aspects of nonnormality for iterative methods September 2002

A451 Marko Huhtanen

Combining normality with the FFT techniques September 2002

A450 Nikolai Yu. Bakaev

Resolvent estimates of ellpitic differential and finite element operators in pairs of function spaces August 2002

A449 Juhani Pitkäranta

Mathematical and historical reflections on the lowest order finite element models for thin structures May 2002

A448 Teijo Arponen

Numerical solution and structural analysis of differential-algebraic equations May 2002

ISBN 951-22-6153-7 ISSN 0784-3143 Espoo, 2002