Absolute continuous, 75
Algebraic Riccati equation, 43

feedback, 363

maximal solution, 52
open-loop, 278

regulator, 175
soft-constrained, 435
stabilizing solution, 49, 279

anti-stable, 83
Arrow’s theorem, 112—-142
Axioms in Bargaining theory, 197-240

(restricted) monotonicity, 245

Index

Complex number, 24
absolute value, modulus, 25
addition, 24
conjugate, 25, 27
division, 25
imaginary axis, 24
imaginary part, 24
multiplication, 24
pure imaginary number, 24
real axis, 24
real part, 24

Continuous differentiable, 71

independence of irrelevant alternatives, Controllable, 91

244
Pareto-optimality, 243
scale invariance, 244
symmetry, 244

Bang-bang control, 136
Bargaining solutions, 240, 242

Egalitarian, 242, 243
Kalai-Smorodinsky, 241, 242
Nash, 240-244

Basic assumptions A, 125
Basis, 16

orthonormal, 16, 54
standard, 16

Bellman’s principle, 154
Bendixson theorem, 88

Cayley-Hamilton theorem, 32
Characteristic polynomial, 21, 22
Cofactor, 20

Convex function, 23
Convex set, 231
Costate variable, 126
Cramer’s theorem, 19
Critical point, 78
d-comprehensive, 243

Detectable, 95
Determinant, 18, 27
Dichotomic separable, 215, 307
Differential equation
fundamental set of solutions, 69
initial condition, 64
solution, 70, 84
solution, extended sense, 75
Dimension, 16
Dominated strategy, 231
Dynamic Programming, 154, 156
principle, 154
theorem, 156
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Index

Eigenspace, 21

generalized, 23
Eigenvalue, 21, 27
Eigenvector, 21

algebraic multiplicity, 22

geometric multiplicity, 22
Equilibrium point, 78

degenerate, 87

focus, 86

node, 86

nonhyperbolic, 407

saddle, 85

sink, 83

source, 83
Euler-Lagrange theorem, 128

Feasible set, 241

Finite escape time, 71

Fréchet differentiable, 123

Fundamental existence/uniqueness theorem, 71

Gateaux differentiable, 122
Gram-Schmidt orthogonalization, 17
Graph subspace, 46

H_, robust control, 110, 291
Hamilton-Jacobi-Bellman equation, 156
Hamiltonian function, 126

Hamiltonian matrix, 46

Hilbert space, 227

Jordan chain, 37
Jordan-canonical form, 34, 39, 66

Kronecker Delta, 16

Lebesgue-measure, 75
Length (Euclidean), 16
Linear (in)dependent, 15
Linear combination, 15
Linear feedback quadratic differential game
finite-planning horizon theorem, 364
convergence, 403, 411
infinite-planning horizon theorem,
scalar case, 383
Linear quadratic control problem, 178
finite-planning horizon, 177
theorems, 177, 186, 197, 207
fixed-endpoint, 219
free-endpoint, 219
infinite-planning horizon, 196
theorems, 197, 201, 205

Linear subspace, 15

Linear system, 63, 70, 79, 81
Lipschitz condition, 74

Locally square-integrable, 200
Lyapunov equation/theorem, 50

Matrix, 17
adjoint, 20
full row (column) rank, 18
identity, 18
image, range, 17
inverse, 18
negative (semi-) definite, 43
nonsingular, invertible, 18
null space, kernel, 17
positive (semi-) definite, 43
rank, 18
spectrum, 21
square, 17
symmetric, 42
trace 21
transposition, 16, 42
Matrix exponential, 65
Maximum interval of existence, 70
Maximum principle, 133
theorem, 134
Minimized Hamiltonian, 141

Non-cooperative Nash equilibrium, 263
feedback, 362
LEQG feedback Nash, 473
linear feedback, 364
open-loop, 263
soft-constrained, 435
stationary linear feedback, 372
stochastic feedback variance-independent,
430
Null sets, 75
Numerical algorithm for
feedback algebraic Riccati equation, 393,
394, 402, 405
K-solution, 253
N-solution, 251, 252
open-loop algebraic Riccati equation, 299,
327
regulator algebraic Riccati equation, 200
soft-constrained algebraic Riccati equation,
467, 470, 476

Observable, 94, 95
Open-loop feedback synthesis, 285



theorem, 285, 286, 288,
Open-loop linear quadratic differential game,
261
finite-planning horizon theorem, 265, 275,
283
convergence, 305
infinite-planning horizon theorem, 283,
Operator, 227
adjoint, 227
self-adjoint, 227
Orthogonal vectors, 16
Orthonormal completion, 17
Orthonormal vectors, 16

Pareto, 230
efficient, 230
frontier, 230
solution, 230
Phase plane/portrait, 83, 84
isocline, 90
periodic solution, 87
sector, 90
separatrix, 85
vector field, 84
Pontryagin theorem, 134
positive (semi-) definite operator, 227

Quadratic form, 179

Regular linear quadratic control problem, 176
Regulator problem, 175
Riccati differential equation, 161, 178
feedback, 364
convergence, 403
open-loop, 268
convergence, 305

Saddle-point solution of a game, 112
Scrap value, 97
Shadow price, 159
Soft-constrained linear quadratic differential
game
feedback, 451
LEQG feedback Nash theorem, 473
open-loop, 291, 296
Span, 15
Square integrable, 111
locally, 283
Stabilizable, 92

Index

Stabilizing solution ARE, 49, 278, 372
strongly stabilizing solution, 279, 282
Stable manifold theorem, 79
Stable, Hurwitz, 83, 92
State, 64
Stochastic linear quadratic differential
game
finite-planning horizon theorem, 428
infinite-planning horizon theorem, 430
Subgame/Truncated game, 360
subgame perfect, 360
Subspace, 15
center, 80, 87
graph, 46
invariant, 34
orthogonal complement, 16
stable, 80
stable invariant, 36
unobservable, 94
unstable, 80
Switching curve, 145
Sylvester equation/theorem, 49

Threatpoint, 240
Time consistent, 360
strong, 360
weak, 360
Transition matrix, 69
Two-point boundary-value-problem, 128

Undominated strategy, 231

Value function, 155
Value of a game, 112

lower value, 112

upper value, 112
Variation-of-constants formula, 76
Vector inequality, 241

Well-posedness assumption, 212, 306

Zero-sum difterential game
feedback
finite-planning horizon, 371
infinite-planning horizon, 383
open-loop
finite-planning horizon, 278
infinite-planning horizon, 277, 278
stochastic, 473
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