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Hoo norm, 587

S-procedure, 320, 398, 414, 418

{y norm, 29

{1 norm, 29, 245, 307, 310
ball, 299
regression, 309
regularization, 332, 470, 576
relaxation, 320-322, 515

{» norm, 29, 160
regression, 164
regularization, 185

le norm, 29, 306, 309
regression, 309

£y norm, 29, 248
ball, 29

active constraints, 250, 264, 271, 279
affine policies, 554, 615
Agmon-Motzkin-Shoenberg
method, 496

aircraft design, 609
algebraic multiplicity, 7o
alternate subgradient method, 477
antenna

array design, 600

diagram, 601
anti-gradient, 433
arithmetic mean, 31, 243
Armijo condition, 435
asymptotic stability, 580
auto-regressive models, 165, 422

backtracking line search, 435
backward substitution, 207
bag-of-words, 23

barrier method, 453

best linear unbiased estimator, 166

binary classification, 511

binomial coefficient, 307

bipartite matching, 325

bisection method, 403, 498

block sparsity, 354

Boolean optimization, 323, 397

box uncertainty, see interval uncer-
tainty

budget constraint, 263

cardinality, 29, 320, 321
cart on rail, 568
CAT scan, 155
Cauchy-Schwartz inequality, 33, 321
Cayley—Hamilton theorem, 93
centering step, 455
central path, 455
chain rule, 49, 91, 245
chance-constrained LP, 356
characteristic polynomial, 7o
Chebyshev
approximation, 355
center, 411
design, 597
Chebyshev—Cantelli inequality, 548
Cholesky factorization, 114, 172
compact SVD, 126
complementary slackness, 279
complex magnitude constraints, 347
compressed sensing, 332
condition number, 129, 173, 176, 186,
580
minimization, 401
conditional
gradient method, 497
independence, 530
congruence transformation, 113, 389

constraint qualification, 275
control ellipsoid, 180
convergence rate, 438, 440, 471
convex
cone, 226
envelope, 320
function, 230
problem, 249
set, 225
convex function, 230
composition rules, 241
first-order conditions, 235
Hessian, 236
pointwise maximum, 239
restriction to a line, 238
second-order conditions, 236
sum, 233
variable transformation, 234
convex problem, 12, 249
change of variables, 259
constraint transformations, 258
constraints, 249
equivalent, 257
existence of solution, 253
feasible set, 249
objective, 249
objective transformations, 257
optimal set, 250
optimal solution, 250
optimality conditions, 268
slack variables, 260
uniqueness of solution, 255
with linear objective, 261
convex program, see convex problem
coordinate descent methods, 484
covariance, 99, 111, 122, 167, 540
cross validation, 509
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decentralized optimization, 487
decision rule, 513
decomposition methods, 489
demand uncertainty, 615
descent

direction, 269, 432, 476

methods, 432
determinant, 66
digital

circuit design, 606

filter, 591
discrete uncertainty, 372
discrete-time systems, 569
discretization, 366, 570, 594
distance to line segment, 341
domain, 44, 230
dominant eigenvalue, 200, 203
drug production problem, 304, 369
dual

decomposition, 489

norm, 239

of a QP, 316

of an LP, 276

of an SDP, 395

of an SOCP, 353

problem, 274
duality, 272

gap, 275

strong, 275

weak, 275
dyad, 78

effective domain, see domain
efficient frontier, 541
eigenvalues, 69, 199
of symmetric matrices, 294
shift, 88
sum of top, 423
variational characterization, 107,
109, 394
eigenvectors, 69
ellipsoid, 115, 300, 315
containing a polytope, 412
flat, 301
inscribed in polytope, 410
intersection, 415
Lowner—John, 411
length of semi-axes, 300
maximum volume, 410
method, 479

separation, 364

shape matrix, 300

unbounded, 300

union, 414

volume, 300
ellipsoidal uncertainty, 374
entropy function, 234
epigraphic form, 261
equality constraints, 5, 249, 262, 449

elimination, 296, 449

feasible update, 450
estimation ellipsoid, 180
Euclidean

distance matrix, 408

norm, see ¢, norm

projection, 37, 40
explained variance, 139

facility location, 360
Farkas lemma, 229
fast proximal gradient method, 471
feasible set, 249
financial index tracking, 313, 556
Finsler’s lemma, 390
FIR filter, 591
first-order methods, 432
Fisher discrimination, 517
FISTA, 471
force/torque generation, 153, 181
forward substitution, 207
Fourier transform, 592
Frobenius norm, 60, 84
minimization, 401
function, 44
affine, 45
closed, 233
coercive, 254
concave, 230
convex, 230
domain, 44, 230
epigraph, 45, 232
extended-valued, 231
indicator, 232, 459
linear, 45
Lipschitz, 231, 427
lower semicontinuous, 233
proper, 232
quadratic, 101
quasiconvex, 233
strictly convex, 230

strongly convex, 230
fundamental theorem of linear alge-
bra, 63

gate, 606
Gauss—Seidel method, 485
Gaussian
distribution, 122, 529
elimination, 208
geometric mean, 243
geometric program, 266, 335, 339
geometric-arithmetic mean inequal-
ity, 243
global optimum, 8, 252
GP, see geometric program
GPS positioning, 361
gradient, 48
chain rule, 49
geometric intepretation, 50
Lipschitz continuous, 427
method, 435
Gram matrix, 101, 132
Gram-Schmidt procedure, 211
Gramian, 573
graphical models, 499, 529

Holder inequality, 33, 54
Hiiber function

reverse, 537, 565
Hadamard

inequality, 121

product, 374
half-space, 48
Hessian, 62, 100, 427

of log-sum-exp function, 100

of quadratic function, 100
hull

affine, 225

conic, 225

convex, 225

linear, 224
hyperbolic constraints, 349
hyperplane, 40, 46

image compression, 136, 334
inactive constraints, 250, 264
incidence matrix, 58, 326
initial feasible point, 457
inner product, 30
interior-point method, 455

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9781107050877
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-05087-7 - Optimization Models
Giuseppe C. Calafiore and Laurent El Ghaoui

Index
More information

intersection

of convex sets, 226

of ellipsoids, 415, 416

of half-spaces, 227
interval uncertainty, 372, 616
inventory control, 614
inverted pendulum, 582

Jacobi method, 217, 218, 484
Jacobian matrix, 61
Jensen’s inequality, 242

Karush-Kuhn-Tucker
280, 498

Kelly’s betting, 561

kernel methods, 521

KKT conditions, see Karush-Kuhn-
Tucker conditions

conditions,

Lagrange
dual function, 273
multipliers, 273
Laplace
determinant expansion, 67
transform, 583
LASSO, 332, 342, 470, 521
least squares, 10, 133, 160, 295
ly-regularized, 185
constrained, 312
interpretations, 164
linear constrained, 183
recursive, 168, 190
sensitivity of regularization, 186
set of solutions, 163
weighted, 184
leave-one-out method, 509
line
fitting, 165
projection onto, 40
search, 434
linear
function, 45, 293
inequalities, 296
map, 61
models, 507
time-invariant systems, 568
linear equations, 157
diagonal, 206
factorization methods, 170
LS approximate solution, 160

minimum-norm solution, 162, 280
overdetermined, 159
sensitivity of solutions, 173
set of solutions, 159
square, 160, 206
triangular, 206
underdetermined, 160
linear matrix inequalities, 383
conic form, 386
robustness, 391
linear program, 11, 266, 302
closed-form solution, 342
duality, 310
in standard conic form, 302
in standard inequality form, 302
relaxations, 323
linearly separable data, 513
Lipschitz constant, 428
LMI, see linear matrix inequalities
local optimum, 8, 252
log-determinant function, 238
log-sum-exp function, 49, 100, 237,
340
logistic regression, 516
loss function, 508, 519
low-rank approximation, 11, 133, 526
LP, see linear program
LS, see least squares
Lyapunov
inequality, 384
stability, 580

matrix, 55
Toeplitz, 575
block product, 59
block-diagonal, 79
block-triangular, 8o
completion problem, 405
diagonal, 61, 76
diagonalizable, 72
diagonalization, 83
dyadic, 78
eigenspace, 70
exponential, 91
functions, 87
gain, 109
identity, 57
inertia, 113
inverse, 68
inversion lemma, 8o

INDEX 629

left inverse, 68, 130

non-negative, 94

norms, 84, 128

orthogonal, 77

polynomials, 87

positive semidefinite, 110, 383

product, 56, 58

pseudoinverse, 68, 129, 163

right inverse, 68, 131

similar, 69

singular, 67

sparse, 75

square, 75

square-root, 114

stochastic, 94

symmetric, 75

triangular, 76

Vandermonde, 154
matrix games, 328

LP solution, 330
max-cut problem, 316
max-min inequality, 282
maximum margin classifier, 514
mean-variance tradeoff, 540
median risk, 559
minimax

principle, 108

theorem, 283
minimum surface area, 365
minimum-cost flow problem, 327
minimum-energy control, 572
minimum-fuel control, 573
model predictive control, 578
monomials, 336, 338
Moore-Penrose pseudoinverse, 129
multi-period investment, 562
multi-stage optimization, 613

Nash equilibria, 328
Netflix problem, 405
network flows, 326
Newton

decrement, 445

method, 444
non-negative matrix factorization,

526

norm, 28

balls, 29, 34

sums and maxima, 353
normal
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cumulative distribution, 358
equations, 161
error function, 358
nuclear norm, 129, 407, 420
nullspace, 62, 127

operator norms, 85
optimality conditions, 268
for inequality-constrained prob-
lems, 270
for linear equality constrained
problems, 269
for non-differentiable problems,
272
for unconstrained problems, 269
optimality gap, 431
optimization problem, 5, 249
attained, 6, 250
constraints, 249
decision variable, 5
feasibility, 7
feasible set, 6, 249
maximization form, 6
objective, 5, 249
optimal set, 7, 251
standard form, 5, 249
tractable, 8
orthogonal
complement, 36
projectors, 131
overfitting, 509

PageRank, 73, 203
Parseval’s identity, 587
partial minimization, 240
payoff matrix, 328
PCA, see principal component analy-
sis

penalty function, 520
Perron-Frobenius, 94, 344
phase I method, 457
piece-wise constant fitting, 322
Poincaré inequality, 108
polyhedra, 227, 297
polyhedral function, 306

minimization, 308
polynomial

interpolation, 154

models, 508

non-negative, 422

polytope, 297
convex inequalities at vertices, 298
vertex, 298
portfolio optimization, 359
Markowitz model for, 540
multi-period, 549
robust, 546
single period, 539
posynomials, 267, 336
convex representation of, 338
power iteration method, 199, 486
for SVD, 204
power law, 46, 154, 259
primal
decomposition, 491
problem, 273
variables, 278
principal component analysis, 137,
524
robust, 420
sparse, 487, 524
probability
constraints, 357
simplex, 242, 299
projected subgradient method, 473
projection, 458, 465
onto a half-space, 465
onto a line, 40
onto a subspace, 39, 133
onto a vector span, 101
onto an affine set, 39
onto an hyperplane, 40
onto the /1 ball, 467
onto the Euclidean ball, 467
onto the positive orthant, 465
onto the positive semidefinite
cone, 469
onto the simplex, 466
theorem, 39
proximal
gradient method, 458
map, 458, 465, 470
PSD cone, 115

QCQP, see quadratic-constrained
quadratic program
QR factorization, 82, 170, 171, 211
quadratic
form, 102
function, 293

inequalities, 299
minimization with linear equality
constraints, 296

program, 11, 266, 311

programming duality, 316

unconstrained minimization, 294
quadratic-constrained quadratic pro-

gram, 314

dual, 317
quadratic-over-linear problems, 355
quasi-Newton methods, 448

range, 62, 127
rank, 62, 127
rank-one perturbation, 8o, 110
rate of return, see return
Rayleigh

iterations, 202

quotient, 107
reachability, 573
regularization, 509, 576
return, 31, 78, 99, 139, 313, 359, 539
robust

least squares, 375

LD, 368

optimization, 368, 615

PCA, 528

saddle point, 283, 329
sample
average, 99
covariance, 99, 111, 530
sampling interval, 570
scalar product, 30
scenario method, 376, 547, 620
Schur complement, 117, 240, 389
SDP, see semidefinite program
secant condition, 448
second-order cone, 227, 347
program, 267
rotated, 348
second-order methods, 445
sector bounds, 542
self-concordance, 446, 456
semidefinite program, 267, 381, 393
relaxations, 396
sensitivity of optimal value, 281
separable problem, 466, 488
separating hyperplane, 229
set

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9781107050877
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-1-107-05087-7 - Optimization Models
Giuseppe C. Calafiore and Laurent El Ghaoui
Index

More information

affine, 27

boundary, 224, 233

bounded, 224

closed, 224

closure, 224

compact, 224

constraints, 6

convex, 225

dimension of, 226

interior, 224, 233

open, 224

relative interior, 226

strictly convex, 226
Sharpe ratio, 543
shift-invert power method, 202
shortest path, 326
shrinkage operator, 468
singular value decomposition, 82,

123, 170

Slater’s conditions, 275
SOC, see second-order cone
soft threshold, 335, 468
span, 25
sparsity, 320, 511
spectral

decomposition, 83

mapping theorem, 9o

norm, 86

norm minimization, 399

radius, 87, 116

theorem, 103, 106
square-root LASSO, 284, 379
square-to-linear function, 237
state targeting, 571

state-feedback design, 581
state-space representation, 569
stationary point, 437
steepest descent, 433
stepsize, 433, 475
storage tank, 336, 340
strong convexity, 429, 440
subdifferential, 244
subgradients, 243
of primal value function, 285
of the dual function, 286
sublevel set, 45, 232
subspaces, 25
basis, 26
dimension, 26
direct sum, 25
orthogonal decomposition, 36
projection onto, 37
successive projections, 496
sum of largest components, 307
superstability, 588
supervised learning, 505, 519
supply chain management, 613
support vector machines, 511
supporting hyperplane, 228
SVD, see singular value decomposi-
tion
SVM, see support vector machines

Taylor series, 49, 102, 236
text analysis, 23, 32, 525, 527, 533
Tikhonov regularization, 186, 187
total

least squares, 190

INDEX 631

unimodularity, 324
variation, 366
trace, 60, 85
training error, 508
trajectory tracking, 574
transaction cost, 543, 564
transpose, 22, 56
trilateration, 152, 182, 403
trust-region problem, 379

uncertainty, 368

unit ball mapping, 177
direct image, 177
inverse image, 179

unsupervised learning, 524

value at risk, 359, 545
VaR, see value at risk
variable-metric descent methods, 442
vectors, 21
angle between, 32
linearly independent, 25
orthogonal, 32, 35
orthonormal, 36
space, 24
sum, 24
Zero, 24
volatility, 99

wavelet, 334
Weierstrass theorem, 253

Young's inequality, 243
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