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approximation
conservative, 257
Average Value-at-Risk, 257, 258, 260,
272
dual representation, 272

Banach lattice, 403

Borel set, 359

bounded in probability, 382
Bregman divergence, 237

capacity expansion, 31, 42, 59
chain rule, 384
chance constrained problem
ambiguous, 285
disjunctive semi-infinite formulation,
117
chance constraints, 5, 11, 15, 210
Clarke generalized gradient, 336
CLT (central limit theorem), 143
common random number generation method,
180
complexity
of multistage programs, 227
of two-stage programs, 181, 187
conditional expectation, 363
conditional probability, 363
conditional risk mapping, 310, 315
conditional sampling, 221
identical, 221
independent, 221
Conditional Value-at-Risk, 257, 258, 260
cone
contingent, 347, 386
critical, 178, 348
normal, 337
pointed, 403
polar, 29
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recession, 29
tangent, 337
confidence interval, 163
conjugate duality, 340, 403
constraint
nonanticipativity, 53, 291
constraint qualification
linear independence, 169, 179
Mangasarian—-Fromovitz, 347
Robinson, 347
Slater, 162
contingent cone, 347, 386
convergence
in distribution, 163, 382
in probability, 382
weak, 384
with probability one, 374
convex hull, 337
cumulative distribution function, 2
of random vector, 11

decision rule, 21

Delta theorem, 384, 386
finite dimensional, 383
second order, 387

deviation of a set, 334

diameter
of a set, 186

differential uniform dominance condition,

145

directional derivative, 334
e-directional derivative, 381
generalized, 336
Hadamard, 384
second order, 386
tangentially to a set, 387

distribution
asymptotically normal, 163

Copyright © by SIAM.

Unauthorized reproduction of this article is prohibited.

2009/8/20
page 431

—



432

2009/8/20
page 432

—

Index

Binomial, 390
conditional, 363
Dirichlet, 98
discrete, 361
discrete with a finite support, 361
empirical, 156
gamma, 102
log-concave, 97
log-normal, 107
multivariate normal, 16, 96
multivariate Student, 150
normal, 163
Pareto, 151
uniform, 96
Wishart, 103
domain
of a function, 333
of multifunction, 365
dual feasibility condition, 128
duality gap, 340, 341
dynamic programming equations, 7, 64,
313

empirical cdf, 3
empirical distribution, 156
entropy function, 237
epiconvergence, 357
with probability one, 377
epigraph of a function, 333
g-subdifferential, 380
estimator
common random number, 205
consistent, 157
linear control, 200
unbiased, 156
expected value, 361
well defined, 361
expected value of perfect information, 60

Fatou’s lemma, 361

filtration, 71, 74, 309, 318

floating body of a probability measure,

105

Fréchet differentiability, 334

function
a-concave, 94
a-concave on a set, 105
biconjugate, 262, 401

Carathéodory, 156, 170, 366
characteristic, 334
Clarke-regular, 103, 336
composite, 265

conjugate, 262, 338, 401
continuously differentiable, 336
cost-to-go, 65, 67,313
cumulative distribution (cdf), 2, 360
distance generating, 236
disutility, 254, 271
essentially bounded, 399
extended real valued, 360
indicator, 29, 334

influence, 304

integrable, 361

likelihood ratio, 200
log-concave, 95
logarithmically concave, 95
lower semicontinuous, 333
moment-generating, 387
monotone, 404

optimal value, 366
polyhedral, 28, 42, 333, 405
proper, 333

quasi-concave, 96
radical-inverse, 197
random, 365

random lower semicontinuous, 366
random polyhedral, 42
sample average, 374
strongly convex, 339
subdifferentiable, 338, 402
utility, 254, 271

well defined, 368

Gateaux differentiability, 334, 383
generalized equation

sample average approximation, 175
generic constant O (1), 188
gradient, 335

Hadamard differentiability, 384
Hausdorff distance, 334
here-and-now solution, 10

Hessian matrix, 348

higher order distribution functions, 90
Hoffman’s lemma, 344
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identically distributed, 374
importance sampling, 201
independent identically distributed, 374
inequality

Chebyshev, 362

Chernoff, 391

Holder, 400

Hardy-Littlewood—Polya, 280

Hoeffding, 390

Jensen, 362

Markov, 362

Minkowski for matrices, 101
inf-compactness condition, 158
interchangeability principle, 405

for risk measures, 293

for two-stage programming, 49
interior of a set, 336
inventory model, 1, 295

Jacobian matrix, 335

Lagrange multiplier, 348
large deviations rate function, 388
lattice, 403
Law of Large Numbers, 2, 374
for random sets, 379
pointwise, 375
strong, 374
uniform, 375
weak, 374
least upper bound, 403
Lindeberg condition, 143
Lipschitz continuous, 335
lower bound
statistical, 203
Lyapunov condition, 143

mapping

convex, 50

measurable, 360
Markov chain, 70
Markovian process, 63
martingale, 324
mean absolute deviation, 255
measurable selection, 365
measure

a-concave, 97

absolutely continuous, 359

complete, 359

Dirac, 362

finite, 359

Lebesgue, 359

nonatomic, 367

sigma-additive, 359
metric projection, 231
mirror descent SA, 241
model state equations, 68
model state variables, 68
moment-generating function, 387
multifunction, 365

closed, 175, 365

closed valued, 175, 365

convex, 50

convex valued, 50, 367

measurable, 365

optimal solution, 366

upper semicontinuous, 380

news vendor problem, 1, 330
node

ancestor, 69

children, 69

root, 69
nonanticipativity, 7, 52, 63
nonanticipativity constraints, 72, 312
nonatomic probability space, 367
norm

dual, 236, 399
normal cone, 337
normal integrands, 366

optimality conditions
first order, 207, 346
Karush—Kuhn-Tucker (KKT), 174,
207, 348
second order, 179, 348

partial order, 403

point
contact, 399
saddle, 340

polar cone, 337

policy
basestock, 8, 328
feasible, 8, 17, 64
fixed mix, 21
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implementable, 8, 17, 64
myopic, 19, 325
optimal, 8, 65, 67
portfolio selection, 13, 298
positive hull, 29
positively homogeneous, 178
probabilistic constraints, 5, 11, 87, 162
individual, 90
joint, 90
probabilistic liquidity constraint, 94
probability density function, 360
probability distribution, 360
probability measure, 359
probability vector, 309
problem
chance constrained, 87, 210
first stage, 10
of moments, 306
piecewise linear, 192
second stage, 10
semi-infinite programming, 308
subconsistent, 341
two stage, 10
prox-function, 237
prox-mapping, 237

quadratic growth condition, 190, 350
quantile, 16

left-side, 3, 256

right-side, 3, 256

radial cone, 337
random function
convex, 369
random variable, 360
random vector, 360
recession cone, 337
recourse
complete, 33
fixed, 33, 45
relatively complete, 10, 33
simple, 33
recourse action, 2
relative interior, 337
risk measure, 261
absolute semideviation, 301, 329
coherent, 261
composite, 312, 318

consistency with stochastic orders,
282

law based, 279

law invariant, 279

mean-deviation, 276

mean-upper-semideviation, 277

mean-upper-semideviation from a tar-
get, 278

mean-variance, 275

multiperiod, 321

proper, 261

version independent, 279

robust optimization, 11

saddle point, 340
sample
independently identically distributed
(iid), 156
random, 155
sample average approximation (SAA), 155
multistage, 221
sample covariance matrix, 208
sampling
Latin Hypercube, 198
Monte Carlo, 180
scenario tree, 69
scenarios, 3, 30
second order regularity, 350
second order tangent set, 348
semi-infinite probabilistic problem, 144
semideviation
lower, 255
upper, 255
separable space, 384
sequence
Halton, 197
log-concave, 106
low-discrepancy, 197
van der Corput, 197
set
elementary, 359
of contact points, 399
sigma algebra, 359
Borel, 359
trivial, 359
significance level, 5
simplex, 237
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Slater condition, 162
solution
g-optimal, 181
sharp, 190, 191
space
Banach, 399
decomposable, 405
dual, 399
Hilbert, 275
measurable, 359
probability, 359
reflexive, 399
sample, 359
stagewise independence, 7, 63
star discrepancy, 195
stationary point of «-concave function,
104
stochastic approximation, 231
stochastic dominance
kth order, 91
first order, 90, 282
higher order, 91
second order, 283
stochastic dominance constraint, 91
stochastic generalized equations, 174
stochastic order, 90, 282
increasing convex, 283
usual, 282
stochastic ordering constraint, 91
stochastic programming
nested risk averse multistage, 311,
318
stochastic programming problem
minimax, 170
multiperiod, 66
multistage, 64
multistage linear, 67
two-stage convex, 49
two-stage linear, 27
two-stage polyhedral, 42
strict complementarity condition, 179, 209
strongly regular solution of a generalized
equation, 176
subdifferential, 338, 401
subgradient, 338, 402
algebraic, 402
stochastic, 230

supply chain model, 22
support

of a set, 337

of measure, 360
support function, 28, 337, 338
support of a measure, 36

tangent cone, 337

theorem
Artstein—Vitale, 379
Aumann, 367
Banach—Alaoglu, 401
Birkhoff, 111
central limit, 143
Cramér’s large deviations, 388
Danskin, 352
Fenchel-Moreau, 262, 338, 401
functional CLT, 164
Glivenko—Cantelli, 376
Helly, 337
Hlawka, 196
Klee—Nachbin—Namioka, 404
Koksma, 195
Kusuoka, 280
Lebesgue dominated convergence, 361
Levin—Valadier, 352
Lyapunov, 368
measurable selection, 365
monotone convergence, 361
Moreau—Rockafellar, 338, 402
Rademacher, 336, 353
Radon-Nikodym, 360
Richter—Rogosinski, 362
Skorohod—Dudley almost sure rep-

resentation, 385

time consistency, 321

topology
strong (norm), 401
weak, 401
weak*, 401

uncertainty set, 11, 306
uniformly integrable, 382
upper bound
consevative, 204
statistical, 204
utility model, 271
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value function, 7

Value-at-Risk, 16, 256, 273
constraint, 16

variation
of a function, 195

variational inequality, 174
stochastic, 174

Von Mises statistical functional, 304

wait-and-see solution, 10, 60
weighted mean deviation, 256
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