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actual reduction, 155
adjoint

approach, 15
derivative representation, 15
discrete, 213
equation, 15, 17, 19, 107, 205, 259,

283, 284
Navier–Stokes equations, 258
representation of the gradient, 283
representation of the Hessian, 285
state, 15, 17, 19, 107, 205, 259, 283,

284
all-at-once approach, 208
approach

all-at-once, 208
black-box, 204

approximate Jacobian, 35

B-differential, 25
BFGS method, 276

limited memory, 276
black-box approach, 204
blade-vortex interaction, 273
bound constraints, 93
boundary control problem, 18, 273
BVIP-function, 9

C-differential, 25
Cauchy point

generalized, 164
Clarke’s generalized Jacobian, 25
closed range theorem, 90
complementarity condition, 5
compressible Navier–Stokes equations,

274
condition

complementarity, 5
Dennis–Moré, 50, 74

fraction of Cauchy decrease, 164
Karush–Kuhn–Tucker (KKT), 3, 102,

103, 176
optimality, 3, 102, 103, 176
regularity, 47, 54, 74, 113
smoothing, 47, 74

conjugate function, 233
constraints

control, 14
pointwise convex, 97

continuous selection, 33
control constraints, 14
convergence

q-superlinear, 29
criticality measure, 153

Dennis–Moré condition, 50, 74
derivative

B (Bouligand), 27
directional, 27

derivatives, xii
differentiable

B- (Bouligand-), 27
directionally, 27
H-, 36

differential
B- (Bouligand-), 25
C-, 25
Clarke-, 25
compact-valuedness, 26
convex-valuedness, 26
generalized, 42
H-, 36
local boundedness, 26
upper semicontinuity, 26

dual operator, 5
dual problem, 233, 238

Fenchel–Rockafellar, 233

305



Ulbrich B
2011/5/11
page 306

�

�

�

�

�

�

�

�

306 Index

elliptic
boundary control problem, 18
optimal control problem, 16, 105,

147, 201, 245
energy equality, 253
essentially active index set, 33
existence of optimal controls, 203

Fenchel–Rockafellar dual problem, 233
finite element discretization, 209
Fischer–Burmeister function, 10, 32

1-order semismoothness of, 32
flow control problem, 250
fraction of Cauchy decrease condition,

164
function

α-order semismooth, 30
B-differentiable, 27
BVIP-, 9
directionally differentiable, 27
Fischer–Burmeister, 10
Lagrange, 103, 208, 218
MCP-, 9
NCP-, 5
PCk , 33
piecewise Ck , 33
piecewise differentiable, 33
semismooth, 27

function spaces, xii

generalized Cauchy point, 164
generalized differential, 42

B-differential, 25
C-differential, 25
Clarke’s, 25
compact-valuedness, 26
convex-valuedness, 26
H-differential, 36
local boundedness, 26
of superposition operators, 58
upper semicontinuity, 26

generalized Jacobian, 25
gradient

projected, 164

H-differential, 36
Hölder inequality, 286

implicit function theorem, 204
incompressible Navier–Stokes equations,

249
inequality

Hölder, 286
Young’s, 286

inexact semismooth Newton method, 51
projected, 52
q-superlinear convergence of, 50, 51
q-superlinear convergence of projected,

53

Jacobian
approximate, 35
Clarke’s generalized, 25

Karush–Kuhn–Tucker (KKT) condition,
3, 102, 103, 176

L1-optimization, 243
L1-regularization, 243
Lagrange function, 103, 208, 218
Lax–Milgram theorem, 204, 232

MCP-function, 9, 96
construction from NCP-function, 96

measurable multifunction, 59
measurable selection, 60, 287
mesh independence, 115

of semismooth Newton methods, 140
method

semismooth Newton’s, 45, 46
trust-region, 151

mixed problem, 102
multifunction, 287

measurable, 59, 287
upper semicontinuous, 287

Navier–Stokes equations, 249
adjoint, 258
compressible, 274
incompressible, 249

NCP
semismooth reformulation in

function space, 57
semismooth reformulation of, 55

NCP-function, 5
Fischer–Burmeister function, 10, 32
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Nemytskii operator, 287
continuity of, 287
differentiability of, 287

Newton method
inexact semismooth, 49, 51
mesh independence of semismooth,

140
projected inexact semismooth, 52
q-superlinear convergence of

inexact semismooth, 50, 51
q-superlinear convergence of projected

inexact semismooth, 53
q-superlinear local convergence of

semismooth, 47, 48
semismooth, 29, 45, 46, 48

for superposition operators, 55, 71
q-superlinear local convergence,

48
without smoothing steps, 82

nonmonotone trust region method, 156
norm gap

necessity for semismooth superposi-
tion operators, 64

notation, xi
derivatives, xii
function spaces, xii
general, xi

obstacle problem, 19, 232
open mapping theorem, 180
operator

dual, 5
Nemytskii, 287

continuity of, 287
differentiability of, 287

projection, 52
semismooth, 42
superposition, 55, 287

chain rule, 76
continuity of, 287
convexity of generalized differen-

tial, 78
differentiability of, 287
generalized differential of, 58
semismooth Newton method for,

71

optimal control problem, 1, 14, 102, 250,
273

elliptic, 16, 105, 147, 201
reduced, 15, 107

optimality condition, 3, 102, 103, 176
order of semismoothness, 38, 42, 66

PCk function, 33
piecewise Ck function, 33
piecewise differentiable function, 33
pointwise convex constraints, 97
predicted reduction, 155
projected gradient, 164
projected inexact semismooth Newton

method, 52
q-superlinear convergence of, 53

projection operator, 52

q-superlinear convergence, 29
of semismooth Newton methods, 29

Rademacher, theorem of, 25
reduced optimal control problem, 15, 107
reduction

actual, 155
predicted, 155

regularity
sufficient conditions for, 86

regularity condition, 47, 54, 74, 113
Robinson’s, 102, 172

regularization, 235
parameter, 235

regularized problem, 235
relaxed reduction ratio, 157

semismooth
Newton method, 29, 45, 46, 48

for superposition operators, 55, 71
inexact, 49, 51
projected inexact, 52
q-superlinear convergence of

inexact, 50, 51
q-superlinear convergence of pro-

jected inexact, 53
q-superlinear local convergence of,

47
operator, 42
reformulation of NCP, 55
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semismooth Newton method, 29, 45, 46,
48

for superposition operators, 55, 71
mesh independence of, 140
without smoothing steps, 82

semismooth reformulation
of an NCP in function space, 57

semismoothness
α-order, 30, 42
order of, 66
in R

n, 27
mesh-independent, 133
of continuously differentiable oper-

ators, 42
of operators, 42
of order α, 30, 42
of reformulated NCPs, 62
of superposition operators, 61
of the composition of semismooth

operators, 44
of the direct product of semismooth

operators, 43
of the sum of semismooth operators,

43
order of, 38, 42
uniform, 121

smoothing
condition, 47, 74
property, 18
step, 46, 81, 111, 118

Sobolev space, 16
sparse optimization, 243
state equation, 15
strict complementarity, 123
sufficient conditions for regularity, 86
superlinear convergence, 29
superposition operator, 55, 287

chain rule, 76
continuity of, 287
convexity of generalized differential,

78
differentiability of, 287
generalized differential of, 58
necessity of norm gap for semismooth-

ness, 64
semismooth Newton method for, 71
semismoothness of, 61

theorem
closed range, 90
implicit function, 204
Lax–Milgram, 204, 232
open mapping, 180
Rademacher, 25

triangulation, 209
trust region

radius update, 157
trust-region method, 151, 156

global convergence, 158
transition to fast local convergence,

166

uniform growth condition, 134, 142

variational inequalities, 93
variational inequality

with pointwise convex constraints,
97

variational inequality problem, 6
viscosity, 249
vortex control, 1

Young’s inequality, 286


