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Latin
A2 root of matrix A ...302, 337
Ay o 153
B} ball with center a and

radius 7 .............. 94
¢(A) condition number ...... 103
C* dualcone ................. 41
cone(A) conic hull ............ 41
conv(A) convex hull of set A ..82
d* 69, 244, 308
diag(X) ..o 309
Diag(z) «ovvvviiiiiinn 248, 309
e vector of ones ......... 159, 248
e, n-th standard unit vector .304
epi(p) epigraph ........... 75, 82
ext(C) extreme points ....... 343
Fy oo 248, 327
I, I,, identity matrix in M,
Inf(P) ..o 68f

L LAGRANCE function 47, 67, 225

L4 augmented LAGRANGE
function ............ 238

LT transpose of matrix L

L+ orthogonal complement ..190

lhs left-hand side

log natural logarithm

max(D) ... 69
min(P) ..., 69
D 68, 244, 308
rank(A) rank of matrix A

Te, Td, Tp Tesiduals ...... 261, 298
R., R4, rp residuals ......... 333

rhs right-hand side
S(J) set of components of J..152

S ST ST e 301
sgn signum

Sup(D) i 69
svec(A) oo 301

T, CHEBYSHEV polynomial ..127

trace(A) trace of matrix A
UB unit ball .................. 94
v(D) optimal value to (D)69, 244
v(P) optimal value to (P)

...... 39, 68, 244
VEC vt 310
vol(&) volume of ellipsoid £ 95, 318
X = Diag(x) ..oooiiiiii 248
(T,yT,sT) oo 261

xy vector with corresponding
components ......... 153

rs entry-wise product of vectors,
HADAMARD product 248

Bold

M,, real (n,n)-matrices ...... 132

N set of natural numbers
={1,2,...}

Ny = {k,k+1,...} for integer k

R real field

R4 nonnegative real numbers

R, , positive real numbers

R™*P real (n,p)-matrices

U, neighborhood system of p .36
Mathcal

A* adjoint operator ......... 305
A(zg) active constraints ...... 44
AJr ($0) ....................... 62
AX) oo 304
C central path ............... 253
£ equality constraints ......... 15
E(P,z0) ellipsoid ........ 94, 316

F feasible region 37, 39, 224, 365
F primal-dual feasible set ... 252
FO strictly primal-dual feasible
points .............. 252
Fp set of feasible points of (D)
or (DSDP) 153, 243, 306
Fp effective domain of ¢ 67, 306
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FJ set of strictly feasible points
of (D) ......... 244, 326
Fp, set of feasible points
of (De) vovvnninnn. 244
FP, set of strictly feasible points
of (De) vovvvnininnn. 244
fgpt set of optimizers of (D). 256
Fp set of feasible points

of (P) ..... 153, 243, 305
F3 set of strictly feasible points

of (P) .......... 244, 326
flgpt set of optimizers of (P) 256
P 75
.7:+ (.1'0) ....................... 62
7 inequality constraints ....... 15
LX 333
L™ LORENTZ cone ........... 313
Ll 337
N (A) nullspace of A
N>(B) neighborhood ......... 267

)
N}(B) neighborhood ....269, 297
N_wo(7) neighborhood ..267, 281
(

N’ (v) neighborhood ..269, 297
R(A) rangespace of A

Mathfrak

5 AR 261
C() o 253
Greek

0(b,C) oo 40
dg indicator function ........ 214
¢ dual function ............... 67
@, penalty function 215, 220, 228
Dy oo 248, 295, 326
By 249, 326
N(A) 301

1 normalized duality gap ....254
11}, polynomials of degree < k 126
o centering parameter ....... 263
Omaxs Tmin  «ceeeevneennneenn. 282
7 duality measure ...... 263, 269

wn, volume of the n-dimensional

unit ball ........ 95, 318
Cones

cone(A) ... 41
Cg4(xo) cone of descent directions
......... 45, 369
Cyg(xo) cone of feasible directions
........... 44

Cp(z0), Cp(P,xo) linearizing
CONE...ovvennn. 44, 370
Cg+ (,IQ) ...................... 64
C¢(xp) tangent cone ...... 49, 369
C¢ (M, x0) tangent cone ....... 49
CtJr (.1'0) ...................... 62
C* dual coneof C' ............ 41

Norms and inner products

| Il:=1 |, euclidean norm ...39
I ||OO maximum norm

[ 25, 102, 144
|| || FROBENIUS norm . 132, 301
|l oo 132
(', ) inner product on R™ ..... 39
(o DA oo 25, 144
() Vgn e 301
Miscellaneous

|S| cardinality of set S

>, >, <, < for vectors ...... 152
[0 end of proof

< end of example

ai | 0: ap >0 and ap — 0

a®™ := max{0,a} for a € R...215
Tk 4, LO oo 49
=, = LOWNER partial order .301
V[ gradient of function f

V2 f Hessian of function f

— implication

v.s. vide supra (see above)

WLOG without loss of generality
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ABADIE ...t 55 banana function ............... 143f
A-conjugate ................ 120, 352 BARANKIN-DORFMAN .......... 166
directions ................. ... 122 barrier
ACCUTACY -+ vveveeeeeeaenann. 142 function ............ 220, 248, 326
activation step ............. 171, 174 inverse ...................... 221
active logarithmic
constraint, restriction, set ... ... 44 28, 221, 248f, 326, 337
set method method ......... 28, 220, 237, 295
...26, 160, 168, 187, 207f, 210f logarithmic ................. 242
adjoint operator ........... 305, 325 parameter ............... 248, 295
affinely independent ............ 347 problem ................ 258, 326f
affinely linear ....... 55, 81, 347, 361 property ....... ... o 337
affine-scaling basic
direction ............ 264, 285, 295 point ......... .o i 153
method ............ .. ... ... 295 feasible ................. 153, 159
AHO-direction .................. 332 variable ........ ... . oL 153
algorithm basis
cutting plane ................. 354 feasible ............. 153, 158, 163
infeasible interior-point ....... 284 of (P) coviviiii 153
interior-point ................. 264 BFGS method ............. 137, 140
long-step path-following ..... 281f BFGS updating
MEHROTRA predictor-corrector 284 formula ............. 137, 150, 230
MizuNo-TobpD-YE predictor- binary classification .............. 88

corrector ................... 277
short-step path-following .... 272f
alternate directions .............. 30
alternative, theorem of . 43, 210, 246
analytic center ............. 260, 296
antitone ............. ... 75, 106
APEX « it 39, 270
approximation
CHEBYSHEV ............ 2,4, 8,29
GAUSS . 2
ARMIJO step size rule . 109, 144, 230
modified ............ ... 143
ARROW-HURWITZ-UZAWA ....... 56
artificial variable ................ 159

augmented LAGRANGE function . 238

branch and bound method . 347, 362
breast cancer diagnosis . 85f, 88, 141

BROYDEN ..................... .. 132
method ....................... 138
BROYDEN-FLETCHER—~GOLDFARB—
SHANNO update ......... 137, 230
BROYDEN’s class ................ 138
C
calculus .......................... 21
of variations ............... 20, 22
CARATHEODORY’s lemma. ........ 82
CAUCHY oo 24

center, analytic ............ 260, 296



386

Subject Index

centering
condition ................ 252, 325
direction ............ 264, 284, 296
parameter ...... 263, 272, 281, 285

central path 222, 252f, 291, 294, 329
CHEBYSHEV

approximation .............. 8, 29

linear................oooat. 2,4
method .................... ... 286
polynomial ............. 1261t, 149

CHOLESKY decomposition
...... 114, 129, 150, 179, 262

incomplete .......... ... .. ..., 129
classification ................. 86, 88

binary ......... ..o 88
classifier function ........... 86, 142
complementarity

condition ................ 46, 247f

residual ......... ... ... L 261

strict ... 198
complementary slackness

condition ................. 46, 325

optimality condition .......... 248
complexity, polynomial . 28, 242, 265
concave

function ......... 53, 68, 81, 3441ff

minimization ................. 341

quadratic ............. ... 352

strictly, function ..... 53, 249, 344
concavity cut .............. 355, 363
condition

complementarity ......... 46, 247f

complementary slackness .. 46, 325

centering ................ 252, 325

FriTz JOoHN ... ... ..ol 370

interior-point ............ 248, 253

KARUSH-KUHN-TUCKER
AAAAAA 461, 51, 167

KKT ... 461, 51
number ....... X1V, 103, 128, 217
optimality .... 37, 44, 61, 245, 290
SLATER . ..cvuvieinnenn. 308, 327
(70 0 < TP 39
COMVEX « vt etneeeeeeiaeeennn. 40

dual ... 41
linearizing ......... 44, 50, 83, 368
LORENTZ ........... 313, 337, 378
of descent directions ...... 45, 369
programming ............ 313, 378
second-order ............. 313, 378
self-dual ................. 302, 377
tangent .............. 49, 82f, 369
conic hull ........................ 41
conjugate
directions ............... 1201, 352
gradient method 26, 120, 129, 148
constraint ................. .. 15
linear ........ ...t 15
normalization ................ 188
qualification ....... 51, 54-57, 365
control, optimal .................. 23
convergence
in directiond .................. 48
quadratic ....... 27, 202, 226, 232
rateof .......... ... ... X1V, 125ff
superlinear ................... 232
convex
(6704 TS 40
envelope ....... ...l 344
function ....................... 52
hull ... 30, 54, 82

optimization problem ...52 58-61
quadratic objective function .. 100
Set 39
underestimation .............. 345
coordinatewise descent methods .. 99

corrector step ........... 2771, 2841t
COURANT ....ivviiiii e 214
cut ... 355, 363

concavity ................ 355, 363
cutting plane ........... 96, 355, 362

algorithm, method ....... 354, 360
cyclic control ................ 99, 147
D

damped NEWTON
method ............. 131, 202, 239
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step ... 263, 285
DANTZIG ... oo 26
data fitting ........ .. ... ..ol 6
DAVIDON ... ..o 25
DAVIDON-FLETCHER-POWELL

updating formula ........ 25, 135f
deactivation step ........... 171, 173
decision function ............ 86, 142
definite

negative ............... 64, 66, 249

positive ........... ... 36, 81, 300

quadratic form ............... 238
degeneracy ..................... 161
descent

coordinatewise ................. 99

direction

...25,45, 98, 108, 161, 187, 228

method .......... 25, 98, 121, 193

steepest .............. 25, 100, 112
DFP method ...... 25, 136, 139, 149
diet problem .................... 205
direction

affine-scaling ........ 264, 285, 295

AHO- ... 332

alternate ...................... 30

centering ........... 264, 284, 296

conjugate ................ 120, 352

descent

...25, 45,98, 108, 161, 187, 228
feasible .................. 44, 186ff

HKM- ..o 332

LEVENBERG—MARQUARDT .... 112

NEWTON .. 262, 264, 272f, 285, 292

NT- 332

steepest descent ...... 24, 112, 144

tangent ........... ... ... .. 49, 51
distance between ellipses ... 338, 378
dogleg ...............ot. 116, 148
domain, effective ....... 67, 75, 306 f
dual

103 S < P 41

function .................. 67, 305

problem ....... 661t, 152, 243, 304

residual .................. 261, 298

variable ........... 67, 77, 86, 243

duality 66-79, 153, 243-247, 257, 296
gap 70, 73, 245, 285, 308, 312, 325

normalized ............. 254, 272
LAGRANGE ... 66, 71
MEASUTE .« .oeeeeeeeieeennnnn. 263
strong ............ 70, 78, 245, 308
theorem .............. 78, 246, 309
weak ............ 69, 153, 244, 308

dually feasible ......... 244, 252, 313
E
economic interpretation .......... 77
effective domain ........ 67, 75, 306 f
elimination of variables ......... 175
ellipsoid ............ ... ... .. 93, 316
LOWNER-JOHN ................ 96
method, SHOR .... 28, 93, 143, 363
minimal enclosing ............ 316
elliptic cylinder ................. 335
envelope, convex ................ 344
epigraph ................ 75, 82, 345
equality
constrained problem ........... 35
constraints ................ ..., 37
error function ................ 9, 102
EULER ... oo 22
~LAGRANGE .........oooiiuin. 23
exact
line search ..... 100, 104, 122, 144
penalty function .... 27, 217f, 228
exchange
single ...l 173
step ... 155f, 196
extended problem ............... 243
exterior penalty method ..... 28, 214
extreme point ............. .. ... 343
F

facility location problems .... 10, 83f
FALK ..o 346f
FARKAS theorem

of the alternative 43, 210, 246, 308
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feasible G
basic point .............. 153, 159
basis «vvvee 153, 158, 163 YCUb 357
direction ................ 44, 186 ff gap, duality
method ................ 151,186 ... 70, 73, 245, 285, 308, 312, 325
dually .............. 244, 252, 313 GAUSS ... 23, 29
primally ............ 244, 252, 313 approximation, linear ........... 2
points .. 39, 44, 213, 224, 243, 305 ~NEWTON method ... 24, 119, 150
strictly ............ 244, 308, 329 normal equations ............ 2,29
region, set ....28, 37, 39, 153, 252 geometric interpretation ......... 71
primal-dual ............ 252, 292 global
Fiacco ................. 28, 65, 242 minimum .... 36, 60, 112, 217, 341
FLETCHER ................... 25, 27 optimization package ......... 382
s S01QP method ............. 233 golden section search ........... 145
FLETCHER/REEVES ... 120, 130, 149 gradient
FRISCH ...t 28, 242 conjugate, method
FRrITZ JOHN condition .......... 30 26, 120, 129, 148
FROBENIUS method ...24, 100, 103, 128, 144
MALTIX et 155 projected, method
NOTTNL v 132,301 e 27, 189, 202, 294
function reduced ........ 27, 176, 1921, 211
affinely linear . . ... 55, 81, 347, 361 GOLDFARB .. .....iiiiiian. 132
antitone ... ...... 75, 106, 192, 256 GOLDFARB-IDNANI method ..... 179
barrier .............. 220, 248, 326 Matlab”program ............. 185¢
clagsifier .................. 86, 142 GOLDMAN-TUCKER theorem 261, 296
CONCave .......... 53, 68, 81, 344ff GOLDSTEIN condition ........... 104
(€163 517> 52 GREENSTADT ........oouvinnn... 132
decision ................... 86, 142 update ... 137
dual ... 67, 305 GUIGNARD .« o oo 55, 365
indicator ..................... 214
isotone ............... 53, 179, 256
LAGRANGE ....... 47, 74, 238, 305 H
logodet ...l 323
logistic regression .............. 88 HADAMARD product ............ 248
objective . ...l 10, 15 HAN oo 27
penalty ................... 27, 215 algorithm ................ 228, 239
perturbation ................... 75 HAVERLY pooling problem ...... 361
sensitivity ............... 75, 206 Hessian ....................... 7, 36
separable ............... ... 348 form of a linear equation ..... 235
strictly /strongly reduced ...................L 176
antitone ......... 106, 112ff, 154 HESTENES—STIEFEL cg algorithm
concave ........ 53, 249, 283,344 . 26, 122
convex ......... 52f, 81, 249, 323 HKM-direction ................. 332
isotone ................. 182, 192 HOFFMAN ...t 346f

HOUSEHOLDER matrix .......... 176
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CONVEX .« vveeneennnnn 30, 44, 82 KELLEY ... 354
eHipSOid ....................... 96 ’S cutting plane a]gorithm 3557 362
hyperplane ............ 40, 76, 78, 85 kernel .. 178, 189, 194, 201, 238, 297
KHACHIYAN ... o 27, 241f
KKT
I conditions ... 46f, 60, 83, 167, 226
. points .. 47, 60, 188, 196, 202, 225
ice cream cone .................. 313 KLEE/MINTY . ..voeeennn .. 28, 241
ill-conditioned 181, 28, 156, 216, 232 KLEIBOHM ...t 345
inactive restriction ........... 44, 47 KREIN-MILMAN -+« + oo 343
indicator function ............... 214 KRYLOV SPACE -+« v v eeoeoe . 194
inequality constraints . 23, 38, 54, 67 KUHN ..o 23
inexact line search .... 106, 130, 230
infeasible interior-point algorithm 284
inner/scalar product L
...... 25, 39, 144, 301, 352
interior-point LAGRANGE .. vvvii i 22
algorithm, method dual function................... 67
444444 28, 242, 264, 284 dual problem.....66f, 71, 85f, 306
for quadratic optimization .. 289 duality ...l 66, 71
primal-dual ............ 224, 263 function ............ 27, 47, 67, 74
condition ................ 248, 253 augmented .................. 238
interior penalty method ......... 220 multiplier rule/method 22f, 37, 47
inverse barrier function ......... 221 ~NEWTON method ........ 27, 226
IPC interior-point condition .... 248 WILSON’S + v vveeeeeaeaanns 200
isoperimetric problem ............ 21 ~NEWTON SQP method ...... 202
isotone .............. ol 53, 166 Lagrangian .......... 47, 58, 74, 225
augmented ......... ... ... 238
function ....................... 67
J least change
. principle . ...... ...l 132
Jacobian ...... 37, 119, 199, 252, 298
. . secant update ................ 132
jamming ... 191 least squares
JOHN i 23, 370 B e 23
method, problem ..... 29, 118, 209
K problems, nonlinear ............. 6
LEVENBERG .......coooiiin... 24
KANTOROVICH .. ..o, 23 LEVENBERG-MARQUARDT
eqUAlity .. ...oovveeennn... 101 direction ............. ... ... 112
KARMARKAR oo oeoe o 27, 241f method ....................... 120
KARUSH .ot 23 trajectory ............... 112, 148
KARUSH-KUHN-TUCKER lifting .......................... 335

conditions .... 14, 46, 51, 167, 371

line search .... 98, 130, 138, 144, 202
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exact ....... ... ... 100, 104, 122 matrix
inexact .................. 106, 230 FROBENIUS ................... 155
linear maximizer .............. 69, 245, 308
CHEBYSHEV approximation ... 2, 4 maximum norm . ....... 4, 8, 53, 149
constraint ............. ... L. 15 MCCORMICK .......vn... 28, 65, 242
equality ........... 175, 186, 193 MEHROTRA predictor-corrector
GAUSS Approximation .......... 2 algorithm, method .......... 284 ff
independence c.q. (LICQ) 56, 83 Matlab® program ............ 288f
least squares problems .......... 2 merit function .............. 27, 233
optimization ......... 15, 152, 242 minimal
program, problem ...71, 151, 242f enclosing ellipsoid ............ 316
PrOgramming ................. 151 point ............. ..., 30, 39, 348
linearized problem, system . 331, 365 minimax problem 3 15
............. ,
linearizing cone ... ... 44, 50, 83, 368 minimizer ............... 30, 39, 308
LO linear optimization ......... 299 global ................ 58. 348. 369
local local ...vovreinn.. 36, 217, 366
minimizer ..................... 36 ..

o minimum ... 351
m%n?mum Tt 35¢ circumscribed ball ........ 14, 338
minimum point ................ 36 lobal 34 36. 341
sensitivity .......... i 7 EIODAL e .

logarithmic barrier logal ........................... 35
function ... 28, 221, 248f, 326, 337 p01.nt7 local .................. 36
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LORENTZ cone ... 270, 313, 337, 378 . ’ ' T
. MZ-family ............ ... 332
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—JOHN ellipsoid ................ 96
partial order .................. 301 N

necessary second-order condition 62
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Maple® optimization tools ...... 381 Newron Y 21

IWAR{&TOS effect ............ 232, 239 direction . 262, 264, 272f, 285, 292

marginal rate of change .......... 7 step ...... 239, 262f, 272, 282, 285
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least squares problem ........... 6 distance line fitting ............ 80
optimization ............. 213, 224 projection ............... 209, 266
70314 VA 2, 25,102, 144 projector ...l 190
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FROBENIUS ............. 1321, 300
matrix ... 106
maximum ............ 4, 8, 53, 149 P
normal
CASE .« ot 246 parameter
barrier .......... ... . ... 248, 295
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