ERE - E

= 23

- 23

OT 22

v 14

3 122

S™ 23

fr = f(zr) 29

Ve = Vi@ 29
Vifr = V2 f(zr) 29
bd 101

cl 101, 124

co 99

cone 103

det 22

diag(-) 22

dom 108

epi 109

int 101

rank 22

ri 102

tr 22

B XX

Armijo (7 37K) D5 (Armijo con-
dition) 38

Armijo (7 )V 3 7K) ®F7 (Armijo rule)
39

BFGS 23 (BFGS formula) 51, 54

Carathéodory (#1774 N1)) O
(Carathéodory’s theorem) 100

Cauchy (22— —) i1 (Cauchy point)
60

Cholesky (I L X% —) 47f# (Cholesky
decomposition, Cholesky factoriza-
tion) 188

C™ #% (class C™) 24

Dennis-Moré (7= A—E L) D5
(Dennis-Moré condition) 55

DFP A3 (DFP formula) 51, 54

Euclid 1Y Jordan i (Euclidean Jor-
dan Algebra) 231

Euclid (=721 v F) /L aflx/ML
fili# (Euclidean norm minimization
problem) 220

Euler (44 7 —) MJi (Euler buckling)
251

Euler (44 7 —) /5 (Euler equation)
238

Euler-Lagrange (44 7——7 75 > 1)
7% 3 (Euler-Lagrange equation)
238

Farkas (7 7 )V /1 A) O (Farkas’
lemma) 121, 153

Fenchel-Legendre (7 = ¥ ¥ = V- ¥ ¥
v F)V) 253 (Fenchel-Legendre
transformation) 123

Fenchel-Young (7 =¥ ¥z V=Y > 7)) D
ARE R (Fenchel-Young inequality)
123

Fenchel (7= > ¥ x)V) BUSERE (Fenchel
duality theory) 136

Fenchel (7 = > ¥ x)b) BUFHE (Fenchel
dual problem) 132

Fenchel (7 = >~ ¥ = )V) 23 (Fenchel
transformation) 123

Fischer-Burmeister (7 4y ¥ v —-=77
~ A X% —) B# (Fischer—
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Burmeister function) 96

Friedrichs (71 — N1 v 7 &) 24
(Friedrichs transformation) 256

Green (7)) — ) ®23 (Green’s for-
mula) 246

Hamiltonian (/NI )V F =7 ) 241

Hamilton (/>3 )V b ») F#5 (Hamil-
ton’s equations) 241

Hesse (v 1) 1751 (Hessian) 24

Jensen (f = ¥+ ) OARLEX (Jensen’s
inequality) 109

Karush-Kuhn-Tucker (7 )V — 3 2—
Fa—r-%v =) FMH (Karush-
Kuhn-Tucker condition) 69

KKT 4fF (KKT condition) 69

Lagrange (777 ¥ =) ¥k
(Lagrangian) 64, 69, 137

Lagrange (7 77 » ¥ 1) 4 (Lagrange
multiplier) 64, 69, 137

Lagrange (7 77 » ¥ o) ik
(Lagrange multiplier method) 63

Lagrange (7 7' 7 » ¥ 2) Butii#E (La-
grangian dual problem) 138

Lagrange (7 77 v ¥ 2) OXE R
(Lagrange’s method of
undetermined multipliers) 63

Lagrangian (777 Y7 ) 240

Laplace (7 77 A) Ji#3X (Laplace’s
equation) 247

Legendre (V¥ ¥ > F)b) D5A} (Legen-
dre condition) 248

Legendre (V3 ¥ ~ F)b) ZHf (Legendre
transformation) 123

Lipschitz (U 73 v ) i 42

Lorentz (H— L ) 4t (Lorentz cone)
216

Lyapunov (V) 7 7"/ 7) %% (Lyapunov
function) 206

Lyapunov (1) 7 7"/ 7) A5
(Lyapunov inequality) 206

Mangasarian—Fromovitz (¥ > 1) 7

YT HEY 4y ) HIFEE
(Mangasarian—Fromovitz constraint
qualification) 68

Markov (%2 7) ## (Markov chain)
213

Minkowski (3 27 A% —) fll 106

Newton (Z=x— F ») OEH A (New-
ton’s equation of motion) 240

Newton (== — F ») % (Newton
method) 44

oE— 45
MBI EAOMEL LTO— 44

Newton (== — P} >) Jf] (Newton di-
rection) 44

Newton (== — b} >) Jif#H (Newton
equation) 44

Pareto (7L — ) i fif (Pareto opti-
mal solution) 19

Perron—Frobenius (\XH >~ 7 AN Z)
D5 (Perron-Frobenius theorem)
214

Poisson (R 7V ) Ji#E3 (Poisson’s
equation) 247, 262

Q K% (Q-order of convergence) 31

Rayleigh (L A ') —) 7 (Rayleigh quo-
tient) 209

Ritz (U v V) % (Ritz method) 265

R K% (R-order of convergence) 31

Schur (¥ 2 —7) O#iIG (Schur comple-
ment) 191

Sherman—Morrison-Woodbury (¥ ¥ —
JY—FEY V-7 FRY =) DA
(Sherman—Morrison—Woodbury for-
mula) 54

Slater (2 L —% —) ffill#y85& (Slater con-
straint qualification) 68

SQP = sequential quadratic program-
ming — &K 2 KeFlik:

SUMT = sequential unconstrained min-
imization technique — %Kl
NS



S il (S-lemma) 193

Taylor (74 7 —) O%H (Taylor’s the-
orem) 34

Wolfe (7 v7) BUSTI#E (Wolfe dual
problem) 141

Wolfe (7 )V 7) D5 (Wolfe condition)
38

Young-Fenchel-Moreau (v ¥ 7'-7 =
v v )h—F 11 “*) PR (Young—
Fenchel-Moreau transformation)
258

Young (¥ > 7)) # (Young’s modulus)
9,127

Zoutendijk (V' =7 ¥ ¥4 ) O
(Zoutendijk condition) 42

& fr

TA VNG X ) v 7 B (isoparametric
element) 272

7 7 4 »44E (affine set) 101

7 7 4 >~ (affine hull) 101

7 I RDEM — Armijo D4

7 2 ARDJEE — Armijo D5k

# 15 (saddle point) 31, 138

#% 1 E P (saddle point theorem) 139

f vty DORER — Jensen DAL

1 KA (linear convergence) 31

1 RS AEE (linear independence
constraint qualification) 68

— A LEAERTE (generalized eigenvalue
problem) 208

P %oc 3 (implicit function theorem)
62

7V 7 BT RRE — Wolfe AU R

VT DS — Wolfe D5

TEH) /723 (equation of motion) 205

I¥ 7 77 (epigraph) 109

O BIDTEER XF VT 1 B — X
7 1 BA%

F A 7 — i — Euler &)

A4 7 =73 — Euler 71X

N 5l 283

A7 —-577 Y akEN — Euler—
Lagrange J#£5

[MRI%L (concave function) 108

/) (stress) 9, 126

)7 53#7 (regression analysis) 7

FIX[H (open interval) 22

F§%% (rank) 22

Hk Lagrange (77 7 » ¥ =) B (aug-
mented Lagrangian) 86

JiE Lagrange (7 77 v ¥ 1) B (aug-
mented Lagrangian method) 86

LR FERAERI L (extended real valued
function) 107

g7 77 v ¥ 2 B# — JLik Lagrange
[Eap

k7 77 > ¥ 2B — JIE Lagrange
B R

fif =< E1 M (stochastic programming
problem) 182

AR H I (cantilever) 243

71 b (cut) 210

T4 (lower semicontinuous) 110

H T T4 K1) OEHE — Carathéodory D
e

AN—=Ya-Fa—r-8vh—5Hk—
Karush-Kuhn-Tucker §ff

TR (complete system of func-
tions) 265

#EFIFTE (relaxation problem) 151, 212

HEMEYIF (reference element) 270

JEECS# (basic solution) 167

JENCA L (basic variable) 167

#HEMBI%L (pseudo-convex function)
116

HARBIF ST (essential boundary condi-
tion) 239

iR (coercive) 270

BiJt (boundary) 101



284 & 7l

554 fF (boundary condition) 237
HAR— 239
HA— 239
IRFEAHHE (strict complementarity)
157
A BIEL (strictly convex function)
115
DT fF (strict local optimal
solution) 14
i AU (strong duality)
MOEZRIBIREDO— 153
2 JKHEETHE O — 225
PIEEEEEREO— 194
5B 4L (strongly convex function)
116
P BIHL (conjugate function) 123
1753 (determinant) 22
TRBRFANT (limit analysis) 166
/M (local minimum) 26
H/NHITH (minimal surface) 20, 234
/5 (minimizing sequence) 269
AT (local optimal solution) 14
JRIFTRIR T (local convergence) 30
1§ (polar cone) 104
T Kf# (local maximum) 26
mILEIEL (polar functional) 258
FP45f#% (feasible solution) 3
4L #L (admissible function) 238
FFAYHIE (feasible set) 3
77 7 (graph) 210
7)) =Y DRA — Green DR
JEIKBI%L (shape function) 271
7 — L PE (game theory) 155
SR (catenary) 20, 253
% Newton (== — b ) i (damped
Newton method) 45
[% T 517 (descent direction) 36
HEHI (constitutive law) 127
W& # 1L (structural optimization)
10, 209
LI (gradient) 23

LG (gradient projection method)
71

I— 3 — i — Cauchy K

[E Gt i 8 L& (eigenvalue optimiza-
tion problem) 208

a L AF—43f — Cholesky 47

A EKFTE & (mixed integer pro-
gramming problem) 19, 150

IRAAHVERME (mixed complementarity
problem) 91

283 (mixing rate) 214

aAYTYAYE ) T RIVF —/MERE
(minimization problem of comple-

mentary energy) 258
s 17

W20 Tk (steepest descent method)
35, 39
I BB T 10) (steepest descent direction)
36
T4 2784 F (cycloid) 242
H/MERIAE (minimization problem) 4
H/IMERDJEFE (principle of least action)
240
HHif Tt (Brachistochrone curve, curve
of fastest descent) 235, 242
K7 FRTE (max-cut problem)
211
B RALMTE (maximization problem) 4
FERAL (reformulation) 96
i%iEf# (optimal solution) 3
IRFED IR PThEE (strict local —) 14
P f# (local —) 14
KIBf i #f# (global —) 14
Ix# b (optimization) 3
fed L& (optimization problem) 3
SEahilfoft & — 61
AEXHFF E— 66
IEf#)— 26
R PESM (optimality condition) 14,



130
1RO 31
FOERT R E O Rl Mg 157
FRHF T O%M 62
MBI D KIR Bl ST 131
Erfﬁﬁﬂﬁmjﬁﬁmﬁ‘liﬁﬁ::m1
2 ROFI5M 34
2 ROLEZM 33
AERHF T 05N 69, 74
W#AE (optimal value) 3
AERFAEL (test function) 265
H O AU (self-dual cone) 104
LFEBI%L (support function) 126
LHFEBTH (supporting hyperplane)
120
FEFXFLiE I E (facility location problem)
221
H #5541 (natural boundary condi-
tion) 239
HARETE S (natural coordinate system)
270
FATUBE (feasible) 13
FATTREME (feasible solution) 3
FAT I RESLILSF (basic feasible solution)
167
FAT U BETHIS (feasible set) 3
FEREFIH (effective domain) 108
FATABE (infeasible) 13
FEEAHBIZL (real-valued function) 23
4% (projection) 96
§5f# (weak solution) 265
553 (weak form) 265
98U (weak duality) 134, 138
MIERIIREO— 153
2 JEFTmREO— 225
PIEMFTMFEDO— 194
S (ray) 103
VA= Y—E) Y Y=y FRY—DRN
— Sherman—Morrison—Woodbury ®
AR
¥ 2 — 7 DHHIC — Schur DHIC

N 5l 285

H G5 (multiple regression analy-
sis) 8
IUHHFE (convergence rate) 30
LA # (convergence rate) 30
1 KIUH (linear convergence) 31
2 RIH (quadratic convergence) 31
Q K% (Q-order of convergence) 31
R X¥% (R-order of convergence) 31
8 1 KIUK (superlinear convergence)
31
EHEF/MTH5 (leading principal minor)
187
F/MTHI (principal minor) 187
F RGP (primal-dual interior-point
method) 171, 174
IERMIZRI I OME L LTO— 83
TP (primal interior-point method)
171, 172
FRIE (primal problem) 132
#E Newton (=2— I ) {# (quasi-Newton
method) 49
BFGS 23 51, 54
% 50, 54
DFP &3 51, 54
2 54
KAl (cycling) 169
#EMEI#L (quasi-convex function) 116
Wz 2 — M 3 — #E Newton &
UL (quasi-variational inequal-
ity) 94
Fe#4 ik (method of multipliers) 86
FEREERIHL (barrier function) 79
[RE/) S A — % (barrier parameter)
79
B (barrier method) 79
N2 (artificial variable) 170
B MBI (proper convex function)
110
¥ 7Ly 7 A (simplex method)
166
S (trust-region radius) 58
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{EHHFHIEE (trust region method) 57

#f (cone) 103

HERAfEEEATH (transition probability ma-
trix) 213

$EHLTR (perspective) 115

#EFT M N E (conic programming prob-
lem) 230

#4545 (conic combination) 103

SEMIZEN M (conic linear program-
ming problem) 230

FEfEER 3 (adjoint operator) 260

#E@ (conic hull) 103

X2 (pivoting) 168

B BEEE (mathematical programming)
3

BIEETHEE (mathematical programming)
3

A =1 ¥ 7 (scaling) 199

AT v 7§ (step length) 28

AT v 7% (slack variable) 145

AL =% —#l#E — Slater HlIFRE

ERfE 72 RS (exact line search) 37

EMfE 72~ F VT 1 BI%L (exact penalty
function) 78, 82

RETHEFE (integer programming
problem) 18, 150

0-1 — 18
e— 19

HAHL (integer variable) 19

IE7 K BI%L (positively homogeneous
function) 126

IEEH (positive definite) 23

ll#y (constraint) 3

EX— 26
IFE— 144
FEHRE— 68
AEEA— 26

fe— 68
Hll#BI%L (constraint function) 26
#4857 (constraint qualification) 68
Mangasarian-Fromovitz — 68

Slater — 68
1R — 68

M & LR E (constrained opti-
mization problem) 18

7~ M5t (secant condition) 51

$%# (tangent cone) 106

X7 MV (tangent vector) 106

0-1 ZX4ETEME (0-1 integer program-
ming problem) 18

Y Oflr — 4 (zero-sum game) 155

W% 52 (asymptotically stable) 205

HIATHIAR S (linear matrix inequal-
ity) 190

FIZETM (linear programming) 17

I (linear programming) 17

FIZETHERE (linear programming prob-
lem) 16, 143

HIREANZE > AT 4 (linear time-invariant
system) 205

MOIEHIRY 2 REFHIFE (linearly con-
strained convex quadratic program-
ming problem) 180

FIZAHFTERTE (linear complementarity
problem) 17, 91

AFFRL5 (universal quantifier) 14

ERT VY X VT RIVF = /MU (mini-
mization of total potential energy)
223

MBI E% (biconjugate function) 124

B EII#) (hyperbolic constraint)
220

AHXF IR (relative interior) 102

AFHE (dual cone) 104

BOtE (duality) 134

BUFESF v 7 (duality gap) 134

RO PEZAE (duality transformation)
259

BUt AR (dual simplex method)
170

RO (dual interior-point method)
171



Bt/ v 4 (dual norm) 126
BUH T (dual problem)
HOERTHED— 151
™ 2 REFEIREO— 180
2 KRNI O— 218
PIEEERIE I EO— 189
A PERI %L (complementarity function)
96
MHTE > A 7 4 (complementarity sys-
tem) 93
AtfMESE M (complementarity condition)
69, 157
A TERM T (complementarity problem)
90
V=T ¥4 7 DM — Zoutendijk D
St
fE{ERL % (existential quantifier) 122

KIFHi#1L (global optimization) 28

KIFH i % (global optimal solution)
14

KILIUHE (global convergence) 30,
41

KK 1 KIKE: (global linear conver-
gence) 30

S5—7847 (first variation) 239

1At (degenerate) 167

X 44741 (diagonal matrix) 22

HFATH (symmetric matrix) 23

X HRE (symmetric cone) 231

X PREERT M I (symmetric conic pro-
gramming problem) 231

xR E OMIEETHIRTE (linear program-
ming problem over symmetric cones)
231

X EBERERIEL (logarithmic barrier func-
tion) 83

557847 (second variation) 248

ZIEA R 7 )V T X L (polynomial-time

N 5l 287

algorithm) 30, 172
%1 (polyhedral cone) 105
Z1fi{k (polyhedron, polytope) 102
% H i LRI (multi-objective opti-
mization problem) 19
HAZATH (identity matrix) 22
HRFE 1) (search direction) 28
W4 (extreme ray) 105
Bk (elasticity) 127
B4R (simplex method) 166
HHH (monotone) 91, 113
HERA AL (monotone complemen-
tarity problem) 91
¥ii 1. (extreme point) 105
BR 2 KETHRZE (sequential quadratic pro-
gramming) 81
BRI K I/ MEE (sequential uncon-
strained minimization technique)
79
FLMEJ5 1A (centering direction) 176
AL iR (central path) 173
1 RIUK (superlinear convergence) 31
THEL (vertex) 102
BT (hyperplane) 119
IHF& (direct product) 22
B3 (direct method) 268
EHZEZ (line search) 37
Armijo D h{E 39
Armijo D% 38
Wolfe D% 38
Zoutendijk D&M 42
A% — 37
N7 NTy ok 39
#1463 (force-balance equation) 165
747 —DEH — Taylor DEH
{8 %% (stationary function) 238
&84 1. (stationary point) 31, 130
HA4AT (constitutive condition) 165
7= A—E L D% — Dennis-Moré D5
(a8
L1741 (transposed matrix) 22
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BRI (derivative) 24

A HI# (equality constraint) 26

FAHFIT S B LR (equality-
constrained optimization problem)
61

EEHEY (standard form) 144

88 (homogeneous cone) 231

EJHME (isoperimetric problem) 252

IMEHT (convex analysis) 99

MPBIZL (convex function) 108

kv 7Ly 7 (dogleg method) 60

METHEI I (convex programming prob-
lem) 15,131

M# & (convex combination) 100

i LI (convex optimization prob-
lem) 131

M4EA (convex set) 99

"M (convex cone) 103

M 2 KEFHIERE (convex quadratic pro-
gramming problem) 17, 180, 192

™ 2 KHil# (convex quadratic constraint)
193, 220

@ (convex hull) 99

k7 A (truss) 9

b L —2R (trace) 22

AN# (inner product) 22
fiso— 22
M (interior point) 101
P HFEATTTBEf% (interior feasible solu-
tion) 171, 194
M T (interior-point method)
W R T OMNEE 79
HOZRHI O & L ToME 171
IERMIZRT I OME L L TONRE 83
M#B (interior) 101
2 KUK (quadratic convergence) 31
2 K (second-order cone) 103, 216
2 REEFETE R (second-order cone pro-

gramming) 217

2 JHEiF) (second-order cone constraint)
193, 216

ZFIR—EH (theorem of alternatives)
122

2 BREHLARTE (two-phase simplex method)
170

Za— b roEg R — Newton D3
Bt

—a— b — Newton i

= a— b Y71 — Newton J7[i]

Za— bR — Newton HHEI

v b7 — 7 Bk (network simplex
method) 171

/v (norm) 22

p e/ VA (p-norm) 103

NA 7)) v B A7 L (hybrid system)
93

F14:F9%L (penalty function) 75

N 7 b7 v 7 (backtracking approach)
39

N3V b =7 » (Hamiltonian) 241

NIV by JEA — Hamilton 2R

N 7 BI%L (barrier function) 79

/8L — MRiEff — Pareto iiEM

JLBA%L (functional) 233

221 (half space) 119

JIEEMH (positive semidefinite) 23

FIEEMATHIOHE (cone of positive
semidefinite matrices) 104

FIEZEETWEE (semidefinite program-
ming problem) 185

FIEEHEHIF (positive-semidefinite con-
straint) 186

S (iterative method) 28

%L (comparison function) 238

LA TN (nonbasic variable) 167

O A (strain) 126



O AL )V F — (strain energy) 127

JEHIEZRTH (nonlinear programming)
26

JERIZEHEIRTE (nonlinear programming
problem) 17, 25

FETARHPERTE (nonlinear complemen-
tarity problem) 91

IR X (nonlinear equation) 44

JEBfL (nondegenerate) 167

IERILIE (nondegeneracy assumption)
168

S 2 KETHEME (nonconvex quadratic
problem) 213

JEAHIF (nonnegative constraint)
144

WA ] BeIR #LRTE (nonsmooth opti-
mization problem) 18

FEAEZ 72 % (inactive constraint) 68

TURBIZL (indicator function) 110

7 7V H ADHE — Farkas OFfiE

TAy =TT IAAY — B —
Fischer—Burmeister %

7 4 )V % ik (filter method) 78

7 =Y 2 IVAGTERM — Fenchel AGTERE

7 2 VAT — Fenchel AURTHIRE

7 x vy o )VER — Fenchel Z54

Ty TN v T OAR%ER — Fenchel-
Young DA

fHii74efF (subsidiary condition) 251

AR (inequality constraint) 26

AREER AT & (L (inequality-
constrained optimization problem)
66

ANE) R (fixed point) 94

#h5rIH#E (subproblem) 81

71— F1) v 7 A% — Friedrichs 25t

53 BiEBF-1H (separating hyperplane)
119

SrHEE . (separation theorem) 120

X (closed interval) 22

S 5. (equilibrium point) 205
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MIELMBI%L (closed proper convex func-
tion) 111

MIMEI%L (closed convex function) 111

PN (closed convex cone) 103

PN, (closed convex hull)

MEo— 124
M (closure)

MEo— 124
E4H5D— 101

N7 PIVEREL (vector-valued function)
24

A~ 2475 — Hesse 1751

ST 4 B (penalty function) 75

O WO IEFER— 78
IEffEzR— 78, 82

RFNVT 4737 A—4% (penalty parame-
ter) 75

~F VT 4 % (penalty method) 75

NE -7 aNZY ZADEH — Perron—
Frobenius O EH#

2244 (variable function) 233

2245 (variation) 238

2535 EL (variational derivative) 238

Loy AN (variational inequality) 93

2543 (calculus of variation) 233

oL O IR (fundamental lemma
of the calculus of variations) 236

245 W (variational problem) 20, 233

A7V v JifE — Poisson HFEN

Ji a3 4% %% (directional derivative)
118

i (normal cone) 107

#iBhME (auxiliary problem) 170

A=+ 7+ ) F i {LRI#E (portfolio op-
timization problem) 182

fifi 0§ A L4 )L F — (complementary
strain energy) 127

¥ 17

~ )V a7 #EH — Markov #EH
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YA T T U Ay VR EE
— Mangasarian—Fromovitz ffill %8
E

I=v v 7 A% (minimax theorem)
157

337 A% —Fl — Minkowski FI

#E[1 7”7 7 (undirected graph) 210

M e LI (unconstrained opti-
mization problem) 18, 26

Ay M EIEL (merit function) 78, 82

M (face) 102

HYBI%L (objective function) 3

» 7

Y77y U=
Young-Fenchel-Moreau %

Y ¥ 7% - Young ¥

FBRZEF L (finite element method)
269

HRHFKID: (active set method) 71, 181

B % H# (active constraint) 68

2=y FIY a V¥ AU — Buclid
1y Jordan %%

=2y F )V AFEAMEEE — Eu-
clid / )V 2 /M

% W& (transportation problem) 5

775 Y7 v (Lagrangian) 240

77 v 2 {¥ — Lagrange M%

777 T 2K — Lagrange Jefk
77 v T 2 MoTHE — Lagrange AU

[HEE

777 A )R — Laplace HEE

7 ¥ 7 (rank) 22

)77 7% — Lyapunov B%

)77 7RG — Lyapunov A%

MR AL (discrete optimization) 4

1) v vk — Ritz

% (ridge) 102

VY x v VDS — Legendre O 51t

VT v v PV — Legendre 25t

L A4 —74 — Rayleigh 4

AL (subgradient) 117
NE%D— 258

%55 (subdifferential) 117
PEED— 258

L NVEES (level set) 116

J##t (continuous) 111

siftic# L (continuous optimization)
4

JLAE 3 BB (continuously

differentiable) 24
32 EL (continuous variable) 18
7 J7 22 (simultaneous equations)
27

u—1 » Vit — Lorentz #f

TN Mg# LR (robust optimization

problem) 222



