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applied optimization, 3 Algorithm, 416

artificial cost function, 165
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artificial objective function, 165
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Augmented Lagrange Multiplier (BFGS), 317

(ALM), 349 Algorithm, 317
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B C++, 27
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basic feasible solution, 51 Cartesian space, 144
basic solution, 151 case sensitive, 32
basis, 152 Command Window, 29
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Bernstein basis, 462, 490 completions, 415
Bessel function, 97, 100 Conjugate Gradient Method, 310,
Bezier curve, 462, 490 324, 330
Bezier function, 490, 492 Algorithm, 310
Bezier function formulation, 506, Constrained Optimization, 485
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constraint functions, 8 discrete optimization, 403
constraints, 1 discrete optimization problem (DOP),
continuous optimization, 403 404
continuous relaxation, 407, 410 discrete variables, 22, 404
continuous variables, 22 doping, 459
converging, 25 drawHashMarks, 69
convex functions, 440 dual problem, 182
convexity, 439 Dynamic Programming, 422
convex polyhedron, 152
convex problems, 438 E
convex set, 152 edges, 415
corners, 23 Editor/Debugger window, 29
cost coefficients, 132 Elements of a numerical technique,
creating a program, 46 342
curve fitting, 249, 496 empirical tuning, 438
Cyclic Coordinate Descent, 299 entering basic variable, 157
enumeration cluster, 414
D equality constraints, 8
data handling’ 496 Euclidean, 10, 144
Davidon-Fletcher-Powell Method evolutionary computation, 457
(DFP), 313, 328, 331 evolutionary strategies, 458
Algorithm, 314 Exhaustive enumeration, 411
debugger’ 470 Algorithm, 412
degenerate basic variable, 189 Expansion of function, 359
degree of freedom, 142 expansion of the node, 415
derivative, 213 Exterior Penalty Function Method
descent function, 372 (EPF), 344
design, 2 Algorithm, 345
design optimization, 1
design parameters, 5, 6 F
design variables, 5 fathoming, 415
design vector, 5 feasible domain, 8
determinant, 140 figure, 71
digraphs, 422 Figure object, 119
dimension, 32 Fin design, 97
direct approach, 337 first forward difference, 214
direction based crossover, 460 first-order conditions (FOC), 227,
direct methods, 343 340
direct methods for constrained Flagpole design problem, 86, 251,
optimization, 354 390
Directory reports, 470 Fletcher-Reeves Method, 310
Direct Search Toolbox, 469 Flow near a rotating disk, 326, 504
Discrete Dynamic Programming formatting commands, 79
(DDP), 422 FORTRAN, 26
discrete optimal solution, 407 free discrete variable, 415
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functional equations, 422
function files, 36
function m-file, 41

G

Gauss-Jordan elimination, 145
general equality constrained problem,
238
general inequality constrained
problem, 245
Generalized Reduced Gradient
Method (GRG), 377
Algorithm, 380
generic mathematical model, 6
Genetic Algorithm (GA), 457, 469
Algorithm, 458, 461
Chromosomes, 459
Crossover operators, 460
Evaluation, 459
Fitness and Selection, 459
Genetic operators, 459
Immigrants, 461
Mutation, 461
Genetic Programming (GP), 458
geometrical constraints, 429
Getting started, 470
global minimum, 439
global optimum, 414, 437
global optimum solution, 418
global optimization, 344, 437
Golden Section Method, 276
Algorithm, 276
gradient, 214, 217
gradient based methods, 306
Gradient Phase, 383
Gradient Projection Method, 384
graphical solution, 25, 70
GUI, 27, 470
GUIDE, 470

H

handle, 72, 119

Handle Graphics, 71, 118
hat function, 501

Help, Help Navigator, 470

Hessian, 220

heuristic methods, 409
History window, 30
Hybrid Mathematics, 489

I-beam design, 13, 394, 427, 485

inactive constraints, 10

inconsistent set, 139

Incumbent solution, 416

indirect approach, 337

inequality constrained optimization,
239

inequality constraints, 9

infeasible, 70

infinite solutions, 138, 153

integer optimization problems, 405

Integer Programming (IP), 405

integer variables, 22

interstage coupling, 329

iso-surfaces, 107

iterations, 23

J

Java, 27
Jacobian, 219, 257

K

knapsack problem, 431
Kuhn-Tucker conditions, 248, 337,
340, 438

L

Lagrange multipliers, 231, 235, 247
Lagrangian, 231

least squared error (LSE), 496
leaving basic variable, 158

linear combination, 460
linearization, 354

linearly dependence, 140

linearly dependent, 138

linearly independent, 5,9, 69, 137
linear programming, 130, 481
linear programming problem, 17
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local minimums, 439

Macintosh, 27

mathematical model, 3

mathematical programming, 130,
203

MATLAB, 27

MATLAB plot editor, 73

MATLAB Profiler, 470

maximization problem, 7

Method of Lagrange, 231, 240

metric, 314

m-files, 30

minimization problem, 7

minimum set of variables, 5

Mixed Programming Problems (MP),
405

M-lint code checker, 470

Modified Newton’s Method, 321

Algorithm, 321

move limits, 368

multidisciplinary design, 7

multidisciplinary optimization
(MDO), 2,7

multiobjective, 7

multiple objective design, 7

multistage, 414

N

NaN, 328

n-dimensional space, 144

necessary conditions, 230, 232, 239,

242, 263, 292

Newton like methods, 313

Newton-Raphson, 266, 321
Algorithm, 267

nodes, 415, 423

non-basic variables, 151

non convex, 152

nonlinear problems, 23

Nonlinear Programming (NP), 203

nonlinear programming problems, 17

non-negative design variable, 135

INDEX 523

non-singular, 141
normal maximum problem, 182
normal minimum problem, 183
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objective function, 7

operators, 33

optimget, 471

Optimization, 1

Optimization Toolbox, 27, 449, 456
Optimization Toolbox Demos, 470
optimset, 471

optimtool, 472

Optimum, 1

Optimum Bezier solution, 497
optimum solution, 152

OPTION structure, 479

P

Parametric Bezier curves, 490

partial solutions, 415

Pascal, 26

path problems, 422

Pattern Search, 299
Algorithm, 299

penalty function, 343

period, 33

Phase I, 165

Phase II, 165

pivot row, 156, 158,

Plot editor, 73

Polynomial Approximation, 271

Powell’s Method, 302
Algorithm, 303
conjugacy, 305

primal problem, 182

problem formulation, 3

programming language, 26

pruned, 416

Q

quadratic convergence, 303, 313
quadratic programming (QP), 482
Quasi-Newton, 313
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R

Random Walk, 296, 324
Algorithm, 296

rank, 141

rank of a matrix, 142

reduced gradient, 379

Reduced Gradient Method, 377

reduced model, 411

redundant, 139

regular points, 256

relaxation, 407

Restoration Phase, 383, 385

root, 416

root finding, 261

Rosenbrock problem, 323

rounding, 404

S

scaling, 17, 257, 219
scaling the constraints, 257
scaling variables, 257
Scan and Zoom, 294, 324, 327, 330,
454, 456
Algorithm, 295
script m-file, 30
search directions, 25
second derivative, 215
second order conditions, 228
sensitivity analysis, 195
sequential decision problem, 422
Sequential Gradient Restoration
Algorithm (SGRA), 383
Sequential Linear Programming
(SLP), 363
Algorithm, 364
Sequential Quadratic Programming
(SQP), 369
Algorithm, 373
Stepsize calculation, 372
Sequential Unconstrained
Minimization Techniques
(SUMT), 343
Algorithm, 386
Gradient Phase, 384

Restoration Phase, 385
Stepsize, 385
shipping container, 106
shortest path, 423
side constraints, 10, 429
simple table, 156
simplex method, 131, 154
Simulated Annealing (SA), 445
Algorithm, 445
Numerical experiments, 450
single objective optimization, 8
single variable problem, 429
singular, 141
slack variable, 133, 164
slope, 214
stages, 422
standard format, 10, 13
standard format—discrete
optimization, 410
standard format (LP), 133
standard primal problem, 182
state of design, 5
state of system, 5
states, 422, 423
Steepest Descent Method, 306
Algorithm, 307
stepsize, 25, 262
sufficient conditions, 230, 245, 263,
292
surplus variable, 164
symbolic computation, 204
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Taylor series, 221, 359

Taylor’s theorem/series, 221

terminated, 416

third derivative, 215

Three dimensional flow near a
rotating disk, 326

tolerance, 269

tournament selection, 459

transportation problem, 162

tree structure, 415

two-dimensional flow entering a
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two-point boundary-value problem,
283
type definition, 32

U

unbounded solution, 154

unconstrained optimization, 484

unconstrained optimization algorithm,
343

unconstrained optimization problem,
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unimodal, 439

unique solution, 153

unit vectors, 144

univariate method, 299

UNIX, 27

INDEX

unknowns, 5
User’s guide, 470
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Variable metric Methods (VMM),
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vector, 0, 25, 144, 217

Visual Basic, 27
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Windows 27
weakening, 407
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Zero-order methods, 294
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