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bilevel and multilevel programming, xii
bilevel mixed-integer linear problems, 129
bilevel programming, 129

bilevel mixed-integer linear problems,
129

bilevel programming with uncertainty,
138

feedback Stackelberg solution, 131
mixed-integer bilevel programming, 140
quadratic bilevel programming, 132

branch and bound approach, 56
dominance criterion, 58
infeasibility criterion, 58
integrality criterion, 58
redundant constraints, 58

branch and bound (B&B) algorithms, 99

capacity and shutdown planning, 263
capacity balance, 272
capital investment, 275
capital investment—distribution network,

276
capital investment—forecourt stations, 276
centralized production sites and

technologies, 269
capacity balance, 270
feedstock availability, 271

comparison procedure, 29, 45
complexity analysis, 168
critical region

infeasible corner, 28, 44
vertices, 50

critical regions
polyhedral regions, 102

design optimization of nonlinear convex
systems, 214

distribution constraints, 273
distribution network, 272, 290

dynamic programming, 151
constrained dynamic programming, 156
multistage decision problems, 151

electricity grid, 261
energy and environmental analysis, 255

biomass, 256
fuel cell vehicles, 255
fuel cells, 255
hydrogen, 255
natural gas, 256
renewable sources, 256
solar energy, 256

environmental considerations, xiii
environmentally conscious process selection,

261
expected stochastic flexibility, 195
expected stochastic flexibility of linear

systems, 192
explicit functions, 151

feasibility conditions, 158
flexibility analysis, 175
flexibility analysis of process systems, xiii
flexibility test and index, 175, 193, 198,

200
design optimization of linear systems,

184
feasibility function problem, 176
flexibility index, 178
flexibility test and index problems, 177
multiparametric linear program (mp-LP),

176
flexibility test and index for convex nonlinear

systems, 206
flexibility test and index for nonlinear

nonconvex systems, 220
forecourt markets, 290
fuel cell vehicles, 304

Multi-Parametric Programming. Edited by E. Pistikopoulos, M. Georgiadis, and V. Dua
Copyright © 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
ISBN: 978-3-527-31691-5



308 Index

GHG emissions, 288
greenhouse gas emissions, 290
greenhouse gas emissions objective

function, 279

heat exchanger network (HEN), 197, 221
hierarchical decision planning, 231, 242
hydrogen infrastructure, 256

carbon-based, 257
compressed gas, 257
compressed gaseous tube trailers, 257
distribution, 257
gasification of solids, 257
hydrogen infrastructure technologies,

257
hydrogen pipelines, 257
liquid dispensing, 257
liquid truck, 257
metal hydrides, 257
on-site electrolysis, 257
on-site reforming, 257
primary energy feedstock, 257
refuelling, 257
refuelling and small-scale production,

257
steam methane reforming, 257
storage, 257
supply chains, 258

hydrogen infrastructure development, 261
hydrogen model, 265
hydrogen network model, 262
hydrogen Pareto curve, 292
hydrogen pipeline delivery network, 297
hydrogen supply chain networks, 263
hydrogen supply chains, 304

infeasible region, 69

life cycle GHG emissions assessment, 281
linear independence constraint qualification,

8
liquid hydrogen distribution, 261
long-range planning and design, 304

material design, 229
material design under uncertainty, 246
mathematical programming, 260
mixed-integer formulations, 73

applications, 73
decomposition strategy, 74
integer cut, 74, 77, 82
parametric cut, 74, 77, 82

mixed-integer linear programming problem,
232

mp-QP algorithm, 10
multifollower programming, 129
multilevel programming, 129

decentralized optimization problems,
142

multifollower programming, 129
three-controller multilevel problem, 143
three-level programming problem, 144

multiobjective MILP, 280
multiobjective optimization, xi
multiobjective optimization framework,

295
multiobjective optimization techniques,

304
multiparametric linear and quadratic

programming, 3
computational complexity, 16

polyhedral region, 10
redundant constraints, 10
rest of the region, 10

crude oil refinery, 4
feasibility condition, 10

active inequalities, 10
inactive inequalities, 10
optimality condition, 10

Karush–Kuhn–Tucker (KKT) optimality
conditions, 7

model-based predictive control, 15
multiparametric linear program (mp-LP),

11
parametric programming, 4
sensitivity analysis, 4

multiparametric linear and quadratic
programs, xii

multiparametric linear programming
formulation, xii

multiparametric mixed-integer nonlinear
programming, 73

mp-MINLP algorithm, 80
primal subproblem, 81
solution of example, 90
steps of the algorithm, 84

multiparametric mixed-integer quadratic
programming, 73

envelope of solutions, 78
formulation, 75
master subproblem, 76, 82
primal subproblem, 76
redundant profiles, 78
solution of example, 85
steps of the algorithm, 80
strategy for the solution of the master

subproblem, 77
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multiparametric nonconvex programs, xii
multiparametric nonlinear programming,

25
algorithm, 27
convexity, 25
formulating a mp-NLP problem, 26
formulation, 25
lower bounds, 27
solution of example, 31
steps of the algorithm, 30
strategy for solution of problems, 26
upper bound, 27

multiparametric nonlinear programming:
open issues

algorithm for explicit solution of optimal
optimization variables, 38

degenerates, 38
generalization of methodology, 42
global optimization, 36

multiparametric programming, xi
multiple performance indicators, 261
multipurpose processes, 206

natural gas distribution network, 261
NPV, 288

operating the entire network, 277
optimal degree of flexibility, 194
optimality conditions, 158

parametric and integer cuts, 62
multiparametric LP subproblem, 63
multiparametric MILP algorithm, 65

parametric global optimization, 99
convex overestimators, 102
convex underestimators, 102
global optimization, 99
mp-NLP, 119
multiparametric convex nonlinear

programs, 102
multiparametric global optimization

algorithm, 118

multiparametric mixed-integer nonconvex
programming, 118

multiparametric nonconvex nonlinear
programming, 103

parametric mixed-integer linear
programming, 53

integer programming, 54
mixed-integer linear programming, 53

parametric nonconvex and nonlinear
optimization, 99

parametric variability, 9
Pareto sets, xi
performance index, 265
piecewise affine, 11
piecewise quadratic, 11
planning horizon, 261
process planning, 229, 230
process planning and design, xiii
process planning under uncertainty, 232
production planning, 265

redundancy test, 45, 48
refuelling technologies, 274
rest region, 30, 45
RHS uncertainty, 25, 74

second-order sufficiency conditions, 8
stochastic flexibility, 199, 202
stochastic flexibility of linear systems, 186

Gauss–Legendre quadrature points, 188
stochastic flexibility of nonlinear convex

systems, 216
strategic investment planning, 263
strict complementary slackness (SCS) holds,

8
supply chain design, 263
supply chain optimization problem, 238
supply chain planning, 231, 235

target flexibility index, Ft, 195

uncertainty, xi


