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convex optimization problems arise frequently in many different fields this book
provides a comprehensive introduction to the subject and shows in detail how
such problems can be solved numerically with great efficiency the book begins
with the basic elements of convex sets and functions and then describes various
classes of convex optimization problems duality and approximation techniques
are then covered as are statistical  estimation techniques various geometrical
problems are then presented and there is detailed discussion of unconstrained
and constrained minimization problems and interior point methods the focus of
the book is on recognizing convex optimization problems and then finding the
most appropriate technique for solving them it contains many worked examples
and  homework  exercises  and  will  appeal  to  students  researchers  and
practitioners  in  fields  such  as  engineering  computer  science  mathematics
statistics finance and economics

this  book  constitutes  the  refereed  proceedings  of  the  8th  international
conference on principles and practice of constraint programming cp 2002 held in
ithaca ny usa in september 2002 the 38 revised full  papers and 6 innovative
application papers as well as the 14 short papers presented toghether with 25
abstracts from contributions to the doctoral program were carefully reviewed
and selected from 146 submissions all current issues in constraint processing are
addressed ranging  from theoretical  and foundational  issues  to  application  in
various fields

this is a long overdue volume dedicated to space trajectory optimization interest
in the subject has grown as space missions of increasing levels of sophistication
complexity  and  scientific  return  hardly  imaginable  in  the  1960s  have  been
designed and flown although the basic tools of optimization theory remain an
accepted canon there has been a revolution in the manner in which they are
applied and in the development of numerical optimization this volume purposely
includes a  variety of  both analytical  and numerical  approaches to trajectory
optimization the choice of authors has been guided by the editor s intention to
assemble  the  most  expert  and  active  researchers  in  the  various  specialities
presented the authors were given considerable freedom to choose their subjects
and although this may yield a somewhat eclectic volume it also yields chapters
written with palpable enthusiasm and relevance to contemporary problems

this text presents linear and nonlinear programming in an integrated setting and
serves  as  a  complete  and  unified  introduction  to  applications  theory  and
algorithms

as optimization researchers tackle larger and larger problems scale interactions
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play an increasingly important role one general strategy for dealing with a large
or difficult problem is to partition it into smaller ones which are hopefully much
easier  to  solve  and  then  work  backwards  towards  the  solution  of  original
problem using a solution from a previous level as a starting guess at the next level
this volume contains 22 chapters highlighting some recent research the topics of
the chapters selected for this volume are focused on the development of new
solution  methodologies  including  general  multilevel  solution  techniques  for
tackling  difficult  large  scale  optimization  problems  that  arise  in  science  and
industry applications presented in the book include but are not limited to the
circuit  placement  problem  in  vlsi  design  a  wireless  sensor  location  problem
optimal dosages in the treatment of cancer by radiation therapy and facility
location

this  volume  presents  proceedings  from  the  ams  short  course  trends  in
optimization  2004  held  at  the  joint  mathematics  meetings  in  phoenix  az  it
focuses  on  seven  exciting  areas  of  discrete  optimization  in  particular  karen
aardal describes lovasz s fundamental algorithm for producing a short vector in a
lattice by basis reduction and h w lenstra s use of this idea in the early 1980s in his
polynomial time algorithm for integer programming in fixed dimension aardal s
article lucid presentations of the material it also contains practical developments
using computational tools bernd sturmfels article algebraic recipes for integer
programming  discusses  how methods  of  commutative  algebra  and  algebraic
combinatorics can be used successfully to attack integer programming problems
specifically grobner bases play a central role in algorithmic theory and practice
moreover  it  is  shown that  techniques  based on short  rational  functions  are
bringing new insights such as in computing the integer programming gap overall
these  articles  together  with  five  other  contributions  make  this  volume  an
impressive compilation on the state of the art of optimization it is suitable for
graduate students and researchers interested in discrete optimization

detailed review of optimization from first principles supported by rigorous math
and  computer  science  explanations  and  various  learning  aids  supported  by
rigorous math and computer science foundations combinatorial and algorithmic
mathematics  from  foundation  to  optimization  provides  a  from  scratch
understanding to the field of optimization discussing 70 algorithms with roughly
220 illustrative examples 160 nontrivial end of chapter exercises with complete
solutions  to  ensure  readers  can  apply  appropriate  theories  principles  and
concepts when required and matlab codes that solve some specific problems this
book helps readers to develop mathematical  maturity including skills  such as
handling  increasingly  abstract  ideas  recognizing  mathematical  patterns  and
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generalizing  from  specific  examples  to  broad  concepts  starting  from  first
principles  of  mathematical  logic  set  theoretic  structures  and  analytic  and
algebraic  structures  this  book  covers  both  combinatorics  and  algorithms  in
separate  sections  then  brings  the  material  together  in  a  final  section  on
optimization this book focuses on topics essential for anyone wanting to develop
and apply their understanding of optimization to areas such as data structures
algorithms artificial intelligence machine learning data science computer systems
networks  and  computer  security  combinatorial  and  algorithmic  mathematics
includes  discussion  on  propositional  logic  and  predicate  logic  set  theoretic
structures such as sets relations and functions and basic analytic and algebraic
structures such as sequences series subspaces convex structures and polyhedra
recurrence  solving  techniques  counting  methods  permutations  combinations
arrangements of objects and sets and graph basics and properties asymptotic
notations techniques for analyzing algorithms and computational complexity of
various algorithms linear optimization and its geometry and duality simplex and
non simplex algorithms for linear optimization second order cone programming
and semidefinite programming combinatorial and algorithmic mathematics is an
ideal textbook resource on the subject for students studying discrete structures
combinatorics  algorithms and optimization it  also  caters  to  scientists  across
diverse disciplines that incorporate algorithms and academics and researchers
who wish to better understand some modern optimization methodologies

the study of euclidean distance matrices edms fundamentally asks what can be
known geometrically given onlydistance information between points in euclidean
space  each  point  may  represent  simply  locationor  abstractly  any  entity
expressible as a vector in finite dimensional euclidean space the answer to the
question  posed  is  that  very  much  can  be  known  about  the  points  the
mathematics of this combined study of geometry and optimization is rich and
deep throughout we cite beacons of historical accomplishment the application of
edms  has  already  proven  invaluable  in  discerning  biological  molecular
conformation the emerging practice of localization in wireless sensor networks
the global  positioning system gps and distance based pattern recognitionwill
certainly simplify and benefit from this theory we study the pervasive convex
euclidean bodies and their various representations in particular we make convex
polyhedra cones and dual cones more visceral through illustration andwe study
the geometric relation of polyhedral cones to nonorthogonal bases biorthogonal
expansion we explain conversion between halfspace and vertex descriptions of
convex cones we provide formulae for determining dual cones and we show how
classic alternative systems of linear inequalities or linear matrix inequalities and
optimality conditions can be explained by generalized inequalities in terms of
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convex cones and their duals the conic analogue to linear independence called
conic independence is introducedas a new tool in the study of classical  cone
theory the logical next step in the progression linear affine conic any convex
optimization problem has geometric interpretation this is a powerful attraction
the ability to visualize geometry of an optimization problem we provide tools to
make visualization easier  the concept  of  faces  extreme points  and extreme
directions of convex euclidean bodiesis explained here crucial to understanding
convex  optimization  the  convex  cone  of  positive  semidefinite  matrices  in
particular is studied in depth we mathematically interpret for example its inverse
image under affine transformation and we explainhow higher rank subsets of its
boundary united with its interior are convex the chapter on geometry of convex
functions observes analogies between convex sets and functions the set of all
vector valued convex functions is  a closed convex cone included among the
examples in this chapter we show how the real affinefunction relates to convex
functions as the hyperplane relates to convex sets here also pertinent results
formultidimensional convex functions are presented that are largely ignored in
the literature tricks and tips for determining their convexityand discerning their
geometry  particularly  with  regard  to  matrix  calculus  which  remains  largely
unsystematizedwhen compared with the traditional practice of ordinary calculus
consequently we collect some results of matrix differentiation in the appendices
the euclidean distance matrix edm is studied its properties and relationship to
both positive semidefinite and gram matrices we relate the edm to the four
classical axioms of the euclidean metric thereby observing the existence of an
infinity  of  axioms  of  the  euclidean  metric  beyondthe  triangle  inequality  we
proceed byderiving the fifth euclidean axiom and then explain why furthering this
endeavoris  inefficient because the ensuing criteria while describing polyhedra
grow linearly in complexity and number some geometrical problems solvable via
edms edm problems posed as  convex optimization and methods of  solution
arepresented eg we generate a recognizable isotonic map of the united states
usingonly  comparative  distance  information  no  distance  information  only
distance inequalities we offer a new proof of the classic schoenberg criterion
that  determines  whether  a  candidate  matrix  is  an  edm  our  proofrelies  on
fundamental geometry assuming any edm must correspond to a list of points
contained in some polyhedron possibly at its vertices and vice versa it is not
widely known that the schoenberg criterion implies nonnegativity of the edm
entries proved here we characterize the eigenvalues of an edm matrix and then
devisea polyhedral  cone required for determining membership of a candidate
matrix in cayley menger form to the convex cone of euclidean distance matrices
edm cone ie a candidate is an edm if and only if its eigenspectrum belongs to a
spectral cone for edm n we will see spectral cones are not unique in the chapter
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edm cone we explain  the geometric  relationship  betweenthe edm cone two
positive  semidefinite  cones  and  the  elliptope  we  illustrate  geometric
requirements  in  particular  for  projection  of  a  candidate  matrixon  a  positive
semidefinite cone that establish its membership to the edm cone the faces of the
edm cone are described but still open is the question whether all its faces are
exposed as they are for the positive semidefinite cone the classic schoenberg
criterion  relating  edm  and  positive  semidefinite  cones  isrevealed  to  be  a
discretized membership relation a generalized inequality a new farkas like lemma
between the edm cone and its ordinary dual a matrix criterion for membership to
the dual edm cone is derived thatis simpler than the schoenberg criterion we
derive a new concise expression for the edm cone and its dual  involvingtwo
subspaces  and  a  positive  semidefinite  cone  semidefinite  programming  is
reviewedwith particular attention to optimality conditionsof prototypical primal
and dual conic programs their interplay and the perturbation method of rank
reduction of optimal solutions extant but not well known we show how to solve a
ubiquitous platonic combinatorial optimization problem from linear algebra the
optimal boolean solution x to ax b via semidefinite program relaxation a three
dimensional  polyhedral  analogue  for  the  positive  semidefinite  cone  of  3x3
symmetricmatrices is introduced a tool for visualizing in 6 dimensions in edm
proximity  we  explore  methods  of  solution  to  a  few  fundamental  and
prevalenteuclidean distance matrix proximity problems the problem of finding
that euclidean distance matrix closestto a given matrix in the euclidean sense we
pay  particular  attention  to  the  problem  when  compounded  with  rank
minimization we offer a new geometrical proof of a famous result discovered by
eckart young in 1936 regarding euclideanprojection of a point on a subset of the
positive semidefinite cone comprising all  positive semidefinite matriceshaving
rank  not  exceeding  a  prescribed  limit  rho  we  explain  how  this  problem  is
transformed to a convex optimization for any rank rho

provides an introduction to the applications theory and algorithms of linear and
nonlinear optimization the emphasis is on practical aspects discussing modern
algorithms as well as the influence of theory on the interpretation of solutions or
on  the  design  of  software  the  book  includes  several  examples  of  realistic
optimization models that address important applications the succinct style of
this second edition is punctuated with numerous real life examples and exercises
and the authors include accessible explanations of topics that are not often
mentioned in  textbooks such as  duality  in  nonlinear  optimization primal  dual
methods  for  nonlinear  optimization  filter  methods  and  applications  such  as
support vector machines the book is designed to be flexible it has a modular
structure and uses consistent notation and terminology throughout it can be
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used in many different ways in many different courses and at many different
levels of sophistication

this book the first on these topics addresses the problem of finding an ellipsoid to
represent a large set of points in high dimensional space which has applications in
computational geometry data representations and optimal design in statistics
the  book  covers  the  formulation  of  this  and  related  problems  theoretical
properties of their optimal solutions and algorithms for their solution due to the
high dimensionality of these problems first order methods that require minimal
computational work at each iteration are attractive while algorithms of this kind
have  been  discovered  and  rediscovered  over  the  past  fifty  years  their
computational  complexities  and  convergence  rates  have  only  recently  been
investigated  the  optimization  problems  in  the  book  have  the  entries  of  a
symmetric matrix as their  variables so the author s  treatment also gives an
introduction to recent work in matrix optimization this book provides historical
perspective on the problems studied by optimizers statisticians and geometric
functional analysts demonstrates the huge computational savings possible by
exploiting simple updates for the determinant and the inverse after a rank one
update and highlights the difficulties in algorithms when related problems are
studied that do not allow simple updates at each iteration and gives rigorous
analyses of the proposed algorithms matlab codes and computational results

the  power  grid  can  be  considered  one  of  twentieth  century  engineering  s
greatest achievements and as grids and populations grow robustness is a factor
that  planners  must  take  into  account  power  grid  robustness  is  a  complex
problem for two reasons the underlying physics is mathematically complex and
modeling is complicated by lack of accurate data this book sheds light on this
complex problem by introducing the engineering details of power grid operations
from the basic to the detailed describing how to use optimization and stochastic
modeling with special focus on the modeling of cascading failures and robustness
providing  numerical  examples  that  show  how  things  work  and  detailing  the
application of a number of optimization theories to power grids

this book provides a thorough and up to date discussion of arc routing by world
renowned researchers organized by problem type the book offers a rigorous
treatment of complexity issues models algorithms and applications arc routing
problems methods and applications opens with a historical perspective of the
field and is followed by three sections that cover complexity and the chinese
postman and the rural postman problems the capacitated arc routing problem
and routing  problems with  min  max and  profit  maximization  objectives  and
important  applications  including  meter  reading  snow  removal  and  waste
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collection

this book deals with a simple sounding question whether a certain amount of gas
can be transported by a given pipeline network while well studied for a single
pipeline this question gets extremely difficult if we consider a meshed nation
wide gas transportation network taking into account all the technical details and
discrete decisions as well as regulations contracts and varying demand this book
describes several mathematical models to answer these questions discusses their
merits  and  disadvantages  explains  the  necessary  technical  and  regulatory
background  and  shows  how  to  solve  this  question  using  sophisticated
mathematical  optimization  algorithms

in model predictive control mpc an optimization problem has to be solved at each
time step which in  real  time applications  makes it  important  to  solve these
efficiently and to have good upper bounds on worst case solution time often for
linear mpc problems the optimization problem in question is a quadratic program
qp that depends on parameters such as system states and reference signals a
popular class of methods for solving such qps is active set methods where a
sequence of linear systems of equations is solved the primary contribution of this
thesis is a method which determines which sequence of subproblems a popular
class of such active set algorithms need to solve for every possible qp instance
that might arise from a given linear mpc problem i e for every possible state and
reference signal by knowing these sequences worst case bounds on how many
iterations floating point operations and ultimately the maximum solution time
these active set algorithms require to compute a solution can be determined
which is of importance when e g linear mpc is used in safety critical applications
after  establishing  this  complexity  certification  method  its  applicability  is
extended by showing how it can be used indirectly to certify the complexity of
another efficient type of active set qp algorithm which reformulates the qp as a
nonnegative least squares method finally the proposed complexity certification
method is extended further to situations when enhancements to the active set
algorithms  are  used  namely  when  they  are  terminated  early  to  save
computations  and  when  outer  proximal  point  iterations  are  performed  to
improve numerical stability
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