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In the past, the possibilities of structural optimization were restricted to an optimal choice of profiles and shape. Further
improvement can be obtained by selecting appropriate advanced materials and by optimizing the topology, i.e. finding the
best position and arrangement of structural elements within a construction. The optimization of structural topology
permits the use of optimization algorithms at a very early stage of the design process. The method presented in this book
has been developed by Martin Bendsoe in cooperation with other researchers and can be considered as one of the most
effective approaches to the optimization of layout and material design.
Topology Design Methods for Structural Optimization provides engineers with a basic set of design tools for the
development of 2D and 3D structures subjected to single and multi-load cases and experiencing linear elastic conditions.
Written by an expert team who has collaborated over the past decade to develop the methods presented, the book
discusses essential theories with clear guidelines on how to use them. Case studies and worked industry examples are
included throughout to illustrate practical applications of topology design tools to achieve innovative structural solutions.
The text is intended for professionals who are interested in using the tools provided, but does not require in-depth
theoretical knowledge. It is ideal for researchers who want to expand the methods presented to new applications, and
includes a companion website with related tools to assist in further study. Provides design tools and methods for
innovative structural design, focusing on the essential theory Includes case studies and real-life examples to illustrate
practical application, challenges, and solutions Features accompanying software on a companion website to allow users
to get up and running fast with the methods introduced Includes input from an expert team who has collaborated over the
past decade to develop the methods presented
This book has grown out of lectures and courses given at Linköping University, Sweden, over a period of 15 years. It
gives an introductory treatment of problems and methods of structural optimization. The three basic classes of
geometrical - timization problems of mechanical structures, i. e. , size, shape and topology op- mization, are treated. The
focus is on concrete numerical solution methods for d- crete and (?nite element) discretized linear elastic structures. The
style is explicit and practical: mathematical proofs are provided when arguments can be kept e- mentary but are
otherwise only cited, while implementation details are frequently provided. Moreover, since the text has an emphasis on
geometrical design problems, where the design is represented by continuously varying—frequently very many— variables,
so-called ?rst order methods are central to the treatment. These methods are based on sensitivity analysis, i. e. , on
establishing ?rst order derivatives for - jectives and constraints. The classical ?rst order methods that we emphasize are
CONLIN and MMA, which are based on explicit, convex and separable appro- mations. It should be remarked that the
classical and frequently used so-called op- mality criteria method is also of this kind. It may also be noted in this context
that zero order methods such as response surface methods, surrogate models, neural n- works, genetic algorithms, etc. ,
essentially apply to different types of problems than the ones treated here and should be presented elsewhere.
The efficiency and reliability of manufactured products depend on, among other things, geometrical aspects; it is
therefore not surprising that optimal shape design problems have attracted the interest of applied mathematicians and
engineers. This self-contained, elementary introduction to the mathematical and computational aspects of sizing and
shape optimization enables readers to gain a firm understanding of the theoretical and practical aspects so they may
confidently enter this field. Introduction to Shape Optimization: Theory, Approximation, and Computation treats sizing and
shape optimization comprehensively, covering everything from mathematical theory (existence analysis, discretizations,
and convergence analysis for discretized problems) through computational aspects (sensitivity analysis, numerical
minimization methods) to industrial applications. Applications include contact stress minimization for elasto-plastic
bodies, multidisciplinary optimization of an airfoil, and shape optimization of a dividing tube. By presenting sizing and
shape optimization in an abstract way, the authors are able to use a unified approach in the mathematical analysis for a
large class of optimization problems in various fields of physics. Audience: the book is written primarily for students of
applied mathematics, scientific computing, and mechanics. Most of the material is directed toward graduate students,
although a portion of it is suitable for senior undergraduate students. Readers are assumed to have some knowledge of
partial differential equations and their numerical solution, as well as modern programming language such as C++ Fortran
90.
Shape optimization problems are treated from the classical and modern perspectives Targets a broad audience of
graduate students in pure and applied mathematics, as well as engineers requiring a solid mathematical basis for the
solution of practical problems Requires only a standard knowledge in the calculus of variations, differential equations,
and functional analysis Driven by several good examples and illustrations Poses some open questions.
Shape optimization deals with problems where the design or control variable is no longer a vector of parameters or
functions but the shape of a geometric domain. They include engineering applications to shape and structural
optimization, but also original applications to image segmentation, control theory, stabilization of membranes and plates
by boundary variations, etc. Free and moving boundary problems arise in an impressingly wide range of new and
challenging applications to change of phase. The class of problems which are amenable to this approach can arise from
such diverse disciplines as combustion, biological growth, reactive geological flows in porous media, solidification, fluid
dynamics, electrochemical machining, etc. The objective and orginality of this NATO-ASI was to bring together theories
and examples from shape optimization, free and moving boundary problems, and materials with microstructure which are
fundamental to static and dynamic domain and boundary problems.
This is an exposition of the theory, techniques, and the basic formulation of structural optimization problems. The author
considers applications of design optimization criteria involving strength, rigidity, stability and weight. Analytic and
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numerical techniques are introduced for research in optimal shapes and internal configurations of deformable bodies and
structures. Problems of the optimal design of beams, systems of rods, plates and shells, are studied in detail. With regard
to applications, this work is oriented towards solutions of real problems, such as reduction of the volume or weight of the
material, and improvement of mechanical properties of structures. This book is written for readers specializing in applied
mechanics, applied mathematics, and numerical analysis."
A Rigorous Mathematical Approach To Identifying A Set Of Design Alternatives And Selecting The Best Candidate From
Within That Set, Engineering Optimization Was Developed As A Means Of Helping Engineers To Design Systems That
Are Both More Efficient And Less Expensive And To Develop New Ways Of Improving The Performance Of Existing
Systems.Thanks To The Breathtaking Growth In Computer Technology That Has Occurred Over The Past Decade,
Optimization Techniques Can Now Be Used To Find Creative Solutions To Larger, More Complex Problems Than Ever
Before. As A Consequence, Optimization Is Now Viewed As An Indispensable Tool Of The Trade For Engineers Working
In Many Different Industries, Especially The Aerospace, Automotive, Chemical, Electrical, And Manufacturing
Industries.In Engineering Optimization, Professor Singiresu S. Rao Provides An Application-Oriented Presentation Of
The Full Array Of Classical And Newly Developed Optimization Techniques Now Being Used By Engineers In A Wide
Range Of Industries. Essential Proofs And Explanations Of The Various Techniques Are Given In A Straightforward,
User-Friendly Manner, And Each Method Is Copiously Illustrated With Real-World Examples That Demonstrate How To
Maximize Desired Benefits While Minimizing Negative Aspects Of Project Design.Comprehensive, Authoritative, Up-ToDate, Engineering Optimization Provides In-Depth Coverage Of Linear And Nonlinear Programming, Dynamic
Programming, Integer Programming, And Stochastic Programming Techniques As Well As Several Breakthrough
Methods, Including Genetic Algorithms, Simulated Annealing, And Neural Network-Based And Fuzzy Optimization
Techniques.Designed To Function Equally Well As Either A Professional Reference Or A Graduate-Level Text,
Engineering Optimization Features Many Solved Problems Taken From Several Engineering Fields, As Well As Review
Questions, Important Figures, And Helpful References.Engineering Optimization Is A Valuable Working Resource For
Engineers Employed In Practically All Technological Industries. It Is Also A Superior Didactic Tool For Graduate Students
Of Mechanical, Civil, Electrical, Chemical And Aerospace Engineering.
This book contains extended, in-depth presentations of the plenary talks from the 16th French-German-Polish Conference on Optimization,
held in Kraków, Poland in 2013. Each chapter in this book exhibits a comprehensive look at new theoretical and/or application-oriented
results in mathematical modeling, optimization, and optimal control. Students and researchers involved in image processing, partial
differential inclusions, shape optimization, or optimal control theory and its applications to medical and rehabilitation technology, will find this
book valuable. The first chapter by Martin Burger provides an overview of recent developments related to Bregman distances, which is an
important tool in inverse problems and image processing. The chapter by Piotr Kalita studies the operator version of a first order in time
partial differential inclusion and its time discretization. In the chapter by Günter Leugering, Jan Soko?owski and Antoni ?ochowski, nonsmooth
shape optimization problems for variational inequalities are considered. The next chapter, by Katja Mombaur is devoted to applications of
optimal control and inverse optimal control in the field of medical and rehabilitation technology, in particular in human movement analysis,
therapy and improvement by means of medical devices. The final chapter, by Nikolai Osmolovskii and Helmut Maurer provides a survey on
no-gap second order optimality conditions in the calculus of variations and optimal control, and a discussion of their further development.
Engineering systems are highly distributed collective systems that have humans in the loop. Engineering systems emphasize the potential of
control and games beyond traditional applications. Game theory can be used to design incentives to obtain socially desirable behaviors on
the part of the players, for example, a change in the consumption patterns on the part of the ?prosumers? (producers-consumers) or better
redistribution of traffic. This unique book addresses the foundations of game theory, with an emphasis on the physical intuition behind the
concepts, an analysis of design techniques, and a discussion of new trends in the study of cooperation and competition in large complex
distributed systems.
Coverage in this proceedings volume includes robust multilevel and hierarchical preconditioning methods, applications for large scale
computations and optimization of coupled engineering problems, and applications of metaheuristics to large-scale problems.
The fields of computational fluid dynamics (CFD) and optimal shape design (OSD) have received considerable attention in the recent past,
and are of practical importance for many engineering applications.This new edition of Applied Shape Optimization for Fluids deals with shape
optimization problems for fluids, with the equations needed for their understanding (Euler and Navier Strokes, but also those for microfluids)
and with the numerical simulation of these problems. It presents the state of the art in shape optimization for an extended range of
applications involving fluid flows. Automatic differentiation, approximate gradients, unstructured mesh adaptation, multi-modelconfigurations,
and time-dependent problems are introduced, and their implementation into the industrial environments of aerospace and automobile
equipment industry explained and illustrated.With the increases in the power of computers in industry since the first edition, methods which
were previously unfeasible have begun giving results, namely evolutionary algorithms, topological optimization methods, and level set
algortihms. In this edition, these methods have been treated in separate chapters, but the book remains primarily one on differential shape
optimization.This book is essential reading for engineers interested in the implementation and solution of optimization problems using
commercial packages or in-house solvers and graduates and researchers in applied mathematics, aerospace, or mechanical engineering,
fluid dynamics, and CFD. More generally, anyone needing to understand and solve design problems or looking for new exciting areas for
research and development in this area will find this book useful, especially in applying the methodology topractical problems.
The volume includes papers from the WSCMO conference in Braunschweig 2017 presenting research of all aspects of the optimal design of
structures as well as multidisciplinary design optimization where the involved disciplines deal with the analysis of solids, fluids or other field
problems. Also presented are practical applications of optimization methods and the corresponding software development in all branches of
technology.
The book presents the modern state of the art in the mathematical theory of compressible Navier-Stokes equations, with particular emphasis
on the applications to aerodynamics. The topics covered include: modeling of compressible viscous flows; modern mathematical theory of
nonhomogeneous boundary value problems for viscous gas dynamics equations; applications to optimal shape design in aerodynamics;
kinetic theory for equations with oscillating data; new approach to the boundary value problems for transport equations. The monograph
offers a comprehensive and self-contained introduction to recent mathematical tools designed to handle the problems arising in the theory.
Multiobjective Shape Design in Electricity and Magnetism is entirely focused on electric and magnetic field synthesis, with special emphasis
on the optimal shape design of devices when conflicting objectives are to be fulfilled. Direct problems are solved by means of finite-element
analysis, while evolutionary computing is used to solve multiobjective inverse problems. This approach, which is original, is coherently
Page 2/5

Read Book Introduction To Shape Optimization Theory Approximation And Computation
developed throughout the whole manuscript. The use of game theory, dynamic optimisation, and Bayesian imaging strengthens the originality
of the book. Covering the development of multiobjective optimisation in the past ten years, Multiobjective Shape Design in Electricity and
Magnetism is a concise, comprehensive and up-to-date introduction to this research field, which is growing in the community of electricity and
magnetism. Theoretical issues are illustrated by practical examples. In particular, a test problem is solved by different methods so that, by
comparison of results, advantages and limitations of the various methods are made clear.
?We study the existence and regularity of optimal domains for functionals depending on the spectrum of the Dirichlet Laplacian or of more
general Schrödinger operators. The domains are subject to perimeter and volume constraints; we also take into account the possible
presence of geometric obstacles. We investigate the properties of the optimal sets and of the optimal state functions. In particular, we prove
that the eigenfunctions are Lipschitz continuous up to the boundary and that the optimal sets subject to the perimeter constraint have regular
free boundary. We also consider spectral optimization problems in non-Euclidean settings and optimization problems for potentials and
measures, as well as multiphase and optimal partition problems.
A modern, up-to-date introduction to optimization theory andmethods This authoritative book serves as an introductory text tooptimization at
the senior undergraduate and beginning graduatelevels. With consistently accessible and elementary treatment ofall topics, An Introduction to
Optimization, Second Edition helpsstudents build a solid working knowledge of the field, includingunconstrained optimization, linear
programming, and constrainedoptimization. Supplemented with more than one hundred tables and illustrations,an extensive bibliography, and
numerous worked examples toillustrate both theory and algorithms, this book alsoprovides: * A review of the required mathematical
background material * A mathematical discussion at a level accessible to MBA andbusiness students * A treatment of both linear and
nonlinear programming * An introduction to recent developments, including neuralnetworks, genetic algorithms, and interior-point methods * A
chapter on the use of descent algorithms for the training offeedforward neural networks * Exercise problems after every chapter, many new to
thisedition * MATLAB(r) exercises and examples * Accompanying Instructor's Solutions Manual available onrequest An Introduction to
Optimization, Second Edition helps studentsprepare for the advanced topics and technological developments thatlie ahead. It is also a useful
book for researchers andprofessionals in mathematics, electrical engineering, economics,statistics, and business. An Instructor's Manual
presenting detailed solutions to all theproblems in the book is available from the Wiley editorialdepartment.
Presents the latest groundbreaking theoretical foundation to shape optimization in a form accessible to mathematicians, scientists and
engineers.
This book is motivated largely by a desire to solve shape optimization prob lems that arise in applications, particularly in structural mechanics
and in the optimal control of distributed parameter systems. Many such problems can be formulated as the minimization of functionals defined
over a class of admissible domains. Shape optimization is quite indispensable in the design and construction of industrial structures. For
example, aircraft and spacecraft have to satisfy, at the same time, very strict criteria on mechanical performance while weighing as little as
possible. The shape optimization problem for such a structure consists in finding a geometry of the structure which minimizes a given
functional (e. g. such as the weight of the structure) and yet simultaneously satisfies specific constraints (like thickness, strain energy, or
displacement bounds). The geometry of the structure can be considered as a given domain in the three-dimensional Euclidean space. The
domain is an open, bounded set whose topology is given, e. g. it may be simply or doubly connected. The boundary is smooth or piecewise
smooth, so boundary value problems that are defined in the domain and associated with the classical partial differential equations of
mathematical physics are well posed. In general the cost functional takes the form of an integral over the domain or its boundary where the
integrand depends smoothly on the solution of a boundary value problem.
This book reviews the fundamentals, background and theoretical concepts of optimization principles in comprehensive manner along with
their potentials applications and implementation strategies. The book will be very useful for wide spectrum of target readers such as research
scholars, academia, and industry professionals.
"Shape optimization and spectral theory" is a survey book aiming to give an overview of recent results in spectral geometry and its links with
shape optimization. It covers most of the issues which are important for people working in PDE and differential geometry interested in sharp
inequalities and qualitative behaviour for eigenvalues of the Laplacian with different kind of boundary conditions (Dirichlet, Robin and
Steklov). This includes: existence of optimal shapes, their regularity, the case of special domains like triangles, isospectrality, quantitative
form of the isoperimetric inequalities, optimal partitions, universal inequalities and numerical results. Much progress has been made in these
extremum problems during the last ten years and this edited volume presents a valuable update to a wide community interested in these
topics. List of contributors Antunes Pedro R.S., Ashbaugh Mark, Bonnaillie-Noel Virginie, Brasco Lorenzo, Bucur Dorin, Buttazzo Giuseppe,
De Philippis Guido, Freitas Pedro, Girouard Alexandre, Helffer Bernard, Kennedy James, Lamboley Jimmy, Laugesen Richard S., Oudet
Edouard, Pierre Michel, Polterovich Iosif, Siudeja Bartlomiej A., Velichkov Bozhidar
Standing at the intersection of mathematics and scientific computing, this collection of state-of-the-art papers in nonlinear PDEs examines
their applications to subjects as diverse as dynamical systems, computational mechanics, and the mathematics of finance.
This book provides an introduction to the theory and numerical developments of the homogenization method. It's main features are: a
comprehensive presentation of homogenization theory; an introduction to the theory of two-phase composite materials; a detailed treatment
of structural optimization by using homogenization; a complete discussion of the resulting numerical algorithms with many documented test
problems. It will be of interest to researchers, engineers, and advanced graduate students in applied mathematics, mechanical engineering,
and structural optimization.
This volume reflects “New Trends in Shape Optimization” and is based on a workshop of the same name organized at the FriedrichAlexander University Erlangen-Nürnberg in September 2013. During the workshop senior mathematicians and young scientists alike
presented their latest findings. The format of the meeting allowed fruitful discussions on challenging open problems, and triggered a number
of new and spontaneous collaborations. As such, the idea was born to produce this book, each chapter of which was written by a workshop
participant, often with a collaborator. The content of the individual chapters ranges from survey papers to original articles; some focus on the
topics discussed at the Workshop, while others involve arguments outside its scope but which are no less relevant for the field today. As
such, the book offers readers a balanced introduction to the emerging field of shape optimization.

The tools to use for problems where the modeling, optimization, or control variable is the structure of a geometric object.
Edited by professionals with years of experience, this book provides an introduction to the theory of evolutionary
algorithms and single- and multi-objective optimization, and then goes on to discuss to explore applications of
evolutionary algorithms for many uses with real-world applications. Covering both the theory and applications of
evolutionary computation, the book offers exhaustive coverage of several topics on nontraditional evolutionary
techniques, details working principles of new and popular evolutionary algorithms, and discusses case studies on both
scientific and real-world applications of optimization
Many things around us have properties that depend on their shape?for example, the drag characteristics of a rigid body
in a flow. This self-contained overview of differential geometry explains how to differentiate a function (in the calculus
sense) with respect to a ?shape variable.? This approach, which is useful for understanding mathematical models
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containing geometric partial differential equations (PDEs), allows readers to obtain formulas for geometric quantities
(such as curvature) that are clearer than those usually offered in differential geometry texts. Readers will learn how to
compute sensitivities with respect to geometry by developing basic calculus tools on surfaces and combining them with
the calculus of variations. Several applications that utilize shape derivatives and many illustrations that help build intuition
are included.
A rigorous yet accessible graduate textbook covering both fundamental and advanced optimization theory and
algorithms.
This treatment focuses on the analysis and algebra underlying the workings of convexity and duality and
necessary/sufficient local/global optimality conditions for unconstrained and constrained optimization problems. 2015
edition.
The topology optimization method solves the basic enginee- ring problem of distributing a limited amount of material in a
design space. The first edition of this book has become the standard text on optimal design which is concerned with the
optimization of structural topology, shape and material. This edition, has been substantially revised and updated to reflect
progress made in modelling and computational procedures. It also encompasses a comprehensive and unified
description of the state-of-the-art of the so-called material distribution method, based on the use of mathematical
programming and finite elements. Applications treated include not only structures but also materials and MEMS.
Optimization plays a critical in engineering today. To carry out an engineering optimization study, a thorough
understanding of the underlying theory is essential. This must also be accompanied by a good grasp of the modeling
process (i.e., translation of engineering problems into optimization problems), and interpretation of numerical results.
With these objectives in mind, this text addresses optimization from three different perspectives: theoretical, physical and
numerical, providing a unique blend. While the focus is on optimization of elastic components, the principles and
concepts are applicable to other engineering domains as well. The primary audience include senior undergraduate
students, first year graduate students and practicing engineers. No prior background in optimization theory, or computer
programming is assumed. The text takes the reader from the fundamentals of 1D optimization, all the way to the
fascinating world of 3D shape and topology optimization. Several MATLAB examples are provided throughout the text;
these not only illustrate the underlying theory, but they encourage the reader to experiment.
Computer-Aided Design and system analysis aim to find mathematical models that allow emulating the behaviour of
components and facilities. The high competitiveness in industry, the little time available for product development and the
high cost in terms of time and money of producing the initial prototypes means that the computer-aided design and
analysis of products are taking on major importance. On the other hand, in most areas of engineering the components of
a system are interconnected and belong to different domains of physics (mechanics, electrics, hydraulics, thermal...).
When developing a complete multidisciplinary system, it needs to integrate a design procedure to ensure that it will be
successfully achieved. Engineering systems require an analysis of their dynamic behaviour (evolution over time or path
of their different variables). The purpose of modelling and simulating dynamic systems is to generate a set of algebraic
and differential equations or a mathematical model. In order to perform rapid product optimisation iterations, the models
must be formulated and evaluated in the most efficient way. Automated environments contribute to this. One of the
pioneers of simulation technology in medicine defines simulation as a technique, not a technology, that replaces real
experiences with guided experiences reproducing important aspects of the real world in a fully interactive fashion [iii]. In
the following chapters the reader will be introduced to the world of simulation in topics of current interest such as
medicine, military purposes and their use in industry for diverse applications that range from the use of networks to
combining thermal, chemical or electrical aspects, among others. We hope that after reading the different sections of this
book we will have succeeded in bringing across what the scientific community is doing in the field of simulation and that it
will be to your interest and liking. Lastly, we would like to thank all the authors for their excellent contributions in the
different areas of simulation.
The topological derivative is defined as the first term (correction) of the asymptotic expansion of a given shape functional with
respect to a small parameter that measures the size of singular domain perturbations, such as holes, inclusions, defects, sourceterms and cracks. Over the last decade, topological asymptotic analysis has become a broad, rich and fascinating research area
from both theoretical and numerical standpoints. It has applications in many different fields such as shape and topology
optimization, inverse problems, imaging processing and mechanical modeling including synthesis and/or optimal design of
microstructures, fracture mechanics sensitivity analysis and damage evolution modeling. Since there is no monograph on the
subject at present, the authors provide here the first account of the theory which combines classical sensitivity analysis in shape
optimization with asymptotic analysis by means of compound asymptotic expansions for elliptic boundary value problems. This
book is intended for researchers and graduate students in applied mathematics and computational mechanics interested in any
aspect of topological asymptotic analysis. In particular, it can be adopted as a textbook in advanced courses on the subject and
shall be useful for readers interested on the mathematical aspects of topological asymptotic analysis as well as on applications of
topological derivatives in computation mechanics.
Structural optimization is currently attracting considerable attention. Interest in - search in optimal design has grown in connection
with the rapid development of aeronautical and space technologies, shipbuilding, and design of precision mach- ery. A special ?eld
in these investigations is devoted to structural optimization with incomplete information (incomplete data). The importance of these
investigations is explained as follows. The conventional theory of optimal structural design - sumes precise knowledge of material
parameters, including damage characteristics and loadings applied to the structure. In practice such precise knowledge is seldom
available. Thus, it is important to be able to predict the sensitivity of a designed structure to random ?uctuations in the environment
and to variations in the material properties. To design reliable structures it is necessary to apply the so-called gu- anteed
approach, based on a “worst case scenario” or a more optimistic probabilistic approach, if we have additional statistical data.
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Problems of optimal design with incomplete information also have consid- able theoretical importance. The introduction and
investigations into new types of mathematical problems are interesting in themselves. Note that some ga- theoretical optimization
problems arise for which there are no systematic techniques of investigation. This monograph is devoted to the exposition of new
ways of formulating and solving problems of structural optimization with incomplete information. We recall some research results
concerning the optimum shape and structural properties of bodies subjected to external loadings.
Many things around us have properties that depend on their shape--for example, the drag characteristics of a rigid body in a flow.
This self-contained overview of differential geometry explains how to differentiate a function (in the calculus sense) with respect to
a "shape variable." This approach, which is useful for understanding mathematical models containing geometric partial differential
equations (PDEs), allows readers to obtain formulas for geometric quantities (such as curvature) that are clearer than those
usually offered in differential geometry texts. Readers will learn how to compute sensitivities with respect to geometry by
developing basic calculus tools on surfaces and combining them with the calculus of variations. Several applications that utilize
shape derivatives and many illustrations that help build intuition are included.
A comprehensive introduction to the tools, techniques and applications of convex optimization.
This book provides theories on non-parametric shape optimization problems, systematically keeping in mind readers with an
engineering background. Non-parametric shape optimization problems are defined as problems of finding the shapes of domains
in which boundary value problems of partial differential equations are defined. In these problems, optimum shapes are obtained
from an arbitrary form without any geometrical parameters previously assigned. In particular, problems in which the optimum
shape is sought by making a hole in domain are called topology optimization problems. Moreover, a problem in which the optimum
shape is obtained based on domain variation is referred to as a shape optimization problem of domain variation type, or a shape
optimization problem in a limited sense. Software has been developed to solve these problems, and it is being used to seek
practical optimum shapes. However, there are no books explaining such theories beginning with their foundations. The structure of
the book is shown in the Preface. The theorems are built up using mathematical results. Therefore, a mathematical style is
introduced, consisting of definitions and theorems to summarize the key points. This method of expression is advanced as
provable facts are clearly shown. If something to be investigated is contained in the framework of mathematics, setting up a theory
using theorems prepared by great mathematicians is thought to be an extremely effective approach. However, mathematics
attempts to heighten the level of abstraction in order to understand many things in a unified fashion. This characteristic may baffle
readers with an engineering background. Hence in this book, an attempt has been made to provide explanations in engineering
terms, with examples from mechanics, after accurately denoting the provable facts using definitions and theorems.
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