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This judicious selection of articles combines
mathematical and numerical methods to apply parameter
estimation and optimum experimental design in a range
of contexts. These include fields as diverse as biology,
medicine, chemistry, environmental physics, image
processing and computer vision. The material chosen
was presented at a multidisciplinary workshop on
parameter estimation held in 2009 in Heidelberg. The
contributions show how indispensable efficient methods
of applied mathematics and computer-based modeling
can be to enhancing the quality of interdisciplinary
research. The use of scientific computing to model,
simulate, and optimize complex processes has become
a standard methodology in many scientific fields, as well
as in industry. Demonstrating that the use of state-of-theart optimization techniques in a number of research
areas has much potential for improvement, this book
provides advanced numerical methods and the very
latest results for the applications under consideration.
Regularization Methods and Finite Element
Approximation of Hemivariational Inequalities with
Applications to Nonmonotone Contact ProblemsCuvillier
Verlag
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provides a comprehensive review of the finite
element method for low frequency applications.
Fundamentals of the method as well as new advances in
the field are described in detail. Chapters 1 to 4 present
general 2D and 3D static and dynamic formulations by
the use of scalar and vector unknowns and adapted
interpolations for the fields (nodal, edge, face or volume).
Chapter 5 is dedicated to the presentation of different
macroscopic behavior laws of materials and their
implementation in a finite element context: anisotropy
and hysteretic properties for magnetic sheets, iron
losses, non-linear permanent magnets and
superconductors. More specific formulations are then
proposed: the modeling of thin regions when finite
elements become misfit (Chapter 6), infinite domains by
using geometrical transformations (Chapter 7), the
coupling of 2D and 3D formulations with circuit equations
(Chapter 8), taking into account the movement,
particularly in the presence of Eddy currents (Chapter 9)
and an original approach for the treatment of geometrical
symmetries when the sources are not symmetric
(Chapter 10). Chapters 11 to 13 are devoted to coupled
problems: magneto-thermal coupling for induction
heating, magneto-mechanical coupling by introducing the
notion of strong and weak coupling and magnetohydrodynamical coupling focusing on electromagnetic
instabilities in fluid conductors. Chapter 14 presents
different meshing methods in the context of
electromagnetism (presence of air) and introduces selfadaptive mesh refinement procedures. Optimization
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adaptation of deterministic and probabilistic methods to
the numerical finite element environment. Chapter 16
presents a variational approach of electromagnetism,
showing how Maxwell equations are derived from
thermodynamic principles.
Advanced topics of research in field computation are
explored in this publication. Contributions have been
sourced from international experts, ensuring a
comprehensive specialist perspective. A unity of style
has been achieved by the editor, who has specifically
inserted appropriate cross-references throughout the
volume, plus a single collected set of references at the
end. The book provides a multi-faceted overview of the
power and effectiveness of computation techniques in
engineering electromagnetics. In addition to examining
recent and current developments, it is hoped that it will
stimulate further research in the field.
This IMA Volume in Mathematics and its Applications
GRID GENERATION AND ADAPTIVE ALGORITHMS is
based on the proceedings of a workshop with the same
title. The work shop was an integral part of the 1996-97
IMA program on "MATHEMAT ICS IN HIGHPERFORMANCE COMPUTING. " I would like to thank
Marshall Bern (Xerox, Palo Alto Research Cen ter),
Joseph E. Flaherty (Department of Computer Science,
Rensselaer Polytechnic Institute), and Mitchell Luskin
(School of Mathematics, Uni versity of Minnesota), for
their excellent work as organizers of the meeting and for
editing the proceedings. I also take this opportunity to
thank the National Science Founda tion (NSF),
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Office (ARO), whose financial support made the
workshop possible. Willard Miller, Jr. , Professor and
Director v PREFACE Scientific and engineering
computation has become so complex that traditional
numerical computation on uniform meshes is generally
not pos sible or too expensive. Mesh generation must
reflect both the domain geometry and the expected
solution characteristics. Meshes should, fur thermore, be
related to the solution through computable estimates of
dis cretization errors. This, suggests an automatic and
adaptive process where an initial mesh is enriched with
the goal of computing a solution with prescribed
accuracy specifications in an optimal manner. While
automatic mesh generation procedures and adaptive
strategies are becoming available, major computational
challenges remain. Three-dimensional mesh genera tion
is still far from automatic.
Numerical Methods in Geotechnical Engineering
contains the proceedings of the 8th European
Conference on Numerical Methods in Geotechnical
Engineering (NUMGE 2014, Delft, The Netherlands,
18-20 June 2014). It is the eighth in a series of
conferences organised by the European Regional
Technical Committee ERTC7 under the auspices of the
International
Bridge Maintenance, Safety, Management, Life-Cycle
Sustainability and Innovations contains lectures and
papers presented at the Tenth International Conference
on Bridge Maintenance, Safety and Management
(IABMAS 2020), held in Sapporo, Hokkaido, Japan, April
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abstracts and a USB card containing the full papers of
571 contributions presented at IABMAS 2020, including
the T.Y. Lin Lecture, 9 Keynote Lectures, and 561
technical papers from 40 countries. The contributions
presented at IABMAS 2020 deal with the state of the art
as well as emerging concepts and innovative
applications related to the main aspects of maintenance,
safety, management, life-cycle sustainability and
technological innovations of bridges. Major topics
include: advanced bridge design, construction and
maintenance approaches, safety, reliability and risk
evaluation, life-cycle management, life-cycle
sustainability, standardization, analytical models, bridge
management systems, service life prediction,
maintenance and management strategies, structural
health monitoring, non-destructive testing and field
testing, safety, resilience, robustness and redundancy,
durability enhancement, repair and rehabilitation, fatigue
and corrosion, extreme loads, and application of
information and computer technology and artificial
intelligence for bridges, among others. This volume
provides both an up-to-date overview of the field of
bridge engineering and significant contributions to the
process of making more rational decisions on
maintenance, safety, management, life-cycle
sustainability and technological innovations of bridges for
the purpose of enhancing the welfare of society. The
Editors hope that these Proceedings will serve as a
valuable reference to all concerned with bridge structure
and infrastructure systems, including engineers,
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Since their emergence, finite element methods have taken a
place as one of the most versatile and powerful
methodologies for the approximate numerical solution of
Partial Differential Equations. These methods are used in
incompressible fluid flow, heat, transfer, and other problems.
This book provides researchers and practitioners with a
concise guide to the theory and practice of least-square finite
element methods, their strengths and weaknesses,
established successes, and open problems.
Introduces the theory and applications of the extended finite
element method (XFEM) in the linear and nonlinear problems
of continua, structures and geomechanics Extended Finite
Element Method: Theory and Applications introduces the
theory and applications of the extended finite element method
(XFEM) in the linear and nonlinear problems of continua,
structures and geomechanics. The XFEM approach is based
on an extension of standard finite element method based on
the partition of unity method. Extended Finite Element
Method: Theory and Applications begins by introducing the
concept of partition of unity, various enrichment functions,
and fundamentals of XFEM formulation. It then covers the
theory and application of XFEM in large deformations,
plasticity and contact problems. The implementation of XFEM
in fracture mechanics, including the linear, cohesive, and
ductile crack propagation is also covered. The theory and
applications of the XFEM in multiphase fluid flow, including
the hydraulic fracturing in soil saturated media and crack
propagation in thermo-hydro-mechanical porous media, is
also discussed in detail. Introduces the theory and
applications of the extended finite element method (XFEM) in
the linear and nonlinear problems of continua, structures and
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various enrichment
functions, and fundamentals of XFEM
formulation. Covers numerous applications of XFEM including
fracture mechanics, large deformation, plasticity, multiphase
flow, hydraulic fracturing and contact problems Accompanied
by a website hosting source code and examples
Inverse problems occur in a wide variey of fields. In general,
the inverse problem can be defined as one where one should
estimate the cause from the result, while the direct problem is
concerned with how to obtain the result from the cause. The
aim of this symposium was to gather scientists and
researchers in engineering mechanics concerned with inverse
problems in order to exchange research result and develop
computational and experimentalapproaches to solve inverse
problems. The contributions in this volume cover the following
subjects: mathematical and computational aspects of inverse
problems, parameter or system identification, shape
determination, sensitivity analysis, optimization, material
property characterization, ultrasonic nondestructive testing,
elastodynamic inverse problems, thermal inverse problems,
and other miscellaneous engineering applications.
Proceedings of the NATO Advanced Study Institute,
Sesimbra, Portugal, 3-15 May, 1998
Working computationally in applied mathematics is the very
essence of dealing with real-world problems in science and
engineering. Approximation theory-on the borderline between
pure and applied mathematics- has always supplied some of
the most innovative ideas, computational methods, and
original approaches to many types of problems. The f
Effective measurement of the composition and properties of
petroleum is essential for its exploration, production, and
refining; however, new technologies and methodologies are
not adequately documented in much of the current literature.
Analytical Methods in Petroleum Upstream Applications
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that allow more accurate determination of the
components, classes of compounds, properties, and features
of petroleum and its fractions. Recognized experts explore a
host of topics, including: A petroleum molecular composition
continuity model as a context for other analytical
measurements A modern modular sampling system for use in
the lab or the process area to collect and control samples for
subsequent analysis The importance of oil-in-water
measurements and monitoring The chemical and physical
properties of heavy oils, their fractions, and products from
their upgrading Analytical measurements using gas
chromatography and nuclear magnetic resonance (NMR)
applications Asphaltene and heavy ends analysis
Chemometrics and modeling approaches for understanding
petroleum composition and properties to improve upstream,
midstream, and downstream operations Due to the
renaissance of gas and oil production in North America,
interest has grown in analytical methods for a wide range of
applications. The understanding provided in this text is
designed to help chemists, geologists, and chemical and
petroleum engineers make more accurate estimates of the
crude value to specific refinery configurations, providing
insight into optimum development and extraction schemes.
Effectively Construct Integral Formulations Suitable for
Numerical ImplementationFinite Element and Boundary
Methods in Structural Acoustics and Vibration provides a
unique and in-depth presentation of the finite element method
(FEM) and the boundary element method (BEM) in structural
acoustics and vibrations. It illustrates the principles using a

This book is devoted to the mathematical analysis of
the numerical solution of boundary integral equations
treating boundary value, transmission and contact
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electromagnetic scattering. It serves as the
mathematical foundation of the boundary element
methods (BEM) both for static and dynamic
problems. The book presents a systematic approach
to the variational methods for boundary integral
equations including the treatment with variational
inequalities for contact problems. It also features
adaptive BEM, hp-version BEM, coupling of finite
and boundary element methods – efficient
computational tools that have become extremely
popular in applications. Familiarizing readers with
tools like Mellin transformation and
pseudodifferential operators as well as convex and
nonsmooth analysis for variational inequalities, it
concisely presents efficient, state-of-the-art
boundary element approximations and points to upto-date research. The authors are well known for
their fundamental work on boundary elements and
related topics, and this book is a major contribution
to the modern theory of the BEM (especially for error
controlled adaptive methods and for unilateral
contact and dynamic problems) and is a valuable
resource for applied mathematicians, engineers,
scientists and graduate students.
Bringing together the world's leading researchers
and practitioners of computational mechanics, these
new volumes meet and build on the eight key
challenges for research and development in
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recently identified eight critical research tasks facing
the field of computational mechanics. These tasks
have come about because it appears possible to
reach a new level of mathematical modelling and
numerical solution that will lead to a much deeper
understanding of nature and to great improvements
in engineering design. The eight tasks are: The
automatic solution of mathematical models Effective
numerical schemes for fluid flows The development
of an effective mesh-free numerical solution method
The development of numerical procedures for
multiphysics problems The development of
numerical procedures for multiscale problems The
modelling of uncertainties The analysis of complete
life cycles of systems Education - teaching sound
engineering and scientific judgement Readers of
Computational Fluid and Solid Mechanics 2003 will
be able to apply the combined experience of many of
the world's leading researchers to their own research
needs. Those in academic environments will gain a
better insight into the needs and constraints of the
industries they are involved with; those in industry
will gain a competitive advantage by gaining insight
into the cutting edge research being carried out by
colleagues in academia. Features Bridges the gap
between academic researchers and practitioners in
industry Outlines the eight main challenges facing
Research and Design in Computational mechanics
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agenda Provides a vision of how strong, basic and
exciting education at university can be harmonized
with life-long learning to obtain maximum value from
the new powerful tools of analysis
This book contains selected, extended papers
presented at the thematic ECCOMAS conference on
Computational Modelling and Advanced Simulations
(CMAS2009) held in Bratislava, Slovakia, June 30 –
July 3, 2009. Modelling and simulation of
engineering problems play a very important role in
the classic and new composite material sciences,
and in design and computational prototyping of
modern and advanced technologic parts and
systems. According to this, the existing numerical
methods have been improved and new numerical
methods have been established for modelling and
simulation of more and more complex and
complicated engineering problems. The present
book should contribute to the effort to make
modelling and simulation more effective and
accurate.
Inverse Problems are found in many areas of
engineering mechanics and there are many
successful applications e.g. in non-destructive
testing and characterization of material properties by
ultrasonic or X-ray techniques, thermography, etc.
Generally speaking, inverse problems are concerned
with the determination of the input and the
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its output. Mathematically, such problems are illposed and have to be overcome through
development of new computational schemes,
regularization techniques, objective functionals, and
experimental procedures. This volume contains a
selection of peer-reviewed papers presented at the
International Symposium on Inverse Problems in
Engineering Mechanics (ISIP2001), held in February
of 2001 in Nagano, Japan, where recent
development in inverse problems in engineering
mechanics and related topics were discussed. The
following general areas in inverse problems in
engineering mechanics were the subjects of the
ISIP2001: mathematical and computational aspects
of inverse problems, parameter or system
identification, shape determination, sensitivity
analysis, optimization, material property
characterization, ultrasonic non-destructive testing,
elastodynamic inverse problems, thermal inverse
problems, and other engineering applications. These
papers can provide a state-of-the-art review of the
research on inverse problems in engineering
mechanics.
This proceedings volume gathers peer-reviewed,
selected papers presented at the “Mathematical and
Numerical Approaches for Multi-Wave Inverse
Problems” conference at the Centre Internacional de
Rencontres Mathématiques (CIRM) in Marseille,
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into new, reliable theoretical approaches and
numerical techniques for solving nonlinear and
inverse problems arising in multi-wave and hybrid
systems. Multi-wave inverse problems have a wide
range of applications in acoustics, electromagnetics,
optics, medical imaging, and geophysics, to name
but a few. In turn, it is well known that inverse
problems are both nonlinear and ill-posed: two
factors that pose major challenges for the
development of new numerical methods for solving
these problems, which are discussed in detail. These
papers will be of interest to all researchers and
graduate students working in the fields of nonlinear
and inverse problems and its applications.
The biannual ISAAC congresses provide information
about recent progress in the whole area of analysis
including applications and computation. This book
constitutes the proceedings of the third meeting.
This book is the edited proceedings of the Fifth
International Conference on Finite Elements in
Water Resources, held at the University of Vermont,
USA in June 1984. This Conference cont inues the
successful series started at Princeton University in
1976, followed by the Conference in Imperial
College, London, UK in 1978, the third Conference
at the University of Mississippi, USA in 1980 and the
fourth at the University of Hannover, Germany in
1982. The objective of this Conference is to provide
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resources with the state-of-t- art on finite element
modelling. The Proceedings review the basic theory
and applications of the technique in groundwater and
seepage, transport phenomena, viscous flow, river,
lake and ocean modelling. The fundamentals of the
numerical techniques employed in finite elements
are also discussed. Many applications illus trate the
versatility and generality of the Finite Element
Method for the simulation of a wide range of
problems in water resources. More recent schemes,
in particular, boundary elements, are also presented,
together with a series of advanced numerical
techniques. The Conference has become an
internationally accepted forum for the presentation of
new developments of finite elements in water
resources techniques. Because of this, a large
number of abstracts were submitted to the
Organizing Committee and it is our only reg ret that it
was impossible to accept all these contributions. The
overwhelming response to our Call for Papers has
ensured the high quality of these proceedings.
The Handbook of Mathematical Methods in Imaging
provides a comprehensive treatment of the mathematical
techniques used in imaging science. The material is
grouped into two central themes, namely, Inverse
Problems (Algorithmic Reconstruction) and Signal and
Image Processing. Each section within the themes
covers applications (modeling), mathematics, numerical
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Written by experts in the area, the presentation is
mathematically rigorous. The entries are crossreferenced for easy navigation through connected topics.
Available in both print and electronic forms, the
handbook is enhanced by more than 150 illustrations
and an extended bibliography. It will benefit students,
scientists and researchers in applied mathematics.
Engineers and computer scientists working in imaging
will also find this handbook useful.
This book contains papers presented at the International
Symposium on Elect- magnetic Fields in Mechatronics,
Electrical and Electronic Engineering ISEF’07 which
was held in Prague, the Czech Republic, from
September 13 to 15, 2007. ISEF conferences have been
organized since 1985 and from the very beginning it was
a common initiative of Polish and other European
researchers who have dealt with electromagnetic ?eld in
electrical engineering. The conference travels through
Europe and is organized in various academic centres.
Relatively often, it was held in some Polish city as the
initiative was on the part of Polish scientists. Now ISEF is
much more international and successive events take
place in different European academic centres renowned
for electromagnetic research. This time it was Prague,
famous for its beauty and historical background, as it is
the place where many c- tures mingle. The venue of the
conference was the historical building of Charles
University, placed just in the centre of Prague. The
Technical University of Prague, in turn, constituted the
logistic centre of the conference. It is the tradition of the
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computational and applied electromagnetics. Moreover,
the ISEF symposia aim at combining theory and practice;
therefore the majority of papers are deeply rooted in
engineering problems, being simultaneously of a high
theoretical level.
Based on research and clinical trials, this book details
the latest research in magnetic resonance imaging (MRI)
tagging technology related to heart mechanics. It covers
clinical applications and examines future trends,
providing a guide for future uses of MRI technology for
studying heart mechanics.
Reflecting the current research and advances made in
the application of numerical methods in geotechnical
engineering, this volume details proceedings of the Ninth
International Symposium on 'Numerical Models in
Geomechanics - NUMOG IX' held in Ottawa, Canada,
25-27 August 2004. Highlighting a number of new
developments in the area, papers concentrate upon the
following four main areas: * constitutive relations for
geomaterials * numerical algorithms: formulation and
performance * modelling of transient, coupled and
dynamic problems * application of numerical techniques
to practical problems. Representing the most advanced,
modern findings in the field, Numerical Models in
Geomechanics is a comprehensive and impeccablyresearched text, ideal for students and researchers as
well as practising engineers.
Uses a strong computational and truly interdisciplinary
treatment to introduce applied inverse theory. The author
created the Mollification Method as a means of dealing
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focuses on
problems with origins in mechanical
engineering, many of the ideas and techniques can be
easily applied to a broad range of situations.
Ill-posed optimization problems appear in a wide range
of mathematical applications, and their numerical
solution requires the use of appropriate regularization
techniques. In order to understand these techniques, a
thorough analysis is inevitable. The main subject of this
book are quadratic optimal control problems subject to
elliptic linear or semi-linear partial differential equations.
Depending on the structure of the differential equation,
different regularization techniques are employed, and
their analysis leads to novel results such as rate of
convergence estimates.
This collection represents a single volume of technical
papers presented at the Annual International DIC Society
Conference and SEM Fall Conference organized by the
Society for Experimental Mechanics and Sandia National
Laboratories and held in Philadelphia, PA, November
7-10, 2016. The volume presents early findings from
experimental, standards development and various other
investigations concerning digital image correlation - an
important area within Experimental Mechanics. The area
of Digital Image Correlation has been an integral track
within the SEM Annual Conference spearheaded by
Professor Michael Sutton from the University of South
Carolina. In 2016, the SEM and Sandia joined their
collaborative strengths to launch a standing fall meeting
focusing specifically on developments in the area of
Digital Image Correlation. The contributed papers within
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Multigrid Methods for Finite Elements combines two
rapidly developing fields: finite element methods,
and multigrid algorithms. At the theoretical level,
Shaidurov justifies the rate of convergence of
various multigrid algorithms for self-adjoint and nonself-adjoint problems, positive definite and indefinite
problems, and singular and spectral problems. At the
practical level these statements are carried over to
detailed, concrete problems, including economical
constructions of triangulations and effective work
with curvilinear boundaries, quasilinear equations
and systems. Great attention is given to mixed
formulations of finite element methods, which allow
the simplification of the approximation of the
biharmonic equation, the steady-state Stokes, and
Navier--Stokes problems.
Ill-posed problemsare encountered in countless
areas of real world science and technology. A variety
of processes in science and engineering is
commonly modeled by algebraic, differential, integral
and other equations. In a more difficult case, it can
be systems of equations combined with the
associated initial and boundary conditions.
Frequently, the study of applied optimization
problems is also reduced to solving the
corresponding equations.These equations,
encountered both in theoretical and applied areas,
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The current textbook will focus on iterative methods
for operator equations in Hilbert spaces."
In this book, the author examines mathematical
aspects of finite element methods for the
approximate solution of incompressible flow
problems. The principal goal is to present some of
the important mathematical results that are relevant
to practical computations. In so doing, useful
algorithms are also discussed. Although rigorous
results are stated, no detailed proofs are supplied;
rather, the intention is to present these results so
that they can serve as a guide for the selection and,
in certain respects, the implementation of algorithms.
Extended Finite Element and Meshfree Methods
provides an overview of, and investigates, recent
developments in extended finite elements with a
focus on applications to material failure in statics and
dynamics. This class of methods is ideally suited for
applications, such as crack propagation, two-phase
flow, fluid-structure-interaction, optimization and
inverse analysis because they do not require any
remeshing. These methods include the original
extended finite element method, smoothed extended
finite element method (XFEM), phantom node
method, extended meshfree methods, numerical
manifold method and extended isogeometric
analysis. This book also addresses their
implementation and provides small MATLAB codes
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challenges and efficient algorithms for tracking the
crack path which plays an important role for complex
engineering applications. Explains all the important
theory behind XFEM and meshfree methods
Provides advice on how to implement XFEM for a
range of practical purposes, along with helpful
MATLAB codes Draws on the latest research to
explore new topics, such as the applications of
XFEM to shell formulations, and extended meshfree
and extended isogeometric methods Introduces
alternative modeling methods to help readers decide
what is most appropriate for their work
In this thesis, we consider mechanical problems with
nonmonotone contact, like adhesive problems,
delamination problems, bilateral contact problems
with nonmonotone friction law, nonmonotone
unilateral contact, etc. In all of them the contact
phenomena are described by nonmonotone and
multivalued laws, which can be expressed by means
of the Clarke subdifferential of a locally Lipschitz
function called a nonconvex, nonsmooth
superpotential. Problems involving such laws give
rise to hemivariational inequalities introduced for the
first time by the engineer Panagiotopoulos in the
eighties. In this work, we combine the regularization
techniques with the finite element method to
approximate a special class of hemivariational
inequalities with maximum (resp. minimum)
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approximations for nonsmooth functions based on
convolution, we provide a regularization procedure to
smooth the nonsmooth superpotential. The nondifferentiable functional is approximated by a family
of differentiable ones. Convergence of the solution
based on the regularized problem to the solution of
the original problem is shown. Then, the finite
element approach for the regularized problem is
analysed and convergence results are given. As an
application we consider some model examples from
continuum mechanics with nonmonotone contact
and present some numerical results.
Nonlinear inverse problems appear in many
applications, and typically they lead to mathematical
models that are ill-posed, i.e., they are unstable
under data perturbations. Those problems require a
regularization, i.e., a special numerical treatment.
This book presents regularization schemes which
are based on iteration methods, e.g., nonlinear
Landweber iteration, level set methods, multilevel
methods and Newton type methods.
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