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Deformable objects are ubiquitous in the world surrounding us, on all levels from micro to macro. The need to study such shapes and model their
behavior arises in a wide spectrum of applications, ranging from medicine to security. In recent years, non-rigid shapes have attracted growing interest,
which has led to rapid development of the field, where state-of-the-art results from very different sciences - theoretical and numerical geometry,
optimization, linear algebra, graph theory, machine learning and computer graphics, to mention several - are applied to find solutions. This book gives
an overview of the current state of science in analysis and synthesis of non-rigid shapes. Everyday examples are used to explain concepts and to
illustrate different techniques. The presentation unfolds systematically and numerous figures enrich the engaging exposition. Practice problems follow
at the end of each chapter, with detailed solutions to selected problems in the appendix. A gallery of colored images enhances the text. This book will
be of interest to graduate students, researchers and professionals in different fields of mathematics, computer science and engineering. It may be used
for courses in computer vision, numerical geometry and geometric modeling and computer graphics or for self-study. The conical approach provides a
geometrical understanding of optimization and is a powerful research tool and useful problem-solving technique (for example, in decision support and
real time control applications). Conical optimality conditions are first stated in a very general optimization framework, and then applied to linear
programming. A complete theory along with primal and dual algorithms is given, and solutions and algorithms are also provided for vector and robust



linear optimization. The advantages of parameter dependence of conical methods are fully discussed. In addition to numerical results, the book
provides source codes and detailed documentation of a Modula-2 implementation for the main algorithms. This book provides a friendly introduction
to the paradigm and proposes a broad panorama of killing applications of the Infinity Computer in optimization: radically new numerical algorithms,
great theoretical insights, efficient software implementations, and interesting practical case studies. This is the first book presenting to the readers
interested in optimization the advantages of a recently introduced supercomputing paradigm that allows to numerically work with different infinities
and infinitesimals on the Infinity Computer patented in several countries. One of the editors of the book is the creator of the Infinity Computer, and
another editor was the first who has started to use it in optimization. Their results were awarded by numerous scientific prizes. This engaging book
opens new horizons for researchers, engineers, professors, and students with interests in supercomputing paradigms, optimization, decision making,
game theory, and foundations of mathematics and computer science. “Mathematicians have never been comfortable handling infinities... But an
entirely new type of mathematics looks set to by-pass the problem... Today, Yaroslav Sergeyev, a mathematician at the University of Calabria in Italy
solves this problem... ” MIT Technology Review “These ideas and future hardware prototypes may be productive in all fields of science where infinite
and infinitesimal numbers (derivatives, integrals, series, fractals) are used.” A. Adamatzky, Editor-in-Chief of the International Journal of
Unconventional Computing. “I am sure that the new approach ... will have a very deep impact both on Mathematics and Computer Science.” D.
Trigiante, Computational Management Science. “Within the grossone framework, it becomes feasible to deal computationally with infinite quantities,
in a way that is both new (in the sense that previously intractable problems become amenable to computation) and natural”. R. Gangle, G. Caterina, F.
Tohmé, Soft Computing. “The computational features offered by the Infinity Computer allow us to dynamically change the accuracy of representation
and floating-point operations during the flow of a computation. When suitably implemented, this possibility turns out to be particularly advantageous
when solving ill-conditioned problems. In fact, compared with a standard multi-precision arithmetic, here the accuracy is improved only when needed,
thus not affecting that much the overall computational effort.” P. Amodio, L. Brugnano, F. Iavernaro & F. Mazzia, Soft Computing This book presents
the proceedings of the 12th Annual Symposium on Theoretical Aspects of Computer Science (STACS 95), held in Munich, Germany in March 1995.
Besides three invited talks, the book contains revised versions of 53 research papers selected from a total of 180 submissions. The contributions
address all current aspects of theoretical computer science; they are organized in sections on complexity theory, automata theory, algorithms, logic,
theory of parallel computing, communication theory, graph theory and databases, and computational geometry. Semi-infinite programming (SIP) deals
with optimization problems in which either the number of decision variables or the number of constraints is finite. This book presents the state of the
art in SIP in a suggestive way, bringing the powerful SIP tools close to the potential users in different scientific and technological fields. The volume is
divided into four parts. Part I reviews the first decade of SIP (1962-1972). Part II analyses convex and generalised SIP, conic linear programming, and
disjunctive programming. New numerical methods for linear, convex, and continuously differentiable SIP problems are proposed in Part III. Finally,
Part IV provides an overview of the applications of SIP to probability, statistics, experimental design, robotics, optimization under uncertainty,
production games, and separation problems. Audience: This book is an indispensable reference and source for advanced students and researchers in
applied mathematics and engineering. Mathematics is beautiful--and it can be fun and exciting as well as practical. Good Math is your guide to some of
the most intriguing topics from two thousand years of mathematics: from Egyptian fractions to Turing machines; from the real meaning of numbers to
proof trees, group symmetry, and mechanical computation. If you've ever wondered what lay beyond the proofs you struggled to complete in high
school geometry, or what limits the capabilities of computer on your desk, this is the book for you. Why do Roman numerals persist? How do we know



that some infinities are larger than others? And how can we know for certain a program will ever finish? In this fast-paced tour of modern and not-so-
modern math, computer scientist Mark Chu-Carroll explores some of the greatest breakthroughs and disappointments of more than two thousand years
of mathematical thought. There is joy and beauty in mathematics, and in more than two dozen essays drawn from his popular "Good Math" blog, you'll
find concepts, proofs, and examples that are often surprising, counterintuitive, or just plain weird. Mark begins his journey with the basics of numbers,
with an entertaining trip through the integers and the natural, rational, irrational, and transcendental numbers. The voyage continues with a look at
some of the oddest numbers in mathematics, including zero, the golden ratio, imaginary numbers, Roman numerals, and Egyptian and continuing
fractions. After a deep dive into modern logic, including an introduction to linear logic and the logic-savvy Prolog language, the trip concludes with a
tour of modern set theory and the advances and paradoxes of modern mechanical computing. If your high school or college math courses left you
grasping for the inner meaning behind the numbers, Mark's book will both entertain and enlighten you. Annotation The advent of mathematical
software has been one of the most important events in mathematics. Mathematical software systems are used to construct examples, to prove theorems,
and to find new mathematical phenomena. On the other hand, mathematical research often motivates developments of new algorithms and new
systems. Mathematical software systems rely on the cooperation of mathematicians, designers of algorithms, and mathematical programmers. This
book is aimed at software developers in mathematics and programming mathematicians, but it also provides opportunities to discuss the topics with
mathematicians. The aim of this work is to present in a unified approach a series of results concerning totally convex functions on Banach spaces and
their applications to building iterative algorithms for computing common fixed points of mea surable families of operators and optimization methods in
infinite dimen sional settings. The notion of totally convex function was first studied by Butnariu, Censor and Reich [31] in the context of the space
lRR because of its usefulness for establishing convergence of a Bregman projection method for finding common points of infinite families of closed
convex sets. In this finite dimensional environment total convexity hardly differs from strict convexity. In fact, a function with closed domain in a
finite dimensional Banach space is totally convex if and only if it is strictly convex. The relevancy of total convexity as a strengthened form of strict
convexity becomes apparent when the Banach space on which the function is defined is infinite dimensional. In this case, total convexity is a property
stronger than strict convexity but weaker than locally uniform convexity (see Section 1.3 below). The study of totally convex functions in infinite
dimensional Banach spaces was started in [33] where it was shown that they are useful tools for extrapolating properties commonly known to belong to
operators satisfying demanding contractivity requirements to classes of operators which are not even mildly nonexpansive. Continuous optimization is
the study of problems in which we wish to opti mize (either maximize or minimize) a continuous function (usually of several variables) often subject to
a collection of restrictions on these variables. It has its foundation in the development of calculus by Newton and Leibniz in the 17*^ century.
Nowadys, continuous optimization problems are widespread in the mathematical modelling of real world systems for a very broad range of
applications. Solution methods for large multivariable constrained continuous optimiza tion problems using computers began with the work of Dantzig
in the late 1940s on the simplex method for linear programming problems. Recent re search in continuous optimization has produced a variety of
theoretical devel opments, solution methods and new areas of applications. It is impossible to give a full account of the current trends and modern
applications of contin uous optimization. It is our intention to present a number of topics in order to show the spectrum of current research activities
and the development of numerical methods and applications. Logic is, and should be, the core subject area of modern mathemat ics. The blueprint for
twentieth century mathematical thought, thanks to Hilbert and Bourbaki, is the axiomatic development of the subject. As a result, logic plays a central
conceptual role. At the same time, mathematical logic has grown into one of the most recondite areas of mathematics. Most of modern logic is



inaccessible to all but the special ist. Yet there is a need for many mathematical scientists-not just those engaged in mathematical research-to become
conversant with the key ideas of logic. The Handbook of Mathematical Logic, edited by Jon Bar wise, is in point of fact a handbook written by
logicians for other mathe maticians. It was, at the time of its writing, encyclopedic, authoritative, and up-to-the-moment. But it was, and remains, a
comprehensive and authoritative book for the cognoscenti. The encyclopedic Handbook of Logic in Computer Science by Abramsky, Gabbay, and
Maibaum is a wonderful resource for the professional. But it is overwhelming for the casual user. There is need for a book that introduces important
logic terminology and concepts to the working mathematical scientist who has only a passing acquaintance with logic. Thus the present work has a
different target audience. The intent of this handbook is to present the elements of modern logic, including many current topics, to the reader having
only basic mathe matical literacy. Computational geometry concerns itself with designing and analyzing algorithms for solving geometric problems.
The field has reached a high level of sophistication, and very complicated algorithms have been designed.However, it is also useful to develop more
practical algorithms, so long as they are based on rigorous methods. One such method is the use of randomized algorithms. These algorithms have
become more and more popular, turning into one of the hottest areas of recent years. Dynamic algorithms are particularly interesting because in
practice the data of a problem are often acquired progressively. In this monograph the author studies the theoretical complexity and practical efficiency
of randomized dynamic algorithms. International authorities from Canada, Denmark, England, Germany, Russia and South Africa focus on research on
fractal geometry and the best practices in software, theoretical mathematical algorithms, and analysis. They address the rich panoply of manifold
applications of fractal geometry available for study and research in science and industry: i.e., remote sensing, mapping, texture creations, pattern
recognition, image compression, aeromechanical systems, cryptography and financial analysis. Economically priced, this important and authoritative
reference source for research and study cites over 230 references to the literature, copiously illustrated with over 320 diagrams and photographs. The
book is published for The Institute of Mathematics and its Applications, co-sponsored with The Institute of Physics and The Institution of Electrical
Engineers. Outlines research on fractal geometry and the best practices in software, theoretical mathematical algorithms, and analysis International
authorities from around the world address the rich panoply of manifold applications of fractal geometry available for study and research in science and
industry Addresses applications in key research fields of remote sensing, mapping, texture creations, pattern recognition, image compression,
aeromechanical systems, cryptography and financial analysis This volume presents the proceedings of the Seventh International Colloquium on Finite
or Infinite Dimensional Complex Analysis held in Fukuoka, Japan. The contributions offer multiple perspectives and numerous research examples on
complex variables, Clifford algebra variables, hyperfunctions and numerical analysis. An introduction to the fundamental geometric concepts and tools
needed for solving problems of a geometric nature using a computer. The book offers overviews of affine, projective, Euclidian and differential
geometry, exploring many of their practical applications, and providing the geometric background needed for conducting research in computer
graphics, geometric modeling, computer vision and robotics. This book constitutes the refereed proceedings of the 19th Conference on Foundations of
Software Technology and Theoretical Computer Science, FSTTCS'99, held in Chennai, India, in December 1999. The 30 revised full papers presented
were carefully reviewed and selected from a total of 84 submissions. Also included are six invited contributions. The papers presented address all
current issues in theoretical computer science and programming theory. The author defines “Geometric Algebra Computing” as the geometrically
intuitive development of algorithms using geometric algebra with a focus on their efficient implementation, and the goal of this book is to lay the
foundations for the widespread use of geometric algebra as a powerful, intuitive mathematical language for engineering applications in academia and
industry. The related technology is driven by the invention of conformal geometric algebra as a 5D extension of the 4D projective geometric algebra



and by the recent progress in parallel processing, and with the specific conformal geometric algebra there is a growing community in recent years
applying geometric algebra to applications in computer vision, computer graphics, and robotics. This book is organized into three parts: in Part I the
author focuses on the mathematical foundations; in Part II he explains the interactive handling of geometric algebra; and in Part III he deals with
computing technology for high-performance implementations based on geometric algebra as a domain-specific language in standard programming
languages such as C++ and OpenCL. The book is written in a tutorial style and readers should gain experience with the associated freely available
software packages and applications. The book is suitable for students, engineers, and researchers in computer science, computational engineering, and
mathematics. This book constitutes the refereed proceedings of the First International Conference on Geometric Science of Information, GSI 2013,
held in Paris, France, in August 2013. The nearly 100 papers presented were carefully reviewed and selected from numerous submissions and are
organized into the following thematic sessions: Geometric Statistics on Manifolds and Lie Groups, Deformations in Shape Spaces, Differential
Geometry in Signal Processing, Relational Metric, Discrete Metric Spaces, Computational Information Geometry, Hessian Information Geometry I and
II, Computational Aspects of Information Geometry in Statistics, Optimization on Matrix Manifolds, Optimal Transport Theory, Probability on
Manifolds, Divergence Geometry and Ancillarity, Entropic Geometry, Tensor-Valued Mathematical Morphology, Machine/Manifold/Topology
Learning, Geometry of Audio Processing, Geometry of Inverse Problems, Algebraic/Infinite dimensional/Banach Information Manifolds, Information
Geometry Manifolds, and Algorithms on Manifolds. Semi-infinite optimization is a vivid field of active research. Recently semi infinite optimization
in a general form has attracted a lot of attention, not only because of its surprising structural aspects, but also due to the large number of applications
which can be formulated as general semi-infinite programs. The aim of this book is to highlight structural aspects of general semi-infinite
programming, to formulate optimality conditions which take this structure into account, and to give a conceptually new solution method. In fact, under
certain assumptions general semi-infinite programs can be solved efficiently when their bi-Ievel structure is exploited appropriately. After a brief
introduction with some historical background in Chapter 1 we be gin our presentation by a motivation for the appearance of standard and general semi-
infinite optimization problems in applications. Chapter 2 lists a number of problems from engineering and economics which give rise to semi-infinite
models, including (reverse) Chebyshev approximation, minimax problems, ro bust optimization, design centering, defect minimization problems for
operator equations, and disjunctive programming. A linear semi-infinite program is an optimization problem with linear objective functions and linear
constraints in which either the number of unknowns or the number of constraints is finite. The many direct applications of linear semi-infinite
optimization (or programming) have prompted considerable and increasing research effort in recent years. The authors' aim is to communicate the
main theoretical ideas and applications techniques of this fascinating area, from the perspective of convex analysis. The four sections of the book
cover: * Modelling with primal and dual problems - the primal problem, space of dual variables, the dual problem. * Linear semi-infinite systems -
existence theorems, alternative theorems, redundancy phenomena, geometrical properties of the solution set. * Theory of linear semi-infinite
programming - optimality, duality, boundedness, perturbations, well-posedness. * Methods of linear semi-infinite programming - an overview of the
main numerical methods for primal and dual problems. Exercises and examples are provided to illustrate both theory and applications. The reader is
assumed to be familiar with elementary calculus, linear algebra and general topology. An appendix on convex analysis is provided to ensure that the
book is self-contained. Graduate students and researchers wishing to gain a deeper understanding of the main ideas behind the theory of linear
optimization will find this book to be an essential text. Over the past six decades, several extremely important fields in mathematics have been
developed. Among these are Itô calculus, Gaussian measures on Banach spaces, Malliavan calculus, and white noise distribution theory. These subjects



have many applications, ranging from finance and economics to physics and biology. Unfortunately, the background information required to conduct
research in these subjects presents a tremendous roadblock. The background material primarily stems from an abstract subject known as infinite
dimensional topological vector spaces. While this information forms the backdrop for these subjects, the books and papers written about topological
vector spaces were never truly written for researchers studying infinite dimensional analysis. Thus, the literature for topological vector spaces is dense
and difficult to digest, much of it being written prior to the 1960s. Tools for Infinite Dimensional Analysis aims to address these problems by providing
an introduction to the background material for infinite dimensional analysis that is friendly in style and accessible to graduate students and researchers
studying the above-mentioned subjects. It will save current and future researchers countless hours and promote research in these areas by removing an
obstacle in the path to beginning study in areas of infinite dimensional analysis. Features Focused approach to the subject matter Suitable for graduate
students as well as researchers Detailed proofs of primary results For a thousand years, infinity has proven to be a difficult and illuminating challenge
for mathematicians and theologians. It certainly is the strangest idea that humans have ever thought. Where did it come from and what is it telling us
about our Universe? Can there actually be infinities? Is matter infinitely divisible into ever-smaller pieces? But infinity is also the place where things
happen that don't. All manner of strange paradoxes and fantasies characterize an infinite universe. If our Universe is infinite then an infinite number of
exact copies of you are, at this very moment, reading an identical sentence on an identical planet somewhere else in the Universe. Now Infinity is the
darling of cutting edge research, the measuring stick used by physicists, cosmologists, and mathematicians to determine the accuracy of their theories.
From the paradox of Zeno’s arrow to string theory, Cambridge professor John Barrow takes us on a grand tour of this most elusive of ideas and
describes with clarifying subtlety how this subject has shaped, and continues to shape, our very sense of the world in which we live. The Infinite Book
is a thoroughly entertaining and completely accessible account of the biggest subject of them all–infinity. Infinite-dimensional linear programs;
Algebraic fundamentals; Topology and duality. Semi-infinite linear programs; The mass-transfer problem; Maximal flow in a dynamic network;
Continuous linear programs; Other infinite linear programs; Index. "There is perhaps no better way to prepare for the scientific breakthroughs of
tomorrow than to learn the language of geometry." -Brian Greene, author of The Elegant Universe The word "geometry" brings to mind an array of
mathematical images: circles, triangles, the Pythagorean Theorem. Yet geometry is so much more than shapes and numbers; indeed, it governs much of
our lives-from architecture and microchips to car design, animated movies, the molecules of food, even our own body chemistry. And as Siobhan
Roberts elegantly conveys in The King of Infinite Space, there can be no better guide to the majesty of geometry than Donald Coxeter, perhaps the
greatest geometer of the twentieth century. Many of the greatest names in intellectual history-Pythagoras, Plato, Archimedes, Euclid- were geometers,
and their creativity and achievements illuminate those of Coxeter, revealing geometry to be a living, ever-evolving endeavor, an intellectual adventure
that has always been a building block of civilization. Coxeter's special contributions-his famed Coxeter groups and Coxeter diagrams-have been called
by other mathematicians "tools as essential as numbers themselves," but his greatest achievement was to almost single-handedly preserve the tradition
of classical geometry when it was under attack in a mathematical era that valued all things austere and rational. Coxeter also inspired many outside the
field of mathematics. Artist M. C. Escher credited Coxeter with triggering his legendary Circle Limit patterns, while futurist/inventor Buckminster
Fuller acknowledged that his famed geodesic dome owed much to Coxeter's vision. The King of Infinite Space is an elegant portal into the fascinating,
arcane world of geometry. An accessible introduction to convex algebraic geometry and semidefinite optimization. For graduate students and
researchers in mathematics and computer science. The main purpose of this book is to present, in a unified approach, several algorithms for fixed point
computation, convex feasibility and convex optimization in infinite dimensional Banach spaces, and for problems involving, eventually, infinitely



many constraints. For instance, methods like the simultaneous projection algorithm for feasibility, the proximal point algorithm and the augmented
Lagrangian algorithm are rigorously formulated and analyzed in this general setting and shown to be applicable to much wider classes of problems
than previously known. For this purpose, a new basic concept, total convexity, is introduced. Its properties are deeply explored, and a comprehensive
theory is presented, bringing together previously unrelated ideas from Banach space geometry, finite dimensional convex optimization and functional
analysis. For making a general approach possible the work aims to improve upon classical results like the Holder-Minkowsky inequality of ?p. In the
4,000-year history of research into Pi, results have never been as prolific as present. This book describes, in easy-to-understand language, the latest and
most fascinating findings of mathematicians and computer scientists in the field of Pi. Attention is focused on new methods of high-speed computation.
This book constitutes the thoroughly refereed post-proceedings of the Indonesia-Japan Joint Conference on Combinatorial Geometry and Graph
Theory, IJCCGGT 2003, held in Bandung, Indonesia in September 2003. The 23 revised papers presented were carefully selected during two rounds of
reviewing and improvement. Among the topics covered are coverings, convex polygons, convex polyhedra, matchings, graph colourings, crossing
numbers, subdivision numbers, combinatorial optimization, combinatorics, spanning trees, various graph characteristica, convex bodies, labelling,
Ramsey number estimation, etc. This book presents four mathematical essays which explore the foundations of mathematics and related topics ranging
from philosophy and logic to modern computer mathematics. While connected to the historical evolution of these concepts, the essays place strong
emphasis on developments still to come. The book originated in a 2002 symposium celebrating the work of Bruno Buchberger, Professor of Computer
Mathematics at Johannes Kepler University, Linz, Austria, on the occasion of his 60th birthday. Among many other accomplishments, Professor
Buchberger in 1985 was the founding editor of the Journal of Symbolic Computation; the founder of the Research Institute for Symbolic Computation
(RISC) and its chairman from 1987-2000; the founder in 1990 of the Softwarepark Hagenberg, Austria, and since then its director. More than a decade
in the making, Mathematics, Computer Science and Logic - A Never Ending Story includes essays by leading authorities, on such topics as
mathematical foundations from the perspective of computer verification; a symbolic-computational philosophy and methodology for mathematics; the
role of logic and algebra in software engineering; and new directions in the foundations of mathematics. These inspiring essays invite general,
mathematically interested readers to share state-of-the-art ideas which advance the never ending story of mathematics, computer science and logic.
Mathematics, Computer Science and Logic - A Never Ending Story is edited by Professor Peter Paule, Bruno Buchberger’s successor as director of the
Research Institute for Symbolic Computation. Based around a theme of the construction of a game engine, this textbook is for final year undergraduate
and graduate students, emphasising formal methods in writing robust code quickly. This book takes an unusual, engineering-inspired approach to
illuminate the creation and verification of large software systems . Where other textbooks discuss business practices through generic project
management techniques or detailed rigid logic systems, this book examines the interaction between code in a physical machine and the logic applied in
creating the software. These elements create an informal and rigorous study of logic, algebra, and geometry through software. Assuming prior
experience with C, C++, or Java programming languages, chapters introduce UML, OCL, and Z from scratch. Extensive worked examples motivate
readers to learn the languages through the technical side of software science.
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