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This book offers an original and informative view of the development of fundamental concepts of computability theory.
The treatment is put into historical context, emphasizing the motivation for ideas as well as their logical and formal
development. In Part I the author introduces computability theory, with chapters on the foundational crisis of mathematics
in the early twentieth century, and formalism; in Part II he explains classical computability theory, with chapters on the
quest for formalization, the Turing Machine, and early successes such as defining incomputable problems, c.e.
(computably enumerable) sets, and developing methods for proving incomputability; in Part III he explains relative
computability, with chapters on computation with external help, degrees of unsolvability, the Turing hierarchy of
unsolvability, the class of degrees of unsolvability, c.e. degrees and the priority method, and the arithmetical hierarchy.
This is a gentle introduction from the origins of computability theory up to current research, and it will be of value as a
textbook and guide for advanced undergraduate and graduate students and researchers in the domains of computability
theory and theoretical computer science.
This introductory text covers the key areas of computer science, including recursive function theory, formal languages,
and automata. Additions to the second edition include: extended exercise sets, which vary in difficulty; expanded section
on recursion theory; new chapters on program verification and logic programming; updated references and examples
throughout.
The book is a collection of papers of experts in the fields of information and complexity. Information is a basic structure of
the world, while complexity is a fundamental property of systems and processes. There are intrinsic relations between
information and complexity. The research in information theory, the theory of complexity and their interrelations is very
active. The book will expand knowledge on information, complexity and their relations representing the most recent and
advanced studies and achievements in this area. The goal of the book is to present the topic from different perspectives —
mathematical, informational, philosophical, methodological, etc.
Automata and natural language theory are topics lying at the heart of computer science. Both are linked to computational
complexity and together, these disciplines help define the parameters of what constitutes a computer, the structure of
programs, which problems are solvable by computers, and a range of other crucial aspects of the practice of computer
science. In this important volume, two respected authors/editors in the field offer accessible, practice-oriented coverage
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of these issues with an emphasis on refining core problem solving skills.
This book introduces the first programming language for which average-case time analysis of its programs is guaranteed
to be modular. The main time measure currently used for real-time languages (worst-case time) is well-known not to be
modular in general, which makes average-case analysis notoriously difficult. Schellekens includes sample programs as
well as derivations of the average-case time of these programs to illustrate this radically different approach.
This work elucidates the structure and complexity of human language in terms of the mathematics of information and
computation. It strengthens Chomsky's early work on the mathematics of language, with the advantages of a better
understanding of language and a more precise theory of structural complexity. Ristad argues that language is the
process of constructing linguistic representations from the forms produced by other cognitive modules and that this
process is NP-complete. This NP-completeness is defended with a phalanx of elegant and revealing proofs that rely only
on the empirical facts of linguistic knowledge and on the uncontroverted assumption that these facts generalize in a
reasonable manner. For this reason, these complexity results apply to all adequate linguistic theories and are the first to
do so. Eric Sven Ristad is Assistant Professor of Computer Science at Princeton University. He is the coauthor of
Computational Complexity and Natural Language. Contents: Foundation of the Investigation. Anaphora. Ellipsis.
Phonology. Syntactic Agreement and Lexical Ambiguity. Philosophical Issues.
This book explains advanced theoretical and application-related issues in grammatical inference, a research area inside
the inductive inference paradigm for machine learning. The first three chapters of the book deal with issues regarding
theoretical learning frameworks; the next four chapters focus on the main classes of formal languages according to
Chomsky's hierarchy, in particular regular and context-free languages; and the final chapter addresses the processing of
biosequences. The topics chosen are of foundational interest with relatively mature and established results, algorithms
and conclusions. The book will be of value to researchers and graduate students in areas such as theoretical computer
science, machine learning, computational linguistics, bioinformatics, and cognitive psychology who are engaged with the
study of learning, especially of the structure underlying the concept to be learned. Some knowledge of mathematics and
theoretical computer science, including formal language theory, automata theory, formal grammars, and algorithmics, is a
prerequisite for reading this book.
First published in 1998, this textbook is a broad but rigourous survey of the theoretical basis for the design, definition and
implementation of programming languages and of systems for specifying and proving programme behaviour. Both
imperative and functional programming are covered, as well as the ways of integrating these aspects into more general
languages. Recognising a unity of technique beneath the diversity of research in programming languages, the author
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presents an integrated treatment of the basic principles of the subject. He identifies the relatively small number of
concepts, such as compositional semantics, binding structure, domains, transition systems and inference rules, that
serve as the foundation of the field. Assuming only knowledge of elementary programming and mathematics, this text is
perfect for advanced undergraduate and beginning graduate courses in programming language theory and also will
appeal to researchers and professionals in designing or implementing computer languages.
Computability Theory: An Introduction to Recursion Theory provides a concise, comprehensive, and authoritative
introduction to contemporary computability theory, techniques, and results. The basic concepts and techniques of
computability theory are placed in their historical, philosophical and logical context. This presentation is characterized by
an unusual breadth of coverage and the inclusion of advanced topics not to be found elsewhere in the literature at this
level. The text includes both the standard material for a first course in computability and more advanced looks at degree
structures, forcing, priority methods, and determinacy. The final chapter explores a variety of computability applications to
mathematics and science. Computability Theory is an invaluable text, reference, and guide to the direction of current
research in the field. Nowhere else will you find the techniques and results of this beautiful and basic subject brought
alive in such an approachable way. Frequent historical information presented throughout More extensive motivation for
each of the topics than other texts currently available Connects with topics not included in other textbooks, such as
complexity theory
This book presents a set of historical recollections on the work of Martin Davis and his role in advancing our
understanding of the connections between logic, computing, and unsolvability. The individual contributions touch on most
of the core aspects of Davis’ work and set it in a contemporary context. They analyse, discuss and develop many of the
ideas and concepts that Davis put forward, including such issues as contemporary satisfiability solvers, essential
unification, quantum computing and generalisations of Hilbert’s tenth problem. The book starts out with a scientific
autobiography by Davis, and ends with his responses to comments included in the contributions. In addition, it includes
two previously unpublished original historical papers in which Davis and Putnam investigate the decidable and the
undecidable side of Logic, as well as a full bibliography of Davis’ work. As a whole, this book shows how Davis’
scientific work lies at the intersection of computability, theoretical computer science, foundations of mathematics, and
philosophy, and draws its unifying vision from his deep involvement in Logic.
Finite Element Solution of Boundary Value Problems: Theory and Computation provides an introduction to both the
theoretical and computational aspects of the finite element method for solving boundary value problems for partial
differential equations. This book is composed of seven chapters and begins with surveys of the two kinds of
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preconditioning techniques, one based on the symmetric successive overrelaxation iterative method for solving a system
of equations and a form of incomplete factorization. The subsequent chapters deal with the concepts from functional
analysis of boundary value problems. These topics are followed by discussions of the Ritz method, which minimizes the
quadratic functional associated with a given boundary value problem over some finite-dimensional subspace of the
original space of functions. Other chapters are devoted to direct methods, including Gaussian elimination and related
methods, for solving a system of linear algebraic equations. The final chapter continues the analysis of preconditioned
conjugate gradient methods, concentrating on applications to finite element problems. This chapter also looks into the
techniques for reducing rounding errors in the iterative solution of finite element equations. This book will be of value to
advanced undergraduates and graduates in the areas of numerical analysis, mathematics, and computer science, as well
as for theoretically inclined workers in engineering and the physical sciences.
This introductory text covers the key areas of computer science, including recursive function theory, formal languages,
and automata. It assumes a minimal background in formal mathematics. The book is divided into five parts:
Computability, Grammars and Automata, Logic, Complexity, and Unsolvability. * Computability theory is introduced in a
manner that makes maximum use of previous programming experience, including a "universal" program that takes up
less than a page. * The number of exercises included has more than tripled. * Automata theory, computational logic, and
complexity theory are presented in a flexible manner, and can be covered in a variety of different arrangements.
Edited in collaboration with FoLLI, the Association of Logic, Language and Information this book constitutes the refereed
proceedings of the 25th Workshop on Logic, Language, Information and Communication, WoLLIC 2018, held inBogota,
Colombia, in July 2018. The 16 full papers together with 3 short papers and 3 invited talks presented were fully reviewed
and selected from 30 submissions. The vision for the conference is to provide an annual forum which is large enough to
provide meaningful interactions between logic and the sciences related to information and computation.
Computer Science and Applied Mathematics: Algorithm-Structured Computer Arrays and Networks: Architectures and
Processes for Images, Percepts, Models, Information examines the parallel-array, pipeline, and other network multicomputers. This book describes and explores arrays and networks, those built, being designed, or proposed. The
problems of developing higher-level languages for systems and designing algorithm, program, data flow, and computer
structure are also discussed. This text likewise describes several sequences of successively more general attempts to
combine the power of arrays with the flexibility of networks into structures that reflect and embody the flow of information
through their processors. This publication is useful as a textbook or auxiliary textbook for students taking courses on
computer architecture, parallel computers, arrays and networks, and image processing and pattern recognition.
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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.
Computability theory originated with the seminal work of Gödel, Church, Turing, Kleene and Post in the 1930s. This
theory includes a wide spectrum of topics, such as the theory of reducibilities and their degree structures, computably
enumerable sets and their automorphisms, and subrecursive hierarchy classifications. Recent work in computability
theory has focused on Turing definability and promises to have far-reaching mathematical, scientific, and philosophical
consequences. Written by a leading researcher, Computability Theory provides a concise, comprehensive, and
authoritative introduction to contemporary computability theory, techniques, and results. The basic concepts and
techniques of computability theory are placed in their historical, philosophical and logical context. This presentation is
characterized by an unusual breadth of coverage and the inclusion of advanced topics not to be found elsewhere in the
literature at this level. The book includes both the standard material for a first course in computability and more advanced
looks at degree structures, forcing, priority methods, and determinacy. The final chapter explores a variety of
computability applications to mathematics and science. Computability Theory is an invaluable text, reference, and guide
to the direction of current research in the field. Nowhere else will you find the techniques and results of this beautiful and
basic subject brought alive in such an approachable and lively way.
Computability and complexity theory are two central areas of research in theoretical computer science. This book provides a
systematic, technical development of "algorithmic randomness" and complexity for scientists from diverse fields.
This text addresses some theoretical issues surrounding computer science. It provides an introduction to the theory of
computation, and covers programming languages, finite state machines, grammars, Boolean circuits, computational complexity,
feasible problems, and intractable problems.
The rapid rate at which the field of digital picture processing has grown in the past five years had necessitated extensive revisions
and the introduction of topics not found in the original edition.
Computability, Complexity, and LanguagesFundamentals of Theoretical Computer ScienceMorgan Kaufmann Publishers
To select the most suitable simulation algorithm for a given task is often difficult. This is due to intricate interactions between model
features, implementation details, and runtime environment, which may strongly affect the overall performance. An automated
selection of simulation algorithms supports users in setting up simulation experiments without demanding expert knowledge on
simulation. Roland Ewald analyzes and discusses existing approaches to solve the algorithm selection problem in the context of
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simulation. He introduces a framework for automatic simulation algorithm selection and describes its integration into the opensource modelling and simulation framework James II. Its selection mechanisms are able to cope with three situations: no prior
knowledge is available, the impact of problem features on simulator performance is unknown, and a relationship between problem
features and algorithm performance can be established empirically. The author concludes with an experimental evaluation of the
developed methods.
The breathtakingly rapid pace of change in computing makes it easy to overlook the pioneers who began it all. Written by Martin
Davis, respected logician and researcher in the theory of computation, The Universal Computer: The Road from Leibniz to Turing
explores the fascinating lives, ideas, and discoveries of seven remarkable mathematicians. It tells the stories of the unsung heroes
of the computer age – the logicians. The story begins with Leibniz in the 17th century and then focuses on Boole, Frege, Cantor,
Hilbert, and Gödel, before turning to Turing. Turing’s analysis of algorithmic processes led to a single, all-purpose machine that
could be programmed to carry out such processes—the computer. Davis describes how this incredible group, with lives as
extraordinary as their accomplishments, grappled with logical reasoning and its mechanization. By investigating their
achievements and failures, he shows how these pioneers paved the way for modern computing. Bringing the material up to date,
in this revised edition Davis discusses the success of the IBM Watson on Jeopardy, reorganizes the information on
incompleteness, and adds information on Konrad Zuse. A distinguished prize-winning logician, Martin Davis has had a career of
more than six decades devoted to the important interface between logic and computer science. His expertise, combined with his
genuine love of the subject and excellent storytelling, make him the perfect person to tell this story.
Life expectancy is increasing, and we are all expected to work for longer as a result. A balance must be found between the
demands of work and human capabilities, and this makes the prevention of workplace-related health problems more important
than ever. Emerging technologies, such as smart textiles, wearable devices, and the Internet of Things have enabled the
development of intelligent biomedical clothing and the integration of pervasive sensitive services into the environment, and
together with ambient intelligence technology techniques and big data analytics, have fostered a proliferation of p-Health
monitoring solutions. This book presents a collection of the most significant challenges and advances in the field of intelligent
workspaces and personalized ergonomics, bringing together the most relevant results of various international research projects.
The book is organized into three main sections: Personalized Ergonomics, which explores the need for practical and reliable risk
assessment methods for the prevention of musculoskeletal disorders and the enhancement of the workplace; Pervasive
Technology for Intelligent Workplaces, which identifies the opportunities and challenges of technology-based interventions and the
security and privacy issues of the smart workplace; and Data Warehouse Governance and Analytics. The book concludes with a
chapter on lessons learnt. The transformation of the working environment into a healthy and intelligent space will not only support
ergonomists, employees and employers, but may also be the solution to the sustainability of our current social welfare systems,
and the book will be of interest to all those concerned with workplace health.
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The theme of this book is formed by a pair of concepts: the concept of formal language as carrier of the precise expression of
meaning, facts and problems, and the concept of algorithm or calculus, i.e. a formally operating procedure for the solution of
precisely described questions and problems. The book is a unified introduction to the modern theory of these concepts, to the way
in which they developed first in mathematical logic and computability theory and later in automata theory, and to the theory of
formal languages and complexity theory. Apart from considering the fundamental themes and classical aspects of these areas, the
subject matter has been selected to give priority throughout to the new aspects of traditional questions, results and methods which
have developed from the needs or knowledge of computer science and particularly of complexity theory. It is both a textbook for
introductory courses in the above-mentioned disciplines as well as a monograph in which further results of new research are
systematically presented and where an attempt is made to make explicit the connections and analogies between a variety of
concepts and constructions.

The theoretical underpinnings of computing form a standard part of almost every computer science curriculum. But the
classic treatment of this material isolates it from the myriad ways in which the theory influences the design of modern
hardware and software systems. The goal of this book is to change that. The book is organized into a core set of
chapters (that cover the standard material suggested by the title), followed by a set of appendix chapters that highlight
application areas including programming language design, compilers, software verification, networks, security, natural
language processing, artificial intelligence, game playing, and computational biology. The core material includes
discussions of finite state machines, Markov models, hidden Markov models (HMMs), regular expressions, context-free
grammars, pushdown automata, Chomsky and Greibach normal forms, context-free parsing, pumping theorems for
regular and context-free languages, closure theorems and decision procedures for regular and context-free languages,
Turing machines, nondeterminism, decidability and undecidability, the Church-Turing thesis, reduction proofs, Post
Correspondence problem, tiling problems, the undecidability of first-order logic, asymptotic dominance, time and space
complexity, the Cook-Levin theorem, NP-completeness, Savitch's Theorem, time and space hierarchy theorems,
randomized algorithms and heuristic search. Throughout the discussion of these topics there are pointers into the
application chapters. So, for example, the chapter that describes reduction proofs of undecidability has a link to the
security chapter, which shows a reduction proof of the undecidability of the safety of a simple protection framework.
This book establishes the foundations needed to realize the ultimate goals for artificial intelligence, such as autonomy
and trustworthiness. Aimed at scientists, researchers, technologists, practitioners, and students, it brings together
contributions offering the basics, the challenges and the state-of-the-art on trusted autonomous systems in a single
volume. The book is structured in three parts, with chapters written by eminent researchers and outstanding practitioners
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and users in the field. The first part covers foundational artificial intelligence technologies, while the second part covers
philosophical, practical and technological perspectives on trust. Lastly, the third part presents advanced topics necessary
to create future trusted autonomous systems. The book augments theory with real-world applications including cyber
security, defence and space.
In this book the authors try to bridge the gap between the treatments of matrix theory and linear algebra. It is aimed at
graduate and advanced undergraduate students seeking a foundation in mathematics, computer science, or engineering.
It will also be useful as a reference book for those working on matrices and linear algebra for use in their scientific work.
Content Description #Includes bibliographical references and index.
Gualtiero Piccinini articulates and defends a mechanistic account of concrete, or physical, computation. A physical
system is a computing system just in case it is a mechanism one of whose functions is to manipulate vehicles based
solely on differences between different portions of the vehicles according to a rule defined over the vehicles. The Nature
of Computation discusses previous accounts of computation and argues that the mechanistic account is better. Many
kinds of computation are explicated, such as digital vs. analog, serial vs. parallel, neural network computation, programcontrolled computation, and more. Piccinini argues that computation does not entail representation or information
processing although information processing entails computation. Pancomputationalism, according to which every
physical system is computational, is rejected. A modest version of the physical Church-Turing thesis, according to which
any function that is physically computable is computable by Turing machines, is defended.
Provides an essential introduction to classical logic.
This book examines mechatronics and automatic control systems. The book covers important emerging topics in signal
processing, control theory, sensors, mechanic manufacturing systems and automation. The book presents papers from
the second International Conference on Mechatronics and Automatic Control Systems held in Beijing, China on
September 20-21, 2014. Examines how to improve productivity through the latest advanced technologies Covering new
systems and techniques in the broad field of mechatronics and automatic control systems
Computable Foundations for Economics is a unified collection of essays, some of which are published here for the first
time and all of which have been updated for this book, on an approach to economic theory from the point of view of
algorithmic mathematics. By algorithmic mathematics the author means computability theory and constructive
mathematics. This is in contrast to orthodox mathematical economics and game theory, which are formalised with the
mathematics of real analysis, underpinned by what is called the ZFC formalism, i.e., set theory with the axiom of choice.
This reliance on ordinary real analysis and the ZFC system makes economic theory in its current mathematical mode
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completely non-algorithmic, which means it is numerically meaningless. The book provides a systematic attempt to
dissect and expose the non-algorithmic content of orthodox mathematical economics and game theory and suggests a
reformalization on the basis of a strictly rigorous algorithmic mathematics. This removes the current schizophrenia in
mathematical economics and game theory, where theory is entirely divorced from algorithmic applicability – for
experimental and computational exercises. The chapters demonstrate the uncomputability and non-constructivity of core
areas of general equilibrium theory, game theory and recursive macroeconomics. The book also provides a fresh look at
the kind of behavioural economics that lies behind Herbert Simon’s work, and resurrects a role for the noble classical
traditions of induction and verification, viewed and formalised, now, algorithmically. It will therefore be of particular
interest to postgraduate students and researchers in algorithmic economics, game theory and classical behavioural
economics.
The authors present a theory of inductive logic that is built fromthe tools of logic and model theory.
In 1991, a group of researchers chose the term digital libraries to describe an emerging field of research, development, and practice. Since
then, Virginia Tech has had funded research in this area, largely through its Digital Library Research Laboratory. This book is the first in a
four book series that reports our key findings and current research investigations. Underlying this book series are six completed dissertations
(Goncalves, Kozievitch, Leidig, Murthy, Shen, Torres), eight dissertations underway, and many masters theses. These reflect our experience
with a long string of prototype or production systems developed in the lab, such as CITIDEL, CODER, CTRnet, Ensemble, ETANA, ETD-db,
MARIAN, and Open Digital Libraries. There are hundreds of related publications, presentations, tutorials, and reports. We have built upon
that work so this book, and the others in the series, will address digital library related needs in many computer science, information science,
and library science (e.g., LIS) courses, as well as the requirements of researchers, developers, and practitioners. Much of the early work in
the digital library field struck a balance between addressing real-world needs, integrating methods from related areas, and advancing an everexpanding research agenda. Our work has fit in with these trends, but simultaneously has been driven by a desire to provide a firm
conceptual and formal basis for the field. Our aim has been to move from engineering to science. We claim that our 5S (Societies, Scenarios,
Spaces, Structures, Streams) framework, discussed in publications dating back to at least 1998, provides a suitable basis. This book
introduces 5S, and the key theoretical and formal aspects of the 5S framework. While the 5S framework may be used to describe many types
of information systems, and is likely to have even broader utility and appeal, we focus here on digital libraries. Our view of digital libraries is
broad, so further generalization should be straightforward. We have connected with related fields, including hypertext/hypermedia,
information storage and retrieval, knowledge management, machine learning, multimedia, personal information management, and Web 2.0.
Applications have included managing not only publications, but also archaeological information, educational resources, fish images, scientific
datasets, and scientific experiments/simulations. Table of Contents: Introduction / Exploration / Mathematical Preliminaries / Minimal Digital
Library / Archaeological Digital Libraries / 5S Results: Lemmas, Proofs, and 5SSuite / Glossary / Bibliography / Authors' Biographies / Index"
Computability, Complexity, and Languages: Fundamentals of Theoretical Computer Science provides an introduction to the various aspects
of theoretical computer science. Theoretical computer science is the mathematical study of models of computation. This text is composed of
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five parts encompassing 17 chapters, and begins with an introduction to the use of proofs in mathematics and the development of
computability theory in the context of an extremely simple abstract programming language. The succeeding parts demonstrate the
performance of abstract programming language using a macro expansion technique, along with presentations of the regular and context-free
languages. Other parts deal with the aspects of logic that are important for computer science and the important theory of computational
complexity, as well as the theory of NP-completeness. The closing part introduces the advanced recursion and polynomial-time computability
theories, including the priority constructions for recursively enumerable Turing degrees. This book is intended primarily for undergraduate and
graduate mathematics students.
Computer Science and Applied Mathematics: Mathematical Methods for Wave Phenomena focuses on the methods of applied mathematics,
including equations, wave fronts, boundary value problems, and scattering problems. The publication initially ponders on first-order partial
differential equations, Dirac delta function, Fourier transforms, asymptotics, and second-order partial differential equations. Discussions focus
on prototype second-order equations, asymptotic expansions, asymptotic expansions of Fourier integrals with monotonic phase, method of
stationary phase, propagation of wave fronts, and variable index of refraction. The text then examines wave equation in one space
dimension, as well as initial boundary value problems, characteristics for the wave equation in one space dimension, and asymptotic solution
of the Klein-Gordon equation. The manuscript offers information on wave equation in two and three dimensions and Helmholtz equation and
other elliptic equations. Topics include energy integral, domain of dependence, and uniqueness, scattering problems, Green's functions, and
problems in unbounded domains and the Sommerfeld radiation condition. The asymptotic techniques for direct scattering problems and the
inverse methods for reflector imaging are also elaborated. The text is a dependable reference for computer science experts and
mathematicians pursuing studies on the mathematical methods of wave phenomena.
This book constitutes the refereed proceedings of the Second East European Symposium on Advances in Databases and Information
systems, ADBIS '98, held in Poznan, Poland in September 1998. The 25 revised full papers presented were selected from a total of 90
submissions and six extended abstracts within a special section. "East meets West". The papers are organized in topical sections on query
languges, optimization, collaborative systems, schema integration, storage and version management, object systems, knowledge discovery
and the Web, and systems design.
The aim of this book is to help students write mathematics better. Throughout it are large exercise sets well-integrated with the text and
varying appropriately from easy to hard. Basic issues are treated, and attention is given to small issues like not placing a mathematical
symbol directly after a punctuation mark. And it provides many examples of what students should think and what they should write and how
these two are often not the same.
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