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This book gathers together novel essays on the state-of-the-art research into the logic
and practice of abduction. In many ways, abduction has become established and
essential to several fields, such as logic, cognitive science, artificial intelligence,
philosophy of science, and methodology. In recent years this interest in abductions
many aspects and functions has accelerated. There are evidently several different
interpretations and uses for abduction. Many fundamental questions on abduction
remain open. How is abduction manifested in human cognition and intelligence? What
kinds or types of abduction can be discerned? What is the role for abduction in inquiry
and mathematical discovery? The chapters aim at providing answer to these and other
current questions. Their contributors have been at the forefront of discussions on
abduction, and offer here their updated approaches to the issues that they consider
central to abductions contemporary relevance. The book is an essential reading for any
scholar or professional keeping up with disciplines impacted by the study of abductive
reasoning, and its novel development and applications in various fields.
This edited work presents contemporary mathematical practice in the foundational
mathematical theories, in particular set theory and the univalent foundations. It shares
the work of significant scholars across the disciplines of mathematics, philosophy and
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computer science. Readers will discover systematic thought on criteria for a suitable
foundation in mathematics and philosophical reflections around the mathematical
perspectives. The volume is divided into three sections, the first two of which focus on
the two most prominent candidate theories for a foundation of mathematics. Readers
may trace current research in set theory, which has widely been assumed to serve as a
framework for foundational issues, as well as new material elaborating on the univalent
foundations, considering an approach based on homotopy type theory (HoTT). The
third section then builds on this and is centred on philosophical questions connected to
the foundations of mathematics. Here, the authors contribute to discussions on
foundational criteria with more general thoughts on the foundations of mathematics
which are not connected to particular theories. This book shares the work of some of
the most important scholars in the fields of set theory (S. Friedman), non-classical logic
(G. Priest) and the philosophy of mathematics (P. Maddy). The reader will become
aware of the advantages of each theory and objections to it as a foundation, following
the latest and best work across the disciplines and it is therefore a valuable read for
anyone working on the foundations of mathematics or in the philosophy of
mathematics.
This must-read text presents the pioneering work of the late Professor Jacob (Jack) T.
Schwartz on computational logic and set theory and its application to proof verification
techniques, culminating in the ÆtnaNova system, a prototype computer program
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designed to verify the correctness of mathematical proofs presented in the language of
set theory. Topics and features: describes in depth how a specific first-order theory can
be exploited to model and carry out reasoning in branches of computer science and
mathematics; presents an unique system for automated proof verification in large-scale
software systems; integrates important proof-engineering issues, reflecting the goals of
large-scale verifiers; includes an appendix showing formalized proofs of ordinals, of
various properties of the transitive closure operation, of finite and transfinite induction
principles, and of Zorn’s lemma.
Since its original publication in 1940, this book has been revised and modernized
several times, most notably in 1948 (second edition) and in 1967 (third edition). The
material is organized into four main parts: general notions and concepts of lattice theory
(Chapters I-V), universal algebra (Chapters VI-VII), applications of lattice theory to
various areas of mathematics (Chapters VIII-XII), and mathematical structures that can
be developed using lattices (Chapters XIII-XVII). At the end of the book there is a list of
166 unsolved problems in lattice theory, many of which still remain open. It is excellent
reading, and ... the best place to start when one wishes to explore some portion of
lattice theory or to appreciate the general flavor of the field. --Bulletin of the AMS
Geared toward upper-level undergraduates and graduate students, this treatment
examines the basic paradoxes and history of set theory and advanced topics such as
relations and functions, equipollence, more. 1960 edition.
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This volume covers a wide range of topics in the most recent debates in the philosophy
of mathematics, and is dedicated to how semantic, epistemological, ontological and
logical issues interact in the attempt to give a satisfactory picture of mathematical
knowledge. The essays collected here explore the semantic and epistemic problems
raised by different kinds of mathematical objects, by their characterization in terms of
axiomatic theories, and by the objectivity of both pure and applied mathematics. They
investigate controversial aspects of contemporary theories such as neo-logicist
abstractionism, structuralism, or multiversism about sets, by discussing different
conceptions of mathematical realism and rival relativistic views on the mathematical
universe. They consider fundamental philosophical notions such as set, cardinal
number, truth, ground, finiteness and infinity, examining how their informal conceptions
can best be captured in formal theories. The philosophy of mathematics is an extremely
lively field of inquiry, with extensive reaches in disciplines such as logic and philosophy
of logic, semantics, ontology, epistemology, cognitive sciences, as well as history and
philosophy of mathematics and science. By bringing together well-known scholars and
younger researchers, the essays in this collection – prompted by the meetings of the
Italian Network for the Philosophy of Mathematics (FilMat) – show how much valuable
research is currently being pursued in this area, and how many roads ahead are still
open for promising solutions to long-standing philosophical concerns. Promoted by the
Italian Network for the Philosophy of Mathematics – FilMat
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Upon publication, the first edition of the CRC Concise Encyclopedia of Mathematics
received overwhelming accolades for its unparalleled scope, readability, and utility. It
soon took its place among the top selling books in the history of Chapman & Hall/CRC,
and its popularity continues unabated. Yet also unabated has been the d

Ernst Zermelo (1871-1953) is regarded as the founder of axiomatic set theory
and best-known for the first formulation of the axiom of choice. However, his
papers include also pioneering work in applied mathematics and mathematical
physics. This edition of his collected papers will consist of two volumes. Besides
providing a biography, the present Volume I covers set theory, the foundations of
mathematics, and pure mathematics and is supplemented by selected items from
his Nachlass and part of his translations of Homer's Odyssey. Volume II will
contain his work in the calculus of variations, applied mathematics, and physics.
The papers are each presented in their original language together with an
English translation, the versions facing each other on opposite pages. Each
paper or coherent group of papers is preceded by an introductory note provided
by an acknowledged expert in the field which comments on the historical
background, motivations, accomplishments, and influence.
The book consists of XI Parts and 28 Chapters covering all areas of
mathematics. It is a tool for students, scientists, engineers, students of many
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disciplines, teachers, professionals, writers and also for a general reader with an
interest in mathematics and in science. It provides a wide range of mathematical
concepts, definitions, propositions, theorems, proofs, examples, and numerous
illustrations. The difficulty level can vary depending on chapters, and sustained
attention will be required for some. The structure and list of Parts are quite
classical: I. Foundations of Mathematics, II. Algebra, III. Number Theory, IV.
Geometry, V. Analytic Geometry, VI. Topology, VII .Algebraic Topology, VIII.
Analysis, IX. Category Theory, X. Probability and Statistics, XI. Applied
Mathematics. Appendices provide useful lists of symbols and tables for ready
reference. The publisher’s hope is that this book, slightly revised and in a
convenient format, will serve the needs of readers, be it for study, teaching,
exploration, work, or research.
George Boolos was one of the most prominent and influential logicianphilosophers of recent times. This collection, nearly all chosen by Boolos himself
shortly before his death, includes thirty papers on set theory, second-order logic,
and plural quantifiers; on Frege, Dedekind, Cantor, and Russell; and on
miscellaneous topics in logic and proof theory, including three papers on various
aspects of the Gödel theorems. Boolos is universally recognized as the leader in
the renewed interest in studies of Frege's work on logic and the philosophy of
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mathematics. John Burgess has provided introductions to each of the three parts
of the volume, and also an afterword on Boolos's technical work in provability
logic, which is beyond the scope of this volume.
Ernst Zermelo (1871-1953) is regarded as the founder of axiomatic set theory
and is best-known for the first formulation of the axiom of choice. However, his
papers also include pioneering work in applied mathematics and mathematical
physics. This edition of his collected papers consists of two volumes. The present
Volume II covers Ernst Zermelo’s work on the calculus of variations, applied
mathematics, and physics. The papers are each presented in their original
language together with an English translation, the versions facing each other on
opposite pages. Each paper or coherent group of papers is preceded by an
introductory note provided by an acknowledged expert in the field who comments
on the historical background, motivation, accomplishments, and influence.
This biography sheds light on all facets of the life and the achievements of Ernst
Zermelo (1871-1953). Zermelo is best-known for the statement of the axiom of
choice and his axiomatization of set theory. However, he also worked in applied
mathematics and mathematical physics. His dissertation, for example, promoted
the calculus of variations, and he created the pivotal method in the theory of
rating systems. The presentation of Zermelo's work explores motivations, aims,
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acceptance, and influence. Selected proofs and information gleaned from letters
add to the analysis. The description of his personality owes much to
conversations with his late wife Gertrud. This second edition provides additional
information. The system of citations has been adapted to that of Zermelo's
Collected Works in order to facilitate side-by-side reading and thus profit from the
thorough commentaries written for the Collected Works by experts in the
respective fields. All facts presented are documented by appropriate sources.
The biography contains nearly 50 photos and facsimiles.
The Proceedings of the National Academy of Sciences (PNAS) publishes
research reports, commentaries, reviews, colloquium papers, and actions of the
Academy. PNAS is a multidisciplinary journal that covers the biological, physical,
and social sciences.
Metric fixed point theory encompasses the branch of fixed point theory which
metric conditions on the underlying space and/or on the mappings play a
fundamental role. In some sense the theory is a far-reaching outgrowth of
Banach's contraction mapping principle. A natural extension of the study of
contractions is the limiting case when the Lipschitz constant is allowed to equal
one. Such mappings are called nonexpansive. Nonexpansive mappings arise in a
variety of natural ways, for example in the study of holomorphic mappings and
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hyperconvex metric spaces. Because most of the spaces studied in analysis
share many algebraic and topological properties as well as metric properties,
there is no clear line separating metric fixed point theory from the topological or
set-theoretic branch of the theory. Also, because of its metric underpinnings,
metric fixed point theory has provided the motivation for the study of many
geometric properties of Banach spaces. The contents of this Handbook reflect all
of these facts. The purpose of the Handbook is to provide a primary resource for
anyone interested in fixed point theory with a metric flavor. The goal is to provide
information for those wishing to find results that might apply to their own work
and for those wishing to obtain a deeper understanding of the theory. The book
should be of interest to a wide range of researchers in mathematical analysis as
well as to those whose primary interest is the study of fixed point theory and the
underlying spaces. The level of exposition is directed to a wide audience,
including students and established researchers.
This book grew out of my interest in what is common to three disciplines:
mathematics, philosophy, and history. The origins of Zermelo's Axiom of Choice,
as well as the controversy that it engendered, certainly lie in that intersection.
Since the time of Aristotle, mathematics has been concerned alternately with its
assumptions and with the objects, such as number and space, about which those
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assumptions were made. In the historical context of Zermelo's Axiom, I have
explored both the vagaries and the fertility of this alternating concern. Though
Zermelo's research has provided the focus for this book, much of it is devoted to
the problems from which his work originated and to the later developments
which, directly or indirectly, he inspired. A few remarks about format are in order.
In this book a publication is indicated by a date after a name; so Hilbert 1926,
178 refers to page 178 of an article written by Hilbert, published in 1926, and
listed in the bibliography.
In these selected essays, Charles Parsons surveys the contributions of
philosophers and mathematicians who shaped the philosophy of mathematics
over the past century: Brouwer, Hilbert, Bernays, Weyl, Gödel, Russell, Quine,
Putnam, Wang, and Tait.
This book provides a concise and self-contained introduction to the foundations
of mathematics. The first part covers the fundamental notions of mathematical
logic, including logical axioms, formal proofs and the basics of model theory.
Building on this, in the second and third part of the book the authors present
detailed proofs of Gödel's classical completeness and incompleteness theorems.
In particular, the book includes a full proof of Gödel's second incompleteness
theorem which states that it is impossible to prove the consistency of arithmetic
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within its axioms. The final part is dedicated to an introduction into modern
axiomatic set theory based on the Zermelo's axioms, containing a presentation of
Gödel's constructible universe of sets. A recurring theme in the whole book
consists of standard and non-standard models of several theories, such as
Peano arithmetic, Presburger arithmetic and the real numbers. The book
addresses undergraduate mathematics students and is suitable for a one or two
semester introductory course into logic and set theory. Each chapter concludes
with a list of exercises.
Cantor's ideas formed the basis for set theory and also for the mathematical
treatment of the concept of infinity. The philosophical and heuristic framework he
developed had a lasting effect on modern mathematics, and is the recurrent
theme of this volume. Hallett explores Cantor's ideas and, in particular, their
ramifications for Zermelo-Frankel set theory.
Set theory is an autonomous and sophisticated field of mathematics that is
extremely successful at analyzing mathematical propositions and gauging their
consistency strength. It is as a field of mathematics that both proceeds with its
own internal questions and is capable of contextualizing over a broad range,
which makes set theory an intriguing and highly distinctive subject. This
handbook covers the rich history of scientific turning points in set theory,
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providing fresh insights and points of view. Written by leading researchers in the
field, both this volume and the Handbook as a whole are definitive reference tools
for senior undergraduates, graduate students and researchers in mathematics,
the history of philosophy, and any discipline such as computer science, cognitive
psychology, and artificial intelligence, for whom the historical background of his
or her work is a salient consideration Serves as a singular contribution to the
intellectual history of the 20th century Contains the latest scholarly discoveries
and interpretative insights
The main goal of this Handbook is to survey measure theory with its many
different branches and its relations with other areas of mathematics. Mostly
aggregating many classical branches of measure theory the aim of the Handbook
is also to cover new fields, approaches and applications which support the idea
of "measure" in a wider sense, e.g. the ninth part of the Handbook. Although
chapters are written of surveys in the various areas they contain many special
topics and challenging problems valuable for experts and rich sources of
inspiration. Mathematicians from other areas as well as physicists, computer
scientists, engineers and econometrists will find useful results and powerful
methods for their research. The reader may find in the Handbook many close
relations to other mathematical areas: real analysis, probability theory, statistics,
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ergodic theory, functional analysis, potential theory, topology, set theory,
geometry, differential equations, optimization, variational analysis, decision
making and others. The Handbook is a rich source of relevant references to
articles, books and lecture notes and it contains for the reader's convenience an
extensive subject and author index.
Ernst Zermelo - Collected Works/Gesammelte WerkeVolume I/Band I - Set
Theory, Miscellanea/Mengenlehre, VariaSpringer Science & Business Media
"The volume presents the material of the first Oxford-Budapest Conference on Truth,
Reference and Realism held at CEU in 2005. The problem addressed by the conference,
famously formulated by Paul Benacerraf in a paper on Mathematical Truth, was how to
understand truth in the semantics of discourses about abstract domains whose objects and
properties cannot be observed by sense perception. The papers of the volume focus on this
semantic issue in four major fields: logic, mathematics, ethics and the metaphysics of
properties in general. Beyond marking an important event, the collected papers are also
substantial contributions to the above topic, from the most distinguished authors in these
areas."--Publisher's website.
Examines the relations between logic and philosophy over the last 150 years. Logic underwent
a major renaissance beginning in the nineteenth century. Cantor almost tamed the infinite, and
Frege aimed to undercut Kant by reducing mathematics to logic. These achievements were
threatened by the paradoxes, like Russell's. This ferment generated excellent philosophy (and
mathematics) by excellent philosophers (and mathematicians) up to World War II. This book
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provides a selective, critical history of the collaboration between logic and philosophy during
this period. After World War II, mathematical logic became a recognized subdiscipline in
mathematics departments, and consequently but unfortunately philosophers have lost touch
with its monuments. This book aims to make four of them (consistency and independence of
the continuum hypothesis, Post's problem, and Morley's theorem) more accessible to
philosophers, making available the tools necessary for modern scholars of philosophy to renew
a productive dialogue between logic and philosophy.
This self-contained encyclopedic monograph gives a detailed introduction to Bezout equations
and stable ranks, encompassing and explaining needed topological, analytical, and algebraic
tools and methods. Some of the highlights included are Carleson's corona theorem and the
Bass, topological, and matricial stable ranks. The first volume focusses on topological
structures, Banach algebras, and advanced function theory, thus preparing the stage for the
algebraic structures in the second volume towards examining stable ranks with analytic
methods. The main emphasis is laid on algebras of holomorphic functions. Often a new
approach is presented or at least a different angle of sight, which makes the book attractive
both for researchers and students interested in these active fields of research.
This is the first book on the provocative and innovative contributions to philosophy of language,
metaphysics, the philosophy of mathematics, and logic made by Kit Fine, one of the world's
foremost philosophers. Topics covered include meaning and representation, arbitrary objects,
essence, ontological realism, and the metaphysics of modality.
This book is concerned with `the problem of existence in mathematics'. It develops a
mathematical system in which there are no existence assertions but only assertions of the
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constructibility of certain sorts of things. It explores the philosophical implications of such an
approach in an examination of the writings of Field, Burgess, Maddy, Kitcher, and others.
Provability, Computability and Reflection
The result of the European Summer Meeting of the Association for Symbolic Logic, this volume
gives an overview of the latest developments in most of the major fields of logic being actively
pursued today. Important new developments in the applications of logic in computer science
are presented. Other areas examined include model theory, set theory, recursion theory, proof
theory, and the history of logic. This volume contains the texts of ten of the invited lectures and
six of the contributed papers.

This volume collects together a number of important papers concerning both the
method of abstraction generally and the use of particular abstraction principles to
reconstruct central areas of mathematics along logicist lines. Attention is focused on
extending the Neo-Fregean treatment to all of mathematics, with the reconstruction of
real analysis from various cut- or cauchy-sequence-related abstraction principles and
the reconstruction of set theory from various restricted versions of Basic Law V as case
studies.
An extension of a topological space X is a space that contains X as a dense subspace.
The construction of extensions of various sorts - compactifications,
realcompactifications, H-elosed extension- has long been a major area of study in
general topology. A ubiquitous method of constructing an extension of a space is to let
the "new points" of the extension be ultrafilters on certain lattices associated with the
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space. Examples of such lattices are the lattice of open sets, the lattice of zero-sets,
and the lattice of elopen sets. A less well-known construction in general topology is the
"absolute" of a space. Associated with each Hausdorff space X is an extremally
disconnected zero-dimensional Hausdorff space EX, called the Iliama absolute of X,
and a perfect, irreducible, a-continuous surjection from EX onto X. A detailed
discussion of the importance of the absolute in the study of topology and its
applications appears at the beginning of Chapter 6. What concerns us here is that in
most constructions of the absolute, the points of EX are certain ultrafilters on lattices
associated with X. Thus extensions and absolutes, although very different, are
constructed using similar tools.
Fully extended and revised, A Companion to Metaphysics 2ndEdition includes a section
of detailed review essays fromrenowned metaphysicians, and the addition of more than
30 newencyclopedic entries, taking the number of entries to over 300. Includes
revisions to existing encyclopedic entries Features more than 30 all-new "A to Z"
entries Offers a section of in-depth, essays from renownedmetaphysicians Provides the
most complete and up-to-date reference guide forstudents and professionals alike
Winner of a CHOICE Outstanding Academic Title Award for 2011! This book offers an
introduction to modern ideas about infinity and their implications for mathematics. It
unifies ideas from set theory and mathematical logic, and traces their effects on
mainstream mathematical topics of today, such as number theory and combinatorics.
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The treatment is historical and partly informal, but with due attention to the subtleties of
the subject. Ideas are shown to evolve from natural mathematical questions about the
nature of infinity and the nature of proof, set against a background of broader questions
and developments in mathematics. A particular aim of the book is to acknowledge
some important but neglected figures in the history of infinity, such as Post and
Gentzen, alongside the recognized giants Cantor and Gödel.
Gottlob Frege is one of the greatest logicians ever and also a philosopher of great
significance. In this book Rosado Haddock offers a critical presentation of the main
topics of Frege's philosophy, including, among others, his philosophy of arithmetic, his
sense-referent distinction, his distinction between function and object, and his criticisms
of formalism and psychologism. More than just an introduction to Frege's philosophy
this book is also a highly critical and mature assessment of it as a whole in which the
limitations, confusions and other weaknesses of Frege's thought are closely examined.
The author is also a Husserlian scholar and this book contains valuable discussions of
Husserl's neglected views and comparisons between the two great philosophers.
Edited in collaboration with FoLLI, the Association of Logic, Language and Information,
this book constitutes the 5th volume of the FoLLI LNAI subline. It contains the refereed
proceedings of the Third Indian Conference on Logic and Its Applications, ICLA 2009,
held in Chennai, India, in January 2009. The 12 revised full papers presented together
with 7 invited lectures were carefully reviewed and selected from numerous
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submissions. The papers present current research in all aspects of formal logic. They
address in detail: algebraic logic and set theory, combinatorics and philosophical logic,
modal logics with applications to computer science and game theory, and connections
between ancient logic systems and modern systems.
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