
mathematical words that start with w
mathematical words that start with w form a distinctive category within the
vast vocabulary of mathematics. These words often relate to fundamental
concepts, theorems, or properties that are essential in various branches such
as algebra, geometry, calculus, and statistics. Understanding these terms not
only enriches one’s mathematical literacy but also aids in grasping more
complex ideas. This article explores a selection of important mathematical
words that start with the letter "W," describing their definitions,
applications, and significance in mathematical discourse. From "wedge
product" in algebraic topology to "well-ordering" in set theory, each term is
examined in detail. The discussion will provide clear explanations and
examples to facilitate comprehension. Following the introduction, a
structured table of contents outlines the key sections covered in this
article.
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Wedge Product

Definition and Context
The wedge product is a fundamental operation in exterior algebra, a branch of
mathematics that deals with antisymmetric multilinear forms. It is denoted by
the symbol ∧ and combines vectors or differential forms to produce higher-
dimensional objects. The wedge product is essential in differential geometry
and algebraic topology, providing a way to construct area, volume, and
higher-dimensional analogs from lower-dimensional elements.



Properties and Applications
The wedge product is bilinear, associative, and antisymmetric. This
antisymmetry means that swapping two elements changes the sign of the
product, which is crucial in defining orientation and integration on
manifolds. Applications of the wedge product include calculating
determinants, defining the exterior derivative in calculus on manifolds, and
expressing cross products in three-dimensional space.

Well-Ordering

Concept of Well-Ordering
Well-ordering is a property of a set in which every non-empty subset contains
a least element with respect to a given order relation. This concept is
central to set theory and ordinal numbers, providing a foundation for
transfinite induction and recursion. A well-ordered set is always totally
ordered, and the well-ordering principle states that every set can be well-
ordered under the axiom of choice.

Importance in Mathematics
Well-ordering plays a critical role in proofs and constructions in
mathematical logic and foundational studies. It enables the definition of
ordinal numbers, which extend the natural numbers to infinite sizes. The
principle is also used in algorithms, combinatorics, and the analysis of
ordered structures.

Wavelet

Definition and Mathematical Use
A wavelet is a mathematical function used to divide a given function or
continuous-time signal into different scale components. Unlike traditional
Fourier analysis, wavelets provide both time and frequency localization,
making them a powerful tool in signal processing, data compression, and
numerical analysis. Wavelets are characterized by their ability to analyze
transient, non-stationary, or time-varying phenomena.

Types and Applications
Common types of wavelets include Haar, Daubechies, and Morlet wavelets. They
are widely used in image processing, solving partial differential equations,
and in the analysis of financial data. Wavelet transforms allow decomposition
of signals into coefficients that capture details at various resolutions.



Weight

Mathematical Definition of Weight
In mathematics, weight often refers to a numerical value assigned to elements
within a set or structure to indicate their importance, frequency, or
influence. Weights are used in areas such as weighted graphs, weighted
averages, and weighted sums. Assigning weights allows for more nuanced
analyses and computations that reflect varying contributions of elements.

Examples in Different Fields
Weighted graphs assign weights to edges to represent distances, costs, or
capacities, which is essential in optimization and network theory. Weighted
averages incorporate different significance levels of data points, commonly
applied in statistics and decision-making processes. In algebraic contexts,
weights can describe the grading of algebraic structures or representation
theory.

Winding Number

Definition and Mathematical Significance
The winding number is a topological concept that measures how many times a
curve winds around a point in the plane. It is an integer representing the
total number of counterclockwise revolutions minus the number of clockwise
revolutions. The winding number is a crucial invariant in complex analysis,
algebraic topology, and vector calculus.

Applications and Examples
In complex analysis, the winding number helps evaluate contour integrals
using the residue theorem. It also appears in the study of closed curves and
their homotopy classes. For instance, the winding number of a circle around a
point it encloses is one, while if the point lies outside, the winding number
is zero.

Wiener Process

Introduction to Wiener Process
The Wiener process, also known as Brownian motion, is a mathematical model
describing continuous-time stochastic processes with stationary, independent
increments. It is fundamental in probability theory and stochastic calculus,



modeling random phenomena in physics, finance, and other disciplines.

Mathematical Properties and Uses
The Wiener process has continuous paths, starts at zero, and its increments
follow a normal distribution with mean zero and variance proportional to the
elapsed time. It serves as the basis for the Ito calculus and is used
extensively in option pricing models, diffusion processes, and statistical
physics.

Wrap-around

Definition in Mathematical Contexts
Wrap-around refers to a concept where values exceeding a certain range cycle
back to the beginning of that range, creating a circular or modular
structure. This idea appears in modular arithmetic, computer science, and
geometry. Wrap-around arithmetic is essential for understanding cyclic groups
and periodic functions.

Examples and Applications
In modular arithmetic, wrap-around occurs when numbers are considered modulo
n, such that after reaching n-1, the count resets to 0. This is fundamental
in clock arithmetic and cryptography. In computer graphics, wrap-around helps
in texture mapping and handling coordinate systems on toroidal surfaces.

Wilson's Theorem

Statement and Explanation
Wilson's theorem is a classical result in number theory that characterizes
prime numbers. It states that a natural number p > 1 is prime if and only if
the factorial of (p-1) plus one is divisible by p. Formally, (p-1)! ≡ -1 (mod
p) if and only if p is prime.

Implications and Uses
Though Wilson's theorem is not practical for large primality testing due to
factorial computation complexity, it provides deep insight into the
properties of primes and modular arithmetic. It is often used in theoretical
proofs and the study of prime-related functions.
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Frequently Asked Questions

What are some common mathematical terms that start
with the letter 'W'?
Common mathematical terms starting with 'W' include 'whole number', 'weight',
'wedge product', 'well-ordering', 'wavelength' (in applied math and physics),
and 'wrap-around' (in modular arithmetic).

What is a 'whole number' in mathematics?
A whole number is a number without fractions; it includes all the natural
numbers (0, 1, 2, 3, ...) and zero.

What does 'well-ordering' mean in mathematics?
Well-ordering is a property of a set whereby every non-empty subset has a
least element under the set's ordering. For example, the natural numbers are
well-ordered by the usual ≤ relation.

What is a 'wedge product' in mathematics?
The wedge product is an operation in differential geometry and multilinear
algebra that combines two differential forms to produce another differential
form, often used in exterior algebra.

How is 'weight' used in mathematical contexts?
In mathematics, 'weight' often refers to a numerical value assigned to
elements in weighted graphs, weighted averages, or weights in representation
theory that influence calculations or structures.



What does the term 'wrap-around' mean in modular
arithmetic?
Wrap-around refers to the behavior in modular arithmetic where numbers 'wrap
around' after reaching a certain value called the modulus, effectively
cycling through a fixed range of numbers.

Is 'wavelength' considered a mathematical term?
While 'wavelength' is primarily a physics term, it involves mathematical
concepts such as periodic functions, sinusoidal waves, and frequency, making
it relevant in applied mathematics.

Can you give an example of a mathematical word
starting with 'W' related to geometry?
An example is 'wedge', which in geometry can refer to a shape formed by two
intersecting planes or lines, often used in the study of polyhedra and
angles.

Additional Resources
1. Waves of Infinity: Exploring Infinite Series
This book delves into the fascinating world of infinite series and sequences.
It covers fundamental concepts such as convergence, divergence, and the
various tests used to analyze infinite sums. Readers will gain a solid
understanding of how infinite series are applied in calculus, physics, and
engineering.

2. Wonders of the Wedge: An Introduction to Wedge Products
Focusing on the wedge product, this book introduces readers to an essential
concept in differential geometry and multilinear algebra. It explains how
wedge products help in defining orientations and volumes in higher
dimensions. The book is filled with examples and applications that make
abstract ideas more accessible.

3. Weight Functions in Probability and Statistics
This text explores the role of weight functions in various statistical
methods and probability distributions. It covers topics such as weighted
averages, weighted regression, and their applications in real-world data
analysis. The book includes practical examples and exercises to strengthen
the reader’s grasp of weighted techniques.

4. Warped Spaces: Understanding Warped Geometry
An accessible guide to warped geometry, this book introduces the concept of
warped spaces used in general relativity and cosmology. It explains how
warping affects distances and shapes in curved spacetime. Ideal for students
and enthusiasts, it bridges the gap between advanced mathematics and physics.



5. Walking Through the World of Wronskians
This book offers a comprehensive look at Wronskians and their significance in
solving differential equations. It explains how to use Wronskians to
determine linear independence of solutions and explores various applications
in mathematical analysis. With clear explanations and worked examples, it’s a
valuable resource for students.

6. Weights and Measures: The Mathematics of Weighing
Exploring the mathematical principles behind weights and measures, this book
discusses concepts from basic units to complex measurement systems. It
highlights the importance of standardization and accuracy in scientific
experiments and commerce. Readers will learn about historical developments
and modern techniques in measurement.

7. Whirls and Waves: The Mathematics of Fluid Dynamics
This book provides a mathematical perspective on fluid dynamics, focusing on
whirlpools, waves, and vortices. It introduces partial differential equations
governing fluid flow and explains stability and turbulence phenomena.
Suitable for advanced undergraduates, it connects theory with practical fluid
mechanics problems.

8. Weighted Graphs and Network Analysis
Centered on weighted graphs, this book covers their applications in computer
science, transportation, and social networks. It explains algorithms for
finding shortest paths, maximum flow, and network reliability using weighted
edges. The text is rich with examples, making complex concepts approachable.

9. Wavelets: A Window into Signal Processing
This book introduces wavelets and their use in signal processing and data
compression. It covers the mathematical foundations of wavelet transforms and
practical applications in image and audio analysis. Readers will appreciate
the balance between theory and real-world uses of wavelets.
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Jirí Fiala, Václav Koubek, Jan Kratochvíl, 2004-08-09 This volume contains the papers presented at
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University in Prague. It was supported in part by the Eu- pean Association for Theoretical Computer
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Science (EATCS) and the European Research Consortium for Informatics and Mathematics (ERCIM).
Traditionally, the MFCS symposia encourage high-quality research in all branches of theoretical
computer science. Ranging in scope from automata, f- mal languages, data structures, algorithms
and computational geometry to c-
plexitytheory,modelsofcomputation,andapplicationsincludingcomputational biology, cryptography,
security and arti?cial intelligence, the conference o?ers a unique opportunity to researchers from
diverse areas to meet and present their results to a general audience. The scienti?c program of this
year’s MFCS took place in the lecture halls of the recently reconstructed building of the Faculty of
Mathematics and P- sics in the historical center of Prague, with the famous Prague Castle and other
celebratedhistoricalmonumentsinsight.Theviewfromthewindowswasach-
lengingcompetitionforthespeakersinthe?ghtfortheattentionoftheaudience. But we did not fear the
result: Due to the unusually tough competition for this year’s MFCS, the admitted presentations
certainly attracted considerable in- rest. The conference program (and the proceedings) consisted of
60 contributed papers selected by the Program Committee from a total of 167 submissions.
  mathematical words that start with w: Origins of Mathematical Words Anthony Lo Bello,
2013-12-16 The most comprehensive math root dictionary ever published. Outstanding Academic
Title, Choice Do you ever wonder about the origins of mathematical terms such as ergodic,
biholomorphic, and strophoid? Here Anthony Lo Bello explains the roots of these and better-known
words like asymmetric, gradient, and average. He provides Greek, Latin, and Arabic text in its
original form to enhance each explanation. This sophisticated, one-of-a-kind reference for
mathematicians and word lovers is based on decades of the author's painstaking research and work.
Origins of Mathematical Words supplies definitions for words such as conchoid (a shell-shaped curve
derived from the Greek noun for mussel) and zenith (Arabic for way overhead), as well as
approximation (from the Latin proximus, meaning nearest). These and hundreds of other terms wait
to be discovered within the pages of this mathematical and etymological treasure chest.
  mathematical words that start with w: Mathematical Omnibus D. B. Fuks, Serge
Tabachnikov, 2007 The book consists of thirty lectures on diverse topics, covering much of the
mathematical landscape rather than focusing on one area. The reader will learn numerous results
that often belong to neither the standard undergraduate nor graduate curriculum and will discover
connections between classical and contemporary ideas in algebra, combinatorics, geometry, and
topology. The reader's effort will be rewarded in seeing the harmony of each subject. The common
thread in the selected subjects is their illustration of the unity and beauty of mathematics. Most
lectures contain exercises, and solutions or answers are given to selected exercises. A special
feature of the book is an abundance of drawings (more than four hundred), artwork by an
accomplished artist, and about a hundred portraits of mathematicians. Almost every lecture contains
surprises for even the seasoned researcher.
  mathematical words that start with w: Write for Mathematics Andrew Rothstein, Evelyn
Rothstein, Gerald Lauber, 2006-08-18 Addressing NCTM standards, this second edition offers a wide
range of practical writing strategies to help students deepen their understanding of mathematical
concepts and theories.
  mathematical words that start with w: Encyclopaedia of Mathematics M. Hazewinkel,
2013-12-01
  mathematical words that start with w: Public Papers of the Presidents of the United States,
George W. Bush United States. President (2001-2009 : Bush), 2003
  mathematical words that start with w: A middle algebra, based on the Algebra of
Radhakrishnan, by W. Briggs and G.H. Bryan William Briggs, 1898
  mathematical words that start with w: Graduate Algebra: Noncommutative View Louis
Halle Rowen, 2008 This book is an expanded text for a graduate course in commutative algebra,
focusing on the algebraic underpinnings of algebraic geometry and of number theory. Accordingly,
the theory of affine algebras is featured, treated both directly and via the theory of Noetherian and
Artinian modules, and the theory of graded algebras is included to provide the foundation for



projective varieties. Major topics include the theory of modules over a principal ideal domain, and its
applications to matrix theory (including the Jordan decomposition), the Galois theory of field
extensions, transcendence degree, the prime spectrum of an algebra, localization, and the classical
theory of Noetherian and Artinian rings. Later chapters include some algebraic theory of elliptic
curves (featuring the Mordell-Weil theorem) and valuation theory, including local fields. One feature
of the book is an extension of the text through a series of appendices. This permits the inclusion of
more advanced material, such as transcendental field extensions, the discriminant and resultant, the
theory of Dedekind domains, and basic theorems of rings of algebraic integers. An extended
appendix on derivations includes the Jacobian conjecture and Makar-Limanov's theory of locally
nilpotent derivations. Gröbner bases can be found in another appendix. Exercises provide a further
extension of the text. The book can be used both as a textbook and as a reference source.
  mathematical words that start with w: Geometry, Groups and Dynamics C. S. Aravinda,
William M. Goldman, Krishnendu Gongopadhyay, Alexander Lubotzky, Mahan Mj, Anthony Weaver,
2015-05-01 This volume contains the proceedings of the ICTS Program: Groups, Geometry and
Dynamics, held December 3-16, 2012, at CEMS, Almora, India. The activity was an academic tribute
to Ravi S. Kulkarni on his turning seventy. Articles included in this volume, both introductory and
advanced surveys, represent the broad area of geometry that encompasses a large portion of group
theory (finite or otherwise) and dynamics in its proximity. These areas have been influenced by
Kulkarni's ideas and are closely related to his work and contribution.
  mathematical words that start with w: TEX: starting from 1 Michael Doob, 2012-12-06 TEX
is the program for printing high quality mathematical text to which all others are compared. It is
flexible enough to be used on many different computer architectures and operating systems ranging
from microcomputers to mainframes. In a relatively short period of time it has become the standard
tool for mathematical typesetting at practically all major universities. The versality of TEX has
allowed it to be used in a wide variety of applications; for example, it is used for publishing scholarly
journals which adhere to the highest typesetting standards, and also to publish student papers and
theses. This book is designed for the complete newcomer to TEX. It starts by showing how to typeset
simple text that mostly uses the defaults predefined by TEX. By use of graded exercises, the
situations covered slowly become more complex and include many different types of mathematical
constructions and tables. In the end it is possible to handle almost any standard mathematical
situation. The different tables presented in this book allow it to be used as a quick reference. The
similar features of TEX are gathered together whenever possible to give an overview that is a good
foundation forbecoming more proficient and for doing more creative typesetting. This book can be
used either as a tool to learn just enough TEX to write standardmathematical papers of modest
complexity or as a building block to prepare for more ambitious typesetting projects.
  mathematical words that start with w: Brains, Machines, and Mathematics Michael A. Arbib,
2012-12-06 This is a book whose time has come-again. The first edition (published by McGraw-Hill in
1964) was written in 1962, and it celebrated a number of approaches to developing an automata
theory that could provide insights into the processing of information in brainlike machines, making it
accessible to readers with no more than a college freshman's knowledge of mathematics. The book
introduced many readers to aspects of cybernetics-the study of computation and control in animal
and machine. But by the mid-1960s, many workers abandoned the integrated study of brains and
machines to pursue artificial intelligence (AI) as an end in itself-the programming of computers to
exhibit some aspects of human intelligence, but with the emphasis on achieving some benchmark of
performance rather than on capturing the mechanisms by which humans were themselves
intelligent. Some workers tried to use concepts from AI to model human cognition using computer
programs, but were so dominated by the metaphor the mind is a computer that many argued that
the mind must share with the computers of the 1960s the property of being serial, of executing a
series of operations one at a time. As the 1960s became the 1970s, this trend continued. Meanwhile,
experi mental neuroscience saw an exploration of new data on the anatomy and physiology of neural
circuitry, but little of this research placed these circuits in the context of overall behavior, and little



was informed by theoretical con cepts beyond feedback mechanisms and feature detectors.
  mathematical words that start with w: Proceedings of the London Mathematical Society ,
1907
  mathematical words that start with w: Fam Inv ACT W/ANS Holt Math CS 3 2007 Holt
Rinehart & Winston, 2007
  mathematical words that start with w: Encyclopaedia of Mathematics Michiel Hazewinkel,
2012-12-06 This is the first Supplementary volume to Kluwer's highly acclaimed Encyclopaedia of
Mathematics. This additional volume contains nearly 600 new entries written by experts and covers
developments and topics not included in the already published 10-volume set. These entries have
been arranged alphabetically throughout. A detailed index is included in the book. This
Supplementary volume enhances the existing 10-volume set. Together, these eleven volumes
represent the most authoritative, comprehensive up-to-date Encyclopaedia of Mathematics available.
  mathematical words that start with w: Mathematics in Computing Gerard O’Regan,
2012-11-15 This clearly written and enlightening textbook provides a concise, introductory guide to
the key mathematical concepts and techniques used by computer scientists. Topics and features:
ideal for self-study, offering many pedagogical features such as chapter-opening key topics, chapter
introductions and summaries, review questions, and a glossary; places our current state of
knowledge within the context of the contributions made by early civilizations, such as the ancient
Babylonians, Egyptians and Greeks; examines the building blocks of mathematics, including sets,
relations and functions; presents an introduction to logic, formal methods and software engineering;
explains the fundamentals of number theory, and its application in cryptography; describes the
basics of coding theory, language theory, and graph theory; discusses the concept of computability
and decideability; includes concise coverage of calculus, probability and statistics, matrices, complex
numbers and quaternions.
  mathematical words that start with w: A Mathematical Prelude to the Philosophy of
Mathematics Stephen Pollard, 2014-05-12 This book is based on two premises: one cannot
understand philosophy of mathematics without understanding mathematics and one cannot
understand mathematics without doing mathematics. It draws readers into philosophy of
mathematics by having them do mathematics. It offers 298 exercises, covering philosophically
important material, presented in a philosophically informed way. The exercises give readers
opportunities to recreate some mathematics that will illuminate important readings in philosophy of
mathematics. Topics include primitive recursive arithmetic, Peano arithmetic, Gödel's theorems,
interpretability, the hierarchy of sets, Frege arithmetic and intuitionist sentential logic. The book is
intended for readers who understand basic properties of the natural and real numbers and have
some background in formal logic.
  mathematical words that start with w: The Linear Algebra a Beginning Graduate Student
Ought to Know Jonathan S. Golan, 2012-04-23 Linear algebra is a living, active branch of
mathematics which is central to almost all other areas of mathematics, both pure and applied, as
well as to computer science, to the physical, biological, and social sciences, and to engineering. It
encompasses an extensive corpus of theoretical results as well as a large and rapidly-growing body
of computational techniques. Unfortunately, in the past decade, the content of linear algebra courses
required to complete an undergraduate degree in mathematics has been depleted to the extent that
they fail to provide a sufficient theoretical or computational background. Students are not only less
able to formulate or even follow mathematical proofs, they are also less able to understand the
mathematics of the numerical algorithms they need for applications. Certainly, the material
presented in the average undergraduate course is insufficient for graduate study. This book is
intended to fill the gap which has developed by providing enough theoretical and computational
material to allow the advanced undergraduate or beginning graduate student to overcome this
deficiency and be able to work independently or in advanced courses. The book is intended to be
used either as a self-study guide, a textbook for a course in advanced linear algebra, or as a
reference book. It is also designed to prepare a student for the linear algebra portion of prelim



exams or PhD qualifying exams. The volume is self-contained to the extent that it does not assume
any previous formal knowledge of linear algebra, though the reader is assumed to have been
exposed, at least informally, to some of the basic ideas and techniques, such as manipulation of
small matrices and the solution of small systems of linear equations over the real numbers. More
importantly, it assumes a seriousness of purpose, considerable motivation, and a modicum of
mathematical sophistication on the part of the reader. In the latest edition, new major theorems
have been added, as well as many new examples. There are over 130 additional exercises and many
of the previous exercises have been revised or rewritten. In addition, a large number of additional
biographical notes and thumbnail portraits of mathematicians have been included.
  mathematical words that start with w: Quanta of Maths Institut des hautes études
scientifiques (Paris, France), Institut de mathématiques de Jussieu, 2010 The work of Alain Connes
has cut a wide swath across several areas of mathematics and physics. Reflecting its broad spectrum
and profound impact on the contemporary mathematical landscape, this collection of articles covers
a wealth of topics at the forefront of research in operator algebras, analysis, noncommutative
geometry, topology, number theory and physics. Specific themes covered by the articles are as
follows: entropy in operator algebras, regular $C^*$-algebras of integral domains, properly infinite
$C^*$-algebras, representations of free groups and 1-cohomology, Leibniz seminorms and quantum
metric spaces; von Neumann algebras, fundamental Group of $\mathrm{II}_1$ factors, subfactors
and planar algebras; Baum-Connes conjecture and property T, equivariant K-homology, Hermitian
K-theory; cyclic cohomology, local index formula and twisted spectral triples, tangent groupoid and
the index theorem; noncommutative geometry and space-time, spectral action principle, quantum
gravity, noncommutative ADHM and instantons, non-compact spectral triples of finite volume,
noncommutative coordinate algebras; Hopf algebras, Vinberg algebras, renormalization and
combinatorics, motivic renormalization and singularities; cyclotomy and analytic geometry over
$F_1$, quantum modular forms; differential K-theory, cyclic theory and S-cohomology.
  mathematical words that start with w: Teaching Literacy to Learners with Dyslexia Kathleen
Kelly, Sylvia Phillips, 2011-09-22 Providing a structured programme for teaching literacy to children
and young people with dyslexia and specific literacy difficulties, this book makes explicit links
between theory, research and practice. It offers a structured, cumulative, multi-sensory teaching
programme for learners with dyslexia, and draws attention to some of the wider aspects of the
learning styles and differences of learners with dyslexia such as memory, information processing
and automaticity. The book discusses: - the rationale for a structured multi-sensory approach - the
development of phonological, reading, writing and spelling skills - working with learners who have
English as an additional language (EAL) - lesson structure and lesson-planning - alphabet and
dictionary skills - memory work and study skills - teaching the programme to groups - ideas for
working with young children. Designed to help support any learner, from ages five to 18, with
dyslexia or specific learning difficulties, the authors encourage the use of the programme as part of
everyday teaching to not only develop literacy but to put dyslexic learners in control of their own
learning. There are tried and tested strategies and activities provided, which the reader can use to
support their literacy work. Particularly useful for teachers working with learners who have special
educational needs and specifically those with dyslexia, this book contains everything you need to
help improve and develop the literacy skills of the learners in your setting. NEW by Kathleen Kelly
and Sylvia Phillips! Assessment of Learners with Dyslexic-type Difficulties Sylvia Phillips, Kathleen
Kelly and Liz Symes
  mathematical words that start with w: Discrete Mathematics R. C. Penner, 1999 This book
offers an introduction to mathematical proofs and to the fundamentals of modern mathematics. No
real prerequisites are needed other than a suitable level of mathematical maturity. The text is
divided into two parts, the first of which constitutes the core of a one-semester course covering
proofs, predicate calculus, set theory, elementary number theory, relations, and functions, and the
second of which applies this material to a more advanced study of selected topics in pure
mathematics, applied mathematics, and computer science, specifically cardinality, combinatorics,



finite-state automata, and graphs. In both parts, deeper and more interesting material is treated in
optional sections, and the text has been kept flexible by allowing many different possible courses or
emphases based upon different paths through the volume.
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