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Discrete optimization problems are everywhere, from
traditional operations research planning (scheduling,
facility location and network design); to computer
science databases; to advertising issues in viral
marketing. Yet most such problems are NP-hard;
unless P = NP, there are no efficient algorithms to
find optimal solutions. This book shows how to
design approximation algorithms: efficient algorithms
that find provably near-optimal solutions. The book is
organized around central algorithmic techniques for
designing approximation algorithms, including
greedy and local search algorithms, dynamic
programming, linear and semidefinite programming,
and randomization. Each chapter in the first section
is devoted to a single algorithmic technique applied
to several different problems, with more
sophisticated treatment in the second section. The
book also covers methods for proving that
optimization problems are hard to approximate.
Designed as a textbook for graduate-level algorithm
courses, it will also serve as a reference for
researchers interested in the heuristic solution of
discrete optimization problems.
The ARML (American Regions Math League) Power
Contest is truly a unique competition in which a team
of students is judged on its ability to discover a
pattern, express the pattern in precise mathematical
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language, and provide a logical proof of its
conjectures. Just as a team of students can be self-
directed to solve each problem set, a teacher, math
team coach, or math circle leader could take these
ideas and questions and lead students into problem
solving and mathematical discovery. This book
contains thirty-seven interesting and engaging
problem sets from the ARML Power Contests from
1994 to 2013. They are generally extensions of the
high school mathematics classroom and often
connect two remote areas of mathematics.
Additionally, they provide meaningful problem
situations for both the novice and the veteran
mathlete. Thomas Kilkelly has been a mathematics
teacher for forty-three years. During that time he has
been awarded several teaching honors and has
coached many math teams to state and national
championships. He has always been an advocate for
more discovery, integration, and problem solving in
the mathematics classroom. In the interest of
fostering a greater awareness and appreciation of
mathematics and its connections to other disciplines
and everyday life, MSRI and the AMS are publishing
books in the Mathematical Circles Library series as a
service to young people, their parents and teachers,
and the mathematics profession. Titles in this series
are co-published with the Mathematical Sciences
Research Institute (MSRI).
This book constitutes the thoroughly refereed papers
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of the 17th International Conference on
Implementation and Application of Automata, CIAA
2012, held in Porto, Portugal, in July 2012. The 21
revised full papers presented together with 5 invited
papers and 7 short papers were carefully selected
from 53 submissions. The papers cover various
topics such as automata applications in formal
verification methods, natural language processing,
pattern matching, data storage and retrieval, and
bioinformatics, as well as theoretical work on
automata theory.
Special relativity and quantum mechanics are likely
to remain the two most important languages in
physics for many years to come. The underlying
language for both disciplines is group theory.
Eugene P. Wigner's 1939 paper on the Unitary
Representations of the Inhomogeneous Lorentz
Group laid the foundation for unifying the concepts
and algorithms of quantum mechanics and special
relativity. In view of the strong current interest in the
space-time symmetries of elementary particles, it is
safe to say that Wigner's 1939 paper was fifty years
ahead of its time. This edited volume consists of
Wigner's 1939 paper and the major papers on the
Lorentz group published since 1939. . This volume is
intended for graduate and advanced undergraduate
students in physics and mathematics, as well as
mature physicists wishing to understand the more
fundamental aspects of physics than are available
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from the fashion-oriented theoretical models which
come and go. The original papers contained in this
volume are useful as supplementary reading
material for students in courses on group theory,
relativistic quantum mechanics and quantum field
theory, relativistic electrodynamics, general relativity,
and elementary particle physics. This reprint
collection is an extension of the textbook by the
present editors entitled "Theory and Applications of
the Poincare Group." Since this book is largely
based on the articles contained herein, the present
volume should be viewed as a reading for the
previous work. continuation of and supplementary
We would like to thank Professors J. Bjorken, R.
Feynman, R. Hofstadter, J.
This book will be vital reading for anyone doing
research, since using the web to find high quality
information is a key research skill. It introduces
beginners and experts alike to the most effective
techniques for searching the web, assessing and
organising information and using it in a range of
scenarios from undergraduate essays and projects
to PhD research. Nigel Ford shows how using the
web poses opportunities and challenges that impact
on student research at every level, and he explains
the skills needed to navigate the web and use it
effectively to produce high quality work. Ford
connects online skills to the research process. He
helps readers to understand research questions and
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how to answer them by constructing arguments and
presenting evidence in ways that will enhance their
impact and credibility. The book includes clear and
helpful coverage of beginner and advanced search
tools and techniques, as well as the processes of:
@!critically evaluating online information @!creating
and presenting evidence-based arguments
@!organizing, storing and sharing information
@!referencing, copyright and plagiarism. As well as
providing all the basic techniques students need to
find high quality information on the web, this book
will help readers use this information effectively in
their own research. Nigel Ford is Professor in the
University of Sheffield's Information School.
Discovering Discrete Dynamical Systems is a
mathematics textbook designed for use in a student-
led, inquiry-based course for advanced mathematics
majors. Fourteen modules each with an opening
exploration, a short exposition and related exercises,
and a concluding project guide students to self-
discovery on topics such as fixed points and their
classifications, chaos and fractals, Julia and
Mandelbrot sets in the complex plane, and symbolic
dynamics. Topics have been carefully chosen as a
means for developing student persistence and skill in
exploration, conjecture, and generalization while at
the same time providing a coherent introduction to
the fundamentals of discrete dynamical systems.
This book is written for undergraduate students with
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the prerequisites for a first analysis course, and it
can easily be used by any faculty member in a
mathematics department, regardless of area of
expertise. Each module starts with an exploration in
which the students are asked an open-ended
question. This allows the students to make
discoveries which lead them to formulate the
questions that will be addressed in the exposition
and exercises of the module. The exposition is brief
and has been written with the intent that a student
who has taken, or is ready to take, a course in
analysis can read the material independently. The
exposition concludes with exercises which have
been designed to both illustrate and explore in more
depth the ideas covered in the exposition. Each
module concludes with a project in which students
bring the ideas from the module to bear on a more
challenging or in-depth problem. A section entitled
"To the Instructor" includes suggestions on how to
structure a course in order to realize the inquiry-
based intent of the book. The book has also been
used successfully as the basis for an independent
study course and as a supplementary text for an
analysis course with traditional content.
This work is about inequalities which play an
important role in mathematical Olympiads. It
contains 175 solved problems in the form of
exercises and, in addition, 310 solved problems. The
book also covers the theoretical background of the
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most important theorems and techniques required
for solving inequalities. It is written for all middle and
high-school students, as well as for graduate and
undergraduate students. School teachers and
trainers for mathematical competitions will also gain
benefit from this book.
Collection of nearly 200 unusual problems dealing
with congruence and parallelism, the Pythagorean
theorem, circles, area relationships, Ptolemy and the
cyclic quadrilateral, collinearity and concurrency and
more. Arranged in order of difficulty. Detailed
solutions.
This Book Covers A Wide Range Of Topics In Statistics With
Conceptual Analysis, Mathematical Formulas And Adequate
Details In Question-Answer Form. It Furnishes A
Comprehensive Overview Of Statistics In A Lucid Manner.
The Book Provides Ready-Made Material For All Inquisitive
Minds To Help Them Prepare For Any Traditional Or Internal
Grading System Examination, Competitions, Interviews, Viva-
Voce And Applied Statistics Courses. One Will Not Have To
Run From Pillar To Post For Guidance In Statistics. The
Answers Are Self-Explanatory. For Objective Type Questions,
At Many Places, The Answers Are Given With Proper Hints.
Fill-In-The-Blanks Given In Each Chapter Will Enable The
Readers To Revise Their Knowledge In A Short Span Of
Time. An Adequate Number Of Multiple-Choice Questions
Inculcate A Deep Understanding Of The Concepts. The Book
Also Provides A Good Number Of Numerical Problems, Each
Of Which Requires Fresh Thinking For Its Solution. It Will
Also Facilitate The Teachers To A Great Extent In Teaching A
Large Number Of Courses, As One Will Get A Plethora Of
Matter At One Place About Any Topic In A Systematic And
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Logical Manner. The Book Can Also Serve As An Exhaustive
Text.
The classic introduction to the fundamentals of calculus
Richard Courant's classic text Differential and Integral
Calculus is an essential text for those preparing for a career
in physics or applied math. Volume 1 introduces the
foundational concepts of "function" and "limit", and offers
detailed explanations that illustrate the "why" as well as the
"how". Comprehensive coverage of the basics of integrals
and differentials includes their applications as well as clearly-
defined techniques and essential theorems. Multiple
appendices provide supplementary explanation and author
notes, as well as solutions and hints for all in-text problems.
Noted for its integration of real-world data and case studies,
this text offers sound coverage of the theoretical aspects of
mathematical statistics. The authors demonstrate how and
when to use statistical methods, while reinforcing the calculus
that students have mastered in previous courses. Throughout
theFifth Edition, the authors have added and updated
examples and case studies, while also refining existing
features that show a clear path from theory to practice.
This book covers elementary discrete mathematics for
computer science and engineering. It emphasizes
mathematical definitions and proofs as well as applicable
methods. Topics include formal logic notation, proof methods;
induction, well-ordering; sets, relations; elementary graph
theory; integer congruences; asymptotic notation and growth
of functions; permutations and combinations, counting
principles; discrete probability. Further selected topics may
also be covered, such as recursive definition and structural
induction; state machines and invariants; recurrences;
generating functions.
This is a challenging problem-solving book in Euclidean
geometry, assuming nothing of the reader other than a good
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deal of courage. Topics covered included cyclic
quadrilaterals, power of a point, homothety, triangle centers;
along the way the reader will meet such classical gems as the
nine-point circle, the Simson line, the symmedian and the
mixtilinear incircle, as well as the theorems of Euler, Ceva,
Menelaus, and Pascal. Another part is dedicated to the use of
complex numbers and barycentric coordinates, granting the
reader both a traditional and computational viewpoint of the
material. The final part consists of some more advanced
topics, such as inversion in the plane, the cross ratio and
projective transformations, and the theory of the complete
quadrilateral. The exposition is friendly and relaxed, and
accompanied by over 300 beautifully drawn figures. The
emphasis of this book is placed squarely on the problems.
Each chapter contains carefully chosen worked examples,
which explain not only the solutions to the problems but also
describe in close detail how one would invent the solution to
begin with. The text contains a selection of 300 practice
problems of varying difficulty from contests around the world,
with extensive hints and selected solutions. This book is
especially suitable for students preparing for national or
international mathematical olympiads or for teachers looking
for a text for an honor class.
The goal of these notes is to give a reasonahly com plete,
although not exhaustive, discussion of what is commonly
referred to as the Hopf bifurcation with applications to spe
cific problems, including stability calculations. Historical ly, the
subject had its origins in the works of Poincare [1] around
1892 and was extensively discussed by Andronov and Witt [1]
and their co-workers starting around 1930. Hopf's basic paper
[1] appeared in 1942. Although the term "Poincare Andronov-
Hopf bifurcation" is more accurate (sometimes Friedrichs is
also included), the name "Hopf Bifurcation" seems more
common, so we have used it. Hopf's crucial contribution was
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the extension from two dimensions to higher dimensions. The
principal technique employed in the body of the text is that of
invariant manifolds. The method of Ruelle Takens [1] is
followed, with details, examples and proofs added. Several
parts of the exposition in the main text come from papers of
P. Chernoff, J. Dorroh, O. Lanford and F. Weissler to whom
we are grateful. The general method of invariant manifolds is
common in dynamical systems and in ordinary differential
equations: see for example, Hale [1,2] and Hartman [1]. Of
course, other methods are also available. In an attempt to
keep the picture balanced, we have included samples of
alternative approaches. Specifically, we have included a
translation (by L. Howard and N. Kopell) of Hopf's original
(and generally unavailable) paper.
Appropriate for upper-division undergraduate and graduate
level courses in computer vision found in departments of
computer science, computer engineering and electrical
engineering, this book offers a treatment of modern computer
vision methods.
This Key Stage 3 maths course has been developed by Anita
Straker and her team to help teachers deliver the new
programme of study and the new framework. The class book
helps pupils confirm their understanding, with worked
examples and motivational activities, including games for
groups and individuals.
The gratifying response to Counterexamples in analysis
(CEA) was followed, when the book went out of print, by
expressions of dismay from those who were unable to acquire
it. The connection of the present volume with CEA is clear,
although the sights here are set higher. In the quarter-century
since the appearance of CEA, mathematical education has
taken some large steps reflected in both the undergraduate
and graduate curricula. What was once taken as very new,
remote, or arcane is now a well-established part of
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mathematical study and discourse. Consequently the
approach here is designed to match the observed progress.
The contents are intended to provide graduate and ad vanced
undergraduate students as well as the general mathematical
public with a modern treatment of some theorems and
examples that constitute a rounding out and elaboration of
the standard parts of algebra, analysis, geometry, logic,
probability, set theory, and topology. The items included are
presented in the spirit of a conversation among
mathematicians who know the language but are interested in
some of the ramifications of the subjects with which they
routinely deal. Although such an approach might be
construed as demanding, there is an extensive GLOSSARY
jlNDEX where all but the most familiar notions are clearly
defined and explained. The object ofthe body of the text is
more to enhance what the reader already knows than to
review definitions and notations that have become part of
every mathematician's working context.
Banish boredom once and for all! If your STEM lessons are
falling on disinterested ears, mix things up with engaging,
brain-based science and math strategies that captivate
students’ attention, activate prior knowledge, and invigorate
interest. Blending current research on the student brain with
practical methods for teaching science and math, Almarode
and Miller identify six essential “ingredients” in a recipe for
student success. You’ll discover: A customizable framework
you can use right away Classroom-ready, content-specific
attention grabbers Overt and covert strategies to boost
behavioral, emotional, and cognitive engagement Techniques
for making relevant connections that maximize retention
For Engineering students & also useful for competitive
Examination.
This volume is a collection of lecture notes for six of the ten
courses given in Buzios, Brazil by prominent probabilists at
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the 2010 Clay Mathematics Institute Summer School,
``Probability and Statistical Physics in Two and More
Dimensions'' and at the XIV Brazilian School of Probability. In
the past ten to fifteen years, various areas of probability
theory related to statistical physics, disordered systems and
combinatorics have undergone intensive development. A
number of these developments deal with two-dimensional
random structures at their critical points, and provide new
tools and ways of coping with at least some of the limitations
of Conformal Field Theory that had been so successfully
developed in the theoretical physics community to understand
phase transitions of two-dimensional systems. Included in this
selection are detailed accounts of all three foundational
courses presented at the Clay school--Schramm-Loewner
Evolution and other Conformally Invariant Objects, Noise
Sensitivity and Percolation, Scaling Limits of Random Trees
and Planar Maps--together with contributions on Fractal and
Multifractal properties of SLE and Conformal Invariance of
Lattice Models. Finally, the volume concludes with extended
articles based on the courses on Random Polymers and Self-
Avoiding Walks given at the Brazilian School of Probability
during the final week of the school. Together, these notes
provide a panoramic, state-of-the-art view of probability
theory areas related to statistical physics, disordered systems
and combinatorics. Like the lectures themselves, they are
oriented towards advanced students and postdocs, but
experts should also find much of interest.
A co-publication of the AMS and the Courant Institute of
Mathematical Sciences at New York University This book is a
concise and self-contained introduction of recent techniques
to prove local spectral universality for large random matrices.
Random matrix theory is a fast expanding research area, and
this book mainly focuses on the methods that the authors
participated in developing over the past few years. Many
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other interesting topics are not included, and neither are
several new developments within the framework of these
methods. The authors have chosen instead to present key
concepts that they believe are the core of these methods and
should be relevant for future applications. They keep
technicalities to a minimum to make the book accessible to
graduate students. With this in mind, they include in this book
the basic notions and tools for high-dimensional analysis,
such as large deviation, entropy, Dirichlet form, and the
logarithmic Sobolev inequality. This manuscript has been
developed and continuously improved over the last five years.
The authors have taught this material in several regular
graduate courses at Harvard, Munich, and Vienna, in addition
to various summer schools and short courses. Titles in this
series are co-published with the Courant Institute of
Mathematical Sciences at New York University.
• completely covers all question-types since 1996 • exposes
all “trick” questions • makes available full set of step-by-step
solution approaches • provides examination reports revealing
common mistakes & wrong habits • easy-to-implement check-
back procedure • gives short side-reading notes • advanced
trade book • Complete edition eBook only
Praise for the First Edition ". . . an excellent textbook . . . well
organized and neatly written." —Mathematical Reviews ". . .
amazingly interesting . . ." —Technometrics Thoroughly
updated to showcase the interrelationships between
probability, statistics, and stochastic processes, Probability,
Statistics, and Stochastic Processes, Second Edition
prepares readers to collect, analyze, and characterize data in
their chosen fields. Beginning with three chapters that
develop probability theory and introduce the axioms of
probability, random variables, and joint distributions, the book
goes on to present limit theorems and simulation. The authors
combine a rigorous, calculus-based development of theory
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with an intuitive approach that appeals to readers' sense of
reason and logic. Including more than 400 examples that help
illustrate concepts and theory, the Second Edition features
new material on statistical inference and a wealth of newly
added topics, including: Consistency of point estimators
Large sample theory Bootstrap simulation Multiple hypothesis
testing Fisher's exact test and Kolmogorov-Smirnov test
Martingales, renewal processes, and Brownian motion One-
way analysis of variance and the general linear model
Extensively class-tested to ensure an accessible
presentation, Probability, Statistics, and Stochastic
Processes, Second Edition is an excellent book for courses
on probability and statistics at the upper-undergraduate level.
The book is also an ideal resource for scientists and
engineers in the fields of statistics, mathematics, industrial
management, and engineering.
Content analysis is one of the most important but complex
research methodologies in the social sciences. In this
thoroughly updated Second Edition of The Content Analysis
Guidebook, author Kimberly Neuendorf provides an
accessible core text for upper-level undergraduates and
graduate students across the social sciences. Comprising
step-by-step instructions and practical advice, this text
unravels the complicated aspects of content analysis.
Written for school leaders, this completely revised
edition outlines detailed, research-based strategies
for developing high-performing schools and fostering
educational equity for all students.
The purpose of this book is to provide the advances
in plant in vitro culture as related to perennial fruit
crops and medicinal plants. Basic principles and new
techniques, now available, are presented in detail.
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The book will be of use to researchers, teachers in
biotechnology and for individuals interested to the
commercial application of plant in vitro culture.
Low-stress tips for challenging high-ability learners
Many teachers ask: “What do I do for students who
finish their work before everyone else?” If you would
like to do more for gifted students and need simple
strategies that you can use tomorrow, this book is for
you. Inside are helpful methods for challenging
students who need more than the regular curriculum
can provide. The authors provide practical tools,
including: Tips for using existing resources and
potential A progression from simpler to more
complex adjustments for advanced learners Specific
lessons for language arts, math, science, social
studies, and the arts
This Second Edition of the go-to reference combines
the classical analysis and modern applications of
applied mathematics for chemical engineers. The
book introduces traditional techniques for solving
ordinary differential equations (ODEs), adding new
material on approximate solution methods such as
perturbation techniques and elementary numerical
solutions. It also includes analytical methods to deal
with important classes of finite-difference equations.
The last half discusses numerical solution
techniques and partial differential equations (PDEs).
The reader will then be equipped to apply
mathematics in the formulation of problems in
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chemical engineering. Like the first edition, there are
many examples provided as homework and worked
examples.
Narrative research has become increasingly popular
in the social sciences. While no part of the process is
easy, researchers often struggle to make sense of
data that can seem chaotic and without a
discernable pattern. This book shows how to analyze
stories, storytelling, and stories in society, bringing
together a variety of approaches to both texts and
narrative practice under one cover.
The revision of this well-respected text presents a
balanced approach of the classical and Bayesian
methods and now includes a chapter on simulation
(including Markov chain Monte Carlo and the
Bootstrap), coverage of residual analysis in linear
models, and many examples using real data.
Probability & Statistics, Fourth Edition, was written
for a one- or two-semester probability and statistics
course. This course is offered primarily at four-year
institutions and taken mostly by sophomore and
junior level students majoring in mathematics or
statistics. Calculus is a prerequisite, and a familiarity
with the concepts and elementary properties of
vectors and matrices is a plus.
This is the first book to cover the theory of noise
sensitivity of Boolean functions with particular
emphasis on critical percolation.
Teaching Mathematics is nothing less than a
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mathematical manifesto. Arising in response to a
limited National Curriculum, and engaged with
secondary schooling for those aged 11 ? 14 (Key
Stage 3) in particular, this handbook for teachers will
help them broaden and enrich their students’
mathematical education. It avoids specifying how to
teach, and focuses instead on the central principles
and concepts that need to be borne in mind by all
teachers and textbook authors—but which are little
appreciated in the UK at present.This study is aimed
at anyone who would like to think more deeply about
the discipline of ‘elementary mathematics’, in
England and Wales and anywhere else. By
analysing and supplementing the current curriculum,
Teaching Mathematics provides food for thought for
all those involved in school mathematics, whether as
aspiring teachers or as experienced professionals. It
challenges us all to reflect upon what it is that makes
secondary school mathematics educationally,
culturally, and socially important.
The NATO Advanced Study Institute on "The Arithmetic
and Geometry of Algebraic Cycles" was held at the Banff
Centre for Conferences in Banff (Al berta, Canada) from
June 7 until June 19, 1998. This meeting was organized
jointly with Centre de Recherches Mathematiques
(CRM), Montreal, as one of the CRM Summer schools
which take place annually at the Banff Center. The
conference also served as the kick-off activity of the
CRM 1998-99 theme year on Number Theory and
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Arithmetic Geometry. There were 109 participants who
came from 17 countries: Belgium, Canada, China,
France, Germany, Greece, India, Italy, Japan, Mexico,
Netherlands, - mania, Russia, Spain, Switzerland, the
United Kingdom and the United States. During a period
of two weeks, 41 invited lectures and 20 contributed lec
tures were presented. Four lectures by invited speakers
were delivered every day, followed by two sessions of
contributed talks. Many informal discussions and working
sessions involving small groups were organized by
individual partic ipants. In addition, participants' reprints
and preprints were displayed through out in a lounge
next to the auditorium, which further enhanced
opportunities for communication and interaction.
This book collects approximately nine hundred problems
that have appeared on the preliminary exams in Berkeley
over the last twenty years. It is an invaluable source of
problems and solutions. Readers who work through this
book will develop problem solving skills in such areas as
real analysis, multivariable calculus, differential
equations, metric spaces, complex analysis, algebra,
and linear algebra.
Make formative assessment work for you—and your math
students! Finally, formative assessment that adds up!
Bringing Math Students Into the Formative Assessment
Equation is the ultimate resource for helping teachers
implement formative assessment in the middle school
mathematics classroom. And it’s much more than that.
With this research-based, teacher-tested guide, you
won’t just learn effective teaching strategies—you’ll turn
your students into self-regulated learners. They’ll
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monitor and assess their own progress—and
communicate to you about it! Features include: A clear
and manageable six-aspect instructional model Detailed
strategies for helping students own their successes Real-
life examples from middle school mathematics teachers
Useful resources and a companion website to help you
implement formative assessment in your classroom
Formative assessment isn’t just for teachers anymore.
With the help of this essential resource, you’ll work
together with your students toward a common goal of
math success. "This book is outstanding. I would
recommend it to any math educator. The depth of
research integrated into practice is extensive and, as a
result, it is the most practical book I have come across
related to formative assessment and mathematics The
self-regulation aspects, as well as the ownership and
involvement emphasized in the book, went beyond the
traditional cognitive strategies endorsed in most books."
Marc Simmons, Principal Ilwaco Middle School, Ocean
Beach School District, Long Beach, WA "The ideas in
this book are brought to life with examples of teachers
and students in the classroom. The teacher voices,
comments, and quotes lend credibility and are a big
component of the book’s strengths as well as the visuals
and graphics." Rita Tellez, Math Coordinator Ysleta
Independent School District, El Paso, TX
Known for its accessible, precise approach, Epp's
DISCRETE MATHEMATICS WITH APPLICATIONS, 5th
Edition, introduces discrete mathematics with clarity and
precision. Coverage emphasizes the major themes of
discrete mathematics as well as the reasoning that
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underlies mathematical thought. Students learn to think
abstractly as they study the ideas of logic and proof.
While learning about logic circuits and computer addition,
algorithm analysis, recursive thinking, computability,
automata, cryptography and combinatorics, students
discover that ideas of discrete mathematics underlie and
are essential to today’s science and technology. The
author’s emphasis on reasoning provides a foundation
for computer science and upper-level mathematics
courses. Important Notice: Media content referenced
within the product description or the product text may not
be available in the ebook version.
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