computational algebra

Unveiling the Power of Computational Algebra: A Deep
Dive into Algorithms and Applications

Introduction:

Are you intrigued by the intersection of abstract algebra and powerful computing? Then welcome to
the fascinating world of computational algebra! This comprehensive guide will demystify this critical
field, exploring its core concepts, algorithms, and diverse applications across various scientific and
technological domains. We'll delve into the practical aspects, examining the tools and techniques
used to solve complex mathematical problems using computers. Forget dry theory; we're diving into
the real-world impact of computational algebra. By the end, you'll have a solid understanding of its
capabilities and its crucial role in shaping modern technology.

1. What is Computational Algebra?

Computational algebra is a vibrant branch of mathematics that focuses on developing and
implementing algorithms for solving algebraic problems using computers. Unlike traditional algebra,
which often relies on symbolic manipulation and theoretical proofs, computational algebra
emphasizes the effective computation of solutions. It leverages the power of computers to tackle
problems that are intractable or extremely time-consuming using manual methods. This involves the
design and analysis of efficient algorithms for tasks such as polynomial factorization, Grébner basis
computation, and solving systems of polynomial equations. The field bridges the gap between
theoretical mathematics and practical applications, providing powerful tools for solving real-world
problems.

1. Key Algorithms in Computational Algebra:

Several key algorithms form the backbone of computational algebra. Understanding these algorithms
is crucial to grasping the field's power:

Polynomial Factorization: This involves breaking down a polynomial into simpler, irreducible
polynomials. Efficient algorithms for polynomial factorization are essential in many areas, from
cryptography to computer-aided design. Algorithms like the Berlekamp-Zassenhaus algorithm and
Cantor-Zassenhaus algorithm are commonly used.

Grobner Basis Computation: Grébner bases provide a systematic way to solve systems of polynomial
equations. They allow us to determine whether a system has solutions, find those solutions, and



analyze the structure of the solution set. Buchberger's algorithm is the fundamental algorithm for
computing Grébner bases.

Resultants and Discriminants: These are powerful tools for analyzing the relationships between
polynomials. Resultants determine if two polynomials have a common root, while discriminants reveal
information about the multiplicity of roots. They are frequently used in solving systems of equations
and analyzing algebraic curves.

Fast Fourier Transform (FFT): While not strictly an algorithm of computational algebra, the FFT is a
crucial tool within the field, enabling fast polynomial multiplication and other critical operations. Its
efficiency significantly speeds up many computational algebra algorithms.

1. Applications of Computational Algebra:

The applications of computational algebra are far-reaching and constantly expanding. Here are some
key areas:

Computer-Aided Design (CAD): Computational algebra plays a vital role in CAD software, enabling the
manipulation and analysis of geometric shapes represented by polynomial equations. It's used in
tasks such as surface modeling, intersection calculations, and constraint solving.

Cryptography: Polynomial factorization and other computational algebra techniques are fundamental
to modern cryptography. The security of many cryptosystems relies on the difficulty of factoring large
numbers or solving certain polynomial equations.

Robotics and Control Theory: Computational algebra provides tools for analyzing and controlling
robotic systems. It's used in tasks such as path planning, motion control, and solving kinematic
equations.

Coding Theory: Error-correcting codes, crucial for reliable data transmission and storage, often rely on
algebraic structures and computational algebra techniques for their design and implementation.

Physics and Engineering: Computational algebra is used to solve complex systems of equations
arising in various physical and engineering problems, including fluid dynamics, quantum mechanics,
and signal processing.

1. Software and Tools for Computational Algebra:

Several powerful software packages are dedicated to computational algebra. These provide
implementations of the algorithms discussed above and offer a user-friendly environment for solving
algebraic problems:

Singular: A widely used open-source computer algebra system specializing in polynomial
computations.



Macaulay2: Another popular open-source system focused on commutative algebra and algebraic
geometry.

Maple and Mathematica: While general-purpose computer algebra systems, they both have strong
capabilities in computational algebra.

SageMath: A free open-source mathematics software system built on top of many existing open-
source packages, including those specializing in computational algebra.

1. The Future of Computational Algebra:

Computational algebra is a dynamic and rapidly evolving field. Ongoing research focuses on
developing faster and more efficient algorithms, extending the applicability of existing techniques to
new problem domains, and exploring the connections between computational algebra and other areas
of mathematics and computer science. The increasing power of computers and the development of
new theoretical tools promise exciting advances in this field in the years to come.

Textbook Outline: "A Practical Guide to Computational Algebra"

Introduction: What is computational algebra? Its importance and scope. Brief history.

Chapter 1: Polynomials and Their Properties: Basic definitions, operations, factorization.

Chapter 2: Grobner Bases: Buchberger's algorithm, applications in solving polynomial systems.
Chapter 3: Resultants and Discriminants: Definitions, computation, applications.

Chapter 4: Fast Fourier Transform (FFT): The algorithm, its role in polynomial arithmetic.

Chapter 5: Applications in Computer-Aided Design: Specific examples and case studies.

Chapter 6: Applications in Cryptography: The use of computational algebra in secure communication.
Chapter 7: Advanced Topics: Further explorations into specialized areas.

Conclusion: Summary, future directions, and further resources.

(Detailed explanation of each chapter would follow here, expanding on each point listed in the outline.
Due to the word count limitations, these detailed explanations are omitted, but would typically include
several hundred words per chapter, providing examples, illustrations, and code snippets where
appropriate.)

FAQs:

1. What is the difference between abstract algebra and computational algebra? Abstract algebra
focuses on the theoretical foundations of algebraic structures, while computational algebra
emphasizes the development and implementation of algorithms for solving algebraic problems
using computers.

1. What programming languages are commonly used in computational algebra? Languages like



Python, C++, and specialized scripting languages within computer algebra systems are
commonly employed.

1. Is computational algebra only relevant to mathematicians? No, it has applications across
various fields, including engineering, computer science, and cryptography.

1. What are some common challenges in computational algebra? Dealing with computational
complexity, managing memory usage, and handling symbolic computations efficiently are
common challenges.

1. How is computational algebra related to computer science? It heavily relies on algorithms and
data structures, and its advancements often push the boundaries of computer science.

1. Are there any online resources for learning computational algebra? Yes, many online courses,
tutorials, and open-source software packages are available.

1. What are some career opportunities for someone with expertise in computational algebra?
Positions in academia, research labs, and technology companies are all potential avenues.

1. Is it necessary to have a strong background in abstract algebra to study computational algebra?
A foundational understanding of abstract algebra is helpful but not always strictly required,
depending on the depth of study.

1. How is computational algebra used in solving real-world problems? It enables the solution of
complex systems of equations encountered in diverse fields, ranging from designing efficient
computer chips to breaking codes.
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computational algebra: Computational Algebra: Course And Exercises With Solutions Thsen
Yengui, 2021-05-17 This book intends to provide material for a graduate course on computational

commutative algebra and algebraic geometry, highlighting potential applications in cryptography.
Also, the topics in this book could form the basis of a graduate course that acts as a segue between
an introductory algebra course and the more technical topics of commutative algebra and algebraic
geometry.This book contains a total of 124 exercises with detailed solutions as well as an important
number of examples that illustrate definitions, theorems, and methods. This is very important for
students or researchers who are not familiar with the topics discussed. Experience has shown that
beginners who want to take their first steps in algebraic geometry are usually discouraged by the
difficulty of the proposed exercises and the absence of detailed answers. Therefore, exercises (and
their solutions) as well as examples occupy a prominent place in this course.This book is not
designed as a comprehensive reference work, but rather as a selective textbook. The many exercises
with detailed answers make it suitable for use in both a math or computer science course.

computational algebra: Computer Algebra Handbook Johannes Grabmeier, 2003 This
Handbook gives a comprehensive snapshot of a field at the intersection of mathematics and
computer science with applications in physics, engineering and education. Reviews 67 software
systems and offers 100 pages on applications in physics, mathematics, computer science,
engineering chemistry and education.

computational algebra: Modern Computer Algebra Joachim von zur Gathen, Jurgen Gerhard,
2013-04-25 Now in its third edition, this highly successful textbook is widely regarded as the 'bible
of computer algebra'.

computational algebra: Algorithms for Computer Algebra Keith O. Geddes, Stephen R.
Czapor, George Labahn, 2007-06-30 Algorithms for Computer Algebra is the first comprehensive
textbook to be published on the topic of computational symbolic mathematics. The book first
develops the foundational material from modern algebra that is required for subsequent topics. It
then presents a thorough development of modern computational algorithms for such problems as
multivariate polynomial arithmetic and greatest common divisor calculations, factorization of
multivariate polynomials, symbolic solution of linear and polynomial systems of equations, and
analytic integration of elementary functions. Numerous examples are integrated into the text as an
aid to understanding the mathematical development. The algorithms developed for each topic are
presented in a Pascal-like computer language. An extensive set of exercises is presented at the end
of each chapter. Algorithms for Computer Algebra is suitable for use as a textbook for a course on
algebraic algorithms at the third-year, fourth-year, or graduate level. Although the mathematical
development uses concepts from modern algebra, the book is self-contained in the sense that a
one-term undergraduate course introducing students to rings and fields is the only prerequisite
assumed. The book also serves well as a supplementary textbook for a traditional modern algebra
course, by presenting concrete applications to motivate the understanding of the theory of rings and
fields.

computational algebra: Computer Algebra and Differential Equations E. Tournier,
1994-03-03 Selected papers from the Computer Algebra and Differential Equations meeting held in
France in June 1992.

computational algebra: Computational Algebra and Number Theory Wieb Bosma, Alf van
der Poorten, 2013-03-09 Computers have stretched the limits of what is possible in mathematics.
More: they have given rise to new fields of mathematical study; the analysis of new and traditional
algorithms, the creation of new paradigms for implementing computational methods, the viewing of
old techniques from a concrete algorithmic vantage point, to name but a few. Computational Algebra



and Number Theory lies at the lively intersection of computer science and mathematics. It highlights
the surprising width and depth of the field through examples drawn from current activity, ranging
from category theory, graph theory and combinatorics, to more classical computational areas, such
as group theory and number theory. Many of the papers in the book provide a survey of their topic,
as well as a description of present research. Throughout the variety of mathematical and
computational fields represented, the emphasis is placed on the common principles and the methods
employed. Audience: Students, experts, and those performing current research in any of the topics
mentioned above.

computational algebra: Computer Algebra Systems Michael J. Wester, 1999-07-16 This
thorough overview of the major computer algebra (symbolic mathematical) systems compares and
contrasts their strengths and weaknesses, and gives tutorial information for using these systems in
various ways. * Compares different packages quantitatively using standard 'test suites' * Ideal for
assessing the most appropriate package for a particular user or application * Examines the
performance and future developments from a user's and developer's viewpoint Internationally
recognized specialists overview both the general and special purpose systems and discuss issues
such as denesting nested roots, complex number calculations, efficiently computing special
polynomials, solving single equations and systems of polynomial equations, computing limits,
multiple integration, solving ordinary differential and nonlinear evolution equations, code
generation, evaluation and computer algebra in education. The historical origins, computer algebra
resources and equivalents for many common operations in seven major packages are also covered.
By providing such a comprehensive survey, the experienced user is able to make an informed
decision on which system(s) he or she might like to use. It also allows a user new to computer
algebra to form an idea of where to begin. Since each system looked at in this book uses a different
language, many examples are included to aid the user in adapting to these language differences.
These examples can be used as a guide to using the various systems once one understands the basic
principles of one CAS. The book also includes contributions which look at the broad issues of the
needs of various users and future developments, both from the user's and the developer's viewpoint.
The author is a leading figure in the development and analysis of mathematical software and is well
known through the 'Wester test suite' of problems which provide a bench mark for measuring the
performance of mathematical software systems. The book will help develop our range of titles for
applied mathematcians. The book will provide a unique, fully up-to-date and independent assessment
of particular systems and will be of interest to users and purchasers of CAS's.

computational algebra: Computer Algebra and Symbolic Computation Joel S. Cohen,
2002-07-19 This book provides a systematic approach for the algorithmic formulation and
implementation of mathematical operations in computer algebra programming languages. The
viewpoint is that mathematical expressions, represented by expression trees, are the data objects of
computer algebra programs, and by using a few primitive operations that analyze and

computational algebra: Algorithms for Computer Algebra Keith O. Geddes, Stephen R. Czapor,
George Labahn, 1992-09-30 Algorithms for Computer Algebra is the first comprehensive textbook to
be published on the topic of computational symbolic mathematics. The book first develops the
foundational material from modern algebra that is required for subsequent topics. It then presents a
thorough development of modern computational algorithms for such problems as multivariate
polynomial arithmetic and greatest common divisor calculations, factorization of multivariate
polynomials, symbolic solution of linear and polynomial systems of equations, and analytic
integration of elementary functions. Numerous examples are integrated into the text as an aid to
understanding the mathematical development. The algorithms developed for each topic are
presented in a Pascal-like computer language. An extensive set of exercises is presented at the end
of each chapter. Algorithms for Computer Algebra is suitable for use as a textbook for a course on
algebraic algorithms at the third-year, fourth-year, or graduate level. Although the mathematical
development uses concepts from modern algebra, the book is self-contained in the sense that a
one-term undergraduate course introducing students to rings and fields is the only prerequisite



assumed. The book also serves well as a supplementary textbook for a traditional modern algebra
course, by presenting concrete applications to motivate the understanding of the theory of rings and
fields.

computational algebra: Computer Algebra and Polynomials Jaime Gutierrez, Josef Schicho,
Martin Weimann, 2015-01-20 Algebra and number theory have always been counted among the most
beautiful mathematical areas with deep proofs and elegant results. However, for a long time they
were not considered that important in view of the lack of real-life applications. This has dramatically
changed: nowadays we find applications of algebra and number theory frequently in our daily life.
This book focuses on the theory and algorithms for polynomials over various coefficient domains
such as a finite field or ring. The operations on polynomials in the focus are factorization,
composition and decomposition, basis computation for modules, etc. Algorithms for such operations
on polynomials have always been a central interest in computer algebra, as it combines formal (the
variables) and algebraic or numeric (the coefficients) aspects. The papers presented were selected
from the Workshop on Computer Algebra and Polynomials, which was held in Linz at the Johann
Radon Institute for Computational and Applied Mathematics (RICAM) during November 25-29, 2013,
at the occasion of the Special Semester on Applications of Algebra and Number Theory.

computational algebra: Algorithmic Algebra Bhubaneswar Mishra, 2012-12-06 Algorithmic
Algebra studies some of the main algorithmic tools of computer algebra, covering such topics as
Grobner bases, characteristic sets, resultants and semialgebraic sets. The main purpose of the book
is to acquaint advanced undergraduate and graduate students in computer science, engineering and
mathematics with the algorithmic ideas in computer algebra so that they could do research in
computational algebra or understand the algorithms underlying many popular symbolic
computational systems: Mathematica, Maple or Axiom, for instance. Also, researchers in robotics,
solid modeling, computational geometry and automated theorem proving community may find it
useful as symbolic algebraic techniques have begun to play an important role in these areas. The
book, while being self-contained, is written at an advanced level and deals with the subject at an
appropriate depth. The book is accessible to computer science students with no previous algebraic
training. Some mathematical readers, on the other hand, may find it interesting to see how
algorithmic constructions have been used to provide fresh proofs for some classical theorems. The
book also contains a large number of exercises with solutions to selected exercises, thus making it
ideal as a textbook or for self-study.

computational algebra: A Course in Computational Algebraic Number Theory Henri
Cohen, 2013-04-17 A description of 148 algorithms fundamental to number-theoretic computations,
in particular for computations related to algebraic number theory, elliptic curves, primality testing
and factoring. The first seven chapters guide readers to the heart of current research in
computational algebraic number theory, including recent algorithms for computing class groups and
units, as well as elliptic curve computations, while the last three chapters survey factoring and
primality testing methods, including a detailed description of the number field sieve algorithm. The
whole is rounded off with a description of available computer packages and some useful tables,
backed by numerous exercises. Written by an authority in the field, and one with great practical and
teaching experience, this is certain to become the standard and indispensable reference on the
subject.

computational algebra: Analysis of Dirac Systems and Computational Algebra Fabrizio
Colombo, Irene Sabadini, Franciscus Sommen, Daniele C. Struppa, 2012-12-06 * The main treatment
is devoted to the analysis of systems of linear partial differential equations (PDEs) with constant
coefficients, focusing attention on null solutions of Dirac systems * All the necessary classical
material is initially presented * Geared toward graduate students and researchers in (hyper)complex
analysis, Clifford analysis, systems of PDEs with constant coefficients, and mathematical physics

computational algebra: Computational Algebraic Geometry Hal Schenck, 2003-10-06 The
interplay between algebra and geometry is a beautiful (and fun!) area of mathematical investigation.
Advances in computing and algorithms make it possible to tackle many classical problems in a



down-to-earth and concrete fashion. This opens wonderful new vistas and allows us to pose, study
and solve problems that were previously out of reach. Suitable for graduate students, the objective
of this 2003 book is to bring advanced algebra to life with lots of examples. The first chapters
provide an introduction to commutative algebra and connections to geometry. The rest of the book
focuses on three active areas of contemporary algebra: Homological Algebra (the snake lemma, long
exact sequence inhomology, functors and derived functors (Tor and Ext), and double complexes);
Algebraic Combinatorics and Algebraic Topology (simplicial complexes and simplicial homology,
Stanley-Reisner rings, upper bound theorem and polytopes); and Algebraic Geometry (points and
curves in projective space, Riemann-Roch, Cech cohomology, regularity).

computational algebra: Computer Algebra and Symbolic Computation Joel S. Cohen,
2003-01-03 Mathematica, Maple, and similar software packages provide programs that carry out
sophisticated mathematical operations. Applying the ideas introduced in Computer Algebra and
Symbolic Computation: Elementary Algorithms, this book explores the application of algorithms to
such methods as automatic simplification, polynomial decomposition, and polyno

computational algebra: Mathematics for Computer Algebra Maurice Mignotte, 2012-12-06
This book corresponds to a mathematical course given in 1986/87 at the University Louis Pasteur,
Strasbourg. This work is primarily intended for graduate students. The following are necessary
prerequisites : a few standard definitions in set theory, the definition of rational integers, some
elementary facts in Combinatorics (maybe only Newton's binomial formula), some theorems of
Analysis at the level of high schools, and some elementary Algebra (basic results about groups,
rings, fields and linear algebra). An important place is given to exercises. These exercises are only
rarely direct applications of the course. More often, they constitute complements to the text. Mostly,
hints or references are given so that the reader should be able to find solutions. Chapters one and
two deal with elementary results of Number Theory, for example : the euclidean algorithm, the
Chinese remainder theorem and Fermat's little theorem. These results are useful by themselves, but
they also constitute a concrete introduction to some notions in abstract algebra (for example,
euclidean rings, principal rings ... ). Algorithms are given for arithmetical operations with long
integers. The rest of the book, chapters 3 through 7, deals with polynomials. We give general results
on polynomials over arbitrary rings. Then polynomials with complex coefficients are studied in
chapter 4, including many estimates on the complex roots of polynomials. Some of these estimates
are very useful in the subsequent chapters.

computational algebra: Computational Algebra Klaus G. Fischer, 2018-02-19 Based on the
fifth Mid-Atlantic Algebra Conference held recently at George Mason University, Fairfax, Virginia.
Focuses on both the practical and theoretical aspects of computational algebra. Demonstrates
specific computer packages, including the use of CREP to study the representation of theory for
finite dimensional algebras and Axiom to study algebras of finite rank.

computational algebra: Ideals, Varieties, and Algorithms David A. Cox, John Little, Donal
O'Shea, 2015-04-30 This text covers topics in algebraic geometry and commutative algebra with a
strong perspective toward practical and computational aspects. The first four chapters form the core
of the book. A comprehensive chart in the Preface illustrates a variety of ways to proceed with the
material once these chapters are covered. In addition to the fundamentals of algebraic
geometry—the elimination theorem, the extension theorem, the closure theorem and the
Nullstellensatz—this new edition incorporates several substantial changes, all of which are listed in
the Preface. The largest revision incorporates a new Chapter (ten), which presents some of the
essentials of progress made over the last decades in computing Grobner bases. The book also
includes current computer algebra material in Appendix C and updated independent projects
(Appendix D). The book may serve as a first or second course in undergraduate abstract algebra and
with some supplementation perhaps, for beginning graduate level courses in algebraic geometry or
computational algebra. Prerequisites for the reader include linear algebra and a proof-oriented
course. It is assumed that the reader has access to a computer algebra system. Appendix C describes
features of MapleTM, Mathematica® and Sage, as well as other systems that are most relevant to



the text. Pseudocode is used in the text; Appendix B carefully describes the pseudocode used.
Readers who are teaching from Ideals, Varieties, and Algorithms, or are studying the book on their
own, may obtain a copy of the solutions manual by sending an email to jlittle@holycross.edu. From
the reviews of previous editions: “...The book gives an introduction to Buchberger’s algorithm with
applications to syzygies, Hilbert polynomials, primary decompositions. There is an introduction to
classical algebraic geometry with applications to the ideal membership problem, solving polynomial
equations and elimination theory. ...The book is well-written. ...The reviewer is sure that it will be an
excellent guide to introduce further undergraduates in the algorithmic aspect of commutative
algebra and algebraic geometry.” —Peter Schenzel, zbMATH, 2007 “I consider the book to be
wonderful. ... The exposition is very clear, there are many helpful pictures and there are a great
many instructive exercises, some quite challenging ... offers the heart and soul of modern
commutative and algebraic geometry.” —The American Mathematical Monthly

computational algebra: Computational Commutative Algebra 1 Martin Kreuzer, Lorenzo
Robbiano, 2008-07-15 This introduction to polynomial rings, Grobner bases and applications bridges
the gap in the literature between theory and actual computation. It details numerous applications,
covering fields as disparate as algebraic geometry and financial markets. To aid in a full
understanding of these applications, more than 40 tutorials illustrate how the theory can be used.
The book also includes many exercises, both theoretical and practical.

computational algebra: Ideals, Varieties, and Algorithms David Cox, John Little, DONAL
OSHEA, 2013-03-09 Written at a level appropriate to undergraduates, this book covers such topics
as the Hilbert Basis Theorem, the Nullstellensatz, invariant theory, projective geometry, and
dimension theory. The book bases its discussion of algorithms on a generalisation of the division
algorithm for polynomials in one variable that was only discovered in the 1960's. Although the
algorithmic roots of algebraic geometry are old, the computational aspects were neglected earlier in
this century. This has changed in recent years, and new algorithms, coupled with the power of fast
computers, have let to some interesting applications, for example in robotics and in geometric
theorem proving. In preparing this new edition, the authors present an improved proof of the
Buchberger Criterion as well as a proof of Bezout's Theorem.

computational algebra: Computer Algebra R. Albrecht, B. Buchberger, G.E. Collins, R. Loos,
2012-12-06 this gap. In sixteen survey articles the most important theoretical results, algorithms and
software methods of computer algebra are covered, together with systematic references to
literature. In addition, some new results are presented. Thus the volume should be a valuable source
for obtaining a first impression of computer algebra, as well as for preparing a computer algebra
course or for complementary reading. The preparation of some papers contained in this volume has
been supported by grants from the Austrian Fonds zur Forderung der wissenschaftlichen For schung
(Project No. 3877), the Austrian Ministry of Science and Research (Department 12, Dr. S. Hollinger),
the United States National Science Foundation (Grant MCS-8009357) and the Deutsche
Forschungsgemeinschaft (Lo-23 1-2). The work on the volume was greatly facilitated by the
opportunity for the editors to stay as visitors at the Department of Computer and Information
Sciences, University of Delaware, at the General Electric Company Research and Development
Center, Schenectady, N. Y., and at the Mathematical Sciences Department, Rensselaer Polytechnic
Institute, Troy, N. Y., respectively. Our thanks go to all these institutions. The patient and
experienced guidance and collaboration of the Springer-Verlag Wien during all the stages of
production are warmly appreciated. The editors of the Cooperative editor of Supplementum
Computing B. Buchberger R. Albrecht G. Collins R. Loos Contents Loos, R. : Introduction. .........
................ 1 Buchberger, B., Loos, R. : Algebraic Simplification.......... 11 Neubiiser,
J. : Computing with Groups and Their Character Tables. 45 Norman, A. C. : Integration in Finite

computational algebra: Computer Algebra Edmund A. Lamagna, 2019-01-15 The goal of
Computer Algebra: Concepts and Techniques is to demystify computer algebra systems for a wide
audience including students, faculty, and professionals in scientific fields such as computer science,



mathematics, engineering, and physics. Unlike previous books, the only prerequisites are knowledge
of first year calculus and a little programming experience — a background that can be assumed of
the intended audience. The book is written in a lean and lively style, with numerous examples to
illustrate the issues and techniques discussed. It presents the principal algorithms and data
structures, while also discussing the inherent and practical limitations of these systems

computational algebra: Algebra John Scherk, 2018-10-03 Adequate texts that introduce the
concepts of abstract algebra are plentiful. None, however, are more suited to those needing a
mathematical background for careers in engineering, computer science, the physical sciences,
industry, or finance than Algebra: A Computational Introduction. Along with a unique approach and
presentation, the author demonstrates how software can be used as a problem-solving tool for
algebra. A variety of factors set this text apart. Its clear exposition, with each chapter building upon
the previous ones, provides greater clarity for the reader. The author first introduces permutation
groups, then linear groups, before finally tackling abstract groups. He carefully motivates Galois
theory by introducing Galois groups as symmetry groups. He includes many computations, both as
examples and as exercises. All of this works to better prepare readers for understanding the more
abstract concepts. By carefully integrating the use of Mathematica® throughout the book in
examples and exercises, the author helps readers develop a deeper understanding and appreciation
of the material. The numerous exercises and examples along with downloads available from the
Internet help establish a valuable working knowledge of Mathematica and provide a good reference
for complex problems encountered in the field.

computational algebra: Some Tapas of Computer Algebra Arjeh M. Cohen, Hans Cuypers,
Hans Sterk, 2013-03-09 This book presents the basic concepts and algorithms of computer algebra
using practical examples that illustrate their actual use in symbolic computation. A wide range of
topics are presented, including: Groebner bases, real algebraic geometry, lie algebras, factorization
of polynomials, integer programming, permutation groups, differential equations, coding theory,
automatic theorem proving, and polyhedral geometry. This book is a must read for anyone working
in the area of computer algebra, symbolic computation, and computer science.

computational algebra: Computational Algebra Klaus G. Fischer, Philippe Loustaunau, Jay
Shapiro, Edward Green, David Farkas, 1993-10-18 Based on the fifth Mid-Atlantic Algebra
Conference held recently at George Mason University, Fairfax, Virginia. Focuses on both the
practical and theoretical aspects of computational algebra. Demonstrates specific computer
packages, including the use of CREP to study the representation of theory for finite dimensional
algebras and Axiom to study algebras of finite rank.

computational algebra: A First Course in Computational Algebraic Geometry Wolfram
Decker, Gerhard Pfister, 2013-02-07 A quick guide to computing in algebraic geometry with many
explicit computational examples introducing the computer algebra system Singular.

computational algebra: Computer Algebra with SymbolicC++ Yorick Hardy, Kiat Shi Tan,
W.-H. Steeb, 2008 First published in 1973 Professor Akensone(tm)s book traces the series of
religious and political controversies which have battered the state schools of Northern Ireland. After
the governmente(tm)s admirably intentioned, but muddled, attempt to create a non-sectarian school
system in the early 1920s, the educational system was progressively manipulated by sectarianism.
The way in which the author describes how children are schooled reveals a great deal about the
attitudes and values of the parental generation and also helps to explain the actions of later
generations.

computational algebra: Abstract Algebra Charles C. Sims, 1984

computational algebra: Computer Algebra Wolfram Koepf, 2021-08-12 This textbook offers
an algorithmic introduction to the field of computer algebra. A leading expert in the field, the author
guides readers through numerous hands-on tutorials designed to build practical skills and
algorithmic thinking. This implementation-oriented approach equips readers with versatile tools that
can be used to enhance studies in mathematical theory, applications, or teaching. Presented using
Mathematica code, the book is fully supported by downloadable sessions in Mathematica, Maple,



and Maxima. Opening with an introduction to computer algebra systems and the basics of
programming mathematical algorithms, the book goes on to explore integer arithmetic. A chapter on
modular arithmetic completes the number-theoretic foundations, which are then applied to coding
theory and cryptography. From here, the focus shifts to polynomial arithmetic and algebraic
numbers, with modern algorithms allowing the efficient factorization of polynomials. The final
chapters offer extensions into more advanced topics: simplification and normal forms, power series,
summation formulas, and integration. Computer Algebra is an indispensable resource for
mathematics and computer science students new to the field. Numerous examples illustrate
algorithms and their implementation throughout, with online support materials to encourage
hands-on exploration. Prerequisites are minimal, with only a knowledge of calculus and linear
algebra assumed. In addition to classroom use, the elementary approach and detailed index make
this book an ideal reference for algorithms in computer algebra.

computational algebra: Computational Methods in Commutative Algebra and Algebraic
Geometry Wolmer Vasconcelos, 2004-05-18 This ACM volume deals with tackling problems that can
be represented by data structures which are essentially matrices with polynomial entries, mediated
by the disciplines of commutative algebra and algebraic geometry. The discoveries stem from an
interdisciplinary branch of research which has been growing steadily over the past decade. The
author covers a wide range, from showing how to obtain deep heuristics in a computation of a ring, a
module or a morphism, to developing means of solving nonlinear systems of equations - highlighting
the use of advanced techniques to bring down the cost of computation. Although intended for
advanced students and researchers with interests both in algebra and computation, many parts may
be read by anyone with a basic abstract algebra course.

computational algebra: Polynomial Algorithms in Computer Algebra Franz Winkler,
1996-08-02 For several years now I have been teaching courses in computer algebra at the
Universitat Linz, the University of Delaware, and the Universidad de Alcala de Henares. In the
summers of 1990 and 1992 I have organized and taught summer schools in computer algebra at the
Universitat Linz. Gradually a set of course notes has emerged from these activities. People have
asked me for copies of the course notes, and different versions of them have been circulating for a
few years. Finally I decided that I should really take the time to write the material up in a coherent
way and make a book out of it. Here, now, is the result of this work. Over the years many students
have been helpful in improving the quality of the notes, and also several colleagues at Linz and
elsewhere have contributed to it. I want to thank them all for their effort, in particular I want to
thank B. Buchberger, who taught me the theory of Grabner bases nearly two decades ago, B. F.
Caviness and B. D. Saunders, who first stimulated my interest in various problems in computer
algebra, G. E. Collins, who showed me how to compute in algebraic domains, and J. R. Sendra, with
whom I started to apply computer algebra methods to problems in algebraic geometry. Several
colleagues have suggested improvements in earlier versions of this book. However, I want to make it
clear that I am responsible for all remaining mistakes.

computational algebra: The Center and Cyclicity Problems Valery Romanovski, Douglas
Shafer, 2009-04-29 Using a computational algebra approach, this comprehensive text addresses the
center and cyclicity problems as behaviors of dynamical systems and families of polynomial systems.
The book gives the main properties of ideals in polynomial rings and their affine varieties followed
by a discussion on the theory of normal forms and stability of differential equations. It contains
numerous examples, pseudocode displays of all the computational algorithms, historical notes,
nearly two hundred exercises, and an extensive bibliography, making it a suitable graduate textbook
as well as research reference.

computational algebra: Geometric Algebra for Computer Science Leo Dorst, Daniel
Fontijne, Stephen Mann, 2010-07-26 Until recently, almost all of the interactions between objects in
virtual 3D worlds have been based on calculations performed using linear algebra. Linear algebra
relies heavily on coordinates, however, which can make many geometric programming tasks very
specific and complex-often a lot of effort is required to bring about even modest performance



enhancements. Although linear algebra is an efficient way to specify low-level computations, it is not
a suitable high-level language for geometric programming. Geometric Algebra for Computer Science
presents a compelling alternative to the limitations of linear algebra. Geometric algebra, or GA, is a
compact, time-effective, and performance-enhancing way to represent the geometry of 3D objects in
computer programs. In this book you will find an introduction to GA that will give you a strong grasp
of its relationship to linear algebra and its significance for your work. You will learn how to use GA
to represent objects and perform geometric operations on them. And you will begin mastering
proven techniques for making GA an integral part of your applications in a way that simplifies your
code without slowing it down. * The first book on Geometric Algebra for programmers in computer
graphics and entertainment computing * Written by leaders in the field providing essential
information on this new technique for 3D graphics * This full colour book includes a website with
GAViewer, a program to experiment with GA

computational algebra: Computational Algebraic Geometry Frederic Eyssette, Andre
Galligo, 2012-12-06 The theory and practice of computation in algebraic geometry and related
domains, from a mathematical point of view, has generated an increasing interest both for its rich
theoretical possibilities and its usefulness in applications in science and engineering. In fact, it is
one of the master keys for future significant improvement of the computer algebra systems (e.g.,
Reduce, Macsyma, Maple, Mathematica, Axiom, Macaulay, etc.) that have become such useful tools
for many scientists in a variety of disciplines. The major themes covered in this volume, arising from
papers p- sented at the conference MEGA-92 were: - Effective methods and complexity issues in
commutative algebra, projective geometry, real geometry, and algebraic number theory -
Algebra-geometric methods in algebraic computing and applica tions. MEGA-92 was the second of a
new series of European conferences on the general theme of Effective Methods in Algebraic
Geometry. It was held in Nice, France, on April 21-25, 1992 and built on the themes presented at
MEGA-90 (Livomo, Italy, April 17-21, 1990). The next conference - MEGA-94 - will be held in
Santander, Spain in the spring of 1994. The Organizing committee that initiatiod and supervises this
bi enniel conference consists of A. Conte (Torino), J.H. Davenport (Bath), A. Galligo (Nice), D. Yu.
Grigoriev (Petersburg), J. Heintz (Buenos Aires), W. Lassner (Leipzig), D. Lazard (paris), H.M.
MOller (Hagen), T. Mora (Genova), M. Pohst (DUsseldort), T. Recio (Santander), J.J.

computational algebra: Topics in Computational Algebra G.M. Piacentini Cattaneo,
Elisabetta Strickland, 2012-12-06 The main purpose of these lectures is first to briefly survey the
fundamental con nection between the representation theory of the symmetric group Sn and the
theory of symmetric functions and second to show how combinatorial methods that arise naturally in
the theory of symmetric functions lead to efficient algorithms to express various prod ucts of
representations of Sn in terms of sums of irreducible representations. That is, there is a basic
isometry which maps the center of the group algebra of Sn, Z(Sn), to the space of homogeneous
symmetric functions of degree n, An. This basic isometry is known as the Frobenius map, F. The
Frobenius map allows us to reduce calculations involving characters of the symmetric group to
calculations involving Schur functions. Now there is a very rich and beautiful theory of the
combinatorics of symmetric functions that has been developed in recent years. The combinatorics of
symmetric functions, then leads to a number of very efficient algorithms for expanding various
products of Schur functions into a sum of Schur functions. Such expansions of products of Schur
functions correspond via the Frobenius map to decomposing various products of irreducible
representations of Sn into their irreducible components. In addition, the Schur functions are also the
characters of the irreducible polynomial representations of the general linear group over the
complex numbers GLn(C).

computational algebra: Computational Commutative Algebra 1 Martin Kreuzer, Lorenzo
Robbiano, 2008-07-05 This introduction to polynomial rings, Grobner bases and applications bridges
the gap in the literature between theory and actual computation. It details numerous applications,
covering fields as disparate as algebraic geometry and financial markets. To aid in a full
understanding of these applications, more than 40 tutorials illustrate how the theory can be used.



The book also includes many exercises, both theoretical and practical.

computational algebra: Computational Methods of Linear Algebra D. K. Faddeev, 1993

computational algebra: Applications of Computer Algebra Richard Pavelle, 2012-12-06
Today, certain computer software systems exist which surpass the computational ability of
researchers when their mathematical techniques are applied to many areas of science and
engineering. These computer systems can perform a large portion of the calculations seen in
mathematical analysis. Despite this massive power, thousands of people use these systems as a
routine resource for everyday calculations. These software programs are commonly called Computer
Algebra systems. They have names such as MACSYMA, MAPLE, muMATH, REDUCE and SMP. They
are receiving credit as a computational aid with in creasing regularity in articles in the scientific and
engineering literature. When most people think about computers and scientific research these days,
they imagine a machine grinding away, processing numbers arithmetically. It is not generally
realized that, for a number of years, computers have been performing non-numeric computations.
This means, for example, that one inputs an equa tion and obtains a closed form analytic answer. It
is these Computer Algebra systems, their capabilities, and applications which are the subject of the
papers in this volume.

computational algebra: Computing in Algebraic Geometry Wolfram Decker, Christoph Lossen,
2006-05-01 This book provides a quick access to computational tools for algebraic geometry, the
mathematical discipline which handles solution sets of polynomial equations. Originating from a
number of intense one week schools taught by the authors, the text is designed so as to provide a
step by step introduction which enables the reader to get started with his own computational
experiments right away. The authors present the basic concepts and ideas in a compact way.

computational algebra: Analysis of Dirac Systems and Computational Algebra Fabrizio
Colombo, Irene Sabadini, Franciscus Sommen, Daniele C. Struppa, 2004-09-23 * The main treatment
is devoted to the analysis of systems of linear partial differential equations (PDEs) with constant
coefficients, focusing attention on null solutions of Dirac systems * All the necessary classical
material is initially presented * Geared toward graduate students and researchers in (hyper)complex
analysis, Clifford analysis, systems of PDEs with constant coefficients, and mathematical physics
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