computational algebraic geometry

computational algebraic geometry is a specialized branch of mathematics that
focuses on the algorithmic and computational aspects of algebraic geometry.
It involves the study of algebraic varieties through computational
techniques, allowing for practical applications and effective problem solving
in fields like robotics, coding theory, cryptography, and computer-aided
design. This discipline bridges abstract algebraic concepts with concrete
computations, enabling mathematicians and scientists to manipulate polynomial
equations, solve systems, and analyze geometric structures using computers.
Key topics include Grdbner bases, resultants, and polynomial system solving,
which form the backbone of many algorithms in computational algebraic
geometry. The integration of symbolic computation and numerical methods
enhances the efficiency and applicability of these techniques. This article
provides an in-depth exploration of computational algebraic geometry,
covering its fundamental concepts, main algorithms, software tools, and
practical applications.
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Fundamental Concepts in Computational Algebraic
Geometry

Understanding computational algebraic geometry begins with grasping its
foundational concepts, which stem from classical algebraic geometry and
computational mathematics. At its core, this field studies algebraic
varieties—geometric manifestations of solutions to polynomial equations—using
algorithmic methods. Polynomial rings, ideals, and varieties form the
essential algebraic structures analyzed computationally.

Algebraic Varieties and Polynomial Ideals

An algebraic variety is defined as the set of solutions to a system of
polynomial equations over a field, typically the complex or real numbers.
Computational algebraic geometry focuses on representing and manipulating
these varieties through their associated polynomial ideals. Ideals in
polynomial rings encapsulate the algebraic relations among the wvariables,
enabling the use of algebraic tools to study geometric properties.



Grobner Bases

Grdbner bases are a fundamental concept in computational algebraic geometry,
serving as a canonical generating set for polynomial ideals. They simplify
the problem of solving polynomial systems by transforming the ideal into a
more manageable form, analogous to row echelon form in linear algebra. The
computation of Grdbner bases underpins many algorithms for ideal membership
testing, elimination theory, and dimension computation.

Elimination Theory and Resultants

Elimination theory involves methods to eliminate variables from polynomial
systems to reduce complexity and isolate solutions. Resultants provide a tool
to determine whether a system has common roots without explicitly solving it.
These techniques are vital in computational algebraic geometry for
simplifying systems and extracting meaningful information about solution
sets.

Core Algorithms and Techniques

Computational algebraic geometry relies on a collection of algorithms
designed to manipulate polynomial systems and extract geometric information
efficiently. These algorithms enable the practical application of algebraic
geometry principles in various computational settings.

Computation of Grodbner Bases

The Buchberger algorithm is the foundational method for computing Grdbner
bases. It iteratively reduces polynomial sets to achieve a basis with
desirable properties, facilitating ideal membership tests and solution
finding. Variations and improvements, such as Faugere’s F4 and F5 algorithms,
enhance efficiency for large or complex systems.

Primary Decomposition

Primary decomposition breaks down polynomial ideals into intersections of
primary ideals that correspond to irreducible components of algebraic
varieties. Algorithmic approaches to primary decomposition allow for the
identification of geometric components and their multiplicities, which is
essential for understanding the structure of solution sets.

Solving Polynomial Systems

Solving systems of polynomial equations is a central task in computational
algebraic geometry. Techniques include symbolic methods like Grdbner bases
and resultant computations, as well as numerical approaches such as homotopy
continuation. Combining symbolic and numeric strategies often yields robust
and efficient solutions.



Dimension and Degree Computation

Determining the dimension and degree of varieties provides insight into their
complexity and structure. Algorithms for dimension computation analyze the
growth of polynomial ideals, while degree calculations measure the size of
the variety. These computations are integral to many applications in
computational algebraic geometry.

Applications of Computational Algebraic
Geometry

The practical importance of computational algebraic geometry is reflected in
its diverse applications across science, engineering, and technology. By
providing tools to solve polynomial systems and analyze geometric structures,
it contributes to advancements in multiple disciplines.

Robotics and Kinematics

In robotics, computational algebraic geometry aids in modeling and solving
kinematic equations that describe robot motion and configuration spaces.
Polynomial systems represent constraints and joint relations, enabling
precise control and design of robotic mechanisms.

Coding Theory and Cryptography

Algebraic geometry codes leverage algebraic varieties to construct error-
correcting codes with superior performance. Computational techniques
facilitate encoding and decoding processes. Similarly, computational
algebraic geometry underpins cryptographic protocols based on elliptic curves
and higher-dimensional varieties.

Computer—-Aided Geometric Design (CAGD)

CAGD employs computational algebraic geometry to manipulate curves and
surfaces defined by polynomial equations. This enables accurate modeling,
rendering, and analysis in computer graphics, animation, and industrial
design.

Mathematical Research and Theoretical Physics

Advanced research in mathematics and theoretical physics utilizes
computational algebraic geometry to explore complex geometric structures,
moduli spaces, and string theory models. Algorithmic methods provide concrete
data and examples supporting theoretical developments.

Software and Tools for Computational Algebraic



Geometry

Efficient computational tools are essential for implementing the algorithms
of computational algebraic geometry. Various software packages provide
comprehensive environments for symbolic and numeric computations related to
polynomial systems and algebraic varieties.

Symbolic Computation Systems

Systems like Mathematica, Maple, and SageMath offer extensive capabilities
for symbolic algebra, including polynomial manipulation and Grdbner basis
computation. These platforms support researchers and practitioners in
modeling and solving algebraic geometry problems.

Specialized Algebraic Geometry Software

Dedicated software such as Macaulay2, Singular, and CoCoA focus specifically
on computational algebraic geometry. They provide optimized algorithms for
ideal operations, primary decomposition, and homological algebra,
facilitating advanced research and application development.

Numerical Algebraic Geometry Tools

Numerical packages like Bertini and PHCpack implement homotopy continuation
methods for solving polynomial systems numerically. These tools complement
symbolic approaches, especially when dealing with large or complicated
systems where exact solutions are impractical.

Integration and Interoperability

Many computational algebraic geometry tools support integration with other
software and programming languages, enhancing flexibility and enabling
customized workflows. Interoperability is crucial for combining symbolic and
numerical methods efficiently.

Challenges and Future Directions

Despite significant progress, computational algebraic geometry faces ongoing
challenges that drive current research and development efforts. Addressing
these challenges will expand the scope and effectiveness of computational
methods in the field.

Computational Complexity

Many algorithms in computational algebraic geometry have high computational
complexity, limiting their applicability to large or high-dimensional
problems. Developing more efficient algorithms and heuristics remains a
critical area of study.



Numerical Stability and Precision

Balancing symbolic exactness with numerical approximation introduces
challenges related to stability and precision. Advances in hybrid symbolic-
numeric algorithms aim to mitigate errors while maintaining computational
feasibility.

Expanding Applications

Emerging fields such as data science, machine learning, and quantum computing
present new opportunities for applying computational algebraic geometry.
Tailoring algorithms to these domains requires addressing unique problem
structures and requirements.

Algorithmic Innovations

Future innovations may include parallel algorithms, integration with
artificial intelligence, and enhanced software frameworks. These developments
will facilitate handling larger datasets and more complex algebraic
structures efficiently.
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Frequently Asked Questions

What is computational algebraic geometry?

Computational algebraic geometry is a field of mathematics and computer
science that focuses on developing algorithms and software for solving
problems related to algebraic geometry, such as computing solutions to
systems of polynomial equations and studying the properties of algebraic
varieties.

What are the main applications of computational
algebraic geometry?

Computational algebraic geometry is applied in robotics, cryptography, coding
theory, computer—-aided design, optimization, and even in theoretical physics,
wherever solving polynomial systems and studying geometric structures defined
by polynomials is essential.



Which software tools are commonly used in
computational algebraic geometry?

Popular software tools include Macaulay2?2, Singular, CoCoA, Magma, and
SageMath, all of which provide functionalities for working with polynomial
ideals, Grobner bases, and algebraic varieties.

What role do Grobner bases play in computational
algebraic geometry?

Grdbner bases are a fundamental computational tool in algebraic geometry for
transforming polynomial systems into a simplified canonical form, enabling
easier solving, ideal membership testing, and analysis of algebraic
varieties.

How has machine learning influenced computational
algebraic geometry recently?

Machine learning techniques have been employed to predict algebraic
invariants, optimize Gr&bner basis computations, and assist in pattern
recognition within large algebraic datasets, enhancing efficiency and
discovering new structures.

What are some challenges faced in computational
algebraic geometry?

Challenges include dealing with the high computational complexity of
polynomial system solving, managing large-scale data, improving algorithm
efficiency for higher-dimensional wvarieties, and integrating symbolic and
numeric methods effectively.

How does computational algebraic geometry intersect
with other areas of mathematics?

It intersects with commutative algebra, number theory, combinatorics, and
numerical analysis, providing computational methods that support theoretical
advances and practical problem-solving across these disciplines.

Additional Resources

1. Ideals, Varieties, and Algorithms: An Introduction to Computational
Algebraic Geometry and Commutative Algebra

This book by David Cox, John Little, and Donal O'Shea serves as a
foundational text for understanding computational methods in algebraic
geometry. It introduces key concepts such as polynomial ideals, varieties,
and algorithms for solving polynomial equations. The text is well-suited for
beginners and includes numerous examples and exercises to develop practical
skills.

2. Using Algebraic Geometry

Authored by David Cox, John Little, and Donal O'Shea, this book extends the
material from their earlier work and delves deeper into applications of
algebraic geometry. It incorporates computational tools and software such as



Macaulay2 to solve complex algebraic problems. The text balances theory with
practical algorithmic approaches, making it valuable for researchers and
advanced students.

3. Computational Algebraic Geometry

Presented by Hal Schenck, this book focuses on computational aspects of
algebraic geometry, including Grdbner bases and their applications. It covers
algorithms used to study algebraic varieties and provides insights into
computational methods for dealing with sheaves and cohomology. The book is
accessible to graduate students with a background in algebra.

4. Grbbner Bases: A Computational Approach to Commutative Algebra

By Thomas Becker and Volker Weispfenning, this text emphasizes Grdbner bases
as a central tool in computational algebraic geometry. It explores both the
theoretical foundation and algorithmic technigques for manipulating polynomial
ideals. Readers will find detailed explanations of Buchberger’s algorithm and
its improvements.

5. Algorithms in Real Algebraic Geometry

Authors Saugata Basu, Richard Pollack, and Marie-Frangoise Roy provide an in-
depth treatment of algorithmic problems related to real algebraic sets. The
book covers decision methods, complexity analysis, and the construction of
semi-algebraic sets. It is especially useful for those interested in
computational problems over the real numbers.

6. A Singular Introduction to Commutative Algebra

Gert-Martin Greuel and Gerhard Pfister introduce computational techniques
using the computer algebra system Singular. This book focuses on commutative
algebra foundations necessary for algebraic geometry computations. It offers
practical guidance on implementing algorithms and understanding their
mathematical background.

7. Computational Commutative Algebra 1

Martin Kreuzer and Lorenzo Robbiano present core algorithms and data
structures necessary for computational algebra. The book covers Grd&bner
bases, primary decomposition, and Hilbert functions, providing both theory
and algorithmic details. It is an essential resource for those working on
computational problems in algebraic geometry.

8. Computational Algebraic Geometry with Macaulay 2

Edited by David Eisenbud, Daniel R. Grayson, Michael Stillman, and Bernd
Sturmfels, this volume is a practical guide to using the Macaulay2 software
package. It includes tutorials and case studies illustrating how to apply
computational techniques to algebraic geometry problems. The book is ideal
for users seeking hands-on experience with computational tools.

9. Introduction to Computational Algebraic Geometry

This text by Wolfram Decker and Christoph Lossen offers a concise overview of
computational methods in algebraic geometry. It introduces the theory behind

algorithms and demonstrates their use in solving polynomial system problems.

The book is structured to support both learning and research in computational
aspects of algebraic geometry.
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computational algebraic geometry: 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 algebraic geometry: Emerging Applications of Algebraic Geometry Mihai
Putinar, Seth Sullivant, 2008-12-10 Recent advances in both the theory and implementation of
computational algebraic geometry have led to new, striking applications to a variety of fields of
research. The articles in this volume highlight a range of these applications and provide introductory
material for topics covered in the IMA workshops on Optimization and Control and Applications in
Biology, Dynamics, and Statistics held during the IMA year on Applications of Algebraic Geometry.
The articles related to optimization and control focus on burgeoning use of semidefinite
programming and moment matrix techniques in computational real algebraic geometry. The new
direction towards a systematic study of non-commutative real algebraic geometry is well
represented in the volume. Other articles provide an overview of the way computational algebra is
useful for analysis of contingency tables, reconstruction of phylogenetic trees, and in systems
biology. The contributions collected in this volume are accessible to non-experts, self-contained and
informative; they quickly move towards cutting edge research in these areas, and provide a wealth
of open problems for future research.

computational algebraic geometry: Computational Algebraic Geometry Frederic Eyssette,
Andre Galligo, 2011-11-25

computational algebraic geometry: A First Course in Computational Algebraic
Geometry Wolfram Decker, Gerhard Pfister, 2013-02-07 A First Course in Computational Algebraic
Geometry is designed for young students with some background in algebra who wish to perform
their first experiments in computational geometry. Originating from a course taught at the African
Institute for Mathematical Sciences, the book gives a compact presentation of the basic theory, with
particular emphasis on explicit computational examples using the freely available computer algebra
system, Singular. Readers will quickly gain the confidence to begin performing their own
experiments.

computational algebraic geometry: Ideals, Varieties, and Algorithms David A. Cox, John
Little, Donal O'Shea, 2025-08-23 This text covers topics in algebraic geometry and commutative
algebra with careful attention to their 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—there are chapters on polynomial and rational functions between varieties, robotics
and geometric theorem proving, invariant theory of finite groups, projective algebraic geometry,
dimension theory, and progress made over the last decades in computing Grobner bases. The fifth
edition builds on the fourth edition in two main ways. First, a number of typographical errors, found
by readers and by the authors since 2018, have been corrected. Second, new material on toric


http://www.speargroupllc.com/gacor1-23/files?docid=XcK85-0664&title=preborn.pdf

varieties, monomial curves, and other topics of current interest in algebraic geometry has been
added. This enhances the opportunities for active learning through new examples, new exercises,
and new projects in Appendix D, all supplemented by additional references. The book also includes
updated computer algebra material in Appendix C. The book may be used for a first or second
course in undergraduate abstract algebra and, with some augmentation perhaps, for beginning
graduate courses in algebraic geometry or computational commutative 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 Maple™, Mathematica® and
SageMath, 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. 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 algebraic geometry: 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 algebraic geometry: Ideals, Varieties, and Algorithms David Cox, John Little,
DONAL OSHEA, 2013-03-09 Algebraic Geometry is the study of systems of polynomial equations in
one or more variables, asking such questions as: Does the system have finitely many solutions, and if
so how can one find them? And if there are infinitely many solutions, how can they be described and
manipulated? The solutions of a system of polynomial equations form a geometric object called a
variety; the corresponding algebraic object is an ideal. There is a close relationship between ideals
and varieties which reveals the intimate link between algebra and geometry. 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 algorithms to
answer questions such as those posed above are an important part of algebraic geometry. This book
bases its discussion of algorithms on a generalization 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 a new edition of Ideals, Varieties and Algorithms the authors present an improved proof of
the Buchberger Criterion as well as a proof of Bezout's Theorem. Appendix C contains a new section
on Axiom and an update about Maple , Mathematica and REDUCE.

computational algebraic geometry: Computational Algebraic Geometry and Commutative
Algebra David Eisenbud, Lorenzo Robbiano, 1993

computational algebraic geometry: Computational Commutative and Non-commutative
Algebraic Geometry Svetlana Cojocaru, Gerhard Pfister, Victor Ufnarovski, 2005



computational algebraic geometry: Ideals, Varieties, and Algorithms David A Cox, John
Little, Donal O'Shea, 2008-11-01 This book details the heart and soul of modern commutative and
algebraic geometry. It covers such topics as the Hilbert Basis Theorem, the Nullstellensatz, invariant
theory, projective geometry, and dimension theory. In addition to enhancing the text of the second
edition, with over 200 pages reflecting changes to enhance clarity and correctness, this third edition
of Ideals, Varieties and Algorithms includes: a significantly updated section on Maple; updated
information on AXIOM, CoCoA, Macaulay 2, Magma, Mathematica and SINGULAR; and presents a
shorter proof of the Extension Theorem.

computational algebraic geometry: Commutative Algebra, Algebraic Geometry, and
Computational Methods David Eisenbud, 1999-07 This volume contains papers presented at the
International Conference on Commutative Algebra, Algebraic geometry, and Computational methods
held in Hanoi in 1996, as well as papers written subsequently. It features both expository articles as
well as research papers on a range of currently active areas in commutative algebra, algebraic
geometry (particularly surveys on intersection theory) and combinatorics. In addition, a special
feature is a section on the life and work of Wolfgang Vogel, who was an organiser of the conference.

computational algebraic geometry: Computational Algebraic Geometry Frédéric Eyssette, A.
Galligo, 1993 Proceedings of a symposium held in Nice, France, in April 1992, on the themes of
effective methods and complexity issues in commutative algebra, projective geometry, real
geometry, algebraic number theory, and algebro-geometric methods in algebraic computing and
applications. Papers discuss Koszul complex, Grobner bases and standard monomial theory, versal
deformations of powers of volume forms, computer vision, counting real zeros in the multivariate
case, locally effective objects and algebraic topology, and a parameterized nullstellensatz. No index.
Annotation copyright by Book News, Inc., Portland, OR

computational algebraic geometry: Ideals, Varieties, and Algorithms David A. Cox, John
Little, Donal O'Shea, 2015 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. 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 algebraic geometry: Ideals, Varieties, and Algorithms David Cox, John
Little, Donal O'Shea, 2012-12-22 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 algebraic geometry: 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 algebraic geometry: Ideals, Varieties, and Algorithms Donal O’Shea David
Cox, John Little, 1997-01-01 Algebraic Geometry is the study of systems of polynomial equations in
one or more variables, asking such questions as: Does the system have finitely many solutions, and if
so how can one find them? And if there are infinitely many solutions, how can they be described and
manipulated? The solutions of a system of polynomial equations form a geometric object called a
variety; the corresponding algebraic object is an ideal. There is a close relationship between ideals
and varieties which reveals the intimate link between algebra and geometry. 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 algorithms to
answer questions such as those posed above are an important part of algebraic geometry. This book
bases its discussion of algorithms on a generalization 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 a new edition of Ideals, Varieties and Algorithms the authors present an improved proof of
the Buchberger Criterion as well as a proof of Bezout's Theorem. Appendix C contains a new section
on Axiom and an update about Maple, Mathematica and REDUCE.

computational algebraic geometry: Polyhedral and Algebraic Methods in Computational
Geometry Michael Joswig, Thorsten Theobald, 2013-01-04 Polyhedral and Algebraic Methods in
Computational Geometry provides a thorough introduction into algorithmic geometry and its
applications. It presents its primary topics from the viewpoints of discrete, convex and elementary
algebraic geometry. The first part of the book studies classical problems and techniques that refer to
polyhedral structures. The authors include a study on algorithms for computing convex hulls as well
as the construction of Voronoi diagrams and Delone triangulations. The second part of the book
develops the primary concepts of (non-linear) computational algebraic geometry. Here, the book
looks at Grobner bases and solving systems of polynomial equations. The theory is illustrated by
applications in computer graphics, curve reconstruction and robotics. Throughout the book,
interconnections between computational geometry and other disciplines (such as algebraic
geometry, optimization and numerical mathematics) are established. Polyhedral and Algebraic
Methods in Computational Geometry is directed towards advanced undergraduates in mathematics
and computer science, as well as towards engineering students who are interested in the
applications of computational geometry.

computational algebraic geometry: 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 algebraic geometry: Applications of Algebraic Geometry to Coding Theory,
Physics and Computation Ciro Ciliberto, Friedrich Hirzebruch, Rick Miranda, Mina Teicher,
2012-12-06 An up-to-date report on the current status of important research topics in algebraic
geometry and its applications, such as computational algebra and geometry, singularity theory
algorithms, numerical solutions of polynomial systems, coding theory, communication networks, and
computer vision. Contributions on more fundamental aspects of algebraic geometry include
expositions related to counting points on varieties over finite fields, Mori theory, linear systems,
Abelian varieties, vector bundles on singular curves, degenerations of surfaces, and mirror
symmetry of Calabi-Yau manifolds.

computational algebraic geometry: Computational Algebraic Geometry Hal Schenck,
2003 Investigates interplay between algebra and geometry. Covers: homological algebra, algebraic
combinatorics and algebraic topology, and algebraic geometry.
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