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definition of linear algebra is a fundamental concept in mathematics that deals with vector spaces and

linear mappings between these spaces. It serves as a crucial foundation for various disciplines,

including engineering, physics, computer science, and economics. This article will explore the definition

of linear algebra, its key components, and practical applications. We will delve into the core concepts

such as vectors, matrices, and systems of linear equations, providing a comprehensive overview of

their significance. Additionally, we will discuss the importance of linear algebra in modern technology

and its relevance in solving real-world problems. This exploration will enhance your understanding of

linear algebra and its vital role in various fields.
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Introduction to Linear Algebra

Linear algebra is a branch of mathematics that focuses on the study of vectors, vector spaces (also

known as linear spaces), linear transformations, and systems of linear equations. It is essential for

understanding the structure of linear equations and their solutions. The fundamental elements of linear

algebra include vectors, matrices, and operations that can be performed on these mathematical



objects. This field of study lays the groundwork for more advanced mathematical concepts and

theories.

At its core, linear algebra simplifies complex problems by breaking them down into manageable parts

that can be analyzed using algebraic methods. It provides techniques for modeling and solving

problems in various scientific and engineering disciplines. The transition from abstract mathematical

concepts to practical applications makes linear algebra a powerful tool in both academia and industry.

Understanding the definition of linear algebra and its implications allows for better analytical skills and

problem-solving capabilities.

Core Concepts of Linear Algebra

To grasp the definition of linear algebra fully, one must understand its core concepts. These include

vectors, matrices, vector spaces, and linear transformations. Each of these elements plays a significant

role in the study and application of linear algebra.

Vectors

A vector is a mathematical object that has both magnitude and direction. In linear algebra, vectors can

be represented as ordered pairs, triples, or more generally as n-tuples in n-dimensional space. Vectors

are essential in describing geometric and physical quantities. They can be added together and

multiplied by scalars, allowing for various operations that adhere to specific rules.

Matrices

Matrices are rectangular arrays of numbers or functions arranged in rows and columns. They serve as

a way to represent linear transformations and systems of equations. The operations that can be

performed on matrices include addition, subtraction, and multiplication. The concept of determinants

and inverses of matrices is also crucial, particularly in solving linear systems.



Vector Spaces

A vector space is a collection of vectors that can be scaled and added together while still remaining

within the same collection. This structure must adhere to certain axioms, including closure,

associativity, and distributive properties. Understanding vector spaces is vital for grasping the broader

implications of linear algebra, as it forms the backbone of many mathematical theories.

Linear Transformations

Linear transformations are functions that map vectors from one vector space to another while

preserving the operations of vector addition and scalar multiplication. These transformations can be

represented using matrices, allowing for a seamless transition between abstract concepts and concrete

numerical methods. Linear transformations are pivotal in applications of linear algebra, particularly in

computer graphics and data science.

Applications of Linear Algebra

The applications of linear algebra are extensive and impactful across various fields. From computer

science to engineering, the principles of linear algebra are utilized to solve complex problems and

optimize processes.

Engineering

In engineering, linear algebra is used for analyzing electrical circuits, structural analysis, and systems

dynamics. Engineers apply matrix methods to solve systems of equations that describe physical

phenomena, making linear algebra an integral part of engineering education and practice.



Computer Science

Linear algebra is fundamental in computer science, particularly in areas such as machine learning,

computer graphics, and data analysis. Algorithms that process large datasets often rely on matrix

operations to manipulate and analyze data efficiently. Computer graphics utilize linear transformations

to render images and animations, demonstrating the practical importance of linear algebra in

technology.

Economics

In economics, linear algebra is employed to model and analyze economic systems. Economists use

matrices to represent relationships between different variables and to solve optimization problems,

such as maximizing profit or minimizing cost. The application of linear algebra in economics allows for

clearer insights into complex economic models.

Importance of Linear Algebra in Technology

The relevance of linear algebra in technology cannot be overstated. As technology evolves, the

demand for efficient computational methods increases, and linear algebra provides the tools necessary

for these advancements.

Data Science and Machine Learning

In data science and machine learning, linear algebra is crucial for handling and analyzing large

datasets. Techniques such as principal component analysis (PCA) and singular value decomposition

(SVD) are grounded in linear algebra, enabling data scientists to reduce dimensionality and extract

meaningful patterns from data.



Computer Vision

Computer vision applications, including image recognition and object detection, heavily rely on linear

algebra. Techniques for processing images often involve transformations that can be efficiently

represented as matrix operations, allowing for rapid computations that enhance performance.

Cryptography

Linear algebra also finds applications in cryptography, where it is used to design secure

communication systems. The manipulation of matrices and vectors allows for the development of

encryption algorithms that protect sensitive information from unauthorized access.

Conclusion

Linear algebra is a vital field of mathematics that provides the framework for understanding and solving

problems across numerous disciplines. The definition of linear algebra encompasses a range of

concepts, including vectors, matrices, vector spaces, and linear transformations, each playing a critical

role in various applications. As technology continues to advance, the importance of linear algebra will

only grow, making it an essential area of study for students and professionals alike. By mastering

linear algebra, individuals can enhance their problem-solving skills and contribute to innovations in

science, engineering, and technology.

Q: What is the definition of linear algebra?

A: Linear algebra is the branch of mathematics that studies vectors, vector spaces, linear

transformations, and systems of linear equations. It is fundamental for various applications in science

and engineering.



Q: How are vectors used in linear algebra?

A: Vectors represent quantities with both magnitude and direction. They are used in linear algebra to

model physical quantities, perform operations, and represent points in space.

Q: Why are matrices important in linear algebra?

A: Matrices are crucial in linear algebra as they provide a convenient way to represent linear

transformations and systems of equations. They enable efficient computation and manipulation of data.

Q: What are the applications of linear algebra in engineering?

A: In engineering, linear algebra is used for analyzing systems, solving circuit equations, and structural

analysis, among other applications. It helps engineers model and optimize physical systems.

Q: How does linear algebra relate to computer science?

A: Linear algebra is fundamental in computer science for algorithms in machine learning, data analysis,

and computer graphics. It facilitates efficient data manipulation and problem-solving.

Q: What role does linear algebra play in data science?

A: Linear algebra plays a significant role in data science through techniques such as dimensionality

reduction and data transformation, allowing for effective analysis of large datasets.

Q: Can linear algebra be applied in cryptography?

A: Yes, linear algebra is applied in cryptography to develop secure communication systems, where

matrix and vector manipulations are used to create encryption algorithms.



Q: What are linear transformations in linear algebra?

A: Linear transformations are functions that map vectors from one vector space to another while

preserving vector addition and scalar multiplication, often represented using matrices.

Q: What is a vector space?

A: A vector space is a collection of vectors that can be added together and multiplied by scalars,

adhering to specific axioms that define its structure.

Q: How is linear algebra used in computer vision?

A: Linear algebra is used in computer vision for image processing techniques, enabling efficient

transformations and manipulations required for tasks like object recognition.
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This book intends to develop a sense of understanding towards Linear Algebra. It will introduce a
beginner to the basic fundamentals of linear algebra and their properties. The definitions are
explained thoroughly and for better understanding various examples have been put forth for each
definition. For the practice of students, some examples and results have been kept in each chapter.
Important points deduced from theorems are written as remarks for the benefit of students. This
book is different from other books because of two main reasons. First, the book contains various
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multiple choice questions/objectives with answer keys are kept for each chapter which will help the
students to qualify various competitive examinations. The book consists of six chapters. The first
chapter gives a brief introduction of matrices wherein various types of matrices with examples are
mentioned. Also, the concept of determinants and adjoint of a matrix are explained briefly along with
their properties. The second chapter deals with rank of a matrix, elementary transformations and
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the linear dependence and independence of columns of a matrix and the behavior of matrix equation
A X = O . A method is explained which tells how rank of a matrix gives information about the
solution of Homogenous and Non-homogenous system of linear equations. Fourth chapter welcomes
us with the central concept of linear algebra viz; Eigen values and Eigen vectors of a matrix. Many
examples are solved which explains how many linearly independent Eigen vectors exist
corresponding to an Eigen value and how to find them all.
  definition of linear algebra: Linear Algebra Michael L. O'Leary, 2021-04-27 LINEAR
ALGEBRA EXPLORE A COMPREHENSIVE INTRODUCTORY TEXT IN LINEAR ALGEBRA WITH
COMPELLING SUPPLEMENTARY MATERIALS, INCLUDING A COMPANION WEBSITE AND
SOLUTIONS MANUALS Linear Algebra delivers a fulsome exploration of the central concepts in
linear algebra, including multidimensional spaces, linear transformations, matrices, matrix algebra,
determinants, vector spaces, subspaces, linear independence, basis, inner products, and
eigenvectors. While the text provides challenging problems that engage readers in the mathematical
theory of linear algebra, it is written in an accessible and simple-to-grasp fashion appropriate for
junior undergraduate students. An emphasis on logic, set theory, and functions exists throughout the
book, and these topics are introduced early to provide students with a foundation from which to
attack the rest of the material in the text. Linear Algebra includes accompanying material in the
form of a companion website that features solutions manuals for students and instructors. Finally,
the concluding chapter in the book includes discussions of advanced topics like generalized
eigenvectors, Schur’s Lemma, Jordan canonical form, and quadratic forms. Readers will also benefit
from the inclusion of: A thorough introduction to logic and set theory, as well as descriptions of
functions and linear transformations An exploration of Euclidean spaces and linear transformations
between Euclidean spaces, including vectors, vector algebra, orthogonality, the standard matrix,
Gauss-Jordan elimination, inverses, and determinants Discussions of abstract vector spaces,
including subspaces, linear independence, dimension, and change of basis A treatment on defining
geometries on vector spaces, including the Gram-Schmidt process Perfect for undergraduate
students taking their first course in the subject matter, Linear Algebra will also earn a place in the
libraries of researchers in computer science or statistics seeking an accessible and practical
foundation in linear algebra.
  definition of linear algebra: Linear Algebra , 2000
  definition of linear algebra: Linear Algebra Toshitsune Miyake, 2022-09-03 The purpose of
this book is to explain linear algebra clearly for beginners. In doing so, the author states and
explains somewhat advanced topics such as Hermitian products and Jordan normal forms. Starting
from the definition of matrices, it is made clear with examples that matrices and matrix operation
are abstractions of tables and operations of tables. The author also maintains that systems of linear
equations are the starting point of linear algebra, and linear algebra and linear equations are closely
connected. The solutions to systems of linear equations are found by solving matrix equations in the
row-reduction of matrices, equivalent to the Gauss elimination method of solving systems of linear
equations. The row-reductions play important roles in calculation in this book. To calculate
row-reductions of matrices, the matrices are arranged vertically, which is seldom seen but is
convenient for calculation. Regular matrices and determinants of matrices are defined and
explained. Furthermore, the resultants of polynomials are discussed as an application of
determinants. Next, abstract vector spaces over a field K are defined. In the book, however, mainly
vector spaces are considered over the real number field and the complex number field, in case
readers are not familiar with abstract fields. Linear mappings and linear transformations of vector
spaces and representation matrices of linear mappings are defined, and the characteristic
polynomials and minimal polynomials are explained. The diagonalizations of linear transformations
and square matrices are discussed, and inner products are defined on vector spaces over the real
number field. Real symmetric matrices are considered as well, with discussion of quadratic forms.
Next, there are definitions of Hermitian inner products. Hermitian transformations, unitary
transformations, normal transformations and the spectral resolution of normal transformations and



matrices are explained. The book ends with Jordan normal forms. It is shown that any
transformations of vector spaces over the complex number field have matrices of Jordan normal
forms as representation matrices.
  definition of linear algebra: Matrices and Linear Algebra Hans Schneider, George Phillip
Barker, 2012-06-08 Basic textbook covers theory of matrices and its applications to systems of linear
equations and related topics such as determinants, eigenvalues, and differential equations. Includes
numerous exercises.
  definition of linear algebra: Linear Algebra Saurabh Chandra Maury, 2024-11-18 This book is
a comprehensive guide to Linear Algebra and covers all the fundamental topics such as vector
spaces, linear independence, basis, linear transformations, matrices, determinants, inner products,
eigenvectors, bilinear forms, and canonical forms. It also introduces concepts such as fields, rings,
group homomorphism, and binary operations early on, which gives students a solid foundation to
understand the rest of the material. Unlike other books on Linear Algebra that are either too
theory-oriented with fewer solved examples or too problem-oriented with less good quality theory,
this book strikes a balance between the two. It provides easy-to-follow theorem proofs and a
considerable number of worked examples with various levels of difficulty. The fundamentals of the
subject are explained in a methodical and straightforward way. This book is aimed at undergraduate
and graduate students of Mathematics and Engineering Mathematics who are studying Linear
Algebra. It is also a useful resource for students preparing for exams in higher education
competitions such as NET, GATE, lectureships, etc. The book includes some of the most recent and
challenging questions from these exams.
  definition of linear algebra: Handbook of Linear Algebra Leslie Hogben, 2006-11-02 The
Handbook of Linear Algebra provides comprehensive coverage of linear algebra concepts,
applications, and computational software packages in an easy-to-use handbook format. The
esteemed international contributors guide you from the very elementary aspects of the subject to the
frontiers of current research. The book features an accessibl
  definition of linear algebra: Linear Algebra Larry E. Knop, 2008-08-28 Linear Algebra: A First
Course with Applications explores the fundamental ideas of linear algebra, including vector spaces,
subspaces, basis, span, linear independence, linear transformation, eigenvalues, and eigenvectors,
as well as a variety of applications, from inventories to graphics to Google's PageRank. Unlike other
texts on the subject, thi
  definition of linear algebra: Linear Algebra Richard C. Penney, 2015-11-23 Praise for the
Third Edition “This volume is ground-breaking in terms of mathematical texts in that it does not
teach from a detached perspective, but instead, looks to show students that competent
mathematicians bring an intuitive understanding to the subject rather than just a master of
applications.” – Electric Review A comprehensive introduction, Linear Algebra: Ideas and
Applications, Fourth Edition provides a discussion of the theory and applications of linear algebra
that blends abstract and computational concepts. With a focus on the development of mathematical
intuition, the book emphasizes the need to understand both the applications of a particular
technique and the mathematical ideas underlying the technique. The book introduces each new
concept in the context of an explicit numerical example, which allows the abstract concepts to grow
organically out of the necessity to solve specific problems. The intuitive discussions are consistently
followed by rigorous statements of results and proofs. Linear Algebra: Ideas and Applications,
Fourth Edition also features: Two new and independent sections on the rapidly developing subject of
wavelets A thoroughly updated section on electrical circuit theory Illuminating applications of linear
algebra with self-study questions for additional study End-of-chapter summaries and sections with
true-false questions to aid readers with further comprehension of the presented material Numerous
computer exercises throughout using MATLAB® code Linear Algebra: Ideas and Applications,
Fourth Edition is an excellent undergraduate-level textbook for one or two semester courses for
students majoring in mathematics, science, computer science, and engineering. With an emphasis on
intuition development, the book is also an ideal self-study reference.



  definition of linear algebra: Linear Algebra and Smarandache Linear Algebra W. B. Vasantha
Kandasamy, 2003 In this book the author analyzes the Smarandache linear algebra, and introduces
several other concepts like the Smarandache semilinear algebra, Smarandache bilinear algebra and
Smarandache anti-linear algebra. We indicate that Smarandache vector spaces of type II will be
used in the study of neutrosophic logic and its applications to Markov chains and Leontief Economic
models ? both of these research topics have intense industrial applications. The Smarandache linear
algebra, is defined to be a Smarandache vector space of type II, on which there is an additional
operation called product, such that for all a, b in V, ab is in V.The Smarandache vector space of type
II is defined to be a module V defined over a Smarandache ring R such that V is a vector space over
a proper subset k of R, where k is a field.
  definition of linear algebra: Principles of Linear Algebra with Mathematica Kenneth M.
Shiskowski, Karl Frinkle, 2011-08-02 A hands-on introduction to the theoretical and computational
aspects of linear algebra using Mathematica® Many topics in linear algebra are simple, yet
computationally intensive, and computer algebra systems such as Mathematica® are essential not
only for learning to apply the concepts to computationally challenging problems, but also for
visualizing many of the geometric aspects within this field of study. Principles of Linear Algebra with
Mathematica uniquely bridges the gap between beginning linear algebra and computational linear
algebra that is often encountered in applied settings, and the commands required to solve complex
and computationally challenging problems using Mathematica are provided. The book begins with
an introduction to the commands and programming guidelines for working with Mathematica. Next,
the authors explore linear systems of equations and matrices, applications of linear systems and
matrices, determinants, inverses, and Cramer's rule. Basic linear algebra topics, such as vectors, dot
product, cross product, and vector projection are explored, as well as a unique variety of more
advanced topics including rotations in space, 'rolling' a circle along a curve, and the TNB Frame.
Subsequent chapters feature coverage of linear transformations from Rn to Rm, the geometry of
linear and affine transformations, with an exploration of their effect on arclength, area, and volume,
least squares fits, and pseudoinverses. Mathematica is used to enhance concepts and is seamlessly
integrated throughout the book through symbolic manipulations, numerical computations, graphics
in two and three dimensions, animations, and programming. Each section concludes with standard
problems in addition to problems that were specifically designed to be solved with Mathematica,
allowing readers to test their comprehension of the presented material. All related Mathematica
code is available on a corresponding website, along with solutions to problems and additional topical
resources. Extensively class-tested to ensure an accessible presentation, Principles of Linear Algebra
with Mathematica is an excellent book for courses on linear algebra at the undergraduate level. The
book is also an ideal reference for students and professionals who would like to gain a further
understanding of the use of Mathematica to solve linear algebra problems.
  definition of linear algebra: Linear Algebra Meighan I. Dillon, 2022-10-14 This textbook is
directed towards students who are familiar with matrices and their use in solving systems of linear
equations. The emphasis is on the algebra supporting the ideas that make linear algebra so
important, both in theoretical and practical applications. The narrative is written to bring along
students who may be new to the level of abstraction essential to a working understanding of linear
algebra. The determinant is used throughout, placed in some historical perspective, and defined
several different ways, including in the context of exterior algebras. The text details proof of the
existence of a basis for an arbitrary vector space and addresses vector spaces over arbitrary fields.
It develops LU-factorization, Jordan canonical form, and real and complex inner product spaces. It
includes examples of inner product spaces of continuous complex functions on a real interval, as well
as the background material that students may need in order to follow those discussions. Special
classes of matrices make an entrance early in the text and subsequently appear throughout. The last
chapter of the book introduces the classical groups.
  definition of linear algebra: Introduction to Applied Linear Algebra Stephen Boyd, Lieven
Vandenberghe, 2018-06-07 A groundbreaking introduction to vectors, matrices, and least squares



for engineering applications, offering a wealth of practical examples.
  definition of linear algebra: Essential Linear Algebra Jared M. Maruskin, 2012-12 This text
introduces linear algebra--boiled to its essence--presented in a clear and concise fashion. Designed
around a single-semester undergraduate course, Essential Linear Algebra introduces key concepts,
various real-world applications, and provides detailed yet understandable proofs of key results that
are aimed towards students with no advanced preparation in proof writing. The level of
sophistication gradually increases from beginning to end in order to prepare students for
subsequent studies.We begin with a detailed introduction to systems of linear equations and
elementary row operations. We then advance to a discussion of linear transformations, which
provide a second, more geometric, interpretation of the operation of matrix-vector product. We go
on to introduce vector spaces and their subspaces, the image and kernel of a transformation, and
change of coordinates. Following, we discuss matrices of orthogonal projections and orthogonal
matrices. Our penultimate chapter is devoted to the theory of determinants, which are presented,
first, in terms of area and volume expansion factors of 2x2 and 3x3 matrices, respectively. We use a
geometric understanding of volume in n-dimensions to introduce general determinants axiomatically
as multilinear, antisymmetric mappings, and prove existence and uniqueness. Our final chapter is
devoted to the theory of eigenvalues and eigenvectors. We conclude with a number of discussions on
various types of diagonalization: real, complex, and orthogonal.
  definition of linear algebra: Linear Algebra Henry Helson, 2017-07-24 Linear Algebra is an
important part of pure mathematics, and is needed for applications in every part of mathematics,
natural science and economics. However, the applications are not so obvious as those of calculus.
Therefore, one must study Linear Algebra as pure mathematics, even if one is only interested in
applications. Most students find the subject difficult because it is abstract. Many texts try to avoid
the difficulty by emphasizing calculations and suppressing the mathematical content of the subject.
This text proceeds from the view that it is best to present the difficulties honestly, but as concisely
and simply as possible. Although the text is shorter than others, all the material of a semester course
is included. In addition, there are sections on least squares approximation and factor analysis; and a
final chapter presents the matrix factorings that are used in Numerical Analysis.
  definition of linear algebra: Linear Algebra for Data Science, Machine Learning, and Signal
Processing Jeffrey A. Fessler, Raj Rao Nadakuditi, 2024-05-16 Master matrix methods via engaging
data-driven applications, aided by classroom-tested quizzes, homework exercises and online Julia
demos.
  definition of linear algebra: Applied Functional Analysis, Second Edition J. Tinsley Oden,
Leszek Demkowicz, 2010-03-02 Through numerous illustrative examples and comments, Applied
Functional Analysis, Second Edition demonstrates the rigor of logic and systematic, mathematical
thinking. It presents the mathematical foundations that lead to classical results in functional
analysis. More specifically, the text prepares students to learn the variational theory of partial
differential equations, distributions and Sobolev spaces, and numerical analysis with an emphasis on
finite element methods. While retaining the structure of its best-selling predecessor, this second
edition includes revisions of many original examples, along with new examples that often reflect the
authors’ own vast research experiences and perspectives. This edition also provides many more
exercises as well as a solutions manual for qualifying instructors. Each chapter begins with an
extensive introduction and concludes with a summary and historical comments that frequently refer
to other sources. New to the Second Edition Completely revised section on lim sup and lim inf New
discussions of connected sets, probability, Bayesian statistical inference, and the generalized
(integral) Minkowski inequality New sections on elements of multilinear algebra and determinants,
the singular value decomposition theorem, the Cauchy principal value, and Hadamard finite part
integrals New example of a Lebesgue non-measurable set Ideal for a two-semester course, this
proven textbook teaches students how to prove theorems and prepares them for further study of
more advanced mathematical topics. It helps them succeed in formulating research questions in a
mathematically rigorous way.



  definition of linear algebra: Linear Algebra As An Introduction To Abstract
Mathematics Bruno Nachtergaele, Anne Schilling, Isaiah Lankham, 2015-11-30 This is an
introductory textbook designed for undergraduate mathematics majors with an emphasis on
abstraction and in particular, the concept of proofs in the setting of linear algebra. Typically such a
student would have taken calculus, though the only prerequisite is suitable mathematical grounding.
The purpose of this book is to bridge the gap between the more conceptual and computational
oriented undergraduate classes to the more abstract oriented classes. The book begins with systems
of linear equations and complex numbers, then relates these to the abstract notion of linear maps on
finite-dimensional vector spaces, and covers diagonalization, eigenspaces, determinants, and the
Spectral Theorem. Each chapter concludes with both proof-writing and computational exercises.
  definition of linear algebra: Applications of Linear and Nonlinear Models Erik Grafarend,
Joseph L. Awange, 2012-08-15 Here we present a nearly complete treatment of the Grand Universe
of linear and weakly nonlinear regression models within the first 8 chapters. Our point of view is
both an algebraic view as well as a stochastic one. For example, there is an equivalent lemma
between a best, linear uniformly unbiased estimation (BLUUE) in a Gauss-Markov model and a least
squares solution (LESS) in a system of linear equations. While BLUUE is a stochastic regression
model, LESS is an algebraic solution. In the first six chapters we concentrate on underdetermined
and overdeterimined linear systems as well as systems with a datum defect. We review
estimators/algebraic solutions of type MINOLESS, BLIMBE, BLUMBE, BLUUE, BIQUE, BLE, BIQUE
and Total Least Squares. The highlight is the simultaneous determination of the first moment and
the second central moment of a probability distribution in an inhomogeneous multilinear estimation
by the so called E-D correspondence as well as its Bayes design. In addition, we discuss continuous
networks versus discrete networks, use of Grassmann-Pluecker coordinates, criterion matrices of
type Taylor-Karman as well as FUZZY sets. Chapter seven is a speciality in the treatment of an
overdetermined system of nonlinear equations on curved manifolds. The von Mises-Fisher
distribution is characteristic for circular or (hyper) spherical data. Our last chapter eight is devoted
to probabilistic regression, the special Gauss-Markov model with random effects leading to
estimators of type BLIP and VIP including Bayesian estimation. A great part of the work is presented
in four Appendices. Appendix A is a treatment, of tensor algebra, namely linear algebra, matrix
algebra and multilinear algebra. Appendix B is devoted to sampling distributions and their use in
terms of confidence intervals and confidence regions. Appendix C reviews the elementary notions of
statistics, namely random events and stochastic processes. Appendix D introduces the basics of
Groebner basis algebra, its careful definition, the Buchberger Algorithm, especially the C. F. Gauss
combinatorial algorithm.
  definition of linear algebra: Topological Geometry Ian R. Porteous, 1981-02-05 The earlier
chapter of this self-contained text provide a route from first principles through standard linear and
quadratic algebra to geometric algebra, with Clifford's geometric algebras taking pride of place. In
parallel with this is an account, also from first principles, of the elementary theory of topological
spaces and of continuous and differentiable maps that leads up to the definitions of smooth
manifolds and their tangent spaces and of Lie groups and Lie algebras. The calculus is presented as
far as possible in basis free form to emphasize its geometrical flavour and its linear algebra content.
In this second edition Dr Porteous has taken the opportunity to add a chapter on triality which
extends earlier work on the Spin groups in the chapter on Clifford algebras. The details include a
number of important transitive group actions and a description of one of the exceptional Lie groups,
the group G2. A number of corrections and improvements have also been made. There are many
exercises throughout the book and senior undergraduates in mathematics as well as first-year
graduate students will continue to find it stimulating and rewarding.
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