linear algebra advanced

linear algebra advanced is a pivotal area of mathematics that extends beyond the foundational
concepts typically taught in introductory courses. It encompasses a range of sophisticated topics,
including vector spaces, linear transformations, eigenvalues, and matrix theory, all of which play a
crucial role in various scientific and engineering applications. This article delves into the advanced
aspects of linear algebra, exploring its principles, applications, and significance in modern
mathematics and related fields. We will cover topics such as the properties of vector spaces, the
importance of eigenvalues and eigenvectors, and the applications of linear algebra in data science
and machine learning. By the end of this article, readers will gain a comprehensive understanding of
advanced linear algebra and its relevance today.
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Understanding Vector Spaces

Vector spaces are the foundational elements of linear algebra, serving as the building blocks for
further study. A vector space is defined as a collection of vectors that can be added together and
multiplied by scalars to produce another vector within the same space. This section will discuss the
various properties and types of vector spaces.

Definition and Properties

To qualify as a vector space, a set must satisfy specific axioms, including closure under addition and
scalar multiplication. These properties lead to a variety of significant characteristics of vector spaces:

e Closure: For any two vectors in the space, their sum is also within the space.
» Associativity: The addition of vectors is associative.
 Identity Element: There exists a zero vector that acts as an additive identity.

* Inverse Elements: For every vector, there exists another vector that, when added, results in



the zero vector.

Types of Vector Spaces

Vector spaces can take various forms based on their dimensions and the nature of their elements:

* Finite-Dimensional Vector Spaces: These spaces have a finite basis and can be represented
in n-dimensional space.

« Infinite-Dimensional Vector Spaces: Spaces like function spaces that contain infinitely many
dimensions.

e Subspaces: A subset of a vector space that is itself a vector space.

* Normed and Inner Product Spaces: These spaces include additional structures that allow for
the measurement of angles and lengths.

Linear Transformations and Their Properties

Linear transformations are functions that map vectors from one vector space to another while
preserving the operations of vector addition and scalar multiplication. This section will explore their
definitions, properties, and significance in linear algebra.

Definition of Linear Transformations

A linear transformation T from a vector space V to a vector space W is defined by two main
properties:

e Additivity: T(u + v) = T(u) + T(v) for all vectors u, vin V.

* Homogeneity: T(cu) = cT(u) for all vectors u in V and scalars c.

Matrix Representation

Every linear transformation can be represented by a matrix. The matrix representation facilitates



computations and provides insights into the transformation's properties. The relationship between
vectors and matrices can be expressed as follows:

If T: V- W is a linear transformation, then there exists a matrix A such that:

T(x) = Ax, where x is a vectorin V.

The Role of Eigenvalues and Eigenvectors

Eigenvalues and eigenvectors are central concepts in linear algebra with far-reaching implications in
various applications, from stability analysis to quantum mechanics. This section will elucidate these
concepts and their significance.

Definition of Eigenvalues and Eigenvectors

Given a square matrix A, an eigenvector is a non-zero vector v such that:
Av = Av, where A is a scalar known as the eigenvalue.

In simpler terms, applying the matrix A to the vector v results in a scaled version of v, rather than a
direction change.

Finding Eigenvalues and Eigenvectors

The process of finding eigenvalues involves solving the characteristic equation, which is derived from
the determinant of the matrix A - Al, where | is the identity matrix:

det(A - Al) = 0.

Once the eigenvalues are found, the corresponding eigenvectors can be determined by solving the
equation:

(A-Alv =0.

Applications of Linear Algebra in Data Science

Linear algebra plays a pivotal role in data science, particularly in the fields of machine learning and
statistical analysis. Understanding its applications can significantly enhance a data scientist's ability
to analyze and interpret data.



Machine Learning Algorithms

Many machine learning algorithms rely heavily on linear algebra concepts. For example:

¢ Principal Component Analysis (PCA): A technique used for dimensionality reduction that
utilizes eigenvalues and eigenvectors.

e Linear Regression: A method for modeling the relationship between a dependent variable and
one or more independent variables using linear equations.

e Support Vector Machines (SVM): A classification method that uses hyperplanes to separate
data into different classes.

Data Representation

Data can often be represented in matrix form, where rows may represent different observations and
columns represent features. This matrix representation allows for efficient computations and
transformations, facilitating data processing tasks.

Advanced Topics in Linear Algebra

Beyond the foundational concepts, advanced linear algebra covers specialized topics that deepen
understanding and expand applications. This section will examine some of these advanced topics.

Singular Value Decomposition (SVD)

Singular Value Decomposition is a method of decomposing a matrix into three other matrices,
revealing intrinsic properties of the original matrix. It is widely used in signal processing and statistics.

Matrix Factorizations

Matrix factorization techniques, such as LU decomposition and QR factorization, are essential for
solving linear systems and optimizing algorithms in computational applications.



Tensor Analysis

Tensors generalize matrices to higher dimensions and are crucial in various fields, including physics,
engineering, and computer science. Understanding tensor operations expands the applicability of
linear algebra.

Applications in Quantum Mechanics

Linear algebra is fundamental in quantum mechanics, where state vectors and operators are routinely
employed to describe physical systems and their interactions.

Conclusion

Linear algebra advanced covers a vast landscape of essential mathematical concepts and
applications. Understanding vector spaces, linear transformations, eigenvalues, and their applications
in data science and other fields equips professionals and researchers with the tools necessary for
tackling complex problems. As technology evolves, the relevance of linear algebra continues to grow,
underscoring its importance in both theoretical and practical domains. Mastery of advanced linear
algebra concepts is not only beneficial for students and practitioners but also crucial for innovation in
diverse scientific and engineering fields.

Q: What is the importance of eigenvalues in linear algebra?

A: Eigenvalues are critical in understanding the behavior of linear transformations and systems. They
provide insights into stability, oscillations, and other properties of dynamic systems.

Q: How does singular value decomposition (SVD) work?

A: SVD decomposes a matrix into three matrices, revealing its structure. It is used for dimensionality
reduction and is essential in applications like image compression and noise reduction.

Q: What are the applications of linear algebra in machine
learning?

A: Linear algebra is used in machine learning algorithms for data representation, dimensionality
reduction, and optimization techniques, impacting methods like PCA and linear regression.

Q: What are the differences between finite and infinite-



dimensional vector spaces?

A: Finite-dimensional vector spaces have a limited basis and can be visualized in n-dimensional space,
while infinite-dimensional spaces contain an infinite number of dimensions, such as function spaces.

Q: Can linear algebra be applied to real-world problems?

A: Yes, linear algebra is widely applied in various fields, including engineering, physics, computer
science, and economics, addressing problems such as optimization, data analysis, and system
modeling.

Q: What is the geometric interpretation of eigenvectors?

A: Eigenvectors represent directions in which a linear transformation acts by merely stretching or
compressing, without changing direction, providing a geometric perspective on linear
transformations.

Q: Why is matrix factorization important in numerical
methods?

A: Matrix factorization aids in simplifying complex problems, making it easier to solve linear
equations, optimize algorithms, and perform computations efficiently in numerical methods.

Q: How do linear transformations relate to real-world
scenarios?

A: Linear transformations model various real-world processes, such as image transformations, data
projections, and financial modeling, allowing for simplified analysis and manipulation of complex
systems.

Q: What role does linear algebra play in quantum mechanics?

A: Linear algebra provides the mathematical framework for quantum mechanics, where state vectors
represent quantum states, and operators correspond to observable quantities, forming the basis of
guantum theory.
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linear algebra advanced: Advanced Linear Algebra Steven Roman, 2007-09-20 For the third
edition, the author has added a new chapter on associative algebras that includes the well known
characterizations of the finite-dimensional division algebras over the real field (a theorem of
Frobenius) and over a finite field (Wedderburn's theorem); polished and refined some arguments
(such as the discussion of reflexivity, the rational canonical form, best approximations and the
definitions of tensor products); upgraded some proofs that were originally done only for
finite-dimensional/rank cases; added new theorems, including the spectral mapping theorem;
corrected all known errors; the reference section has been enlarged considerably, with over a
hundred references to books on linear algebra. From the reviews of the second edition: “In this 2nd
edition, the author has rewritten the entire book and has added more than 100 pages of new
materials. ... As in the previous edition, the text is well written and gives a thorough discussion of
many topics of linear algebra and related fields. ... the exercises are rewritten and expanded. ...
Overall, 1 found the book a very useful one. ... It is a suitable choice as a graduate text or as a
reference book.” Ali-Akbar Jafarian, ZentralblattMATH “This is a formidable volume, a compendium
of linear algebra theory, classical and modern ... . The development of the subject is elegant ... . The
proofs are neat ... . The exercise sets are good, with occasional hints given for the solution of trickier
problems. ... It represents linear algebra and does so comprehensively.” Henry Ricardo, MathDL

linear algebra advanced: Advanced Linear Algebra Bruce Cooperstein, 2016-04-19
Advanced Linear Algebra focuses on vector spaces and the maps between them that preserve their
structure (linear transformations). It starts with familiar concepts and then slowly builds to deeper
results. Along with including many exercises and examples, each section reviews what students need
to know before studying the material. The book first introduces vector spaces over fields as well as
the fundamental concepts of linear combinations, span of vectors, linear independence, basis, and
dimension. After covering linear transformations, it discusses the algebra of polynomials with
coefficients in a field, concentrating on results that are consequences of the division algorithm. The
author then develops the whole structure theory of a linear operator on a finite dimensional vector
space from a collection of some simple results. He also explores the entire range of topics associated
with inner product spaces, from the Gram-Schmidt process to the spectral theorems for normal and
self-adjoint operators on an inner product space. The text goes on to rigorously describe the trace
and determinant of linear operators and square matrices. The final two chapters focus on bilinear
forms and tensor products and related material. Designed for advanced undergraduate and
beginning graduate students, this textbook shows students the beauty of linear algebra. It also
prepares them for further study in mathematics.

linear algebra advanced: Advanced Linear Algebra Nicholas Loehr, 2014-04-10 Designed for
advanced undergraduate and beginning graduate students in linear or abstract algebra, Advanced
Linear Algebra covers theoretical aspects of the subject, along with examples, computations, and
proofs. It explores a variety of advanced topics in linear algebra that highlight the rich
interconnections of the subject to geometry, algebra,

linear algebra advanced: Advanced Linear and Matrix Algebra Nathaniel Johnston, 2021-05-19
This textbook emphasizes the interplay between algebra and geometry to motivate the study of
advanced linear algebra techniques. Matrices and linear transformations are presented as two sides
of the same coin, with their connection motivating inquiry throughout the book. Building on a first
course in linear algebra, this book offers readers a deeper understanding of abstract structures,
matrix decompositions, multilinearity, and tensors. Concepts draw on concrete examples
throughout, offering accessible pathways to advanced techniques. Beginning with a study of vector
spaces that includes coordinates, isomorphisms, orthogonality, and projections, the book goes on to
focus on matrix decompositions. Numerous decompositions are explored, including the Shur,
spectral, singular value, and Jordan decompositions. In each case, the author ties the new technique
back to familiar ones, to create a coherent set of tools. Tensors and multilinearity complete the book,
with a study of the Kronecker product, multilinear transformations, and tensor products.
Throughout, “Extra Topic” sections augment the core content with a wide range of ideas and



applications, from the QR and Cholesky decompositions, to matrix-valued linear maps and
semidefinite programming. Exercises of all levels accompany each section. Advanced Linear and
Matrix Algebra offers students of mathematics, data analysis, and beyond the essential tools and
concepts needed for further study. The engaging color presentation and frequent marginal notes
showcase the author’s visual approach. A first course in proof-based linear algebra is assumed. An
ideal preparation can be found in the author’s companion volume, Introduction to Linear and Matrix
Algebra.

linear algebra advanced: Advanced Linear Algebra with Applications Mohammad Ashraf,
Vincenzo De Filippis, Mohammad Aslam Siddeeque, 2022-04-26 This book provides a comprehensive
knowledge of linear algebra for graduate and undergraduate courses. As a self-contained text, it
aims at covering all important areas of the subject, including algebraic structures, matrices and
systems of linear equations, vector spaces, linear transformations, dual and inner product spaces,
canonical, bilinear, quadratic, sesquilinear, Hermitian forms of operators and tensor products of
vector spaces with their algebras. The last three chapters focus on empowering readers to pursue
interdisciplinary applications of linear algebra in numerical methods, analytical geometry and in
solving linear system of differential equations. A rich collection of examples and exercises are
present at the end of each section to enhance the conceptual understanding of readers. Basic
knowledge of various notions, such as sets, relations, mappings, etc., has been pre-assumed.

linear algebra advanced: A Concise Text on Advanced Linear Algebra Yisong Yang, 2015
This engaging, well-motivated textbook helps advanced undergraduate students to grasp core
concepts and reveals applications in mathematics and beyond.

linear algebra advanced: Advanced Linear Algebra Hugo Woerdeman, 2015-12-23 Advanced
Linear Algebra features a student-friendly approach to the theory of linear algebra. The author’s
emphasis on vector spaces over general fields, with corresponding current applications, sets the
book apart. He focuses on finite fields and complex numbers, and discusses matrix algebra over
these fields. The text then proceeds to cover vector spaces in depth. Also discussed are standard
topics in linear algebra including linear transformations, Jordan canonical form, inner product
spaces, spectral theory, and, as supplementary topics, dual spaces, quotient spaces, and tensor
products. Written in clear and concise language, the text sticks to the development of linear algebra
without excessively addressing applications. A unique chapter on How to Use Linear Algebra is
offered after the theory is presented. In addition, students are given pointers on how to start a
research project. The proofs are clear and complete and the exercises are well designed. In addition,
full solutions are included for almost all exercises.

linear algebra advanced: Advanced Linear Algebra Nicholas A. Loehr, 2024-06-21 Designed
for advanced undergraduate and beginning graduate students in linear or abstract algebra,
Advanced Linear Algebra covers theoretical aspects of the subject, along with examples,
computations, and proofs. It explores a variety of advanced topics in linear algebra that highlight the
rich interconnections of the subject to geometry, algebra, analysis, combinatorics, numerical
computation, and many other areas of mathematics. The author begins with chapters introducing
basic notation for vector spaces, permutations, polynomials, and other algebraic structures. The
following chapters are designed to be mostly independent of each other so that readers with
different interests can jump directly to the topic they want. This is an unusual organization
compared to many abstract algebra textbooks, which require readers to follow the order of chapters.
Each chapter consists of a mathematical vignette devoted to the development of one specific topic.
Some chapters look at introductory material from a sophisticated or abstract viewpoint, while others
provide elementary expositions of more theoretical concepts. Several chapters offer unusual
perspectives or novel treatments of standard results. A wide array of topics is included, ranging from
concrete matrix theory (basic matrix computations, determinants, normal matrices, canonical forms,
matrix factorizations, and numerical algorithms) to more abstract linear algebra (modules, Hilbert
spaces, dual vector spaces, bilinear forms, principal ideal domains, universal mapping properties,
and multilinear algebra). The book provides a bridge from elementary computational linear algebra



to more advanced, abstract aspects of linear algebra needed in many areas of pure and applied
mathematics.

linear algebra advanced: Advanced Linear Algebra Steve Roman, 2015-05-10

linear algebra advanced: Linear Algebra Ii: Advanced Topics For Applications Kazuo
Murota, Masaaki Sugihara, 2022-07-28 This is the second volume of the two-volume book on linear
algebra in the University of Tokyo (UTokyo) Engineering Course.The objective of this second volume
is to branch out from the standard mathematical results presented in the first volume to illustrate
useful specific topics pertaining to engineering applications. While linear algebra is primarily
concerned with systems of equations and eigenvalue problems for matrices and vectors with real or
complex entries, this volumes covers other topics such as matrices and graphs, nonnegative
matrices, systems of linear inequalities, integer matrices, polynomial matrices, generalized inverses,
and group representation theory.The chapters are, for the most part, independent of each other, and
can be read in any order according to the reader's interest. The main objective of this book is to
present the mathematical aspects of linear algebraic methods for engineering that will potentially be
effective in various application areas.

linear algebra advanced: Linear Algebra Stephen H. Friedberg, Arnold J. Insel, Lawrence E.
Spence, 2003 For courses in Advanced Linear Algebra. This top-selling, theorem-proof text presents
a careful treatment of the principal topics of linear algebra, and illustrates the power of the subject
through a variety of applications. It emphasizes the symbiotic relationship between linear
transformations and matrices, but states theorems in the more general infinite-dimensional case
where appropriate.

linear algebra advanced: Advanced Linear Algebra, Second Edition Bruce Cooperstein,
2015-05-13 Advanced Linear Algebra, Second Edition takes a gentle approach that starts with
familiar concepts and then gradually builds to deeper results. Each section begins with an outline of
previously introduced concepts and results necessary for mastering the new material. By reviewing
what students need to know before moving forward, the text builds a solid foundation upon which to
progress. The new edition of this successful text focuses on vector spaces and the maps between
them that preserve their structure (linear transformations). Designed for advanced undergraduate
and beginning graduate students, the book discusses the structure theory of an operator, various
topics on inner product spaces, and the trace and determinant functions of a linear operator. It
addresses bilinear forms with a full treatment of symplectic spaces and orthogonal spaces, as well as
explains the construction of tensor, symmetric, and exterior algebras. Featuring updates and
revisions throughout, Advanced Linear Algebra, Second Edition: Contains new chapters covering
sesquilinear forms, linear groups and groups of isometries, matrices, and three important
applications of linear algebra Adds sections on normed vector spaces, orthogonal spaces over
perfect fields of characteristic two, and Clifford algebras Includes several new exercises and
examples, with a solutions manual available upon qualifying course adoption The book shows
students the beauty of linear algebra while preparing them for further study in mathematics.

linear algebra advanced: A Guide to Advanced Linear Algebra Steven H. Weintraub,
2011-12-31 This book provides a rigorous and thorough development of linear algebra at an
advanced level, and is directed at graduate students and professional mathematicians. It approaches
linear algebra from an algebraic point of view, but its selection of topics is governed not only for
their importance in linear algebra itself, but also for their applications throughout
mathematics--Cover p. [4].

linear algebra advanced: Introduction to Linear and Matrix Algebra Nathaniel Johnston,
2021-05-19 This textbook emphasizes the interplay between algebra and geometry to motivate the
study of linear algebra. Matrices and linear transformations are presented as two sides of the same
coin, with their connection motivating inquiry throughout the book. By focusing on this interface, the
author offers a conceptual appreciation of the mathematics that is at the heart of further theory and
applications. Those continuing to a second course in linear algebra will appreciate the companion
volume Advanced Linear and Matrix Algebra. Starting with an introduction to vectors, matrices, and



linear transformations, the book focuses on building a geometric intuition of what these tools
represent. Linear systems offer a powerful application of the ideas seen so far, and lead onto the
introduction of subspaces, linear independence, bases, and rank. Investigation then focuses on the
algebraic properties of matrices that illuminate the geometry of the linear transformations that they
represent. Determinants, eigenvalues, and eigenvectors all benefit from this geometric viewpoint.
Throughout, “Extra Topic” sections augment the core content with a wide range of ideas and
applications, from linear programming, to power iteration and linear recurrence relations. Exercises
of all levels accompany each section, including many designed to be tackled using computer
software. Introduction to Linear and Matrix Algebra is ideal for an introductory proof-based linear
algebra course. The engaging color presentation and frequent marginal notes showcase the author’s
visual approach. Students are assumed to have completed one or two university-level mathematics
courses, though calculus is not an explicit requirement. Instructors will appreciate the ample
opportunities to choose topics that align with the needs of each classroom, and the online homework
sets that are available through WeBWorK.

linear algebra advanced: Advanced Topics in Linear Algebra Kevin O'Meara, John Clark,
Charles Vinsonhaler, 2011-09-16 This book develops the Weyr matrix canonical form, a largely
unknown cousin of the Jordan form. It explores novel applications, including include matrix
commutativity problems, approximate simultaneous diagonalization, and algebraic geometry.
Module theory and algebraic geometry are employed but with self-contained accounts.

linear algebra advanced: Advanced Linear Algebra for Engineers with MATLAB Sohail A.
Dianat, Eli Saber, 2017-12-19 Arming readers with both theoretical and practical knowledge,
Advanced Linear Algebra for Engineers with MATLAB® provides real-life problems that readers can
use to model and solve engineering and scientific problems in fields ranging from signal processing
and communications to electromagnetics and social and health sciences. Facilitating a unique
understanding of rapidly evolving linear algebra and matrix methods, this book: Outlines the basic
concepts and definitions behind matrices, matrix algebra, elementary matrix operations, and matrix
partitions, describing their potential use in signal and image processing applications Introduces
concepts of determinants, inverses, and their use in solving linear equations that result from
electrical and mechanical-type systems Presents special matrices, linear vector spaces, and
fundamental principles of orthogonality, using an appropriate blend of abstract and concrete
examples and then discussing associated applications to enhance readers’ visualization of presented
concepts Discusses linear operators, eigenvalues, and eigenvectors, and explores their use in matrix
diagonalization and singular value decomposition Extends presented concepts to define matrix
polynomials and compute functions using several well-known methods, such as Sylvester’s expansion
and Cayley-Hamilton Introduces state space analysis and modeling techniques for discrete and
continuous linear systems, and explores applications in control and electromechanical systems, to
provide a complete solution for the state space equation Shows readers how to solve engineering
problems using least square, weighted least square, and total least square techniques Offers a rich
selection of exercises and MATLAB® assignments that build a platform to enhance readers’
understanding of the material Striking the appropriate balance between theory and real-life
applications, this book provides both advanced students and professionals in the field with a
valuable reference that they will continually consult.

linear algebra advanced: Advanced Linear Algebra: With An Introduction To Module Theory
Shou-te Chang, 2024-01-24 Certain essential concepts in linear algebra cannot be fully explained in
a first course. This is due to a lack of algebraic background for most beginning students. On the
other hand, these concepts are taken for granted in most of the mathematical courses at graduate
school level. This book will provide a gentle guidance for motivated students to fill the gap. It is not
easy to find other books fulfilling this purpose. This book is a suitable textbook for a higher
undergraduate course, as well as for a graduate student's self-study. The introduction of set theory
and modules would be of particular interest to students who aspire to becoming algebraists.There
are three parts to this book. One is to complete the discussion of bases and dimension in linear




algebra. In a first course, only the finite dimensional vector spaces are treated, and in most
textbooks, it will assume the scalar field is the real number field. In this book, the general case of
arbitrary dimension and arbitrary scalar fields is examined. To do so, an introduction to cardinality
and Zorn's lemma in set theory is presented in detail. The second part is to complete the proof of
canonical forms for linear endomorphisms and matrices. For this, a generalization of vector spaces,
and the most fundamental results regarding modules are introduced to readers. This will provide the
natural entrance into a full understanding of matrices. Finally, tensor products of vector spaces and
modules are briefly discussed.

linear algebra advanced: Advanced Modern Algebra Joseph J. Rotman, 2010-08-11 This book is
designed as a text for the first year of graduate algebra, but it can also serve as a reference since it
contains more advanced topics as well. This second edition has a different organization than the
first. It begins with a discussion of the cubic and quartic equations, which leads into permutations,
group theory, and Galois theory (for finite extensions; infinite Galois theory is discussed later in the
book). The study of groups continues with finite abelian groups (finitely generated groups are
discussed later, in the context of module theory), Sylow theorems, simplicity of projective
unimodular groups, free groups and presentations, and the Nielsen-Schreier theorem (subgroups of
free groups are free). The study of commutative rings continues with prime and maximal ideals,
unique factorization, noetherian rings, Zorn's lemma and applications, varieties, and Gr'obner bases.
Next, noncommutative rings and modules are discussed, treating tensor product, projective,
injective, and flat modules, categories, functors, and natural transformations, categorical
constructions (including direct and inverse limits), and adjoint functors. Then follow group
representations: Wedderburn-Artin theorems, character theory, theorems of Burnside and
Frobenius, division rings, Brauer groups, and abelian categories. Advanced linear algebra treats
canonical forms for matrices and the structure of modules over PIDs, followed by multilinear
algebra. Homology is introduced, first for simplicial complexes, then as derived functors, with
applications to Ext, Tor, and cohomology of groups, crossed products, and an introduction to
algebraic K-theory. Finally, the author treats localization, Dedekind rings and algebraic number
theory, and homological dimensions. The book ends with the proof that regular local rings have
unique factorization.--Publisher's description.

linear algebra advanced: Linear Algebra and Its Applications D. H. Griffel, 1989

linear algebra advanced: Linear Algebra Hugo J. Woerdeman, 2021-03-05 This book is
intended for a first linear algebra course. The text includes all essential topics in a concise manner
and can therefore be fully covered in a one term course. After this course, the student is fully
equipped to specialize further in their direction(s) of choice (advanced pure linear algebra,
numerical linear algebra, optimization, multivariate statistics, or one of the many other areas of
linear algebra applications). Linear Algebra is an exciting area of mathematics that is gaining more
and more importance as the world is becoming increasingly digital. It has the following very
appealing features: It is a solid axiomatic based mathematical theory that is accessible to a large
variety of students. It has a multitude of applications from many different fields, ranging from
traditional science and engineering applications to more ‘daily life’ applications (internet searches,
guessing consumer preferences, etc.). It easily allows for numerical experimentation through the use
of a variety of readily available software (both commercial and open source). This book incorporates
all these aspects throughout the whole text with the intended effect that each student can find their
own niche in the field. Several suggestions of different software are made. While MATLAB is
certainly still a favorite choice, open source programs such as Sage (especially among algebraists)
and the Python libraries are increasingly popular. This text guides the student through different
programs by providing specific commands.
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