subspace definition in linear algebra

subspace definition in linear algebra is a fundamental concept that plays a critical role in various
mathematical applications. It refers to a subset of a vector space that satisfies certain properties,
making it a vital area of study in linear algebra. Understanding subspaces not only enhances
comprehension of vector spaces but also aids in grasping more complex mathematical theories. This
article will delve into the definition of subspaces, their properties, examples, and significance in both
theoretical and practical contexts. We will explore the criteria that define a subspace, how to determine

if a set is a subspace, and the implications of these concepts in real-world applications.
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Introduction to Subspace Definition

A subspace is essentially a set of vectors that is itself a vector space, adhering to the same operations

of vector addition and scalar multiplication defined in the larger vector space. More formally, a subset



W of a vector space V is called a subspace if it satisfies three specific conditions: it contains the zero

vector, it is closed under vector addition, and it is closed under scalar multiplication.

Understanding the subspace definition in linear algebra is crucial for students and professionals alike,
as it lays the groundwork for more advanced studies in mathematics, physics, computer science, and
engineering. Subspaces arise in various contexts, such as in solving systems of linear equations,

transformations, and the study of linear independence.

Properties of Subspaces

To grasp the concept of subspaces more thoroughly, it is essential to explore their defining properties.
Each of the following properties must hold for a subset W of a vector space V to qualify as a

subspace.

1. Contains the Zero Vector

The first property of a subspace is that it must contain the zero vector of the parent vector space. This
requirement ensures that the subspace has a neutral element for vector addition, which is fundamental

to vector space structure.

2. Closure under Addition

For a subset W to be classified as a subspace, it must be closed under vector addition. This means
that for any two vectors u and v in W, their sum u + v must also be a member of W. This property

ensures that the addition operation does not lead to vectors outside the subset.



3. Closure under Scalar Multiplication

The third property is closure under scalar multiplication. For any vector u in W and any scalar c, the
product cu must also lie within W. This property guarantees that scaling any vector in the subspace

will result in another vector that remains within the subspace.

4. Non-empty Set

Since a subspace must contain the zero vector, it is inherently non-empty. This is a crucial aspect

when considering the definition, as every subspace must have at least one element.

Examples of Subspaces

To illustrate the concept of subspaces, it is helpful to provide concrete examples.

1. The Zero Subspace

The simplest example of a subspace is the zero subspace, which contains only the zero vector. This

subspace is valid in any vector space and satisfies all the properties mentioned.

2. Line through the Origin

In a two-dimensional space (R?), any line that passes through the origin is a subspace. For example,
the set of all scalar multiples of a particular vector forms a line that contains the zero vector and is

closed under both addition and scalar multiplication.



3. The Entire Space

The entire vector space V itself is always a subspace. It trivially satisfies all the properties since every

vector in V is included, including the zero vector.

4, Planes in R3

In three-dimensional space (R?), any plane that passes through the origin is a subspace. Such planes

contain the zero vector, and any linear combination of vectors within the plane will also lie in the plane.

Checking for Subspaces

When presented with a set, determining whether it is a subspace can be accomplished through a
systematic approach. The following steps outline the process for checking if a set W is a subspace of
a vector space V.

1. Verify that the zero vector is in W.

2. Take any two vectors u and v in W and check if u + v is also in W.

3. Select a vector u in W and a scalar ¢, and verify if cu is in W.

If all these conditions are satisfied, then W is a subspace of V. If any condition fails, W cannot be

considered a subspace.



Applications of Subspaces

Subspaces are not merely theoretical constructs; they have significant applications across various

fields.

1. Solving Linear Systems

In linear algebra, the solution set of a homogeneous system of linear equations forms a subspace.

This is crucial in understanding the structure of solutions and their relationships.

2. Computer Graphics

In computer graphics, subspaces are used for transformations and rendering. The representation of

images often relies on subspaces to manipulate and model shapes efficiently.

3. Data Science and Machine Learning

In data science, subspaces play a role in dimensionality reduction techniques, such as Principal
Component Analysis (PCA). These techniques rely on identifying subspaces that capture the most

variance in data.

4. Quantum Mechanics

In quantum mechanics, states of a quantum system can be represented as vectors in a complex

vector space, where subspaces correspond to different physical properties or states.



Conclusion

The subspace definition in linear algebra is an essential concept that underpins much of the theory
and application of vector spaces. By understanding the properties, examples, and methods of checking
for subspaces, one can appreciate their importance in both theoretical mathematics and practical
applications. The implications of subspaces extend far beyond academic exercises, influencing various

fields such as engineering, computer science, and physics.

Q: What is a subspace in linear algebra?

A: A subspace in linear algebra is a subset of a vector space that satisfies the conditions of containing

the zero vector, being closed under vector addition, and being closed under scalar multiplication.

Q: How do you determine if a set is a subspace?

A: To determine if a set is a subspace, verify that it contains the zero vector, check if the sum of any
two vectors in the set is also in the set, and confirm that scaling any vector in the set results in

another vector in the set.

Q: Can you give an example of a subspace?

A: An example of a subspace is the set of all vectors that lie on a line through the origin in R?, as this

set contains the zero vector and is closed under addition and scalar multiplication.

Q: Why are subspaces important in linear algebra?

A: Subspaces are important because they provide a framework for understanding the structure of
vector spaces, simplifying the analysis of linear transformations, and solving systems of linear

equations.



Q: What is the relationship between subspaces and linear

independence?

A: The concept of linear independence is closely related to subspaces, as a set of vectors is linearly
independent if no vector in the set can be expressed as a linear combination of the others, which is

crucial for defining bases of subspaces.

Q: Are all subspaces finite-dimensional?

A: No, subspaces can be either finite-dimensional or infinite-dimensional, depending on the vector

space they are derived from and the number of vectors needed to span them.

Q: What role do subspaces play in computer graphics?

A: In computer graphics, subspaces are used in transformations and rendering processes, allowing for

efficient manipulation and modeling of shapes and images.

Q: How do subspaces relate to quantum mechanics?

A: In quantum mechanics, the states of a quantum system are represented as vectors in a Hilbert

space, where subspaces correspond to different physical states or properties of the system.

Q: Can the entire vector space be considered a subspace?

A: Yes, the entire vector space itself is always considered a subspace, as it trivially satisfies all the

conditions required for a subspace.
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subspace definition in linear algebra: Introduction to Linear Bialgebra W. B. Vasantha
Kandasamy, Florentin Smarandache, K. Ilanthenral, 2005 In the modern age of development, it has
become essential for any algebraic structure to enjoy greater acceptance and research significance
only when it has extensive applications to other fields.This new algebraic concept, Linear Bialgebra,
is one that will find applications to several fields like bigraphs, algebraic coding/communication
theory (bicodes, best biapproximations), Markov bichains, Markov bioprocess and Leonief Economic
bimodels: these are also brought out in this book.Here, the linear bialgebraic structure is given
sub-bistructures and super-structures called the smarandache neutrosophic linear bialgebra which
will easily yield itself to the above applications.

subspace definition in linear algebra: Fourier Series, Fourier Transforms, and Function
Spaces Tim Hsu, 2023-12-07 Fourier Series, Fourier Transforms, and Function Spaces is designed as
a textbook for a second course or capstone course in analysis for advanced undergraduate or
beginning graduate students. By assuming the existence and properties of the Lebesgue integral,
this book makes it possible for students who have previously taken only one course in real analysis
to learn Fourier analysis in terms of Hilbert spaces, allowing for both a deeper and more elegant
approach. This approach also allows junior and senior undergraduates to study topics like PDEs,
quantum mechanics, and signal processing in a rigorous manner. Students interested in statistics
(time series), machine learning (kernel methods), mathematical physics (quantum mechanics), or
electrical engineering (signal processing) will find this book useful. With 400 problems, many of
which guide readers in developing key theoretical concepts themselves, this text can also be adapted
to self-study or an inquiry-based approach. Finally, of course, this text can also serve as motivation
and preparation for students going on to further study in analysis.

subspace definition in linear algebra: Mathematical Methods in Data Science Jingli Ren,
Haiyan Wang, 2023-01-06 Mathematical Methods in Data Science covers a broad range of
mathematical tools used in data science, including calculus, linear algebra, optimization, network
analysis, probability and differential equations. Based on the authors' recently published and
previously unpublished results, this book introduces a new approach based on network analysis to
integrate big data into the framework of ordinary and partial differential equations for dataanalysis
and prediction. With data science being used in virtually every aspect of our society, the book
includes examples and problems arising in data science and the clear explanation of advanced
mathematical concepts, especially data-driven differential equations, making it accessible to
researchers and graduate students in mathematics and data science. - Combines a broad spectrum
of mathematics, including linear algebra, optimization, network analysis and ordinary and partial
differential equations for data science - Written by two researchers who are actively applying
mathematical and statistical methods as well as ODE and PDE for data analysis and prediction -
Highly interdisciplinary, with content spanning mathematics, data science, social media analysis,
network science, financial markets, and more - Presents a wide spectrum of topics in a logical order,
including probability, linear algebra, calculus and optimization, networks, ordinary differential and
partial differential equations

subspace definition in linear algebra: Representations of Lie Algebras Anthony Henderson,
2012-08-16 A fresh undergraduate-accessible approach to Lie algebras and their representations.

subspace definition in linear algebra: Visual Quantum Mechanics Bernd Thaller,
2007-05-08 Visual Quantum Mechanics uses the computer-generated animations found on the
accompanying material on Springer Extras to introduce, motivate, and illustrate the concepts
explained in the book. While there are other books on the market that use Mathematica or Maple to
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teach quantum mechanics, this book differs in that the text describes the mathematical and physical
ideas of quantum mechanics in the conventional manner. There is no special emphasis on
computational physics or requirement that the reader know a symbolic computation package.
Despite the presentation of rather advanced topics, the book requires only calculus, making
complicated results more comprehensible via visualization. The material on Springer Extras provides
easy access to more than 300 digital movies, animated illustrations, and interactive pictures. This
book along with its extra online materials forms a complete introductory course on spinless particles
in one and two dimensions.

subspace definition in linear algebra: Symplectic and Contact Geometry Anahita Eslami
Rad, 2024-04-11 This textbook offers a concise introduction to symplectic and contact geometry,
with a focus on the relationships between these subjects and other topics such as Lie theory and
classical mechanics. Organized into four chapters, this work serves as a stepping stone for readers
to delve into the subject, providing a succinct and motivating foundation. The content covers
definitions, symplectic linear algebra, symplectic and contact manifolds, Hamiltonian systems, and
more. Prerequisite knowledge includes differential geometry, manifolds, algebraic topology, de
Rham cohomology, and the basics of Lie groups. Quick reviews are included where necessary, and
examples and constructions are provided to foster understanding. Ideal for advanced undergraduate
students and graduate students, this volume can also serve as a valuable resource for independent
researchers seeking a quick yet solid understanding of symplectic and contact geometry.

subspace definition in linear algebra: Functional Analysis Leonid P. Lebedev, Iosif .
Vorovich, G.M.L. Gladwell, 2006-04-29 This book started its life as a series of lectures given by the
second author from the 1970’s onwards to students in their third and fourth years in the Department
of Mechanics and Mathematics at Rostov State University. For these lectures there was also an
audience of engineers and applied mechanicists who wished to understand the functional analysis
used in contemporary research in their fields. These people were not so much interested in
functional analysis itself as in its applications; they did not want to be told about functional analysis
in its most abstract form, but wanted a guided tour through those parts of the analysis needed for
their applications. The lecture notes evolved over the years as the first author started to make more
formal typewritten versions incorporating new material. About 1990 the first author prepared an
English version and submitted it to Kluwer Academic Publishers for inclusion in the series Solid
Mechanics and its Applications. At that state the notes were divided into three long chapters
covering linear and nonlinear analysis. As Series Editor, the third author started to edit them. The
requirements of lecture notes and books are vastly different. A book has to be complete (in some
sense), self contained, and able to be read without the help of an instructor.

subspace definition in linear algebra: New Classes of Neutrosophic Linear Algebras W. B.
Vasantha Kandasamy, Florentin Smarandache, K. Ilanthenral, 2010-01-01 In this book we introduce
three types of neutrosophic linear algebras: neutrosophic set lineat algebra, neutrosophic semigroup
linear algebra, and neutrosophic group linear algebra. These are generalizations of neutrosophic
linear algebra. These new algebraic structures pave the way for applications in several fields like
mathematical modeling.

subspace definition in linear algebra: Multivariate Public Key Cryptosystems Jintai Ding,
Jason E. Gower, Dieter S. Schmidt, 2006-11-24 Multivariate public key cryptosystems (MPKC) is a
fast-developing new area in cryptography. In the past 10 years, MPKC schemes have increasingly
been seen as a possible alternative to number theoretic-based cryptosystems such as RSA, as they
are generally more efficient in terms of computational effort. As quantum computers are developed,
MPKC will become a necessary alternative. Multivariate Public Key Cryptosystems systematically
presents the subject matter for a broad audience. Information security experts in industry can use
the book as a guide for understanding what is needed to implement these cryptosystems for
practical applications, and researchers in both computer science and mathematics will find this book
a good starting point for exploring this new field. It is also suitable as a textbook for advanced-level
students. Written more from a computational perspective, the authors provide the necessary




mathematical theory behind MPKC; students with some previous exposure to abstract algebra will
be well-prepared to read and understand the material.

subspace definition in linear algebra: Actions and Invariants of Algebraic Groups Walter
Ricardo Ferrer Santos, Alvaro Rittatore, 2017-09-19 Actions and Invariants of Algebraic Groups,
Second Edition presents a self-contained introduction to geometric invariant theory starting from
the basic theory of affine algebraic groups and proceeding towards more sophisticated dimensions.
Building on the first edition, this book provides an introduction to the theory by equipping the reader
with the tools needed to read advanced research in the field. Beginning with commutative algebra,
algebraic geometry and the theory of Lie algebras, the book develops the necessary background of
affine algebraic groups over an algebraically closed field, and then moves toward the algebraic and
geometric aspects of modern invariant theory and quotients.

subspace definition in linear algebra: Combinatorial and Algorithmic Mathematics Baha
Alzalg, 2024-08-01 This book provides an insightful and modern treatment of combinatorial and
algorithmic mathematics, with an elegant transition from mathematical foundations to optimization.
It is designed for mathematics, computer science, and engineering students. The book is crowned
with modern optimization methodologies. Without the optimization part, the book can be used as a
textbook in a one- or two-term undergraduate course in combinatorial and algorithmic mathematics.
The optimization part can be used in a one-term high-level undergraduate course, or a low- to
medium-level graduate course. The book spans xv+527 pages across 12 chapters, featuring 391
LaTeX pictures, 108 tables, and 218 illustrative examples. There are also 159 nontrivial exercises
included at the end of the chapters, with complete solutions included at the end of the book.
Complexity progressively grows, building upon previously introduced concepts. The book includes
traditional topics as well as cutting-edge topics in modern optimization.

subspace definition in linear algebra: Geometry and Topology Miles Reid, Balazs Szendroi,
2005-11-10 Geometry aims to describe the world around us. It is central to many branches of
mathematics and physics, and offers a whole range of views on the universe. This is an introduction
to the ideas of geometry and includes generous helpings of simple explanations and examples. The
book is based on many years teaching experience so is thoroughly class-tested, and as prerequisites
are minimal, it is suited to newcomers to the subject. There are plenty of illustrations; chapters end
with a collection of exercises, and solutions are available for teachers.

subspace definition in linear algebra: Clifford Algebras and Lie Theory Eckhard Meinrenken,
2013-02-28 This monograph provides an introduction to the theory of Clifford algebras, with an
emphasis on its connections with the theory of Lie groups and Lie algebras. The book starts with a
detailed presentation of the main results on symmetric bilinear forms and Clifford algebras. It
develops the spin groups and the spin representation, culminating in Cartan’s famous triality
automorphism for the group Spin(8). The discussion of enveloping algebras includes a presentation
of Petracci’s proof of the Poincaré-Birkhoff-Witt theorem. This is followed by discussions of Weil
algebras, Chern--Weil theory, the quantum Weil algebra, and the cubic Dirac operator. The
applications to Lie theory include Duflo’s theorem for the case of quadratic Lie algebras, multiplets
of representations, and Dirac induction. The last part of the book is an account of Kostant’s structure
theory of the Clifford algebra over a semisimple Lie algebra. It describes his “Clifford algebra
analogue” of the Hopf-Koszul-Samelson theorem, and explains his fascinating conjecture relating
the Harish-Chandra projection for Clifford algebras to the principal sl(2) subalgebra. Aside from
these beautiful applications, the book will serve as a convenient and up-to-date reference for
background material from Clifford theory, relevant for students and researchers in mathematics and
physics.

subspace definition in linear algebra: Geometry and Representation Theory of Real and
p-adic groups Juan Tirao, David Vogan, Joe Wolf, 2012-12-06 The representation theory of Lie
groups plays a central role in both clas sical and recent developments in many parts of mathematics
and physics. In August, 1995, the Fifth Workshop on Representation Theory of Lie Groups and its
Applications took place at the Universidad Nacional de Cordoba in Argentina. Organized by Joseph



Wolf, Nolan Wallach, Roberto Miatello, Juan Tirao, and Jorge Vargas, the workshop offered
expository courses on current research, and individual lectures on more specialized topics. The
present vol ume reflects the dual character of the workshop. Many of the articles will be accessible
to graduate students and others entering the field. Here is a rough outline of the mathematical
content. (The editors beg the indulgence of the readers for any lapses in this preface in the high
standards of historical and mathematical accuracy that were imposed on the authors of the articles. )
Connections between flag varieties and representation theory for real re ductive groups have been
studied for almost fifty years, from the work of Gelfand and Naimark on principal series
representations to that of Beilinson and Bernstein on localization. The article of Wolf provides a
detailed introduc tion to the analytic side of these developments. He describes the construction of
standard tempered representations in terms of square-integrable partially harmonic forms (on
certain real group orbits on a flag variety), and outlines the ingredients in the Plancherel formula.
Finally, he describes recent work on the complex geometry of real group orbits on partial flag
varieties.

subspace definition in linear algebra: Leibniz Algebras Shavkat Ayupov, Bakhrom Omirov,
Isamiddin Rakhimov, 2019-11-11 Leibniz Algebras: Structure and Classification is designed to
introduce the reader to the theory of Leibniz algebras. Leibniz algebra is the generalization of Lie
algebras. These algebras preserve a unique property of Lie algebras that the right multiplication
operators are derivations. They first appeared in papers of A.M Blokh in the 1960s, under the name
D-algebras, emphasizing their close relationship with derivations. The theory of D-algebras did not
get as thorough an examination as it deserved immediately after its introduction. Later, the same
algebras were introduced in 1993 by Jean-Louis Loday , who called them Leibniz algebras due to the
identity they satisfy. The main motivation for the introduction of Leibniz algebras was to study the
periodicity phenomena in algebraic K-theory. Nowadays, the theory of Leibniz algebras is one of the
more actively developing areas of modern algebra. Along with (co)homological, structural and
classification results on Leibniz algebras, some papers with various applications of the Leibniz
algebras also appear now. However, the focus of this book is mainly on the classification problems of
Leibniz algebras. Particularly, the authors propose a method of classification of a subclass of Leibniz
algebras based on algebraic invariants. The method is applicable in the Lie algebras case as well.
Features: Provides a systematic exposition of the theory of Leibniz algebras and recent results on
Leibniz algebras Suitable for final year bachelor's students, master's students and PhD students
going into research in the structural theory of finite-dimensional algebras, particularly, Lie and
Leibniz algebras Covers important and more general parts of the structural theory of Leibniz
algebras that are not addressed in other texts

subspace definition in linear algebra: Uniqueness properties in Banach Algebras and
Beurling Algebras Prakash Dabhi, 2015-07-07 Doctoral Thesis / Dissertation from the year 2010 in
the subject Mathematics - Analysis, Sardar Patel University, language: English, abstract: The
present thesis contributes to the General Theory of Banach Algebras and Harmonic Analysis. To be
specific, it aims to contribute to the uniqueness properties in Banach algebras and to Beurling
algebras on groups and semigroups.

subspace definition in linear algebra: 3D Computer Graphics Samuel R. Buss, 2003-05-19
This textbook, first published in 2003, emphasises the fundamentals and the mathematics underlying
computer graphics. The minimal prerequisites, a basic knowledge of calculus and vectors plus some
programming experience in C or C++, make the book suitable for self study or for use as an
advanced undergraduate or introductory graduate text. The author gives a thorough treatment of
transformations and viewing, lighting and shading models, interpolation and averaging, Bézier
curves and B-splines, ray tracing and radiosity, and intersection testing with rays. Additional topics,
covered in less depth, include texture mapping and colour theory. The book covers some aspects of
animation, including quaternions, orientation, and inverse kinematics, and includes source code for
a Ray Tracing software package. The book is intended for use along with any OpenGL programming
book, but the crucial features of OpenGL are briefly covered to help readers get up to speed.



Accompanying software is available freely from the book's web site.

subspace definition in linear algebra: Transition to Advanced Mathematics Danilo R.
Diedrichs, Stephen Lovett, 2022-05-22 This unique and contemporary text not only offers an
introduction to proofs with a view towards algebra and analysis, a standard fare for a transition
course, but also presents practical skills for upper-level mathematics coursework and exposes
undergraduate students to the context and culture of contemporary mathematics. The authors
implement the practice recommended by the Committee on the Undergraduate Program in
Mathematics (CUPM) curriculum guide, that a modern mathematics program should include
cognitive goals and offer a broad perspective of the discipline. Part I offers: An introduction to logic
and set theory. Proof methods as a vehicle leading to topics useful for analysis, topology, algebra,
and probability. Many illustrated examples, often drawing on what students already know, that
minimize conversation about doing proofs. An appendix that provides an annotated rubric with
feedback codes for assessing proof writing. Part II presents the context and culture aspects of the
transition experience, including: 21st century mathematics, including the current mathematical
culture, vocations, and careers. History and philosophical issues in mathematics. Approaching,
reading, and learning from journal articles and other primary sources. Mathematical writing and
typesetting in LaTeX. Together, these Parts provide a complete introduction to modern mathematics,
both in content and practice. Table of Contents Part I - Introduction to Proofs Logic and Sets
Arguments and Proofs Functions Properties of the Integers Counting and Combinatorial Arguments
Relations Part II - Culture, History, Reading, and Writing Mathematical Culture, Vocation, and
Careers History and Philosophy of Mathematics Reading and Researching Mathematics Writing and
Presenting Mathematics Appendix A. Rubric for Assessing Proofs Appendix B. Index of Theorems
and Definitions from Calculus and Linear Algebra Bibliography Index Biographies Danilo R.
Diedrichs is an Associate Professor of Mathematics at Wheaton College in Illinois. Raised and
educated in Switzerland, he holds a PhD in applied mathematical and computational sciences from
the University of lowa, as well as a master’s degree in civil engineering from the Ecole
Polytechnique Fédérale in Lausanne, Switzerland. His research interests are in dynamical systems
modeling applied to biology, ecology, and epidemiology. Stephen Lovett is a Professor of
Mathematics at Wheaton College in Illinois. He holds a PhD in representation theory from
Northeastern University. His other books include Abstract Algebra: Structures and Applications
(2015), Differential Geometry of Curves and Surfaces, with Tom Banchoff (2016), and Differential
Geometry of Manifolds (2019).

subspace definition in linear algebra: Unbounded Operator Algebras and
Representation Theory K. Schmudgen, 2013-11-11 *-algebras of unbounded operators in Hilbert
space, or more generally algebraic systems of unbounded operators, occur in a natural way in
unitary representation theory of Lie groups and in the Wightman formulation of quantum field
theory. In representation theory they appear as the images of the associated representations of the
Lie algebras or of the enveloping algebras on the Garding domain and in quantum field theory they
occur as the vector space of field operators or the *-algebra generated by them. Some of the basic
tools for the general theory were first introduced and used in these fields. For instance, the notion of
the weak (bounded) commutant which plays a fundamental role in thegeneraltheory had already
appeared in quantum field theory early in the six ties. Nevertheless, a systematic study of
unbounded operator algebras began only at the beginning of the seventies. It was initiated by (in
alphabetic order) BORCHERS, LASSNER, POWERS, UHLMANN and VASILIEV. J1'rom the very
beginning, and still today, represen tation theory of Lie groups and Lie algebras and quantum field
theory have been primary sources of motivation and also of examples. However, the general theory
of unbounded operator algebras has also had points of contact with several other disciplines. In
particu lar, the theory of locally convex spaces, the theory of von Neumann algebras, distri bution
theory, single operator theory, the momcnt problem and its non-commutative generalizations and
noncommutative probability theory, all have interacted with our subject.

subspace definition in linear algebra: Handbook of Generalized Convexity and



Generalized Monotonicity Nicolas Hadjisavvas, Sandor Komldsi, Siegfried S. Schaible, 2006-01-16
Studies in generalized convexity and generalized monotonicity have significantly increased during
the last two decades. Researchers with very diverse backgrounds such as mathematical
programming, optimization theory, convex analysis, nonlinear analysis, nonsmooth analysis, linear
algebra, probability theory, variational inequalities, game theory, economic theory, engineering,
management science, equilibrium analysis, for example are attracted to this fast growing field of
study. Such enormous research activity is partially due to the discovery of a rich, elegant and deep
theory which provides a basis for interesting existing and potential applications in different
disciplines. The handbook offers an advanced and broad overview of the current state of the field. It
contains fourteen chapters written by the leading experts on the respective subject; eight on
generalized convexity and the remaining six on generalized monotonicity.
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