quotient spaces linear algebra

quotient spaces linear algebra are a fundamental concept in the study of
vector spaces, providing an essential framework for understanding the
relationships between different linear structures. This topic is critical for
advanced studies in mathematics, particularly in fields such as functional
analysis and topology. In this article, we will explore the definition and
properties of quotient spaces, how they are constructed, and their
applications in linear algebra. We will also delve into examples of quotient
spaces and discuss their significance in various mathematical contexts. By
the end of this article, readers will have a comprehensive understanding of
qguotient spaces in linear algebra and their practical implications.
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Understanding Quotient Spaces

Quotient spaces arise when we partition a vector space into equivalence
classes. An equivalence relation on a vector space allows us to group vectors
that share a common property, thus simplifying our analysis of the space.
Formally, if V is a vector space and ~ is an equivalence relation on V, the
quotient space V/~ consists of the set of equivalence classes of V under ~.

To understand quotient spaces, it is essential to grasp the concept of
equivalence relations. An equivalence relation must satisfy three properties:
reflexivity, symmetry, and transitivity. This means that for any vector u in
V:

e Reflexivity: u ~ u

e Symmetry: If u ~ v, then v ~ u

e Transitivity: If u ~v and v ~ w, then u ~ w



Once we establish an equivalence relation, we can form the quotient space,

where each point in this new space represents a unique equivalence class of
vectors from the original space. This abstraction allows mathematicians to

work with complex vector spaces more effectively.

Construction of Quotient Spaces

Constructing a quotient space involves several steps, starting with the
identification of an equivalence relation on the vector space. The most
common equivalence relations used in linear algebra include:

e Identifying vectors that differ by a fixed vector (translation).
e Classifying vectors based on their linear combinations.

e Grouping vectors that span a subspace.

After determining the equivalence relation, the following steps are taken to
construct the quotient space:

1. Define the equivalence relation on the vector space.
2. Identify the equivalence classes formed by this relation.

3. Form the set of all equivalence classes, which constitutes the quotient
space.

4. Define operations on the quotient space, such as addition and scalar
multiplication, based on the operations defined on the original space.

This construction results in a new vector space that retains many properties
of the original while allowing for a simplified structure through the use of
equivalence classes.

Properties of Quotient Spaces

Quotient spaces exhibit several important properties that are crucial for
their application in linear algebra. Some of these properties include:



e Dimension: The dimension of a quotient space is given by the formula:
dim(V/~) = dim(V) - dim(K), where K is the subspace corresponding to the
equivalence relation.

e Linear Structure: Quotient spaces inherit a linear structure from the
original vector space, meaning they can be added and scaled in a manner
consistent with linear algebra.

e Isomorphism: Under certain conditions, quotient spaces can be isomorphic
to other vector spaces, indicating that they share structural
similarities.

e Closedness: If the equivalence relation is defined by a closed subspace,
then the quotient space will also exhibit closedness.

These properties highlight the utility of quotient spaces in simplifying
complex linear relationships and understanding the structure of vector
spaces.

Examples of Quotient Spaces

To illustrate the concept of quotient spaces, consider the following
examples:

Example 1: Quotient of R2 by a Line

Let V = R?2 and consider the equivalence relation where two points are
equivalent if they lie on the same line through the origin. The quotient
space R2/~ consists of all lines through the origin and can be represented as
the unit circle, demonstrating a geometric interpretation of quotient spaces.

Example 2: Quotient of a Vector Space by a Subspace

Consider a vector space V = R3 and a subspace W = span{(1, 0, 0), (0, 1, 0)}.
The quotient space R3/W consists of equivalence classes where vectors
differing by any vector in W are considered equivalent. This results in a
space that essentially collapses W, providing insights into the structure of
R3 relative to W.



Applications of Quotient Spaces in Linear
Algebra

Quotient spaces have several significant applications in linear algebra,
particularly in functional analysis, topology, and the study of linear
transformations. Some key applications include:

e Factor Spaces: Quotient spaces allow for the study of factor spaces in
linear transformations, enabling the analysis of kernel and image
relations.

e Homology and Cohomology: In topology, quotient spaces play a crucial
role in defining homology and cohomology groups, which are fundamental
in algebraic topology.

e Linear Programming: In optimization problems, quotient spaces can
simplify constraints and improve the efficiency of algorithms.

e Geometry: Quotient spaces facilitate the study of geometric properties,
such as curvature and continuity, in various mathematical contexts.

These applications underscore the importance of quotient spaces in
facilitating a deeper understanding of linear algebraic structures and their
interactions.

Conclusion

Quotient spaces in linear algebra serve as a powerful tool for simplifying
and analyzing the relationships within vector spaces. By partitioning a
vector space into equivalence classes, mathematicians can explore complex
structures with greater ease. The construction, properties, and applications
of quotient spaces highlight their significance in both theoretical and
practical contexts. As the study of linear algebra continues to evolve, the
role of quotient spaces remains integral to advancing our understanding of
mathematical principles.

Q: What is a quotient space?

A: A quotient space is a new vector space formed by partitioning an existing
vector space into equivalence classes based on an equivalence relation. Each
equivalence class represents a unique group of vectors that share a common
property.



Q: How do you construct a quotient space?

A: To construct a quotient space, you must first define an equivalence
relation on the vector space. Next, identify the equivalence classes formed
by this relation and then form the set of all these classes to create the
quotient space. Finally, define operations on the quotient space consistent
with those of the original space.

Q: What are some properties of quotient spaces?

A: Some key properties of quotient spaces include their dimension, linear
structure, potential isomorphism to other vector spaces, and closedness when
defined by a closed subspace.

Q: Can you give an example of a quotient space?

A: One example of a quotient space is R? divided by the equivalence relation
of lying on the same line through the origin. The resulting quotient space
can be represented as the unit circle, illustrating how lines in R?
correspond to points on the circle.

Q: What are the applications of quotient spaces?

A: Quotient spaces have numerous applications, including their use in factor

spaces of linear transformations, defining homology and cohomology groups in

topology, simplifying constraints in linear programming, and facilitating the
study of geometric properties in mathematics.

Q: Why are quotient spaces important in linear
algebra?

A: Quotient spaces are important because they provide a method for
simplifying the analysis of complex vector spaces, enabling mathematicians to
study structural relationships and properties within linear algebra more
effectively.

Q: What is the relationship between quotient spaces
and linear transformations?

A: Quotient spaces relate to linear transformations through the concept of
kernels and images, where the quotient space can represent the factor space
of a linear transformation, allowing for a deeper understanding of the
transformation's behavior.



Q: How do quotient spaces relate to equivalence
relations?

A: Quotient spaces are directly defined by equivalence relations, which group
vectors that share a specific property or relationship. The structure of the
guotient space is determined by the nature of this equivalence relation.

Q: Are quotient spaces always finite-dimensional?

A: No, quotient spaces can be either finite-dimensional or infinite-
dimensional, depending on the properties of the original vector space and the
equivalence relation used to form the quotient.

Q: What is the significance of the dimension formula
for quotient spaces?

A: The dimension formula for quotient spaces (dim(V/~) = dim(V) - dim(K)) is
significant because it provides a clear relationship between the dimensions
of the original space, the subspace defined by the equivalence relation, and
the resulting quotient space, facilitating the analysis of vector space
structures.
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quotient spaces linear algebra: An Introduction to Banach Space Theory Robert E.
Megginson, 2012-12-06 Many important reference works in Banach space theory have appeared
since Banach's Théorie des Opérations Linéaires, the impetus for the development of much of the
modern theory in this field. While these works are classical starting points for the graduate student
wishing to do research in Banach space theory, they can be formidable reading for the student who
has just completed a course in measure theory and integration that introduces the L. p spaces and
would like to know more about Banach spaces in general. The purpose of this book is to bridge this
gap and provide an introduction to the basic theory of Banach spaces and functional analysis. It
prepares students for further study of both the classical works and current research. It is accessible
to students who understand the basic properties of L. p spaces but have not had a course in
functional analysis. The book is sprinkled liberally with examples, historical notes, and references to
original sources. Over 450 exercises provide supplementary examples and counterexamples and give
students practice in the use of the results developed in the text.
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Hackbusch, Hans Rudolf Schwarz, 2004-08-19 The Oxford Users' Guide to Mathematics is one of the
leading handbooks on mathematics available. It presents a comprehensive modern picture of
mathematics and emphasises the relations between the different branches of mathematics, and the
applications of mathematics in engineering and the natural sciences. The Oxford User's Guide covers
a broad spectrum of mathematics starting with the basic material and progressing on to more
advanced topics that have come to the fore in the last few decades. The book is organised into
mathematical sub-disciplines including analysis, algebra, geometry, foundations of mathematics,
calculus of variations and optimisation, theory of probability and mathematical statistics, numerical
mathematics and scientific computing, and history of mathematics. The book is supplemented by
numerous tables on infinite series, special functions, integrals, integral transformations,
mathematical statistics, and fundamental constants in physics. It also includes a comprehensive
bibliography of key contemporary literature as well as an extensive glossary and index. The wealth
of material, reaching across all levels and numerous sub-disciplines, makes The Oxford User's Guide
to Mathematics an invaluable reference source for students of engineering, mathematics, computer
science, and the natural sciences, as well as teachers, practitioners, and researchers in industry and
academia.

quotient spaces linear algebra: Quantum Field Theory II: Quantum Electrodynamics
Eberhard Zeidler, 2008-09-03 And God said, Let there be light; and there was light. Genesis 1,3
Light is not only the basis of our biological existence, but also an essential source of our knowledge
about the physical laws of nature, ranging from the seventeenth century geometrical optics up to the
twentieth century theory of general relativity and quantum electrodynamics. Folklore Don’t give us
numbers: give us insight! A contemporary natural scientist to a mathematician The present book is
the second volume of a comprehensive introduction to
themathematicalandphysicalaspectsofmodernquantum?eldtheorywhich comprehends the following
six volumes: Volume I: Basics in Mathematics and Physics Volume II: Quantum Electrodynamics
Volume III: Gauge Theory Volume IV: Quantum Mathematics Volume V: The Physics of the Standard
Model Volume VI: Quantum Gravitation and String Theory. It is our goal to build a bridge between
mathematicians and physicists based on the challenging question about the fundamental forces in ¢
macrocosmos (the universe) and * microcosmos (the world of elementary particles). The six volumes
address a broad audience of readers, including both und- graduate and graduate students, as well as
experienced scientists who want to become familiar with quantum ?eld theory, which is a fascinating
topic in modern mathematics and physics.

quotient spaces linear algebra: Principles of Analysis Hugo D. Junghenn, 2018-04-27
Principles of Analysis: Measure, Integration, Functional Analysis, and Applications prepares readers
for advanced courses in analysis, probability, harmonic analysis, and applied mathematics at the
doctoral level. The book also helps them prepare for qualifying exams in real analysis. It is designed
so that the reader or instructor may select topics suitable to their needs. The author presents the
text in a clear and straightforward manner for the readers’ benefit. At the same time, the text is a
thorough and rigorous examination of the essentials of measure, integration and functional analysis.
The book includes a wide variety of detailed topics and serves as a valuable reference and as an
efficient and streamlined examination of advanced real analysis. The text is divided into four distinct
sections: Part I develops the general theory of Lebesgue integration; Part II is organized as a course
in functional analysis; Part III discusses various advanced topics, building on material covered in the
previous parts; Part IV includes two appendices with proofs of the change of the variable theorem
and a joint continuity theorem. Additionally, the theory of metric spaces and of general topological
spaces are covered in detail in a preliminary chapter . Features: Contains direct and concise proofs
with attention to detail Features a substantial variety of interesting and nontrivial examples Includes
nearly 700 exercises ranging from routine to challenging with hints for the more difficult exercises
Provides an eclectic set of special topics and applications About the Author: Hugo D. Junghenn is a
professor of mathematics at The George Washington University. He has published numerous journal
articles and is the author of several books, including Option Valuation: A First Course in Financial



Mathematics and A Course in Real Analysis. His research interests include functional analysis,
semigroups, and probability.

quotient spaces linear algebra: A Course in Abstract Analysis John B. Conway, 2012-10-03
This book covers topics appropriate for a first-year graduate course preparing students for the
doctorate degree. The first half of the book presents the core of measure theory, including an
introduction to the Fourier transform. This material can easily be covered in a semester. The second
half of the book treats basic functional analysis and can also be covered in a semester. After the
basics, it discusses linear transformations, duality, the elements of Banach algebras, and
C*-algebras. It concludes with a characterization of the unitary equivalence classes of normal
operators on a Hilbert space. The book is self-contained and only relies on a background in functions
of a single variable and the elements of metric spaces. Following the author's belief that the best
way to learn is to start with the particular and proceed to the more general, it contains numerous
examples and exercises.

quotient spaces linear algebra: Manifolds, Tensors and Forms Paul Renteln, 2014
Comprehensive treatment of the essentials of modern differential geometry and topology for
graduate students in mathematics and the physical sciences.

quotient spaces linear algebra: Applied Functional Analysis J. Tinsley Oden, Leszek
Demkowicz, 2017-12-01 Applied Functional Analysis, Third Edition provides a solid mathematical
foundation for the subject. It motivates students to study functional analysis by providing many
contemporary applications and examples drawn from mechanics and science. This well-received
textbook starts with a thorough introduction to modern mathematics before continuing with detailed
coverage of linear algebra, Lebesque measure and integration theory, plus topology with metric
spaces. The final two chapters provides readers with an in-depth look at the theory of Banach and
Hilbert spaces before concluding with a brief introduction to Spectral Theory. The Third Edition is
more accessible and promotes interest and motivation among students to prepare them for studying
the mathematical aspects of numerical analysis and the mathematical theory of finite elements.

quotient spaces 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.

quotient spaces linear algebra: Geometries Aleksei Bronislavovich Sosinskii, 2012 The book is
an innovative modern exposition of geometry, or rather, of geometries; it is the first textbook in
which Felix Klein's Erlangen Program (the action of transformation groups) is systematically used as
the basis for defining various geometries. The course of study presented is dedicated to the
proposition that all geometries are created equal--although some, of course, remain more equal than
others. The author concentrates on several of the more distinguished and beautiful ones, which




include what he terms " "toy geometries'", the geometries of Platonic bodies, discrete geometries,
and classical continuous geometries. The text is based on first-year semester course lectures
delivered at the Independent University of Moscow in 2003 and 2006. It is by no means a formal
algebraic or analytic treatment of geometric topics, but rather, a highly visual exposition containing
upwards of 200 illustrations. The reader is expected to possess a familiarity with elementary
Euclidean geometry, albeit those lacking this knowledge may refer to a compendium in Chapter 0.
Per the author's predilection, the book contains very little regarding the axiomatic approach to
geometry (save for a single chapter on the history of non-Euclidean geometry), but two Appendices
provide a detailed treatment of Euclid's and Hilbert's axiomatics. Perhaps the most important aspect
of this course is the problems, which appear at the end of each chapter and are supplemented with
answers at the conclusion of the text. By analyzing and solving these problems, the reader will
become capable of thinking and working geometrically, much more so than by simply learning the
theory. Ultimately, the author makes the distinction between concrete mathematical objects called
"“geometries" and the singular " geometry", which he understands as a way of thinking about
mathematics. Although the book does not address branches of mathematics and mathematical
physics such as Riemannian and Kahler manifolds or, say, differentiable manifolds and conformal
field theories, the ideology of category language and transformation groups on which the book is
based prepares the reader for the study of, and eventually, research in these important and rapidly
developing areas of contemporary mathematics.

quotient spaces linear algebra: Bilinear Maps and Tensor Products in Operator Theory Carlos
S. Kubrusly, 2023-11-14 This text covers a first course in bilinear maps and tensor products
intending to bring the reader from the beginning of functional analysis to the frontiers of exploration
with tensor products. Tensor products, particularly in infinite-dimensional normed spaces, are
heavily based on bilinear maps. The author brings these topics together by using bilinear maps as an
auxiliary, yet fundamental, tool for accomplishing a consistent, useful, and straightforward theory of
tensor products. The author’s usual clear, friendly, and meticulously prepared exposition presents
the material in ways that are designed to make grasping concepts easier and simpler. The approach
to the subject is uniquely presented from an operator theoretic view. An introductory course in
functional analysis is assumed. In order to keep the prerequisites as modest as possible, there are
two introductory chapters, one on linear spaces (Chapter 1) and another on normed spaces (Chapter
5), summarizing the background material required for a thorough understanding. The reader who
has worked through this text will be well prepared to approach more advanced texts and additional
literature on the subject. The book brings the theory of tensor products on Banach spaces to the
edges of Grothendieck's theory, and changes the target towards tensor products of bounded linear
operators. Both Hilbert-space and Banach-space operator theory are considered and compared from
the point of view of tensor products. This is done from the first principles of functional analysis up to
current research topics, with complete and detailed proofs. The first four chapters deal with the
algebraic theory of linear spaces, providing various representations of the algebraic tensor product
defined in an axiomatic way. Chapters 5 and 6 give the necessary background concerning normed
spaces and bounded bilinear mappings. Chapter 7 is devoted to the study of reasonable crossnorms
on tensor product spaces, discussing in detail the important extreme realizations of injective and
projective tensor products. In Chapter 8 uniform crossnorms are introduced in which the tensor
products of operators are bounded; special attention is paid to the finitely generated situation. The
concluding Chapter 9 is devoted to the study of the Hilbert space setting and the spectral properties
of the tensor products of operators. Each chapter ends with a section containing “Additional
Propositions and suggested readings for further studies.

quotient spaces linear algebra: Matrix Theory David Lewis, 1991-09-30 This book provides an
introduction to matrix theory and aims to provide a clear and concise exposition of the basic ideas,
results and techniques in the subject. Complete proofs are given, and no knowledge beyond high
school mathematics is necessary. The book includes many examples, applications and exercises for
the reader, so that it can used both by students interested in theory and those who are mainly



interested in learning the techniques.

quotient spaces linear algebra: An Invitation to Representation Theory R. Michael Howe,
2022-05-28 An Invitation to Representation Theory offers an introduction to groups and their
representations, suitable for undergraduates. In this book, the ubiquitous symmetric group and its
natural action on polynomials are used as a gateway to representation theory. The subject of
representation theory is one of the most connected in mathematics, with applications to group
theory, geometry, number theory and combinatorics, as well as physics and chemistry. It can
however be daunting for beginners and inaccessible to undergraduates. The symmetric group and its
natural action on polynomial spaces provide a rich yet accessible model to study, serving as a
prototype for other groups and their representations. This book uses this key example to motivate
the subject, developing the notions of groups and group representations concurrently. With
prerequisites limited to a solid grounding in linear algebra, this book can serve as a first
introduction to representation theory at the undergraduate level, for instance in a topics class or a
reading course. A substantial amount of content is presented in over 250 exercises with complete
solutions, making it well-suited for guided study.

quotient spaces linear algebra: Galois Theory of Linear Differential Equations Marius
van der Put, Michael F. Singer, 2012-12-06 Linear differential equations form the central topic of
this volume, Galois theory being the unifying theme. A large number of aspects are presented:
algebraic theory especially differential Galois theory, formal theory, classification, algorithms to
decide solvability in finite terms, monodromy and Hilbert's 21st problem, asymptotics and
summability, the inverse problem and linear differential equations in positive characteristic. The
appendices aim to help the reader with concepts used, from algebraic geometry, linear algebraic
groups, sheaves, and tannakian categories that are used. This volume will become a standard
reference for all mathematicians in this area of mathematics, including graduate students.

quotient spaces linear algebra: Noncommutative Geometry and Number Theory Caterina
Consani, Matilde Marcolli, 2007-12-18 In recent years, number theory and arithmetic geometry have
been enriched by new techniques from noncommutative geometry, operator algebras, dynamical
systems, and K-Theory. This volume collects and presents up-to-date research topics in arithmetic
and noncommutative geometry and ideas from physics that point to possible new connections
between the fields of number theory, algebraic geometry and noncommutative geometry. The
articles collected in this volume present new noncommutative geometry perspectives on classical
topics of number theory and arithmetic such as modular forms, class field theory, the theory of
reductive p-adic groups, Shimura varieties, the local L-factors of arithmetic varieties. They also show
how arithmetic appears naturally in noncommutative geometry and in physics, in the residues of
Feynman graphs, in the properties of noncommutative tori, and in the quantum Hall effect.

quotient spaces linear algebra: Notes on the Brown-Douglas-Fillmore Theorem Sameer
Chavan, Gadadhar Misra, 2021-10-07 Suitable for both postgraduate students and researchers in the
field of operator theory, this book is an excellent resource providing the complete proof of the
Brown-Douglas-Fillmore theorem. The book starts with a rapid introduction to the standard
preparatory material in basic operator theory taught at the first year graduate level course. To
quickly get to the main points of the proof of the theorem, several topics that aid in the
understanding of the proof are included in the appendices. These topics serve the purpose of
providing familiarity with a large variety of tools used in the proof and adds to the flexibility of
reading them independently.

quotient spaces linear algebra: Supermanifolds and Supergroups Gijs M. Tuynman,
2006-01-20 Supermanifolds and Supergroups explains the basic ingredients of super manifolds and
super Lie groups. It starts with super linear algebra and follows with a treatment of super smooth
functions and the basic definition of a super manifold. When discussing the tangent bundle,
integration of vector fields is treated as well as the machinery of differential forms. For super Lie
groups the standard results are shown, including the construction of a super Lie group for any super
Lie algebra. The last chapter is entirely devoted to super connections. The book requires standard



undergraduate knowledge on super differential geometry and super Lie groups.

quotient spaces linear algebra: Modern Mathematics And Applications In Computer Graphics
And Vision Hongyu Guo, 2014-04-01 This book presents a concise exposition of modern
mathematical concepts, models and methods with applications in computer graphics, vision and
machine learning. The compendium is organized in four parts — Algebra, Geometry, Topology, and
Applications. One of the features is a unique treatment of tensor and manifold topics to make them
easier for the students. All proofs are omitted to give an emphasis on the exposition of the concepts.
Effort is made to help students to build intuition and avoid parrot-like learning.There is minimal
inter-chapter dependency. Each chapter can be used as an independent crash course and the reader
can start reading from any chapter — almost. This book is intended for upper level undergraduate
students, graduate students and researchers in computer graphics, geometric modeling, computer
vision, pattern recognition and machine learning. It can be used as a reference book, or a textbook
for a selected topics course with the instructor's choice of any of the topics.

quotient spaces linear algebra: Functional Analysis , 1980

quotient spaces linear algebra: Encyclopaedia of Mathematics Michiel Hazewinkel,
2012-12-06 This ENCYCLOPAEDIA OF MATHEMATICS aims to be a reference work for all parts of
mathe matics. It is a translation with updates and editorial comments of the Soviet Mathematical
Encyclopaedia published by 'Soviet Encyclopaedia Publishing House' in five volumes in 1977-1985.
The annotated translation consists of ten volumes including a special index volume. There are three
kinds of articles in this ENCYCLOPAEDIA. First of all there are survey-type articles dealing with the
various main directions in mathematics (where a rather fme subdivi sion has been used). The main
requirement for these articles has been that they should give a reasonably complete up-to-date
account of the current state of affairs in these areas and that they should be maximally accessible.
On the whole, these articles should be understandable to mathematics students in their first
specialization years, to graduates from other mathematical areas and, depending on the specific
subject, to specialists in other domains of science, en gineers and teachers of mathematics. These
articles treat their material at a fairly general level and aim to give an idea of the kind of problems,
techniques and concepts involved in the area in question. They also contain background and
motivation rather than precise statements of precise theorems with detailed definitions and
technical details on how to carry out proofs and constructions. The second kind of article, of medium
length, contains more detailed concrete problems, results and techniques.

quotient spaces linear algebra: From Dimension-Free Matrix Theory to
Cross-Dimensional Dynamic Systems Daizhan Cheng, 2019-05-18 From Dimension-Free Matrix
Theory to Cross-Dimensional Dynamic Systems illuminates the underlying mathematics of
semi-tensor product (STP), a generalized matrix product that extends the conventional matrix
product to two matrices of arbitrary dimensions. Dimension-varying systems feature prominently
across many disciplines, and through innovative applications its newly developed theory can
revolutionize large data systems such as genomics and biosystems, deep learning, IT, and
information-based engineering applications. - Provides, for the first time, cross-dimensional system
theory that is useful for modeling dimension-varying systems. - Offers potential applications to the
analysis and control of new dimension-varying systems. - Investigates the underlying mathematics of
semi-tensor product, including the equivalence and lattice structure of matrices and monoid of
matrices with arbitrary dimensions.
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