subspace meaning linear algebra

subspace meaning linear algebra is a fundamental concept in the field of mathematics that plays a crucial
role in understanding vector spaces. A subspace can be thought of as a smaller vector space that exists
within a larger vector space, retaining the same structure and properties. This article will delve into the
detailed definition of subspaces, their properties, and examples in linear algebra. We will also explore the
significance of subspaces in various mathematical applications, making it essential for students and
professionals alike. This exploration will assist in grasping the broader implications of subspaces in

mathematical theory and practice.
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Definition of Subspace

A subspace in linear algebra is defined as a subset of a vector space that is itself a vector space under the
same operations of vector addition and scalar multiplication defined in the larger vector space. This
definition implies that a subspace must satisfy certain criteria to be considered valid. Specifically, if V is a

vector space, a subset W of V is a subspace if:

e |t contains the zero vector.
e It is closed under vector addition.

e It is closed under scalar multiplication.

To elaborate, the zero vector is the additive identity in the vector space, and a subspace must include this

element to maintain the structure of a vector space. Closure under addition means that if you take any two



vectors from the subspace, their sum must also reside within the subspace. Similarly, closure under scalar
multiplication indicates that multiplying any vector in the subspace by a scalar results in another vector

that is still within the subspace.

Properties of Subspaces

Understanding the properties of subspaces is crucial for grasping their role in linear algebra. Subspaces share

several key characteristics with vector spaces, including:

1. Non-emptiness

Every subspace must contain at least the zero vector, which ensures that it is non-empty. This property is

fundamental because it guarantees the existence of an identity element for addition.

2. Closure under Addition

If u and v are vectors in a subspace W, then their sum u + v must also belong to W. This property is

essential for maintaining the structure of vector addition within the subspace.

3. Closure under Scalar Multiplication

If u is a vector in W and c is any scalar, then the product cu must also be in W. This property ensures that

all scalar multiples of vectors in the subspace remain within the subspace.

4. The Subspace Theorem

The Subspace Theorem states that any linear combination of vectors in a subspace is also a vector in that
subspace. This theorem reinforces the idea of closure and is vital for understanding linear combinations in

linear algebra.

Examples of Subspaces

To illustrate the concept of subspaces, we can consider various examples from different vector spaces.



1. The Zero Subspace

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

subspace of any vector space and satisfies all the properties of a subspace.

2. Lines Through the Origin

Any line through the origin in R* (two-dimensional real space) is a subspace. For instance, the line defined
by the equation y = mx, where m is a constant, contains the zero vector and is closed under scalar

multiplication and addition.

3. Planes Through the Origin

In R? (three-dimensional real space), any plane that passes through the origin is a subspace. This includes all

combinations of two linearly independent vectors that lie within that plane.

4. The Column Space and Null Space

In the context of matrices, the column space of a matrix is a subspace formed by the span of its column
vectors. Similarly, the null space consists of all vectors that, when multiplied by the matrix, yield the zero

vector.

Applications of Subspaces in Linear Algebra

Subspaces are not just theoretical constructs; they have significant applications in various fields such as

computer science, engineering, and physics. Some notable applications include:

1. Dimensional Analysis

In linear algebra, the concept of dimension is closely related to subspaces. The dimension of a subspace is the
number of vectors in a basis for that subspace. Understanding dimensions helps in simplifying complex

problems in various domains.

2. Data Science and Machine Learning

In data science, subspaces are used in dimensionality reduction techniques such as Principal Component

Analysis (PCA). PCA identifies the subspace that best represents the data while minimizing dimensionality,



crucial for data analysis and visualization.

3. Computer Graphics

In computer graphics, transformations such as rotations and translations are represented using matrices. The
subspaces associated with these transformations help in rendering scenes and modeling objects in a

structured manner.

4. Quantum Mechanics

In quantum mechanics, the state space of a quantum system is a vector space, and the subspaces represent
different states of the system. Understanding these subspaces is essential for interpreting quantum behavior

and phenomena.

Conclusion

Subspace meaning linear algebra extends beyond mere definitions and properties; it encapsulates a vital
aspect of mathematical theory with numerous applications across various fields. By understanding the
definition, properties, and examples of subspaces, one gains insight into their role in vector spaces and their
practical significance. This foundational knowledge is essential for anyone studying linear algebra and its

applications, empowering them to tackle complex problems with confidence.

Q What is the significance of the zero vector in a subspace?

A: The zero vector is crucial in a subspace because it serves as the additive identity, ensuring that the

subspace is non-empty and satisfies the requirements of a vector space.

Q: Can a subspace have a dimension greater than the original vector
space?

A: No, a subspace cannot have a dimension greater than the original vector space. The dimension of a

subspace is always less than or equal to the dimension of the vector space it belongs to.

Q: Are all lines through the origin considered subspaces?

A: Yes, all lines through the origin in a vector space are considered subspaces because they meet the

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



Q How can one determine if a set of vectors form a subspace?

A: To determine if a set of vectors forms a subspace, one must check if it contains the zero vector, is closed

under vector addition, and is closed under scalar multiplication.

Q What is the difference between column space and null space?

A: The column space of a matrix is the span of its column vectors, representing all possible linear
combinations of those columns. The null space, however, consists of all vectors that, when multiplied by

the matrix, yield the zero vector.

Q How does understanding subspaces benefit data analysis?

A: Understanding subspaces aids in data analysis by enabling techniques such as dimensionality reduction,

which simplifies complex datasets while retaining essential information for better visualization and insights.

Q: Can subspaces exist in complex vector spaces?

A: Yes, subspaces can exist in complex vector spaces and follow the same mathematical principles as those

in real vector spaces, maintaining closure and the presence of the zero vector.

Q What are the implications of the Subspace Theorem in linear algebra?

A: The Subspace Theorem implies that any linear combination of vectors in a subspace is also within that

subspace, reinforcing the concept of closure and the structure of vector spaces.

Q How are subspaces used in quantum mechanics?

A: In quantum mechanics, subspaces represent different states of a quantum system within the larger state

space, helping to describe and analyze quantum behavior and phenomena effectively.
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subspace meaning linear algebra: Practical Linear Algebra for Data Science Mike X
Cohen, 2022-09-06 If you want to work in any computational or technical field, you need to
understand linear algebra. As the study of matrices and operations acting upon them, linear algebra
is the mathematical basis of nearly all algorithms and analyses implemented in computers. But the
way it's presented in decades-old textbooks is much different from how professionals use linear
algebra today to solve real-world modern applications. This practical guide from Mike X Cohen
teaches the core concepts of linear algebra as implemented in Python, including how they're used in
data science, machine learning, deep learning, computational simulations, and biomedical data
processing applications. Armed with knowledge from this book, you'll be able to understand,
implement, and adapt myriad modern analysis methods and algorithms. Ideal for practitioners and
students using computer technology and algorithms, this book introduces you to: The interpretations
and applications of vectors and matrices Matrix arithmetic (various multiplications and
transformations) Independence, rank, and inverses Important decompositions used in applied linear
algebra (including LU and QR) Eigendecomposition and singular value decomposition Applications
including least-squares model fitting and principal components analysis

subspace meaning linear algebra: The Analyst’s Gambit Orr Moshe Shalit, 2025-10-31 The
Analyst’s Gambit: A Second Course in Functional Analysis is a textbook written to serve a graduate
course in Functional Analysis. It provides a sequel to the author’s previous volume, A First Course in
Functional Analysis, but it is not necessary to have read one in order to make use of the other. As a
graduate text, the reader is assumed to have taken undergraduate courses in set theory, calculus,
metric spaces and topology, complex analysis, measure theory (or, alternatively, have enough
mathematical maturity to carry on without having seen every particular fact that is used). A
particular strength of the book is that it includes numerous applications. Besides being engaging
and interesting in their own right, these applications also illustrate how functional analysis is used in
other parts of mathematics. The applications to problems from varied fields (PDEs, Fourier series,
group theory, neural networks, topology, etc.) constitute an enticing external motivation for studying
functional analysis. There are also applications of the material to functional analytic problems
(Lomonosov’s invariant subspace theorem, the spectral theorem, Stone’s theorem), showcasing the
power of the results as well as the elegance and unity of the theory. Features ¢ Can be used as the
primary textbook for a graduate course in functional analysis ¢ Rich variety of exercises * Emphasis
on substantial and modern applications Orr Moshe Shalit is a professor of mathematics at the
Technion Israel Institute of Technology, where he teaches and conducts research in operator theory,
operator algebras, functional analysis and function theory. His first book, A First Course in
Functional Analysis, was published by Chapman & Hall / CRC in 2017.

subspace meaning 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 meaning linear algebra: Mathematical Foundations of Quantum Computing: A
Scaffolding Approach Peter Y. Lee, James M. Yu, Ran Cheng, 2025-03-14 Quantum Computing and
Information (QCI) requires a shift in mathematical thinking, going beyond the traditional
applications of linear algebra and probability. This book focuses on building the specialized
mathematical foundation needed for QCI, explaining the unique roles of matrices, outer products,
tensor products, and the Dirac notation. Special matrices crucial to quantum operations are
explored, and the connection between quantum mechanics and probability theory is made clear.
Recognizing that diving straight into advanced concepts can be overwhelming, this book starts with
a focused review of essential preliminaries like complex numbers, trigonometry, and summation
rules. It serves as a bridge between traditional math education and the specific requirements of
quantum computing, empowering learners to confidently navigate this fascinating and rapidly
evolving field.

subspace meaning linear algebra: Dynamic Models in Biology Stephen P. Ellner, John
Guckenheimer, 2011-09-19 From controlling disease outbreaks to predicting heart attacks, dynamic
models are increasingly crucial for understanding biological processes. Many universities are
starting undergraduate programs in computational biology to introduce students to this rapidly
growing field. In Dynamic Models in Biology, the first text on dynamic models specifically written for
undergraduate students in the biological sciences, ecologist Stephen Ellner and mathematician John
Guckenheimer teach students how to understand, build, and use dynamic models in biology.
Developed from a course taught by Ellner and Guckenheimer at Cornell University, the book is
organized around biological applications, with mathematics and computing developed through case
studies at the molecular, cellular, and population levels. The authors cover both simple analytic
models--the sort usually found in mathematical biology texts--and the complex computational models
now used by both biologists and mathematicians. Linked to a Web site with computer-lab materials
and exercises, Dynamic Models in Biology is a major new introduction to dynamic models for
students in the biological sciences, mathematics, and engineering.

subspace meaning linear algebra: Open Systems, Entanglement and Quantum Optics
Andrzej Jamiolkowski, 2013-07-24 The subject of this book is a presentation of some aspects of
modern theory of open quantum systems. It introduces several up-to- date topics, such as detecting
quantum entanglement, modeling of quantum noise, quantum communication processes, and
computational complexity in the analysis of quantum operations. Also discussed are light
propagation in optically dressed media, as well as entropy and information measure for quantized
electromagnetic fields media. This book is intended for researchers and students interested in the
theory of open quantum systems, quantum information theory and quantum systems interacting with
electromagnetic fields.

subspace meaning linear algebra: Digital Signal Processing and Spectral Analysis for
Scientists Silvia Maria Alessio, 2015-12-09 This book covers the basics of processing and spectral
analysis of monovariate discrete-time signals. The approach is practical, the aim being to acquaint
the reader with the indications for and drawbacks of the various methods and to highlight possible
misuses. The book is rich in original ideas, visualized in new and illuminating ways, and is structured
so that parts can be skipped without loss of continuity. Many examples are included, based on
synthetic data and real measurements from the fields of physics, biology, medicine, macroeconomics
etc., and a complete set of MATLAB exercises requiring no previous experience of programming is
provided. Prior advanced mathematical skills are not needed in order to understand the contents: a
good command of basic mathematical analysis is sufficient. Where more advanced mathematical
tools are necessary, they are included in an Appendix and presented in an easy-to-follow way. With
this book, digital signal processing leaves the domain of engineering to address the needs of
scientists and scholars in traditionally less quantitative disciplines, now facing increasing amounts of



data.

subspace meaning 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 meaning linear algebra: Quaternion and Clifford Fourier Transforms Eckhard
Hitzer, 2021-09-21 Quaternion and Clifford Fourier Transforms describes the development of
quaternion and Clifford Fourier transforms in Clifford (geometric) algebra over the last 30 years. It
is the first comprehensive, self-contained book covering this vibrant new area of pure and applied
mathematics in depth. The book begins with a historic overview, followed by chapters on Clifford
and quaternion algebra and geometric (vector) differential calculus (part of Clifford analysis). The
core of the book consists of one chapter on quaternion Fourier transforms and one on Clifford
Fourier transforms. These core chapters and their sections on more special topics are reasonably
self-contained, so that readers already somewhat familiar with quaternions and Clifford algebra will
hopefully be able to begin reading directly in the chapter and section of their particular interest,
without frequently needing to skip back and forth. The topics covered are of fundamental interest to
pure and applied mathematicians, physicists, and engineers (signal and color image processing,
electrical engineering, computer science, computer graphics, artificial intelligence, geographic
information science, aero-space engineering, navigation, etc.). Features Intuitive real geometric
approach to higher-dimensional Fourier transformations A comprehensive reference, suitable for
graduate students and researchers Includes detailed definitions, properties, and many full
step-by-step proofs Many figures and tables, a comprehensive biography, and a detailed index make
it easy to locate information

subspace meaning linear algebra: Meaning in Mathematics Education Jeremy Kilpatrick,
Celia Hoyles, Ole Skovsmose, 2006-03-30 What does it mean to know mathematics? How does
meaning in mathematics education connect to common sense or to the meaning of mathematics
itself? How are meanings constructed and communicated and what are the dilemmas related to
these processes? There are many answers to these questions, some of which might appear to be
contradictory. Thus understanding the complexity of meaning in mathematics education is a matter
of huge importance. There are twin directions in which discussions have developed—theoretical and
practical—and this book seeks to move the debate forward along both dimensions while seeking to
relate them where appropriate. A discussion of meaning can start from a theoretical examination of
mathematics and how mathematicians over time have made sense of their work. However, from a
more practical perspective, anybody involved in teaching mathematics is faced with the need to
orchestrate the myriad of meanings derived from multiple sources that students develop of
mathematical knowledge. This book presents a wide variety of theoretical reflections and research
results about meaning in mathematics and mathematics education based on long-term and collective
reflection by the group of authors as a whole. It is the outcome of the work of the BACOMET (BAsic
COmponents of Mathematics Education for Teachers) group who spent several years deliberating on
this topic. The ten chapters in this book, both separately and together, provide a substantial
contribution to clarifying the complex issue of meaning in mathematics education. This book is of
interest to researchers in mathematics education, graduate students of mathematics education,
under graduate students in mathematics, secondary mathematics teachers and primary teachers
with an interest in mathematics.

subspace meaning linear algebra: Enumerative Combinatorics: Volume 1 Richard P. Stanley,
2012 Richard Stanley's two-volume basic introduction to enumerative combinatorics has become the
standard guide to the topic for students and experts alike. This thoroughly revised second edition of
Volume 1 includes ten new sections and more than 300 new exercises, most with solutions,



reflecting numerous new developments since the publication of the first edition in 1986. The author
brings the coverage up to date and includes a wide variety of additional applications and examples,
as well as updated and expanded chapter bibliographies. Many of the less difficult new exercises
have no solutions so that they can more easily be assigned to students. The material on P-partitions
has been rearranged and generalized; the treatment of permutation statistics has been greatly
enlarged; and there are also new sections on g-analogues of permutations, hyperplane
arrangements, the cd-index, promotion and evacuation and differential posets.

subspace meaning linear algebra: Information Computing and Applications, Part II Chunfeng
Liu, Jincai Chang, Aimin Yang, 2011-12-22 The two-volume set, CCIS 243 and CCIS 244, constitutes
the refereed proceedings of the Second International Conference on Information Computing and
Applications, ICICA 2010, held in Qinhuangdao, China, in October 2011. The 191 papers presented
in both volumes were carefully reviewed and selected from numerous submissions. They are
organized in topical sections on computational statistics, social networking and computing,
evolutionary computing and applications, information education and application, internet and web
computing, scientific and engineering computing, system simulation computing, bio-inspired and
DNA computing, internet and Web computing, multimedia networking and computing, parallel and
distributed computing.

subspace meaning linear algebra: Mathematics of Data Science Daniela Calvetti, Erkki
Somersalo, 2020-11-20 This textbook provides a solid mathematical basis for understanding popular
data science algorithms for clustering and classification and shows that an in-depth understanding
of the mathematics powering these algorithms gives insight into the underlying data. It presents a
step-by-step derivation of these algorithms, outlining their implementation from scratch in a
computationally sound way. Mathematics of Data Science: A Computational Approach to Clustering
and Classification proposes different ways of visualizing high-dimensional data to unveil hidden
internal structures, and nearly every chapter includes graphical explanations and computed
examples using publicly available data sets to highlight similarities and differences among the
algorithms. This self-contained book is geared toward advanced undergraduate and beginning
graduate students in the mathematical sciences, engineering, and computer science and can be used
as the main text in a semester course. Researchers in any application area where data science
methods are used will also find the book of interest. No advanced mathematical or statistical
background is assumed.

subspace meaning linear algebra: Mathematics for Engineers and Scientists Vinh Phu
Nguyen, 2025-01-28 A majority of mathematics textbooks are written in a rigorous, concise, dry, and
boring way. On the other hands, there exist excellent, engaging, fun-to-read popular math books.
The problem with these popular books is the lack of mathematics itself. This book is a blend of both.
It provides a mathematics book to read, to engage with, and to understand the whys — the story
behind the theorems. Written by an engineer, not a mathematician, who struggled to learn math in
high school and in university, this book explains in an informal voice the mathematics that future
and current engineering and science students need to acquire. If we learn math to understand it, to
enjoy it, not to pass a test or an exam, we all learn math better and there is no such a thing that we
call math phobia. With a slow pace and this book, everyone can learn math and use it, as the author
did at the age of 40 and with a family to take care of.

subspace meaning linear algebra: Proceedings of XXIV AIMETA Conference 2019
Antonio Carcaterra, Achille Paolone, Giorgio Graziani, 2020-03-31 This book gathers the
peer-reviewed papers presented at the XXIV Conference of the Italian Association of Theoretical and
Applied Mechanics, held in Rome, Italy, on September 15-19, 2019 (AIMETA 2019). The conference
topics encompass all aspects of general, fluid, solid and structural mechanics, as well as mechanics
for machines and mechanical systems, including theoretical, computational and experimental
techniques and technological applications. As such the book represents an invaluable,
up-to-the-minute tool, providing an essential overview of the most recent advances in the field.

subspace meaning linear algebra: Robotics Goes MOOC Bruno Siciliano, 2025-04-30 With




the massive and pervasive diffusion of robotics technology in our society, we are heading towards a
new type of Al, which we call Physical Al at the intersection of Robotics with Al, that is the science
of robots and intelligent machines performing a physical action to help humans in their jobs of daily
lives. Physical assistance to disabled or elderly people; reduction of risks and fatigue at work;
improvement of production processes of material goods and their sustainability; safety, efficiency
and reduction of environmental impact in transportation of people and goods; progress of diagnostic
and surgical techniques are all examples of scenarios where the new InterAction Technology (IAT) is
indispensable. The interaction between robots and humans must be managed in a safe and reliable
manner. The robot becomes an ideal assistant, like the tool used by a surgeon, a craftsman, a skilled
worker. The new generation of robots will co-exist — the cobots— with humans not only in the
workplace but, gradually, in homes and communities, providing support in services, entertainment,
education, health, manufacturing and care. As widely discussed above, interaction plays a crucial
role for the development of modern robotic systems. Grasping, manipulation and cooperative
manipulators are covered in the first part of the third book of the Robotics Goes MOOC project,
respectively in Chapter 1 by Prattichizzo et al, Chapter 2 by Kao et al, and Chapter 3 by Caccavale.
Specific interaction issues along with the development of digital and physical interfaces are dealt
with in Chapter 4 by Marchal et al and in Chapter 5 by Croft et al, respectively. Interaction between
robot and human also means that a robot can be worn by a human as presented in Chapter 6 by
Vitiello et al. A different type of interaction at a cognitive and planning level is the focus of Chapter
7 by Lima devoted to multi-robot systems and Chapter 8 by Song et al on networked, cloud and fog
robotics, respectively.

subspace meaning linear algebra: Scientific and Technical Aerospace Reports , 1982

subspace meaning linear algebra: Mathematical Reviews , 2006

subspace meaning linear algebra: Fourier Series R.E. Edwards, 2012-12-06 The principal
aim in writing this book has been to provide an intro duction, barely more, to some aspects of
Fourier series and related topics in which a liberal use is made of modem techniques and which
guides the reader toward some of the problems of current interest in harmonic analysis generally.
The use of modem concepts and techniques is, in fact, as wide spread as is deemed to be compatible
with the desire that the book shall be useful to senior undergraduates and beginning graduate
students, for whom it may perhaps serve as preparation for Rudin's Harmonic Analysis on Groups
and the promised second volume of Hewitt and Ross's Abstract Harmonic Analysis. The emphasis on
modem techniques and outlook has affected not only the type of arguments favored, but also to a
considerable extent the choice of material. Above all, it has led to a minimal treatment of pointwise
con vergence and summability: as is argued in Chapter 1, Fourier series are not necessarily seen in
their best ormost natural role through pointwise-tinted spectacles. Moreover, the famous treatises
by Zygmund and by Baryon trigonometric series cover these aspects in great detail, wl:tile leaving
some gaps in the presentation of the modern viewpoint; the same is true of the more elementary
account given by Tolstov. Likewise, and again for reasons discussed in Chapter 1, trigonometric
series in general form no part of the program attempted.

subspace meaning 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 fine 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.
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Definition of a linear subspace, with several examples — Krista King A subspace (or linear
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