
null linear algebra
null linear algebra is a critical concept in the field of mathematics, particularly within the
discipline of linear algebra. It refers to the set of solutions to a homogeneous linear equation formed
by a matrix, where the solutions are characterized by vectors that map to the zero vector.
Understanding null linear algebra is essential for various applications in computer science,
engineering, and data science, as it plays a significant role in solving systems of equations,
transformations, and dimensionality reduction. In this article, we will explore the definition of null
space, its significance, methods to calculate it, and applications in diverse fields. We will also
provide examples and a clear understanding of how null linear algebra is utilized in real-world
scenarios.
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Understanding Null Space
In linear algebra, the null space, also known as the kernel, of a matrix is the set of all vectors that,
when multiplied by the matrix, result in the zero vector. Formally, for a given matrix A, the null
space is defined as:

Null(A) = {x ∈ R^n | Ax = 0}

This definition is crucial as it helps in understanding the solutions to the homogeneous system of
linear equations. The null space not only reflects the inherent properties of the matrix but also
provides insight into the linear transformations represented by the matrix.

Importance of Null Space
The null space is significant for several reasons. It helps identify the linear dependencies among the
columns of a matrix, indicating whether the system of equations has unique solutions or infinite
solutions. When the null space contains only the zero vector, the matrix has full rank, implying that
the system has a unique solution.

Furthermore, the null space is essential in various applications, such as computer graphics, control
theory, and data analysis, where understanding how transformations affect data is crucial.



Properties of Null Space
The null space has several important properties that are fundamental to linear algebra. These
properties help in analyzing and simplifying problems involving matrices and linear transformations.

1. Subspace
The null space is a subspace of the vector space. This means that it contains the zero vector, is
closed under addition, and is closed under scalar multiplication. If u and v are vectors in the null
space, then:

u + v ∈ Null(A) and cu ∈ Null(A) for any scalar c.

2. Dimension
The dimension of the null space is known as the nullity of the matrix. The nullity can be determined
using the Rank-Nullity Theorem, which states:

Rank(A) + Nullity(A) = Number of Columns of A

This theorem establishes a relationship between the rank and nullity of a matrix, providing a deeper
understanding of its structure.

3. Relationship with Rank
The rank of a matrix is the dimension of its column space, while the nullity is the dimension of its
null space. A matrix with a higher rank will generally have a lower nullity, indicating fewer free
variables in the solutions to the system of equations.

How to Calculate Null Space
Calculating the null space of a matrix involves a systematic approach, primarily using row reduction
techniques. Here are the steps to find the null space of a matrix A:

Formulate the equation: Start with the equation Ax = 0.1.

Row reduce the matrix: Use Gaussian elimination or row echelon form (REF) to simplify the2.
matrix.

Identify free variables: Determine which variables can take arbitrary values (free variables)3.
based on the row-reduced form.

Express basic variables: Express the basic variables in terms of the free variables.4.

Construct the solution set: Combine the solutions to express the null space as a set of5.
vectors.



Following these steps will result in a clear representation of the null space, allowing for a
comprehensive understanding of the solutions to the homogeneous system.

Applications of Null Linear Algebra
Null linear algebra has a wide range of applications across various fields, demonstrating its
versatility and significance in real-world scenarios.

1. Computer Graphics
In computer graphics, transformations such as rotations, translations, and scaling can be
represented using matrices. The null space is crucial for understanding how these transformations
affect objects, particularly in ensuring that certain transformations maintain particular properties,
like preserving the shape of an object.

2. Control Theory
In control systems, the null space helps in analyzing system stability and controllability. By
examining the null space of the system matrix, engineers can determine whether the system can be
adequately controlled and how it will respond to different inputs.

3. Data Analysis
Data scientists utilize null linear algebra for techniques such as Principal Component Analysis (PCA).
PCA relies on understanding the relationships among variables and reducing dimensionality, where
the null space plays a critical role in identifying patterns and correlations in data.

Examples of Null Space
To provide a clearer understanding of null space, let us examine a simple example. Consider the
matrix A:

A = [[1, 2, 3], [4, 5, 6]]

To find its null space:

Set up the equation Ax = 0.1.

Row reduce the matrix A to find its row echelon form.2.

Determine the free variables and express the solution in vector form.3.

The null space can be represented by a set of vectors that satisfy the equation, demonstrating the



linear combinations of these vectors that yield the zero vector.

Common Misconceptions
Despite its importance, there are several misconceptions surrounding null linear algebra that can
lead to confusion.

1. Null Space vs. Column Space
One common misconception is confusing the null space with the column space of a matrix. While the
column space consists of all possible linear combinations of the matrix columns, the null space
focuses on the solutions to the homogeneous equation.

2. Always Contains Zero Vector
Another misunderstanding is the belief that the null space can sometimes exclude the zero vector. In
reality, the zero vector is always part of the null space, as it is the trivial solution to the
homogeneous equation.

3. Null Space Indicates Solution Uniqueness
Many believe that a non-empty null space always indicates infinite solutions. While a non-empty null
space does imply that the system has free variables, it does not necessarily mean that there are
infinite solutions without further analysis of the rank of the matrix.

Conclusion
Understanding null linear algebra is essential for anyone working with matrices and linear
transformations. The null space provides valuable insights into the structure of matrices and the
nature of solutions to linear systems. By grasping its properties, methods of calculation, and
applications, one can effectively leverage this knowledge in various fields such as computer science,
engineering, and data analysis. Overall, null linear algebra serves as a foundational concept that
underpins much of modern mathematics and its applications.

Q: What is null linear algebra?
A: Null linear algebra refers to the study of the null space of a matrix, which consists of all vectors
that map to the zero vector when multiplied by the matrix. It is crucial for analyzing the solutions to
homogeneous linear equations.



Q: How is null space calculated?
A: To calculate the null space, set up the equation Ax = 0, row reduce the matrix to its echelon form,
identify free variables, express basic variables in terms of free variables, and construct the solution
set.

Q: What are the applications of null linear algebra?
A: Null linear algebra has applications in computer graphics, control theory, and data analysis,
particularly in areas like transformations, stability analysis, and dimensionality reduction techniques
such as PCA.

Q: What is the difference between null space and column
space?
A: The null space consists of all vectors that satisfy the equation Ax = 0, indicating the solutions to
linear equations, while the column space comprises all possible linear combinations of the matrix
columns, representing achievable outputs.

Q: Can the null space be empty?
A: The null space cannot be empty; it always contains the zero vector, which is the trivial solution to
the homogeneous equation. If the null space contains only the zero vector, the matrix has full rank
and a unique solution.

Q: What is the Rank-Nullity Theorem?
A: The Rank-Nullity Theorem states that the rank of a matrix plus its nullity (the dimension of the
null space) equals the number of columns of the matrix. This theorem helps in understanding the
relationship between the rank and null space.

Q: How does null space relate to linear transformations?
A: The null space provides insight into how linear transformations affect vectors. It helps determine
which vectors are mapped to the zero vector, indicating the loss of information or dimensionality in
the transformation.

Q: What is the significance of free variables in null space?
A: Free variables in the context of null space indicate the parameters that can take arbitrary values,
leading to infinite solutions to the homogeneous equation. They are essential for understanding the
structure of the solution set.



Q: How does null linear algebra apply to data analysis?
A: In data analysis, null linear algebra is used in techniques like Principal Component Analysis (PCA)
to identify patterns and reduce dimensionality, helping to simplify complex datasets while retaining
essential information.

Q: What are common misconceptions about null space?
A: Common misconceptions include confusing null space with column space, believing the null space
can be empty, and assuming that a non-empty null space always indicates infinite solutions without
considering the rank of the matrix.
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  null linear algebra: Linear Algebra with Maple, Lab Manual Fred Szabo, 2001-08-23 Linear
Algebra: An Introduction Using MAPLE is a text for a first undergraduate course in linear algebra.
All students majoring in mathematics, computer science, engineering, physics, chemistry,
economics, statistics, actuarial mathematics and other such fields of study will benefit from this text.
The presentation is matrix-based and covers the standard topics for a first course recommended by
the Linear Algebra Curriculum Study Group. The aim of the book is to make linear algebra
accessible to all college majors through a focused presentation of the material, enriched by
interactive learning and teaching with MAPLE. Development of analytical and computational skills is
emphasized throughout Worked examples provide step-by-step methods for solving basic problems
using Maple The subject's rich pertinence to problem solving across disciplines is illustrated with
applications in engineering, the natural sciences, computer animation, and statistics
  null linear algebra: Applied Mathematical Methods: Dasgupta, Bhaskar, 2006 Applied
Mathematical Methods covers the material vital for research in today's world and can be covered in
a regular semester course. It is the consolidation of the efforts of teaching the compulsory first
semester post-graduate applied mathematics course at the Department of Mechanical Engineering
at IIT Kanpur in two successive years.
  null linear algebra: Linear Algebra Done Right Sheldon Axler, 1997-07-18 This text for a
second course in linear algebra, aimed at math majors and graduates, adopts a novel approach by
banishing determinants to the end of the book and focusing on understanding the structure of linear
operators on vector spaces. The author has taken unusual care to motivate concepts and to simplify
proofs. For example, the book presents - without having defined determinants - a clean proof that
every linear operator on a finite-dimensional complex vector space has an eigenvalue. The book
starts by discussing vector spaces, linear independence, span, basics, and dimension. Students are
introduced to inner-product spaces in the first half of the book and shortly thereafter to the finite-
dimensional spectral theorem. A variety of interesting exercises in each chapter helps students
understand and manipulate the objects of linear algebra. This second edition features new chapters
on diagonal matrices, on linear functionals and adjoints, and on the spectral theorem; some sections,
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such as those on self-adjoint and normal operators, have been entirely rewritten; and hundreds of
minor improvements have been made throughout the text.
  null linear algebra: Internal and External Stabilization of Linear Systems with Constraints Ali
Saberi, Anton A. Stoorvogel, Peddapullaiah Sannuti, 2012-06-21 Unifying two decades of research,
this book is the first to establish a comprehensive foundation for a systematic analysis and design of
linear systems with general state and input constraints. For such systems, which can be used as
models for most nonlinear systems, the issues of stability, controller design, additonal constraints,
and satisfactory performance are addressed. The book is an excellent reference for practicing
engineers, graduate students, and researchers in control systems theory and design. It may also
serve as an advanced graduate text for a course or a seminar in nonlinear control systems theory
and design in applied mathematics or engineering departments. Minimal prerequisites include a first
graduate course in state-space methods as well as a first course in control systems design.
  null linear algebra: Sampling Theory Yonina C. Eldar, 2015-04-09 Covering the fundamental
mathematical underpinnings together with key principles and applications, this book provides a
comprehensive guide to the theory and practice of sampling from an engineering perspective.
Beginning with traditional ideas such as uniform sampling in shift-invariant spaces and working
through to the more recent fields of compressed sensing and sub-Nyquist sampling, the key concepts
are addressed in a unified and coherent way. Emphasis is given to applications in signal processing
and communications, as well as hardware considerations, throughout. With 200 worked examples
and over 200 end-of-chapter problems, this is an ideal course textbook for senior undergraduate and
graduate students. It is also an invaluable reference or self-study guide for engineers and students
across industry and academia.
  null linear algebra: The Geometry of Kerr Black Holes Barrett O'Neill, 2014-03-19 Suitable for
advanced undergraduates and graduate students of mathematics as well as for physicists, this
unique monograph and self-contained treatment constitutes an introduction to modern techniques in
differential geometry. 1995 edition.
  null linear algebra: Lectures On Convex Sets (Second Edition) Valeriu Soltan, 2019-11-28
The book provides a self-contained and systematic treatment of algebraic and topological properties
of convex sets in the n-dimensional Euclidean space. It benefits advanced undergraduate and
graduate students with various majors in mathematics, optimization, and operations research. It may
be adapted as a primary book or an additional text for any course in convex geometry or convex
analysis, aimed at non-geometers. It can be a source for independent study and a reference book for
researchers in academia.The second edition essentially extends and revises the original book. Every
chapter is rewritten, with many new theorems, examples, problems, and bibliographical references
included. It contains three new chapters and 100 additional problems with solutions.
  null linear algebra: Super Linear Algebra W. B. Vasantha Kandasamy, Florentin
Smarandache, 2008 Super Linear Algebras are built using super matrices. These new structures can
be applied to all fields in which linear algebras are used. Super characteristic values exist only when
the related super matrices are super square diagonal super matrices.Super diagonalization,
analogous to diagonalization is obtained. These newly introduced structures can be applied to
Computer Sciences, Markov Chains, and Fuzzy Models.
  null linear algebra: Numerical Methods for Large Eigenvalue Problems Yousef Saad,
2011-05-26 This revised edition discusses numerical methods for computing the eigenvalues and
eigenvectors of large sparse matrices. It provides an in-depth view of the numerical methods that
are applicable for solving matrix eigenvalue problems that arise in various engineering and scientific
applications. Each chapter was updated by shortening or deleting outdated topics, adding topics of
more recent interest and adapting the Notes and References section. Significant changes have been
made to Chapters 6 through 8, which describe algorithms and their implementations and now
include topics such as the implicit restart techniques, the Jacobi-Davidson method and automatic
multilevel substructuring.
  null linear algebra: Mathematical Foundations for Signal Processing, Communications, and



Networking Erchin Serpedin, Thomas Chen, Dinesh Rajan, 2017-12-04 Mathematical Foundations
for Signal Processing, Communications, and Networking describes mathematical concepts and
results important in the design, analysis, and optimization of signal processing algorithms, modern
communication systems, and networks. Helping readers master key techniques and comprehend the
current research literature, the book offers a comprehensive overview of methods and applications
from linear algebra, numerical analysis, statistics, probability, stochastic processes, and
optimization. From basic transforms to Monte Carlo simulation to linear programming, the text
covers a broad range of mathematical techniques essential to understanding the concepts and
results in signal processing, telecommunications, and networking. Along with discussing
mathematical theory, each self-contained chapter presents examples that illustrate the use of
various mathematical concepts to solve different applications. Each chapter also includes a set of
homework exercises and readings for additional study. This text helps readers understand
fundamental and advanced results as well as recent research trends in the interrelated fields of
signal processing, telecommunications, and networking. It provides all the necessary mathematical
background to prepare students for more advanced courses and train specialists working in these
areas.
  null linear algebra: Machine Learning Sergios Theodoridis, 2020-02-19 Machine Learning: A
Bayesian and Optimization Perspective, 2nd edition, gives a unified perspective on machine learning
by covering both pillars of supervised learning, namely regression and classification. The book starts
with the basics, including mean square, least squares and maximum likelihood methods, ridge
regression, Bayesian decision theory classification, logistic regression, and decision trees. It then
progresses to more recent techniques, covering sparse modelling methods, learning in reproducing
kernel Hilbert spaces and support vector machines, Bayesian inference with a focus on the EM
algorithm and its approximate inference variational versions, Monte Carlo methods, probabilistic
graphical models focusing on Bayesian networks, hidden Markov models and particle filtering.
Dimensionality reduction and latent variables modelling are also considered in depth. This palette of
techniques concludes with an extended chapter on neural networks and deep learning architectures.
The book also covers the fundamentals of statistical parameter estimation, Wiener and Kalman
filtering, convexity and convex optimization, including a chapter on stochastic approximation and the
gradient descent family of algorithms, presenting related online learning techniques as well as
concepts and algorithmic versions for distributed optimization. Focusing on the physical reasoning
behind the mathematics, without sacrificing rigor, all the various methods and techniques are
explained in depth, supported by examples and problems, giving an invaluable resource to the
student and researcher for understanding and applying machine learning concepts. Most of the
chapters include typical case studies and computer exercises, both in MATLAB and Python. The
chapters are written to be as self-contained as possible, making the text suitable for different
courses: pattern recognition, statistical/adaptive signal processing, statistical/Bayesian learning, as
well as courses on sparse modeling, deep learning, and probabilistic graphical models. New to this
edition: - Complete re-write of the chapter on Neural Networks and Deep Learning to reflect the
latest advances since the 1st edition. The chapter, starting from the basic perceptron and
feed-forward neural networks concepts, now presents an in depth treatment of deep networks,
including recent optimization algorithms, batch normalization, regularization techniques such as the
dropout method, convolutional neural networks, recurrent neural networks, attention mechanisms,
adversarial examples and training, capsule networks and generative architectures, such as
restricted Boltzman machines (RBMs), variational autoencoders and generative adversarial networks
(GANs). - Expanded treatment of Bayesian learning to include nonparametric Bayesian methods,
with a focus on the Chinese restaurant and the Indian buffet processes. - Presents the physical
reasoning, mathematical modeling and algorithmic implementation of each method - Updates on the
latest trends, including sparsity, convex analysis and optimization, online distributed algorithms,
learning in RKH spaces, Bayesian inference, graphical and hidden Markov models, particle filtering,
deep learning, dictionary learning and latent variables modeling - Provides case studies on a variety



of topics, including protein folding prediction, optical character recognition, text authorship
identification, fMRI data analysis, change point detection, hyperspectral image unmixing, target
localization, and more
  null linear algebra: Mathematical Tapas Jean-Baptiste Hiriart-Urruty, 2016-09-01 This book
contains a collection of exercises (called “tapas”) at undergraduate level, mainly from the fields of
real analysis, calculus, matrices, convexity, and optimization. Most of the problems presented here
are non-standard and some require broad knowledge of different mathematical subjects in order to
be solved. The author provides some hints and (partial) answers and also puts these carefully chosen
exercises into context, presents information on their origins, and comments on possible extensions.
With stars marking the levels of difficulty, these tapas show or prove something interesting,
challenge the reader to solve and learn, and may have surprising results. This first volume of
Mathematical Tapas will appeal to mathematicians, motivated undergraduate students from
science-based areas, and those generally interested in mathematics.
  null linear algebra: Introduction to Cryptography with Maple José Luis Gómez Pardo,
2012-12-19 This introduction to cryptography employs a programming-oriented approach to study
the most important cryptographic schemes in current use and the main cryptanalytic attacks against
them. Discussion of the theoretical aspects, emphasizing precise security definitions based on
methodological tools such as complexity and randomness, and of the mathematical aspects, with
emphasis on number-theoretic algorithms and their applications to cryptography and cryptanalysis,
is integrated with the programming approach, thus providing implementations of the algorithms and
schemes as well as examples of realistic size. A distinctive feature of the author's approach is the
use of Maple as a programming environment in which not just the cryptographic primitives but also
the most important cryptographic schemes are implemented following the recommendations of
standards bodies such as NIST, with many of the known cryptanalytic attacks implemented as well.
The purpose of the Maple implementations is to let the reader experiment and learn, and for this
reason the author includes numerous examples. The book discusses important recent subjects such
as homomorphic encryption, identity-based cryptography and elliptic curve cryptography. The
algorithms and schemes which are treated in detail and implemented in Maple include AES and
modes of operation, CMAC, GCM/GMAC, SHA-256, HMAC, RSA, Rabin, Elgamal, Paillier, Cocks IBE,
DSA and ECDSA. In addition, some recently introduced schemes enjoying strong security properties,
such as RSA-OAEP, Rabin-SAEP, Cramer--Shoup, and PSS, are also discussed and implemented. On
the cryptanalysis side, Maple implementations and examples are used to discuss many important
algorithms, including birthday and man-in-the-middle attacks, integer factorization algorithms such
as Pollard's rho and the quadratic sieve, and discrete log algorithms such as baby-step giant-step,
Pollard's rho, Pohlig--Hellman and the index calculus method. This textbookis suitable for advanced
undergraduate and graduate students of computer science, engineering and mathematics, satisfying
the requirements of various types of courses: a basic introductory course; a theoretically oriented
course whose focus is on the precise definition of security concepts and on cryptographic schemes
with reductionist security proofs; a practice-oriented course requiring little mathematical
background and with an emphasis on applications; or a mathematically advanced course addressed
to students with a stronger mathematical background. The main prerequisite is a basic knowledge of
linear algebra and elementary calculus, and while some knowledge of probability and abstract
algebra would be helpful, it is not essential because the book includes the necessary background
from these subjects and, furthermore, explores the number-theoretic material in detail. The book is
also a comprehensive reference and is suitable for self-study by practitioners and programmers.
  null linear algebra: Numerical Methods for Scientific Computing Kyle Novak, 2022-03-13
A comprehensive guide to the theory, intuition, and application of numerical methods in linear
algebra, analysis, and differential equations. With extensive commentary and code for three
essential scientific computing languages: Julia, Python, and Matlab.
  null linear algebra: Methods in Computational Science Johan Hoffman, 2021-10-19
Computational methods are an integral part of most scientific disciplines, and a rudimentary



understanding of their potential and limitations is essential for any scientist or engineer. This
textbook introduces computational science through a set of methods and algorithms, with the aim of
familiarizing the reader with the field’s theoretical foundations and providing the practical skills to
use and develop computational methods. Centered around a set of fundamental algorithms
presented in the form of pseudocode, this self-contained textbook extends the classical syllabus with
new material, including high performance computing, adjoint methods, machine learning,
randomized algorithms, and quantum computing. It presents theoretical material alongside several
examples and exercises and provides Python implementations of many key algorithms. Methods in
Computational Science is for advanced undergraduate and graduate-level students studying
computer science and data science. It can also be used to support continuous learning for practicing
mathematicians, data scientists, computer scientists, and engineers in the field of computational
science. It is appropriate for courses in advanced numerical analysis, data science, numerical
optimization, and approximation theory.
  null linear algebra: Algebraic Cryptanalysis Gregory Bard, 2009-08-14 Algebraic
Cryptanalysis bridges the gap between a course in cryptography, and being able to read the
cryptanalytic literature. This book is divided into three parts: Part One covers the process of turning
a cipher into a system of equations; Part Two covers finite field linear algebra; Part Three covers the
solution of Polynomial Systems of Equations, with a survey of the methods used in practice,
including SAT-solvers and the methods of Nicolas Courtois. Topics include: Analytic Combinatorics,
and its application to cryptanalysis The equicomplexity of linear algebra operations Graph coloring
Factoring integers via the quadratic sieve, with its applications to the cryptanalysis of RSA Algebraic
Cryptanalysis is designed for advanced-level students in computer science and mathematics as a
secondary text or reference book for self-guided study. This book is suitable for researchers in
Applied Abstract Algebra or Algebraic Geometry who wish to find more applied topics or
practitioners working for security and communications companies.
  null linear algebra: Matrix Theory Robert Piziak, P.L. Odell, 2007-02-22 In 1990, the National
Science Foundation recommended that every college mathematics curriculum should include a
second course in linear algebra. In answer to this recommendation, Matrix Theory: From
Generalized Inverses to Jordan Form provides the material for a second semester of linear algebra
that probes introductory linear algebra concepts whil
  null linear algebra: Fundamentals of Fluid-Solid Interactions Xiaodong (Sheldon) Wang,
2008-08-13 This book focuses on the computational and theoretical approaches to the coupling of
fluid mechanics and solids mechanics. In particular, nonlinear dynamical systems are introduced to
the handling of complex fluid-solid interaction systems, For the past few decades, many
terminologies have been introduced to this field, namely, flow-induced vibration, aeroelasticity,
hydroelasticity, fluid-structure interaction, fluid-solid interaction, and more recently multi-physics
problems. Moreover, engineering applications are distributed within different disciplines, such as
nuclear, civil, aerospace, ocean, chemical, electrical, and mechanical engineering. Regrettably,
while each particular subject is by itself very extensive, it has been difficult for a single book to
cover in a reasonable depth and in the mean time to connect various topics. In light of the current
multidisciplinary research need in nanotechnology and bioengineering, there is an urgent need for
books to provide such a linkage and to lay a foundation for more specialized fields. - Interdisciplinary
across all types of engineering - Comprehensive study of fluid-solid interaction - Discusses complex
system dynamics derived from interactive systems - Provides mathematic modeling of biological
systems
  null linear algebra: The Mathematica Book Stephen Wolfram, 2003 Wolfram, frequently
likened to Newton, Darwin and Einstein, has instigated a major intellectual revolution with his
discoveries that have yielded many new insights in physics, mathematics, computer science, biology
and many other fields. Mathematica is now the world's leading computing and symbolic
programming. This new 5th edition that covers every aspect of Mathematica is both a highly
readable tutorial and a definitive reference for over a million Mathematica users worldwide. It is an



essential resource for all users of Mathematica from beginners to experts.
  null linear algebra: Cryptology and Error Correction Lindsay N. Childs, 2019-04-18 This
text presents a careful introduction to methods of cryptology and error correction in wide use
throughout the world and the concepts of abstract algebra and number theory that are essential for
understanding these methods. The objective is to provide a thorough understanding of RSA,
Diffie–Hellman, and Blum–Goldwasser cryptosystems and Hamming and Reed–Solomon error
correction: how they are constructed, how they are made to work efficiently, and also how they can
be attacked. To reach that level of understanding requires and motivates many ideas found in a first
course in abstract algebra—rings, fields, finite abelian groups, basic theory of numbers,
computational number theory, homomorphisms, ideals, and cosets. Those who complete this book
will have gained a solid mathematical foundation for more specialized applied courses on cryptology
or error correction, and should also be well prepared, both in concepts and in motivation, to pursue
more advanced study in algebra and number theory. This text is suitable for classroom or online use
or for independent study. Aimed at students in mathematics, computer science, and engineering, the
prerequisite includes one or two years of a standard calculus sequence. Ideally the reader will also
take a concurrent course in linear algebra or elementary matrix theory. A solutions manual for the
400 exercises in the book is available to instructors who adopt the text for their course.
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job, because it covers exactly those 2 values. (i.e. == null is equivalent to === null && ===
undefined) In exceptional cases you do want a clear distinction
What is the difference between "is not null" and "!= null"?   The only difference (besides the
syntax) is, that the compiler guarantees that no user-overloaded operator is called when using is not
null instead of != null (or is null instead of
Null object in Python - Stack Overflow   How do I refer to the null object in Python?
What is a NullReferenceException, and how do I fix it? I have some code and when it executes,
it throws a NullReferenceException, saying: Object reference not set to an instance of an object.
What does this mean, and what can I do to fix this
How to send NULL in HTTP query string? - Stack Overflow So if you don't need to support the
difference between empty and null/absent string you may also consider the empty parameter as null.
If instead you want to recreate point 4. of JSON
How to handle NULL object property with FirstOrDefault using Linq   The null-propagating
operator ?. (aka Elvis operator) is not allowed in a queryable (LINQ-to-SQL or LINQ-to-Entities)
collection. However, it works fine for a LINQ-to-Objects
What is a NullPointerException, and how do I fix it? What are Null Pointer Exceptions
(java.lang.NullPointerException) and what causes them? What methods/tools can be used to
determine the cause so that you stop the exception from causing
Is there a way to check for both `null` and `undefined`? It is a boolean return type but this obj
is null | undefined is a type inference hint to the TypeScript runtime (used in your IDE and for type



checking) that indicates the value is either literally null
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