
linear algebra and its applications 6th
linear algebra and its applications 6th is a pivotal topic in both theoretical and applied
mathematics, bridging the gap between abstract concepts and practical implementations. This
comprehensive guide will explore the fundamental principles of linear algebra, its extensive
applications across various fields, and the significance of the 6th edition of the renowned textbook.
Readers will gain insights into matrix theory, vector spaces, linear transformations, and more, while
also understanding how these concepts are applied in areas such as engineering, computer science,
and economics. This article will also delve into problem-solving techniques and the importance of
linear algebra in modern technology, making it a crucial read for students and professionals alike.
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Introduction to Linear Algebra

Linear algebra is a branch of mathematics that deals with vectors, vector spaces, linear
transformations, and systems of linear equations. It serves as the foundation for many other
mathematical disciplines and has widespread applications in various scientific fields. The 6th edition
of linear algebra textbooks, such as those authored by notable mathematicians, presents updated
content and examples that reflect current trends and technologies. Understanding linear algebra is
essential for students pursuing careers in mathematics, engineering, computer science, and
economics, among others. This section will provide an overview of the basic concepts and the
importance of mastering this subject.

Key Concepts in Linear Algebra

Vectors and Vector Spaces



At the core of linear algebra are vectors, which are mathematical objects that have both magnitude
and direction. Vectors can be represented in various dimensions and are crucial for understanding
multi-dimensional spaces. A vector space is defined as a collection of vectors that can be added
together and multiplied by scalars. Key properties of vector spaces include:

Closure under addition and scalar multiplication.

The existence of additive identity and additive inverses.

Associative and commutative properties of vector addition.

Distributive properties regarding scalar multiplication.

Matrices and Matrix Operations

Matrices are rectangular arrays of numbers that represent linear transformations and can be used to
solve systems of equations. Understanding matrix operations, such as addition, multiplication, and
inversion, is essential for solving linear algebra problems. Some important types of matrices include:

Square matrices

Diagonal matrices

Identity matrices

Sparse matrices

Linear Transformations

A linear transformation is a mapping between vector spaces that preserves the operations of vector
addition and scalar multiplication. These transformations can be represented using matrices, allowing
for a deeper understanding of how data and systems behave under various conditions. Fundamental
properties of linear transformations include:

Linearity: T(u + v) = T(u) + T(v) and T(cu) = cT(u).

The kernel and image of a transformation, which relate to solutions of linear equations.

Invertibility, which is closely tied to the determinant of the transformation's matrix.



Applications of Linear Algebra

Linear Algebra in Computer Science

In computer science, linear algebra is fundamental for various applications, especially in graphics,
machine learning, and data analysis. Techniques such as vector representation of images,
transformations in 3D graphics, and the use of matrices in algorithms are core components of modern
computer science. Notable applications include:

Image processing: Representing images as matrices and performing transformations.

Machine learning: Utilizing linear regression and neural networks, which heavily rely on linear
algebra.

Computer graphics: Transformations and rotations in 3D space using matrices.

Linear Algebra in Engineering

Engineering fields benefit extensively from linear algebra, as it provides tools for modeling and
solving problems related to systems of equations and transformations. Applications in engineering
encompass:

Electrical engineering: Analyzing circuits using systems of linear equations.

Structural engineering: Modeling forces and stresses in structures through matrix methods.

Control systems: Designing and analyzing control systems using state-space representations.

Linear Algebra in Economics

Linear algebra also plays a critical role in economics, particularly in optimization and modeling
economic systems. Economists use linear algebra to analyze supply and demand models, input-output
analysis, and much more. Key applications include:

Input-output models: Representing economic interactions between industries.



Optimization problems: Using linear programming to maximize or minimize functions subject to
constraints.

Game theory: Analyzing strategies and payoffs in economic interactions using matrix
representations.

Conclusion

In summary, linear algebra and its applications 6th edition provide a comprehensive framework for
understanding complex mathematical concepts and their practical applications across various fields.
Mastering linear algebra is essential for students and professionals, as it equips them with crucial
analytical and problem-solving skills. The versatility of linear algebra ensures its relevance in
contemporary research and industry practices, making it a cornerstone of modern mathematics and
science.

FAQ

Q: What is linear algebra?
A: Linear algebra is a branch of mathematics focused on vectors, vector spaces, linear
transformations, and systems of linear equations. It is fundamental in many scientific and engineering
disciplines.

Q: Why is linear algebra important in computer science?
A: Linear algebra is crucial in computer science for tasks such as graphics rendering, machine
learning algorithms, and data processing. It helps in managing and transforming data efficiently.

Q: How does linear algebra apply to engineering?
A: In engineering, linear algebra is used for analyzing structures, simulating electrical circuits, and
optimizing control systems. It provides the mathematical tools necessary to model complex systems.

Q: What are some key concepts in linear algebra?
A: Key concepts include vectors, vector spaces, matrices, matrix operations, and linear
transformations. These concepts form the basis for solving linear equations and understanding multi-
dimensional spaces.



Q: What is a linear transformation?
A: A linear transformation is a function between vector spaces that preserves vector addition and
scalar multiplication, often represented by a matrix. It is essential for analyzing how data changes
under various conditions.

Q: How is linear algebra used in economics?
A: Linear algebra is used in economics for input-output models, optimization problems, and game
theory, helping economists understand and analyze economic interactions and strategies.

Q: What are some applications of matrices in real life?
A: Matrices are used in various real-life applications, including image processing, data analysis,
network theory, and solving systems of equations in engineering and science.

Q: What role does linear algebra play in machine learning?
A: In machine learning, linear algebra underpins algorithms such as linear regression and neural
networks, enabling efficient data representation and manipulation.

Q: What is the significance of the 6th edition of linear algebra
textbooks?
A: The 6th edition of linear algebra textbooks typically includes updated content, examples, and
methodologies that reflect the latest research and trends, making it a valuable resource for learners.
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to consolidate and enhance your understanding of the subject New, modernised applications to
prepare your learning of the most innovative topics, such as machine learning, Artificial Intelligence,
and digital signal processing With an array of exercises and questions to support your learning, this
textbook provides the tools you need to build on your understanding of linear algebra and succeed in
your studies. Also available with MyLab® Math MyLab is the teaching and learning platform that
empowers you to reach every student. By combining trusted author content with digital tools and a
flexible platform, MyLab Math personalises the learning experience and improves results for each
student. If you would like to purchase both the physical text and MyLab® Math, search for:
9781292351353 Linear Algebra and Its Applications, Global Edition, 6th edition plus MyLab Math
with Pearson eText. Package consists of: 9781292351216 Corporate Finance, Global Edition, 5th
Edition 9781292351285 Corporate Finance, Global Edition, 5th Edition MyLab® Math with Pearson
eText MyLab® Math is not included. Students, if MyLab is a recommended/mandatory component of
the course, please ask your instructor for the correct ISBN. MyLab should only be purchased when
required by an instructor. Instructors, contact your Pearson representative for more information.
This title is a Pearson Global Edition. The Editorial team at Pearson has worked closely with
educators around the world to include content, which is especially relevant to students outside the
United States.
  linear algebra and its applications 6th: Linear Algebra and Its Applications, Global
Edition DAVID. LAY LAY (STEVEN. MCDONALD, JUDI.), Steven Lay, Judi McDonald, 2021-07-07
  linear algebra and its applications 6th: Handbook of Linear Algebra Leslie Hogben,
2006-11-02 The Handbook of Linear Algebra provides comprehensive coverage of linear algebra
concepts, applications, and computational software packages in an easy-to-use handbook format.
The esteemed international contributors guide you from the very elementary aspects of the subject
to the frontiers of current research. The book features an accessibl
  linear algebra and its applications 6th: Gareth Williams, 2007-08-17 Linear Algebra with
Applications, Sixth Edition is designed for the introductory course in linear algebra typically offered
at the sophomore level. The new Sixth Edition is reorganized and arranged into three important
parts. Part 1 introduces the basics, presenting the systems of linear equations, vectors in Rn,
matrices, linear transformations, and determinants. Part 2 builds on this material to discuss general
vector spaces, such as spaces of matrices and functions. Part 3 completes the course with many of
the important ideas and methods in Numerical Linear Algebra, such as ill-conditioning, pivoting, and
the LU decomposition. New applications include the role of linear algebra in the operation of the
search engine Google and the global structure of the worldwide air transportation network have
been added as a means of presenting real-world scenarios of the many functions of linear algebra in
modern technology. Clear, Concise, Comprehensive - Linear Algebra with Applications, Sixth Edition
continues to educate and enlighten students, providing a broad exposure to the many facets of the
field.
  linear algebra and its applications 6th: Distributionally Robust Optimization and its
Applications in Power System Energy Storage Sizing Rui Xie, Wei Wei, 2024-05-22 This book
introduces the mathematical foundations of distributionally robust optimization (DRO) for
decision-making problems with ambiguous uncertainties and applies them to tackle the critical
challenge of energy storage sizing in renewable-integrated power systems, providing readers with
an efficient and reliable approach to analyze and design real-world energy systems with
uncertainties. Covering a diverse range of topics, this book starts by exploring the necessity for
energy storage in evolving power systems and examining the benefits of employing distributionally
robust optimization. Subsequently, the cutting-edge mathematical theory of distributionally robust
optimization is presented, including both the general theory and moment-based, KL-divergence, and
Wasserstein-metric distributionally robust optimization theories. The techniques are then applied to
various practical energy storage sizing scenarios, such as stand-alone microgrids, large-scale
renewable power plants, bulk power grids, and multi-carrier energy networks. This book offers clear
explanations and accessible guidance to bridge the gap between advanced optimization methods and



industrial applications. Its interdisciplinary scope makes the book appealing to researchers,
graduate students, and industry professionals working in electrical engineering and operations
research, catering to both beginners and experts.
  linear algebra and its applications 6th: Principles of Linear Algebra with Mathematica
Kenneth M. Shiskowski, Karl Frinkle, 2013-06-07 A hands-on introduction to the theoretical and
computational aspects of linear algebra using Mathematica® Many topics in linear algebra are
simple, yet computationally intensive, and computer algebra systems such as Mathematica® are
essential not only for learning to apply the concepts to computationally challenging problems, but
also for visualizing many of the geometric aspects within this field of study. Principles of Linear
Algebra with Mathematica uniquely bridges the gap between beginning linear algebra and
computational linear algebra that is often encountered in applied settings, and the commands
required to solve complex and computationally challenging problems using Mathematica are
provided. The book begins with an introduction to the commands and programming guidelines for
working with Mathematica. Next, the authors explore linear systems of equations and matrices,
applications of linear systems and matrices, determinants, inverses, and Cramer's rule. Basic linear
algebra topics, such as vectors, dot product, cross product, and vector projection are explored, as
well as a unique variety of more advanced topics including rotations in space, 'rolling' a circle along
a curve, and the TNB Frame. Subsequent chapters feature coverage of linear transformations from
Rn to Rm, the geometry of linear and affine transformations, with an exploration of their effect on
arclength, area, and volume, least squares fits, and pseudoinverses. Mathematica is used to enhance
concepts and is seamlessly integrated throughout the book through symbolic manipulations,
numerical computations, graphics in two and three dimensions, animations, and programming. Each
section concludes with standard problems in addition to problems that were specifically designed to
be solved with Mathematica, allowing readers to test their comprehension of the presented material.
All related Mathematica code is available on a corresponding website, along with solutions to
problems and additional topical resources. Extensively class-tested to ensure an accessible
presentation, Principles of Linear Algebra with Mathematica is an excellent book for courses on
linear algebra at the undergraduate level. The book is also an ideal reference for students and
professionals who would like to gain a further understanding of the use of Mathematica to solve
linear algebra problems.
  linear algebra and its applications 6th: Waters Center for Systems Thinking Advanced
Facilitator Credential Professional Learning Manual Waters Center for Systems Thinking,
2021-06-17
  linear algebra and its applications 6th: Advanced Topics in Linear Algebra Kevin
O'Meara, John Clark, Charles Vinsonhaler, 2011-09-16 This book develops the Weyr matrix canonical
form, a largely unknown cousin of the Jordan form. It explores novel applications, including include
matrix commutativity problems, approximate simultaneous diagonalization, and algebraic geometry.
Module theory and algebraic geometry are employed but with self-contained accounts.
  linear algebra and its applications 6th: Algebraic Models for Accounting Systems
Salvador Cruz Rambaud, 2010 This book describes the construction of algebraic models which
represent the operations of the double entry accounting system. It gives a novel, comprehensive,
proof based treatment of the topic, using such concepts from abstract algebra as automata,
digraphs, monoids and quotient structures.
  linear algebra and its applications 6th: Advanced Intelligent Computing Theories and
Applications De-Shuang Huang, 2007-08-09 This volume, in conjunction with the two volumes CICS
0002 and LNCS 4681, constitutes the refereed proceedings of the Third International Conference on
Intelligent Computing held in Qingdao, China, in August 2007. The 139 full papers published here
were carefully reviewed and selected from among 2,875 submissions. These papers offer important
findings and insights into the field of intelligent computing.
  linear algebra and its applications 6th: The Learning and Teaching of Calculus John
Monaghan, Robert Ely, Márcia M.F. Pinto, Mike Thomas, 2023-09-05 This book is for people who



teach calculus – and especially for people who teach student teachers, who will in turn teach
calculus. The calculus considered is elementary calculus of a single variable. The book interweaves
ideas for teaching with calculus content and provides a reader-friendly overview of research on
learning and teaching calculus along with questions on educational and mathematical discussion
topics. Written by a group of international authors with extensive experience in teaching and
research on learning/teaching calculus both at the school and university levels, the book offers a
variety of approaches to the teaching of calculus so that you can decide the approach for you. Topics
covered include A history of calculus and how calculus differs over countries today Making sense of
limits and continuity, differentiation, integration and the fundamental theorem of calculus (chapters
on these areas form the bulk of the book) The ordering of calculus concepts (should limits come
first?) Applications of calculus (including differential equations) The final chapter looks beyond
elementary calculus. Recurring themes across chapters include whether to take a limit or a
differential/infinitesimal approach to calculus and the use of digital technology in the learning and
teaching of calculus. This book is essential reading for mathematics teacher trainers everywhere.
  linear algebra and its applications 6th: Discrete Wavelet Transformations Patrick J. Van
Fleet, 2011-03-01 An applications first approach to discrete wavelettransformations Discrete
Wavelet Transformations provides readers with a broadelementary introduction to discrete wavelet
transformations andtheir applications. With extensive graphical displays, thisself-contained book
integrates concepts from calculus and linearalgebra into the construction of wavelet transformations
and theirvarious applications, including data compression, edge detection inimages, and signal and
image denoising. The book begins with a cursory look at wavelet transformationdevelopment and
illustrates its allure in digital signal and imageapplications. Next, a chapter on digital image basics,
quantitativeand qualitative measures, and Huffman coding equips readers withthe tools necessary to
develop a comprehensive understanding of theapplications. Subsequent chapters discuss the Fourier
series,convolution, and filtering, as well as the Haar wavelet transformto introduce image
compression and image edge detection. Thedevelopment of Daubechies filtersis presented in
addition tocoverage of wavelet shrinkage in the area of image and signaldenoising. The book
concludes with the construction of biorthogonalfilters and also describes their incorporation in the
JPEG2000image compression standard. The author's applications first approach promotes a
hands-ontreatment of wavelet transforma-tion construction, and over 400exercises are presented in
a multi-part format that guide readersthrough the solution to each problem. Over sixty computer
labs andsoftware development projects provide opportunities for readers towrite modules and
experiment with the ideas discussed throughoutthe text. The author's software package,
DiscreteWavelets, is usedto perform various imaging and audio tasks, compute
wavelettransformations and inverses, and visualize the output of thecomputations. Supplementary
material is also available via thebook's related Web site, which includes an audio and
videorepository, final project modules, and softwarefor reproducingexamples from the book. All
software, including theDiscreteWavelets package, is available for use withMathematica®,
MATLAB®, and Maple. Discrete Wavelet Transformations strongly reinforces the use ofmathematics
in digital data applications, sharpens programmingskills, and provides a foundation for further study
of moreadvanced topics, such as real analysis. This book is ideal forcourses on discrete wavelet
transforms and their applications atthe undergraduate level and also serves as an excellent
referencefor mathematicians, engineers, and scientists who wish to learnabout discrete wavelet
transforms at an elementary level.
  linear algebra and its applications 6th: Engineering Mechanics of Deformable Solids Sanjay
Govindjee, 2012-10-25 This book covers the essential elements of engineering mechanics of
deformable bodies, including mechanical elements in tension-compression, torsion, and bending. It
emphasizes a fundamental bottom up approach to the subject in a concise and uncluttered
presentation. Of special interest are chapters dealing with potential energy as well as principle of
virtual work methods for both exact and approximate solutions. The book places an emphasis on the
underlying assumptions of the theories in order to encourage the reader to think more deeply about



the subject matter. The book should be of special interest to undergraduate students looking for a
streamlined presentation as well as those returning to the subject for a second time.
  linear algebra and its applications 6th: Advanced Engineering Mathematics Alan Jeffrey,
2001-06-19 Advanced Engineering Mathematics provides comprehensive and contemporary
coverage of key mathematical ideas, techniques, and their widespread applications, for students
majoring in engineering, computer science, mathematics and physics. Using a wide range of
examples throughout the book, Jeffrey illustrates how to construct simple mathematical models, how
to apply mathematical reasoning to select a particular solution from a range of possible alternatives,
and how to determine which solution has physical significance. Jeffrey includes material that is not
found in works of a similar nature, such as the use of the matrix exponential when solving systems of
ordinary differential equations. The text provides many detailed, worked examples following the
introduction of each new idea, and large problem sets provide both routine practice, and, in many
cases, greater challenge and insight for students. Most chapters end with a set of computer projects
that require the use of any CAS (such as Maple or Mathematica) that reinforce ideas and provide
insight into more advanced problems. - Comprehensive coverage of frequently used integrals,
functions and fundamental mathematical results - Contents selected and organized to suit the needs
of students, scientists, and engineers - Contains tables of Laplace and Fourier transform pairs - New
section on numerical approximation - New section on the z-transform - Easy reference system
  linear algebra and its applications 6th: Fast Fourier Transform - Algorithms and
Applications K.R. Rao, Do Nyeon Kim, Jae Jeong Hwang, 2011-02-21 This book presents an
introduction to the principles of the fast Fourier transform. This book covers FFTs, frequency
domain filtering, and applications to video and audio signal processing. As fields like
communications, speech and image processing, and related areas are rapidly developing, the FFT as
one of essential parts in digital signal processing has been widely used. Thus there is a pressing
need from instructors and students for a book dealing with the latest FFT topics. This book provides
thorough and detailed explanation of important or up-to-date FFTs. It also has adopted modern
approaches like MATLAB examples and projects for better understanding of diverse FFTs.
  linear algebra and its applications 6th: Handbook of Discrete and Combinatorial
Mathematics Kenneth H. Rosen, 1999-09-28 The importance of discrete and combinatorial
mathematics continues to increase as the range of applications to computer science, electrical
engineering, and the biological sciences grows dramatically. Providing a ready reference for
practitioners in the field, the Handbook of Discrete and Combinatorial Mathematics, Second Edition
presents additional material on Google's matrix, random graphs, geometric graphs, computational
topology, and other key topics. New chapters highlight essential background information on
bioinformatics and computational geometry. Each chapter includes a glossary, definitions, facts,
examples, algorithms, major applications, and references.
  linear algebra and its applications 6th: Finite Element Analysis Sarhan M. Musa, 2023-10-23
Finite Element Analysis, second edition is a comprehensive guide that explores the versatility and
affordability of the finite element method (FEM) as a powerful tool for solving engineering problems
across various industries. This book provides a practical introduction to FEM analysis, covering
applications in mechanical engineering, civil engineering, electrical engineering, and physics. It
presents a balanced blend of theory and applications, catering to both beginners and those seeking
to enhance their FEM skills. The book emphasizes a comparative approach by presenting solutions
to problems through three different methods: analytical, FEM hand calculations, and software-based
methods. This enables readers to grasp the strengths and limitations of each approach, enhancing
their understanding of FEM techniques. FEATURES: Covering mathematical preliminaries to
advanced engineering applications, the book covers a wide range of topics, including axial loaded
members, trusses, beams, stress analysis, thermal analysis, fluid flow analysis, dynamic analysis, and
engineering electromagnetics analysis Includes a comparison of solutions to the problems obtained
by the analytical method, FEM hand calculations, and the software method Includes over 35 solved
problems using software applications such as MATLAB, COMSOL, and ANSYS Features companion



files containing executable models and animations related to each solved problem.
  linear algebra and its applications 6th: Proceedings of AC 2017 Group of authors,
2017-08-10 International Academic Conference in Prague 2017
  linear algebra and its applications 6th: Advanced Engineering Mathematics Lawrence
Turyn, 2013-09-25 Beginning with linear algebra and later expanding into calculus of variations,
Advanced Engineering Mathematics provides accessible and comprehensive mathematical
preparation for advanced undergraduate and beginning graduate students taking engineering
courses. This book offers a review of standard mathematics coursework while effectively integrating
science and engineering throughout the text. It explores the use of engineering applications,
carefully explains links to engineering practice, and introduces the mathematical tools required for
understanding and utilizing software packages. Provides comprehensive coverage of mathematics
used by engineering students Combines stimulating examples with formal exposition and provides
context for the mathematics presented Contains a wide variety of applications and homework
problems Includes over 300 figures, more than 40 tables, and over 1500 equations Introduces useful
MathematicaTM and MATLAB® procedures Presents faculty and student ancillaries, including an
online student solutions manual, full solutions manual for instructors, and full-color figure sides for
classroom presentations Advanced Engineering Mathematics covers ordinary and partial differential
equations, matrix/linear algebra, Fourier series and transforms, and numerical methods. Examples
include the singular value decomposition for matrices, least squares solutions, difference equations,
the z-transform, Rayleigh methods for matrices and boundary value problems, the Galerkin method,
numerical stability, splines, numerical linear algebra, curvilinear coordinates, calculus of variations,
Liapunov functions, controllability, and conformal mapping. This text also serves as a good reference
book for students seeking additional information. It incorporates Short Takes sections, describing
more advanced topics to readers, and Learn More about It sections with direct references for
readers wanting more in-depth information.
  linear algebra and its applications 6th: Convex Optimization Euclidean Distance
Geometry 2e Dattorro, 2015-09-29 Convex Analysis is an emerging calculus of inequalities while
Convex Optimization is its application. Analysis is the domain of the mathematician while
Optimization belongs to the engineer. In layman's terms, the mathematical science of Optimization is
a study of how to make good choices when confronted with conflicting requirements and demands.
The qualifier Convex means: when an optimal solution is found, then it is guaranteed to be a best
solution; there is no better choice. As any convex optimization problem has geometric interpretation,
this book is about convex geometry (with particular attention to distance geometry) and nonconvex,
combinatorial, and geometrical problems that can be relaxed or transformed into convexity. A virtual
flood of new applications follows by epiphany that many problems, presumed nonconvex, can be so
transformed. This is a BLACK & WHITE paperback. A hardcover with full color interior, as originally
conceived, is available at lulu.com/spotlight/dattorro
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start to finish. These mental exercises are designed to break linear thinking habits and encourage
creativity. 设计这些思维训练旨在打破线性思维习
Linear（英语单词）_百度百科 Linear是英语形容词，英式发音为 [ˈlɪniə (r)]，美式发音为 [ˈlɪniər]，主要表示“直线的”“线性的”“长度的”或“连续的”，用于描
述与直线、线性关系相关的属性。
linear是什么意思_linear的翻译_音标_读音_用法_例句_爱词霸在线 爱词霸权威在线词典,为您提供linear的中文意思,linear的用法讲解,linear的读音,linear
的同义词,linear的反义词,linear的例句等英语服务。
LINEAR Definition & Meaning - Merriam-Webster The meaning of LINEAR is of, relating to,
resembling, or having a graph that is a line and especially a straight line : straight. How to use linear
in a sentence
LINEAR 释义 | 柯林斯英语词典 - Collins Online Dictionary A linear process or development is one in which
something changes or progresses straight from one stage to another, and has a starting point and an



ending point
欧路词典|英汉-汉英词典 linear是什么意思_linear的中文解释和发音_linear的翻译_linear 『欧路词典』为您提供linear的用法讲解，告诉您准确全面
的linear的中文意思，linear的读音，linear的同义词，linear的反义词，linear的例句。
Download Linear Download the Linear app for desktop and mobile. Available for Mac, Windows,
iOS, and Android
线性映射 - 维基百科，自由的百科全书   线性映射 （英语： linear map）是 向量空间 之间，保持向量加法和标量乘法的 函数。 线性映射也是向量空间作为模的 同态 [1]。
LINEAR在劍橋英語詞典中的解釋及翻譯 - Cambridge Dictionary A linear equation (= mathematical statement)
describes a situation in which one thing changes at the same rate as another, so that the relationship
between them does not change
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