
linear combination definition linear algebra

linear combination definition linear algebra is a foundational concept within the realm of linear algebra, a
discipline crucial for understanding many aspects of mathematics and its applications in various fields such
as physics, computer science, and economics. At its core, a linear combination involves the summation of
weighted vectors, which can lead to new vectors that reside within the same vector space. This article will
delve into the definition of linear combinations, their properties, examples, and their significance in linear
algebra. Additionally, we will explore related concepts such as vector spaces, span, and applications in real-
world scenarios. This comprehensive exploration will provide readers with a robust understanding of
linear combinations and their role in mathematics.
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Introduction to Linear Combinations
Linear combinations are an essential building block in the study of vectors and vector spaces. In linear
algebra, a linear combination is formed when vectors are combined through scalar multiplication and
addition. This concept is not only central to theoretical mathematics but also plays a critical role in practical
applications, such as solving systems of equations, optimization problems, and more. Understanding linear
combinations helps in grasping more complex topics such as linear independence, basis, and dimension of
vector spaces.



Definition of Linear Combinations
The formal definition of a linear combination is as follows: A linear combination of a finite set of vectors {v₁,
v₂, ..., vₖ} in a vector space is an expression of the form:

c₁v₁ + c₂v₂ + ... + cₖvₖ

where c₁, c₂, ..., cₖ are scalars (real or complex numbers), and v₁, v₂, ..., vₖ are vectors. The result of this
combination is another vector in the same vector space.

Understanding Scalars and Vectors
In the context of linear combinations, scalars are coefficients that multiply the vectors. These scalars can be
any number, including integers, fractions, or irrational numbers. Vectors, on the other hand, are quantities
that have both magnitude and direction, typically represented in coordinate form. The flexibility of
choosing different scalars allows for the generation of a multitude of new vectors from a given set.

Properties of Linear Combinations
Linear combinations have several important properties that are fundamental to the study of linear algebra.
Understanding these properties is crucial for further exploration of vector spaces and their characteristics.

Closure Property
The closure property states that if you take any linear combination of vectors from a vector space, the
resulting vector will also belong to that vector space. This is significant because it ensures that operations
within the space do not lead to results outside of it, maintaining the integrity of the vector space.

Scalability
Another property is scalability, which indicates that scaling a vector by a scalar will still produce a vector
within the same vector space. For example, if v is a vector in vector space V and c is a scalar, then cv is also
in V.

Vector Addition
Linear combinations also highlight the ability to add vectors together. If you have two vectors v₁ and v₂,
their sum (v₁ + v₂) can be seen as a linear combination where both scalars are set to 1.



Examples of Linear Combinations
To better illustrate linear combinations, let’s consider some practical examples.

Example 1: Basic Linear Combination
Suppose we have two vectors in R²:

v₁ = (1, 2) and v₂ = (3, 4).

A linear combination of these vectors could be:

c₁v₁ + c₂v₂ = 2(1, 2) + 3(3, 4) = (2, 4) + (9, 12) = (11, 16).

Here, the scalars c₁ and c₂ are 2 and 3, respectively, demonstrating how different scalars yield a different
resulting vector.

Example 2: Linear Combination in R³
For a three-dimensional example, let:

v₁ = (1, 0, 0), v₂ = (0, 1, 0), and v₃ = (0, 0, 1).

A linear combination of these vectors can be:

c₁v₁ + c₂v₂ + c₃v₃ = 4(1, 0, 0) + 5(0, 1, 0) + 6(0, 0, 1) = (4, 5, 6).

This example shows how we can achieve any point in R³ by adjusting the coefficients of the vectors.

Applications of Linear Combinations
Linear combinations have numerous applications across various fields, showcasing their importance beyond
theoretical mathematics.

Systems of Linear Equations
One of the most critical applications of linear combinations is in solving systems of linear equations. Each
equation can be represented as a linear combination of variables, allowing for systematic approaches to find
solutions, such as matrix methods and the Gaussian elimination technique.

Computer Graphics
In computer graphics, linear combinations are used to blend colors and create transformations of images. By



combining different color vectors, graphics software can render various shades and effects, enhancing the
visual appeal of digital media.

Data Analysis
In statistics and data analysis, linear combinations are utilized in regression analysis, where the aim is to
predict the value of a dependent variable based on the weighted sum of independent variables. This
method is fundamental in machine learning algorithms and econometrics.

Related Concepts in Linear Algebra
Understanding linear combinations paves the way for grasping other essential concepts in linear algebra.

Vector Spaces
A vector space is a collection of vectors that can be scaled and added together following specific rules.
Linear combinations play a significant role in defining the structure and properties of vector spaces, such as
their dimension and basis.

Span of a Set of Vectors
The span of a set of vectors is the collection of all possible linear combinations of those vectors. Determining
the span helps in understanding the reach and limitations of a particular set of vectors within a vector space.

Linear Independence
Linear independence refers to a situation where no vector in a set can be expressed as a linear combination
of the others. This concept is crucial for determining the basis of a vector space and understanding its
dimensionality.

Conclusion
In conclusion, the linear combination definition linear algebra encapsulates a fundamental concept that
serves as a cornerstone for various mathematical applications and principles. From defining vector spaces to
solving equations and analyzing data, linear combinations are prevalent in both theoretical and practical
aspects of mathematics. By mastering the concept of linear combinations, students and professionals can
develop a deeper understanding of linear algebra and its vast implications in numerous fields.



Q: What is a linear combination in simple terms?
A: A linear combination is an expression formed by multiplying vectors by scalars and adding them
together. It represents a way to create new vectors from existing ones in a vector space.

Q: How do you determine if a set of vectors is linearly independent?
A: A set of vectors is linearly independent if no vector in the set can be expressed as a linear combination of
the others. This can be determined by setting up an equation and checking if the only solution is the trivial
one (all scalars are zero).

Q: Can a linear combination result in a zero vector?
A: Yes, a linear combination can result in a zero vector if the scalars chosen are such that they balance the
vectors out. For example, if c₁, c₂, ..., cₖ are chosen to make the sum equal to zero, the result will be the zero
vector.

Q: What are the applications of linear combinations in real life?
A: Linear combinations are used in various fields such as computer graphics for rendering images, in
statistics for regression analysis, and in engineering for solving systems of equations in structural analysis.

Q: How does the concept of span relate to linear combinations?
A: The span of a set of vectors is the collection of all possible linear combinations that can be formed from
those vectors. It represents the extent of the vector space that can be reached using those vectors.

Q: Why are linear combinations important in linear algebra?
A: Linear combinations are essential because they form the basis for many concepts in linear algebra, such as
vector spaces, linear transformations, and systems of equations, making them fundamental to the study of
mathematics.

Q: What is the difference between a linear combination and a linear
transformation?
A: A linear combination involves creating a new vector from a set of vectors using scalars, while a linear



transformation is a function that maps vectors from one vector space to another while preserving the
operations of vector addition and scalar multiplication.

Q: How are linear combinations used in machine learning?
A: In machine learning, linear combinations are used in algorithms like linear regression and support
vector machines, where the goal is to find a linear relationship between input features and target outputs.

Q: Can linear combinations be applied to non-numeric data?
A: While linear combinations are primarily numerical, they can be applied to non-numeric data through
techniques like encoding, where categorical variables are transformed into numeric vectors to enable
mathematical operations.

Q: What tools or methods can help visualize linear combinations?
A: Graphing software and tools such as MATLAB or Python libraries (Matplotlib, NumPy) can help
visualize linear combinations of vectors in 2D and 3D spaces, making it easier to understand their geometric
interpretations.
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examples. The book is structured into four parts, encompassing a total of fifteen chapters. The
inaugural part, titled “Perspectives,” comprises two chapters: an introductory exposition and an
exploration of the conceptual foundations. The second part, “Frameworks”: subdivided into five
chapters, each dedicated to the discussion of five seminal frameworks: probability, statistics,
connectionism, symbolism, and behaviorism. Continuing further, the third part, “Paradigms,”
encompasses four chapters that explain the three paradigms of supervised learning, unsupervised
learning, and reinforcement learning, and narrating several quasi-paradigms emerged in machine
learning. Finally, the fourth part, “Tasks”: comprises four chapters, delving into the prevalent
learning tasks of classification, regression, clustering, and dimensionality reduction. This book
provides a multi-dimensional and systematic interpretation of machine learning, rendering it
suitable as a textbook reference for senior undergraduates or graduate students pursuing studies in
artificial intelligence, machine learning, data science, computer science, and related disciplines.
Additionally, it serves as a valuable reference for those engaged in scientific research and technical
endeavors within the realm of machine learning. The translation was done with the help of artificial
intelligence. A subsequent human revision was done primarily in terms of content.
  linear combination definition linear algebra: Fourier Series, Fourier Transforms, and
Function Spaces Tim Hsu, 2023-12-07 Fourier Series, Fourier Transforms, and Function Spaces is
designed as a textbook for a second course or capstone course in analysis for advanced
undergraduate or beginning graduate students. By assuming the existence and properties of the
Lebesgue integral, this book makes it possible for students who have previously taken only one
course in real analysis to learn Fourier analysis in terms of Hilbert spaces, allowing for both a
deeper and more elegant approach. This approach also allows junior and senior undergraduates to
study topics like PDEs, quantum mechanics, and signal processing in a rigorous manner. Students
interested in statistics (time series), machine learning (kernel methods), mathematical physics
(quantum mechanics), or electrical engineering (signal processing) will find this book useful. With
400 problems, many of which guide readers in developing key theoretical concepts themselves, this
text can also be adapted to self-study or an inquiry-based approach. Finally, of course, this text can
also serve as motivation and preparation for students going on to further study in analysis.
  linear combination definition linear algebra: Mathematical Methods in Data Science Jingli
Ren, Haiyan Wang, 2023-01-06 Mathematical Methods in Data Science covers a broad range of
mathematical tools used in data science, including calculus, linear algebra, optimization, network
analysis, probability and differential equations. Based on the authors' recently published and
previously unpublished results, this book introduces a new approach based on network analysis to
integrate big data into the framework of ordinary and partial differential equations for dataanalysis
and prediction. With data science being used in virtually every aspect of our society, the book
includes examples and problems arising in data science and the clear explanation of advanced
mathematical concepts, especially data-driven differential equations, making it accessible to
researchers and graduate students in mathematics and data science. - Combines a broad spectrum
of mathematics, including linear algebra, optimization, network analysis and ordinary and partial
differential equations for data science - Written by two researchers who are actively applying
mathematical and statistical methods as well as ODE and PDE for data analysis and prediction -
Highly interdisciplinary, with content spanning mathematics, data science, social media analysis,
network science, financial markets, and more - Presents a wide spectrum of topics in a logical order,
including probability, linear algebra, calculus and optimization, networks, ordinary differential and
partial differential equations
  linear combination definition 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.
  linear combination definition linear algebra: Introduction to the Analysis of Metric Spaces
John R. Giles, 1987-09-03 Assuming a basic knowledge of real analysis and linear algebra, the
student is given some familiarity with the axiomatic method in analysis and is shown the power of
this method in exploiting the fundamental analysis structures underlying a variety of applications.
Although the text is titled metric spaces, normed linear spaces are introduced immediately because
this added structure is present in many examples and its recognition brings an interesting link with
linear algebra; finite dimensional spaces are discussed earlier. It is intended that metric spaces be
studied in some detail before general topology is begun. This follows the teaching principle of
proceeding from the concrete to the more abstract. Graded exercises are provided at the end of each
section and in each set the earlier exercises are designed to assist in the detection of the abstract
structural properties in concrete examples while the latter are more conceptually sophisticated.
  linear combination definition linear algebra: Linear Algebra Larry Smith, 1978-03-18 Now
in its third edition, this well-written book deals almost exclusively with real finite-dimensional vector
spaces, but in a setting and formulation that permits easy generalization to abstract vector spaces.
The book offers a compact and mathematically clean introduction to linear algebra with particular
emphasis on topics that are used in the theory of differential equations. 23 illus.
  linear combination definition linear algebra: Mathematics for Machine Learning Marc
Peter Deisenroth, A. Aldo Faisal, Cheng Soon Ong, 2020-04-23 Distills key concepts from linear
algebra, geometry, matrices, calculus, optimization, probability and statistics that are used in
machine learning.
  linear combination definition linear algebra: New Trends in Algebras and
Combinatorics K. P. Shum, 2020
  linear combination definition linear algebra: Linear Algebra , 2000
  linear combination definition linear algebra: Combinatorics Nicholas Loehr, 2017-08-10
Combinatorics, Second Edition is a well-rounded, general introduction to the subjects of
enumerative, bijective, and algebraic combinatorics. The textbook emphasizes bijective proofs,
which provide elegant solutions to counting problems by setting up one-to-one correspondences
between two sets of combinatorial objects. The author has written the textbook to be accessible to
readers without any prior background in abstract algebra or combinatorics. Part I of the second
edition develops an array of mathematical tools to solve counting problems: basic counting rules,
recursions, inclusion-exclusion techniques, generating functions, bijective proofs, and linear
algebraic methods. These tools are used to analyze combinatorial structures such as words,
permutations, subsets, functions, graphs, trees, lattice paths, and much more. Part II cover topics in
algebraic combinatorics including group actions, permutation statistics, symmetric functions, and
tableau combinatorics. This edition provides greater coverage of the use of ordinary and exponential
generating functions as a problem-solving tool. Along with two new chapters, several new sections,
and improved exposition throughout, the textbook is brimming with many examples and exercises of
various levels of difficulty.
  linear combination definition linear algebra: Applied Functional Analysis J. Tinsley Oden,
Leszek Demkowicz, 2017-12-01 Applied Functional Analysis, Third Edition provides a solid
mathematical foundation for the subject. It motivates students to study functional analysis by
providing many contemporary applications and examples drawn from mechanics and science. This
well-received textbook starts with a thorough introduction to modern mathematics before continuing
with detailed coverage of linear algebra, Lebesque measure and integration theory, plus topology
with metric spaces. The final two chapters provides readers with an in-depth look at the theory of



Banach and Hilbert spaces before concluding with a brief introduction to Spectral Theory. The Third
Edition is more accessible and promotes interest and motivation among students to prepare them for
studying the mathematical aspects of numerical analysis and the mathematical theory of finite
elements.
  linear combination definition linear algebra: An Introduction to MATLAB® Programming
and Numerical Methods for Engineers Timmy Siauw, Alexandre Bayen, 2014-04-05 Assuming no
prior background in linear algebra or real analysis, An Introduction to MATLAB® Programming and
Numerical Methods for Engineers enables you to develop good computational problem solving
techniques through the use of numerical methods and the MATLAB® programming environment.
Part One introduces fundamental programming concepts, using simple examples to put new
concepts quickly into practice. Part Two covers the fundamentals of algorithms and numerical
analysis at a level allowing you to quickly apply results in practical settings. - Tips, warnings, and try
this features within each chapter help the reader develop good programming practices - Chapter
summaries, key terms, and functions and operators lists at the end of each chapter allow for quick
access to important information - At least three different types of end of chapter exercises —
thinking, writing, and coding — let you assess your understanding and practice what you've learned
  linear combination definition linear algebra: Understanding in Mathematics Anna
Sierpinska, 2013-01-11 The concept of understanding in mathematics with regard to mathematics
education is considered in this volume. The main problem for mathematics teachers being how to
facilitate their students' understanding of the mathematics being taught. In combining elements of
maths, philosophy, logic, linguistics and the psychology of maths education from her own and
European research, Dr Sierpinska considers the contributions of the social and cultural contexts to
understanding. The outcome is an insight into both mathematics and understanding.
  linear combination definition linear algebra: Applied Functional Analysis, Second
Edition J. Tinsley Oden, Leszek Demkowicz, 2010-03-02 Through numerous illustrative examples
and comments, Applied Functional Analysis, Second Edition demonstrates the rigor of logic and
systematic, mathematical thinking. It presents the mathematical foundations that lead to classical
results in functional analysis. More specifically, the text prepares students to learn the variational
theory of partial differential equations, distributions and Sobolev spaces, and numerical analysis
with an emphasis on finite element methods. While retaining the structure of its best-selling
predecessor, this second edition includes revisions of many original examples, along with new
examples that often reflect the authors’ own vast research experiences and perspectives. This
edition also provides many more exercises as well as a solutions manual for qualifying instructors.
Each chapter begins with an extensive introduction and concludes with a summary and historical
comments that frequently refer to other sources. New to the Second Edition Completely revised
section on lim sup and lim inf New discussions of connected sets, probability, Bayesian statistical
inference, and the generalized (integral) Minkowski inequality New sections on elements of
multilinear algebra and determinants, the singular value decomposition theorem, the Cauchy
principal value, and Hadamard finite part integrals New example of a Lebesgue non-measurable set
Ideal for a two-semester course, this proven textbook teaches students how to prove theorems and
prepares them for further study of more advanced mathematical topics. It helps them succeed in
formulating research questions in a mathematically rigorous way.
  linear combination definition linear algebra: System-level Modeling of MEMS Oliver Brand,
Gary K. Fedder, Christofer Hierold, Jan G. Korvink, Osamu Tabata, 2012-12-20 System-level
modeling of MEMS - microelectromechanical systems - comprises integrated approaches to
simulate, understand, and optimize the performance of sensors, actuators, and microsystems, taking
into account the intricacies of the interplay between mechanical and electrical properties, circuitry,
packaging, and design considerations. Thereby, system-level modeling overcomes the limitations
inherent to methods that focus only on one of these aspects and do not incorporate their mutual
dependencies. The book addresses the two most important approaches of system-level modeling,
namely physics-based modeling with lumped elements and mathematical modeling employing model



order reduction methods, with an emphasis on combining single device models to entire systems. At
a clearly understandable and sufficiently detailed level the readers are made familiar with the
physical and mathematical underpinnings of MEMS modeling. This enables them to choose the
adequate methods for the respective application needs. This work is an invaluable resource for all
materials scientists, electrical engineers, scientists working in the semiconductor and/or sensor
industry, physicists, and physical chemists.
  linear combination definition linear algebra: Essentials of Mathematical Methods in
Science and Engineering Selcuk S. Bayin, 2019-12-04 A comprehensive introduction to the
multidisciplinary applications of mathematical methods, revised and updated The second edition of
Essentials of Mathematical Methods in Science and Engineering offers an introduction to the key
mathematical concepts of advanced calculus, differential equations, complex analysis, and
introductory mathematical physics for students in engineering and physics research. The book’s
approachable style is designed in a modular format with each chapter covering a subject thoroughly
and thus can be read independently. This updated second edition includes two new and extensive
chapters that cover practical linear algebra and applications of linear algebra as well as a computer
file that includes Matlab codes. To enhance understanding of the material presented, the text
contains a collection of exercises at the end of each chapter. The author offers a coherent treatment
of the topics with a style that makes the essential mathematical skills easily accessible to a
multidisciplinary audience. This important text: • Includes derivations with sufficient detail so that
the reader can follow them without searching for results in other parts of the book • Puts the
emphasis on the analytic techniques • Contains two new chapters that explore linear algebra and its
applications • Includes Matlab codes that the readers can use to practice with the methods
introduced in the book Written for students in science and engineering, this new edition of
Essentials of Mathematical Methods in Science and Engineering maintains all the successful
features of the first edition and includes new information.
  linear combination definition linear algebra: First Steps in Differential Geometry
Andrew McInerney, 2013-07-09 Differential geometry arguably offers the smoothest transition from
the standard university mathematics sequence of the first four semesters in calculus, linear algebra,
and differential equations to the higher levels of abstraction and proof encountered at the upper
division by mathematics majors. Today it is possible to describe differential geometry as the study of
structures on the tangent space, and this text develops this point of view. This book, unlike other
introductory texts in differential geometry, develops the architecture necessary to introduce
symplectic and contact geometry alongside its Riemannian cousin. The main goal of this book is to
bring the undergraduate student who already has a solid foundation in the standard mathematics
curriculum into contact with the beauty of higher mathematics. In particular, the presentation here
emphasizes the consequences of a definition and the careful use of examples and constructions in
order to explore those consequences.
  linear combination definition linear algebra: Geometry Through History Meighan I. Dillon,
2018-03-21 Presented as an engaging discourse, this textbook invites readers to delve into the
historical origins and uses of geometry. The narrative traces the influence of Euclid’s system of
geometry, as developed in his classic text The Elements, through the Arabic period, the modern era
in the West, and up to twentieth century mathematics. Axioms and proof methods used by
mathematicians from those periods are explored alongside the problems in Euclidean geometry that
lead to their work. Students cultivate skills applicable to much of modern mathematics through
sections that integrate concepts like projective and hyperbolic geometry with representative
proof-based exercises. For its sophisticated account of ancient to modern geometries, this text
assumes only a year of college mathematics as it builds towards its conclusion with algebraic curves
and quaternions. Euclid’s work has affected geometry for thousands of years, so this text has
something to offer to anyone who wants to broaden their appreciation for the field.
  linear combination definition linear algebra: Teaching Mathematics with Classroom Voting
Kelly Slater Cline, Holly Zullo, 2012 Are you looking for new ways to engage your students?



Classroom voting can be a powerful way to enliven your classroom, by requiring all students to
consider a question, discuss it with their peers, and vote on the answer during class. When used in
the right way, students engage more deeply with the material, and have fun in the process, while
you get valuable feedback when you see how they voted. But what are the best strategies to
integrate voting into your lesson plans? How do you teach the full curriculum while including these
voting events? How do you find the right questions for your students? This collection includes papers
from faculty at institutions across the country, teaching a broad range of courses with classroom
voting, including college algebra, precalculus, calculus, statistics, linear algebra, differential
equations, and beyond. These faculty share their experiences and explain how they have used
classroom voting to engage students, to provoke discussions, and to improve how they teach
mathematics. This volume should be of interest to anyone who wants to begin using classroom
voting as well as people who are already using it but would like to know what others are doing.
While the authors are primarily college-level faculty, many of the papers could also be of interest to
high school mathematics teachers. --Publisher description.
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world-class product teams from the rest: relentless focus, fast execution, and a commitment to the
quality of craft
LINEAR中文 (简体)翻译：剑桥词典 - Cambridge Dictionary Usually, stories are told in a linear way, from
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

Back to Home: http://www.speargroupllc.com

http://www.speargroupllc.com

