
concave calculus

concave calculus is a specialized area of mathematical study that focuses on
the properties and applications of concave functions within calculus. This
discipline explores the implications of concavity in optimization problems,
economic models, and various other fields where decision-making is crucial.
Understanding concave calculus is essential for mathematicians, economists,
and engineers as it helps in analyzing and solving problems involving
maximization and minimization. In this article, we will delve into the
fundamentals of concave calculus, explore its key properties, discuss various
applications, and provide illustrative examples. By the end, readers will
have a comprehensive understanding of concave calculus and its significance
in mathematical analysis.
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Introduction to Concave Calculus

Concave calculus is rooted in the study of concave functions, which are a
type of function where a line segment connecting any two points on the graph
of the function lies below the graph itself. This property is crucial in
various areas of mathematics, particularly in optimization problems where one
seeks to maximize or minimize functions. The study of concave functions
allows mathematicians to determine optimal solutions under certain
constraints, making concave calculus a valuable tool in both theoretical and
applied contexts.

Concave functions are significant in economics, especially in utility theory,
where they represent diminishing returns. This means that as more of a good
is consumed, the additional satisfaction (or utility) derived from consuming
additional units decreases. Understanding these functions helps economists
model consumer behavior and optimize resource allocation.

Moreover, concave calculus is also applicable in engineering and physics,
where it helps in analyzing systems and optimizing performance. By grasping
the principles of concave calculus, professionals in various fields can
enhance their analytical capabilities and improve decision-making processes.

Key Concepts and Definitions



To fully appreciate concave calculus, it is essential to understand several
key concepts and definitions that form the foundation of this area of study.

Concave Functions

A function \( f: R \to R \) is said to be concave if, for any two points \(
x_1 \) and \( x_2 \) in its domain and any \( \lambda \) in the interval [0,
1], the following inequality holds:

\( f(\lambda x_1 + (1 - \lambda)x_2) \geq \lambda f(x_1) + (1 -
\lambda)f(x_2) \)

This definition implies that the second derivative of a concave function is
less than or equal to zero, indicating a downward curvature.

Convex Functions

Conversely, a function is convex if the line segment connecting any two
points on the graph lies above the graph itself. This is an important
distinction because many optimization techniques rely on identifying whether
a function is concave or convex.

Second Derivative Test

The second derivative test is a crucial method for determining the concavity
of a function. If \( f''(x) < 0 \) for all \( x \) in an interval, then \( f
\) is concave on that interval. In contrast, if \( f''(x) > 0 \), the
function is convex.

Properties of Concave Functions

Concave functions exhibit several unique properties that are essential for
their application in calculus and optimization.

Linear Combinations

If \( f \) is a concave function and \( \alpha \) and \( \beta \) are non-
negative weights that sum to one, then the linear combination of functions \(
g \) and \( h \) is also concave:

\( f(\alpha g + \beta h) \geq \alpha f(g) + \beta f(h) \)

This property is crucial in optimization problems where multiple variables
are involved.



Local and Global Maxima

For concave functions, any local maximum is also a global maximum. This
characteristic simplifies the process of finding optimal solutions in
mathematical problems, as it guarantees that the solution found will be the
best possible under the given constraints.

Non-negative Concave Functions

A non-negative concave function is one that remains above the x-axis. These
functions are particularly useful in economic modeling, where negative
outputs may not be feasible.

Applications of Concave Calculus

The applications of concave calculus are vast, spanning various fields such
as economics, engineering, and finance. Below are some prominent
applications:

Economics and Utility Theory

In economics, concave functions are used to model utility functions. A
concave utility function implies diminishing marginal utility, which is a
fundamental concept in consumer theory. Economists use concave calculus to
analyze consumer behavior, determine optimal consumption bundles, and assess
market equilibrium.

Optimization Problems

Concave calculus plays a vital role in optimization problems, especially in
linear programming. Many real-world problems can be formulated as maximizing
or minimizing a concave function subject to certain constraints. This
includes resource allocation, production optimization, and cost minimization.

Game Theory

In game theory, concave functions can represent payoff functions.
Understanding the concavity of these functions helps in predicting the
behavior of players in strategic situations and determining optimal
strategies.

Examples of Concave Calculus

To illustrate the concepts discussed, consider the following examples:



Example 1: Utility Function

Let's take a utility function given by \( U(x) = \sqrt{x} \). To show that
this function is concave, we can calculate its second derivative:

\( U'(x) = \frac{1}{2\sqrt{x}} \)
\( U''(x) = -\frac{1}{4x^{3/2}} < 0 \)

Since the second derivative is negative, we conclude that \( U(x) \) is a
concave function, representing diminishing marginal utility.

Example 2: Profit Maximization

Consider a firm that has a profit function \( \Pi(q) = 100q - 5q^2 \). To
find the maximum profit, we take the first derivative and set it to zero:

\( \Pi'(q) = 100 - 10q = 0 \)
\( q = 10 \)

To confirm that this is a maximum, we check the second derivative:

\( \Pi''(q) = -10 < 0 \)

Since the second derivative is negative, the profit is maximized at \( q = 10
\).

Conclusion

Concave calculus is an essential component of mathematical analysis,
particularly in optimization and economic modeling. By understanding the
properties and applications of concave functions, professionals can make
informed decisions in various fields, from economics to engineering. The
insights gained from concave calculus not only enhance analytical skills but
also provide a robust framework for tackling complex problems. As industries
continue to evolve, the relevance of concave calculus will remain significant
in shaping effective strategies and solutions.

Q: What is a concave function?
A: A concave function is a type of function where the line segment connecting
any two points on the graph lies below the graph itself. Mathematically, this
is defined by the inequality \( f(\lambda x_1 + (1 - \lambda)x_2) \geq
\lambda f(x_1) + (1 - \lambda)f(x_2) \) for any \( x_1 \) and \( x_2 \) in
its domain.

Q: How do you determine if a function is concave?
A: To determine if a function is concave, one can use the second derivative



test. If the second derivative \( f''(x) \) is less than or equal to zero for
all \( x \) in an interval, then the function is concave on that interval.

Q: What are some properties of concave functions?
A: Some properties of concave functions include that any linear combination
of concave functions is also concave, any local maximum is a global maximum,
and concave functions exhibit diminishing marginal returns in economic
contexts.

Q: Where is concave calculus applied?
A: Concave calculus is widely applied in economics, optimization problems,
engineering, and game theory. It is used to model utility functions, maximize
profits, and analyze strategic interactions among players.

Q: Can you give an example of a concave function used
in economics?
A: An example of a concave function used in economics is the utility function
\( U(x) = \sqrt{x} \), which represents diminishing marginal utility as
consumption increases.

Q: How does concave calculus relate to optimization?
A: Concave calculus is crucial for optimization because it helps identify
maximum values of concave functions, ensuring that any local maximum found is
also a global maximum, simplifying the optimization process.

Q: What is the significance of concave functions in
game theory?
A: In game theory, concave functions can represent payoff structures,
allowing analysts to predict outcomes and optimal strategies for players
based on their preferences and utility.

Q: What is the difference between concave and convex
functions?
A: The primary difference between concave and convex functions is their
curvature. A concave function has a downward curvature, where any line
segment between two points lies below the graph, while a convex function has
an upward curvature, with line segments lying above the graph.
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  concave calculus: Calculus Textbook for College and University USA Ibrahim Sikder,
2023-06-04 Calculus Textbook
  concave calculus: The Real Numbers and Real Analysis Ethan D. Bloch, 2011-05-14 This text is
a rigorous, detailed introduction to real analysis that presents the fundamentals with clear
exposition and carefully written definitions, theorems, and proofs. It is organized in a distinctive,
flexible way that would make it equally appropriate to undergraduate mathematics majors who want
to continue in mathematics, and to future mathematics teachers who want to understand the theory
behind calculus. The Real Numbers and Real Analysis will serve as an excellent one-semester text
for undergraduates majoring in mathematics, and for students in mathematics education who want a
thorough understanding of the theory behind the real number system and calculus.
  concave calculus: Calculus in 5 Hours: Concepts Revealed so You Don't Have to Sit Through a
Semester of Lectures Dennis Jarecke, 2018-02-12 Students often struggle to understand Calculus
and get through their first Calculus course. And to make things worse, many popular textbooks
reach a whopping 1,000 pages to introduce this crucial subject, needlessly frustrating and
overwhelming students. Calculus in 5 Hours develops the confidence you need in approximately 124
pages. You may not realize it, but you're smarter than you think you are. The problem is that
assigned textbooks give exhaustive explanations of every proof and theorem in Calculus. But too
many details can impair learning - especially when you're learning something for the first time -
creating doubt and uncertainty in your ability to understand. What's needed is a straightforward
guide to give you the basic concepts. Calculus in 5 Hours is a good companion to any Calculus
course and an excellent resource for refreshing your knowledge of the subject. Here's what it can do
for you: * Organize your understanding of Calculus for quick and easy recall on tests and homework
assignments * Present straightforward drawings that demonstrate concepts with minimal effort on
your part * Highlight simple examples without burdening you with useless details Calculus in 5
Hours covers roughly 75% of a first-semester course and leaves out the extra material that adds
little value in learning Calculus itself. So, if you need a comprehensive textbook that goes through
every detail of Calculus, then this book is not for you. Instead, you'll get a straightforward and
simple explanation of Calculus that can be absorbed in less than a day, strengthening your
knowledge and confidence at the same time. This allows you to focus on what's truly important -
gaining knowledge and achievement as fast as possible. Get Calculus in 5 Hours to shorten your
learning curve and gain the understanding you need to be successful today.
  concave calculus: Managing Business Interfaces Amiya K. Chakravarty, Jehoshua Eliashberg,
2005-03-29 Amiya Chakravarty is a big name in production manufacturing and Josh Eliashberg is a
huge name in marketing. This is one of the first books that examines the interface of Marketing and
Production, with the chapters written by well-known people in the field. Hardcover version
published in December 2003.
  concave calculus: Semiconcave Functions, Hamilton-Jacobi Equations, and Optimal
Control Piermarco Cannarsa, Carlo Sinestrari, 2007-12-31 Semiconcavity is a natural generalization
of concavity that retains most of the good properties known in convex analysis, but arises in a wider
range of applications. This text is the first comprehensive exposition of the theory of semiconcave
functions, and of the role they play in optimal control and Hamilton-Jacobi equations. The first part
covers the general theory, encompassing all key results and illustrating them with significant
examples. The latter part is devoted to applications concerning the Bolza problem in the calculus of
variations and optimal exit time problems for nonlinear control systems. The exposition is essentially
self-contained since the book includes all prerequisites from convex analysis, nonsmooth analysis,
and viscosity solutions.
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  concave calculus: The Basics of Practical Optimization Adam B. Levy, 2022-11-22
Optimization is presented in most multivariable calculus courses as an application of the gradient,
and while this treatment makes sense for a calculus course, there is much more to the theory of
optimization. Optimization problems are generated constantly, and the theory of optimization has
grown and developed in response to the challenges presented by these problems. This textbook aims
to show readers how optimization is done in practice and help them to develop an appreciation for
the richness of the theory behind the practice. Exercises, problems (including modeling and
computational problems), and implementations are incorporated throughout the text to help
students learn by doing. Python notes are inserted strategically to help readers complete
computational problems and implementations. The Basics of Practical Optimization, Second Edition
is intended for undergraduates who have completed multivariable calculus, as well as anyone
interested in optimization. The book is appropriate for a course that complements or replaces a
standard linear programming course.
  concave calculus: Elementary Real Analysis Brian S. Thomson, Andrew M. Bruckner, Judith
B. Bruckner, 2008 This is the second edition of the title originally published by Prentice Hall
(Pearson) in 2001. Here is the reference information for the first edition:[TBB] Elementary Real
Analysis, Brian S. Thomson, Judith B. Bruckner,Andrew M. Bruckner. Prentice-Hall, 2001, xv 735 pp.
[ISBN 0-13-019075-61]The present title contains Chapters 1-8. The full version containing all of the
chapters is also available as a trade paperback. A hypertexted PDF file of the entire text is available
free for download on www.classicalrealanalysis.com.Chapter 1. Real NumbersChapter 2.
SequencesChapter 3. Infinite sumsChapter 4. Sets of real numbersChapter 5. Continuous
functionsChapter 6. More on continuous functions and setsChapter 7. DifferentiationChapter 8. The
integral
  concave calculus: A Mathematical Introduction to Fluid Mechanics A. J. Chorin, J. E. Marsden,
2012-12-06 These notes are based on a one-quarter (i. e. very short) course in fluid mechanics
taught in the Department of Mathematics of the University of California, Berkeley during the Spring
of 1978. The goal of the course was not to provide an exhaustive account of fluid mechanics, nor to
assess the engineering value of various approxima tion procedures. The goals were: (i) to present
some of the basic ideas of fluid mechanics in a mathematically attractive manner (which does not
mean fully rigorous); (ii) to present the physical back ground and motivation for some constructions
which have been used in recent mathematical and numerical work on the Navier-Stokes equations
and on hyperbolic systems; (iil. ) 'to interest some of the students in this beautiful and difficult
subject. The notes are divided into three chapters. The first chapter contains an elementary
derivation of the equations; the concept of vorticity is introduced at an early stage. The second
chapter contains a discussion of potential flow, vortex motion, and boundary layers. A construction
of boundary layers using vortex sheets and random walks is presented; it is hoped that it helps to
clarify the ideas. The third chapter contains an analysis of one-dimensional gas iv flow, from a mildly
modern point of view. Weak solutions, Riemann problems, Glimm's scheme, and combustion waves
are discussed. The style is informal and no attempt was made to hide the authors' biases and
interests.
  concave calculus: ,
  concave calculus: Linear Programming 1 George B. Dantzig, Mukund N. Thapa, 2006-04-06
Encompassing all the major topics students will encounter in courses on the subject, the authors
teach both the underlying mathematical foundations and how these ideas are implemented in
practice. They illustrate all the concepts with both worked examples and plenty of exercises, and, in
addition, provide software so that students can try out numerical methods and so hone their skills in
interpreting the results. As a result, this will make an ideal textbook for all those coming to the
subject for the first time. Authors' note: A problem recently found with the software is due to a bug
in Formula One, the third party commercial software package that was used for the development of
the interface. It occurs when the date, currency, etc. format is set to a non-United States version.
Please try setting your computer date/currency option to the United States option . The new version



of Formula One, when ready, will be posted on WWW.
  concave calculus: The Theory of Fractional Powers of Operators C. Martinez, M. Sanz,
2001-01-17 This book makes available to researchers and advanced graduates a simple and direct
presentation of the fundamental aspects of the theory of fractional powers of non-negative
operators, which have important links with partial differential equations and harmonic analysis. For
the first time ever, a book deals with this subject monographically, despite the large number of
papers written on it during the second half of the century. The first chapters are concerned with the
construction of a basic theory of fractional powers and study the classic questions in that respect. A
new and distinct feature is that the approach adopted has allowed the extension of this theory to
locally convex spaces, thereby including certain differential operators, which appear naturally in
distribution spaces. The bulk of the second part of the book is dedicated to powers with pure
imaginary exponents, which have been the focus of research in recent years, ever since the
publication in 1987 of the now classic paper by G.Dore and A.Venni. Special care has been taken to
give versions of the results with more accurate hypotheses, particularly with respect to the density
of the domain or the range of the operator. The authors have made a point of making the text clear
and self-contained. Accordingly, an extensive appendix contains the material on real and functional
analysis used and, at the end of each chapter there are detailed historical and bibliographical notes
in order to understand the development and current state of research into the questions dealt with.
  concave calculus: Introduction to Real Analysis William C. Bauldry, 2011-09-09 An
accessible introduction to real analysis and its connectionto elementary calculus Bridging the gap
between the development and history of realanalysis, Introduction to Real Analysis: An
EducationalApproach presents a comprehensive introduction to real analysiswhile also offering a
survey of the field. With its balance ofhistorical background, key calculus methods, and
hands-onapplications, this book provides readers with a solid foundationand fundamental
understanding of real analysis. The book begins with an outline of basic calculus, including aclose
examination of problems illustrating links and potentialdifficulties. Next, a fluid introduction to real
analysis ispresented, guiding readers through the basic topology of realnumbers, limits, integration,
and a series of functions in naturalprogression. The book moves on to analysis with more
rigorousinvestigations, and the topology of the line is presented alongwith a discussion of limits and
continuity that includes unusualexamples in order to direct readers' thinking beyond
intuitivereasoning and on to more complex understanding. The dichotomy ofpointwise and uniform
convergence is then addressed and is followedby differentiation and integration. Riemann-Stieltjes
integrals andthe Lebesgue measure are also introduced to broaden the presentedperspective. The
book concludes with a collection of advancedtopics that are connected to elementary calculus, such
as modelingwith logistic functions, numerical quadrature, Fourier series, andspecial functions.
Detailed appendices outline key definitions and theorems inelementary calculus and also present
additional proofs, projects,and sets in real analysis. Each chapter references historicalsources on
real analysis while also providing proof-orientedexercises and examples that facilitate the
development ofcomputational skills. In addition, an extensive bibliographyprovides additional
resources on the topic. Introduction to Real Analysis: An Educational Approach isan ideal book for
upper- undergraduate and graduate-level realanalysis courses in the areas of mathematics and
education. It isalso a valuable reference for educators in the field of appliedmathematics.
  concave calculus: Game Theory Explained: A Mathematical Introduction With
Optimization Christopher H Griffin, 2025-02-27 This book provides an introduction to the
mathematical theory of games using both classical methods and optimization theory. Employing a
theorem-proof-example approach, the book emphasizes not only results in game theory, but also how
to prove them.Part 1 of the book focuses on classical results in games, beginning with an
introduction to probability theory by studying casino games and ending with Nash's proof of the
existence of mixed strategy equilibria in general sum games. On the way, utility theory, game trees
and the minimax theorem are covered with several examples. Part 2 introduces optimization theory
and the Karush-Kuhn-Tucker conditions and illustrates how games can be rephrased as optimization



problems, thus allowing Nash equilibria to be computed. Part 3 focuses on cooperative games. In
this unique presentation, Nash bargaining is recast as a multi-criteria optimization problem and the
results from linear programming and duality are revived to prove the classic Bondareva-Shapley
theorem. Two appendices covering prerequisite materials are provided, and a 'bonus' appendix with
an introduction to evolutionary games allows an instructor to swap out some classical material for a
modern, self-contained discussion of the replicator dynamics, the author's particular area of study.
  concave calculus: Nda/Na National Defence Academy & Naval Academy Entrance Examination
Guide Team Prabhat, 2023-06-17 Welcome to the essential guide for aspiring candidates, the
NDA/NA National Defence Academy & Naval Academy Entrance Examination Guide by Team
Prabhat, your comprehensive companion for achieving success in one of the most prestigious
military entrance exams. Prepare to embark on a journey towards a distinguished career in the
armed forces with this meticulously crafted guide. Packed with invaluable insights, expert tips, and
comprehensive study materials, this book equips you with everything you need to excel in the
NDA/NA entrance examination. Join thousands of aspirants who have relied on Team Prabhat's
expertise to navigate the complexities of the exam with confidence and competence. From detailed
subject-wise coverage to practice questions and mock tests, this guide offers a holistic approach to
exam preparation, ensuring you're fully prepared for the challenges that lie ahead. Gain a deeper
understanding of the exam's syllabus and structure as Team Prabhat breaks down key concepts and
topics in a clear and concise manner. Whether you're tackling mathematics, general ability, or
English, you'll find targeted guidance and strategies to maximize your score and outshine the
competition. Discover the secrets to success as Team Prabhat shares proven techniques for time
management, problem-solving, and exam strategy. With their expert advice at your fingertips, you'll
approach the exam with confidence and poise, ready to tackle any question that comes your way.
The NDA/NA National Defence Academy & Naval Academy Entrance Examination Guide has
garnered praise from students and educators alike for its comprehensive coverage and user-friendly
approach. Its reputation as the go-to resource for NDA/NA exam preparation makes it an
indispensable tool for anyone serious about pursuing a career in the armed forces. As you dive into
the pages of this guide, you'll find yourself empowered and inspired to reach for your dreams of
serving your country with honor and distinction. Let Team Prabhat be your guide on the path to
success, and take the first step towards a rewarding career in the military. Don't miss your chance to
ace the NDA/NA entrance examination and secure your place in the prestigious National Defence
Academy or Naval Academy. With the NDA/NA National Defence Academy & Naval Academy
Entrance Examination Guide by your side, you'll be well-equipped to rise to the challenge and
achieve your goals.
  concave calculus: NDA/NA National Defence Academy & Naval Academy Entrance
Examination Guide 2025 | Mathematics & General Ability Test: 8000+ MCQs With Latest
Solved Papers | Detailed Theory with Practice Questions Team Prabhat, 2025-07-11 NDA/NA
National Defence Academy & Naval Academy Entrance Exam Guide 2025 | Mathematics & General
Ability Test | 8000+ MCQs, Latest Solved Papers, Detailed Theory & Practice Questions Key
Features : Comprehensive NDA/NA 2025 Guide: Covers Mathematics and General Ability Test (GAT)
sections as per the latest UPSC syllabus and pattern. 8000+ MCQs for Practice: Topic-wise multiple
choice questions designed to reinforce key concepts and improve exam readiness. Latest Solved
Papers Included: Features the most recent solved papers with detailed explanations to help you
understand trends and question formats. In-Depth Theory + Practice Sets: Conceptual clarity
through detailed notes, formulas, shortcuts, and application-based practice questions. Ideal for
Self-Study: A perfect resource for NDA/NA aspirants looking to crack the written exam with
confidence.
  concave calculus: Elementary Functions Andrei Bourchtein, Ludmila Bourchtein, 2023-05-31
This textbook focuses on the study of different kinds of elementary functions ubiquitous both in high
school Algebra and Calculus. To analyze the functions ranging from polynomial to trigonometric
ones, it uses rudimentary techniques available to high school students, and at the same time follows



the mathematical rigor appropriate for university level courses. Contrary to other books of
Pre-Calculus, this textbook emphasizes the study of elementary functions with rigor appropriate for
university level courses in mathematics, although the exposition is confined to the pre-limit topics
and techniques. This makes the book useful, on the one hand, as an introduction to mathematical
reasoning and methods of proofs in mathematical analysis, and on the other hand, as a preparatory
course on the properties of different kinds of elementary functions. The textbook is aimed at
university freshmen and high-school students interested in learning strict mathematical reasoning
and in preparing a solid base for subsequent study of elementary functions at advanced level of
Calculus and Analysis. The required prerequisites correspond to the level of the high school Algebra.
All the preliminary concepts and results related to the elementary functions are covered in the initial
part of the text. This makes the textbook suitable for both classroom use and self-study.
  concave calculus: Encyclopaedia of Mathematics Michiel Hazewinkel, 2013-12-01 This
ENCYCLOPAEDIA OF MATHEMATICS aims to be a reference work for all parts of mathe matics. It
is a translation with updates and editorial comments of the Soviet Mathematical Encyclopaedia
published by 'Soviet Encyclopaedia Publishing House' in five volumes in 1977-1985. The annotated
translation consists of ten volumes including a special index volume. There are three kinds of
articles in this ENCYCLOPAEDIA. First of all there are survey-type articles dealing with the various
main directions in mathematics (where a rather fine subdivi sion has been used). The main
requirement for these articles has been that they should give a reasonably complete up-to-date
account of the current state of affairs in these areas and that they should be maximally accessible.
On the whole, these articles should be understandable to mathematics students in their first
specialization years, to graduates from other mathematical areas and, depending on the specific
subject, to specialists in other domains of science, en gineers and teachers of mathematics. These
articles treat their material at a fairly general level and aim to give an idea of the kind of problems,
techniques and concepts involved in the area in question. They also contain background and
motivation rather than precise statements of precise theorems with detailed definitions and
technical details on how to carry out proofs and constructions. The second kind of article, of medium
length, contains more detailed concrete problems, results and techniques.
  concave calculus: The Medical News , 1894
  concave calculus: Advanced Linear Algebra Nicholas Loehr, 2014-04-10 Designed for
advanced undergraduate and beginning graduate students in linear or abstract algebra, Advanced
Linear Algebra covers theoretical aspects of the subject, along with examples, computations, and
proofs. It explores a variety of advanced topics in linear algebra that highlight the rich
interconnections of the subject to geometry, algebra,
  concave calculus: Numerical Methods and Analysis with Mathematical Modelling William P.
Fox, Richard D. West, 2024-08-07 What sets Numerical Methods and Analysis with Mathematical
Modelling apart are the modelling aspects utilizing numerical analysis (methods) to obtain solutions.
The authors cover first the basic numerical analysis methods with simple examples to illustrate the
techniques and discuss possible errors. The modelling prospective reveals the practical relevance of
the numerical methods in context to real-world problems. At the core of this text are the real-world
modelling projects. Chapters are introduced and techniques are discussed with common examples. A
modelling scenario is introduced that will be solved with these techniques later in the chapter.
Often, the modelling problems require more than one previously covered technique presented in the
book. Fundamental exercises to practice the techniques are included. Multiple modelling scenarios
per numerical methods illustrate the applications of the techniques introduced. Each chapter has
several modelling examples that are solved by the methods described within the chapter. The use of
technology is instrumental in numerical analysis and numerical methods. In this text, Maple, Excel,
R, and Python are illustrated. The goal is not to teach technology but to illustrate its power and
limitations to perform algorithms and reach conclusions. This book fulfills a need in the education of
all students who plan to use technology to solve problems whether using physical models or true
creative mathematical modeling, like discrete dynamical systems.
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Concavity & inflection points challenge - Khan Academy Review your understanding of
concavity and inflection points with some challenge problems
Applying derivatives to analyze functions | Khan Academy The first derivative tells us where a
function increases or decreases or has a maximum or minimum value; the second derivative tells us
where a function is concave up or down and
Inflection points review (article) | Khan Academy Review your knowledge of inflection points
and how we use differential calculus to find them
Justification using second derivative (article) | Khan Academy "Calculus-based reasoning"
with the second derivative of a function can be used to justify claims about the concavity of the
original function and about its inflection points
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