
critical points multivariable calculus

critical points multivariable calculus are fundamental concepts in the study of
functions involving several variables. These points are where the behavior of a
multivariable function changes, such as local maxima, minima, or saddle points.
Understanding critical points in multivariable calculus is essential for analyzing surfaces,
optimizing functions, and solving applied mathematical problems across physics,
engineering, economics, and more. This article delves into the definition, identification,
and classification of critical points, including the use of gradients, Hessians, and second
derivative tests. Additionally, it explores practical examples and common challenges
encountered when dealing with critical points in multivariable functions. The
comprehensive discussion aims to equip readers with a thorough grasp of this key topic
and its applications in advanced calculus contexts.
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Definition and Importance of Critical Points
In multivariable calculus, critical points are points in the domain of a function where the
function's rate of change is zero or undefined. More precisely, for a function f(x, y, ...), a
critical point occurs where the gradient vector of f equals the zero vector or does not
exist. These points are crucial because they often correspond to local maxima, local
minima, or saddle points, which describe the function's key features and behaviors.
Identifying critical points allows mathematicians and scientists to understand the topology
of surfaces and optimize multivariable functions effectively. This concept extends the idea
of stationary points from single-variable calculus to higher dimensions, accommodating
the complexity of multivariate domains.

Why Critical Points Matter
Critical points provide insights into the function's geometry and are essential in
optimization problems where one seeks to maximize or minimize a function subject to
certain conditions. They also play a significant role in fields such as physics, where
potential energy surfaces are analyzed, and economics, where profit or cost functions



depend on multiple variables. Recognizing and classifying these points helps reveal the
function's structure and guides further analysis.

Finding Critical Points in Multivariable Functions
Locating critical points in functions of multiple variables involves analyzing the function's
partial derivatives. The process requires setting the gradient vector equal to zero and
solving the resulting system of equations to find candidate points. This step is the
foundation for further classification and analysis.

Gradient Vector and Its Role
The gradient vector, denoted as ∇f, consists of all first-order partial derivatives of the
function. For a function f(x, y), the gradient is:

∇f(x, y) = (fx(x, y), fy(x, y))

Here, fx and fy represent the partial derivatives with respect to x and y, respectively.
Critical points occur where both partial derivatives are zero or do not exist.

Steps to Find Critical Points
To identify critical points of a function f(x, y), follow these steps:

Compute the first-order partial derivatives fx and fy.1.

Set each partial derivative equal to zero: fx(x, y) = 0 and fy(x, y) = 0.2.

Solve the simultaneous equations for x and y.3.

Identify points where the gradient does not exist by analyzing the domain and4.
continuity of the partial derivatives.

These solutions are the candidate critical points for further classification.

Classification of Critical Points
Once critical points are found, classifying their nature is vital to understanding the
function's behavior at these points. Critical points can be local maxima, local minima, or
saddle points, each exhibiting distinct characteristics.

Types of Critical Points



Local Maximum: A point where the function attains a value greater than all nearby
points.

Local Minimum: A point where the function attains a value smaller than all nearby
points.

Saddle Point: A point that is neither a local maximum nor minimum but where the
function changes direction, resembling a saddle shape.

Correct classification is essential for applications in optimization and modeling.

Second Derivative Test and the Hessian Matrix
The second derivative test in multivariable calculus extends the single-variable concept by
using the Hessian matrix, which contains all second-order partial derivatives. This test
provides a practical tool for classifying critical points.

The Hessian Matrix Explained
For a function f(x, y), the Hessian matrix H is defined as:

H(x, y) =

\[
\begin{bmatrix}
f_{xx}(x, y) & f_{xy}(x, y) \\
f_{yx}(x, y) & f_{yy}(x, y)
\end{bmatrix}
\]

where fxx, fyy are the second partial derivatives with respect to x and y, and fxy, fyx are the
mixed partial derivatives. Under appropriate conditions, fxy = fyx.

Applying the Second Derivative Test
The nature of a critical point at (x0, y0) can be determined by evaluating the Hessian
matrix at that point. Define the determinant of the Hessian as:

D = f_{xx}(x_0, y_0) \cdot f_{yy}(x_0, y_0) - [f_{xy}(x_0, y_0)]^2

The classification rules are:

If D > 0 and f_{xx}(x_0, y_0) > 0, the critical point is a local minimum.

If D > 0 and f_{xx}(x_0, y_0) < 0, the critical point is a local maximum.



If D < 0, the critical point is a saddle point.

If D = 0, the test is inconclusive, and other methods must be used.

This test is a reliable method for classifying critical points in twice-differentiable
functions.

Examples and Applications in Multivariable
Calculus
Practical examples are invaluable for understanding the identification and classification of
critical points in multivariable calculus. Functions of two variables provide clear
illustrations of these principles.

Example: Finding and Classifying Critical Points
Consider the function f(x, y) = x^3 - 3xy^2. To find critical points:

Calculate partial derivatives:1.

f_x = 3x^2 - 3y^2

f_y = -6xy

Set derivatives equal to zero:2.

3x^2 - 3y^2 = 0 → x^2 = y^2

-6xy = 0 → x = 0 or y = 0

Find candidate points:3.

If x = 0, then from x^2 = y^2, y = 0.

If y = 0, then x^2 = 0 → x = 0.

Also, x^2 = y^2 implies y = ±x, so points on lines y = x and y = -x are
considered where derivatives vanish.

The critical points are at (0, 0).



Next, compute the Hessian matrix at (0, 0):

f_{xx} = 6x → 0

f_{yy} = -6x → 0

f_{xy} = f_{yx} = -6y → 0

With D = (0)(0) - (0)^2 = 0, the second derivative test is inconclusive. Further analysis
shows (0, 0) is a saddle point.

Applications in Optimization and Modeling
Critical points in multivariable calculus are pivotal in optimization problems, such as
maximizing profit or minimizing cost in economics, optimizing design parameters in
engineering, and analyzing equilibrium points in physics. Identifying and classifying these
points assists in understanding system behavior and making informed decisions based on
mathematical models.

Common Challenges and Considerations
While the theory of critical points in multivariable calculus is well-established, practical
challenges may arise during analysis. These include difficulties in solving nonlinear
systems, inconclusive second derivative tests, and handling functions with non-
differentiable points.

Challenges in Finding Critical Points
Finding critical points often requires solving complex systems of equations, which may be
nonlinear and have multiple or no solutions. Analytical solutions might not always be
feasible, necessitating numerical methods or approximation techniques. Additionally,
functions may have critical points where derivatives do not exist, requiring careful domain
analysis.

Limitations of the Second Derivative Test
The second derivative test relies on the Hessian determinant. When the determinant is
zero, the test cannot classify the critical point, requiring alternative approaches such as
higher-order derivative tests or geometric analysis. It is also important to verify that the
function is sufficiently smooth (twice differentiable) for the test to apply.



Considerations for Boundary Points
In constrained optimization, critical points may occur on the boundary of the domain
rather than in the interior. These points require separate analysis using methods like
Lagrange multipliers or examining the behavior of the function along the boundary.

Frequently Asked Questions

What are critical points in multivariable calculus?
Critical points in multivariable calculus are points in the domain of a function where the
gradient vector is zero or undefined. These points are potential locations for local maxima,
local minima, or saddle points.

How do you find critical points of a function of two
variables?
To find critical points of a function f(x,y), you first compute the partial derivatives f_x and
f_y. Then, solve the system of equations f_x(x,y) = 0 and f_y(x,y) = 0. Points where these
derivatives are zero or do not exist are critical points.

What is the role of the Hessian matrix in classifying
critical points?
The Hessian matrix, which contains the second-order partial derivatives of a function, is
used to classify critical points. By evaluating the Hessian at a critical point, you can
determine if it is a local minimum, local maximum, or saddle point based on the
definiteness of the Hessian matrix.

Can critical points be saddle points, and how are they
identified?
Yes, critical points can be saddle points. A saddle point occurs when the Hessian matrix at
the critical point is indefinite (i.e., it has both positive and negative eigenvalues),
indicating that the point is neither a local maximum nor minimum.

Why might a function have critical points where the
gradient does not exist?
A function may have critical points where the gradient does not exist if the function is not
differentiable at those points. Such points are still critical because they can correspond to
local extrema or saddle points, so they must be analyzed carefully.



Additional Resources
1. Calculus: Early Transcendentals by James Stewart
This widely used textbook offers comprehensive coverage of multivariable calculus,
including detailed discussions on critical points, gradients, and optimization problems.
Stewart’s clear explanations and numerous examples make complex topics accessible to
students. The book also includes a variety of exercises that reinforce understanding of
critical points in multiple dimensions.

2. Multivariable Calculus by Ron Larson and Bruce Edwards
Larson and Edwards provide a thorough exploration of multivariable calculus concepts,
with a strong focus on critical points and their classification using second derivative tests.
The text balances theory and application, helping readers to visualize and solve problems
involving maxima, minima, and saddle points. Its step-by-step approach is ideal for
mastering optimization in higher dimensions.

3. Vector Calculus, Linear Algebra, and Differential Forms: A Unified Approach by John H.
Hubbard and Barbara Burke Hubbard
This advanced textbook integrates multivariable calculus with linear algebra, offering
deep insights into critical points and their role in optimization and differential forms. The
authors emphasize geometric intuition and rigorous proofs, making it suitable for students
seeking a solid theoretical foundation. Critical point analysis is explored in the context of
manifold theory and vector fields.

4. Advanced Calculus by Patrick M. Fitzpatrick
Fitzpatrick’s book covers multivariable calculus with an emphasis on the theoretical
underpinnings of critical points and extrema. It includes detailed proofs and problem sets
that challenge readers to develop a deeper understanding of critical point criteria and
their applications. The text is particularly useful for students interested in pure
mathematics or advanced studies.

5. Calculus on Manifolds: A Modern Approach to Classical Theorems of Advanced Calculus
by Michael Spivak
Spivak’s classic text provides a concise yet rigorous treatment of multivariable calculus,
including the study of critical points from a differential geometric perspective. The book is
known for its clarity and depth, ideal for readers who want to explore the theoretical
aspects of critical points beyond computational methods. It connects critical points to
broader themes in analysis and topology.

6. Introduction to Calculus and Analysis, Volume II by Richard Courant and Fritz John
This volume delves into multivariable calculus with a focus on critical points, including
techniques for finding and classifying them in multiple variables. Courant and John blend
intuitive explanations with rigorous mathematics, making the material accessible yet
thorough. The book also covers applications to physics and engineering, illustrating the
practical importance of critical points.

7. Multivariable Mathematics by Theodore Shifrin
Shifrin’s textbook offers a comprehensive introduction to multivariable calculus, linear
algebra, and differential equations, with detailed sections on critical points and
optimization. The author places strong emphasis on geometric interpretation and
visualization, helping readers understand the nature of critical points in multiple



dimensions. Exercises range from straightforward computations to challenging proofs.

8. Mathematical Analysis II by Vladimir A. Zorich
Part of a two-volume series, this book provides an in-depth exploration of multivariable
calculus, including critical point theory and methods for determining extrema. Zorich’s
exposition is rigorous and detailed, suitable for advanced undergraduates and graduate
students. The text covers the use of Hessians and Lagrange multipliers in critical point
analysis.

9. Elements of Calculus and Analytic Geometry by George B. Thomas Jr. and Ross L.
Finney
This classic text covers fundamental topics in multivariable calculus, including a clear
presentation of critical points and their classification. Thomas and Finney’s methodical
approach and numerous worked examples help build a solid foundation in both theory and
application. The book remains a reliable resource for understanding critical points in the
context of analytic geometry.
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  critical points multivariable calculus: Multivariable Calculus L. Corwin, 1982-01-29 This
book provides an introduction to calculus of functions of several variables. It covers the notions
including continuity, differentiation, multiple integrals, line and surface integrals, differential forms,
and infinite series. The book is intended for use in an advanced calculus course.
  critical points multivariable calculus: Multivariable Calculus David Damiano, Margaret
Freije, 2012 Written for mathematics, science, and engineering majors who have completed the
traditional two-term course in single variable calculus, Multivariable Calculus bridges the gap
between mathematical concepts and their real-world applications outside of mathematics. The ideas
of multivariable calculus are presented in a context that is informed by their non-mathematical
applications. It incorporates collaborative learning strategies and the sophisticated use of
technology, which asks students to become active participants in the development of their own
understanding of mathematical ideas. This teaching and learning strategy urges students to
communicate mathematically, both orally and in writing. With extended examples and exercises and
a student-friendly accessible writing style, Multivariable Calculus is an exciting and engaging
journey into mathematics relevant to students everyday lives.
  critical points multivariable calculus: Multivariable Calculus and Mathematica® Kevin
R. Coombes, Ronald Lipsman, Jonathan Rosenberg, 1998-05-15 Aiming to modernise the course
through the integration of Mathematica, this publication introduces students to its multivariable
uses, instructs them on its use as a tool in simplifying calculations, and presents introductions to
geometry, mathematical physics, and kinematics. The authors make it clear that Mathematica is not
algorithms, but at the same time, they clearly see the ways in which Mathematica can make things
cleaner, clearer and simpler. The sets of problems give students an opportunity to practice their
newly learned skills, covering simple calculations, simple plots, a review of one-variable calculus
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using Mathematica for symbolic differentiation, integration and numerical integration, and also
cover the practice of incorporating text and headings into a Mathematica notebook. The
accompanying diskette contains both Mathematica 2.2 and 3.0 version notebooks, as well as sample
examination problems for students, which can be used with any standard multivariable calculus
textbook. It is assumed that students will also have access to an introductory primer for
Mathematica.
  critical points multivariable calculus: Multivariate Calculus and Geometry Concepts Chirag
Verma, 2025-02-20 Multivariate Calculus and Geometry Concepts is a comprehensive textbook
designed to provide students, researchers, and practitioners with a thorough understanding of
fundamental concepts, techniques, and applications in multivariate calculus and geometry. Authored
by experts, we offer a balanced blend of theoretical foundations, practical examples, and
computational methods, making it suitable for both classroom instruction and self-study. We cover a
wide range of topics, including partial derivatives, gradients, line and surface integrals, parametric
equations, polar coordinates, conic sections, and differential forms. Each topic is presented clearly
and concisely, with detailed explanations and illustrative examples to aid understanding. Our
emphasis is on developing a conceptual understanding of key concepts and techniques, rather than
rote memorization of formulas. We include numerous figures, diagrams, and geometric
interpretations to help readers visualize abstract mathematical concepts and their real-world
applications. Practical applications of multivariate calculus and geometry are highlighted throughout
the book, with examples drawn from physics, engineering, computer graphics, and other fields. We
demonstrate how these concepts are used to solve real-world problems and inspire readers to apply
their knowledge in diverse areas. We discuss computational methods and numerical techniques used
in multivariate calculus and geometry, such as numerical integration, optimization algorithms, and
finite element methods. Programming exercises and computer simulations provide hands-on
experience with implementing and applying these methods. Our supplementary resources include
online tutorials, solution manuals, and interactive simulations, offering additional guidance, practice
problems, and opportunities for further exploration and self-assessment. Multivariate Calculus and
Geometry Concepts is suitable for undergraduate and graduate students in mathematics,
engineering, physics, computer science, and related disciplines. It also serves as a valuable
reference for researchers, educators, and professionals seeking a comprehensive overview of
multivariate calculus and geometry and its applications in modern science and technology.
  critical points multivariable calculus: Student’s Guide to Basic Multivariable Calculus Karen
Pao, Frederick Soon, 2013-06-29 For use with Basic Multivariable Calculus
  critical points multivariable calculus: Fundamentals Of Multivariable Calculus Leonid P
Lebedev, Michael J Cloud, 2024-12-13 This textbook is carefully designed as an early undergraduate
introduction to the calculus of several real variables. The balanced coverage is devoted to limits,
continuity, partial derivatives, extrema, the nabla operator, multiple integrals, line integrals, surface
integrals, and the fundamental theorems of vector calculus.Engaging and accessible with detailed
diagrams and copious worked examples, the presentation is well suited to students pursuing applied
fields such as engineering. Multiple integration is motivated intuitively through the calculation of
mass. The chapter-end problems provide both drill and challenge.Overall, the book should equip
students with the knowledge and confidence needed for subsequent courses.An appendix on hints
renders the book suitable for self-study. Prerequisites are limited to single-variable calculus, linear
algebra, and analytic geometry.
  critical points multivariable calculus: Multivariable and Vector Calculus Joseph D.
Fehribach, 2024-07-22 This book covers multivariable and vector calculus. It can be used as a
textbook for a one-semester course or self-study. It includes worked-through exercises, with answers
provided for many of the basic computational ones and hints for the more complex ones.. This
second edition features new exercises, new sections on twist and binormal vectors for curves in
space, linear approximations, and the Laplace and Poisson equations.
  critical points multivariable calculus: An Illustrative Guide to Multivariable and Vector



Calculus Stanley J. Miklavcic, 2020-02-17 This textbook focuses on one of the most valuable skills in
multivariable and vector calculus: visualization. With over one hundred carefully drawn color
images, students who have long struggled picturing, for example, level sets or vector fields will find
these abstract concepts rendered with clarity and ingenuity. This illustrative approach to the
material covered in standard multivariable and vector calculus textbooks will serve as a
much-needed and highly useful companion. Emphasizing portability, this book is an ideal
complement to other references in the area. It begins by exploring preliminary ideas such as vector
algebra, sets, and coordinate systems, before moving into the core areas of multivariable
differentiation and integration, and vector calculus. Sections on the chain rule for second
derivatives, implicit functions, PDEs, and the method of least squares offer additional depth; ample
illustrations are woven throughout. Mastery Checks engage students in material on the spot, while
longer exercise sets at the end of each chapter reinforce techniques. An Illustrative Guide to
Multivariable and Vector Calculus will appeal to multivariable and vector calculus students and
instructors around the world who seek an accessible, visual approach to this subject. Higher-level
students, called upon to apply these concepts across science and engineering, will also find this a
valuable and concise resource.
  critical points multivariable calculus: A Course in Multivariable Calculus and Analysis Sudhir
R. Ghorpade, Balmohan V. Limaye, 2009-12-10 This self-contained textbook gives a thorough
exposition of multivariable calculus. The emphasis is on correlating general concepts and results of
multivariable calculus with their counterparts in one-variable calculus. Further, the book includes
genuine analogues of basic results in one-variable calculus, such as the mean value theorem and the
fundamental theorem of calculus. This book is distinguished from others on the subject: it examines
topics not typically covered, such as monotonicity, bimonotonicity, and convexity, together with their
relation to partial differentiation, cubature rules for approximate evaluation of double integrals, and
conditional as well as unconditional convergence of double series and improper double integrals.
Each chapter contains detailed proofs of relevant results, along with numerous examples and a wide
collection of exercises of varying degrees of difficulty, making the book useful to undergraduate and
graduate students alike.
  critical points multivariable calculus: Multivariable Calculus with Linear Algebra and Series
William F. Trench, Bernard Kolman, 2014-05-10 Multivariable Calculus with Linear Algebra and
Series presents a modern, but not extreme, treatment of linear algebra, the calculus of several
variables, and series. Topics covered range from vectors and vector spaces to linear matrices and
analytic geometry, as well as differential calculus of real-valued functions. Theorems and definitions
are included, most of which are followed by worked-out illustrative examples. Comprised of seven
chapters, this book begins with an introduction to linear equations and matrices, including
determinants. The next chapter deals with vector spaces and linear transformations, along with
eigenvalues and eigenvectors. The discussion then turns to vector analysis and analytic geometry in
R3; curves and surfaces; the differential calculus of real-valued functions of n variables; and
vector-valued functions as ordered m-tuples of real-valued functions. Integration (line, surface, and
multiple integrals) is also considered, together with Green's and Stokes's theorems and the
divergence theorem. The final chapter is devoted to infinite sequences, infinite series, and power
series in one variable. This monograph is intended for students majoring in science, engineering, or
mathematics.
  critical points multivariable calculus: Calculus III Mehdi Rahmani-Andebili, 2023-12-06
This study guide is designed for students taking a Calculus III course. The textbook includes
examples, questions, and practice problems that will help students to review and sharpen their
knowledge of the subject and enhance their performance in the classroom. The material covered in
the book includes linear algebra and analytical geometry; lines, surfaces, and vector functions in
three-dimensional coordinate systems; multiple-variable functions; multiple integrals and their
applications; line integrals and their applications. Offering detailed solutions, multiple methods for
solving problems, and clear explanations of concepts, this hands-on guide will improve students’



problem-solving skills and foster a solid understanding of calculus, which will benefit them in all of
their calculus-based courses.
  critical points multivariable calculus: Multivariate Calculus and Geometry Sean Dineen,
2001-03-30 This book provides the higher-level reader with a comprehensive review of all important
aspects of Differential Calculus, Integral Calculus and Geometric Calculus of several variables The
revised edition, which includes additional exercises and expanded solutions, and gives a solid
description of the basic concepts via simple familiar examples which are then tested in technically
demanding situations. Readers will gain a deep understanding of the uses and limitations of
multivariate calculus.
  critical points multivariable calculus: Multivariable Calculus with Vectors Hartley
Rogers, 1999 This text is for the third semester or fourth and fifth quarters of calculus; i.e., for
multivariable or vector calculus courses. This text presents a conceptual underpinning for
multivariable calculus that is as natural and intuitively simple as possible. More than its competitors,
this book focuses on modeling physical phenomena, especially from physics and engineering, and on
developing geometric intuition.
  critical points multivariable calculus: An Introduction to Optimization with
Applications in Machine Learning and Data Analytics Jeffrey Paul Wheeler, 2023-12-07 The
primary goal of this text is a practical one. Equipping students with enough knowledge and creating
an independent research platform, the author strives to prepare students for professional careers.
Providing students with a marketable skill set requires topics from many areas of optimization. The
initial goal of this text is to develop a marketable skill set for mathematics majors as well as for
students of engineering, computer science, economics, statistics, and business. Optimization reaches
into many different fields. This text provides a balance where one is needed. Mathematics
optimization books are often too heavy on theory without enough applications; texts aimed at
business students are often strong on applications, but weak on math. The book represents an
attempt at overcoming this imbalance for all students taking such a course. The book contains many
practical applications but also explains the mathematics behind the techniques, including stating
definitions and proving theorems. Optimization techniques are at the heart of the first spam filters,
are used in self-driving cars, play a great role in machine learning, and can be used in such places as
determining a batting order in a Major League Baseball game. Additionally, optimization has
seemingly limitless other applications in business and industry. In short, knowledge of this subject
offers an individual both a very marketable skill set for a wealth of jobs as well as useful tools for
research in many academic disciplines. Many of the problems rely on using a computer. Microsoft’s
Excel is most often used, as this is common in business, but Python and other languages are
considered. The consideration of other programming languages permits experienced mathematics
and engineering students to use MATLAB® or Mathematica, and the computer science students to
write their own programs in Java or Python.
  critical points multivariable calculus: Introduction to Mathematical Analysis Igor Kriz, Aleš
Pultr, 2013-07-25 The book begins at the level of an undergraduate student assuming only basic
knowledge of calculus in one variable. It rigorously treats topics such as multivariable differential
calculus, Lebesgue integral, vector calculus and differential equations. After having built on a solid
foundation of topology and linear algebra, the text later expands into more advanced topics such as
complex analysis, differential forms, calculus of variations, differential geometry and even functional
analysis. Overall, this text provides a unique and well-rounded introduction to the highly developed
and multi-faceted subject of mathematical analysis, as understood by a mathematician today.​
  critical points multivariable calculus: Hidden Markov Models for Bioinformatics T.
Koski, 2001-11-30 The purpose of this book is to give a thorough and systematic introduction to
probabilistic modeling in bioinformatics. The book contains a mathematically strict and extensive
presentation of the kind of probabilistic models that have turned out to be useful in genome analysis.
Questions of parametric inference, selection between model families, and various architectures are
treated. Several examples are given of known architectures (e.g., profile HMM) used in genome



analysis.
  critical points multivariable calculus: Linear Algebra and Multivariable Calculus George
F. Feeman, Neil R. Grabois, 1970
  critical points multivariable calculus: The Student's Introduction to MATHEMATICA ®
Bruce F. Torrence, Eve A. Torrence, 2009-01-29 The unique feature of this compact student's
introduction is that it presents concepts in an order that closely follows a standard mathematics
curriculum, rather than structure the book along features of the software. As a result, the book
provides a brief introduction to those aspects of the Mathematica software program most useful to
students. The second edition of this well loved book is completely rewritten for Mathematica 6
including coverage of the new dynamic interface elements, several hundred exercises and a new
chapter on programming. This book can be used in a variety of courses, from precalculus to linear
algebra. Used as a supplementary text it will aid in bridging the gap between the mathematics in the
course and Mathematica. In addition to its course use, this book will serve as an excellent tutorial
for those wishing to learn Mathematica and brush up on their mathematics at the same time.
  critical points multivariable calculus: Linear Algebra and Probability for Computer Science
Applications Ernest Davis, 2012-05-02 Based on the author’s course at NYU, Linear Algebra and
Probability for Computer Science Applications gives an introduction to two mathematical fields that
are fundamental in many areas of computer science. The course and the text are addressed to
students with a very weak mathematical background. Most of the chapters discuss relevant
MATLAB® functions and features and give sample assignments in MATLAB; the author’s website
provides the MATLAB code from the book. After an introductory chapter on MATLAB, the text is
divided into two sections. The section on linear algebra gives an introduction to the theory of
vectors, matrices, and linear transformations over the reals. It includes an extensive discussion on
Gaussian elimination, geometric applications, and change of basis. It also introduces the issues of
numerical stability and round-off error, the discrete Fourier transform, and singular value
decomposition. The section on probability presents an introduction to the basic theory of probability
and numerical random variables; later chapters discuss Markov models, Monte Carlo methods,
information theory, and basic statistical techniques. The focus throughout is on topics and examples
that are particularly relevant to computer science applications; for example, there is an extensive
discussion on the use of hidden Markov models for tagging text and a discussion of the Zipf (inverse
power law) distribution. Examples and Programming Assignments The examples and programming
assignments focus on computer science applications. The applications covered are drawn from a
range of computer science areas, including computer graphics, computer vision, robotics, natural
language processing, web search, machine learning, statistical analysis, game playing, graph theory,
scientific computing, decision theory, coding, cryptography, network analysis, data compression, and
signal processing. Homework Problems Comprehensive problem sections include traditional
calculation exercises, thought problems such as proofs, and programming assignments that involve
creating MATLAB functions.
  critical points multivariable calculus: Introduction to Riemannian Manifolds John M. Lee,
2019-01-02 ​This textbook is designed for a one or two semester graduate course on Riemannian
geometry for students who are familiar with topological and differentiable manifolds. The second
edition has been adapted, expanded, and aptly retitled from Lee’s earlier book, Riemannian
Manifolds: An Introduction to Curvature. Numerous exercises and problem sets provide the student
with opportunities to practice and develop skills; appendices contain a brief review of essential
background material. While demonstrating the uses of most of the main technical tools needed for a
careful study of Riemannian manifolds, this text focuses on ensuring that the student develops an
intimate acquaintance with the geometric meaning of curvature. The reasonably broad coverage
begins with a treatment of indispensable tools for working with Riemannian metrics such as
connections and geodesics. Several topics have been added, including an expanded treatment of
pseudo-Riemannianmetrics, a more detailed treatment of homogeneous spaces and invariant
metrics, a completely revamped treatment of comparison theory based on Riccati equations, and a



handful of new local-to-global theorems, to name just a few highlights. Reviews of the first edition:
Arguments and proofs are written down precisely and clearly. The expertise of the author is
reflected in many valuable comments and remarks on the recent developments of the subjects.
Serious readers would have the challenges of solving the exercises and problems. The book is
probably one of the most easily accessible introductions to Riemannian geometry. (M.C. Leung,
MathReview) The book’s aim is to develop tools and intuition for studying the central unifying theme
in Riemannian geometry, which is the notion of curvature and its relation with topology. The main
ideas of the subject, motivated as in the original papers, are introduced here in an intuitive and
accessible way...The book is an excellent introduction designed for a one-semester graduate course,
containing exercises and problems which encourage students to practice working with the new
notions and develop skills for later use. By citing suitable references for detailed study, the reader is
stimulated to inquire into further research. (C.-L. Bejan, zBMATH)
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CRITICAL | meaning - Cambridge Learner's Dictionary CRITICAL definition: 1. saying that
someone or something is bad or wrong: 2. very important for the way things will. Learn more
Critical Access Hospitals - Mississippi Critical Access Hospitals - Mississippi Baptist Medical
Center Leake Calhoun Health Services Covington County Hospital Field Memorial Community
Hospital Franklin County Memorial
Critical Role's Campaign 4 Is Coming, Cofounders Drop Hints Critical Role's live-streamed
"Dungeons & Dragons" campaign is back after a monthslong hiatus. Some of CR's cofounders spoke
to BI about the new campaign and gave hints of what to
CRITICAL | English meaning - Cambridge Dictionary critical adjective (GIVING OPINIONS)
giving or relating to opinions or judgments on books, plays, films, etc
CRITICAL Definition & Meaning - Merriam-Webster The meaning of CRITICAL is inclined to
criticize severely and unfavorably. How to use critical in a sentence. Synonym Discussion of Critical
CRITICAL Definition & Meaning | adjective inclined to find fault or to judge with severity, often
too readily. Parents who are too critical make their children anxious
CRITICAL definition and meaning | Collins English Dictionary If a person is critical or in a
critical condition in hospital, they are seriously ill. Ten of the injured are said to be in critical
condition
Critical - definition of critical by The Free Dictionary If you are critical of someone or
something, you show that you disapprove of them. When critical has this meaning, it can be used in
front of a noun or after a linking verb
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