
Undergraduate Convexity Problems And
Solutions
The Importance of Convexity in Undergraduate Mathematics

Convexity is a fundamental concept in mathematics that plays a key role in many
areas of study. Undergraduate students often encounter convexity problems in
their courses, as it provides a foundation for optimization theory, functional
analysis, and geometry.

Understanding Convexity and Its Properties

Convexity refers to the property of a set or a function to include the line segment
between any two points in that set. In other words, if you take any two points
within a convex set, the line connecting those points will also be within the set.
This property is crucial as it guarantees the uniqueness and stability of solutions
to many mathematical problems.

Applications of Convexity

The applications of convexity are widespread across various fields, including
economics, computer science, engineering, and physics. Convex optimization, for
instance, is a branch of mathematics that deals with finding the best solution for
convex problems. It is used in various real-world applications, such as portfolio
optimization, machine learning algorithms, and image reconstruction.
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Convexity Problems and Solutions

Let's explore some undergraduate-level convexity problems and their solutions:

Problem 1: Convex Set Identification

Given a set of points, determine whether the set is convex or not.

Solution:
To verify if a set is convex or not, you can check if the line connecting any two
points within the set lies entirely inside the set. If it does, the set is convex;
otherwise, it is not.

Problem 2: Convex Function Optimization

Minimize or maximize a convex function subject to certain constraints.

Solution:
Convex optimization techniques, such as gradient descent or interior point
methods, can be employed to solve such problems. These methods guarantee
convergence to the global optimum if the function is convex.
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Problem 3: Convex Hull Computation

Given a set of points, compute the smallest convex polygon that encloses all the
points.

Solution:
Numerous algorithms, such as the Graham scan or Jarvis march, can be utilized
to compute the convex hull of a set of points efficiently.

Convexity is a fundamental concept in undergraduate mathematics with vast
applications in various fields. By understanding convexity and solving related
problems, students enhance their problem-solving skills and gain valuable
knowledge for their future careers. Whether it's identifying convex sets, optimizing
convex functions, or computing convex hulls, the study of convexity prepares
students for the challenges of real-world mathematics.
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This solutions manual thoroughly goes through the exercises found in
Undergraduate Convexity: From Fourier and Motzkin to Kuhn and Tucker.
Several solutions are accompanied by detailed illustrations and intuitive
explanations. This book will pave the way for students to easily grasp the
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multitude of solution methods and aspects of convex sets and convex functions.
Companion Textbook here
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