
Math 414 - Introduction to Optimization (3)

Course description:
Optimization is the key component of the toolbox of mathematicians, and broadly of researchers
and practitioners in quantitative sciences such as data science, economics, machine learning, and
quantitative social sciences to name a few. This course provides an undergraduate level introduc-
tion to theory and methods for optimization. It is divided into three parts: linear programming,
unconstrained optimization methods, and constrained optimization methods.

Course objectives:
With a balanced combination of theory, methodologies, and implementations, this course will pro-
vide students with a foundation for modeling problems from various complex systems by relying
on mathematical structure used for linear and nonlinear optimization models as well as an under-
standing of the most commonly used algorithms and tools to solve these problems.

Suggested Textbooks:

• E. K. P. Chong and S. H. Zak, An Introduction to Optimization, 2nd Edition, Wiley & Sons.

• R.J. Vanderbei, Linear Programming: Foundations and Extensions, Springer.

Prerequisites: Math 243 or Math 253A, and Math 307 or Math 311, or consent.

Learning Outcomes:
By the end of course students will demonstrate:

• The abilities to apply knowledge of mathematics and computing to the design and analysis
of optimization methods.

• The abilities to analyze a modeling problems from various complex systems and identify the
computing tools appropriate for their solutions.

• The skills to design and conduct experiments and numerical tests of optimization methods,
and to analyze and interpret their results.

Suggested Course Outline:

Part 0 (2 weeks): Background materials from linear algebra, geometry, and calculus (Chong &
Zak)
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Linear transformation, eigenvalues and eigenvectors, orthogonal projections, quadratic forms, and
matrix norms;

Hyperplanes, neighborhoods, polytopes, and polyhedra;

Differentiability, derivative matrix, level Sets, gradients and Lagrange multiplier.

Part 1 (4 weeks): Unconstrained Optimization (Chong & Zak)

Conditions for local minimizers, Least square analysis and recursive least-squares algorithm, Search
methods including Newton’s method, and gradient methods.

Suggested extra topics (if time permits): Conjugate direction methods, Quasi-Newton methods,
further topics in least-squares including regularization, neural networks and backpropagation

Part 2 (4 weeks): Linear programming (Vanderbei)

The simplex method, duality, and applications including transportation problem, assignment prob-
lem, shortest path problem, and maximum flow problem.

Suggested extra topics (if time permits): degeneracy, integer programming, network problems, and
spanning trees

Part 3 (4 weeks): Constrained Optimization (Chong & Zak and Vanderbei)

Problems with equality and inequality constraints, Lagrange condition, Karush-Kuhn-Tucker con-
dition, convex sets and functions, separation theorem, Farkas’s lemma, and duality for convex
problems.

Suggested additional topics (if time permits): Interior point methods, algorithms for quadratic
programming, and Slater conditions.
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