
MATH 595 SPRING 2016: POLYHEDRA IN THE WILD

Instructor: Ruth Davidson, redavid2@illinois.edu, http://www.math.uiuc.edu/∼redavid2

Meeting Time/Place: 143 Henry Building, TR from 12:30 pm to 1:50 pm.

Office Hours: By Appointment in 165 Altgeld Hall

Course Description: This course covers methods for using basic tools from theoretical polyhedral geometry

and linear programming to attack problems in other areas of pure and applied mathematics. Example

successful outcomes of this course include:

(1) Memorable exposure to a fun, useful topic in pure and applied mathematics

(2) Getting a basic foundation in theoretical polyhedral geometry and its connections to optimiza-

tion/operations research sufficient to continue studying the topic on your own if you are so motivated

(3) Using polyhedra in your own research in another area of mathematics, computer science, biology,

etc. for forming conjectures, proving theorems, and developing algorithms. Towards this end, we’ll

cover connections to active areas of research at UIUC.

For item (2), we’ll cover background topics such as H- and V -representations of polyhedra, polyhedral fans,

recession cones, lineality spaces, f -vectors and h-vectors of polyhedra, polyhedral complexes and shellability,

and Weird, Important, and Famous polyhedra.

For item (3), we’ll look at topics such as

• Polyhedra commonly associated to other combinatorial structures

• Polyhedra and algebraic geometry: Toric ideals and Newton polytopes

• Useful connections between polyhedra and number theory

• Polyhedra from problems in biology and algebraic statistics (polyhedral methods in phylogenetics,

characteristic imset polytopes, polyhedra from bayesian networks, ....)

Text: Lectures in Geometric Combinatorics by Rehka Thomas. In the AMS Bookstore Student Mathemat-

ical Library: 2006; 143 pp; softcover Volume: 33 ISBN-10: 0-8218-4140-8, ISBN-13: 978-0-8218-4140-2 List

Price: $ 25.60. This book is also supposed to be available in the UIUC bookstore.

All other required reading will come from survey articles and papers relevant to item (3) that will be regularly

added to the website. These will begin to appear after the first week of class.



My Expectations of Students:

• Attend class (if this is not possible on a regular basis, your are still most welcome to audit the course)

• Check the course website http://www.math.uiuc.edu/∼redavid2/PW/PWMain.html regularly for

Lecture Schedule topics, sometimes there will be source material posted in advance so that you can

prepare for lecture. The website will be updated constantly as we move through the semester, usually

after each lecture. Sometimes I’ll post addenda to lectures depending on what we’ve discussed in

class. Familiarize yourself with the range of additional resources there, which will include software

links, additional texts, articles, and so on.

• There will be no homework that is required to turn in, but I will suggest problems and challenges

to improve your comprehension and build intuition. Depending on the difficulty of the suggested

problems, we’ll usually begin the class with a discussion of what you found in your solutions either

the next lecture or a week later. Working with examples (especially using software) is crucial for

this field, because we are all saddled with false intuition (in other words, “mental baggage”) about

polyhedra we can see in 3 dimensions that is counterproductive to mastering the subject. I’m also

happy to look at your written solutions to problems if you prefer this approach.

• Towards the end of the semester, either (1) present a paper applying polyhedral geometry in your

favorite field, a paper in the field you want to understand better, or a paper using polyhedral geometry

you just think is fascinating or (2) give a presentation about how you plan to use this topic in your

thesis work or a project you’d like to see lead to a publication.

• Use appointments in my office to talk about your presentation, suggested problems, and ask any

other questions about the field that interest you.

What You Should Expect Of Me:

• Provide a sufficiently broad introduction to allow us to have profitable discussions as a class and

expand your mathematical toolbox in a concrete way

• Suggest references and papers to you to answer questions you have about the field that we did not

answer in the course

• Explain not only the fundamentals of the field, but the connections (and lack thereof) between the

literatures for linear programming and theoretical polyhedral geometry so that you can save valuable

time in your research not “re-inventing the wheel”

• Help you choose a good paper or topic to present

• Be willing to make suggestions about or collaborate with you on a project using polyhedral geometry,

either based on topics in this class or unsolved problems in your research

• Answer emails either within 24 hours when sent Monday-Thursday, or by 9 am Monday morning if

sent after 5 pm Friday.


