Math 191 Syllabus

Spring 2005


Research Seminar in Mathematical Modeling and Applied Mathematics

Mathematics 191, Section 3

Teaching Staff

Course Coordinator: Anand Kulkarni (anandk@berkeley.edu)

Class Time: TuTh 12:30 – 2 pm

Location: 246 Dwinelle (likely to change)
Office Hours: TBA

Course TA: Ephrat Bitton (ebitton@berkeley.edu)

Section: Friday 10 -- 11 am

Office Hours: TBA

Course Website and Email

http://www.mathmodeling.com
math191@gmail.com
Course Description

This course will operate with two clearly defined goals: to have students understand how to build mathematical models and to allow students to conduct original research in a field of interest to them.  Mathematical modeling is the fundamental method of understanding the way in which biological, physical, chemical, social, and economic systems function. Models are the abstraction and formalization of the relationships in any system and are used extensively in almost every field of academia and industry. While this class will only survey a limited portion of the mathematics useful to model building, we will build students' understanding of the general model-building process and develop a strong foundation with which students can fearlessly tackle any real-world, open-ended problem and produce competitive results. It is difficult for students to gain an understanding of this process in their usual classes. 

This class will be different from other mathematics courses taught at Berkeley.  There are no midterms or problem sets, and we will not spend a tremendous amount of time learning the methods of others.  Instead, you will learn to create your own mathematics.  This culminates in submission of an original research paper for publication in an academic journal.

While the nominal purpose of this 191 course has always been to prepare students for the Mathematical Contest in Modeling offered in February of each year, the greater goal of the class, as with the contest itself, is to foster student development as research mathematicians.  We will achieve this through hands-on practice applying modeling techniques to a series of real-world problems, culminating in a final independent research project and paper outlining development of an original model representing a real-world problem.

Students will gain exposure to a broad variety of mathematical methods and, through repeated practice, gain confidence in learning new mathematical methods rapidly.  You will work closely with other students during several projects in the course, communicate your mathematical ideas through presentations and talks, and develop academic mathematical papers explaining and justifying your results.  These are skills that are not emphasized in core undergraduate mathematics coursework but which are very relevant to any career or graduate work involving mathematics.  Most importantly, students will be able to explore their own research interests during the class by choosing to work on whichever topics they find most interesting rather than a subject imposed by the constraints of the course.  You will be able to research whatever ideas you find most interesting.  This provides the best kind of motivation to learn and develop mathematics.

This semester, the class is being bolstered by efforts to make the class more rewarding and rigorous for students.  These include guest lectures from industry mathematicians and faculty in areas of student interest, requiring independent student consultation with subject-matter experts on projects, and the challenging requirement that final research papers for the course be submitted for publication to either an undergraduate-level or peer-reviewed journal (whether or not it is accepted; however, is a separate issue!).  This latter requirement is an unusual and challenging accomplishment for undergraduates.

The course will run as a three-unit letter-graded section of Mathematics 191.  The first several weeks of the course will be split into two segments, each culminating in a smaller team-based modeling project, with specific topics decided by student interest, emphasizing the skills developed in that section.  The latter portion of the class will be tailored around topics relevant to the final research projects students undertake.  All projects will be submitted both as papers and communicated in a brief talk.

The course consists of three major parts:

1.  Development of mathematical models and the problem-solving process

2.  Simulations and model validation; fundamentals of mathematical programming

3.  Survey of applied mathematical methods for modeling (statistical/probabilistic, discrete, continuous…), independent student research and relevant topics

Topics emphasized throughout the class: mathematical communication, independent learning, and teamwork.

Discussion Sections

Sections for this class will be held infrequently and cover specific topics which are necessary but which we lack time to pursue in the main class.  For instance, while applications of simulations to modeling will be covered in the main class, we will not discuss C or Matlab programming.  Instead, an introduction to mathematical programming will be provided in section.  Section may also be used for additional topics of interest.

Assignments

There will be five major assignments for the class: three smaller team projects, a student-taught lesson, and a major research paper.  For the projects, students will work in small teams to develop a model for a given problem.  Each model will be submitted both as a joint paper and presented in a talk.  This will provide preparation for the final research conducted in the latter half of the course.  There are no constraints on the specific topics students may choose. 

In the student lesson, you will have an allotted time during lecture to educate your classmates on the fundamentals of a mathematical field of relevance to modeling (ie, most non-foundational fields of mathematics).  Previous lessons have covered graph theory, differential equations for population management, stochastic processes, and economic game theory.  This is not as hard as it sounds!  You will find that the best way to learn something is to teach it.

The final paper is the culmination and central objective of the course.  Writing and publishing a mathematical paper is a major accomplishment for an undergraduate.  Nearly ten weeks of the course are devoted to assisting you with completing this task.  You will spend much of these ten weeks researching and developing an original model in a field that interests you, and writing a paper on your model.  The class will teach you how to write a mathematical paper and assist you with the development of your ideas.  It will also provide initial exposure to a wide range of mathematical topics that you can use, and we will tailor the latter half of the course to topics relevant to your projects.  Nonetheless, you will still have to conduct a significant amount of independent work in order to complete this assignment.  At the same time, you have the unique freedom to develop models and contribute usefully in any area you are interested in and to tackle just about any problem you want.  Previous topics have ranged from predicting the extent of the damage from a major meteor strike to designing algorithms to optimize radiation treatment of brain tumors. 


You are required to submit your paper to a journal for publication at the conclusion of the course in order to pass.

All written work submitted in the class should be rendered in TeX, the mathematical typesetting language used by practicing mathematicians.  TeX has a fairly easy learning curve, and if you are unfamiliar with it, there will be an optional tutorial during section.

Talks

Coming up with novel mathematical concepts is of limited use if we are unable to explain our ideas to others.  Student talks will be a major component of the course, and required after each project and during a final presentation on student research topics.

Grading

Grading for the course will be based largely on the final research paper produced at the end of the semester and assigned entirely by members of the faculty review committee for the course.  Your grade will also depend to a lesser extent on their review of your two earlier projects.  Because your involvement in the course is essential to the success of the class, there will be a very small participation component to your grade as well.  If the course is sufficiently large, we will check attendance on random days.

The Mathematical Contest in Modeling (MCM)

The course will also serve the dual purpose of preparing students to train for the Mathematical Contest in Modeling (MCM). The 2005 MCM will be held during the first weekend of February, and students are encouraged to compete, but training over the course of the semester will optionally prepare students for the 2006 competition. MCM competitors work in teams of three through an intense four-day weekend building, simulating and testing a mathematical model of a real-world engineering problem, and submit their work as a formal paper. The competition is very different from most other competitions and can be a lot of fun. Excelling in this course will provide excellent preparation for the contest.  Students are encouraged to compete this year or next, but it will not be required or affect a student's grade. For more information on the contest, students can visit this year's team website at: www.ocf.berkeley.edu/~anandk/mcm 

Tentative Agenda

Part 1: Introduction to Modeling

Week one: Overview, administration, introduction.

Week two: The modeling process.

Week three: The modeling process, continued.  Project 1 due.

Mathematical Contest in Modeling: 2/3 - 2/7 

Part 2: Model Validation, Sensitivity Analysis, and Simulation

Week Four: Model validation and simulation. Research Topic Ideas Due

Week Five: Model validation and simulation, continued.  Modeling on the streets of San Francisco (date chosen by class)

Week Six: Simulation modeling projects.  Project 2 due.

-----------

Part 3: Student Research, Survey of Methods and Models, Guest and Student Lectures

Topics and Schedule TBD

Week Seven: Mathematical methods: topics TBD. Final Project Proposal Due

Week Eight: Mathematical methods. Student research updates.

Math Steeplechase (date decided by class)

Week Nine: Mathematical methods.

Week Ten: Mathematical methods. Research Progress Update.

Week Eleven: Mathematical methods.

MSRI Site Visit

Week Twelve: Mathematical methods.  Final Paper meetings.
Week Thirteen: Mathematical methods.

Week Fourteen: Student talks on final research.

Week Fifteen: Student talks on final research.

