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Course Description

This course surveys the current techniques of problem solving using modern heuristics. It covers classic methods of optimization, including dynamic programming, the simplex method, and gradient techniques, as well as recent innovations such as simulated annealing, tabu search, and evolutionary computation. Besides exploring a compendium of specific techniques, this course also delves into the approaches of framing and attacking the issue of problem solving itself. Students will present their findings and recommendations in written and oral project reports.
Incoming Competency

Students are expected to successfully complete MATH 1610 Calculus I. It is helpful that the student have knowledge of the C++ programming language and has written, tested, debugged, and modified at least one program.

Objectives

1. To develop in students good problem organization and solving skills.

2. To teach students, through experience accompanied by constructive feedback, to communicate their ideas orally in an organized and effective manner.

3. To teach students, through experience accompanied by constructive feedback, to communicate their ideas in writing in an organized and effective manner.

4. To develop in students the skill of critical analysis and critical thinking.

5. To familiarize students with the mathematical techniques and methods used in applied mathematical problem solving.

6. To teach students how to apply mathematical algorithms and heuristics to solve practical problems.

Learning Outcomes

At the completion of this course, each student will be able to:
1. Demonstrate good problem organization and solving skills.
2. Communicate their ideas orally in an organized and effective manner in classroom discussion.
3. Communicate their ideas in writing in an organized and effective manner using Project Reports.
4. Choose and apply mathematical algorithms and heuristics that are appropriate to given problems or desired outcomes.

5. Describe the mathematical algorithms and heuristics used in solving a specific problem and explain what problems they are best suited for.
6. Conduct a research project using a chosen mathematical algorithm or heuristic technique and present a formal report on the outcome.

Schedule

	Week
	Topics and Events
	Readings & Assignments

	1
	Introduction 

Terminology

Problem Solving & Planning
	Michalewicz & Fogel: Chapter 1 & 2

TSP exercise #1

SAT exercise #1

NLP exercise #1

	2
	Algorithms vs. Heuristics 

Defining the Problem

Models and Basic Techniques
	Michalewicz & Fogel: Chapter 1 & 2

TSP exercise #2

SAT exercise #2

NLP exercise #2

	3
	Traditional Methods

Exhaustive Search

Local Search
	Michalewicz & Fogel: Chapter 3 & 4
Exhaustive Search exercise 

Local Search exercise

	4
	Traditional Methods

Greedy Algorithms

Dynamic Programming

Branch and Bound Techniques
	Michalewicz & Fogel: Chapter 3 & 4
Greedy Search exercise

Dynamic Programming exercise

	5
	Escaping Local Optima

Simulated Annealing

Tabu Search
	Michalewicz & Fogel: Chapter 5
Simulated Annealing exercise

Tabu Search exercise

	6
	Evolutionary and Genetic Algorithms
	Michalewicz & Fogel: Chapter 6 & 7
Evolutionary and Genetic Algorithm exercise #1

	7
	Evolutionary and Genetic Algorithms
	Michalewicz & Fogel: Chapter 6 & 7
Evolutionary and Genetic Algorithm exercise #2

	8
	The Traveling Salesman Problem
	Michalewicz & Fogel: Chapter 8
Local Search Revisited exercise

Alternative Search Variations exercise
Project Proposals Due

	Break
	BREAK WEEK
	None

	9
	Constraint Handling Techniques
	Michalewicz & Fogel: Chapter 9
Incorporating Constraints exercise

Numerical Optimization exercise

	10
	Tuning Algorithms and Heuristics to the Problem
	Michalewicz & Fogel: Chapter 10
Parameter Control and Tuning exercise

	11
	Noisy Data and Data Cleansing
	Michalewicz & Fogel: Chapter 11
Noisy Data and Data Cleansing exercise

	12
	Neural Networks

Biological Foundations

Activation Functions

Learning Optimization
	Michalewicz & Fogel: Chapter 12
Self-Organizing Map exercise

Backpropagation Network exercise #1

	13
	Neural Networks

Machine Learning

Learning and Memory Models

Supervised Learning Algorithms
	Michalewicz & Fogel: Chapter 12
Backpropagation Network exercise #2

ART-4 Network exercise

	14
	Fuzzy and Hybrid systems
	Michalewicz & Fogel: Chapter 13 & 14
Fuzzy Set exercise

Fuzzy Neural Network exercise

	15
	Fuzzy and Hybrid systems
	Michalewicz & Fogel: Chapter 13 & 14
Hybrid Systems exercise
Research Report Due

	16
	EXAM WEEK
Research Reports
	Research Report Presentations


Text

How to Solve It: Modern Heuristics, Z. Michalewicz and D. Fogel, Springer-Verlag, 2002, ISBN 3-540-66061-5

The instructor will provide additional supplementary reading material.

Attendance

Attendance will be taken at each class meeting. Attendance is required. Please notify me in advance of schedule problems. You will be responsible for all material covered in class as well as in the textbook. If you are absent, you should make arrangements with another student for class notes and with me for any class handouts. Excessive absences will reduce a student's grade for the course.
Assignments

Assignments are due at the beginning of class. Reading assignments should be completed before class on the related topic to enable you to bring questions to class and gain more from the class discussions.

Individual Research Projects

The individual research project provides you the opportunity to experiment with a selected computational topic. You may select any research topic, subject to my approval. Remember, we are trying to gain competency in these techniques and algorithms and some areas, for example where the problem domain is not constrained and well understood, may not be as productive as others. Additionally, I want to expose you to a variety of algorithms and heuristics.

You will develop a working experiment with a chosen algorithm or heuristic and publish your findings in a report (approximately five double-spaced pages). You will conclude your project with a presentation in finals week.

This is a formal paper, and it requires a formal presentation. This is an opportunity for you to share your work with the class. Plan to present a ten-minute talk before questions and comments. Don’t read your paper. Determine the most important and interesting parts of your paper for the presentation (three items at most). It is not necessary to include in your presentation everything in the paper, and in fact, there will not be time to do so. You must use PowerPoint for your main presentation. You may also use overhead transparencies or other aids in you presentation.

Grading

Your grade will be compiled from each of the class evaluation components in the following proportions:

Exercises and Reports


 60%

Research Project


 25%

Attendance and Participation

 15%
Total




100%

The course grading scale is:

90 to 100%

A

80 to 89%

B

70 to 79%

C

60 to 69%

D

Below 60

F

3

