Dynamic Programming (UG and Graduate) for Summer 2006
Pre Req: UG: OR 441 and OR 442, GRAD: OR 542
OR 649 - CRN 50839, SYST 659 - CRN 50840, SYST 499 - CRN 50841

Instructor: Dr. Rajesh Ganesan

May 25 - Aug 03, 2006 

Class time: Thursday 4:30 PM – 8:00 PM @ Enterprise Hall  277

This is a course on the theory and practice of dynamic programming, i.e. optimal sequential decision making over time in the presence of uncertainties. The course will stress intuition, the mathematical foundations being for the most part elementary. It will introduce the theory, applications (finance, engineering, and biology), and computational aspects of dynamic programming for deterministic and stochastic problems. The course will use some Matlab and spread sheets to solve DP problems, however prior knowledge of Matlab or spread sheet use is not needed.
Text: Eric Denardo, Dynamic Programming: Models and Applications, Dover, May 2003.
You must also purchase a set of notes from the book store that are prepared from the following books.
Notes prepared from

· Introduction to Mathematical Programming : Applications and Algorithms Wayne L. Winston, Munirpallam Venkataramanan
· Dynamic Programming by Richard Bellman 

· Dynamic Programming and Optimal Control (Volumes 1 and 2) by Dimitri P. Bertsekas
· Introduction to Stochastic Dynamic Programming by Sheldon M. Ross

· Neuro-Dynamic Programming (Optimization and Neural Computation Series, 3) by Dimitri P. Bertsekas, John N. Tsitsiklis
· Markov Decision Processes: Discrete Stochastic Dy. Programming by M. L. Puterman
Topics

Deterministic Dynamic Programming

· Finite Decision Trees
· Dynamic Programming Networks and the Principle of Optimality

· Shortest Path Algorithms 

· Formulating dynamic programming recursions

· Infinite Decision Trees and Dynamic Programming Networks 

· General Shortest Path Algorithms 

· Applications 
· Critical Path Method, Resource Allocation (including Investments), Knapsack Problems, Production Control, Capacity Expansion, and Equipment Replacement, Infinite Horizon Optimization including Equipment Replacement over an Unbounded Horizon

Stochastic Dynamic Programming

· Stochastic Shortest Path Problems with examples in Inventory Control
· Markov Decision Processes with examples in Equipment Replacement and inventory problems

· Semi-Markov Decision Process

· Reinforcement learning (Approximate dynamic programming)
· Modeling and Analysis

· Case studies: Flexible manufacturing processes, power plant control, air traffic control, emission control, epidemiology.
A few practical problems in real-world that are/could be solved using DP. 

In all these problems there is dynamic decision making (actions to be taken) as events unfurl in time. The question is…..what is the optimal (best) decision under a given set of present and uncertain future state of the process/system. 
1) Revenue Management: If you have a million dollars and want to invest in different types of investment (high, medium and low risk) with varying returns (interest rates change over time). Clearly at the end of every year you will have to reassess your strategies for investment and move your money between investments. The question is…. find the best way to do this in order to maximize your returns.

2) There is a machine in your work shop. How do you plan its maintenance schedules? How do you decide when to stop, repair, overhaul, and schedule maintenance so that machine down time is minimized? Remember: machine break downs occur randomly.

3) Inventory control problems: You are the owner of a bakery. Time now is 10:00 PM. How are you going to decide how many bagels to bake tomorrow morning? You will have to minimize unsold bagel, ensure almost every customer who steps in gets whatever he/she wants. The problem is more complicated if you make more than 1 type of bagel.
4) There is an epidemic spreading and efforts are being taken to fight the disease. There are infected and susceptible persons in a city. The spread is random and there is a time lag between infection and time for the infection to manifest. There are a set of actions to take. How will you assess the state of the system and take optimal actions to prevent the spread?

5) In a manufacturing plant, control of a process to yield the best quality is an obvious requirement. There are uncertainties in the process. How do you predict the uncertainty at the next instance of the process and take necessary control action? 

6) Control of a production process involving multiple stations and power plant operations.
7) Dynamic resource allocation. You are running a shuttle and taxi service. Demand form customers arrive randomly. Your vehicles are spread out in the city. How do you schedule your pick up and delivery (resources) dynamically, so that the waiting time of customer is minimized, taxi travels the minimum distance and saves fuel (takes the shortest path)?

8) How does the electronic control unit in your car ensure the best mileage under varying conditions on speed, torque, acceleration? How is this dynamic control possible?

9) A patient walks into a clinic. How to best design his/her diagnostics and arrive at the issue and possible course of action quickly and correctly? An interesting yet controversial one.
In this course you will study how to mathematically model and solve these problems. Due to time constraints simplified scenarios will be taken to clearly communicate the concept of applying DP to many problems. Other examples include robotics, air traffic control, and hybrid systems which will be briefly introduced.
Due to the practical nature of the course, it is very useful in almost every career.
Grading:
	Short Quizzes (in class)
	20%

	Midterm (in class + take home)
	40%

	Final exam (take home)
	40%


Letter grades will be decided as follows:  

97% and above –A+, 94-96%- A, 90-93% -A-, 86-89- B+, 83-85%-B, 80-82%-B-,  76-79%- C+, 73-75%- C, 70-72%-C-, 66-69%-D+, 63-65%-D, 60-62%-D-, at or below 59%-F

Class Rules 

1.  The course emphasizes problem solving using Excel or Matlab or any other software that you are comfortable with.  The class presentation will often depart from the book in order to give you multiple perspectives on the covered topics.  You should read the applicable sections of the book prior to class.  

2. The midterm will be on June 29 partly in class and partly take home due on July 6th. Four short quizzes about 20-30 minutes each given on June 8 and 22, July 6 and 20. No HWs, only suggested problems assigned for practice. Last day of class is July 27th. Final is a take home exam given 1 week earlier on July 27th and due on 3rd Aug. Final exam must be submitted only via email. Paper copies will not be accepted.
3.  In any work you do, always show all the steps you used to get your answer.  If the answer is wrong, you may still get a great deal of partial credit if I can follow your logic.  This is especially important in the exam and quizzes.
4. I am in the process of developing a web page for the class.  The website is http://classweb.gmu.edu/rganesan
5.  There will be practice problem sets just about every class.  These will not be collected.  I presume that you are in this class because you wanted to learn. These problems are for you and your quiz and exams will have short concept questions and problems to solve. It is absolutely essential to keep abreast of the class topics and read the topic before and after class. I will assign topics and page numbers to read.  
6.  I am interested in your comments on the class as the term goes on.  Is it too hard or too easy?  Is it too fast or too slow?  Anything that will make the class better and more meaningful will be entertained.  
7.  Attendance in class is very important.  Information will be presented that will not necessarily be in the book that will show up on the midterm and final.  

8. Academic Policy:

All academic policies as given in the Honor System and code will be strictly followed. Visit URL

http://www.gmu.edu/catalog/apolicies/#Anchor12
9. Exams will only be given at the predetermined dates. Early or late exam taking will not be allowed, except for very special cases. 

10. Please visit http://classweb.gmu.edu/rganesan to check for announcements, practice problems, and solutions. Check your grades on Web CT.
11. Please turn off your cell phones before class and do not use your cell phone during lecture. Feel free to walk out without distracting the class as and when needed.

BEST WISHES FOR A GREAT SEMESTER!!

