Report of Summer Curriculum Activities

September 27, 2005

Drs. Josephine S. Hamer and Lydia S. Novozhilova, Mathematics Department
During the summer we developed the two courses that will enable us to complete our minor in statistics proposal.  The courses are Simulation and Introduction to Stochastic Processes.  We have attached a draft proposal of the two courses.  These courses will be presented for review to the department during our October department meeting.  We are hoping to offer one of these during the Spring 2006 semester and the other during the Fall 2006.  
We will continue to work on the statistics minor, and submit the proposal to the department at either our November or December meeting.  

Title of the course: SIMULATION

Credits:
3 

Grading: 
Standard A-F

Prerequisities:
Mat 165
Course description 

A thorough development of a simulation language and techniques. Generating pseudorandom numbers and their usage in modeling of discrete and continuous random variables. Discrete event simulation for tracking an arbitrary probabilistic model as it evolves in time. Projects cover a wide range of topics including both theory (exploring techniques studied in the course) and applications (such as queueing systems, inventory, transportation, and finance). The course includes model development, computer simulation, statistical analysis of simulation input/output data, and managing simulation projects. 

The course has practical orientation with strong computational component. Therefore, some mathematically involved facts needed for simulation will be given in a descriptive manner. Introduction to stochastic processes will be useful for students in mathematics, statistics, economics, business, biological sciences, physics and any other field where including a random component in the process of modeling is desirable.

Possible Textbook: Ross, Sheldon M. Simulation, 2nd Edition, Academic Press, 1997

Additional reading

1. Harry Perros. Computer simulation techniques: The definitive introduction. Lecture notes. 2003. http://www.csc.ncsu.edu/faculty/perros//simulation.pdf 

2. Jan Vrbik. Topics in stochastic processes and models. Lecture notes. http://spartan.ac.brocku.ca/~jvrbik/MATH4P84/Notes.pdf.

3. Davar Khoshnevisan. Random walk. University of Utah, Research experience for undergraduates. Summer 2002. http://www.utah.edu/~davar.

4. G. Lawler and L. Coyle. Lectures on contemporary probability, AMS, Institute for Advanced Study, 1999.

Since the course has somewhat interdisciplinary character due to a wide range of applications, it may be helpful to have a reliable reference for terminology student encounter. A nice source is Wikipedia, the free encyclopedia, http://en.wikipedia.org/wiki/Main_Page.

Course outline:

I. Review of the Probability theory

A. Basic definitions: 

· Sample space 

· Event

· Probability of an event

· Conditional probability, independent events

· Random variable
B. Distribution functions: 

· Probability density function 

· Cumulative distribution function

· Examples: commonly used probability models
C. Numerical characteristics of random variables:

· Expectation

· Variance

· Conditional expectation, conditional variance

· Examples: numerical characteristics of the commonly used probability models
D. Two main statements about repeated, independent experiments:

· Central Limit Theorem

· Law of Large Numbers.

II. Random Numbers

A. Algorithms for generating (pseudo)random numbers

· Multiplicative congruential method

· Linear congruential generator

· Mixed 

B. Applications: Monte Carlo methods

III. Generating Discrete Random Variables

· Inverse transform method

· Acceptance-rejection technique

· Composition method

· Examples

IV. Generating Continuous Random Variables

· Inverse transform algorithm

· Rejection method

· Polar method

· Examples

V. The Discrete Event Simulation Approach

A. Poisson model and its applications:

· Queueing system/model

· Inventory stocking model

· Repair problem

B. Lognormal random walk model and its application:

Stock option

VI. Statistical Analysis of Simulated Data

A. Numerical characteristics of a sample (statistics)

· Sample mean

· Sample variance

B. Interval estimates of the population mean

C. Empirical distribution function

D. Bootstrapping technique

VII. (optional) Markov Chain Monte Carlo Methods

A. Markov chain (MC) 

B. Irreducible MC 

C. Aperiodic MC

D. Hastings-Metropolis algorithm

E. Gibbs Sampler

F. Simulated annealing
Title:

INTRODUCTION TO STOCHASTIC PROCESSES

Credits:
3 

Grading: 
Standard A-F

Prerequisities:
Mat 182, Mat 272 
Course description 

The purpose of the course is to introduce students into a wide range of stochastic processes, which are useful tools in modeling in diverse fields of applications, such as computer science, economics, business, biological sciences, and finance, among others.

The most fundamental ideas in modeling real world phenomena in terms of stochastic processes will be introduced. The course covers different classes of Markov processes: discrete and continuous Markov chains, Brownian motion and (possibly) diffusion processes. Some aspects of stochastic calculus are also included. 

Introduction to stochastic processes will be useful for students in mathematics, statistics, economics, business, biological sciences, physics, and any other field where there is a need in including random phenomena into modeling process.

Prerequisites: Discrete Mathematics, Advanced Calculus

Texts: 

1. Lawer, G.F. Introduction to Stochastic Processes, 5th Edition, Chapman & Hall, 1996

2. Mikosch, T. Elementary Stochastic Calculus with Finance in View, World Scientific, 1998

Supplementary material

5. Topics in contemporary probability and its applications. Compiled by J. Laurie Shell, CRC Press, Boca Raton, 1994.

6. Jan Vrbik. Topics in stochastic processes and models. Lecture notes. http://spartan.ac.brocku.ca/~jvrbik/MATH4P84/Notes.pdf.

7. Davar Khoshnevisan. Random walk. University of Utah, Research experience for undergraduates. Summer 2002. http://www.utah.edu/~davar.

8. G. Lawler and L. Coyle. Lectures on contemporary probability, AMS, Institute for Advanced Study, 1999.

9. L. C. Evans. An Introduction to stochastic differential equations. http://math.berkeley.edu/~evans/SDE.course.pdf
Since the course has somewhat interdisciplinary character due to a wide range of applications, it may be helpful to have a reliable reference for terminology student encounter. A nice source is Wikipedia, the free encyclopedia, http://en.wikipedia.org/wiki/Main_Page.

Course outline:

I. Preliminaries

E. Review of probability theory 

F. Review of linear algebra toolbox 

G. Review of calculus toolbox

H. Some facts about linear differential equations with constant coefficients
II. Finite Markov Chains

A. Definitions and examples

· Markov property

· Transition matrix

B. Long range behavior and invariant probability

· Equilibrium (invariant) probability distribution

· Sufficient conditions for existence of the equilibrium probability distribution 

C. Some properties of finite Markov chains

· Periodicity

· Reducibility

D. Theorem on existence of the invariant probability vector

E. Examples

III. Countable Markov Chains
A.
Simple examples

· Random walk with partially reflecting boundary

· Simple random walk on the integer lattice

· Queueing Model

B.
Properties of countable Markov chains: Reccurence and Transience

· Definitions

· Examples

C.
Branching Process

· A model for population growth

· extinction probability

· Examples

IV. Countinuous Time Markov Chains (CTMC)

A.
Poisson Process

· Informal description and formal definition

· Derivation of Poisson distribution
· Examples

B.
CTMC on a finite space

C.
Birth-and-death process. Examples:

· Poisson process as a birth-and-death process

· Marcovian Queueing Models

· Population Models

V. Optimal stopping

A.
Optimal stopping in Markov chain

· Motivating example: Optimal strategy in a simple game 

· Optimal stopping time for a discrete time Markov chain

· Examples

B.
Optimal stopping with cost. Examples

C.
Optimal stopping with discounting. Examples

VI. Reversible Markov Chains

B. Definition and examples
C. Convergence to equilibrium
D. Markov chain algorithms
· Hastings-Metropolis algorithm

· Gibbs Sampler

· Simulated annealing

· Examples

VII. (optional) Brownian Motion (BM)

G. Definition of BM

H. BM as a limit of random walks 

I. Markov property of a BM 

J. Zero set of a BM 

K. Examples 

VIII. (optional) Elements of Stochastic Calculus

A. Integration with respect to random walk

B. Integration with respect to Brownian motion

C. Ito’s Formula

D. Simulation

