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1. COURSE NUMBER AND TITLE:

CSI 772 Statistical Learning

Course Prerequisites:
Permission of Instructor

Catalog Description:
The course focuses on statistical learning (SL) theory, introduces statistical and optimization background essential for developing new efficient SL algorithms and discusses applications of SL algorithms for solving important problems in many areas of science. 

2. COURSE JUSTIFICATION:
Course Objectives:
After taking this course students should have understanding of (1) basics of statistical learning theory and algorithms, (2) how to apply statistical learning to solving important problems in science.  

Course Necessity:

Application of statistical learning to areas of science is growing steadily over the past several decades. Today statistical learning theory provides the basis for the algorithms widely used in the areas of data analysis, image or speech recognition, autonomous systems and robotics, and health research, to mention a few.  This course introduces to the basic concepts of statistical learning theory and algorithms and provides an essential background required for using statistical learning in various applications. A particular emphasis is given to mathematical aspects of statistical learning that provide foundation for development new algorithms, the subject often neglected in other computational or machine learning courses.

Course Relationship to Existing Programs:

The proposed course provides essential content for students who plan to earn a degree in the Computational Science and Informatics (CSI) Ph.D program. Also, the proposed course provides important background for the students seeking Ph.D. in Statistics, Information Technology, Electrical and Computer Engineering, Computer Sciences, Mathematics and Operations Research. 

Course Relationship to Existing Courses:
The proposed course offers material complementing other existing computational or machine learning courses at GMU. Unlike CS 782 or CS 811 /IT 811 that reviews known learning or intelligent inference systems and algorithms, the main goal of the proposed course is to provide students with essential mathematical and statistical background for analyzing and developing new learning algorithms. 

The proposed course also complements and extends the content of existing courses in statistics, such as STAT 751, which covers topics in clustering and classification, and STAT 657, because of the focus on nonparametric methods of function estimation.  

The proposed course pays special attention to the factors responsible for a better generalization ability of learning algorithms such as VC-dimension and discusses in detail theoretical estimates of accuracy of statistical learning processes. The course also provides some nonlinear optimization background essential for developing efficient computational learning methods. 

Some topics of the proposed course have been the focus of the “Seminar in Computational Statistics”, CSI 991 for the past several years.

3. APPROVAL HISTORY:

4. SCHEDULING AND PROPOSED INSTRUCTORS:
Semester of Initial Offering:
Fall 08

Proposed Instructors:

The proposed instructors are James Gentle, Igor Griva, Clifton Sutton, Edward Wegman. 

5. TENTATIVE SYLLABUS: See attached.

CSI 772 

Statistical Learning

Tentative Syllabus

Prerequisites: Permission of instructor.
Credits: 3
Date: 

Time: 

Place: 

Instructors:

Contact Info: 

Office Hour:

Description:     

 


In order to take this class students have to be familiar with basic concepts of calculus and statistics. 

Content: 

· General setting of the learning problem. Function estimation, density estimation, regression estimation, pattern recognition. Ill-posed problems. Nonparametric methods of density estimation.

· Empirical risk minimization principle. Consistency of learning. Nonfalsifiability. 

· Rate of convergence of learning process. VC-dimension of set of functions. Asymptotic analysis of the rate of convergence. 

· Controlling generalization ability of learning process. Structural risk minimization inductive principle. Minimum description length principle.  

· Methods for solving ill-posed problems. Density estimation. 

· Problems of capacity control. Bayesian Inference. 

· Methods of pattern recognition. Neural networks. Support vector machines (SVM). The role of VC dimension. The role of nonlinear optimization. Nonlinear rescaling SVM.
· Methods of function estimation. Constructing kernels for estimating real-valued functions. Kernel generated splines. Kernel generating Fourier expansions. SVM for regression. Function approximation using the SVM. Linear operator equation using SVM. 
· Vicinal risk minimization principle. Vicinal kernels.  

Homework and Projects:        
        There are several projects that include developing learning algorithms and applying them to practical learning problems.

Exams: one midterm and final

Grades:           
        Homework and projects (40%), Midterm (30%), Final Exam (30%) 

Class URL:  

          (will be updated)

Text Book (required):                 

1. “The Nature of statistical learning theory”, V. Vapnik, 1999.

2. “The Elements of Statistical Learning” T. Hastie, R. Tibshirani, JH Friedman, Springer, 2003. 

Supplement Reference Books:

3.  Tom M. Mitchell, “Machine Learning,” McGraw-Hill, 1997 

4. “Pattern Classification”, Richard Duda, Peter Hart and David Stork, 2nd ed. John Wiley & Sons, 2001

5. “Linear and Nonlinear Programming”, Stephen G. Nash and Ariela Sofer, 1996. 

6. “Neural Networks for Pattern Recognition”, Christopher Bishop, Oxford University Press, 1996.










