
Course Number:  Math 617-Q1 
Course Title:        Topics in Functional Analysis I 

Core Course: NO 
Term: Winter 2017 

Instructor:  Bin Han,  CAB 541,      Phone: 492-4289,         E-mail: bhan@ualberta.ca  
Outline:  In an information era, most data and solutions of mathematical equations 
are modeled by function spaces such as Sobolev and Besov spaces, while distribution 
theory and Fourier transform are major tools to study them. Various bases and frames 
(i.e., bases with redundancy) of function spaces are then used to provide effective 
mathematical representations for data and functions under investigation through 
sparse approximation. This is particularly crucial to process huge volume of big data in multiple dimensions. Techniques from modern analysis, functional analysis, 
computational harmonic analysis and approximation theory play key roles for this 
purpose. This course introduces several modern and classical topics on frame theory, 
distributions and function spaces, shift-invariant spaces, wavelet characterization of 
function spaces, wavelet-based applications, sparse approximation, and compressed 
sensing. Some knowledge on classical Fourier transform and functional analysis is 
helpful but not required (a self-contained brief review on these topics will be provided). 
 
Frames and Bases in Hilbert Spaces: 
       Short review on Hilbert/Banach space theory; Introduction to frames and bases in 
Hilbert spaces and their properties; Finite frames and Gabor frames (i.e., Windowed 
Fourier transform) with applications; Some recent research topics on frame theory. 
 
Distribution Theory and Function Spaces:  
       A brief review on classical Fourier transform; Test functions and Schwartz 
functions, distributions and tempered distributions, distributional derivatives and 
antiderivative, Fourier transform of tempered distributions; distributional Poisson 
summation formula and its applications; Sobolev and Besov spaces. 
 
Shift-invariant Spaces, Wavelets, and Sparse Approximation: 
        Shift-invariant spaces, frames and bases in shift-invariant spaces; Multiresolution 
analysis, orthonormal wavelets, and tight framelets; Wavelet characterization of 
function spaces. Discrete wavelet/framelet transform and filter banks, wavelet-based 
image processing; Approximation by shift-invariant spaces; Shannon sampling theory 
in shift-invariant spaces; Prony method for sparse Fourier series; A brief introduction 
to compressed sensing & sparse recovery; Recent optimization models and iterative 
numerical algorithms for some mathematical models in image processing. 
 Note: some topics may be skipped or quickly covered due to time constraint. 
Textbook(s):  No textbook is required.  Notes and reading materials will be provided. 
Grading:  Oral presentation and a project based on an instructor-approved project.  
Three types of projects to choose: 1. Solve research problem(s) (significant results 
may lead to publication). 2. Develop and apply proposed method to a particular 
application. 3. Read published recent papers on a specific topic. Several suggested projects/topics will be provided. Consult instructor for choosing and approving project. 


