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Complexity of Fourier Transform and Related Problems 
------------------------------------------------------------------------ 
 
The Fourier Transform is one of the most important linear transformations used in science and 
engineering, with CS applications (to name just a few) spanning fast integer multiplication, 
machine learning and dimensionality reduction. 
 
Cooley and Tukey's Fast Fourier Transform (FFT) [1] is a method for computing this transformation 
in time O(n log n).  In spite of its importance, however, from a lower bound perspective, relatively 
little is known optimality of FFT.  The most highly cited relevant results are by Morgenstern [2] and 
by Papadimitriou [3], but they are quite restrictive, and not satisfactory for various reasons that will 
be explained in class. 
 
Recently, there has been progress in understanding the complexity of the Fourier transform [4,5], 
which leads to more interesting open problems.   
 
 
The course will cover: 
 
1. Definition and applications of Fourier transform, the Fast Fourier Transform 
2. Lower Bounds - Old and recent results 
3. Related and tangential topics such as sparse Fourier transform [6] and quantum Fourier 
transform. 
 
The goal of the course is to introduce students to interesting research topics, and the coursework 
will support this goal.  Students will be asked to read papers related to a specific problem, and 
summarize them or present them. 
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