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To begin the senior research project, I wrote summaries of articles from the January/February issue of Computing in Science and Engineering.  This publication promotes computational science and engineering.  This issue featured the “top-10” algorithms of the century.  The algorithms covered in no particular order were:

Integer Relation Detection

The (Dantzig) Simple Method for Linear Programming

Krylov Subspace Iteration

The QR Algorithm

Quicksort

The Decompositional Approach to Matrix Computation

The FFT

The Metropolis Algorithm

The Fortran I Compiler

The Fast Multipole Algorithm


Not knowing what direction I wanted to take, I began with an algorithm I was familiar with.  The article, “The Decompositional Approach to Matrix Computation”, covers several methods of decomposition.  They were the Cholesky, pivoted LU, QR factorization, spectral decomposition, the Schur and finally, the singular value decomposition.  These six are just a few of the many decompositions available.


Next, I covered “The Fortran I Compiler”.  This article gives a brief history of its development.  It notes how some current optimizations have origins in the Fortran I compiler.  Even terminology used has found its way into current times.  Finally, the hardware the compiler was first written for is covered.  Information on the system type (IBM 704), registers available and other specifications of the system are given.


The third article summary was, “The FFT: An Algorithm the Whole Family Can Use.”  It begins with history and first uses of the FFT.  It was used before digital computers existed.  The calculations were long and laborious, but mathematicians such as Gauss worked through them to calculate astronomical equations and more.  It goes on to cover the first development of uses on digital computers which helped by carrying out the tedious calculations.  This article raised my interest in the Fourier transform, and I then decided what topic to concentrate the remainder of my research on.


The first thought that went through my mind when I read about the power that the Fourier transform had when it came to harmonic analysis was how I could use it to process audio signals.  This brought about my next paper.  In this paper, using  the book Digital Audio Signal Processing: An Anthology by Strawn, I gave a brief introduction to the spectral analysis of an audio signal.  I began with the digital representation of audio.  I then introduced the Fourier transform and how it was applied to the spectral analysis to extract the frequencies that the signal was composed of.  To supplement this paper, I also wrote a computer program in C that will work out the calculations that are given in the paper.


Once I had the paper on digital audio finished, I began trying to find computer programs that would give a spectral analysis of the signal in real time.  Several of the programs that I came across either would not run on my system or they did not include the source code.  I needed to find a program that would work that I could recompile after making slight changes to see how they affected the output.  The program that I found that does what is needed is XSpectrum by Philippe Strauss.  This program was written for a Linux system with X11R6.  I downloaded this program from Hitsquad, a website that has thousands of audio programs ready to download.  To download XSpectrum, go to http://www.hitsquad.com/smm/programs/XSpectrum/.  The source for this program is included in the appendix.


After this, I decided to find out why Fourier Analysis did what it did.  This led me to the library and I found several books that would help me answer this question.  The first was Maurice Bellanger’s Digital Processing of Signals: Theory and Practice.  This book was directed more towards the telecommunications student, but the beginning chapters gave a good introduction to Fourier Analysis.  It covers the Sampling Theorem and then follows with several different types of transforms that can be executed.


The last paper was a summary of Peter Bloomfield’s Fourier Analysis of Time Series: An Introduction.  This book was the most mathematically rigorous of any that I had covered during my research.  It gives good examples of uses of Fourier analysis other than audio processing.  It gives a good verbal definition of harmonic analysis.  A brief history of Fourier analysis is then given.  Lastly, this book gives programs in Fortran that execute many of the algorithms that are given.


To conclude the project, I decided to write a small spectrum analyzer program similar to X-Spectrum.  To begin this, I found several different routines to calculate the Fourier Transform.  I selected the FFTW from Massachusetts Institute of Technology because of its flexibility and speed.  I then decided to use the Linux platform for its power over the audio device for playing back the sound files.  The end result of my programming efforts is a small bare bones analyzer which uses concepts that were learned while doing the research.


Having begun the project with no real direction to follow, I am very satisfied with where it ended.  I discovered a branch of mathematics that is very exciting.  Being a person with an advanced musical background, I feel that the possibilities for my experimentation with Fourier analysis are endless.  I am looking forward to being able to use what I have learned and to expand upon what has already been discovered through the use of digital computers and analog electronic devices.

