Multimedia Course in Linear Algebra for Engineering Applications

This course should be made to investigate how to construct a ‘low-budget’ multimedia production. It seems reasonable that the course size is 3-5 credit points. The method of production should use the current concept of hierarchical decomposition of its contents, sticking to HTML pages as far as possible. Some key illustrations should be made in for instance shockwave. In addition, the course uses ‘leaflets’, m-files, and computer exercises (Matlab-based), all supplied in some laser-printable format. The course should be given in the currently preferred format, i.e. an introductory day at Chalmers, electronic communication during the course, avoiding tele-conferencing, and a wrap-up day at Chalmers including examination, but probably no practical exercises (laborationer). Some book should be used, today Strang seems to be the obvious choice.

This course can be argued to stand on it’s own, but can also be seen as a prerequisite of a state of the art course (spetskurs) in the branch of modern signal processing heavily using linear algebra concepts. Such a course is anticipated to have a size of 2-4 credit points. It could also – for marketing reasons – be made into a combined course of linear algebra and signal processing.

Contents and Structure

· Introduction

· Signal processing applications
· Basics

· Linear equations
· Vectors and matrices
· Linear spaces
· Bases
· Orthogonalization
· Special linear mappings

· Rotations
· Reflections
· Projections
· Permutations
· Fourier
· Toeplitz
· Hankel
· Vandermonde

· Factorizations

· LU
· LDU
· QR
· Diagonal form – eigenvalue decomposition
· SVD
· (Similarity transforms)
· Determinants

· Formulas
· Co-factors
· Jacobians
· Hypervolume
· Quadratic forms

· Applications

Printables

Tony suggested that (short) Matlab exercises be incorporated into the leaflets. 

Presently, the following exist

· Linear equations, geometry, and algebra. Matlab lineqsys.m

· Matrices, geometry, and mappings (MGM) – the intuitive aspect. Matlab rangespace.m

· MGM – Vector spaces, linear mappings, independence, and bases. Matlab bases2D.m

· MGM – Subspaces, Range and Null spaces. No Matlab or rangespace.m repeated
· MGM – Eigenvalues, geometry, and diagonalization. Matlab eig1.m, eig2.m 
· Norm-preserving linear mappings from RN to RN. Matlab normpres.m

· Rotations. Matlab rotations.m 

· Reflections. Matlab reflections.m

· Projections. Matlab projections.m

· Permutations. Matlab permutations.m

· The Fourier matrix. Matlab Fourmat.m

· Toeplitz matrices. No Matlab
· Hankel matrices. . No Matlab
· Vandermonde matrices. No Matlab
· Least squares from a Linear Algebra point of view. Matlab polyreg.m

· Orthogonalization, Gram-Schmidt and projections. Matlab ortho.m, housholder.m

· Factorizations, overview

· LU,LDU. Matlab lufac.m

· QR. No Matlab, enough under orthogonalization

· Eigenvalue decomposition. No Matlab, enough already

· SVD. Matlab svdgames.m
· Quadratic forms. Matlab quadform.m 

· Determinants, hypervolumes and volume scaling in substitutions. No Matlab, I give up, no sensible illustration comes to mind.  
· Outlook to some algorithms. 

· Controllability and Observability. No Matlab
· MUSIC. Matlab musicapp.m

· ESPRIT. Matlab espritapp.m

The following should be considered

· Hilbert. Make Matlab envelope, amplitude demodulation

· (Recursive construction of projection matrices, fast algorithms)

· (Complex valued cases)

· (The Jordan form)

Exercises

Tasks to be used as hand-in problems. Say 5-10 larger tasks, that can form the basis for an oral examination.

Ovanstående första utkast av Holger 15 sept 98. Mycket är troligen inkomplett, somt kanske överflödigt. Utkastet bör kritiskt granskas av Tony (Gustafsson), Jöran (Bergh) och Mats (Viberg).

Reviderat 981117

Nästa steg på agendan är att revidera alla leaflets och m-filer, förhoppningsvis till en karaktär så att allt material är lättanvänt.

Multimedia structure

This suggestion is based on a desire to structure the material into two parts, each of size approximately two credit points.

Part 1

· Introduction

· Applications

· Basics

· Analytical geometry

· The scalar product

· Vector – vector

· Matrix – vector

· Matrix – matrix

· Norms

· Vectors

· Matrices

· Linear systems of equations

· Gauss elimination

· LU factorization 

· Determinants, the concept

· Vector spaces

· Linear spaces, general

· The spaces of a matrix

· Linear independence and bases

· Orthogonalization, the concept

· Linear mappings, the concept

· Eigenvalues and eigenvectors
· The concept

· Diagonalization

Part 2

· Special linear mappings

· Norm-preserving linear mappings
· Rotations
· Reflections
· Projections
· Permutations
· The Fourier matrix
· Toeplitz matrices
· Hankel Matrices
· Vandermonde matrices
· Factorizations

· LU, LDU
· QR
· Eigenvalue decomposition
· SVD
· Quadratic forms

· Applications

· LS estimation of AR-parameters
· Controllability and observability
· MUSIC
· ESPRIT
