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ETH Lecture 401-0663-00L Numerical Methods for CSE

Course Video
Section 2.3—-Section 2.5: Gaussian Elimination

Prof. R. Hiptmair, SAM, ETH Zurich

Date: September 18, 2020
(C) Seminar fir Angewandte Mathematik, ETH Zlrich
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Prerequisites.
e Familiarity with Gaussian elimination as introduced in the linear algebra course.
e Ability to read C++ codes

Dependencies. Section 1.4

Duration: 30 minutes
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block LU-factorization
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Definition 2.3.2.3. LU-decomposition/LU-factorization

Given a square matrix A € K"™", an upper triangular matrix U € K"" and a normalized lower
triangular matrix (— Def. 1.1.2.3) form an LU-decomposition/LU-factorization of A, if A = LU.
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@ LU-decomposition A = LU, #elementary operations = %n(n —1)(n+1) — 0(}’7 3)

@ forward substitution, solve Lz = b, #elementary operations = 5n(n — 1) ,
@ backward substitution, solve Ux = z, #elementary operations = %n(n +1) - &//’7 )
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Never contemplate implementing a general solver for linear systems of equations!

If possible, use algorithms from numerical libraries! (— Exp. 2.3.1.7)
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C++ code 2.5.0.11: Wasteful approach! C++ code 2.5.0.12: Smart approach!
-* GITLAB - GITLAB

// Setting: N>1, // Setting: N>1,
// large matrix A € K™"" // large matrix A € K""
for(int j = 0; j < N; ++j){ auto A_lu_dec = A.lu();

x = A.lu() .solve(b); for(int j = 0; j < N; ++j){

b = some_function (x) ; g "s\;rl:;df;n-cst?olr\:tz)((l;?;
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