229B: Numerical Methodsin Linear AlgebraFinal
Project/Report: due Friday 03/24/00

For ourfinal project/reportpleaseselectonefrom thefollowing two choices:

Choice 1. Describeyourthesis(in factarny) projectandhow to apply the methodswe learnedn
this courseto solve your problem.If you alreadyappliedsomeof the methodso your own
problem thatwould begreat,but you don't have to solve your problemcompletely You can
justwrite your planof actionsto solve your problem.

Pleasenrite by wordprocessingoftware. It shouldbelessthan10 pages.
Choice2: Solweall of thefollowing problems.

Probleml: Which of CG, GMRES,CGN, or BCG would you expectto be mosteffective for the
following m x m problemsAz = b, andwhy?

(a) A densenonhermitiammatrixwith m = 10%, all but threeof whoseeigervaluesare
approximatelyequalto —1.

(b) The same,but with all but three of the eigervaluesscatteredaboutthe region
—10 < Real()) <10, -1 <Imag(A) < 1.

(c) A sparsenonhermitianmatrix with m = 108 but only 107 nonzeroentries,with
eigervaluesasin (a).

(d) A sparsenermitianmatrix with m = 10° whoseeigevaluesarescatteredhrough
theintenal [1, 100].

(e) Thesamegxceptfor outlying eigervaluesat0.01 and10, 000.
() Thesameput with additionaloutliersat—1, —10, and—100.

(9) A sparsenormalmatrix with m = 10° whoseeigervaluesarecomplex numbers
scatteregbouttheannulusl < |A] < 2.

Problem2: A Matlab programimplementingmultigrid to solve the discretemodelproblemon a
squards availablevia anorymousftp at
ftp:// mat h. ucdavi s. edu/ pub/ user s/ sai t o/ ng/ , by courtesyof Prof.Jim
Demmelat UC Berkeley. Start by running the demonstration(type ngdeno and
testf mgv). Then,try runningt est f ng for differentright-handsides(input ar-
ray b), differentnumbersof weightedJacobiiterationsbeforeandaftereachrecursve
call to the multigrid solver (inputsj acl andj ac?2), anddifferentnumbersof itera-
tions (inputi t er ). The softwarewill plot the corvergencerate (ratio of consecutie
residuals)doesthis dependon the sizeof b, the frequenciesn b, thevaluesof j acl
andj ac2? Forwhichvaluesof j ac1 andj ac?2 is thesolutionmostefficient?

Problem3: Analyzecomputationatompleity of the FFT-basednethod(in fact FastSineTrans-
form) andthe multigrid methodfor the 1D Poissorequationwith N discretizedooints
with the Dirichlet boundarycondition.Describeprosandconsof thesetwo methods.



