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1 Numeical experimentswith algebraiamultilevel precanditioner. G érard Meurart.
Abstract.

This papernumericlly compaesdifferentalgelyaic multilevel precaditionersto
solve symmetricpositive definitelinear systemswith the precanditionedconjwgate
gradient algoithm on a setof examges arisingmainly from discretizationof sec-
ond order partial differentialequaions. We compare several different smootlers,
influene matricesandinterplationschemes.
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66 Numeical condtion of polynomialsin differentforms.HongZhary.

Abstract.

The zerosof high-degree polynomials are nototiously sensitve to changesn the
coeficients, causingproblemsfor availablezero-firding software. In this paperwe

studyhow this sensitvity dependsonthe polynomial representationWe first exterd

thealgebaic characterationof polynomial pseudzerosetsfrom thepowerbasisto

geneal basesWe show thatfor a polynomial, thenumeical conditinsof its values
andzerosarecloselyrelatedandcanbevisualizedsimultaneosly by its pseudaero
sets. Comparig the pseudzerosetson a setof testingpolynomialsin the power,

Taylor, Chebyhey, and Bernsteinbasesreveals that appopriaterepresetation of

polynomials gives rise to locally well-condtioned zercs, which then leadsto an
Iterative RefinementAlgorithm that combnes symbdic formulationwith numeic

processingto rediwce computationalerrorsof polynomial zeroslocatedin theregion

of interest.
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On Paralleltwo-stagamethodsfor Hermitianpositive definitematriceswith appica-
tionsto premnditioring. M. Jesis Castel,Violeta Migall6n and Jose Penaces.

Abstract.

Paralleltwo-stagedterative method for the solutionof linear systemsareanalyzed
Corvergerce propertiesof both block andmultisplitting two-stagemethod arein-
vestigate eitherwhenthe numter of inneriteratiors becomse suficiently large or
whenthe matrix of thelinearsystems Hermitianpositive definite. Comparisorthe-
oremsfor the paralleltwo-stagemethals, basedon the nurmber of inner iterations
perfamed,aregiven. Compuationalresultsof thesemethod on two pardlel com-
putingsystemsreincludedto illustratethetheoreticaresults.Also, theuseof these
method asprecaditiones is studiedfrom the expeimentalpoint of view.
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Gensgain-type eigemvalueinclusian theorensandtheirdhapnessRichard S.Varga.
Abstract.

Here,we investigae the relatiorshipsbetweernG(A), theunionof Gesgain disks,
K(A), theunion of Brauerovas of CassiniandB(A), theunion of Brualdilemnis-
catesets for eigervalueinclusiors of ann x n comgex matrix A. If o(A) denotes
thespectrunof A, we shaw herethat

o(A) € B(A) € K(4) € G(A)

is valid for ary weaklyirreducible n x n complex matrix A with n > 2. Further
it is evidert that 5(A) cancortain the spectraof relatedn x n matrices.We shav
herethatthe spectraof theserelatedmatricescanfill out B(A). Finally, if G(A)
dendesthe minimal Gesgorinsetfor A, we shav that

GR(A) C B(A).
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Somenonstandrdfinite elemenestimatesvith applicatiors to 3D PoissorandSig-
norin prodems. Faker BenBelgacenand SusaneC. Brenner

Abstract.

In this paperwe establishseveral nonstadard finite elemem estimatesnvolving
fractioral orde Soboler spaceswith applicdionsto bubHe stabilizedmixed meth-
odsfor thethreedimensioml PoissorandSignoini prablems.
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Piecavise linearwaveletcollocation appraimation of the bourdary manifold and
guadature.S.Ehrich andA. Ratlsfeld.

Abstract.

In this paperwe consicer a piecavise linearwavelet collocation methodfor the so-
lution of boundaryintegral equationsof orderr = 0, —1 over a closedandsmodh
bourdarymanifold Thetrial spaces the spaceof all contiruousandpiecaviselin-
earfunctions definedover a uniform trianguar grid andthe collocationpointsare
the grid points. For the wavelet basisin the trial spacewe chocse the threepoint
hierardical basistogetherwith a slight modificaion nearthe bourdary points of
the globd patchesof parametization. We chocse three,four, and six term linear
combhbnationsof Dirac deltafunctionals aswavelet basisin the spaceof testfunc-
tionals. The usualcompessionresultsapply, i.e., for N degreesof freedan, the
fully popuatedstiffnessmatrix of V2 entriescanbe apprimatedby a sparsema-
trix with no more than O(N[log N]?) nonzeo entries. The topic of the present
paper however, is to shav that the parametization can be appgoximatedby low
orderpiecavise polynomialinterpolation andthattheintegralsin the stiffnessma-
trix canbecompuedby quadature wherethe quadaturerulesarecombirationsof
productintegrationappliedto nonanalytic factorsof theintegrandandof high order
Gaufrulesappliedto the analytic parts. The whole algorithm for the assembling
of the matrix requiresno morethan O(N[log N]*) arithmetic operatims, andthe
errorof the collocationappraimation includingthe compessionthe apprximate
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parangtrization,andthe quadraures,is lessthan O(N ~![log N]?). Notethat,in
contrast to well-known algoithms by v.Petersdrff, Schwab,andSchneidg only a
finite degreeof smoothessis required
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Multi-symplectic Fourier pseudspectralmetha for the nonlinea Schibdnger
equatia. Jing-BoChenandMeng-Zha Qin.

Abstract.

Bridgesand Reich suggestedhe idea of multi-sympgectic spectraldiscretizatio
on Fourer space[4]. Basedon their theory we investigatethe multi-symgectic
Fourier pseudspectradiscretizationof the nonlinear Schibdinger equation (NLS)
on real space. We shawv that the multi-symplectic semi-discretizatio of the non
linear Schibdinger equaion with periodc boundary corditions has NV (the num:
ber of the nodes)semi-discretenulti-sympectic corsenationlaws. The symple-
tic discretizatio in time of the semi-discretizatio leadsto N full-discrete multi-
symplecticconsevationlaws. We alsoprove aresultrelatingto the spectraldiffer-
entiationmatrix. Numericalexperimentsareincludedto demmstrateheremakable
local conseration propertiesof multi-synplecticspectradiscretizatios.
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Chebyher apprximationvia polynomial mappirgs andthe cornvergencebehaiour
of Krylov subspae method. BerndFischer andFranzPehesstorfer

Abstract.

Let ¢, be a polynomial satisfyingsomemild condtions. GivenasetR C C,
a continuais function f on R andits bestappoximationp? _, from II,,_; with
respectto the maximum nom, we show thatp}_; o ¢,, is a bestappoximation
to f o ¢, ontheinverse polynomialimageS of R, i.e. ¢,,(S) = R, wherethe
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extremal signatures givenexplicitly. A similar resultis presentedor constraind
Chebyshe polynamial appraimation Finally, we apply the obtaired resultsto
the compuation of the corvergencerateof Krylov subspacenethodsvhenapgied
to a precoritioned linear system. We investigatepairs of precanditiones where
the eigervaluesare contaired in setsS and R, respectiely, which arerelatedby
©m(S) = R.
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Retoolingthe methodof block conjugategradierts. A. A. Dubrulle.

Abstract.

Blockimplementéionsof theconjujate-gadientamethodfor thesolutionof alinear
systemmustdealwith linear depeienceghatmay appeain the descenbr resid-
ual blocksin the courseof theiteration New algoiithms preseted hereavoid rank
estimationanddeflationthroughthe useof changsof basesandalgorithmic refor-
mulatiorsthateliminaterankneardefects.Thetransfornationsincludearobustpro-
cessof norunitary orthagonalisationin the metric of a symmaric positive-definite
matrix.
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Errar Analysisof QR Algorithms for Computirg Lyapurov Exporents. Edwad J.
McDondd andDesmondl. Higham.

Abstract.

Lyapurov exponentsgive valuableinformationaboutlong termdynamics. Thedis-
creteandcontinwousQR algoithmsarewidely usednumeical technquesfor com-
puting appoximateLyapunov exponents,althowgh they arenot yet suppoted by a
geneal erroranalysis.Here,arigorouscorvergencetheoryis developedfor boththe
discreteandcontinousQR algoiithm appliedto a constahcoeficiert linearsystem
with real distinct eigervalues. For the discreteQR algorittm, the problem essen-
tially reducedo oneof linearalgebrafor whichthetimesteppingndlinearalgelra
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errois unoupleandprecisecorvergenceratesareobtainal. For the continiousQR
algorithm, the stability, ratherthanthelocal accurag, of thetimesteppg algorithm
is relevant, and hencethe overall convergencerateis indeenden of the stepsize.
In this caseit is vital to usea timesteppingmethal that preseresorthogorality in
the system.We give numeical resultsto illustratethe analysis. Furthernumeical
expaimentsanda heuistic argumentsuggstthatthe corvergenceprogertiescarry
through to the caseof complex corjugateeigervaluepairs.
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