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1 Numerical experimentswith algebraicmultilevel preconditioner. Gérard Meurant.

Abstract.
This papernumerically comparesdifferentalgebraic multilevel preconditioners to
solve symmetricpositive definitelinearsystemswith thepreconditionedconjugate
gradient algorithm on a setof examples arisingmainly from discretizationof sec-
ond order partial differentialequations. We compareseveral different smoothers,
influence matricesandinterpolationschemes.
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66 Numerical condition of polynomialsin differentforms.HongZhang.

Abstract.
The zerosof high-degreepolynomialsarenotoriously sensitive to changesin the
coefficients,causingproblemsfor availablezero-findingsoftware.In this paper, we
studyhow thissensitivity dependsonthepolynomial representation.Wefirst extend
thealgebraiccharacterizationof polynomialpseudozerosetsfromthepowerbasisto
general bases.Weshow thatfor apolynomial,thenumerical conditionsof its values
andzerosarecloselyrelatedandcanbevisualizedsimultaneously by its pseudozero
sets.Comparing the pseudozerosetson a setof testingpolynomialsin thepower,
Taylor, Chebyshev, andBernsteinbasesreveals that appropriaterepresentation of
polynomials gives rise to locally well-conditioned zeros, which then leadsto an
Iterative RefinementAlgorithm that combinessymbolic formulation with numeric
processingto reducecomputationalerrorsof polynomialzeroslocatedin theregion
of interest.
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88 OnParalleltwo-stagemethodsfor Hermitianpositivedefinitematriceswith applica-
tionsto preconditioning. M. JesúsCastel,VioletaMigallónandJośePenad́es.

Abstract.
Parallel two-stageiterative methods for thesolutionof linearsystemsareanalyzed.
Convergencepropertiesof bothblock andmultisplitting two-stagemethods arein-
vestigated eitherwhenthenumber of inner iterations becomes sufficiently large or
whenthematrixof thelinearsystemis Hermitianpositivedefinite.Comparisonthe-
oremsfor the paralleltwo-stagemethods, basedon the number of inner iterations
performed,aregiven. Computationalresultsof thesemethods on two parallel com-
putingsystemsareincludedto illustratethetheoreticalresults.Also, theuseof these
methods aspreconditioners is studiedfrom theexperimentalpointof view.
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113 Geřsgorin-typeeigenvalueinclusion theoremsandtheirdharpness.RichardS.Varga.

Abstract.

Here,we investigate therelationshipsbetween
�������
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134 Somenonstandardfinite elementestimateswith applications to 3D PoissonandSig-
norini problems. Faker BenBelgacemandSusanneC. Brenner.

Abstract.
In this paperwe establishseveral nonstandard finite element estimatesinvolving
fractional order Sobolev spaces,with applicationsto bubble stabilizedmixedmeth-
odsfor thethree-dimensional PoissonandSignorini problems.
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149 Piecewiselinearwaveletcollocation, approximationof theboundarymanifold, and
quadrature.S.Ehrich andA. Rathsfeld.

Abstract.

In this paperwe consider a piecewiselinearwaveletcollocation methodfor theso-
lution of boundaryintegral equationsof order �� "!$#&%(' over a closedandsmooth
boundarymanifold. Thetrial spaceis thespaceof all continuousandpiecewiselin-
earfunctions definedover a uniform triangular grid andthe collocationpointsare
the grid points. For the wavelet basisin the trial spacewe choosethe three-point
hierarchical basistogetherwith a slight modification nearthe boundary pointsof
the global patchesof parametrization. We choose three,four, andsix term linear
combinationsof Dirac deltafunctionalsaswavelet basisin the spaceof test func-
tionals. The usualcompressionresultsapply, i.e) , for * degreesof freedom, the
fully populatedstiffnessmatrix of *,+ entriescanbeapproximatedby a sparsema-
trix with no more than -�.�*0/ 132546*879+;: nonzero entries. The topic of the present
paper, however, is to show that the parametrization canbe approximatedby low
orderpiecewisepolynomial interpolationandthat the integrals in thestiffnessma-
trix canbecomputedby quadrature,wherethequadraturerulesarecombinationsof
product integrationappliedto nonanalytic factorsof theintegrandandof highorder
Gaußrulesappliedto the analyticparts. The whole algorithm for the assembling
of the matrix requiresno morethan -<.�*0/ 1=2546*>7@?A: arithmetic operations, andthe
errorof thecollocationapproximation, includingthecompression,theapproximate
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parametrization,andthe quadratures,is lessthan B<C�D�EGF&H I=J5KLD8MONAP . Note that, in
contrast to well-known algorithmsby v.Petersdorff, Schwab,andSchneider, only a
finite degreeof smoothnessis required.
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193 Multi-symplectic Fourier pseudospectralmethod for the nonlinear Schr̈odinger
equation. Jing-BoChenandMeng-Zhao Qin.

Abstract.

Bridgesand Reich suggestedthe idea of multi-symplectic spectraldiscretization
on Fourier space[4]. Basedon their theory, we investigatethe multi-symplectic
Fourierpseudospectraldiscretizationof thenonlinear Schr̈odingerequation (NLS)
on real space.We show that the multi-symplecticsemi-discretization of the non-
linear Schr̈odinger equation with periodic boundary conditions has D (the num-
berof thenodes)semi-discretemulti-symplectic conservation laws. Thesymplec-
tic discretization in time of the semi-discretization leadsto D full-discrete multi-
symplecticconservationlaws. We alsoprove a resultrelatingto thespectraldiffer-
entiationmatrix.Numericalexperimentsareincludedto demonstratetheremarkable
localconservationpropertiesof multi-symplecticspectraldiscretizations.
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205 Chebyshev approximationvia polynomialmappingsandtheconvergencebehaviour
of Krylov subspace methods. BerndFischerandFranzPeherstorfer.

Abstract.

Let QSR be a polynomial satisfyingsomemild conditions. Given a set TVUXW ,
a continuous function Y on T and its bestapproximation Z\[] EGF from ^ ] E_F with
respectto the maximum norm, we show that Z`[] EGF\a QGR is a bestapproximation
to Y a Q_R on the inversepolynomial image b of T , i.e. QcR�C�bdP�efT , wherethe
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extremal signatureis givenexplicitly. A similar resultis presentedfor constrained
Chebyshev polynomial approximation. Finally, we apply the obtained resultsto
thecomputationof theconvergencerateof Krylov subspacemethodswhenapplied
to a preconditionedlinear system. We investigatepairsof preconditioners where
the eigenvaluesarecontained in sets g and h , respectively, which are relatedbyiSjlk gdm�n"h .
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216 Retoolingthemethodof blockconjugategradients. A. A. Dubrulle.

Abstract.
Block implementationsof theconjugate-gradientsmethodfor thesolutionof alinear
systemmustdealwith lineardependencesthatmayappear in thedescentor resid-
ual blocksin thecourseof the iteration. New algorithmspresentedhereavoid rank
estimationanddeflationthroughtheuseof changesof basesandalgorithmic refor-
mulationsthateliminaterankneardefects.Thetransformationsincludearobustpro-
cessof nonunitaryorthogonalisationin themetricof a symmetric positive-definite
matrix.
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234 Error Analysisof QR Algorithms for Computing Lyapunov Exponents. Edward J.
McDonald andDesmondJ. Higham.

Abstract.
Lyapunov exponentsgivevaluableinformationaboutlong termdynamics. Thedis-
creteandcontinuousQR algorithmsarewidely usednumerical techniquesfor com-
putingapproximateLyapunov exponents,although they arenot yet supportedby a
general erroranalysis.Here,arigorousconvergencetheoryis developedfor boththe
discreteandcontinuousQRalgorithm appliedto aconstant coefficient linearsystem
with real distinct eigenvalues. For the discreteQR algorithm, the problem essen-
tially reducesto oneof linearalgebrafor which thetimesteppingandlinearalgebra
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errors uncoupleandpreciseconvergenceratesareobtained. For thecontinuousQR
algorithm, thestability, ratherthanthelocalaccuracy, of thetimestepping algorithm
is relevant, andhencethe overall convergencerateis independent of the stepsize.
In this caseit is vital to usea timesteppingmethod thatpreservesorthogonality in
thesystem.We give numerical resultsto illustratetheanalysis.Furthernumerical
experimentsanda heuristic argumentsuggestthattheconvergencepropertiescarry
through to thecaseof complex conjugateeigenvaluepairs.
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