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9.30-10.0Accueil Welcome.

10.00-11.00N. Schiesse(LehighUniversity, BethlehemUSA)
Spaceandtime adaptivityin the numericalintegration of partial differential equations.

11.00-11.3CCafé coffee

11.30-12.00ranjavVanHecke(UniversiteitGent,VakgroeploegepastaViskundeenInformatica)
Mono-implicitRunge-Kitta-NystbmMethods. efficientlRKN methods.

12.00-12.3Qo0Simoeng K.U.Leuven Departmenbf ComputerScience)
FastDirectSolversasPreconditionerin WaveformRelaxation.

12.30-14.3Repagde midi (lunch).

14.30-15.0@art Sijnave (VakgroepToegepastaViskundeen Informatica,UniversiteitGent)
Continuationof codimensior® equilibriumbifurcationsin CONTENT.

15.00-15.1%reak

15.15-16.1%. Zegeling (Math. Dept.,UtrechtUniversity, The Netherlands)
Anadaptivegrid methodoasedon smootheckquidistritution andits applicationto PDEswith
higherorder derivatives.

16.15-16.3CCafe coffee

16.30-17.00GérardDegrez(von Karmaninstitute)
Implicit upwindresidualdistribution schemedor Euler/NavierStokesquations.
17.00-17.3Alain VandeWouwer(Faculé Polytechniquale Mons)
NumericalExperimentsvith the Moving Finite ElementMethod



SPACE AND TIME ADAPTIVITY IN THE NUMERICAL
INTEGRATION OF PARTIAL DIFFERENTIAL EQUATIONS

W. E. SCHIESSER

Lehigh University
BethlehemPA 18015USA
wesl@lehigh.edu

An essentiahspecbf the numericalintegrationof partial differentialequation{PDES)is the
monitoring and control of numericalerrors. In this paper we review threebasicapproacheso
adaptve errorcontrol (for discretizatiorerrorsin spaceandtime):

1. hrefinementVariationof the spaceandtime integrationintervals.
2. prefinementVariationin the orderof the spaceandtime approximations.

3. r refinement: Adaptve movementof the grid pointsto regionsof large variationsin the
solution.

Thesethreestratgjies canbe implementednanually (by observingthe solutionand making
adjustments)or automatically(by having the computercodemakethe adjustments).

We illustratethesestratgieswithin the methodof lines (MOL), whichis aflexible approach
to the numericalintegration of systemsof ordinary differential equations(ODES), differential-
algebraicequation§DAEs) andPDEs.

Somerepresentate numericalmethodswill be reviewed andillustratedthrough computer
codesfor: (a) a systemof two initial-value ODEsof arbitrarystiffnessand (b) a specialcaseof
the Einsteinfield equation®f generakelativity.

The talk will concludewith a brief discussionof the softwareavailable for MOL analysis,
includinga setof Matlab“m” files andthe Fortrancodefor the Einsteinfield equationghatwill
beprovidedto theattendees.



MONO-IMPLICIT RUNGE-KUTTA-NYSTROM METHODS :
EFFICIENT IRKN METHODS

T. VAN HECKE, Researctissisteniof the University of Gent,
G. VANDEN BERGHE, M. VAN DAELE
andH. DE MEYER, Researclirectoratthe NationalFundfor ScientificResearch
(N.EW.O. Belgium)

Vakgroep ToggepasteMskundeen Informatica Universiteit—Gent
Krijgslaan 281— S9,B9000Gent,Belgium
e-mail: Tanja.\anHedke@rugac.be

Implicit Runge-Kutta-Nystbm methodgIRKN) aredeterminedy the Butchertableau
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with ¢, b, b € IR®*! andA € IRS*S, IRKN methodsareexpensve andexplicit RKN methodshave
badstability properties We considerthe subclas®f mono-implicitmethoddMIRKN) for which
a strictly lower triangularmatrix X € IRS*S anda vectorv € IR*! exist suchthat the Butcher
matrix A canbewritten as

A=X+Vh' +wb'.

Moreover, sincewe aim atthe constructiorof P-stableMIRKN methodswerequirethatthe2 x 2
matrix stability function
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wherebye € IRS*! denoteghe vectorwith unit entries satisfiesfor all realz < 0 both the condi-
tionsdetM(z) = 1 and(TrM(2))? < 4.

An analysisis madeof P-stableFSAL methodswith v = c. It will alsobe shavn how the
requiredLU-decompositiorcanbe simplified. Symplecticmethodsarediscussedvithin theclass
of MIRKN methods.



FAST DIRECT SOLVERS AS PRECONDITIONER
IN WAVEFORM RELAXATION

Jo SIMOENS

KatholiekeUniversiteitLeuven
Departmenbf ComputerScience
Celestijnenlaai200A
B-3001Heverlee
(jo.simoens@cs.kulewn.ac.be)

Waveform relaxationis an iterative techniquefor solving large systemsof ODEs. It is the
continuous-in-timeanalogueof iterative methodsfor stationaryproblemsbasedon matrix split-
ting, suchasthe Jacobiand Gauss—Seideterations. In this talk we considerits applicationfor
solvingsemi-discretise@arabolicinitial-boundaryvalueproblems.

The waveform relaxationmethodparallellisesvery well if the preconditioneiis highly par
allellisable. We discussthe useas preconditionerof direct parabolicPDE solvers with known
optimal parallel compleity. Thesepreconditionersare derived from direct solvers for elliptic
PDEs,andusethe FFT in the spatialdimensionsandcyclic reductionin thetime dimension Fine
andcoarse-graitvariantsof the parallelalgorithmarepresented.

Theconvergenceateof theresultingwaveformrelaxationiterationis shavn to beindependent
of the meshsize usedin the spatialdiscretisation.We concludeby comparingthe methodwith
someotherwaveformrelaxationandmultigrid methoddor parabolicproblems.



CONTINUATION OF CODIMENSION 2 EQUILIBRIUM
BIFURCATIONSIN CONTEN

B. SIINAVE , W. GOVAERTS (Fundfor ScientificResearcifF.W.O. Belgium)
andYU. A. KUZNETSOV (CWI, Amsterdam(TheNetherlands))

VakgroepToggepasteMskundeen Informatica,Universiteit—-Gent
Krijgslaan 281— S9,B9000Gent,Belgium
e-mail: Bart.Sijnave@rugc.be

In this talk, we discussrecentextensionsto CONTENT, an interactve softwarepackage
developedatCWI (Amsterdam)py Yu. A. Kuznetso andV. V. Levitin, to computeandpathfollov
numericallyall codimensior® bifurcationsof thesolutionsof theequilibriumequationd=(u,a) =
0 associateavith thedynamicalsystem

u=F(u,a) u,F(u) € IR" a € IR™.

We will dealwith Bogdane-Takenspoints(BT), Zero-Hopfpoints(ZH), DoubleHopf points(DH)
and GeneralizedHopf points (GH) which can be found while following a curve of single Hopf
pointsandalsowith cusppoints(CP) thatcanbe foundon limit point curves. Also, detectionof
severalcodimensior8 bifurcationswill bediscussed.

Weillustratetheuseof this softwarewith severalmodelcomputationgor all typesof theabove
mentionedbifurcations.Oneof the presenteanodelsis a realisticmodelof a neuron,developed
at CornellUniversityby J. Guckenheimeandcoworkers.



AN ADAPTIVE GRID METHOD BASED ON SMOOTHED
EQUIDISTRIBUTION AND ITSAPPLICATION TO PDESWITH
HIGHER ORDER DERIVATIVES.

DR. P. A. ZEGELING

Dept. of Mathematicsniversityof Utrecht
P.O.Box 80.010,3508TA Utrecht,The Netherlands
e-mail: zegeling@math.ruu.nl
WWW: http://www.math.ruu.nl/people/geling/

Abstract: Traditionalnumericaltechniquego solve time-dependen®DEsintegrateon a uni-
form spatialgrid thatis keptfixed on the entiretime interval. If the solutionshave regions of
high spatialactity, a standardixed-gridtechniquas computationallyinefficient, sinceto afford
anaccuratenumericalapproximationjt shouldcontain,in general,a very large numberof grid
points.

Thegrid onwhichthe PDEis discretizedhenneeddo belocally refined.Moreover, if there-
gionsof high spatialactiity aremoving in time, like for steepmoving frontsin reaction-difusion
or hyperbolicequationsthentechniquesareneededhatalsoadapt(move) thegrid in time: con-
tinuouslydeforminggrid methodswhich arealsodenotedoy thetermr-refinement.

In thistalk | will describeanadaptve moving-grid methodthatis basedn anequidistrilution
principle suppliedwith smoothingbothin thetime and spacedirection. In one spacedimension
this is ratherstraightforwardandit cantheoreticallybe shavn thatthe ratios of adjacentspatial
grid cells are forcedto be boundedfrom belov and above, due to the smoothing. In two di-
mensionsan adaptve moving grid can be definedby applyingthe 1D-principle alongthe two
coordinatedirections. Numericalresultswill be shavn in one and two spacedimensionsfor,
amongothers,reaction-difusionmodelsandhigherorderPDEsin time andspace suchaswave
equationsKWdV-equationandthe Extended~isherKolmogoror PDE model.



IMPLICIT UPWIND RESIDUAL DISTRIBUTION SCHEMES FOR
EULER/NAVIER-STOKES EQUATIONS.

GERARD DEGREZ

Von Karmanlnstitutefor Fluid Dynamics,
72,Chausseée WaterlooWaterloosesteenwg 72
1640Rhode-Saint-Gened640Sint-Genesius-RodBelgium

A review is madeof implicit residualdistribution schemedor the solution of compressible
flows on unstructuredyridswhich have beenextensvely studiedat the von Karmaninstituteover
the pastfew years.

Spacediscretizations consideredirst. The main motivationfor the developmentof upwind
residualdistributiondiscretizationss to genuinelyaccountfor the multidimensionaflow physics,
contraryto state-of-the-artinite volumesolverswhicharebasedn 1D Riemanrsolwers. Theba-
sicprinciplesof residualdistributionschemesireexplainedin detailfor thelinearscalaradwection
equation.lt is shown in particularthat more classicalschemesuchasthe SUPGfinite element
andLax-Wendrof schemesanbe viewed asresidualdistribution schemes.Then, their gener
alizationto non-commutindhyperbolicsystemss presentedThe applicationof upwindresidual
schemeso thenon-linearEulerequation®f gasdynamicgequiregwo additionalingredientsj.e.
suitabledecompositionsf the systemanda conserative linearization which arediscusseahext.
Finally, extensionto viscousflow problemss achievedby a Galerkinfinite elemendiscretization
of theviscousterms.

Having selectedhe spacediscretizationschemethereremainsto specifythe iterative solu-
tion stratgy for theresultingsetof non-linearalgebraicequations We considethereanimplicit
time-stepping/dampeldewton stratgy. It is shavn that, thanksto the compactnessf the space
discretizationjt is possibleto computethe Jacobiammatrix neededoy the dampedNewton algo-
rithm economicallybothin termsof CPUtime andstorage Linearsystemsaresolvediteratively
using preconditioneKrylov subspacealgorithms(GMRES, BiCG-STAB). Finally, the presen-
tation concludeswith illustrative applicationsto a wide rangeof inviscid, laminarandturbulent
flows.



NUMERICAL EXPERIMENTSWITH THE MOVING FINITE
ELEMENT METHOD

ALAIN VANDE WOUWER

Faculé Polytechniquele Mons
AutomaticControlLab

In this talk, the moving finite elementandthe gradientweightedmoving finite elementmeth-
odsfor solvingpartialdifferentialequationsn onespacedimensionarebriefly describedSeveral
test-ekamplesfrom scienceand engineeringare usedto illustrate the methodfeaturesjncluding
the selectionof aninitial nodedistribution, the parametetuning andthe useof matrix precondi-
tioning.



