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Preface

This volumecaptures53 of 100thepresentationsof theThirteenthInternationalConfer-
enceonDomainDecompositionMethods,whichwashostedby theUniversityof Lyon in the
Champ�euriConferenceCenterin theProvinceof Rhone-Alps,France,October9-12,2000.
Approximately117 mathematicians,engineers,physicalscientists,andcomputerscientists
from 22countriescameto this nearlyannualgathering.

Sincethreeparallelsessionswereemployedat theconferencein orderto accommodate
asmany presentersaspossible,attendeesandnon-attendeesalike may turn to this volume
to keepup with thediversityof subjectmatterthat the topicalumbrellaof “domaindecom-
position” inspiresthroughoutthecommunity. Theinterestof somany authorsin meetingthe
editorialdemandsof thisproceedingsvolumedemonstratesthatthecommonthreadof domain
decompositioncontinuesto justify a regularmeeting.“Di videandconquer”maybethemost
basicof algorithmicparadigms,but theoreticiansandpractitionersalikearestill seeking- and
�nding - incrementallymoreeffective forms,andvaluetheinterdisciplinaryforum provided
by thisproceedingsseries.

Besidesinspiringeleganttheory, domaindecompositionmethodologysatis�esthearchi-
tecturalimperativesof high-performancecomputersbetterthanmethodsoperatingonly on
the�nest scaleof thediscretizationandover theglobaldataset. Theseimperativesinclude:
concurrency on the scaleof the numberof availableprocessors,spatialdatalocality, tem-
poral datalocality, reasonablysmall communication-to-computationratios,andreasonably
infrequentprocesssynchronization(measuredby thenumberof useful�oating-point opera-
tions performedbetweensynchronizations).Spatialdatalocality refersto the proximity of
the addressesof successively usedelements,and temporaldatalocality refersto the prox-
imity in time of successive referencesto a givenelement.Spatialandtemporallocality are
bothenhancedwhena largecomputationbasedon nearest-neighborupdatesis processedin
contiguousblocks. On cache-basedcomputers,subdomainblocksmay be tunedfor work-
ingsetsizesthatresidein cache.Onmessage-passingor cache-coherentnonuniformmemory
access(cc-NUMA) parallelcomputers,theconcentrationof gridpoint-orientedcomputations
- proportionalto subdomainvolume- betweenexternalstenciledge-orientedcommunications
- proportionalto subdomainsurfacearea,combinedwith a synchronizationfrequency of at
mostoncepervolumecomputation,givesdomaindecompositionexcellentparallelscalability
on a per iterationbasis,over a rangeof problemsizeandconcurrency. In view of theseim-
portantarchitecturaladvantagesfor domaindecompositionmethods,it is fortunate,indeed,
that mathematiciansstudiedthe convergencebehavior aspectsof the subjectin advanceof
thewide availability of thesecost-effectivearchitectures,andshowedhow to endow domain
decompositioniterativemethodswith algorithmicscalability, aswell.

Domaindecompositionhasprovedto beanidealparadigmnot only for executionon ad-
vancedarchitecturecomputers,but alsofor thedevelopmentof reusable,portablesoftware.
Sincethemostcomplex operationin aSchwarz-typedomaindecompositioniterativemethod
- theapplicationof thepreconditioner- is logically equivalentin eachsubdomainto aconven-
tionalpreconditionerappliedto theglobaldomain,softwaredevelopedfor theglobalproblem
canreadily be adaptedto the local problem,instantlypresentinglots of “legacy” scienti�c
codeto be harvestedfor parallel implementations.Furthermore,sincethe majority of data
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sharingbetweensubdomainsin domaindecompositioncodesoccursin two archetypalcom-
municationoperations- ghostpoint updatesin overlappingzonesbetweenneighboringsub-
domains,andglobal reductionoperations,asin forming an inner product- domaindecom-
positionmethodsmapreadily onto optimized,standardizedmessage-passingenvironments,
suchasMPI.

Finally, it shouldbenotedthatdomaindecompositionis oftena naturalparadigmfor the
modelingcommunity. Physicalsystemsareoftendecomposedinto two or morecontiguous
subdomainsbasedonphenomenologicalconsiderations,suchastheimportanceor neglibility
of viscosityor reactivity, or any otherfeature,andthesubdomainsarediscretizedaccordingly,
asindependenttasks. This physically-baseddomaindecompositionmay be mirroredin the
softwareengineeringof thecorrespondingcode,andleadsto threadsof executionthatoperate
on contiguoussubdomainblocks, which can either be further subdivided or aggregatedto
�t the granularityof an available parallel computer, and have the correct topologicaland
mathematicalcharacteristicsfor scalability.

Organizingthecontentsof an interdisciplinaryproceedingsis aninterestingjob, andour
decisionswill inevitably surprisea few authors,thoughwe hopewithout causingoffense.
It is often dif�cult to assigna paperto just oneof the categoriesof theory, algorithms,and
applications.Readersareencouragednot to take theprimarydivisionsvery seriously, but to
traceall theconnections.

Theseproceedingswill beof interestto mathematicians,computerscientists,andcompu-
tationalscientists,soweprojectits contentsontosomerelevantclassi�cationschemesbelow.

AmericanMathematicalSociety(AMS) 1991subjectclassi�cationsinclude:
Optimalcontrol
Numericalsimulation,modeling
Iterativemethodsfor linearsystems
Multigrid methods,domaindecompositionfor IVPs
Finite elements,Rayleigh-RitzandGalerkinmethods,�nite elements
Spectral,collocationandrelatedmethods
Multigrid methods,domaindecompositionfor BVPs
Integralequations
Parallelcomputation
Mathematicalsoftware

Associationfor ComputingMachinery(ACM) 1998subjectclassi�cationsinclude:
Programmingenvironments,reusablelibraries
Analysisandcomplexity of numericalalgorithms
Numericallinearalgebra,optimization,differentialequations
Mathematicalsoftware,parallelimplementations,portability
Applicationsin physicalsciencesandengineering

Applicationsfor whichdomaindecompositionmethodshavebeenspecializedin thispro-
ceedingsinclude:

Stokes,Euler, Navier-Stokes,multiphase�o w, reacting�o w
Porousmedia,atmospherictransport
Phasechange,freesurfacephenomena
Semiconductordevicephysics
Linearandnonlinearelasticity
Acoustics,electromagnetics

The Neumann-Neumannmethod- a substructuringpreconditionertypically employing
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Additive Schwarz on the resultinginterfaceproblem- remainsa topic of theoreticaldevel-
opmentanddiverseapplications[Giraud et al., Alart et al., Pavarino & Widlund], asodes
the relatedFinite ElementTearingand Interconnection(FETI) method[Brenner, Dostalet
al.]. Primal-dualformulationsof FETI wereheavily featuredin the twelfth symposiumin
Chiba;primal-dualformulationsemergein furthercontexts in this proceedings[Klawonn&
Widlund,Hoppeet al.].

Mortarmethods,anonoverlappingform of domaindecompositionpermitting�e xibility in
theform of nonmatchinggrids,werealsoaveryactiveareain theChibasymposiumandcon-
tinueto draw attention[Bjørstadet al., Braess& Dahmen,Oswald & Wohlmuth,Shyyet al.,
Tai et al.]. Anotheractive areain nonoverlappingdomaindecompositionthat is closelytied
to thediscretizationis theoptimalparametrizationof Robin interfaceconditions[Bounaim,
Gander, Ganderet al., Faille et al., Doleanet al., Rapin & Lube, Knopp et al.]. Related
interfacedevelopmentsarepresentedunderthe rubric of optimal controlandvirtual control
[Gervasioet al., Pironneauet al.].

Overlappingdomaindecompositionmethodscontinueto bere�ned, aswell. Thisvolume
featurestwo papersthat shoreup the highly effective RestrictedAdditive Schwarz (RAS)
method. One [Cai et al.] shows how RAS, with its asymmetricalcommunication-saving
restrictionandextensionoperatorscanberenderedsymmetricin anappropriatesubspaceand
producesnew theoreticalboundsthatmirror its observedsuperioritywith respectto standard
AdditiveSchwarz.Theother[Frommeret al.] adoptsa purelyalgebraicapproachof oblique
projectionsto producethe samerankingof additive Schwarz variantsover the classof M-
matrices,andalsoconsidersa restrictedmultiplicativeSchwarz.

TwopapersontheAitken-Schwarzmethodintroducedin Chiba[Barangeretal., Garbey et
al.] extendthis overlappingtechnique,whoseanalysisdependsuponFourierdecomposition
of interfacemodesto nonlinearproblemsand lessregular meshes.Meanwhile,nonlinear
AdditiveSchwarzpreconditioning[Cai et al.] hasbeenappliedto problemswith shocksand
hasbeenshown to greatlyimprovethedomainof convergenceof Newton'smethod.

A novel purelyalgebraicmethodknown as“multigraph”, providing analgorithmic“spec-
trum” betweenexact Gaussianelimination and blocked iteration is presentedin [Bank &
Smith]. At anoppositeextreme,waveformrelaxation,a methodthatavoidsforming discrete
algebraicproblemsatcommonintermediatetimestepsis advocatedin [Daoud& Gander].

The implicationsfor domaindecompositionof several discretizationtechniques,apart
from the customaryconforming�nite elementand �nite differencetechniqueson a single
partitionedgrid, are taken up by variousauthors. We mentionespecially�ctitious domain
methods[Feng& Karakashian,Lasser& Toselli], spectralmethods[Azaiez et al.], andthe
increasinglytheoreticallysupporteddiscretizationtechniqueof �nite volumes[Cautresetal.].
Apart from thesemethodsrootedin differentialequationformulations,thereis a paperon
domaindecompositionfor integral equation-basedboundaryelementmethods[Boubendir&
Bendali].

Thesehighlightedcontributionsonly begin to call attentionto technicalpointsof interest
in the currentproceedings.We alsonote, sadly, a point of personalinterestto all applied
mathematicians,whetherworking in domaindecompositionor not: thisproceedingscontains
two of thelastcontributionsof Jacques-LouisLions.

For theconvenienceof readerscomingrecentlyinto thesubjectof domaindecomposition
methods,a bibliographyof previousproceedingsis providedbelow, alongwith somemajor
recentreview articlesandrelatedspecialinterestvolumes.This list will inevitably be found
embarrassinglyincomplete.(No attempthasbeenmadeto supplementthis list with thelarger
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andcloselyrelatedliteratureof multigrid andgeneraliterativemethods,exceptfor thebooks
by HackbuschandSaad,whichhavesigni�cant domaindecompositioncomponents.)
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This conferencehasbeendedicatedto thememoryof Wiktor Eckhauswho wasa greatap-
plied Mathematician,anda goodman. His contribution to the matchingasymptotictheory
in the 70's was in naturea domaindecompositionapproachto the constructionof uniform
asymptoticexpansionfor singularperturbedproblems.


