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Preface

This volumecaptures$3 of 100the presentationsf the ThirteenthinternationalConfer
enceon DomainDecompositiorMethods which washostedby the Universityof Lyonin the
Champ euri ConferenceCenterin the Province of Rhone-Alps France October9-12,2000.
Approximately117 mathematiciansgngineersphysicalscientists,and computerscientists
from 22 countriescameto this nearlyannualgathering.

Sincethreeparallelsessionsvere employed at the conferencén orderto accommodate
asmary presenterss possible attendeesnd non-attendeealike may turn to this volume
to keepup with the diversity of subjectmatterthatthe topical umbrellaof “domain decom-
position” inspiresthroughouthe community Theinterestof somary authorsin meetingthe
editorialdemand®f this proceedingsolumedemonstratethatthecommonthreadof domain
decompositiorcontinuedo justify aregularmeeting.Divide andconquer’maybethe most
basicof algorithmicparadigmsbut theoreticianandpractitionersalike arestill seeking and

nding - incrementallymoreeffective forms, andvaluetheinterdisciplinaryforum provided
by this proceedingseries.

Besidesnspiring eleganttheory domaindecompositiormethodologysatis esthe archi-
tecturalimperatives of high-performanceomputershetterthan methodsoperatingonly on
the nest scaleof the discretizatiorandover the global dataset. Theseimperatizesinclude:
concurreng on the scaleof the numberof available processorsspatial datalocality, tem-
poral datalocality, reasonablysmall communication-to-compation ratios, and reasonably
infrequentprocesssynchronizatior(measuredy the numberof useful oating-point opera-
tions performedbetweensynchronizations).Spatialdatalocality refersto the proximity of
the addressesf successiely usedelementsandtemporaldatalocality refersto the prox-
imity in time of successie referencedo a given element. Spatialandtemporallocality are
both enhancedvhena large computationbasedon nearest-neighbarpdateds processedh
contiguousblocks. On cache-basedomputerssubdomairblocks may be tunedfor work-
ingsetsizesthatresidein cache.On message-passimy cache-coheremtonuniformmemory
accesgcc-NUMA) parallelcomputersthe concentratiorof gridpoint-orienteccomputations
- proportionakto subdomairvolume- betweerexternalstenciledge-orientedommunications
- proportionalto subdomairsurfacearea,combinedwith a synchronizatiorfrequeng of at
mostoncepervolumecomputationgivesdomaindecompositiorexcellentparallelscalability
on a periterationbasis,over a rangeof problemsizeandconcurreng. In view of theseim-
portantarchitecturaladvantagegor domaindecompositiormethodsit is fortunate,indeed,
that mathematicianstudiedthe corvergencebehaior aspectf the subjectin advanceof
the wide availability of thesecost-efective architecturesandshaved how to endav domain
decompositionterative methodswith algorithmicscalability aswell.

Domaindecompositiorhasprovedto be anideal paradigmnot only for executionon ad-
vancedarchitecturecomputershut alsofor the developmentof reusable portablesoftware.
Sincethe mostcomplex operationin a Schwarz-typedomaindecompositionterative method
- theapplicationof thepreconditioner is logically equivalentin eachsubdomaino acorven-
tional preconditioneappliedto the globaldomain,softwaredevelopedfor theglobalproblem
canreadily be adaptedo the local problem,instantly presentingots of “legag/” scienti c
codeto be harestedfor parallelimplementations.Furthermore sincethe majority of data
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sharingbetweensubdomainsn domaindecompositiorcodesoccursin two archetypakcom-
municationoperations ghostpoint updatesn overlappingzonesbetweemeighboringsub-
domains,andglobal reductionoperationsasin forming aninner product- domaindecom-
position methodsmapreadily onto optimized,standardizednessage-passirgvironments,
suchasMPI.
Finally, it shouldbe notedthatdomaindecompositions oftena naturalparadigmfor the
modelingcommunity Physicalsystemsare often decomposeihto two or more contiguous
subdomain®asedn phenomenologicaionsiderationssuchastheimportanceor neglibility
of viscosityor reactvity, or ary otherfeature andthesubdomainsirediscretizedaccordingly
asindependentasks. This physically-basedlomaindecompositiormay be mirroredin the
softwareengineeringf thecorrespondingode,andleadsto threadsof executionthatoperate
on contiguoussubdomainblocks, which can either be further subdiided or aggreyatedto
t the granularity of an available parallel computer and have the correcttopologicaland
mathematicatharacteristicéor scalability
Organizingthe contentsof aninterdisciplinaryproceedingss aninterestingjob, andour
decisionswill inevitably surprisea few authors,thoughwe hopewithout causingoffense.
It is oftendif cult to assigna paperto just one of the cateyoriesof theory algorithms,and
applications.Readersareencourageaot to take the primary divisionsvery seriously but to
traceall the connections.
Theseproceedingsvill beof interestto mathematiciang;omputerscientistsandcompu-
tationalscientistssowe projectits contentnto somerelevantclassi cationscheme$elow.
AmericanMathematicalSociety(AMS) 1991subjectclassi cationsinclude:
Optimalcontrol
Numericalsimulation,modeling
Iterative methoddor linearsystems
Multigrid methodsdomaindecompositiorior IVPs
Finite elementsRayleigh-RitzandGalerkinmethods,nite elements
Spectralcollocationandrelatedmethods
Multigrid methodsdomaindecompositiorior BVPs
Integral equations
Parallelcomputation
Mathematicakoftware
Associationfor ComputingMachinery(ACM) 1998subjectclassi cationsinclude:
Programmingernvironmentsreusabldibraries
Analysisandcomplexity of numericalalgorithms
Numericallinearalgebrapptimization,differentialequations
Mathematicakoftware,parallelimplementationsportability
Applicationsin physicalsciencesandengineering
Applicationsfor which domaindecompositioomethodshave beenspecializedn this pro-
ceedingsnclude:
Stokes,Euler, Navier-Stokes,multiphaseo w, reacting o w
Porousmedia,atmospheri¢ransport
Phasechangefree surfacephenomena
Semiconductodevice physics
Linearandnonlinearelasticity
Acousticselectromagnetics
The Neumann-Neumanmethod- a substructuringoreconditionettypically employing
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Additive Schwarz on the resultinginterface problem- remainsa topic of theoreticaldevel-
opmentand diverseapplicationg[Giraud et al., Alart et al., Pavarino & Widlund], asodes
the relatedFinite ElementTearingand InterconnectionFETI) method[Brenner Dostal et
al.]. Primal-dualformulationsof FETI were heavily featuredin the twelfth symposiumin
Chiba; primal-dualformulationsemepein further contexts in this proceeding$Klawonn &
Widlund, Hoppeetal.].

Mortar methodsanonoverlappingorm of domaindecompositiompermitting e xibility in
theform of nonmatchingyrids,werealsoavery active areain the Chibasymposiumandcon-
tinueto draw attention[Bjgrstadetal., Braess% DahmenOswald & WohImuth,Shyyetal.,
Tai etal.]. Anotheractive areain nonoverlappingdomaindecompositiorthatis closelytied
to the discretizationis the optimal parametrizatiorof Robin interfaceconditions[Bounaim,
Gandey Ganderet al., Faille et al., Doleanet al., Rapin& Lube, Knopp et al.]. Related
interfacedevelopmentsare presentedinderthe rubric of optimal controlandvirtual control
[Gervasioetal., Pironneatetal.].

Overlappingdomaindecompositioomethodscontinueto bere ned, aswell. Thisvolume
featurestwo papersthat shoreup the highly effective RestrictedAdditive Schwarz (RAS)
method. One [Cai et al.] shows how RAS, with its asymmetricacommunication-sang
restrictionandextensionoperatorsanberenderedsymmetricin anappropriatesubspacand
producesew theoreticaboundsthatmirror its obsened superioritywith respecto standard
Additive Schwarz. The other[Frommeretal.] adoptsa purelyalgebraicapproachof oblique
projectionsto producethe sameranking of additive Schwarz variantsover the classof M-
matrices andalsoconsidersrestrictedmultiplicative Schwarz.

Two paperontheAitken-Schvarzmethodntroducedn Chiba[Barangeetal., Garbe et
al.] extendthis overlappingtechniquewhoseanalysisdependsiponFourierdecomposition
of interfacemodesto nonlinearproblemsand lessregular meshes. Meanwhile, nonlinear
Additive Schwarz preconditioningdCai etal.] hasbeenappliedto problemswith shocksand
hasbeenshavn to greatlyimprove the domainof corvergenceof Newton's method.

A novel purelyalgebraiomethodknown as“multigraph”, providing analgorithmic“spec-
trum” betweenexact Gaussiarelimination and blocked iteration is presentedn [Bank &
Smith]. At anoppositeextreme,waveformrelaxation,a methodthatavoidsforming discrete
algebraigroblemsat commonintermediatdimestepss adwocatedn [Daoud& Gander].

The implicationsfor domaindecompositiorof several discretizationtechniquesapart
from the customaryconforming nite elementand nite differencetechniqueson a single
partitionedgrid, aretaken up by variousauthors. We mentionespecially ctitious domain
methodgFeng& KarakashianlLasser& Toselli], spectralmethodgAzaiez et al.], andthe
increasinghtheoreticallysupportedliscretizatiortechniqueof nite volumegCautresetal.].
Apart from thesemethodsrootedin differential equationformulations,thereis a paperon
domaindecompositiorfor integral equation-basedoundaryelementmethodgBoubendir&
Bendali].

Thesehighlightedcontributionsonly begin to call attentionto technicalpointsof interest
in the currentproceedings.We alsonote, sadly a point of personalinterestto all applied
mathematiciansyhetherworking in domaindecompositioror not: this proceedinggsontains
two of thelastcontributionsof Jacques-Louikions.

For the corvenienceof readersomingrecentlyinto the subjectof domaindecomposition
methodsa bibliographyof previous proceedingss provided below, alongwith somemajor
recentreview articlesandrelatedspecialinterestvolumes. This list will inevitably be found
embarrassinglincomplete.(No attempthasbeenmadeto supplementhis list with thelarger
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andcloselyrelatedliteratureof multigrid andgeneralterative methodsgexceptfor thebooks
by HackluschandSaadwhich have signi cant domaindecompositiorcomponents.)
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This conferencehasbeendedicatedo the memoryof Wiktor Eckhauswvho wasa greatap-
plied Mathematiciananda good man. His contribution to the matchingasymptotictheory
in the 70's wasin naturea domaindecompositiorapproacho the constructionof uniform
asymptoticexpansiorfor singularperturbedoroblems.



