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Parallelanddistributedarchitecturesarebecomingincreasinglycommonplace,with parallelismbeingexposedat
variouslevels rangingfrom InstructionLevel Parallelism(ILP) andChip MultiProcessors(CMP) to Grid infrastruc-
tures.Thequestionsposedatall theselevels,however, areoftenthesameandrequiresimilarapproaches.Theultimate
goalis to fully exploit thegivencapilities.To this end,botharchitecturalenhancementsandoptimizedsoftwaretech-
niques,aswell as the potentialsynergy betweenthemshouldbe investigated.This leadsto integrative approaches
which arecapableof exploiting the(potentiallyevenmulti-level) parallelismin a mannerthatis adjustedto thetarget
systemandhenceefficient,aswell astransparentandarchitectureindependent.

My research,therefore,focusesonthisquestionin ageneralwayandappliesbothhardwareandsoftwareconcepts
alreadyestablishedin oneparticularlevel of parallelismto others,aswell asacrossa hierarchyof parallelism. Of
specialinteresttherebyare the questionsof a synergetic cooperationbetweenhardwareand software components
andof anadaptabilityto varyingdegreesandlevelsof parallelism,potentiallyevendynamicallyat runtime. A good
examplefor the latter is the programmingof SMPclusters,for which currentlyno simpleandunifiedprogramming
approachexists which exploits both levels of parallelismin a consistentandyet optimizedmanner. Additionally, I
want to focuson the issueof consistentglobal datarepresentationswith relaxedconsistency models,asmy current
researchhasshown thatthisprovidessignificantperformancepotentialsfor thefuture.

Besidesthiscoreresearch,I believethatany conceptshouldbeevaluatedusingreal-world or industrialapplications
in additionto traditionalacademicbenchmarks.Only thencanrealisticassessmentsof theconceptsdevelopedbemade
andhenceensurea long termimpact.

Early Work

During thecourseof my work, I hadthechanceto beinvolvedin many projectsdealingwith differenttypesof paral-
lelism. Early work for my master’s degreefocusedon anapplicationstudyfor a parallelprogramminglanguage.At
theUniversityof Illinois atUrbana-Champaignunderthesupervisionof Dr. Andrew Chien(now UCSD),I developed
a parallelvolumerenderingcodebasedon iso-surfaceextraction[8] for the Illinois ConcertC++ environment[2], a
semi-explicit, object-orientedparallelprogrammingapproachbasedon C++ asthebaselanguage.This work focused
on theinvestigationof overheadsassociatedwith this kind of high-level programmingof parallelsystemsandhow to
overcomethem.Especiallyissueslikedataplacementandlocality aswell assynchronizationandlockingwereamong
themostimportantissuesexplored.

Also during my time at U of I, and togetherwith Dr. A. Chien and Dr. R. Gupta, I worked on the Morph
project[1]. It focusedon a reconfigurablearchitecturefor massively parallelprocessing(it wasactuallypart of the
Petaflopinitiative startedin 1997). The main idea was to introducesmall amountsof reconfigurablelogic along
the memoryhierarchyin order to achieve an adaptationof the architectureto the memorybehavior of the target
application. The adaptationcango asfar asreservingprivatestorageareasin caches,allowing applicationspecific
datapackingin caches,andpointerchasinginsidethememorymodules.I wasinvolvedin this projectat a very early
stage,togetherwith othergraduatestudents,andwe focusedonestablishinga comprehensivesimulationenvironment
for this novel architectureusingMINT [17]. Using this, we thenshowedthepotentialbenefitof this approachusing
small benchmarks,the most interestingonesdealingwith sparsematrices[18]. Unfortunately, the projecthasnot
progressedfurthersincethen,duemoreto personnelchangesthanto lack of researchpotential,but I considerit to be
promisingfor thefuture.
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SMiLE: Shared Memory in a LAN-like Environment

During the lastfive years,I have beenactively involvedin theSMiLE (SharedMemory in a LAN-lik e Environment)
project1 investigatingthe potentialsandchallengesof clusteringandparallelprocessingusingNUMA architectures,
mainlybasedonSCI(theScalableCoherentInterface)[4, 5]. In thisproject,my responsibilitiessignificantlyexceeded
thepureresearchandimplementationwork of my own Ph.D.project;it alsoincludedotheraspectswithin SMiLE as
well asmany administrative,planning,andresearchmanagementtasks,includinggrantwriting.

Within the SMiLE project,we aredevelopingbothSCI hardwareandsoftware. Thehardwareaspectincludesa
reconfigurablePCI-SCIadapterfor researchin communicationarchitecturesandnetworking anda hardwaremonitor
capableof observingall memoryaccessesin a mannerwhich allows relatingthe observed transactionsbackto ad-
dressesanddatastructures.On the softwareside,we have developeda comprehensive andintegratedenvironment
which in its implementationis closelyorientedon thehardwareaspectsandcapabilitiesof theunderlyingarchitecture
while still providing a high-level,powerful abstractionfor programmers.

Thework on this softwareinfrastructurehasbeensupportedby severalgrantsfrom theEuropeanUnion, in which
I wasdirectly involved(both from theadministrative andtheresearchside). ThemostimportantwereSISCI [3] and
NEPHEW[6], two large-scaleprojectson SCI-basedclustercomputingwith partnersandcollaboratorsfrom both
academiaandindustryacrossEurope.

In orderto stayasversatileaspossible,we designedSMiLE to includeequalsupportfor messagingandshared
memory. For thesharedmemory, my mainareaof researchin thelast few yearsandalsothetopic of my dissertation
[10], I designedaframework thatmaintainsthechoiceof concreteprogrammingmodelsfor theprogrammerwhile still
guaranteeingthehighestpossibleperformanceby directly exploiting theremotememoryfacilitiespresentin NUMA
architectures.Theresultis HAMSTER (Hybrid-DSM basedAdaptiveandModularSharedmemoryarchiTEctuRe)2,
a framework for sharedmemoryprogrammingon NUMA characterizedclusters[7, 10]. It enablesthe low-complex
implementationof almostarbitrarysharedmemoryprogrammingmodelson top of a singleefficient DSM coreusing
a novel Hybrid-DSM technique[11]. In addition,theframework proposesa solutionfor solvingtheissueof missing
cachecoherency in thesearchitectureswhile keepingtheprogrammabilityfor theenduser. Theresultis a consistent,
yet optimizedandefficient infrastructureenablinga globaldatarepresentation.This topic is currentlybeingextended
to a moregeneralarchitecturalmodelandtries to explore thepotentialsandchallengesconnectedwith droppingthe
oftencomplex cachecoherency protocolsanddirectly leveragingon non–coherentmemorywhile keepingtheimpact
for theprogrammerat aminimum.

While this work on thesoftwareinfrastructureitself hasbeenmoreor lesscompletedandis currentlythetopic of
furtherevaluation,this work hasproducedseveral importantoffspringwhich form my currentareaof research.Most
importantamongthemare the questionsof efficient andapplicationadaptive parallel I/O for clusterenvironments
[9], a tighter integrationof memoryandconsistency managementof relaxedmemoryschemes[11] in NCC-NUMA
environments,andeasy-to-useperformancetools for sharedmemoryenvironments.Significantwork hasbeendone
within thelatter topic on a portableandversatilemonitoringinfrastructureanda tool setfor locality optimizationsin
NUMA environments[15, 14].

For thefuture,our groupis extendingtheresultsachievedin two new directions:cacheandmemoryperformance
monitoringin SMPsandCMPsusingtheSMiLE monitoringapproachanddataandresourcemanagementin Grid-like
ubiquitouscomputingenvironmentsusingDSM-like techniquesto achievea globalview on thedata.Both directions
areimportantissuesfor futureresearch,andI would like to stayinvolvedin acooperativerole.

Cross-Disciplinary Evaluation

An importantaspectof any architectureor systemsproject is the evaluationof its conceptsusing large-scalereal-
world applications.This mustbedoneto drive theevaluationbeyondtheusualsmallandsimplebenchmarkswhich,
despitetheirundoubtedacademicmeritof findingparticularperformanceproblemsandaidingin detailedperformance
analysis,do not allow anassessmentof theinvestigatedconceptsin realisticscenarios.

1More informationalsoathttp://smile.in.tum.de/
2More informationalsoathttp://hamster.in.tum.de/
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An essentialprerequisiteto enablethis evaluationis a tight cooperationwith partnersin variousfieldswith com-
putationallydemandingapplications.Thishasbeendoneextensively within theSMiLE project.Specifically, I worked
in cooperationwith thedepartmentof nuclearmedicinefrom TUM’suniversityclinic onapplicationsfrom theareaof
PETimaging(PositronEmissionTomography)[13, 12] andwith ABB CorporateResearch,Heidelberg, on a codeto
computeelectricandelectromagneticfieldsfor highvoltagetransformersandswitchgear[16]. In addition,werecently
startedevaluatingcodesfor bothphylogeneticanalyses(in cooperationwith thechair for microbiologyat TUM) and
for imageanalysis(in cooperationwith the Max PlanckInstitute for NeuropsychologicalStudiesin Leipzig). All
of thesecooperationsareproving mutually beneficialandwe find themquite insightful in termsof evaluatingand
optimizingtheSMiLE infrastructure.

Future Directions

In the future, I would like to maintainthis diverseandadaptive approachto parallelarchitecturesin my research.
My goal is to continuedesigningsoftwareframeworkswhich arebothhardwareandarchitectureorientedin orderto
exploit thecapabilitiesof theunderlyingsystemwhile concurrentlyproviding ahigh-level andeasy-to-useabstraction
for theenduser. Theseframeworksshouldthereforenotonly provideanabstractionfocusedonencapsulatingparallel
tasks,but insteadcontaina usefulglobal dataabstractionwhich allows a consistentview on datapotentiallystored
in a relaxedconsistency model. Targetsystemspotentiallyrangefrom threadingin CMP or SMT systemsto Grid or
Grid-like infrastructures.

In addition,I would like to continueto work on real-world applicationswith a medicalandbiologicalbackground
as realistic test scenariosfor the systemsunderdevelopment. Thesetwo fields currently have a high demandfor
introducingnew computationalmethodsandthereforeoffer ampleopportunitiesfor cross-disciplinarycooperation.
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