Statemenbf Research

Martin Schulz

schulzm@in.tum.de

Parallelanddistributedarchitecturesre becomingincreasinglycommonplacewith parallelismbeingexposedat
variouslevels rangingfrom InstructionLevel Parallelism(ILP) and Chip MultiProcessorgCMP) to Grid infrastruc-
tures.Thequestiongposedatall thesdevels,however, areoftenthe sameandrequiresimilar approachesTheultimate
goalis to fully exploit the givencapilities. To this end,botharchitecturaenhancementndoptimizedsoftwaretech-
niques,aswell asthe potentialsynegy betweenthem shouldbe investigated. This leadsto integrative approaches
which arecapableof exploiting the (potentiallyevenmulti-level) parallelismin amannerthatis adjustedo thetamget
systemandhenceefficient, aswell astransparenandarchitecturéndependent.

My researchthereforefocusesnthis questionin ageneralway andappliesbothhardwareandsoftwareconcepts
alreadyestablishedn one particularlevel of parallelismto others,aswell asacrossa hierarchyof parallelism. Of
specialinteresttherebyare the questionsof a synegetic cooperationbetweenhardware and software components
andof anadaptabilityto varying degreesandlevels of parallelism,potentiallyevendynamicallyat runtime. A good
examplefor the latteris the programmingof SMP clusters for which currentlyno simple and unified programming
approachexists which exploits both levels of parallelismin a consistentandyet optimizedmanner Additionally, |
want to focuson theissueof consistenglobal datarepresentationsith relaxed consisteng models,asmy current
researcthasshown thatthis providessignificantperformancepotentialsfor thefuture.

Besideghis coreresearchi, believethatarny concepshouldbeevaluatedusingreal-world or industrialapplications
in additionto traditionalacademidenchmarksOnly thencanrealisticassessments theconceptslevelopedbemade
andhenceensurealongtermimpact.

Early Work

During the courseof my work, I hadthe chanceo beinvolvedin mary projectsdealingwith differenttypesof paral-
lelism. Early work for my masters degreefocusedon an applicationstudyfor a parallelprogramminganguage At
theUniversityof lllinois at Urbana-Champaiganderthe supervisiorof Dr. Andrew Chien(now UCSD),| developed
a parallelvolumerenderingcodebasedon iso-surfaiceextraction[8] for the lllinois ConcertC++ ervironment[2], a
semi-eplicit, object-orientegarallelprogrammingapproactbasedn C++ asthe baselanguage This work focused
ontheinvestigationof overheadsssociatedvith this kind of high-level programmingof parallelsystemsandhow to
overcomethem.Especiallyissuedik e dataplacemengaindlocality aswell assynchronizatiorandlocking wereamong
themostimportantissuesexplored.

Also during my time at U of |, andtogetherwith Dr. A. Chienand Dr. R. Gupta,| worked on the Morph
project[1]. It focusedon a reconfigurablearchitecturefor massvely parallel processingit wasactually part of the
Petaflopinitiative startedin 1997). The main ideawas to introducesmall amountsof reconfigurabldogic along
the memory hierarchyin orderto achievze an adaptationof the architectureto the memorybehaior of the tamget
application. The adaptatiorcango asfar asreservingprivate storageareasin cachesallowing applicationspecific
datapackingin cachesandpointerchasinginsidethe memorymodules.| wasinvolvedin this projectat a very early
stagetogethemwith othergraduatestudentsandwe focusedon establishinga comprehensie simulationervironment
for this novel architectureusingMINT [17]. Usingthis, we thenshownved the potentialbenefitof this approactusing
small benchmarksthe mostinterestingonesdealingwith sparsematrices[18]. Unfortunately the projecthasnot
progressedurther sincethen,duemoreto personnethangedhanto lack of researctpotential,but | considerit to be
promisingfor thefuture.



SMILE: Shared Memory in a LAN-like Environment

During the lastfive years,| have beenactively involvedin the SMILE (SharedMemoryin a LAN-lik e Environment)
project investigatingthe potentialsand challengesf clusteringand parallelprocessingisingNUMA architectures,
mainly basedn SCI (the ScalableCoherentnterface)[4, 5]. In thisproject,my responsibilitiesignificantlyexceeded
the pureresearctandimplementatiorwork of my own Ph.D.project;it alsoincludedotheraspectsithin SMILE as
well asmary administratve, planning,andresearchmanagemenisks,including grantwriting.

Within the SMILE project,we are developingboth SCI hardwareandsoftware. The hardwareaspectincludesa
reconfigurabld®Cl-SCladapterfor researchn communicatiorarchitecturegndnetworking anda hardwaremonitor
capableof observingall memoryaccesses a mannerwhich allows relatingthe obsened transactiondackto ad-
dressesand datastructures.On the software side, we have developeda comprehensie andintegratedernvironment
whichin its implementatioris closelyorientedon the hardwareaspect@&ndcapabilitiesof the underlyingarchitecture
while still providing a high-level, powerful abstractiorfor programmers.

Thework on this softwareinfrastructurehasbeensupportedy severalgrantsfrom the EuropeariJnion, in which
| wasdirectly involved (both from the administratve andthe researctside). The mostimportantwere SISCI[3] and
NEPHEW 6], two large-scaleprojectson SCl-basecdclustercomputingwith partnersand collaboratorsrom both
academiandindustryacrossEurope.

In orderto stayasversatileaspossible we designedSMILE to include equalsupportfor messagingndshared
memory For the sharednemory my main areaof researchin thelastfew yearsandalsothetopic of my dissertation
[10], I designedhframework thatmaintainghechoiceof concretgorogrammingnodelsfor theprogrammeivhile still
guaranteeinghe highestpossibleperformanceoy directly exploiting the remotememoryfacilities presenin NUMA
architecturesTheresultis HAMSTER (Hybrid-DSM basedAdaptive andModular SharedmemoryarchiTEctuRe),
a framework for sharedmemoryprogrammingon NUMA characterizedlusters[7, 10]. It enableghe low-complex
implementatiorof almostarbitrarysharedmemoryprogrammingmodelson top of a singleefficient DSM coreusing
anovel Hybrid-DSM techniqug11]. In addition,the framework proposes solutionfor solving the issueof missing
cachecohereny in thesearchitecturesvhile keepingthe programmabilityfor the enduser Theresultis a consistent,
yetoptimizedandefficientinfrastructureenablinga global datarepresentationThis topicis currentlybeingextended
to amoregeneralarchitecturamodelandtriesto explore the potentialsand challengesonnectedvith droppingthe
oftencomplex cachecoherenyg protocolsanddirectly leveragingon non—coherentnemorywhile keepingtheimpact
for theprogrammemt a minimum.

While this work on the softwareinfrastructuretself hasbeenmoreor lesscompletedandis currentlythetopic of
further evaluation,this work hasproducedsereralimportantoffspringwhich form my currentareaof researchMost
importantamongthem are the questionsof efficient and applicationadaptve parallel /O for clusterernvironments
[9], atighterintegrationof memoryandconsisteng managementf relaxed memoryschemeg11] in NCC-NUMA
ervironments,andeasy-to-us@erformanceools for sharedmemoryenvironments. Significantwork hasbeendone
within the lattertopic on a portableandversatilemonitoringinfrastructureanda tool setfor locality optimizationsin
NUMA ervironmentq15, 14].

For the future, our groupis extendingtheresultsachievedin two new directions:cacheandmemoryperformance
monitoringin SMPsandCMPsusingthe SMILE monitoringapproaclanddataandresourcenanagemerih Grid-like
ubiguitouscomputingernvironmentsusingDSM-like techniquego achiese a global view on the data.Both directions

areimportantissuedor futureresearchandl would lik e to stayinvolvedin a cooperatierole.

Cross-Disciplinary Evaluation

An importantaspectof ary architectureor systemsprojectis the evaluationof its conceptsusing large-scalereal-
world applications.This mustbe doneto drive the evaluationbeyondthe usualsmallandsimple benchmarksvhich,
despiteheirundoubtedacademienerit of finding particularperformanceroblemsandaidingin detailedperformance
analysisdo not allow anassessmemf theinvestigatedconceptsn realisticscenarios.

IMore informationalsoat http://smile.in.tum.de/
2More informationalsoat http://hamstein.tum.de/



An essentiaprerequisiteo enablethis evaluationis atight cooperatiorwith partnerdn variousfields with com-
putationallydemandingapplications This hasbeendoneextensively within the SMILE project. Specifically | worked
in cooperatiorwith the departmenof nucleamedicinefrom TUM’ s universityclinic on applicationdrom the areaof
PET imaging(PositronEmissionTomography)13, 12] andwith ABB CorporateResearchHeidelbeg, on a codeto
computeelectricandelectromagnetifieldsfor high voltagetransformerandswitchgeaf16]. In addition,werecently
startedevaluatingcodesfor both phylogenetianalysegin cooperatiorwith the chairfor microbiologyat TUM) and
for imageanalysis(in cooperationwith the Max PlanckInstitute for NeuropsychologicaGtudiesin Leipzig). All
of thesecooperationsre proving mutually beneficialand we find them quite insightful in termsof evaluatingand
optimizingthe SMILE infrastructure.

Future Directions

In the future, | would like to maintainthis diverseand adaptve approachto parallelarchitecturesn my research.
My goalis to continuedesigningsoftwareframewvorkswhich areboth hardwareandarchitectureorientedin orderto
exploit the capabilitiesof the underlyingsystemwhile concurrentlyproviding a high-level andeasy-to-usabstraction
for theenduser Theseframeanorksshouldthereforenot only provide anabstractiorfocusedon encapsulatingarallel
tasks,but insteadcontaina useful global dataabstractiorwhich allows a consistentview on datapotentially stored
in arelaxed consisteng model. Targetsystemgotentiallyrangefrom threadingin CMP or SMT systemgo Grid or
Grid-likeinfrastructures.

In addition,l would like to continueto work on real-world applicationswith a medicalandbiologicalbackground
asrealistictest scenariodor the systemsunderdevelopment. Thesetwo fields currently have a high demandfor
introducingnew computationamethodsandthereforeoffer ampleopportunitiedor cross-disciplinargooperation.
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