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Reseach Inter ests

Multithreading,distributedsystemsandapplicationsscheduling parallellanguagesndsystemsgdesignandim-
plementatiorof practicalalgorithms,performancenodeling,informationretrieval systemgfor mining, andweb
indexing andsearching).

Education

CarnegieMellon University August1993—present.
Ph.D.in ComputeiSciencexxpected~ebruary1 999.

Dissertation!Space-Hicient Multithreading”.

Researcladvisor:Guy Blelloch.

ThesisCommittee:Guy Blelloch, ThomasGross,BruceMaggs,andCharled_eiserson(MIT).

M.S.in ComputerSciencerecevved May 1995.

Indian Institute of Technology Bombay. August1989-May1993.
B.Tech.in ComputerScienceandEngineeringeceved May 1993.

Reseach Experience
e CarnegieMellon University Septembel993—present.

GraduateStudentResearchein the SCANDAL projectwith Prof. Guy Blelloch. The projectis involvedin
developingapplicatve andportableparallellanguagesuchasNEsL, andfastparallelalgorithms.My contritu-
tionshave focusedmainly on space-dicient multithreading NESL implementationand N -bodyalgorithms:

— Designedprovablyspaceandtime efficientschedulingalgorithmsfor multithreadingsystemsaspartof my
Ph.D.thesis.Also built fastruntimesystemsasedn thesealgorithms.Summaryof my thesisresearchis
onpage4.

— Built aportableinterpreteifor the NESL programmindanguageDesignedandimplemented Java-based
graphicdibrary to makeNEsSL programsavailableasappletsovertheweh

— Analyzed,implementedandcomparedhreepopular N -body algorithmsfor differentlevels of accuray,
numberf particles,andtypesof forces.

— Conductedan experimentalcomparisorof messag@assinganddistributedsharedmemoryon a network
of workstationdor a varietyof applicationsaspartof anoperatingsystemsroject.
¢ NEC Reseach Institute Junel998andSummerl997.

Consultantand Summerintern with SatishRao. Designedandimplementeda distributedobjectsystemon a
clusterof PCswith afastinterconnectThegoalof thelibrary wasto combinethe corvenienceof aglobalname
spacdor objectswith theefficiengy andpredictabilityof bulk synchronougrogramming.

e DEC SystemsReseach Center Summerl995.

Summeitnternwith Chandramohamhekkath.Designedandimplementedow-overheaduntimeoptimizations
for a distributedsharedmemorylibrary on a networkof Alphas,andevaluatedtheir effectivenesdor a setof
applications.

¢ Indian Institute of technology Bombay August1992-April 1993.
SeniorThesiswith DhananjayDhamdhereFormalizedanalgorithmfor IncrementaDataflav Analysis.



Center for Developmentof AdvancedComputing (CDAC), India Summerl992.
Summeilntern. Portedgccto atransputeplatform(T-800)andcomparegerformanceavith thenative compiler
Indian Institute of technology Bombay Spring1992.

Designedandimplementeda querydatabaséo computerizehe CentralStoresPurchasingystemat [IT Bom-
bay

TeachingExperience

CarnegieMellon University Fall 1995.

TeachingAssistanfor seniorlevel OperatingSystemslass.Guidedstudentsn the implementatiorof a kernel
(includingvirtual memorymanagemengndafile system Helpedcreateandgradeexamsandprojects.

CarnegieMellon University Spring1994.

TeachingAssistantfor undegraduateData Structuresand Compleity class. Taughtfour recitationclassesa
week,helpedcreateandgradeexams.

Indian Institute of Technology Bombay Fall 1991.
TeachingAssistantfor introductoryprogrammingclass.Conductedecitationsandgradedexamsandprojects.

RefereedPublications

G. Narlikar andG. Blelloch. “Spaceefiicientimplementatiorof nestedparallelism”, acceptedor publication
in ACM Transaction®n Programmingd.anguagesnd SystemgTOPLAS). Earlier versionappearedn Proc.
ACM SIGPLAN Symposiunon PrinciplesandPracticeof ParallelProgrammingdPPoPP),Junel997.

G. Narlikar. “Schedulingthreadsfor low spacerequirementand good locality”, to appearin Proc. ACM
Symposiunon Parallel AlgorithmsandArchitectureSFAA), Junel999.

M. GoudreauK. Lang,G. NarlikarandS. Rao.“BOS is Boss: A Casefor Bulk-SynbronousObjectSystems
to appeatn Proc. ACM Symposiuron Parallel AlgorithmsandArchitecturedSFAA), Junel999.

G. NarlikarandG. Blelloch. “Pthreadsfor dynamicandirr egular parallelism”, Proc. SC98:High Performance
NetworkingandComputing,November1998. (Beststudenipaperaward.)

J.Hardwick, G. Narlikar, andJ. Sipelstein.“Inter active Simulationson the Web: CompilingNESLinto Java”,
Concurreng: Practiceand Experience)0l.9(11):10751089 November1997. Also appearedn Proc. ACM
Workshopon Java for ScienceandEngineeringComputation,Junel997.

G. Blelloch, P. Gibbons,Y. Matias,andG. Narlikar. “Spaceeficient schedulingof parallelism with syndro-
nizationvariables”, Proc. ACM Symposiunon Parallel AlgorithmsandArchitectureSFAA), Junel997.

G. Blelloch andG. Narlikar. “A practical comparisonof N-bodyalgorithms”, Parallel Algorithms. Seriesin
DiscreteMathematicsandTheoreticalComputerScience)olume30, 1997.

Other Publications

G. Narlikar. “A Parallel, MultithreadedDecision Tree Builder”, Tech. Report CMU-CS-98-184,Decem-
ber1998.

G. Narlikar and G. Blelloch. “Pthreadsfor dynamicparallelism”, Tech. ReportCMU-CS-98-114(expanded
versionof SC98paper) April 1998.

G. NarlikarandG. Blelloch. “A frameavorkfor spaceandtimeeficientschedulingof parallelism”, Tech.Report
CMU-CS-96-197Decembefl996.

G. Blelloch and G. Narlikar. “A comparisonof two N-body algorithms”, Proc. DIMACS Implementation
ChallengéNorkshop,October1994.



Technical Presentations

“Pthreadsfor irregular and dynamicparallelism”, SC98: High PerformanceNetworking and Computing,
Novemberl998.Also presente@t SunMicrosystemsMarch1998andthe NOW ProjectRetreat,Januaryl 998.

“Space-eficientmultithreading”, Yale MultithreadingWorkshop June1998.

“Inter active Simulationson the Web: CompilingNESLinto Java”, ACM 1997Workshopon Java for Science
andEngineeringComputation,Junel997.

“Spaceeficientimplementatiomf nestecparallelism”, ACM SIGPLAN SymposiunmonPrinciplesandPractice
of Parallel ProgrammingPPoPP),Junel1997,Las Vegas. Also presentecht DEC SystemsResearctCenter
October1997.

“Parallel N-bodymethods’ guestlecturefor graduatdevel Parallel Computingclassat Carngie Mellon Uni-
versity, March1997.

“A comparisonof two N -body algorithms”, DIMA CS ImplementationChallengeWorkshop,October1994,
RutgersUniversity

Honors

BestStudentPaperAwardat “SC98: High PerformancéetworkingandComputing”,November1998.
GraduatestudentMemberof SigmaXi ScientificResearclsociety Junel997—present.
GraduateResearclrellowship,CMU ComputerScienceDepartmentAugust1993—present.

DeshmukhGold Medalfor graduatingwith the highestGFA in the ComputerScienceandEngineerindepart-
mentatlIT Bombay May 1993.

NationalTalentScholarshipwardedby the Governmeniof India, 1987-1993.

Other activities

Memberof TechnicalPapersCommittee SC99.

Reviewerfor theJournalof the ACM, Theoryof ComputingSystemsCurreng: PracticeandExperiencelPPS,
PPOPPSRAA.

Studentmemberof ACM, IEEE,|IEEE ComputerSociety

Volunteerfor InternationalGraduateStudentOrientationat CMU, 1998.
Organizedreeclassicaimusicconcertsasa coordinatorof SPIC-MACAY, 1996-1997.
Enjoy hiking, tennis,racketball running,cooking.
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Summary of Reseach Activities

1. Thesisreseach: spaceefficient multithr eading

Programswith irregular or dynamic parallelism benefit from the use of lightweight, fine-grainedthreads.
Lightweightthreadssignificantlysimplify the programmes job, allow for automatidoadbalancinganddynami-
cally adaptto a changinghumberof processorsHowever, the programdependseaily onthethreadsmplemen-
tationfor high performance Therefore unlessthe threadsscheduleiis carefullyimplementedthe programmay
endup usingtoo much space or suffer poor performancedueto excessie memoryallocation,high scheduling
overheadsor poorlocality.

My thesisresearchhasfocusedontwo aspect®f threadschedulingthedesignandanalysisof provably space-
efficient schedulingalgorithmsfor fine-grainedmultithreadedprograms,and the engineeringand evaluationof
fast,multithreadinguntimesystemsasecn thesealgorithms.

(a) Space-efficienschedulingalgorithms

| designedwo online, asynchronouschedulingalgorithmsfor multithreadingsystemshat supportnestedparal-
lelism. The algorithmsare provably spaceandtime efficient, thatis, they provide low upperboundson the space
andtime requirement®f a multithreadeccomputation.The algorithmsguarante¢hat a nestedparallelprogram
with S; serialspacerequirementind D critical pathlength(depth)requiresat most.S; + O(pD) spaceon p pro-
cessors.This is a significantimprovementover previous asynchronousspace-dicient schedulershatguarantee
anupperboundof pS;, sinceD is smallcomparedo S; for mostparallelprogramsMy algorithmsmaintainthis
low spaceboundby prioritizing threadsaccordingo their sequentiakxecutionorder andtemporarilystalling big
allocationsof space.To ensurescalabilityfor boththealgorithms,| alsoparallelizedthe scheduleitself, andana-
lyzedthe spaceandtime requirementéncluding schedulingoverheadsBoth algorithmsprovide a useradjustable
trade-of betweenspaceandtime performanceavhich | analyzeandexperimentallyverify. The secondalgorithm
improvesuponthefirst by alsotrying to schedulghread<sclosein the computatiorgraphon the sameprocessaqrto
resultin goodlocality andlow schedulingzontention.

In joint work with Phillip GibbonsandYossiMatiasfrom Bell Labs,andmy advisorGuy Blelloch,we designed
thefirst asynchronouspace-dicient schedulingalgorithmfor parallellanguagesvith synchronizatiorvariables.
Suchlanguagesncludelanguagesvith futuressuchasMultilisp or Cool,aswell asotherlanguagetike Id.

(b) Multithr eadingruntime systems

To determinehow usefulmy space-dicient schedulingalgorithmswerein practicefor realisticbenchmarks|
implementedhemin the context of two separateuntime systems.First, | built a runtime systemthat executed
C programsywith the threadswritten in a continuation-passingtyle, on an SGI Paver Challenge. The system
usedoneof my asynchronouschedulingalgorithmsto schedulethe threads. The resultsof executingparallel
programson this systemshawv that my schedulingalgorithm significantly reducesnemoryusagecompareco
previousspace-dicient techniqueswithout compromisingoerformance.

AlthoughPOSIXthreadqPthreadshave becomeapopularstandardor sharednemoryprogrammingl found
thecurrentPthreadschedulersinsuitedor executingprogramswith fine-graineddynamicparallelism.l therefore
implementedboth my space-dicient schedulingalgorithmsas part of a popular Pthreadspackageon Solaris.
Although the algorithmsguaranteaipperboundsfor nestedparallelprogramsthey alsoappearto work well in
practicefor programwith arbitrarysynchronizationssuchaslocksor conditionvariables.This is thefirst space-
efficient systemthat supportsa functionality as generalas that of Pthreads.| usedsereral parallel programs,
including numericalcodes physicalsimulations,anda dataclassifier to evaluatethe schedulers The programs,
written in afine-grainedstyle,weresimplerto codethantheir hand-partitionedgoarse-grainedounterpartsand
yetprovidedequialentperformanceHowever, my space-dicientschedulersvererequiredn placeof thePthread
library’s original scheduleto achieve this performance.



2. Distrib uted systems

Althoughmy thesisresearcthasfocusedon parallelcomputingon sharednemorysystems| have alsoworkedon
variousaspect®f distributedcomputing.

(a) Bulk-synchronousdistrib uted objects

Bulk-synchronoudibrariesprovide a simple andefficient modelfor parallelprogrammingwith predictableper
formance .However, the programmehasto manageall the datamovementat a low level, similar to the message-
passingstyle. In collaboratiorwith SatishRao(NEC Researclnstitute),| designedndimplemented distributed
objectlayerover a bulk-synchronousibrary on a networkof PCs.The objectlayerprovidesa globalobjectname
spacethat simplifiesthe task of programmingand usessoftwarecachingto minimize communicatiorand pro-
grammingeffort. Sinceit is built over a bulk-synchronoudibrary, the objectsystemcanalsoprovide efficientand
predictableperformanceWe have implementeda numberof applicationsisingthe objectlayerto demonstratés
applicabilityandefficiengy.

(b) Distrib uted shared memory

I workedwith Chandramohaithekkath(DEC SystemsResearctCenter)on addingruntimeoptimizationsto an
existing distributedsharednemory(DSM) library calledSAM. SAM usesobjectsto sharedatabetweerproces-
sors,andprovidesprimitivesfor asynchronouaccesgo thesesharedobjects.Althoughthe programmingmodel
is fairly userfriendly, performancecanbe slowed down by a large numberof asynchronousequestdor remote
data. We designeduntimeoptimizationsto reducecommunicationandto overlapcommunicatiorwith compu-
tation. We took advantageof the fact that dataacces9atternsfor mary applicationschangeslowly over time.

For example,we dynamicallykepttrack of the setof actve readerdor eachDSM object, so that on writes to

the object,its copiesin the cachesf the active readerscould be updatedbeforethe next readrequestwwasmade.
Otheroptimizationsincludemodificationgo the cachecoherenceolicy dependingn the objectaccesgpatterns.
The effectivenesf theseoptimizationavasexperimentallyverified usingexisting parallelbenchmarksvrittenin

SAM.

3. N-body algorithms

This joint work with Guy Blelloch compareghreepopularalgorithmsfor the 3D N -body problem: the Barnes-
Hut algorithm,Greengard FastMultipole Method (FMM), andthe Parallel Multipole TreeAlgorithm (PMTA),
to determinewhich of the algorithmsperformsbestin practice. Although FMM hasa betterasymptoticrunning
time (O(N) insteadof O(NlogN) for uniform distributions), the algorithmis more complicatedandit is not
immediatelyclearabove whatvaluesof NV it performsbetterin practice.Thisis thefirst researchhatanalyzesand
comparegherelative performancesf the threepopular N -body algorithms. We first experimentallystudiedthe
dependencef accurag onthevariableparameteri thethreealgorithms.We thenmathematicallyanalyzedand
comparedhefloating point operationcountsof the algorithmsat similar levels of accurayg, for bothchagedand
unchagedrandomdistributions. At a high level of accurayg, we foundthatthe FMM performedhe leastnumber
of operationdor N > 10%, assumingooth chagedand unchageddistributionsof points. However, at a lower
level of accurayg, for unchageddistributions,the FMM did not outperformBarnes-Huevenfor N > 10%. For
chageddistributionsof particles boththe FMM andPMTA werecomparablatlow accurag.

4. Compilers
(a) Compiling Neslinto Java

The SCANDAL projectin CMU is involvedwith theimplementatiorof a high level, applicatve languagecalled
NEsSL. Currently it usesa C-basedvector library asits backend;porting NESL to a new platform therefore
involvesporting this vectorlibrary. NesL is well-suitedto codealgorithmanimations.However, sincethe NEsL

implementationwaslimited to X11-basedunix systemswe requiredan insecureX11 connectionto makethe
animationsvailableovertheweh In joint work with JonathamardwickandJaySipelsteirat CMU, we designed
and implementedan alternatesystemfor compiling NESL into Java. In additionto increasingthe portability



of NESL, this systemhasenabledus to makeexisting simulationsand algorithmanimationsavailablein applet
form on theweh We comparedhe performanceof the new systemusinga setof benchmark®n both PCsand
workstations. CurrentJava virtual machinegunning the generatedodeachieze abouthalf the performanceof
a native implementatiorof NESL. We found thatthe useof Java asan intermediatdanguages a viable way to
improve theportability of existing high-level programmindanguages$or scientificcomputatiorandvisualization.

(b) Incrementaldataflow analysis

As part of my seniorthesisunderthe guidanceof DhananjayDhamdherglIT), | workedon an algorithm for
incrementatlataflav analysis.Thegoalwasto minimizethetime requiredoy theoptimizationphaseof acompiler
whensmallmodificationsaremadeto the program.



