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Research Inter ests
Multithreading,distributedsystemsandapplications,scheduling,parallellanguagesandsystems,designandim-
plementationof practicalalgorithms,performancemodeling,informationretrieval systems(for mining, andweb
indexing andsearching).

Education
CarnegieMellon University August1993–present.
Ph.D.in ComputerScienceexpectedFebruary1999.
Dissertation:“Space-Efficient Multithreading”.
Researchadvisor:GuyBlelloch.
ThesisCommittee:GuyBlelloch,ThomasGross,BruceMaggs,andCharlesLeiserson(MIT).

M.S. in ComputerSciencereceivedMay 1995.

Indian Institute of Technology, Bombay. August1989–May1993.
B.Tech.in ComputerScienceandEngineeringreceivedMay 1993.

Research Experience
� CarnegieMellon University September1993–present.

GraduateStudentResearcherin the SCANDAL projectwith Prof. Guy Blelloch. The project is involved in
developingapplicativeandportableparallellanguagessuchasNESL, andfastparallelalgorithms.My contribu-
tionshave focusedmainlyonspace-efficient multithreading,NESL implementation,and

�
-bodyalgorithms:

� Designedprovablyspaceandtimeefficientschedulingalgorithmsfor multithreadingsystemsaspartof my
Ph.D.thesis.Also built fastruntimesystemsbasedon thesealgorithms.Summaryof my thesisresearchis
onpage4.

� Built aportableinterpreterfor theNESL programminglanguage.Designedandimplementeda Java-based
graphicslibrary to makeNESL programsavailableasappletsover theweb.

� Analyzed,implementedandcomparedthreepopular
�

-bodyalgorithmsfor differentlevelsof accuracy,
numbersof particles,andtypesof forces.

� Conductedanexperimentalcomparisonof messagepassinganddistributedsharedmemoryon a network
of workstationsfor a varietyof applications,aspartof anoperatingsystemsproject.

� NEC Research Institute June1998andSummer1997.

ConsultantandSummerIntern with SatishRao. Designedandimplementeda distributedobjectsystemon a
clusterof PCswith afastinterconnect.Thegoalof thelibrary wasto combinetheconvenienceof aglobalname
spacefor objectswith theefficiency andpredictabilityof bulk synchronousprogramming.

� DEC SystemsResearch Center Summer1995.

SummerInternwith ChandramohanThekkath.Designedandimplementedlow-overheadruntimeoptimizations
for a distributedsharedmemorylibrary on a networkof Alphas,andevaluatedtheir effectivenessfor a setof
applications.

� Indian Institute of technology, Bombay August1992-April1993.

SeniorThesiswith DhananjayDhamdhere.Formalizedanalgorithmfor IncrementalDataflow Analysis.
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� Center for Developmentof AdvancedComputing (CDAC), India Summer1992.

SummerIntern.Portedgccto atransputerplatform(T-800)andcomparedperformancewith thenativecompiler.
� Indian Institute of technology, Bombay Spring1992.

Designedandimplementeda querydatabaseto computerizetheCentralStoresPurchasingSystemat IIT Bom-
bay.

TeachingExperience
� CarnegieMellon University Fall 1995.

TeachingAssistantfor senior-level OperatingSystemsclass.Guidedstudentsin theimplementationof a kernel
(includingvirtual memorymanagement)andafile system.Helpedcreateandgradeexamsandprojects.

� CarnegieMellon University Spring1994.

TeachingAssistantfor undergraduateDataStructuresandComplexity class. Taughtfour recitationclassesa
week,helpedcreateandgradeexams.

� Indian Institute of Technology, Bombay Fall 1991.

TeachingAssistantfor introductoryprogrammingclass.Conductedrecitationsandgradedexamsandprojects.

RefereedPublications
� G. Narlikar andG. Blelloch. “Spaceefficient implementationof nestedparallelism”, acceptedfor publication

in ACM Transactionson ProgrammingLanguagesandSystems(TOPLAS).Earlier versionappearedin Proc.
ACM SIGPLANSymposiumonPrinciplesandPracticeof ParallelProgramming(PPoPP),June1997.

� G. Narlikar. “Scheduling threadsfor low spacerequirementand good locality” , to appearin Proc. ACM
SymposiumonParallelAlgorithmsandArchitectures(SPAA), June1999.

� M. Goudreau,K. Lang,G. NarlikarandS.Rao.“BOS is Boss:A Casefor Bulk-SynchronousObjectSystems”,
to appearin Proc.ACM SymposiumonParallelAlgorithmsandArchitectures(SPAA), June1999.

� G.NarlikarandG.Blelloch. “Pthreadsfor dynamicandirregular parallelism”, Proc.SC98:High Performance
NetworkingandComputing,November1998.(Beststudentpaperaward.)

� J.Hardwick,G. Narlikar, andJ.Sipelstein.“InteractiveSimulationson theWeb: CompilingNESLinto Java”,
Concurrency: PracticeandExperience,Vol.9(11):1075-1089, November1997. Also appearedin Proc. ACM
WorkshoponJava for ScienceandEngineeringComputation,June1997.

� G. Blelloch, P. Gibbons,Y. Matias,andG. Narlikar. “Spaceefficient schedulingof parallelism with synchro-
nizationvariables”, Proc.ACM SymposiumonParallelAlgorithmsandArchitectures(SPAA), June1997.

� G. Blelloch andG. Narlikar. “A practical comparisonof
�

-bodyalgorithms”, Parallel Algorithms. Seriesin
DiscreteMathematicsandTheoreticalComputerScience,Volume30,1997.

Other Publications
� G. Narlikar. “A Parallel, MultithreadedDecisionTree Builder” , Tech. ReportCMU-CS-98-184,Decem-

ber1998.
� G. Narlikar andG. Blelloch. “Pthreadsfor dynamicparallelism”, Tech. ReportCMU-CS-98-114(expanded

versionof SC98paper),April 1998.
� G.NarlikarandG.Blelloch. “A frameworkfor spaceandtimeefficientschedulingof parallelism”, Tech.Report

CMU-CS-96-197,December1996.
� G. Blelloch andG. Narlikar. “A comparisonof two

�
-bodyalgorithms”, Proc. DIMACS Implementation

ChallengeWorkshop,October1994.
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TechnicalPresentations
� “Pthreadsfor irregular and dynamicparallelism”, SC98: High PerformanceNetworking and Computing,

November1998.Also presentedatSunMicrosystems,March1998andtheNOW ProjectRetreat,January1998.
� “Space-efficientmultithreading”, YaleMultithreadingWorkshop,June1998.
� “InteractiveSimulationson the Web: CompilingNESLinto Java”, ACM 1997Workshopon Java for Science

andEngineeringComputation,June1997.
� “Spaceefficientimplementationof nestedparallelism”, ACM SIGPLANSymposiumonPrinciplesandPractice

of Parallel Programming(PPoPP),June1997,Las Vegas. Also presentedat DEC SystemsResearchCenter,
October1997.

� “Parallel
�

-bodymethods”, guestlecturefor graduatelevel ParallelComputingclassatCarnegie Mellon Uni-
versity, March1997.

� “A comparisonof two
�

-bodyalgorithms”, DIMACS ImplementationChallengeWorkshop,October1994,
RutgersUniversity.

Honors
� BestStudentPaperAwardat “SC98:High PerformanceNetworkingandComputing”,November1998.
� GraduateStudentMemberof SigmaXi ScientificResearchSociety, June1997–present.
� GraduateResearchFellowship,CMU ComputerScienceDepartment,August1993–present.
� DeshmukhGold Medalfor graduatingwith thehighestGPA in theComputerScienceandEngineeringDepart-

mentat IIT Bombay, May 1993.
� NationalTalentScholarshipawardedby theGovernmentof India,1987-1993.

Other activities
� Memberof TechnicalPapersCommittee,SC99.
� Reviewerfor theJournalof theACM, Theoryof ComputingSystems,Currency: PracticeandExperience,IPPS,

PPoPP, SPAA.
� Studentmemberof ACM, IEEE,IEEE ComputerSociety.
� Volunteerfor InternationalGraduateStudentOrientationatCMU, 1998.
� Organizedfreeclassicalmusicconcertsasa coordinatorof SPIC-MACAY, 1996-1997.
� Enjoyhiking, tennis,racketball,running,cooking.
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Guy.Blelloch@cs.cmu.edu bmm@lcs.mit.edu

Dr. SatishRao Prof. ThomasGross
NECResearchInstitute CMU ComputerScienceDept.
4 IndependenceWay 5000ForbesAvenue
Princeton,NJ08540. Pittsburgh,PA 15213.
(609)951-2714 (412)268-7661
satish@research.nj.nec.com Thomas.Gross@cs.cmu.edu
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Summary of Research Activities

1. Thesisresearch: spaceefficient multithr eading

Programswith irregular or dynamic parallelism benefit from the use of lightweight, fine-grainedthreads.
Lightweightthreadssignificantlysimplify theprogrammer’s job, allow for automaticloadbalancing,anddynami-
cally adaptto a changingnumberof processors.However, theprogramdependsheavily on thethreadsimplemen-
tation for high performance.Therefore,unlessthe threadsscheduleris carefully implemented,the programmay
endup usingtoo muchspace,or suffer poor performancedueto excessive memoryallocation,high scheduling
overheads,or poorlocality.

My thesisresearchhasfocusedontwo aspectsof threadscheduling:thedesignandanalysisof provablyspace-
efficient schedulingalgorithmsfor fine-grainedmultithreadedprograms,and the engineeringandevaluationof
fast,multithreadingruntimesystemsbasedon thesealgorithms.

(a) Space-efficientschedulingalgorithms

I designedtwo online,asynchronousschedulingalgorithmsfor multithreadingsystemsthatsupportnestedparal-
lelism. Thealgorithmsareprovablyspaceandtime efficient, that is, they provide low upperboundson thespace
andtime requirementsof a multithreadedcomputation.Thealgorithmsguaranteethata nestedparallelprogram
with ��� serialspacerequirementand � critical pathlength(depth)requiresat most �����
	���
���� spaceon 
 pro-
cessors.This is a significantimprovementover previousasynchronous,space-efficient schedulersthatguarantee
anupperboundof 
���� , since � is smallcomparedto ��� for mostparallelprograms.My algorithmsmaintainthis
low spaceboundby prioritizing threadsaccordingto their sequentialexecutionorder, andtemporarilystallingbig
allocationsof space.To ensurescalabilityfor boththealgorithms,I alsoparallelizedthescheduleritself, andana-
lyzedthespaceandtimerequirementsincludingschedulingoverheads.Bothalgorithmsprovidea user-adjustable
trade-off betweenspaceandtime performancewhich I analyzeandexperimentallyverify. Thesecondalgorithm
improvesuponthefirst by alsotrying to schedulethreadsclosein thecomputationgraphon thesameprocessor, to
resultin goodlocality andlow schedulingcontention.

In joint work with Phillip GibbonsandYossiMatiasfromBell Labs,andmyadvisorGuyBlelloch,wedesigned
thefirst asynchronous,space-efficient schedulingalgorithmfor parallellanguageswith synchronizationvariables.
Suchlanguagesincludelanguageswith futuressuchasMultilisp or Cool,aswell asotherlanguageslike Id.

(b) Multithr eadingruntime systems

To determinehow usefulmy space-efficient schedulingalgorithmswere in practicefor realisticbenchmarks,I
implementedthemin the context of two separateruntimesystems.First, I built a runtimesystemthat executed
C programs,with the threadswritten in a continuation-passingstyle, on an SGI Power Challenge.The system
usedoneof my asynchronousschedulingalgorithmsto schedulethe threads.The resultsof executingparallel
programson this systemshow that my schedulingalgorithmsignificantly reducesmemoryusagecomparedto
previousspace-efficient techniques,withoutcompromisingperformance.

AlthoughPOSIXthreads(Pthreads)havebecomeapopularstandardfor sharedmemoryprogramming,I found
thecurrentPthreadschedulersunsuitedfor executingprogramswith fine-grained,dynamicparallelism.I therefore
implementedboth my space-efficient schedulingalgorithmsas part of a popularPthreadspackageon Solaris.
Although the algorithmsguaranteeupperboundsfor nestedparallelprograms,they alsoappearto work well in
practicefor programwith arbitrarysynchronizations,suchaslocksor conditionvariables.This is thefirst space-
efficient systemthat supportsa functionality as generalas that of Pthreads. I usedseveral parallel programs,
includingnumericalcodes,physicalsimulations,anda dataclassifier, to evaluatetheschedulers.Theprograms,
written in a fine-grainedstyle,weresimplerto codethantheir hand-partitioned,coarse-grainedcounterparts,and
yetprovidedequivalentperformance.However, my space-efficientschedulerswererequiredin placeof thePthread
library’soriginalschedulerto achieve thisperformance.
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2. Distrib uted systems

Althoughmy thesisresearchhasfocusedonparallelcomputingonsharedmemorysystems,I havealsoworkedon
variousaspectsof distributedcomputing.

(a) Bulk-synchronousdistrib uted objects

Bulk-synchronouslibrariesprovide a simpleandefficient modelfor parallelprogrammingwith predictableper-
formance.However, theprogrammerhasto manageall thedatamovementat a low level, similar to themessage-
passingstyle.In collaborationwith SatishRao(NECResearchInstitute),I designedandimplementedadistributed
objectlayerover a bulk-synchronouslibrary ona networkof PCs.Theobjectlayerprovidesa globalobjectname
spacethat simplifiesthe taskof programming,andusessoftwarecachingto minimizecommunicationandpro-
grammingeffort. Sinceit is built over a bulk-synchronouslibrary, theobjectsystemcanalsoprovideefficientand
predictableperformance.Wehave implementedanumberof applicationsusingtheobjectlayerto demonstrateits
applicabilityandefficiency.

(b) Distrib uted sharedmemory

I workedwith ChandramohanThekkath(DEC SystemsResearchCenter)on addingruntimeoptimizationsto an
existing distributedsharedmemory(DSM) library calledSAM. SAM usesobjectsto sharedatabetweenproces-
sors,andprovidesprimitivesfor asynchronousaccessto thesesharedobjects.Althoughtheprogrammingmodel
is fairly user-friendly, performancecanbesloweddown by a large numberof asynchronousrequestsfor remote
data.We designedruntimeoptimizationsto reducecommunication,andto overlapcommunicationwith compu-
tation. We took advantageof the fact that dataaccesspatternsfor many applicationschangeslowly over time.
For example,we dynamicallykept track of the setof active readersfor eachDSM object,so that on writes to
theobject,its copiesin thecachesof theactive readerscouldbeupdatedbeforethenext readrequestwasmade.
Otheroptimizationsincludemodificationsto thecachecoherencepolicy dependingon theobjectaccesspatterns.
Theeffectivenessof theseoptimizationswasexperimentallyverifiedusingexisting parallelbenchmarkswritten in
SAM.

3. � -body algorithms

This joint work with Guy Blelloch comparesthreepopularalgorithmsfor the3D
�

-bodyproblem: the Barnes-
Hut algorithm,Greengard’s FastMultipole Method(FMM), andtheParallel Multipole TreeAlgorithm (PMTA),
to determinewhich of thealgorithmsperformsbestin practice.AlthoughFMM hasa betterasymptoticrunning
time ( 	�� � � insteadof 	�� ��������� � for uniform distributions), the algorithm is more complicatedand it is not
immediatelyclearabove whatvaluesof

�
it performsbetterin practice.This is thefirst researchthatanalyzesand

comparestherelative performancesof the threepopular
�

-bodyalgorithms.We first experimentallystudiedthe
dependenceof accuracy on thevariableparametersin thethreealgorithms.We thenmathematicallyanalyzedand
comparedthefloatingpoint operationcountsof thealgorithmsat similar levelsof accuracy, for bothchargedand
unchargedrandomdistributions.At a high level of accuracy, we foundthattheFMM performedtheleastnumber
of operationsfor

�������! 
, assumingboth chargedandunchargeddistributionsof points. However, at a lower

level of accuracy, for unchargeddistributions,theFMM did not outperformBarnes-Huteven for
�"�#���!$

. For
chargeddistributionsof particles,boththeFMM andPMTA werecomparableat low accuracy.

4. Compilers

(a) Compiling Neslinto Java

TheSCANDAL projectin CMU is involvedwith theimplementationof a high level, applicative languagecalled
NESL. Currently, it usesa C-basedvector library as its backend;porting NESL to a new platform therefore
involvesportingthis vectorlibrary. NESL is well-suitedto codealgorithmanimations.However, sincethe NESL

implementationwas limited to X11-basedunix systems,we requiredan insecureX11 connectionto makethe
animationsavailableover theweb. In joint work with JonathanHardwickandJaySipelsteinatCMU, wedesigned
and implementedan alternatesystemfor compiling NESL into Java. In addition to increasingthe portability
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of NESL, this systemhasenabledus to makeexisting simulationsandalgorithmanimationsavailable in applet
form on theweb. We comparedtheperformanceof thenew systemusinga setof benchmarkson bothPCsand
workstations.CurrentJava virtual machinesrunning the generatedcodeachieve abouthalf the performanceof
a native implementationof NESL. We found that theuseof Java asan intermediatelanguageis a viableway to
improvetheportabilityof existing high-levelprogramminglanguagesfor scientificcomputationandvisualization.

(b) Incrementaldataflow analysis

As part of my seniorthesisunderthe guidanceof DhananjayDhamdhere(IIT), I workedon an algorithmfor
incrementaldataflow analysis.Thegoalwasto minimizethetimerequiredby theoptimizationphaseof acompiler
whensmallmodificationsaremadeto theprogram.
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