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RESEARCH

Operating SystemSupport for Mobile Interacti veApplications

Thesisresearch, Carnegie MellonUniversity, Fall 1999- Present.
Mobile interactive applicationssuchasaugmentedreality renderingandspeechrecognitionmustprovide
boundedinteractive responsetimesfor a gooduserexperience,andlimit their energy consumptionto pro-
long batterylifetimes. To do this, they mustdynamicallyadaptresourcedemandto resourcesupply, which
variescontinuallydueto to changesin load,processorfrequency, wirelessconnectivity, server availability,
andbatterycharge levels. Previous researchhasshown that applicationadaptationcanreducethe band-
width and energy usageof dataaccess.In my thesisresearch,I introducemulti-fidelity computation: a
generalmodelfor adaptationthatcoversawiderangeof adaptivebehaviors. I alsopresentaresourcemodel
thatcanuniformly representsystemresources— CPU,network, memory, disk,file cachestate,andremote
server resources— in termsof supplyanddemand.
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I have designedanAPI andbuilt systemsupportfor multi-fidelity computationin Linux. Themulti-fidelity
API is small anddesignedto minimize the modificationrequiredto port legacy code. The systemsup-
portprovidesanovel service:automaticlearningandpredictionof applicationresourcedemand.Thisshifts
muchof theburdenof adaptationfrom theapplicationprogrammerto thesystem:theprogrammerdescribes
theapplicationatahigh level, anddoesnotneedto know theexactrelationshipbetweenapplicationbehav-
ior, resourcedemand,andperformance.The API andsystemsupporthave beentestedwith a numberof
interactive applications,including3-D rendering,speechrecognition,webbrowsing,andlanguagetransla-
tion. In my thesisresearchI show thatapplicationsareableto satisfylatency constraintsthroughadaptation.
E.g., we reducethe meanresponsetime for a virtual walkthroughapplicationby 3x, andthe varianceby
42x. Otherresearchershaveusedthesameinfrastructurecanto achieveusers’batterylifetime goalsthrough
adaptation.

Wir elessnetwork emulation for mobile users

Graduateresearch assistant,Carnegie MellonUniversity, Fall 1998- Fall 1999.

Studyingandinterpretingthebehavior of amobilecomputingsystemunderconditionsof motionis difficult.
We implementeda wirelessobstaclecourse to facilitatesuchevaluations.The infrastructureconsistsof a
physicallycompact,limited-accessregion over which thequality of wirelessnetwork performancecanbe
controlled. As a testsystemmovesthroughtheobstaclecourse,it perceiveswirelessnetwork quality that
variesspatiallyaccordingto apatternsetupby theexperimenter. OurprototypeimplementationusesActive
Badgesto sensethe locationof the mobilecomputer;a network tracemodulationlayer thenemulatesthe
wirelessnetwork characteristicsfor thatlocation.

Migration planning in self-configuringstoragesystems

Summerintern,HP LabsPalo Alto, Summer1998.

As partof theStorageSystemsgroup,I implementeda migrationplannerfor Forum. Forumautomatically
computesa configurationfor a large-scalestoragesystembasedon workloadpropertiesandperformance
requirements.It mustperiodicallyrecomputethe configurationto track workloador systemchanges;the
migrationplannerthengeneratesaplanto movedataobjectsefficiently to thenew configuration.

Application-awareadaptation in Odyssey

Graduateresearch assistant,Carnegie MellonUniversity, Fall 1995-Fall 1998.

Odyssey is a systemsupportlayer for adaptingdatafidelity to network bandwidthavailability. As partof
theOdyssey group,I implementedvarioussystemcomponentsandanadaptive videoplayer.

PUBLICATIONS

Refereedconferences/workshops
� JasonFlinn, Dushyanth Narayanan, andM. Satyanarayanan.“Self-TunedRemoteExecutionfor

Pervasive Computing”. Proc. 8th Workshopon Hot Topicsin Operating Systems(HotOS-VIII), May
2001,SchlossElmau,Germany.

� David PetrouandDushyanth Narayanan. “Positionsummary:Hinting for goodness’sake”. Proc.
8thWorkshoponHotTopicsin OperatingSystems(HotOS-VIII), May2001,SchlossElmau,Germany.
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� Dushyanth Narayanan, JasonFlinn, andM. Satyanarayanan.“Using History to Improve Mobile
ApplicationAdaptation”. Proc. 3rd IEEE WorkshoponMobileComputingSystemsandApplications
(WMCSA2000), Dec2000,SanDiego,CA.

� Brian D. Noble,M. Satyanarayanan,Dushyanth Narayanan, J. Eric Tilton, JasonFlinn, andKevin
R. Walker. “Agile Application-AwareAdaptationfor Mobility”. Proc. 16th ACM Symposiumon
Operating Principles(SOSP’97), Oct1997,Saint-Malo,France.

Journal Articles
� M. SatyanarayananandDushyanth Narayanan. “Multi-Fidelity AlgorithmsFor Interactive Mobile

Applications”. WirelessNetworks, Vol. 7, pp. 601–607,2001,Kluwer AcademicPublishers.(Also
in Proc. 3rd InternationalWorkshopon DiscreteAlgorithmsandMethodsin Mobile Computingand
Communications(DIAL-M ’99), Aug 1999,Seattle,WA.

Patents
� ElizabethLynn Borowsky, RichardAndrew Golding,andDushyanth Narayanan. “ComputerData

StorageSystemwith MigrationPlanGenerator”.US Patent#6381619,2002.

� ElizabethLynn Borowsky, RichardAndrew Golding,andDushyanth Narayanan. “ComputerData
StorageSystemwith ParallelizationMigrationPlanGenerator”.USPatentapplication, Aug 1999.

TEACHING
� ProjectMentor, Carnegie Mellon University, Fall 2000andFall 2001,Mobile Computing(graduate).

Guidedthreesemester-long researchprojects:CPUmonitoring/prediction, servicediscovery, and3-D
renderingthroughremoteexecution.

� TeachingAssistant,Carnegie Mellon University, Spring1998,15-412:Operating Systems(senior).

� TeachingAssistant,Carnegie Mellon University, Fall 199615-451:Algorithms(senior).

� TeachingAssistant,IIT-Madras,Fall 1995Introductionto ComputerScience(freshman).

PROFESSIONAL AND COMMUNITY SERVICE
� Reviewedsubmissionsto MobiCom,SOSP, FAST andseveralIEEE publications.

� StudentCoordinatorfor Fall 2000ImmigrationCoursefor new ComputerSciencegraduatestudents.

� Programcommitteememberfor the1999CMU Symposiumon ComputerSystems(SOCS-2).

� Memberof Dec/5— aSchoolof ComputerSciencegraduatestudentsocialorganization(1996-97).
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