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1 Activities and Findings
1.1 Research and Education
This projectaimsto provide end-to-endinfrastructurefor capture,interpretationandaccessof datastreams
in sensor-rich pervasive computingenvironments.Our solutionsencompassa varietyof levelsandscales,
rangingfrom applications(e.g.activity recognitionin theAwareHomeandubiquitousinteractivedisplays)
to architecture(e.g. softcachebinary rewriting). Our efforts this pastyearhave focusedincreasinglyon
supportandintegrationof sensorsourcesinto our framework (e.g.multi-sensorfusionarchitecture).Other
work continuesonavarietyof fronts,detailedbelow.

1.1.1 High-performanceapplications
Past work in Georgia Tech’s ‘Distributed ComputationalLaboratories’project hasaddresseddistributed
andcollaborative high performancecomputing. This RI award hasfurtheredour efforts by provision of
equipmentfor visualizinglargescienti£cdatasetsandfor thenetworkinginfrastructurerequiredto transport
suchdata,in real-timeandfrom datasourcesto sinks(e.g.,displays).Thisyear, ourwork in thisdomainhas
addressedtwo topicsof interest:(1) dealingwith highly heterogeneousinteractiondevices,and(2) effective
collaborationacrosswide areasystems.In addition,we arenow beginning to considerdatasecurityand
privacy issuesin this domain.A brief descriptionof someof our researchappearsbelow.

1.1.2 Smart-pointers: a paradigm for highly heterogeneousinteraction
We have completedthedevelopmentof aninteractive moleculardynamicsapplicationandvisualizationon
ahighenddisplay, usingtheImmersadeskacquiredfrom RI funds.However, in additionto beingableto in-
teractwith thedeskvia its immersivegoggles,wehave‘grid enabled’this interactiveapplicationasfollows:
(1) the IQ-EChoef£cientpublish/subscribemiddlewareis usedto move thedatato berenderedacrossthe
multipleclientsandplatformsused,and(2) agraphicsserverprovidesdatato berenderedsynchronouslyon
heterogeneous,includingwirelessenduserdevices.In thisapplication,IQ-EChoprovidesthesource-based
£lteringnecessaryfor themovementto anddisplayof dataon devicesnot otherwisecapableof rendering
suchlargedatavolumes,andthecluster-basedgraphicsserver providesthereal-timeservicesnecessaryfor
producinghigh quality displayson low endmachines.An interestingattributeof this work is its useof the
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‘smart pointer’ paradigmfor low enddisplays. The idea is not to display the samedataon the low end
display(e.g.,a handheldiPAQ) ason the Immersadesk,but instead,to treatthehandheldasa pointerinto
thelargedatavolumerenderedonthedesk.Speci£cally, wecall thisa ‘smartpointer’becauseweutilize the
handheld’s ¤exibility to actasa ‘lens’ or focusdevice for thedataseenon the largedisplay. For example,
for anatomrenderedgraphicallyon thedesk,thehandheldmight displayits bondforcesasa 2D graph.As
aresult,enduserscannavigatemeaningfullythroughthelargedatavolumesseenonthedesk.An extension
of thiswork for remoteclientsunableto physically seethedeskis underway.

1.1.3 IQ-Echo: Middlewar eservicesfor heterogeneousinteractiveand real-timeapplications
Ef£cientremotegraphicsserviceslike thoserequiredfor smartpointersarebut oneof theapplicationstar-
getedby our work with publish/subscribemiddlewarefor high performancesystems.More generally, our
researchwith IQ-EChoaddressesthe ef£cient transferof large dataacrosswide-areanetworks, focusing
on applicationslike remotevisualizationand real-timecollaboration. To attain high performancein the
real-timeexchangeof dataacrosscollaboratingmachinesandendusers,we aredevelopingandevaluat-
ing methodsandtechniquesfor coordinatingapplication-level with network transport-level adaptationsof
datacommunication.Speci£cally, complementingpreviouswork on TCP-friendlycommunicationandon
adaptive transportprotocols,our recentwork with theunderlyingIQ-RUDP protocolstronglycoordinates
application-level with transport-level changesin communicationbehavior, so as to bestmeetapplication
needswithoutviolatingfairnessin network resourceusage.UsingIQ-EChoandIQ-RUDP, application-level
adaptationslike selective datadown-samplingaretriggeredby transport-level informationprovidedby the
instrumentedIQ-RUDPprotocolunderlyingIQ-ECho’scommunications.Theapplication-to network-layer
exchangeof informationnecessaryfor suchcoordinatedadaptationsis implementedwith EChoattributes,
whichprovidea lightweightwayfor anapplicationto providequalityof serviceinformationandto describe
its adaptationto the transportlayer, andfor IQ-RUDP to sharenetwork statusinformationwith an appli-
cation. In addition to triggeringapplication-level adaptationsandreactingto certainchangesin network
state,IQ-RUDP also re-adaptsits own communicationbehavior after an applicationadaptationhasbeen
performed,in part to remainfair to othernetwork ¤ows. Suchtransport-level reactionscanbe performed
at higherratesandwith smalleroverheadsthanpossibleat applicationlevel. The evaluationof IQ-ECho,
IQ-RUDPandof its coordinationschemesdemonstratesthesuperiorityof asynchronous,coordinatedadap-
tationsvs. adaptationsperformedonly at protocol-or application-level. Speci£cally, coordinationavoids
con¤ictsdue to mismatchedapplication-vs. transport-level adaptations,and it avoids over-reactiondue
to changesperformedsimultaneouslyat multiple levels. In addition,by permittingIQ-RUDP to adjustits
behavior independently, mismatchesin theapplication-vs. network-level granularitiesof adaptationcanbe
ameliorated.Finally, with IQ-RUDP’s coordination,applicationperformanceis improvedby reducingthe
impactof obsoleteinformationusedfor application-level adaptation.

1.1.4 E-Businessand ubiquitous applications
We have beenexploring integrationof our technologieswith portionsof anoperationalinformationsystem
like thatusedat DeltaAir Lines. This applicationusesclusterserversandfastnetworksacquiredby theRI
grantto capture,process,and£nally, displaytheairborneassets(i.e.,airplanes)operatedby DeltaAir Lines.
Our technicalinterestin this applicationsstemsfrom its extremescalabilitydemandsin termsof numbers
of informationcapturepointsandinformationdisplays.Capturepointsexist at all Delta-servicedairports;
thesameholdsfor displaysatall of thesesitesthatmustfaithfully reproducecurrentoperationalstate.
Another set of applicationsconcernthe real-timecaptureof video dataand its real-timedistribution to
clients. Onespeci£capplicationproducedby our work is thedistribution of per-sensorsource-specialized
datastreamsto a clientsvia wirelessmedia,which necessitatestheonlinemanagementof existing wireless
bandwidthwith respectto thedelayexperiencedby endusers.

1.1.5 Deadtimestamp identi£cation in Stampede
Stampedeis a parallelprogrammingsystemto supportcomputationallydemandingapplicationsincluding
interactive vision, speechandmultimediacollaboration.The systemalleviatesconcernssuchascommu-
nication,synchronization,andbuffer managementin programmingsuchreal-timestream-orientedapplica-
tions.A coarse-graindata¤ow graphis oftenaconvenientrepresentationof suchcomputations.Threadsare
looselyconnectedby channelswhich hold streamsof items,eachidenti£edby a timestamp.A threadmay



read� a timestampeditem from onechannel,performsomeanalysison that item andwrite anitem with that
sametimestampontoa differentchannel.Usefulwork is signi£edby a timestampmakingits way through
theentirepipelineof threadsandchannels.Becausethreadsoperateat differentspeeds,sometimestamps
will not make their way throughthe entirepipeline. Therearetwo performanceconcernswhenprogram-
mingwith Stampede.The£rstconcernis space,namely, ensuringthatmemoryis notwastedonatimestamp
(i.e. itemsbearingthis timestamp)thatis not fully processed.Thesecondconcernis time,namely, ensuring
that processingresourceis not wastedon a timestampthat is not fully processed.In this work we intro-
ducea singleunifying framework, deadtimestampidenti£cation,that addressesboth the spaceandtime
concernssimultaneously. Deadtimestampson a channelrepresentgarbage.Deadtimestampsat a thread
representcomputationsthatneednotbeperformed.This framework hasbeenimplementedin theStampede
system.Experimentalresultsshowing thespaceadvantageof this framework arepresented.Usinga color-
basedpeopletrackerapplication,we show thatthespaceadvantagecanbesigni£cant(up to 40theprevious
techniquesfor garbagecollectionin Stampede.

1.1.6 Towards aspect-orientedprogramming support for cluster computing
Interactive multimediaapplications(suchasvideo/audioprocessing)aregoodcandidatesfor clustercom-
puting. Suchapplicationsarebestrepresentedascoarse-graindata¤ow graphs,andarerich in pipelined,
task,anddataparallelism.Therearetwo issuesto beaddressedin parallelimplementationsof suchappli-
cations.The£rst issueis specifyinghow thedifferentthreadsanddataabstractionsof theapplicationare
connectedto oneanother. This is oftenreferredto astheplumbingproblemin parallelanddistributedcom-
putations,andis non-trivial to manageastheapplicationsscaleup. Thesecondissueis exploring different
parallelismstrategies for maximizingperformance.Due to the varietiesof parallelismthat areavailable
in suchapplications,the spaceof strategies to be exploredcanbe quite vastdependingon the scaleand
complexity of interactionsandthenumberof simultaneousinteractions.We have developeda speci£cation
languagecalledSTAGES,thatprovidesaspect-orientedprogrammingsupportfor clustercomputing.This
languagemakesit possibleto decouplethe cross-cuttingconcernsof the applicationprogrammer. In par-
ticular, algorithmdesignis disentangledfrom connectionmanagementandperformanceconcernsthrough
the useof our framework. STAGESaddressesthe two issuesidenti£edearlier: £rst it providesa simple
syntaxfor specifyingtheconnectionsamongthethreadsandthedataabstractions;andsecondit providesa
way of specifyingthemappingof thethreadsanddataabstractionsontothenodesof thecluster. STAGES
hasbeenimplementedasa pre-processorwhich takesanapplicationspeci£cation(representedtextually as
a graph)andgeneratesC code. The currentimplementationassumesthat the target applicationsusethe
computationalabstractionssupportedby theStampedeclusterprogramminglibrary. However thelanguage
is general,andtargetinga differentsetof abstractionsis simply a matterof specifyinga differentgrammar
for STAGESandmodifying thecodegenerationpartof STAGES.In thiswork, wepresentSTAGES,its im-
plementation,andits utility for mappingcomplex applicationsontoa cluster. We alsopresentperformance
resultsfrom exploring theparallelismspacefor two suchapplicationson a 17-nodeclusterof 8-way SMPs
(Intel Xeonprocessors)interconnectedby GigabitEthernet.

1.1.7 Measuring, understanding,and impr oving the performanceof Distrib uted Stampede
DistributedStampedeis aprogrammingsystemthatis aimedatsupportingsensor-basedubiquitouscomput-
ing applications.Telepresence,Surveillance,andawareenvironmentsin thehomeandof£ceareexamples
of suchapplications.Thesystemitself is implementedasa runtimelibrary on top of a numberof different
operatingsystems.The focusof this paperis theperformanceevaluationandenhancementof Distributed
Stampedeon differentplatforms. Throughelaboratesoftware instrumentationof the runtimesystem,we
recordtheinteractionbetweentheruntimesystemandtheunderlyingoperatingsystemandmessaginglay-
ers. Postmortemanalysisof the gathereddatahelpsus to understandthe behavior of our systemin the
context of variousplatforms.Suchastudywouldallow discoveringperformancebottlenecksin theruntime
systemaswell asopportunitiesfor operatingsystemenhancementfor supportingsuchcomplex runtime
systems.

1.1.8 Integrating selectiveattention and soft cachingin the Stampedeframework
Thework wholebringstogethersmartsensing,programmableandcheaphardwareplatformsto serveasdata
aggregatorsfor smartsensors,anda distributedprogrammingmodelthatallows theseamlessprogramming



of� a continuumof sensors,actuators,andbackendhigh-performanceclusters. Accomplishmentsto date
includedevelopmentof a retinal camera,a softcachearchitecturefor just in time loadingof hot codeand
dataon dataaggregators,andextensionof the Stampededistributedprogrammingmodel to wirelessand
wireddevices.

1.1.9 D-Stampede:Programming support for ubiquitous computing
In this work we focuson an importantproblemin the spaceof ubiquitouscomputing,namely, program-
ming supportfor the distributedheterogeneouscomputingelementsthat make up this environment. We
addressthe interactive, dynamic,andstream-orientednatureof this applicationclassanddevelop appro-
priatecomputationalabstractionsin theD-Stampededistributedprogrammingsystem.Thekey featuresof
D-Stampedeincludeindexing datastreamstemporally, correlatingdifferentdatastreamstemporally, per-
forming automaticdistributedgarbagecollectionof unnecessarystreamdata,supportinghigh performance
by exploiting hardwareparallelismwhereavailable,supportingplatform andlanguageheterogeneity, and
dealingwith applicationlevel dynamism.

1.1.10 Distrib uted selectivevideostreamingusingD-Stampede
D-Stampedeis adistributedprogrammingsystemwith supportfor temporallyindexing streamdataemanat-
ing from severalsources.In this work, we illustratetheability to composeapplicationsusingD-Stampede
with multiple cameras,makingef£cientuseof network bandwidth.Local processingat eachcamerasends
thecentroidvalueto a headend. A threadat theheadendinstructsthecamerawith thehighestscore(in-
dicative of the locationof mostactionat the currenttime) to streamfull video. A GUI allows a manual
over-rideaswell. Thissystemhasapplicationsin distributedsurveillance,andassistedliving.

1.1.11 Ubiquitous interactivedisplays
The increasingafford-ability and portability of high quality projectorshasgenerateda surge of interest
in projector-baseddisplaysystems.Recentexamplesincludetheconstructionof seamlessmulti-projector
videowallsandimmersive3-D virtual environments.Wearedevelopingprojector-cameratechnologywhich
canbeusedto createubiquitous,interactive displaysusingtheordinaryvisible surfacesin a person’s envi-
ronment.Displayscouldbeconvenientlylocatedontable-tops,nearbywalls,etc.Userscouldre-positionor
resizethemusingsimplehandgestures.Displayscouldevenbe“attached”to objectsin theenvironmentor
bemadeto follow a useraroundasdesired.In addition,this displaytechnologycanbecoupledwith input
technology, suchaspencapture,to createlargeinput-outputsurfacesfor meetingandclassrooms.
Thekey technicalchallengesin realizingour vision of ubiquitousinteractive displaysarethedevelopment
of projector-cameracontrolstrategiesandthedevelopmentof adistributedsubstratefor sensorfusionwhich
wouldsupportdeploymentof thesystem.
Controlstrategiesaddresstheneedto adjusttheoutputof multipleprojectorsin responseto theenvironment.
Two relatedproblemsof front projectiondisplayswhichoccurwhenusersobscureaprojectorare:(i) unde-
sirableshadows caston thedisplayby theusers,and(ii) projectedlight falling on anddistractingtheusers.
We have developeda computationalframework for solvingthesetwo problemsusingmultiple overlapping
projectorsandcameras.The overlappingprojectorsareautomaticallyalignedto displaythe samedekey-
stonedimage.Thesystemdetectswhenandwhereshadows arecastby occludersandis ableto determine
the pixels which areoccludedin differentprojectors.Througha feedbackcontrol loop, the contributions
of unoccludedpixels from otherprojectorsareboostedin the shadowed regions, therebyeliminating the
shadows. In addition,pixelswhich arebeingoccludedareblanked, therebypreventingtheprojectedlight
from falling on a userwhenthey occludethedisplay. This canbeaccomplishedevenwhentheoccluders
arenot visible to thecamera.

1.1.12 Sensinginfrastructur e for activity recognitionin the AwareHome
Our work in theperceptuallyawareenvironmentfocusesin building sensinginfrastructuresanddeveloping
technologiesfor activity recognitionwithin theGeorgia Tech’s AwareHomeproject. In thelastyearor so,
we have developeda prototypesystemfor reliablesensorfusion;with particularemphasison high-content
streamingmodalitiesof audioandvideo. In thesystem,isolatedsensingtechnologiesaremergedto provide
information from varying. dynamic,and long-termscenarios.Strengthsof eachof the differentsensors
are leveragedto extract a higher-level interpretationof who is the environment. As to what the useris
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in thespace,wearedevelopingrepresentationthatbuild-off stochasticcontext-freegrammarto aid in
identifyingactionrecognition.

1.1.13 Softwarecaching
A softwarecacheimplementscacheandvirtual memoryfunctionality in softwareinsteadof in hardware
to enablelessexpensive devices. Our Softcacheprojecthasdevelopedprototypeinstructioncachesusing
dynamicbinaryrewriting to minimizethecommon-casecachemisschecks.Thesoftwarecachetechnique
is particularlyappropriatefor embeddedsensorswherethe expensive (but rare)dynamicbinary rewriting
overheadcanbeof¤oadedontoserversthatmanageanumberof embeddeddevicesattachedto sensors.

1.1.14 E-textiles
A digital network betweenactive componentsor “buttons”atopane-textile fabricmusthandlethe inexact
placementof wires in the fabric both for signaldistribution andfor power distribution. We approachthe
problemof signal distribution by making the pin logic of the buttonsre-con£gurableand by providing
enoughlocal stateto allow an external agentto discover and to recon£gurethe buttonsinto a working
network. Wedescribeaprototypesystemof a2x2arrayof FPGA-and-microcontrollerbuttonsatopa fabric
with 0.100”-pitchwiring includingarchitecturedecisions,circuitsandsoftwarealgorithms.

1.1.15 Activesystemareanetworks
A smartnetwork interfacebasedon a network processorchip is ideal for the importantproblemof han-
dling streamsof small messages.Applicationssuchasoperationaldatabases,sensorprocessingsystems
anddistributedsimulationsmusthandlea high volumeof smallmessages.Smallmessagesarenotoriously
challengingfor network traditionalprocessorsandmemoryhierarchies.Wearebuilding anetwork interface
for clusterserverstargetedat thisclassof applications.A network processor, typi£edby theIntel IXP1200,
consistsof multiple,multithreadedprocessorsonachip thatactasDMA enginescapableof asmallamount
of computation(a few operationsper byte) asthey performthe DMA transfer. Past “smart” network in-
terfaceshave improvedsystemperformanceby unloadingthehostprocessorandby reactingto eventswith
lower latency. Network processorsasnetwork interfacesaddtheability to aggregate,classifyandreorganize
dataasis it is transferredbecausethey havesuf£cientprocessingpower to inspectandaltereverybyte.

1.1.16 The Inf osphereproject
The Infosphereprojectis developingconcepts,techniques,andtools for thenext generationsystemssoft-
warein pervasive computingenvironments.Systemssoftwarefor suchenvironmentsmustsupportend-to-
endquality of service(QoS)for usersanddevelopers,for example,in termsof performance,availability,
maintainability, andsurvivability. Thecoreabstractionis calledInfopipe,which supportsinformation¤ow
througha variety of environmentswith theseQoS properties. Thesepervasive computingenvironments
include high speednetworks suchas the Next GenerationInterneton one end of spectrum,and limited
bandwidthwirelessconnectionson theotherend.Theseenvironmentsarealsocharacterizedby continuous
changesthat demandstableand responsive systemssoftwareadaptation. Infopipe softwarewill support
thegenerationandcompositionof codeto supportinformation¤ow throughthesechangingenvironments.
Infospherefocuseson the challengesof bringing fresh information from a variety of sensorsto new ap-
plicationssuchas accuratemicro-region weatherforecasting.personalizedfresh information delivery for
mission-criticaloperationsin urbanterrain.

1.1.17 Middlewar e Inf opipes
Wehavebeenworkingonthedevelopmentof InfopipesoftwarebasedonXML attheApplicationLayerand
basedonPBIOattheMiddlewareLayer. Thework in theMiddlewareLayerbuildsontheresultsfrom ECho
andJEChosoftware.ThisC-basedInfopipesupportformsthebasisfor experimentationwith recon£gurable
information¤ow applicationssuchasthosedescribedin thefollowing section.

1.1.18 Aspect-orienteddevelopmentof Inf opipes
We have beenre-developing the Java versionof Infopipe software using AOP conceptsand techniques.
Speci£cally, theperformancemonitoringcomponents(e.g.,latency andbandwidthof network) of Infopipes
havebeencodedasaspectsandtheAspectJcompilerhasbeenusedto generatetheexecutablecode.This is
anotherexampleof raisingthelevel of abstractionof thelibrary codethatsupportsInfopipeStubGenerator.



1.1.19 Inf ormation ¤ow application support
As partof theInfopipedevelopmentat theApplicationLayer, we alsohave beenworking on methodsand
softwareto extract informationautomaticallyfrom theWeb. Thesearetools that facilitatethe information
¤ow by addingsyntacticandsemanticdescriptionsto Web-originatedinformation¤ows suchasdynamic
webcontent.

1.1.20 Securingpervasivecomputing applications
In pervasivecomputingenvironments,applicationsmakeuseof theunderlyinginfrastructureto provide the
servicesusersneedwithout requiringthemto explicitly make therequests.Clearly, sensorgatheredinfor-
mationhasto beusedto identify usersandtheresourcesthatthey desireto accessin suchanenvironment.
We have developeda transparentauthenticationframework thatidenti£essourcesof requestsbasedon sen-
sorprovidedinformation.Sincesensorsmayhavelimited accuracy or canbetamperedwith, our framework
providesanauthenticationmetricvaluethatcanbeincreaseddependingon thenatureof theuser’s request.
We have alsodevelopedanauthorizationframework thattakesthecontext in which a requestis made(e.g.,
time, location,pastrequests)to determineif a requestshouldbegranted.A securityarchitecturethatimple-
mentsauthenticationandauthorizationservicesbasedon theseideashasbeendesignedandimplemented.
We areexploring how applicationsin theAwareHomecanbesecuredusingthearchitecturethathasbeen
developed.

1.2 Major Findings
We have hada signi£cantnumberof researchresultsin the scopeof the RI project that spandistributed
systems,userinteraction,clustercomputing,andwideareascalabilityin applicationdomainssuchastelep-
resenceande-commerce.Theseresultshaveoftenbeenin partnershipwith our industrialcollaboratorssuch
asIBM, Intel, Compaq,andWind River Systems.Thereferencesin thepublicationsportionof this annual
reportgivepointersto someof theseresults.

1.3 Training and Development
1.3.1 UndergraduateResearch Participation
We continueto attractbright andinterestedundergraduatesto RI-relatedresearchprojects.Undergraduate
participationin researchwithin theCollegeis facilitatedby theexcellentUROC program(www.cc.gatech.-
edu/program/uroc),coordinatedby Amy Bruckmann.A varietyof institute-wideprogramsarealsoavailable
(www.undergraduateresearch.gatech.edu)including a specialfund sponsoredby the presidentof Georgia
TechandseveralNSF-sponsoredprojects(URIP, SURF, etc.).In addition,wesponsortheSystemsHackfest
groupeachsemesterthat includes5-10undergraduatesparticipatingin research-relatedprojectsfor fun or
coursecredit.

1.4 Outr each
TheCollegeof ComputingatGeorgiaTechcontinuesits popularsummerinternprogram(fundedby ONR)
for promisingundergraduatestudentsfrom CollegesandUniversitieswho do not have theinfrastructureto
supportresearchin computing. The facilities fundedby the RI continueto serve asa major resourcefor
thesesummerinterns.As anexample,in thesummerof 2000,we hadparticipantsfrom SpelmanCollege,
Universityof PuertoRico, FloridaA&M, Talladega College,Morris Brown College,andMorehouseCol-
lege.Theintentis to matchthesestudentswith facultyandgraduatestudentswhocanmentorthemthrough
aneight-weekresearchproject.This programprovidestheinternswith a rich summerresearchexperience,
andservesasaport-holefor whatawaitsthemif they decideto go to graduateschool.
Wehaveheldseveralopen-houseeventsin 2001to acquaintresearchersfrom within andoutsidetheCollege
of Computingto the high-endvisualizationand computationfacilities that are available throughthe RI
award. The SystemsStudio hasbecomea centerfor demoand postereventsand is usedfrequentlyto
introduceandshowcaseourvariousefforts to visitors.
Finally, in November2001we helda successfulSymposiumon SystemsandNetworking Technologiesat
Georgia Tech(www.cc.gatech.edu/conferences/techsymp).Theintentwasto featurecutting-edgeresearch
from leadingindustries.TheSymposiumallowedTechstudentsto build bridgeswith industrialresearchers
andalsoprovidedashowcasefor ongoingsystemsresearchatGeorgiaTech.



1.4.1 Advisory Board
Weheldavaluableresearchadvisoryboardfor theRI awardin May of 2001.Theboardmembersattending
included: RogerHaskin (IBM Almaden),Jim Rehg(formerly at CompaqCRL), YousefKhalidi (Sun),
Gita Gopal(HP labs),Rick Schlichting(AT & T), Willy Zwaenepoel(Rice),Kai Li (Princeton),andMary
Vernon(UW-Madison).Thismeetingprovidedvaluableexternalfeedbackandfocusto ourefforts. Welook
forwardto thenext meetingof thisgroup,tentatively scheduledfor Fall of 2002.

2 Publicationsand Products
2.1 Publications
Seethereferencesat theendof this document.

2.2 WebSite
Pleasevisit theprojectwebsiteatwww.cc.gatech.edu/~rama/nsf-ri/

3 Contrib utions
Theactivitieswearecurrentlyundertakinghaveresultedin asigni£cantnumberof publicationsandsoftware
artifacts.Thesearelistedin thereferencesat theendof this report.

3.1 Human Resources
We have roughly 40 graduatestudents,15 undergraduatestudents,and 7 researchscientistsworking in
areasrelatedto this project. Threeresearchscientistsaresupported(part-time)directly from grantfunds.
Approximately30%of theseindividualscomefrom under-representedgroups.

3.2 Laboratory and TestbedDevelopment
Wehaveout£tteda laboratory(theSystemsStudio)with avarietyof resourcesdescribedin previousannual
reports. We canreportongoingheavy useof theseresourcesfor a variety of grant-relatedprojects. This
"mediaspace"is usedfrequentlyfor interactive meetingsandpresentationsandhasbeenout£ttedasan
AccessGrid nodeandis usedregularly for this purposeby individualsfrom throughouttheTechcampus.
This yearwe have purchaseda variety of additionalsensorcomponentsso that we may usethe Systems
Studioasa "sensorlab" aswell. We areexperimentingwith both research(HP Badge4,Berkeley Motes)
andcommercialequipment(VersusTechlocationsensors,wirelesstemperaturesensors).
In addition,we areincreasingthe integrationof resourcesin theSystemsStudiowith similar resourcesin
theAwareHome.

3.3 Budget,Equipment Acquisition, and PersonnelSupport
Of the$300,018incrementreceived this yearfrom NSF, we projectexpensesof $307,184.82.Two major
purchaseshavebeencompletedwith a third purchaseundernegotiation.Weanticipatethatthefundsfor the
third purchasewill beencumberedin mid-July.
A large, high-speedCisco switch hasbeenpurchasedand installedas the centralswitching unit for all
systems-relatedresearchefforts in theCollegeof Computing.This itemcostapproximately$71,000.
A secondexpenditureof approximately$47,000wasrecentlycompletedto out£ta 10 nodeclusterof Dell
Xeondualprocessorworkstationsto supporta varietyof theRI-relatedresearchprojectsThis clusteraug-
mentsour primary 128-nodecluster. The large clusterhasbecomea prime resourcefor the College and
is heavily booked. Invasive experimentssuchas thoserequiringkernelmodi£cationsarediscouragedto
minimizedisruptionto theoverall usercommunity. Thesmallclustergivesustheability to easilyperform
suchexperimentsonceagain.
Theremainingfundsareprojectedto bepartof a large,multi-grantpurchaseof a state-of-the-art,50 node,
tera¤opclusterof McKinley IA-64 dualprocessors.This machinewill allow a micro-gridcon£gurationto
supportdatatransformationandmodi£cationof large scale(terabit)datastreams.RI fundswill be spent
on 10 of the50 nodesfor the initial purchase.Fundsfrom next year’s incrementaretargetedfor a further
upgradeof theresourcesfor this machine.
Negotiationsfor this machinearecontinuinglateinto the£scalyearbecauseof thecomplexity andscaleof
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purchaseandbecausewearenegotiatingprior to theof£cial releaseof theMcKinley processors.
Thecurrentyear’s allocationof matchingfundscomesfrom two sourcesinternallyandtotals$168,093.24
(CollegeMatchingFund)and$258,000(Liotta MatchingFund).TheLiotta MatchingFundsareearmarked
for the largeclusterpurchase.Collegematchingfundshave beenencumberedfor equipmentmaintenance
onRI purchasesandfor personnel(researchscientist)support.
Threeresearchscientistsarecurrentlysupportedby theRI funds: Neil Bright, Phillip Hutto andMatthew
Wolenetz. We project thesethree individuals will remainfundedby the grant (primarily from College
MatchingFund)for thedurationof thegrant.

4 SpecialRequirements
4.1 Plansfor the Coming Year
ProjectssuchasStampede,ECho,andInfoSpherewe have beenexploring several interestingdistributed
systemstechnologies.Now we area point wherewe canseethe impactof thesetechnologiesin various
applicationcontexts. Suchcontexts include the Media Broker applicationdescribedpreviously, a novel
applicationunderdevelopmentcalledtheTV-Watcherthatmonitorsalargenumberof videoandtext streams
for contentcorrelation,andnon-occludingubiquitousinteractive displays.In addition,usingthesensorlab
thatwehaveout£tted,weplanonexploringsensormonitoringandfusiontechnologiesto enablecapabilities
suchas location awareness.As mentionedpreviously we will continueour efforts at integrating sensor
infrastructuretechnologiesin the AwareHomeandthe SystemsStudio. We believe this effort will reveal
interestingrequirementsdueto thevarietyof technologiesinvolved.
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