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1 Activities and Findings

1.1 Reseach and Education

This projectaimsto provide end-to-endnfrastructurefor capturejnterpretatiorandacces®f datastreams
in sensoirich penasive computingervironments.Our solutionsencompasa variety of levels andscales,
rangingfrom applicationge.g. actwity recognitionin the AwareHomeandubiquitousinteractve displays)
to architecture(e.g. softcachebinary rewriting). Our efforts this pastyear have focusedincreasinglyon

supportandintegrationof sensoisourcesnto our framework (e.g. multi-sensorfusionarchitecture) Other
work continueson a variety of fronts, detailedbelow.

1.1.1 High-performanceapplications

Pastwork in Geogia Tech’s ‘Distributed ComputationalLaboratories’project hasaddressediistributed
and collaboratve high performancecomputing. This RI award hasfurtheredour efforts by provision of

equipmenfor visualizinglargescientifcdatasetsandfor thenetworking infrastructureequiredto transport
suchdata,in real-timeandfrom datasourcego sinks(e.qg.,displays).This yeat ourwork in thisdomainhas
addressetivo topicsof interest:(1) dealingwith highly heterogeneousteractiondevices,and(2) effective

collaborationacrosswide areasystems.In addition,we are now beginning to considerdatasecurityand
privagy issuedn thisdomain.A brief descriptionof someof our researclappeardelon.

1.1.2 Smart-pointers: a paradigm for highly heterogeneousnteraction

We have completedhe developmentof aninteractive moleculardynamicsapplicationandvisualizationon
ahighenddisplay usingthelImmersadeskcquiredrom RI funds.However, in additionto beingableto in-
teractwith thedeskvia itsimmersie goggleswe have ‘grid enabledthisinteractive applicationasfollows:
(1) the IQ-EChoefEcientpublish/subscribeniddlevareis usedto move the datato be renderedacrosshe
multiple clientsandplatformsused.and(2) agraphicssener providesdatato berenderedgsynchronouslyn
heterogeneoufmcludingwirelessenduserdevices. In this application |Q-EChoprovidesthe source-based
£ltering necessaryor the movementto anddisplayof dataon devicesnot otherwisecapableof rendering
suchlarge datavolumes,andthe clusterbasedyraphicssener providesthereal-timeservicesnecessaryor
producinghigh quality displayson low endmachines An interestingattribute of this work is its useof the



‘smart pointer’ paradigmfor low enddisplays. The ideais not to display the samedataon the low end
display(e.g.,a handheldPAQ) ason the Immersadeskbut instead to treatthe handheldasa pointerinto
thelargedatavolumerenderednthedesk.Specifcallywe call thisa‘smartpointer’ becauseave utilize the
handhelds oexibility to actasa ‘lens’ or focusdevice for the dataseenon the large display For example,
for anatomrenderedyraphicallyon the desk,the handheldnight displayits bondforcesasa 2D graph.As
aresult,enduserscannavigatemeaningfullythroughthelargedatavolumesseeronthedesk.An extension
of thiswork for remoteclientsunableto physically seethe deskis underway.

1.1.3 1Q-Echo: Middlewar e sewicesfor heterogeneousnteractive and real-time applications

Ef£cientremotegraphicsservicedik e thoserequiredfor smartpointersarebut oneof the applicationgar
getedby our work with publish/subscribeniddlenvarefor high performancesystems.More generally our
researchwith 1Q-EChoaddresseshe efEcienttransferof large dataacrosswide-areanetworks, focusing
on applicationslike remotevisualizationand real-time collaboration. To attain high performancedn the
real-timeexchangeof dataacrosscollaboratingmachinesand end users,we are developing and evaluat-
ing methodsandtechniquedor coordinatingapplication-leel with network transport-leel adaptation®f
datacommunication.Speci£cally complementingprevious work on TCP-friendly communicatiorandon
adaptve transportprotocols,our recentwork with the underlyinglQ-RUDP protocolstrongly coordinates
application-leel with transport-lgel changesn communicatiorbehaior, so asto bestmeetapplication
needswithoutviolating fairnessn network resourcaisage UsinglQ-EChoandIQ-RUDP, application-leel
adaptationdik e selectve datadown-samplingaretriggeredby transport-lgel informationprovided by the
instrumentedQ-RUDP protocolunderlyinglQ-ECho’s communicationsTheapplication-to network-layer
exchangeof informationnecessaryor suchcoordinatedadaptationss implementedwvith EChoattributes,
which provide alightweightway for anapplicationto provide quality of serviceinformationandto describe
its adaptatiorto the transportlayer, andfor IQ-RUDP to sharenetwork statusinformationwith an appli-
cation. In additionto triggering application-leel adaptationsand reactingto certainchangesn network
state,|Q-RUDP alsore-adaptdts own communicatiorbehaior after an applicationadaptatiorhasbeen
performed,n partto remainfair to othernetwork @ows. Suchtransport-lgel reactionscanbe performed
at higherratesandwith smalleroverheadgshanpossibleat applicationlevel. The evaluationof IQ-ECho,
IQ-RUDP andof its coordinationschemeslemonstratethe superiorityof asynchronous;oordinatechdap-
tationsvs. adaptationgperformedonly at protocol-or application-le&el. Specifcally coordinationavoids
conaictsdue to mismatchedapplication-vs. transport-lgel adaptationsandit avoids over-reactiondue
to changegerformedsimultaneoushat multiple levels. In addition, by permitting |IQ-RUDP to adjustits
behaior independentlymismatchesn the application-vs. network-level granularitiesof adaptatiorcanbe
ameliorated.Finally, with IQ-RUDP’s coordination applicationperformanceds improved by reducingthe
impactof obsoletanformationusedfor application-le@el adaptation.

1.1.4 E-Businessand ubiquitous applications

We have beenexploring integrationof our technologiesvith portionsof anoperationainformationsystem
likethatusedat Delta Air Lines. This applicationusesclustersenersandfastnetworksacquiredby theRI
grantto capture processand£nally, displaytheairborneassetgi.e., airplanespperatedy DeltaAir Lines.
Ourtechnicalinterestin this applicationsstemsfrom its extremescalabilitydemandsn termsof numbers
of informationcapturepointsandinformationdisplays. Capturepointsexist at all Delta-servicedirports;
the sameholdsfor displaysat all of thesesitesthatmustfaithfully reproducecurrentoperationaktate.

Another set of applicationsconcernthe real-time captureof video dataandits real-time distribution to
clients. Onespecifcapplicationproducedoy our work is the distribution of persensorsource-specialized
datastreamso a clientsvia wirelessmedia,which necessitatethe online managemenf existing wireless
bandwidthwith respecto thedelayexperiencedy endusers.

1.1.5 Deadtimestampidenti£cation in Stampede

Stampedés a parallelprogrammingsystemto supportcomputationallydemandingapplicationsncluding
interactve vision, speechand multimediacollaboration. The systemalleviatesconcernssuchascommu-
nication,synchronizationandbuffer managemenn programmingsuchreal-timestream-orientedpplica-
tions. A coarse-graimlatarav graphis oftena corvenientrepresentationf suchcomputationsThreadsare
looselyconnectedy channelsvhich hold streamf items,eachidentifedby atimestamp.A threadmay



readatimestampedtem from onechannel performsomeanalysison thatitem andwrite anitem with that
sametimestamponto a differentchannel.Usefulwork is signifedby a timestampmakingits way through
the entire pipeline of threadsand channels.Becausdghreadsoperateat differentspeedssometimestamps
will not make their way throughthe entire pipeline. Therearetwo performanceconcernsvhenprogram-
mingwith StampedeThe£rstconcerris spacenamely ensuringhatmemoryis notwastedonatimestamp
(i.e. itemsbearingthis timestamp}hatis notfully processedThesecondconcerns time, namely ensuring
that processingesources not wastedon a timestampthatis not fully processed.In this work we intro-
ducea single unifying framework, deadtimestampidenti£cation,that addresseboth the spaceandtime
concernssimultaneously Deadtimestamp®n a channelrepresentarbage.Deadtimestampsat a thread
representomputationshatneednot be performed.This framevork hasbeenimplementedn the Stampede
system.Experimentakesultsshaoving the spaceadvantageof this framewnork arepresentedUsinga color
basedpeopletracker applicationwe showv thatthe spaceadvantagecanbe signi£cantup to 40theprevious
techniquedor garbagecollectionin Stampede.

1.1.6 Towards aspect-orientedprogramming support for cluster computing

Interactive multimediaapplications(suchasvideo/audioprocessingaregood candidategor clustercom-
puting. Suchapplicationsare bestrepresente@s coarse-grairdatacev graphs,andarerich in pipelined,
task,anddataparallelism.Therearetwo issuego be addresseth parallelimplementation®f suchappli-
cations. The £rstissueis specifyinghow the differentthreadsand dataabstraction®f the applicationare
connectedo oneanother This is oftenreferredto asthe plumbingproblemin parallelanddistributedcom-
putations,andis non-trivial to manageasthe applicationsscaleup. The secondssueis exploring different
parallelismstratgies for maximizing performance.Due to the varietiesof parallelismthat are available
in suchapplicationsthe spaceof stratgiesto be explored canbe quite vastdependingon the scaleand
complity of interactionsandthe numberof simultaneousnteractions We have developeda specifEcation
languagecalled STAGES, that providesaspect-orientegrogrammingsupportfor clustercomputing. This
languagemalesit possibleto decouplethe cross-cuttingconcernof the applicationprogrammer In par
ticular, algorithmdesignis disentangledrom connectiormanagemenand performanceconcernghrough
the useof our framavork. STAGES addressethe two issuesidentifedearlier: £rstit providesa simple
syntaxfor specifyingthe connectionamongthe threadsandthe dataabstractionsandsecondt providesa
way of specifyingthe mappingof the threadsanddataabstraction®ntothe nodesof the cluster STAGES
hasbeenimplementedasa pre-processowhich takesan applicationspecifcatior{representetextually as
a graph)and generatesC code. The currentimplementatiorassumesghat the target applicationsusethe
computationabbstractionsupportedy the Stampedelusterprogrammindibrary. However thelanguage
is general andtamgetinga differentsetof abstractionss simply a matterof specifyinga differentgrammar
for STAGESandmodifying the codegeneratiorpartof STAGES.In thiswork, we presenSTAGES, its im-
plementationandits utility for mappingcomplex applicationsontoa cluster We alsopresenperformance
resultsfrom exploring the parallelismspacefor two suchapplicationson a 17-nodeclusterof 8-way SMPs
(Intel Xeonprocessorsinterconnectedyy Gigabit Ethernet.

1.1.7 Measuring, understanding, and impr oving the performance of Distrib uted Stampede

DistributedStampedés aprogrammingsystemhatis aimedat supportingsensotbasedibiquitouscomput-
ing applications.Telepresencesuneillance,andawvareervironmentsin the homeandofEceareexamples
of suchapplications.The systemitself is implementedasa runtimelibrary on top of a numberof different
operatingsystems.The focusof this paperis the performancesvaluationandenhancememf Distributed
Stampeden different platforms. Throughelaboratesoftware instrumentatiorof the runtime system,we
recordtheinteractionbetweerthe runtimesystemandthe underlyingoperatingsystemandmessaginday-
ers. Postmortemanalysisof the gathereddatahelpsus to understandhe behaior of our systemin the
contet of variousplatforms.Sucha studywould allow discovering performancéottlenecksn theruntime
systemaswell asopportunitiesfor operatingsystemenhancemenfior supportingsuchcomplex runtime
systems.

1.1.8 Integrating selective attention and soft cachingin the Stampedeframework

Thework wholebringstogethesmartsensingprogrammablendcheaphardwareplatformsto sene asdata
aggreatorsfor smartsensorsanda distributedprogrammingmodelthatallows the seamlesprogramming



of a continuumof sensorsactuatorsand backend high-performancelusters. Accomplishmentgo date
include developmentof a retinal cameraa softcachearchitecturefor justin time loadingof hot codeand
dataon dataaggreators,and extensionof the Stampedelistributed programmingmodelto wirelessand
wired devices.

1.1.9 D-Stampede:Programming support for ubiquitous computing

In this work we focus on animportantproblemin the spaceof ubiquitouscomputing,namely program-
ming supportfor the distributed heterogeneousomputingelementsthat make up this ervironment. We
addresghe interactve, dynamic,and stream-orienteahatureof this applicationclassand develop appro-
priatecomputationabbstractionsn the D-Stampedalistributed programmingsystem.The key featuresof
D-Stampedeéncludeindexing datastreamgemporally correlatingdifferentdatastreamsemporally per
forming automaticdistributedgarbagecollectionof unnecessargtreamdata,supportinghigh performance
by exploiting hardware parallelismwhereavailable, supportingplatform and languageheterogeneityand
dealingwith applicationlevel dynamism.

1.1.10 Distrib uted selectie video streamingusing D-Stampede

D-Stampedés a distributedprogrammingsystemwith supportfor temporallyindexing streanmdataemanat-
ing from several sourcesIn this work, we illustratethe ability to composeapplicationsusingD-Stampede
with multiple camerasmakingefEcientuseof network bandwidth.Local processingt eachcamerasends
the centroidvalueto a headend. A threadat the headendinstructsthe camerawith the highestscore(in-
dicative of the location of mostactionat the currenttime) to streamfull video. A GUI allows a manual
over-ride aswell. This systemhasapplicationdn distributedsurweillance,andassistediving.

1.1.11 Ubiquitous interactive displays

The increasingafford-ability and portability of high quality projectorshasgenerateda suige of interest
in projectorbaseddisplay systems.Recentexamplesincludethe constructionof seamlessnulti-projector
videowallsandimmersive 3-D virtual ervironments We aredevelopingprojectorcameraechnologywhich

canbe usedto createubiquitous,interactie displaysusingthe ordinaryvisible surfacesin a persons envi-

ronment.Displayscouldbecorvenientlylocatedontable-topsnearbywalls, etc. Userscouldre-positionor

resizethemusingsimplehandgesturesDisplayscould evenbe “attached”to objectsin the environmentor

be madeto follow a useraroundasdesired.In addition,this displaytechnologycanbe coupledwith input
technologysuchaspencaptureo createlargeinput-outputsurfacesfor meetingandclassrooms.

The key technicalchallengesn realizingour vision of ubiquitousinteractive displaysarethe development
of projectorcameracontrolstratgyiesandthe developmenbf adistributedsubstratdor sensoffusionwhich
would supportdeploymentof the system.

Controlstratgiesaddressheneedio adjustthe outputof multiple projectordan responsé¢o theervironment.
Two relatedproblemsof front projectiondisplayswhich occurwhenusersobscurea projectorare: (i) unde-
sirableshadavs caston the displayby theusersand(ii) projectedight falling on anddistractingthe users.
We have developeda computationaframework for solvingthesetwo problemsusingmultiple overlapping
projectorsand cameras.The overlappingprojectorsare automaticallyalignedto display the samedekey-
stonedimage. The systemdetectsvhenandwhereshadaevs are castby occludersandis ableto determine
the pixels which are occludedin differentprojectors. Througha feedbackcontrol loop, the contrikutions
of unoccludedpixels from other projectorsare boostedin the shadeved regions, therebyeliminatingthe
shadevs. In addition, pixels which are beingoccludedare blanked, therebypreventingthe projectedlight
from falling on a userwhenthey occludethe display This canbe accomplisheadvenwhenthe occluders
arenotvisible to thecamera.

1.1.12 Sensinginfrastructur e for activity recognitionin the Aware Home

Ourwork in the perceptuallyawareervironmentfocusesn building sensingnfrastructuresanddeveloping
technologiedor actiity recognitionwithin the Geogia Tech’s AwareHomeproject. In thelastyearor so,
we have developeda prototypesystemfor reliable sensoifusion; with particularemphasin high-content
streamingmodalitiesof audioandvideo. In the systemjsolatedsensingechnologiesaremeigedto provide
informationfrom varying. dynamic,andlong-termscenarios.Strengthsof eachof the differentsensors
are leveragedto extract a higherlevel interpretationof who is the ervironment. As to what the useris



doingin the spacewe aredevelopingrepresentatiothatbuild-off stochasticontet-freegrammarto aidin
identifying actionrecognition.

1.1.13 Software caching

A software cacheimplementscacheand virtual memoryfunctionality in softwareinsteadof in hardware
to enablelessexpensie devices. Our Softcacheprojecthasdevelopedprototypeinstructioncacheausing
dynamicbinary rewriting to minimize the common-caseachemisschecks.The softwarecachetechnique
is particularly appropriatfor embeddedensoravherethe expensve (but rare) dynamicbinary rewriting
overheactanbe ofeoadedntosenersthatmanagea numberof embeddedievicesattachedo sensors.

1.1.14 E-textiles

A digital network betweeractive component®r “buttons” atopan e-textile fabric musthandlethe inexact
placemenbf wiresin 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. We describea prototypesystemof a 2x2 arrayof FPGA-and-microcontrollebuttonsatopa fabric
with 0.100"-pitchwiring includingarchitecturedecisionsgircuitsandsoftwarealgorithms.

1.1.15 Active systemareanetworks

A smartnetwork interfacebasedon a network processorchip is ideal for the importantproblemof han-
dling streamsof small messagesApplicationssuchas operationaldatabasessensomprocessingsystems
anddistributedsimulationsmusthandlea high volume of smallmessagesSmall messagearenotoriously
challengingor network traditionalprocessorandmemoryhierarchiesWe arebuilding anetwork interface
for clustersenerstamgetedat this classof applications A network processaqrtypi£edby theIntel IXP1200,
consistf multiple, multithreadedrocessorsn achipthatactasDMA enginesapableof asmallamount
of computation(a few operationgper byte) asthey performthe DMA transfer Past“smart” network in-
terfaceshave improved systemperformanceyy unloadingthe hostprocessoandby reactingto eventswith
lowerlateng. Network processorasnetwork interfacesaddtheability to aggrejate,classifyandreomanize
dataasis it is transferrecbecausehey have suEcientprocessingower to inspectandalterevery byte.

1.1.16 The Infospher project

The Infosphereprojectis developingconceptstechniquesandtools for the next generatiorsystemssoft-
warein penasie computingenvironments.Systemssoftwarefor suchervironmentsmustsupportend-to-
endquality of service(QoS)for usersanddevelopers,for example,in termsof performanceavailability,
maintainability andsurvivability. The coreabstractioris calledinfopipe, which supportanformationaow
througha variety of ervironmentswith theseQoS properties. Thesepenasive computingernvironments
include high speednetworks suchasthe Next Generationinterneton one end of spectrum,and limited
bandwidthwirelessconnection®n the otherend. Theseervironmentsarealsocharacterizedby continuous
changeghat demandstableand responsie systemssoftware adaptation. Infopipe software will support
the generatiorandcompositionof codeto supportinformationaow throughthesechangingervironments.
Infospherefocuseson the challengesof bringing freshinformation from a variety of sensorg¢o new ap-
plications such as accuratemicro-reggion weatherforecasting.personalizefdesh information delivery for
mission-criticaloperationsn urbanterrain.

1.1.17 Middlewar e Infopipes

We have beenworking onthedevelopmenbf Infopipesoftwarebasedn XML attheApplicationLayerand
basedn PBIO attheMiddlewareLayer. Thework in theMiddlewareLayerbuilds ontheresultsfrom ECho
andJEChaosoftware. This C-basednfopipe supporfformsthebasisfor experimentatiorwith reconf£gurable
informationcow applicationssuchasthosedescribedn thefollowing section.

1.1.18 Aspect-orienteddevelopmentof Infopipes

We have beenre-deseloping the Java versionof Infopipe software using AOP conceptsand techniques.
Specifcallythe performancenonitoringcomponentge.g.,lateny andbandwidthof network) of Infopipes
have beencodedasaspectandthe Aspectlcompilerhasbeenusedto generatehe executablecode.Thisis
anothemrexampleof raisingthelevel of abstractiorof thelibrary codethatsupportdnfopipe StubGeneratar



1.1.19 Information mow application support

As partof the Infopipe developmentat the Application Layer, we alsohave beenworking on methodsand
softwareto extractinformationautomaticallyfrom the Weh Thesearetools thatfacilitatethe information
aow by addingsyntacticand semanticdescriptiongo Web-originatednformationaows suchas dynamic
webcontent.

1.1.20 Securingpervasive computing applications

In penasive computingervironmentsapplicationamake useof the underlyinginfrastructureto provide the
servicesusersneedwithout requiringthemto explicitly make therequests Clearly, sensorgatherednfor-
mationhasto be usedto identify usersandthe resourceshatthey desireto accessn suchanernvironment.
We have developeda transparenauthenticatioriramavork thatidentifessourcesof requestdasedn sen-
sorprovidedinformation. Sincesensorsnayhave limited accurag or canbetamperedvith, our framewvork
providesanauthenticationmetric valuethatcanbeincreasediependingon the natureof the users request.
We have alsodevelopedanauthorizatiorframenork thattakesthe contet in which arequesis made(e.q.,
time, location,pastrequestsjo determindf arequesshouldbegranted.A securityarchitecturghatimple-
mentsauthenticatiorandauthorizatiorserviceshasedon theseideashasbeendesignedandimplemented.
We areexploring how applicationsn the AwareHomecanbe securedusingthe architecturahathasbeen
developed.

1.2 Major Findings

We have had a signiEcantnumberof researchresultsin the scopeof the RI projectthat spandistributed
systemsuyserinteraction clustercomputing,andwide areascalabilityin applicationdomainssuchastelep-
resence&nde-commerceTheseresultshave oftenbeenin partnershipwith ourindustrialcollaboratorsuch
asIBM, Intel, CompagandWind River Systems.Thereferencesn the publicationsportion of this annual
reportgive pointersto someof theseresults.

1.3 Training and Development
1.3.1 Undergraduate Reseach Participation

We continueto attractbright andinterestedundegraduateso Rl-relatedresearctprojects.Undegraduate
participationin researctwithin the Collegeis facilitatedby the excellentUROC program(www.cc.catech.-
edu/program/urocyoordinatedy Amy Bruckmann A varietyof institute-wideprogramsarealsoavailable

(www.undergraduateresearchtgch.edujncluding a specialfund sponsoredy the presidentof Geogia

TechandsereralNSF-sponsoregdrojects(URIP, SURF etc.).In addition,we sponsothe SystemdHackfest
groupeachsemestethatincludes5-10 undegraduategarticipatingin research-relategrojectsfor fun or

coursecredit.

1.4 Outreach

The College of Computingat Geogia Techcontinuedts popularsummeitintern program(fundedby ONR)

for promisingundegraduatestudentsrom CollegesandUniversitieswho do not have the infrastructureto

supportresearchin computing. The facilities fundedby the RI continueto sene asa major resourcefor

thesesummerinterns. As anexample,in the summerof 2000, we hadparticipants§rom SpelmanCollege,

University of PuertoRico, FloridaA&M, Talladega College, Morris Brown College, andMorehouseCol-

lege. Theintentis to matchthesestudentswith facultyandgraduatestudentsvho canmentorthemthrough
aneight-weekresearclproject. This programprovidesthe internswith arich summermesearctexperience,
andsenesasa port-holefor whatawaitsthemif they decideto goto graduateschool.

We have heldsereralopen-houseventsin 2001to acquaintresearchersom within andoutsidethe College
of Computingto the high-endvisualizationand computationfacilities that are available throughthe RI
award. The SystemsStudio hasbecomea centerfor demoand postereventsandis usedfrequentlyto
introduceandshavcaseour variousefforts to visitors.

Finally, in November2001we held a successfuSymposiumon Systemsand Networking Technologiest
Geogia Tech(www.cc.catech.edu/conferences/techsympiie intentwasto featurecutting-edgaesearch
from leadingindustries.The Symposiumallowed Techstudentgo build bridgeswith industrialresearchers
andalsoprovideda shavcasefor ongoingsystemgsesearctat Geogia Tech.



1.4.1 Advisory Board

We heldavaluableresearcladvisoryboardfor the Rl awardin May of 2001. Theboardmembersattending
included: RogerHaskin (IBM Almaden),Jim Rehg (formerly at CompagCRL), YousefKhalidi (Sun),
Gita Gopal(HP labs),Rick Schlichting(AT & T), Willy Zwaenepoe(Rice),Kai Li (Princeton)andMary
Vernon(UW-Madison).This meetingprovidedvaluableexternalfeedbaclkandfocusto our efforts. We look
forwardto the next meetingof this group,tentatively scheduledor Fall of 2002.

2 Publications and Products

2.1 Publications
Seethereferencest the endof this document.

2.2 WebSite
Pleasevisit the projectwebsite at www.cc.catech.edu/~rama/nsf-ri/

3 Contributions

Theactvitieswe arecurrentlyundertakindhave resultedn asigniEcannumberof publicationsandsoftware
artifacts. Thesearelistedin thereferencesttheendof thisreport.

3.1 Human Resources

We have roughly 40 graduatestudents,15 undegraduatestudents,and 7 researctscientistsworking in
areagelatedto this project. Threeresearctscientistsare supportedpart-time)directly from grantfunds.
Approximately30% of theseindividualscomefrom underrepresentedroups.

3.2 Laboratory and TestbedDevelopment

We have out£tteda laboratory(the SystemsStudio)with avariety of resourceslescribedn previousannual
reports. We canreportongoingheavy useof theseresourcedor a variety of grant-relatedorojects. This
"mediaspace"is usedfrequentlyfor interactve meetingsand presentationsind hasbeenout£ttedas an
AccessGrid nodeandis usedregularly for this purposeoy individualsfrom throughouthe Techcampus.

This yearwe have purchased variety of additionalsensorcomponentso that we may usethe Systems
Studioasa "sensordab" aswell. We are experimentingwith both researciHP Badge4 Berkeley Motes)
andcommerciakequipmen{Versus&chlocationsensorsyirelesstemperaturesensors).

In addition,we areincreasingthe integrationof resourcesn the SystemsStudiowith similar resourcesn
the AwareHome.

3.3 Budget, Equipment Acquisition, and PersonnelSupport

Of the $300,018incrementreceved this yearfrom NSF, we projectexpensef $307,184.82.Two major
purchasesave beencompletedwith athird purchaseindernegotiation. We anticipatethatthe fundsfor the
third purchasevill beencumberedh mid-July.

A large, high-speedCisco switch hasbeenpurchasedand installed as the central switching unit for all
systems-relatecesearchefforts in the College of Computing.This item costapproximately$71,000.

A secondexpenditureof approximately$47,000wasrecentlycompletedo outEta 10 nodeclusterof Dell

Xeondual processorvorkstationgo supporta variety of the RI-relatedresearctprojectsThis clusteraug-
mentsour primary 128-nodecluster The large clusterhasbecomea prime resourcefor the College and
is hearily booked. Invasive experimentssuchasthoserequiring kernelmodi£cationsare discouragedo

minimize disruptionto the overall usercommunity The small clustergivesusthe ability to easilyperform
suchexperimentsonceagain.

Theremainingfundsareprojectedto be partof alarge, multi-grantpurchasef a state-of-the-art50 node,
teracopclusterof McKinley 1A-64 dual processorsThis machinewill allow a micro-grid con£guratiorto

supportdatatransformatiorand modi£cationof large scale(terabit) datastreams.RI fundswill be spent
on 10 of the 50 nodesfor theinitial purchase Fundsfrom next years incrementaretargetedfor a further
upgradeof theresourcegor this machine.

Negotiationsfor this machinearecontinuinglateinto the £scalyearbecaus®f the compleity andscaleof



the purchaseindbecauseve areneggotiatingprior to the ofEcial releaseof the McKinley processors.

The currentyears allocationof matchingfundscomesfrom two sourcednternally andtotals$168,093.24
(College MatchingFund)and$258,00Q(Liotta MatchingFund). The Liotta MatchingFundsareearmaried
for the large clusterpurchase College matchingfundshave beenencumberedor equipmentmaintenance
on RI purchaseandfor personne(researctscientist)support.

Threeresearclscientistsare currentlysupportedoy the RI funds: Neil Bright, Phillip Hutto and Matthew
Wolenetz. We project thesethree individuals will remainfundedby the grant (primarily from College
MatchingFund)for the durationof thegrant.

4 SpecialRequirements

4.1 Plansfor the Coming Year

Projectssuchas StampedeECho, and InfoSpherewe have beenexploring several interestingdistributed

systemgechnologies.Now we are a point wherewe can seethe impactof thesetechnologiesn various
applicationcontexts. Such contexts include the Media Broker applicationdescribedpreviously, a novel

applicationunderdevelopmentalledthe TV-Watcherthatmonitorsalargenumberof videoandtext streams
for contentcorrelation,andnon-occludingubiquitousinteractve displays.In addition,usingthe sensotlab

thatwe have out£tted we planon exploring sensomonitoringandfusiontechnologie$o enablecapabilities
suchaslocation avareness.As mentionedpreviously we will continueour efforts at integrating sensor
infrastructuretechnologiesn the Aware Home andthe SystemsStudio. We believe this effort will reveal

interestingrequirementslueto thevariety of technologiesnvolved.
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