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Theexplosive growth of theInternetwith theemegence
of new networking technologiesand the increasingnum-
berof network-capableenddevices,is paving theway for a
numberof novel distributedapplicationsandservices.Co-
operatve distributedsystemsave becomea commoncom-
puting model,and penasive computinghascaughtthe in-
terestof academiaandindustry In the high-performance
community for example distributedscientificcollaboration
projects[9, 8] aim to createervironmentswheregeograph-
ically dispersedcommunitiesof scientistscooperateo per
form experimentson remoteinstrumentsandto shareand
discusstheir findings. The growing importanceof pena-
sive computing[12], with its goal of providing accessto
information anywhere/agtime through an invisible com-
puting infrastructure,is reflectedin the numberof major
academiaesearclende&ors[10, 4, 3] andthe increasing
interestfrom industry[6, 7].

The realizationof thesetypesof applicationds compli-
catedby thecharacteristicsf theirtargetervironmentsjn-
cluding their heterogeneousatureaswell asthe dynami-
cally varyingdemand®nandavailability of theirresources.
Dynamic variationsin resourceusageare dueto applica-
tions’ datadependencieand/orusers’dynamicbehaiors,
while therun-timevariationin resourcewvailability is acon-
sequencef failures, resourceadditionsor removals, and
mostimportantly contentionfor sharedesources.

To supportfuture network applicationswe believe that
new servicemeedto be customizableapplicationseedto
be dynamicallyextensible,and both applicationsand ser
vicesshouldbeableto adaptto variationsin resourceavail-
ability anddemand A comprehensie approactto building
new distributedapplicationscanfacilitatethis by consider
ing the contentof theinformationflowing acrossheappli-
cationandits servicesandby adoptinga component-based
modelto application/servicggrogramming. It shouldpro-
vide for dynamicadaptatiorat multiple levelsandpointsin
theunderlyingplatform; and,sincethe mappingof compo-
nentsto resourcesn dynamicervironmentis too compli-
cated,t shouldrelieve programmersf thistask.In this pa-
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Figure 1. Making a stream active .

perwe proposeActive Streamg[2], a middlevareapproach
andits associatedramavork for building distributedappli-
cationsandserviceghatexhibit thesecharacteristics.

With Active Streamsgdistributedsystemsaremodeledas
beingcomposeaf applications servicesanddatastreams
Servicesdefine collectionsof operationsthat seners can
perform on behalf of their clients. Data streamsare se-
guencesof self-describingapplicationdata units flowing
betweenapplications’componentsandservices. They are
made active by attachingapplication-or service-specific
location-independenfunctional units, called streamlets
(Figurel).

Streamletsare self-containedunits that operate on
recordsarriving on their incoming streamsand generate
recordsplacedontotheir outgoingstreams.Streamletsan
be obtainedirom a numberof locations;they canbe down-
loadedfrom clientsor retrievedfrom a streamletepository
Streamletsare createdusing E-Code, a subsetof a gen-
eral proceduralanguage and dynamiccodegenerations
usedto insurethatthey canbe dynamicallydeployed and
efficiently executedacrossheterogeneousrvironments E-
Codes dynamiccodegenerationcapabilitiesare basedon
Icode/Vcode[11]. Icode/Vcodesupportsdynamic code
generatiorfor MIPS, Alpha and Sparcprocessorsandhas
beenextendedo supportMIPS n32and64-bit ABIs, Sparc
64-bit ABI, and x86 processors.Legag/ applications,as
well asthosebuilt with new approachesuchas CCA [1],
canbeeasilyintegratedwith Active Streamdecausef our
focuson stream-basettansformation®n the datapath

Application evolution and/ora relatively coarseform of
adaptationare obtainedby the attachment/detachmef
streamletghat operateon and changedatastreams’prop-



a. Attachment

Figure 2. Types of adaptation in Active

Streams.

erties. Finer grain adaptatiorinvolvestuning anindividual
streamle® behaiior throughparametersemotelyupdated
via apush-typeoperationandby re-deplying streamlet$o
bestleveragethe dynamically-changingvailableresources
overthedatapath(Figure?2).

Active Streamsarerealizedby mappingstreamletsand
streamsonto the resourcesof the underlying distributed
platform,seenasa collectionof looselycoupled,intercon-
nectedcomputationalunits. Theseunits make themseles
available by running as Active StreamsNodes (ASNS),
whereeachASN providesa well-definedervironmentfor
streamletexecution. Active Streamsapplicationsrely on
a push-basedcustomizableresource monitoring service
(ARMS) to collect resourcenformationandtrigger adap-
tation. ThroughARMS, applicationscanselecta subsebf
thedatamadeavailableby distributedmonitors. Thesedata
streamscan be integratedto produceapplication-specific
views of systemstateanddecideon possibleadaptations.

As is commonin distributedsystemsa directoryservice
providesthe “glue” that holdsthe Active Streamsframe-
work together Thedynamicnatureof mostrelevantobjects
in Active Streamsmales the passve client interfacesof
classicaldirectoryservicesnappropriate.Thus,the Active
Streamdramework includesa proactivedirectory service
with apublish/subscribaterfacethroughwhich clientscan
registerfor notificationon changego objectscurrently of
interesto them. Thelevelsof detailandgranularityof these

Figure 3. Active Streams Framework.

notificationscanbe dynamicallytunedby theclients.

Thesethree componentstogetherwith the repository
servicepreviously mentioned conformthe coreof the Ac-
tive Streamframeawork (Figure 3). The whole framework
relieson ECho,ahigh performanceventinfrastructurg5],
for its communicatiomequirements.

The implementationof Active Streamsis mostly com-
plete, and we plan on making it available by December
2001.

References

[1] R.Bramley, K. Chiu,S.Diwan,D. GannonM. Govindaraju,
N. Mukji, B. Temko, andM. Yechuri. A componenbased
servicesarchitecturdor building distributedapplicationsin
Proceeding®f the 9th High PerformanceDistributedCom-
puting (HPDC-9), Pittshurgh, PA, August2000.

[2] F E.BustamanteandK. Schwan. Active Streams:An ap-
proachto adaptve distributed systems. Tech.report, Col-
lege of Computing, Geogia Institute of Technology At-
lanta,GA, Junel999.

[3] CMU. ProjectAura. http://www.cs.cmu.edudura.

[4] M. Dertouzos. The oxygenproject. ScientificAmerican
282(3):52-63August1999.

[5] G. EisenhauerF. E. Bustamanteand K. Schwan. Event
servicedor high performanceomputing.ln Proceeding®f
the 9th High PerformanceDistributed Computing(HPDC-
9), Pittskurgh, PA, August2000.

[6] IBM. Penasive computing.http://www-3.ibm.com/pvc.

[7] D. Neel. Compags CEO adwcatespenasive computing
applications.InfoWorld, March 26 2001.

[8] NPACI. Alphaprojects.http://www.npaci.edu/Alpha2001.

[9] NSF:NEESProject.NEESgrid:earthquak engineeringir-
tual collabortory http://www.neesgrid.ay, 2001.

[10] G. I. of Technology and the Oregon Graduate Insti-
tute. Infosphere: Smart delivery of fresh information.
http://www.cc.gatech.edu/projects/infosphere.

[11] M. Poletto,D. Engler andM. F. Kaashoektcc: A template-
basectcompilerfor ‘c. In Proceeding®f the FirstWorkshop
on CompilerSupportfor System$Softwae (WCSSS)ebru-
ary 1996.

[12] M. Weiser The computerfor the 21stcentury Scientific
American 265(3):94-104Septembef 991.



