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Abstract

Therecentboomof new applicationcategories,sut as
multi-mediasystemsgroupwae, andthe wide areadistri-
bution of information acrossthe Internet, has led to fur-
therdemanddor flexibility in softwae. Thispaperpresents
a framevork (COBS-OM)for building configuable paral-
lel and distributed programswheie type-dependentbject
functionalityis explicitly sepaatedfromits characteristics
subjectto configuation. COBS-OMsupportsa program-
ming modelwhee dealing with configuation issuesis a
cental part of the design. It providesabstiactionsfor in-
corporatingflexibility into a distributedobject-orientedap-
plicationin a methodicafashion.In addition,performance
issuesare addressedy consideringruntime executionad-
justmentsof the basicmetanismahat influencethem. \We
introducethe basicelement®f the model.We also present
Data_Object,a comple configuable objectthat provides
flexible accesgo dataoutputfroma high performancepar-
allel anddistributedscientificapplication.

1. Intr oduction

New catagyories of computingapplicationslike multi-
mediasystems,the wide areadistribution of information
acrosghelnternet,groupware,andmobile computinghave
led to further demanddor flexibility in software. Namely
in all suchapplicationsthe attainmenbf reasonabldéevels
of performanceequiresthe exploitationof specificcharac-
teristicsof their executionervironments typically by exe-
cution of applicationbehaiors specializedor theseervi-
ronments.

Our work hasbeenaddressinguntime flexibility asa
crucial requirementfor currentand emeging application
domainspy incorporatingadaptatiorcapabilitiesinto soft-
ware components Examplesangefrom the adaptatiorof
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communicatiorprotocolsto changesn network or appli-
cation behaior [12], to the runtime alterationof operat-
ing systemabstractiong15], to application-l#el changes
performedby adaptatiorheuristicg[20, 9] or by endusers
themseles[4]. At theapplication-l&el, ourresearcloffers
the notion of configuiable objectsasa meansof achieving
flexible softwarein which runtime executionadjustments
leadto improvedperformance.

The work describedn this paperexploresconfigurabil-
ity issuesin distributed environmentsfor a specific prob-
lem: the high performanceretrieval of dataproducedby
a large scalescientific application. The goal is to inte-
grateatruntimetheoutputgeneratedby a high performance
parallel scientific code with its clients (e.g., datavisual-
izationsor collaboratve frameworks), resultingin the in-
creased@vailability of dataandin reducechetwork commu-
nicationcosts.To attainthis goal,we have developeda sys-
tem for the constructionand manipulationof dynamically
configurableobjects,called COBS-OM (COBS[1] project
ObjectModel). This systemoffers programmingenviron-
mentand runtime supportfor objectconfiguration. It ad-
dresseperformancéssuesy providing novel abstractions
for incorporatinguntimeflexibility into adistributedobject
programin a methodicafashion.

The novel contritutionsof COBS-OM areits offering of
configuation objectsandtheir associatiorwith targetsvia
configuation channels With theseabstractionandby us-
ing the adaptatiortechniquef codeinterposition,object
fragmentationand parametricvariation,we areableto in-
creasdlexibility andrealizeperformanceémprovementsn
the executionof the aforementionediigh performancealata
generation/accesgplication.

Section2 describegsthe specific configurationrequire-
mentsof thedataacces@roblemwe haveinvestigatedSec-
tion 3 statesthe COBS-OM model of configurableobjects
anddescribests designandimplementation.The model's
applicatiorto thedataobjectresultsin theconfigurabledata
objectdescribedn Sectiord. Conclusionandrelatedwvork



areelaboratedn Sectionb.

2. Flexible Accesdo Distrib uted Data

In collaborationwith atmosphericscientistsat Geogia
Tech, we have developeda parallelanddistributed global
chemicaltransportmodel [11] (GCTM) capableof run-
ning in heterogeneoukigh performancecomputingervi-
ronmentgFigurel depictstheenvironmentavailablein our
laboratory).Modelslik ethisareimportanttoolsfor answer
ing scientificquestiongoncerninghedistributionof chem-
ical speciessuchas chlrofluorocarbonshydrochlorofluo-
rocarbon,andozone. Wheninvestigatingthesequestions,
scientistswish to extract from this model, at runtime and
subsequenb eachsimulationtime step,datadetailingcur-
rentwinds, wind directions,andchemicalspeciesoncen-
trationsateachof upto 37 levelsof atmospheréalevel typ-
ically correspondd¢o somerangeof barometricpressure).
Toward this end, they employ variousvisual displays,in-
cludingsimple2D slicesat specificbarometridevelsof the
atmospherer complex 3D visualizationof specificatmo-
sphericvolumes.

The software technologiegpresentedn this paperad-
dressthe tasks of efficiently retrieving, delivering, and
transformingthis potentially large scaleand naturally dis-
tributeddata. Specifically usingthe COBS-OM framework
for developing configurableobjects,we have developeda
configurableobjectthat offers flexible and efficient access
to the model's data. In this case,flexibility is desiredfor
two reasons: (1) to deal easily with different configura-
tionsof theparallelmodelin termsof degreesof parallelism
and speedf the machinesto which its componentsare
mappedand(2) to reactto changesn dataaccesandma-
nipulationby the endusersviewing andmanipulatingsuch
datavia thevisualizationervironmentshey employ.

Throughthe Data Objects uniform interface,interactve
toolscanacces$GCTM dataflexibly:

e Datacanbe obtainedfrom a running model or from
storedresultsof previous executions. In either case,
thedatasourcemaybedistributedacrossseveralcom-
puting/storingnodes.

e DataObjects userscanrequesthe specificsimulation
time stepsandatmospheritevelsin whichthey arein-
terestedtherebydecreasinghe communicatiorcosts
involvedin attainingdataat the granularityproduced
by the model(all levelsfor eachtime step).

e The DataObjectcandeliver datato the client tools in
both spectraland grid domains. Although the spec-
tral formatis acompacrepresentatiofor atmospheric
level's data,in the caseof smallgrid regions,commu-
nicationcostscanbedecreasebly having the spectral-
to-grid point transformationsperformedat the data
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Figure 1. The computing environment in the
Distributed Laboratories Project at Georgia
Tech.

sources nodes.Moreover, this transformatioris time-
consumingandbenefitfromits executiononaparallel
platform[11].

e Multiple userscan simultaneouslyexaminethe data,
by simply invoking the Data Objects interfaceconcur
rently. This demonstrateBataObjects utility for im-
plementatiorof the diversecollaborationrolessought
by multiple endusersinteractingwith eachotherand
themodelvia diverseuserinterfaces.

As with otherrecentefforts to organizeandaccessarge
scaleparallelanddistributeddata[5], Data Objectsupports
simpleandapplication-specifiquerieson distributeddata.
Namely it offersa naturalinterfacefor requestingspecific
setsof data. For example,for the interactve steeringsup-
port tool developedby HeinerandZou [3], the DataObject
method‘get_grid (latitude/longituderange, range of levels
range of time step$” is sufiiciently generalto addressll
the existing tool requestdor applicationdata. Moreover,
thelevel of abstractiorin the methodsignaturematcheghe
tool'sview of data.

Data Objects functionality is not limited to that offered
by parallell/O systems.Instead,by usingthe techniques
of interposition,parametricvariation,and objectfragmen-
tation,Data Objectcanefficiently offer the specificfunction-
ality neededvy its diverseclientsandmatchthe heteroge-
neousand distributed nature of its underlyingcomputing
ervironment:

1. Codeinterposition— DataObject permits the associ-



ation of application-specificomputationswith such
dataaccessegherebyenablingthe implementatiorof
activeinput/outputstreams asexploredfurtherin our
currentwork. Application-dependentorversionmay
be enhancedvith additionalcorversionto deal with
theheterogeneitpf machinesbasicdatatypesacross
datageneratorsss. users. Factoringthis conversion
out of the accessindool increasesnodularityandfa-
cilitatesreuse.Lastandperhapsnostimportantly the
“data examiner” client is able to specify new filters
and associatehem with DataObject dynamically in
the spectralor grid domains. This enablessemanti-
cally meaningfulreductionsn theamountsof dataac-
cessedandtransferredandthe sizesof computations
performedon suchdata.

2. Parametric variation — by varying the semanticsof
its invocations Data Objectcanbe extendedo support
application-specifiemplementationf collaboration
acrosgnultiple visualizationausingit.

3. Changesin objectrepresentation- Data Objectmaybe
internally fragmented(in termsof its stateand com-
putations)acrosghe multiple machineonwhich data
is generatedr stored,therebyenablingefficient ac-
cesgo andtransformatiorof distributeddata. Specifi-
cally, sincethe object’s internalfragmentationis flexi-
ble andtransparento the object's usersgxplorationof
techniquedor minimizing communicatiorandaccess
costs(e.g., datacaching)canbe carriedout indepen-
dentlyof thetool's development.
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Figure 2. Data_Object with input from files

Figures 2 and 3 presenta high level picture of the
DataObjectasa compositionof multiple objectfragments.

These figures will be refined in Section 4, where the
Data Objects designis describedn moredetail.
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Figure 3. Data_Object with input from running
model

An importantcharacteristiof COBS-OM is its support
of dynamicvs. staticconfiguration. Namely objectslike
Data Objectneednot be configuredonce attheirtime of in-
stantiation Instead suchconfiguratiormayoccurthrough-
out eachobjects existence by usingCOBS-OM's configu-
ration techniques.To illustrate, considerFigure 2, which
portraysthe Data Objectinitial layoutwhendatais retrieved
from two files producedby the model. The objectis frag-
mentedsuchthattheinterfaceto the applicationcode(e.g.,
visualizationtool) is availablein fragmentA. Whena re-
guestor grid pointdatais issued Awill inferwhichnode(s)
storethedataandtheninvoketheappropriate(sdbjectfrag-
ment(s). The applicationcan dynamicallyattachfilters —
codeinterposition— to objectfragments therebyrefining
the databeforeit is sentthroughthe communicatiorink.
In Figure3, datais retrievedfrom arunningmodelthrough
soclets. The DataObjectinitiatesits executionby opening
connectiongo the socletsthroughwhich the datamodelis
depositingoutput dataas a streamof events. Eachevent
containsspectralinformation abouta set of levels for a
given simulationtime step. Two kinds of componentsare
pictured:interfaceobjectsandconcentators. Theinterface
objects(X andY in Figure3) areequialentto the objectA
(Figure2), eachoneservingoneDataObjects user Object
fragmentsZ andT actlik e concentators, meaninghatthey
temporarilystoreand managethe databeing producedby
themodel. Thenumberandlocality of concentratorsanbe
dynamicallyconfigured andthey cansene multiple inter-
faceobjects.Parametriovariationmayalsobeemployedfor



runtimeadaptatiorof theData Object theclientcandynam-
ically switch betweena configurationsuitedfor accessing
recentdata(via soclets,asin Figure3) anda configuration
thatretrievespastdatafrom files (asin Figure?2).

3. The Programming Model

In this work, we assumdilexible systemsasbeingcom-
posedof abstractionshatcanbe dynamicallyconfiguredn
termsof (1) theirimplementations(2) how they useother
resources thesystemand(3) theirrequirementsn terms
of performancereliability, or applicationneeds.Suchab-
stractionscan be built and tailored for specific needsby
connectinga setof objects;someobjectsencapsulat¢éhe
desiredbasicfunctionality while otherscarry out the work
relatedto eachone of the configurablefacetsof objectbe-
havior. For example,in the DataObject configurationpic-
turein Figure3 thereareobjectsresponsibldor the offered
basicfunctionality (X andY) andobjectsrelatedto varying
implementation(the “concentrators”)in termsof distribu-
tion anduseof resourcesuchasmemoryandnetworking
connections.

COBS-OM allowstheconstructiorof objectabstractions
that: (1) encapsulatsomebasicfunctionality; (2) areable
to accommodatelynamic changesin how their function-
ality is implemented;(3) permit the dynamicaddition or
subtractiorof featuresand(4) canexpresschangesn exe-
cutionbehaiors andneedausingattributes.

All thesecharacteristichave beenusefulduringthein-
crementatlesignof the objectfor flexible acces®f simula-
tion datapresentedn this paper(the DataObjec). Thein-
tentof our novel framework for building suchobject-based
abstraction®asbeento:

1. exploreperformancéssues;

2. pursu€flexibility simultaneoushat mary levels(rang-
ing from userlevel objectsto operatingsystemser
vices)in comple distributedapplications;

3. offer mechanisméor achieving configurationthatare
lightweightandof generabpplicability;

4. separatdasicfunctionalityfrom configurationissues,
bothbeingencapsulateih differentcomponentsf the
framework; and

5. promotea model for designingflexible systemsand
reasoningboutconfigurationpossibilities.

The first two issuesaddresghe needfor deriving con-
creteresultsfrom the constructionof configurableappli-
cations;the othersrelateto facilitating the developmentof
configurablesoftware.

Theframenork, COBS-OM, hasthreekindsof elements:
(1) objects (2) configuation entitiesand (3) configuition
channelswhich integrate(1) and(2) during execution.An

objectcomprisesthe basigfuncionality being offered. A
configuationentityencapsulatetheinformationneededo
carryout actionsrelatedto configuringa givencharacteris-
tic of an object. It is built separatelyfrom the object; the
ideais thatin the sameway thatwe wantto have classe®f
objectsavailablewhenbuilding applicationswe alsowant
to structureour flexible systemsn a mannethatconfigura-
tion classesnay bereused.The applicationdesignercom-
posesa configurable/flgible applicationelementby cou-
pling basicfunctionality (objectg to the componentghat
describeeachconfigurationraspecbeingexplored(configu-
rationobjectd. Thisapproachmakes“configuration”afirst
classelemenin ourprogrammingnodel. Theusualobject-
orientedprogrammingmodel, that comprisesa collection
of objectsthat communicatehroughmethodinvocations,
is now extendedto include the presenceof configuiation
objectsthat, onceassociatedvith anobject,areableto di-
rectthe changesn its behaior. The associatiorbetween
objectandconfiguiation objectvia configuation channels
is explicitly anddynamicallyspecified. The configuration
channelprovidesinformationthat determineshow the in-
teractionbetweenthe objectsand configurationobjectsis
implemented.

A basiccompositiorproblemis to determinawvhich con-
figurationobjectscanbe integratedto which basicobjects,
and what are the integration effects. A completeanswer
to this problemrequiresthe use of knowledgeabouteach
componens semanticsln general programmingerviron-
mentsJanguagesr toolsfor high performancapplications
do notmake informationin sucha level of detailefficiently
availableat runtime. In COBS-OM, we adopta simple so-
lution for checkingif objectsandconfigurationentitiescan
beintegratednto a configurablesoftwareelementNamely
we definecompatibility in termsof the basicobjects in-
terfaceand the information available in the configuration
entity's description. The configurationentity specifiesits
requirement®n the objectby enumeratinghe methodsit
expectsto have availablein the objectsinterface.We refer
to thesemethodsasrequired methodsthey represenhooks
thatcanbe usedby the configurationobjectin orderto (1)
getinformationfrom the objectand(2) imposebehaior or
statechangeghatmay be neededso that configurationac-
tionscanbe carriedout. For eachpair <basicobjectclass,
conf. objectclass>, compatibilityis checledat mostonce,
no matterhow mary configurationchannelsonnectinghe
pairsare createdor destryed. Multiple objectsfrom dif-
ferent classesmay be simultaneoushattachedto a given
configurationentity, therebyallowing a single configura-
tion objectto managethe configurationof multiple basic
objects.Whenthe configuratiorobjectcodeinvokesoneof
therequired methodsthe runtimesystemhasto directthis
invocationto thespecificobjectactingasthecurrentsubject
of configuration.



Configurationentities are objects, thereforethey also
offer an interface. The methodsin this interface repre-
sentconfigurationactionsthat can be initiated by explicit
applicationdemand. In this sense the configurationen-
tity is expandingthe basic objects interface by offering
configuration-specifimethods.

Theconfigurableobjectscomposedy theassociatiomf
objectsandconfigurationobjectscanbe variedat runtime,
with partsbeingaddedr eliminateddynamically Moreim-
portantly this associatiorcanbe specifiedat the operation
level, allowing a single objectto carry out very different
configurationapproachesaccordinglyto which methodis
beinginvoked.

Configuation channelsabstracthow invocationson the
objectinteractwith theconfiguratiorentity. They represent
the link integrating objectsand configurationentities,and
they definehow implicit configuratioractionsareactivated
duringexecution.

Configuratiorentitiesareimplementedhroughobjects,
and thereforethey can also be configuredby association
with other configurationentities, resultingin comple hi-
erarchief objectsandconfigurationobjects.
DiscussionCOBS-OM novel aspectsely ontheflexible as-
sociationbetweenbasicobjectsand configurationobjects.
Thelatter, like meta-object§10], canchangehow theinvo-
cationsto the basicobjectarecarriedout. The application
programmecandirectlyrequest tom associationsr con-
figurationobjectactions;thesekinds of interactionsarenot
possiblenith meta-objectsSpringsubcontractfr] canalso
alterobjectbehaior by changingoasicobjectmechanisms.
They differ from our modelin mary ways:

e subcontractareusedby the objectmodel,not by the
basicobjectimplementor For theprogrammerall that
is availableis the choiceof which subcontracto use
with a type. This specifiesa “flavor” for the object,
sinceit defineshow the object supportmechanisms
will run. Oncean objectis created,applicationpro-
grammerscan not changethe subcontracessociated
with it;

¢ only one subcontractan be associatedvith a given
object;and

e the interactionpatternbetweentype and subcontract
is fixed. For example,the applicationcan not make
thesubcontracto skip “invoke”. Only the subcontract
itself cancontrolits methods.

COBS-OM Implementation: runtime architecture
Figure4 picturesthe interactionbetweenapplicationcode
and COBS-OM runtime supportlibrary. The solid arrovs
representequesbf serviceswith resultinformationreturn-
ing to therequestergdashedines picturesdataoutput.

The framawork relieson a repositoryof componentle-
scriptions(updatedat compile-time)anddatastructuresle-
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Figure 4. COBS-OM runtime architecture

scribingobjectcompositions.Thefirst prototypeincluded
ad hoc marshalingfor IDL types;the currentimplementa-
tion usesPBIO [2] supportfor transportbetweendifferent
addresspaces.

The framework library providesruntimesupportfor ob-
jects, configurationobjects, configurationchannels,and
manipulationof basicIDL types. COBS-OM canbe used
with a threadspackage,therebyallowing the use of its
concurreng/parallelisnmechanism# thedevelopmenof
COBS-OM objects. The currentimplementatiorhasbeen
testedwith Cthreadg15] andSolaris5.5Pthreads.

Anotherrelevantfunctioncarriedout by the frameavork
is the activation of initialization stepswhendistributedap-
plications are being built up. The currentimplementa-
tion hasbeenintegratedwith the Object TransportLayer
(COBS-0TL) packagewhichofferssupporfor efficientand
flexible remoteinvocation,sothatobjectscanbedistributed
acrossetworkednodes.By addinganextra call andspeci-
fying afew attributes,applicationslesignedndtestedwith
only local objectsbecomedistributed. The interfacesto
theseobjectsremainthe same regardlessof the nodeson
which the COBS-OM objectsreside. The implementation
relieson COBS-OTL for managemenf objectnaming,ef-
ficientidentificationof local objectreferencesandpropaga-
tion of senerinformation(hostname port number)among
thenodegparticipatingin theapplication.

COBS-OM tools Objectinterfacesare specifiedusingthe
InterfaceDescriptionLanguaye (IDL) [18]. Theobjectde-



veloper provides an implementationmodule which asso-
ciatescodewith the methodspresentin the interface. Us-
ing an IDL compiler front end available from the OMG
site[16], we have constructe&nIDL to C compiler

Thetool code_gen consumeshe descriptionof anIDL
interfaceand generateglass-specifiemplementatiorrou-
tines for the creation of objects, parameterblock allo-
cation, and methodinvocation. For eachIDL comple&
type (sequencearray or structure)presentin the inter-
face,code_gen generatesuxiliary routinesfor the mar
shaling/unmarshalintasks. It alsoextendsthe usuallDL
attribute semanticsothatattribute valuescanbeuniformly
retrieved from and propagatedo lower applicationlevels
andsubsystemaMoreover, code_gen exportstheinterface
descriptionto the Interface Repository so that available
classinformationcan be queriedat runtime and composi-
tion compatibility canbe checled. The PBIO library [2] is
againusedto achiere inter-operabilityamongdescriptions
generatedyy heterogeneousardware. Thetool code_gen
generategispatcherspbjectcreationattributes,andremote
invocationinformation.

The configurationentity descriptionsare processedy
thetool conf_gen. As with code_gen, codeis generated
from the descriptionto dealwith the manipulationof con-
figurationentities. Also, a configurationdescriptionmeta-
informationfile is producedandstoredin therepository

In orderto facilitatethe proces®f building applications,
we allow their specificationin termsof which classeqof
objectsand configurationobjects)they use. Fromthis de-
scription,thetool app_gen generates makefile, ensuring
thatall necessargompilationstepsandCOBS-OM toolsare
applied.

Support for Fragmented Objects The Object_Server is
an object built with COBS-OM that can be invoked from
ary application. It implementsa databasefor keeping
information about COBS-OM objects. By querying the
Object_Server, applicationscan retrieve nameinformation
aboutthe objectsthey intendto use. Global, application-
specific,andhost-specificsearchesre available. The Ob-
ject_Server is a multi-threadedobject. Its methodscanbe
executedsynchronouslyr asynchronously

The Object_Server functionality includesbasicsupport
for fragmenteabbjects.In COBS-OM, it is possibleo create
complex objectswhosecomponentsre distributed across
multiple nodes. Invocationsof a fragmentedbjectcanbe
automaticallydelegatedto alocal fragment,f presentAp-
plicationscanregisterfragmentsn thedatabasandretrieve
informationaboutfragmentdistribution. The Object_Server
interfaceincludesa methodfor insertingfragmentsnto the
databasghatwill blocktheinvocationuntil all participating
fragmentsareavailable. Thisfacilitatesthedeveloperstask
by providing implicit synchronizatiorof compositeobject
creation.

4. The Data_Object

This section provides details about the DataObject a
configurableabstractiorthatallows for flexible integration
of the AtmosphericApplicationoutputdatato visualization,
steeringandcollaboratiortools.

Design DataObject is a complex object composedof the
following components: a dataretriever, a transformer
an applicationinterface and a (potentially empty) set of
datareceiverobjects. Eachone of thesecomponentss a
configurableobjectimplementedria objects,configuration
objects,and configurationchannelsandthey relateto dif-
ferentconfigurationfacets:distribution, interposition,and
caching. The componentsnay be distributed acrosscom-
puting, storage,and visualizatiodt nodes. This distribu-
tion canbe alteredat runtime. Someof thesecomponents
arefragmentedhemseles,increasinghe opportunitiesor
configuringobjectdistribution. In additionto theseobject
parts filters maybedynamicallycreatecandattachedo ary
of the componentsso thatthe client canuseinterposition
codeto adapttheretrieveddatato its own needs.

The dataretriever abstractthe datasources.Usuallyit
is configuredat initialization time to acces<itherfiles or
soclets. Thedatais distributedin termsof atmospheridev-
elsand/ortime steps.Thedistributioncanchangetruntime
(e.g., moretime stepsaremadeavailablein new files).

The transformerobject is responsiblefor performing
the spectralto grid computation. It receves datafrom
thedatacretriever fragmentsandreturnsthe associatedrid
pointsto theapplicationinterfaceobject.

The applicationinterface receves requestsfrom the
tool(s). It coordinateghe componentsbehaior in order
to retrieve, transform andfilter data.

Filters areconfigurationentitiesthatmay be attachedo
ary of the Data Objects componentsia configuratiorchan-
nels. They encapsulata filtering functionthatis automat-
ically appliedto dataarriving throughthe channel. Filters
thatsupportsetsof grid point valuesandgenericsequences
of numbersasinputarecurrentlyavailable.

Finally, the datareceiveris anothertype of object
throughwhich a tool is ableto obtainapplicationdata. It
hasbeendesignedo provide simple supportfor propagat-
ing the accessedyrid point datato a collectionof cooper
ating agents. When a datareceiveris created,it is con-
nectedto the applicationinterfaceobject, which will for-
wardthroughthe connectiorall datarecevved. Connections
canbetemporarilyclosedby eitherthe data receiveror the
applicationinterfaceobject. Using datareceiverobjects,
theteacherstudenpatternof collaboratiorcanbeachieved.

lvisualizationtools arejust one exampleof dataaccessapplications.
The Data Objecthasbeendesignedo work with the visualizationtool
implementedy our group,but it is notrestrictedo it.



Filters can be attachedseparatelyto eachdatareceiver
therebycustomizingthe“studentview”.

Figures5 and 6 depict possibleways in which the
DataObjectpartsmay be distributed. In Figure5, the data
is readfrom files, the transformatiorfrom spectralto grid
pointsis computedvithin thestoringnodesandno datafil-
teringis performed. The applicationinterfaceobjectcon-
tainsadistributor configuratiorobjectthatforwardsdatare-
guestgto the appropriatedataretriever fragment.Figure 6
portraysthe scenarioin which input dataarrives through
socletsandit is manipulatedby the concentratorsyhich
have attachedilters thatactuponthe databeforeit is sent
to the visualizationnode. By specifyingattribute values,
Data Objects userscantransformthe objectsetupdescribed
in Figure5 into thearrangemenin Figure6.
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Figure 5. Example of Data_Object configura-
tion

Creation and Adaptation Two approachesor creatinga
DataObject are available: (1) via a graphicuserinterface
or (2) directly throughthe objectcreationcall in the COBS-
OM API. In thefirstapproachtheusemrovidesinformation
aboutthe datasourcesand Data Objects componendistri-
bution using buttonsand menus. The valuesprovided by
the userareverified (e.g., checksfor file existence soclet
connectionshostnames objectredefinition,etc) andin-
terpreted. The systeminvokesthe COBS-OM objectcre-
ation call, andregistersthe new DataObjectwith the Ob-
ject_Server. Toolscanretrieve a Data Objectproxyfrom the
Object_Server, anduseit eitherfor requestinglata(asin the
“get_grid” call) or connectingto a datareceiverthat pas-
sively will recevethe dataretrievedfrom the DataObject
Data Objectcanbe configuredat runtimeby attributeval-
uespassedhroughmethodinvocations. For example, at
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Figure 6. Example of Data_Object configura-
tion

creationtime attributes can be usedto specify the type
of dataretriever to be created,input datacharacteristics,
and distribution of transformes acrossnodes. Wheneer
Data Objects methodsareinvoked, attributescanbe passed
to the configurableobjectresultingin adaptationsuchas
transformermigration, attachmenof new filters to object
componentspr disconnectiorof a datareceiver

Some of the possibleadaptationsnvolve information
betterexpressedhroughcomplex datatypes. For exam-
ple, while adaptinga concentator (configurationentity re-
lated to dataretriever objects)from a centralnodeto a
distributedimplementation— in which fragmentatiorfor-
matis derived from level information—, the distribution
descriptioncan be naturally representedby an arbitrarily
sizedsequencef structures. The currentCOBS-OTL at-
tribute implementatiordoesnot provide supportfor com-
plex types. In orderto sparethe DataObjects usersfrom
the cumbersomeaskof flatteningthe complex datastruc-
tureinto a collectionof basicattributes,the Data Objectand
its componentsinterfaceshave beenextendedwith a set
of specific configurationmethods(such as expandingthe
setof nodesstoringbuferreddata). Thesemethodsreceve
configurationdescriptionsasargumentsandchangehe ap-
propriateattribute valuesandconfigurationchannels.

5. RelatedWork and Conclusion

Section 3 briefly discussedthe relationship between
the configurationprogrammingmodelbeingpresentednd
work doneon meta-objectgreflective programming)and
Spring subcontracts.Otherrelatedwork includes[17, 21,
6]. Theretrieval of datafrom high performancesimulating
is relatedto the currentwork in parallell/O. In particular a
declusteringechniquefor maximizingdisk parallelismhas
beenextensviely studied14]. TheSchooneproject[8] de-



finesaninterconnectiorsystemhatcanbeusedto connect
visualizationtools to a graphicsworkstationso that data
generatedy a scientific simulationon a parallelmachine
canbedisplayed.Regis/Darwin[13] encouragea compo-
nentbasedapproachproviding a configurationlanguage.
The connectionsn Regis/Darwinarerealizedthroughport

objects,which queuemessagesf a particulartype; in our

work the connectiorcanvary from functioncallsto remote
methodinvocation.

PerformancePerformancexperimentsave beenrecently
driving somerefinementén thedesignandimplementation,
sothatwe canshaow thatthe configurationsupportcanbe
carriedout efficiently. The detailedcurrentperformance
numberscanbe foundin [19]. Improvementsare demon-
stratedon a clusterof workstationsandsharednemorypar
allel machinegointly executingthe scientific application
and multiple visualizationsaccessinghe datait produces.
Microbenchmarksre usedto evaluatespecificCOBS-OM
componentsindtheir basicperformanceroperties.

Conclusion The framework presentedn this paperpro-
videsa programmingmodel and ervironmentwhereflex-
ible software canbe developedby designingconfigurable
objects. The basicframavork elementspbjectsand con-
figuration objectscanbe combinedin comple< ways,and
the compositioncan be changeddynamically Our expe-
riencein building configurableobjects,in particularthe
Data Object presentedn this paper indicatesthat COBS-
OM is suitablefor building high performancedistributed
andparallel objectsthat can achieve flexible and comple
behaior in runtime. Moreover, the programmingmodel
offered by COBS-OM encouragesncrementaldesignand
reuseof components.

Acknowledgments This researchhas been supportedin
part by CNPg-Brazil (under number 352737/96-4)and
DARPA (undercontractDABT63-95-C-0125)

References

[1] M. AhamadandK. Schwan. The COBS Project. http:/

www.cc.gatech.edu/systems/projects/ COBE5.
[2] G.EisenhauerPortableself-describindinarydatastreams.

Technical Report GIT-CC-94-45, College of Computing,
GeogiaInstituteof TechnologyAtlanta,GA, 1994.

[3] G.EisenhaueB. SchroederandK. Schwan. Frominterac-
tive high performanceprogramso distributedlaboratories:
A researchagenda.In Proc. of the SPDP'96Workshopon

Program Visualizationand InstrumentationOctober1996.

[4] G.EisenhaueandK. Schwan.Parallelizationof amolecular
dynamicscode.Journalof Parallel andDistributedComput-
ing (SPDT) 34(2),May 1996.

[5] R. Ferreira, B. Moon, J. Humphries, A. Sussman,and
J. Saltz. The virtual microscope. TechnicalReportUMI-
ACS CS-TR-3777 University of Maryland, Departmenof
ComputerScience;1997.

[6] I. Froman,S. Danforth,andH. Madduri. Compositionof
before/aftemetaclassesm SOM. In Proc. of OOPSLA94,
pagesi27-439 ACM PressQOctoberl994.

[7]1 G. Hamilton, M. Pawell, andJ. Mitchell. Subcontract:A
flexible basefor distributedcomputing.In Proc. of the 14th
ACM Symposiunon Opeiting Systemd$rinciples pages
69-79.ACM PressPecembed 993.

[8] P. T. HomerandR. D. Schlichting. Configuringscientific
applicationsn a heterogeneoudistributedsystem.|EE Di-
stirbutedSystem&ngineeringlournal, 19961996.

[9] R.Jha,M. Muhammad,S. Yalamanchili,K. Schwan, and
D. I. Rosu. Adaptive resourceallocation for embedded
parallel applications. In Proceedingsof the 3rd Interna-
tional ConfeenceonHigh PerformanceComputing HiPC),
Trivandrum,India, Decembef 996.

[10] G.Kiczalesetal. OpenimplementationsA metaobjecpro-
tocol approach.In Proc. of the 9th Confeenceon Object-
Oriented Programming SystemsLanguae, and Applica-
tions 1994. Tutorial notes.

[11] T. Kindler, K. Schwan, D. M. Silva, M. Trauner and
F. Alyea. Parallelizationof spectramodelsfor atmospheric
transporprocessesConcurency: Practiceand Experience
8(9):639—-666Novemberl996.

[12] R.Kravets,K. Calvert, P. Krishnan,andK. Schwan. Adap-
tive variation of reliability. In Proceedingsof the Ses-
enth IFIP Confeenceon High PerformanceNetworking
(HPN'97), April 1997.

[13] J. Magee,N. Dulay, andJ. Kramer Regis: A construc-
tive developmenternvironmentfor parallel and distributed
programs. IEE Distirbuted System<£ngineeringJournal,
1(5):304-312Septembet 994.

[14] B.MoonandJ.H. Saltz.Scalabilityanalysisof declustering
methodsfor multidimensionarangequeries. IEEE Trans-
actionson Knowled@ and Data Engineering April 1997.

[15] B. MukherjeeandK. Schwan. Improving performanceby
useof adaptve objects:Experimentationvith aconfigurable
multiprocessothreadpackageln Proc.of theSecondnter-
nationalSymposiumnHigh PerformanceDistributedCom-
puting(HPDC-2), pagess9-66,July 1993.

[16] Object ManagemenGroup. The OMG web site. http:-
/lwww.omg.og.

[17] D. Schmidt. The adaptve communicatiorervironment. In
Proc. of the 11thSunUserGroup Confeence 1993.

[18] J. Siegel. CORBA Fundamentalsnd Programming John
Wiley & Sons,Inc., 1996.

[19] D. M. Silva. COBS-OM performancesvaluation. http://-
www.ime.usp.brdilma/DataObject/March1998.

[20] D. M. SilvaandK. Schwan. CTK: configurableobjectab-
stractionsfor multiprocessors.TechnicalReportGIT-CC-
97-03,Geopgia Instituteof TechnologyAtlanta, GA 30332,
Januaryl997. Submittecto IEEE Transactionsn Software
Engineering.

[21] C. Zimmermannand V. Cahill. Opento sugestions:on
adaptabledistributed applicationsupportarchitectures.In
European Reseath Seminaron Advancesin Distributed
Systemgsl995.



