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Abstract

Therecentboomof new applicationcategories,such as
multi-mediasystems,groupware, and thewide areadistri-
bution of information acrossthe Internet, has led to fur-
therdemandsfor flexibility in software. Thispaperpresents
a framework (COBS-OM)for building configurableparal-
lel and distributedprogramswhere type-dependentobject
functionalityis explicitly separatedfromits characteristics
subjectto configuration. COBS-OMsupportsa program-
ming modelwhere dealing with configuration issuesis a
central part of the design. It providesabstractionsfor in-
corporatingflexibility into a distributedobject-orientedap-
plicationin a methodicalfashion.In addition,performance
issuesare addressedby consideringruntimeexecutionad-
justmentsof thebasicmechanismsthat influencethem.We
introducethebasicelementsof themodel.We alsopresent
Data Object,a complex configurable object that provides
flexibleaccessto dataoutputfroma highperformancepar-
allel anddistributedscientificapplication.

1. Intr oduction

New categories of computingapplicationslike multi-
mediasystems,the wide areadistribution of information
acrosstheInternet,groupware,andmobilecomputinghave
led to furtherdemandsfor flexibility in software. Namely,
in all suchapplications,theattainmentof reasonablelevels
of performancerequirestheexploitationof specificcharac-
teristicsof their executionenvironments,typically by exe-
cution of applicationbehaviors specializedfor theseenvi-
ronments.

Our work hasbeenaddressingruntime flexibility as a
crucial requirementfor currentand emerging application
domains,by incorporatingadaptationcapabilitiesinto soft-
warecomponents.Examplesrangefrom theadaptationof

communicationprotocolsto changesin network or appli-
cation behavior [12], to the runtime alterationof operat-
ing systemabstractions[15], to application-level changes
performedby adaptationheuristics[20, 9] or by endusers
themselves[4]. At theapplication-level,our researchoffers
thenotionof configurableobjectsasa meansof achieving
flexible software in which runtime executionadjustments
leadto improvedperformance.

Thework describedin this paperexploresconfigurabil-
ity issuesin distributedenvironmentsfor a specificprob-
lem: the high performanceretrieval of dataproducedby
a large scalescientific application. The goal is to inte-
grateatruntimetheoutputgeneratedby ahighperformance
parallel scientific codewith its clients (e.g., data visual-
izationsor collaborative frameworks), resultingin the in-
creasedavailability of dataandin reducednetwork commu-
nicationcosts.To attainthisgoal,wehavedevelopedasys-
tem for the constructionandmanipulationof dynamically
configurableobjects,calledCOBS-OM (COBS[1] project
Object Model). This systemoffers programmingenviron-
mentandruntimesupportfor objectconfiguration. It ad-
dressesperformanceissuesby providing novel abstractions
for incorporatingruntimeflexibility into adistributedobject
programin a methodicalfashion.

Thenovel contributionsof COBS-OM areits offeringof
configuration objectsandtheir associationwith targetsvia
configurationchannels. With theseabstractionsandby us-
ing the adaptationtechniquesof codeinterposition,object
fragmentation,andparametricvariation,we areableto in-
creaseflexibility andrealizeperformanceimprovementsin
theexecutionof theaforementionedhighperformancedata
generation/accessapplication.

Section2 describesthe specificconfigurationrequire-
mentsof thedataaccessproblemwehaveinvestigated.Sec-
tion 3 statesthe COBS-OM modelof configurableobjects
anddescribesits designandimplementation.Themodel's
applicationto thedataobjectresultsin theconfigurabledata
objectdescribedin Section4. Conclusionsandrelatedwork



areelaboratedin Section5.

2. Flexible Accessto Distributed Data

In collaborationwith atmosphericscientistsat Georgia
Tech,we have developeda parallelanddistributedglobal
chemical transportmodel [11] (GCTM) capableof run-
ning in heterogeneoushigh performancecomputingenvi-
ronments(Figure1 depictstheenvironmentavailablein our
laboratory).Modelslikethisareimportanttoolsfor answer-
ing scientificquestionsconcerningthedistributionof chem-
ical speciessuchas chlrofluorocarbons,hydrochlorofluo-
rocarbon,andozone. Wheninvestigatingthesequestions,
scientistswish to extract from this model,at runtimeand
subsequentto eachsimulationtimestep,datadetailingcur-
rentwinds,wind directions,andchemicalspeciesconcen-
trationsateachof upto 37levelsof atmosphere(alevel typ-
ically correspondsto somerangeof barometricpressure).
Toward this end, they employ variousvisual displays,in-
cludingsimple2D slicesatspecificbarometriclevelsof the
atmosphereor complex 3D visualizationsof specificatmo-
sphericvolumes.

The software technologiespresentedin this paperad-
dressthe tasks of efficiently retrieving, delivering, and
transformingthis potentially large scaleandnaturallydis-
tributeddata.Specifically, usingtheCOBS-OM framework
for developingconfigurableobjects,we have developeda
configurableobjectthat offersflexible andefficient 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 speedsof the machinesto which its componentsare
mapped,and(2) to reactto changesin dataaccessandma-
nipulationby theendusersviewing andmanipulatingsuch
datavia thevisualizationenvironmentsthey employ.

Throughthe DataObject's uniform interface,interactive
toolscanaccessGCTM dataflexibly:� Datacanbe obtainedfrom a runningmodelor from

storedresultsof previous executions. In eithercase,
thedatasourcemaybedistributedacrossseveralcom-
puting/storingnodes.� DataObject's userscanrequestthespecificsimulation
timestepsandatmosphericlevelsin whichthey arein-
terested,therebydecreasingthe communicationcosts
involved in attainingdataat the granularityproduced
by themodel(all levelsfor eachtimestep).� The DataObjectcandeliver datato the client tools in
both spectraland grid domains. Although the spec-
tral formatis acompactrepresentationfor atmospheric
level'sdata,in thecaseof smallgrid regions,commu-
nicationcostscanbedecreasedby having thespectral-
to-grid point transformationsperformedat the data
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Figure 1. The computing environment in the
Distributed Laboratories Project at Georgia
Tech.

source'snodes.Moreover, this transformationis time-
consumingandbenefitsfromits executiononaparallel
platform[11].� Multiple userscan simultaneouslyexaminethe data,
by simply invoking theDataObject's interfaceconcur-
rently. This demonstratesDataObject's utility for im-
plementationof thediversecollaborationrolessought
by multiple endusersinteractingwith eachotherand
themodelvia diverseuserinterfaces.

As with otherrecentefforts to organizeandaccesslarge
scaleparallelanddistributeddata[5], DataObjectsupports
simpleandapplication-specificquerieson distributeddata.
Namely, it offersa naturalinterfacefor requestingspecific
setsof data. For example,for the interactive steeringsup-
port tool developedby HeinerandZou [3], theDataObject
method“get grid (latitude/longituderange, rangeof levels,
range of time steps)” is sufficiently generalto addressall
the existing tool requestsfor applicationdata. Moreover,
thelevel of abstractionin themethodsignaturematchesthe
tool'sview of data.

DataObject's functionality is not limited to that offered
by parallel I/O systems.Instead,by usingthe techniques
of interposition,parametricvariation,andobjectfragmen-
tation,DataObjectcanefficientlyoffer thespecificfunction-
ality neededby its diverseclientsandmatchtheheteroge-
neousand distributed natureof its underlyingcomputing
environment:

1. Code interposition– DataObject permits the associ-



ation of application-specificcomputationswith such
dataaccesses,therebyenablingtheimplementationof
activeinput/outputstreams, asexploredfurther in our
currentwork. Application-dependentconversionmay
be enhancedwith additionalconversionto deal with
theheterogeneityof machines'basicdatatypesacross
datageneratorsvs. users. Factoringthis conversion
out of theaccessingtool increasesmodularityandfa-
cilitatesreuse.Lastandperhapsmostimportantly, the
“data examiner” client is able to specify new filters
and associatethem with DataObject dynamically, in
the spectralor grid domains. This enablessemanti-
cally meaningfulreductionsin theamountsof dataac-
cessedandtransferredandthe sizesof computations
performedonsuchdata.

2. Parametric variation – by varying the semanticsof
its invocations,DataObjectcanbeextendedto support
application-specificimplementationsof collaboration
acrossmultiplevisualizationsusingit.

3. Changesin objectrepresentation– DataObjectmaybe
internally fragmented(in termsof its stateandcom-
putations)acrossthemultiplemachinesonwhichdata
is generatedor stored,therebyenablingefficient ac-
cessto andtransformationof distributeddata.Specifi-
cally, sincetheobject's internalfragmentationis flexi-
bleandtransparentto theobject'susers,explorationof
techniquesfor minimizing communicationandaccess
costs(e.g., datacaching)canbe carriedout indepen-
dentlyof thetool'sdevelopment.
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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
DataObject's designis describedin moredetail.
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Figure 3. Data Object with input from running
model

An importantcharacteristicof COBS-OM is its support
of dynamicvs. staticconfiguration. Namely, objectslike
DataObjectneednotbeconfiguredonce,at their timeof in-
stantiation.Instead,suchconfigurationmayoccurthrough-
out eachobject's existence,by usingCOBS-OM's configu-
ration techniques.To illustrate,considerFigure2, which
portraystheDataObjectinitial layoutwhendatais retrieved
from two files producedby themodel. Theobjectis frag-
mentedsuchthattheinterfaceto theapplicationcode(e.g.,
visualizationtool) is available in fragmentA. Whena re-
questfor gridpointdatais issued,Awill inferwhichnode(s)
storethedataandtheninvoketheappropriate(s)objectfrag-
ment(s). The applicationcan dynamicallyattachfilters –
codeinterposition– to object fragments,therebyrefining
the databeforeit is sentthroughthe communicationlink.
In Figure3, datais retrievedfrom a runningmodelthrough
sockets. The DataObject initiatesits executionby opening
connectionsto thesocketsthroughwhich thedatamodelis
depositingoutputdataas a streamof events. Eachevent
containsspectralinformation about a set of levels for a
given simulationtime step. Two kinds of componentsare
pictured:interfaceobjectsandconcentrators. Theinterface
objects(X andY in Figure3) areequivalentto theobjectA
(Figure2), eachoneservingoneDataObject's user. Object
fragmentsZ andT actlikeconcentrators, meaningthatthey
temporarilystoreandmanagethe databeingproducedby
themodel.Thenumberandlocality of concentratorscanbe
dynamicallyconfigured,andthey canserve multiple inter-
faceobjects.Parametricvariationmayalsobeemployedfor



runtimeadaptationof theDataObject: theclientcandynam-
ically switch betweena configurationsuitedfor accessing
recentdata(via sockets,asin Figure3) anda configuration
thatretrievespastdatafrom files (asin Figure2).

3. The Programming Model

In this work, we assumeflexible systemsasbeingcom-
posedof abstractionsthatcanbedynamicallyconfiguredin
termsof (1) their implementations,(2) how they useother
resourcesin thesystem,and(3) their requirementsin terms
of performance,reliability, or applicationneeds.Suchab-
stractionscan be built and tailored for specificneedsby
connectinga setof objects;someobjectsencapsulatethe
desiredbasicfunctionalitywhile otherscarryout thework
relatedto eachoneof theconfigurablefacetsof objectbe-
havior. For example,in the DataObject configurationpic-
turein Figure3 thereareobjectsresponsiblefor theoffered
basicfunctionality(X andY) andobjectsrelatedto varying
implementation(the “concentrators”)in termsof distribu-
tion anduseof resourcessuchasmemoryandnetworking
connections.

COBS-OM allowstheconstructionof objectabstractions
that: (1) encapsulatesomebasicfunctionality; (2) areable
to accommodatedynamicchangesin how their function-
ality is implemented;(3) permit the dynamicaddition or
subtractionof features;and(4) canexpresschangesin exe-
cutionbehaviorsandneedsusingattributes.

All thesecharacteristicshave beenusefulduringthe in-
crementaldesignof theobjectfor flexible accessof simula-
tion datapresentedin this paper(the DataObject). The in-
tentof ournovel framework for building suchobject-based
abstractionshasbeento:

1. exploreperformanceissues;
2. pursueflexibility simultaneouslyatmany levels(rang-

ing from user level objectsto operatingsystemser-
vices)in complex distributedapplications;

3. offer mechanismsfor achieving configurationthatare
lightweightandof generalapplicability;

4. separatebasicfunctionalityfrom configurationissues,
bothbeingencapsulatedin differentcomponentsof the
framework; and

5. promotea model for designingflexible systemsand
reasoningaboutconfigurationpossibilities.

The first two issuesaddressthe needfor deriving con-
creteresultsfrom the constructionof configurableappli-
cations;theothersrelateto facilitating thedevelopmentof
configurablesoftware.

Theframework, COBS-OM, hasthreekindsof elements:
(1) objects, (2) configurationentitiesand(3) configuration
channels, which integrate(1) and(2) duringexecution.An

object comprisesthe basigfuncionality being offered. A
configurationentityencapsulatestheinformationneededto
carryout actionsrelatedto configuringa givencharacteris-
tic of an object. It is built separatelyfrom the object; the
ideais thatin thesameway thatwewantto haveclassesof
objectsavailablewhenbuilding applications,we alsowant
to structureourflexible systemsin amannerthatconfigura-
tion classesmaybereused.Theapplicationdesignercom-
posesa configurable/flexible applicationelementby cou-
pling basicfunctionality (objects) to the componentsthat
describeeachconfigurationaspectbeingexplored(configu-
rationobjects). Thisapproachmakes“configuration”afirst
classelementin ourprogrammingmodel.Theusualobject-
orientedprogrammingmodel, that comprisesa collection
of objectsthat communicatethroughmethodinvocations,
is now extendedto include the presenceof configuration
objectsthat,onceassociatedwith anobject,areableto di-
rect the changesin its behavior. The associationbetween
objectandconfiguration objectvia configuration channels
is explicitly anddynamicallyspecified.The configuration
channelprovides information that determineshow the in-
teractionbetweenthe objectsandconfigurationobjectsis
implemented.

A basiccompositionproblemis to determinewhichcon-
figurationobjectscanbe integratedto which basicobjects,
and what are the integration effects. A completeanswer
to this problemrequiresthe useof knowledgeabouteach
component's semantics.In general,programmingenviron-
ments,languagesor toolsfor highperformanceapplications
donotmake informationin sucha level of detailefficiently
availableat runtime. In COBS-OM, we adopta simpleso-
lution for checkingif objectsandconfigurationentitiescan
beintegratedinto aconfigurablesoftwareelement.Namely,
we definecompatibility in termsof the basicobject's in-
terfaceand the information available in the configuration
entity's description. The configurationentity specifiesits
requirementson the objectby enumeratingthe methodsit
expectsto have availablein theobject's interface.We refer
to thesemethodsasrequiredmethods; they representhooks
thatcanbeusedby theconfigurationobjectin orderto (1)
getinformationfrom theobjectand(2) imposebehavior or
statechangesthatmaybeneededso thatconfigurationac-
tionscanbecarriedout. For eachpair � basicobjectclass,
conf. objectclass� , compatibilityis checkedat mostonce,
nomatterhow many configurationchannelsconnectingthe
pairsarecreatedor destroyed. Multiple objectsfrom dif-
ferent classesmay be simultaneouslyattachedto a given
configurationentity, therebyallowing a single configura-
tion object to managethe configurationof multiple basic
objects.Whentheconfigurationobjectcodeinvokesoneof
the requiredmethods, theruntimesystemhasto direct this
invocationto thespecificobjectactingasthecurrentsubject
of configuration.



Configurationentities are objects, thereforethey also
offer an interface. The methodsin this interface repre-
sentconfigurationactionsthat canbe initiated by explicit
applicationdemand. In this sense,the configurationen-
tity is expandingthe basicobject's interface by offering
configuration-specificmethods.

Theconfigurableobjectscomposedby theassociationof
objectsandconfigurationobjectscanbevariedat runtime,
with partsbeingaddedor eliminateddynamically. Moreim-
portantly, this associationcanbespecifiedat theoperation
level, allowing a single object to carry out very different
configurationapproaches,accordinglyto which methodis
beinginvoked.

Configuration channelsabstracthow invocationson the
objectinteractwith theconfigurationentity. They represent
the link integratingobjectsandconfigurationentities,and
they definehow implicit configurationactionsareactivated
duringexecution.

Configurationentitiesareimplementedthroughobjects,
and thereforethey can also be configuredby association
with otherconfigurationentities,resultingin complex hi-
erarchiesof objectsandconfigurationobjects.
DiscussionCOBS-OM novelaspectsrely ontheflexible as-
sociationbetweenbasicobjectsandconfigurationobjects.
Thelatter, likemeta-objects[10], canchangehow theinvo-
cationsto thebasicobjectarecarriedout. Theapplication
programmercandirectlyrequest to ! associationsorcon-
figurationobjectactions;thesekindsof interactionsarenot
possiblewith meta-objects.Springsubcontracts[7] canalso
alterobjectbehavior by changingbasicobjectmechanisms.
They differ from ourmodelin many ways:� subcontractsareusedby theobjectmodel,not by the

basicobjectimplementor. For theprogrammer, all that
is availableis the choiceof which subcontractto use
with a type. This specifiesa “flavor” for the object,
since it defineshow the object supportmechanisms
will run. Oncean object is created,applicationpro-
grammerscan not changethe subcontractassociated
with it;� only one subcontractcan be associatedwith a given
object;and� the interactionpatternbetweentype and subcontract
is fixed. For example,the applicationcan not make
thesubcontractto skip “invoke”. Only thesubcontract
itself cancontrolits methods.

COBS-OM Implementation: runtime architecture
Figure4 picturesthe interactionbetweenapplicationcode
andCOBS-OM runtimesupportlibrary. The solid arrows
representrequestof services,with resultinformationreturn-
ing to therequester;dashedlinespicturesdataoutput.

The framework relieson a repositoryof componentde-
scriptions(updatedatcompile-time)anddatastructuresde-
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Figure 4. COBS-OM runtime architecture

scribingobjectcompositions.Thefirst prototypeincluded
adhoc marshalingfor IDL types;the currentimplementa-
tion usesPBIO [2] supportfor transportbetweendifferent
addressspaces.

Theframework library providesruntimesupportfor ob-
jects, configurationobjects, configurationchannels,and
manipulationof basicIDL types. COBS-OM canbe used
with a threadspackage,therebyallowing the use of its
concurrency/parallelismmechanismsin thedevelopmentof
COBS-OM objects. The currentimplementationhasbeen
testedwith Cthreads[15] andSolaris5.5Pthreads.

Anotherrelevant functioncarriedout by the framework
is theactivationof initialization stepswhendistributedap-
plications are being built up. The current implementa-
tion hasbeenintegratedwith the Object TransportLayer
(COBS-OTL) package,whichofferssupportfor efficientand
flexible remoteinvocation,sothatobjectscanbedistributed
acrossnetworkednodes.By addinganextracall andspeci-
fying afew attributes,applicationsdesignedandtestedwith
only local objectsbecomedistributed. The interfacesto
theseobjectsremainthe same,regardlessof the nodeson
which the COBS-OM objectsreside. The implementation
relieson COBS-OTL for managementof objectnaming,ef-
ficientidentificationof localobjectreferences,andpropaga-
tion of server information(hostname,port number)among
thenodesparticipatingin theapplication.

COBS-OM tools Objectinterfacesarespecifiedusingthe
InterfaceDescriptionLanguage (IDL) [18]. Theobjectde-



veloperprovides an implementationmodule which asso-
ciatescodewith the methodspresentin the interface. Us-
ing an IDL compiler front end available from the OMG
site[16], wehaveconstructedanIDL to C compiler.

Thetool code gen consumesthedescriptionof anIDL
interfaceandgeneratesclass-specificimplementationrou-
tines for the creation of objects, parameterblock allo-
cation, and method invocation. For each IDL complex
type (sequence,array, or structure)presentin the inter-
face,code gen generatesauxiliary routinesfor the mar-
shaling/unmarshalingtasks. It alsoextendsthe usualIDL
attributesemanticssothatattributevaluescanbeuniformly
retrieved from andpropagatedto lower applicationlevels
andsubsystems.Moreover, code gen exportstheinterface
descriptionto the Interface Repository, so that available
classinformationcanbe queriedat runtimeandcomposi-
tion compatibilitycanbechecked. ThePBIO library [2] is
againusedto achieve inter-operabilityamongdescriptions
generatedby heterogeneoushardware.Thetool code gen
generatesdispatchers,objectcreationattributes,andremote
invocationinformation.

The configurationentity descriptionsare processedby
the tool conf gen. As with code gen, codeis generated
from thedescriptionto dealwith themanipulationof con-
figurationentities. Also, a configurationdescriptionmeta-
informationfile is producedandstoredin therepository.

In orderto facilitatetheprocessof building applications,
we allow their specificationin termsof which classes(of
objectsandconfigurationobjects)they use. From this de-
scription,the tool app gen generatesa makefile, ensuring
thatall necessarycompilationstepsandCOBS-OM toolsare
applied.

Support for Fragmented Objects The Object Server is
an object built with COBS-OM that can be invoked from
any application. It implementsa databasefor keeping
information about COBS-OM objects. By querying the
Object Server, applicationscanretrieve nameinformation
aboutthe objectsthey intendto use. Global, application-
specific,andhost-specificsearchesareavailable. The Ob-
ject Server is a multi-threadedobject. Its methodscanbe
executedsynchronouslyor asynchronously.

The Object Server functionality includesbasicsupport
for fragmentedobjects.In COBS-OM, it is possibletocreate
complex objectswhosecomponentsaredistributedacross
multiple nodes.Invocationsof a fragmentedobjectcanbe
automaticallydelegatedto a local fragment,if present.Ap-
plicationscanregisterfragmentsin thedatabaseandretrieve
informationaboutfragmentdistribution. TheObject Server
interfaceincludesamethodfor insertingfragmentsinto the
databasethatwill blocktheinvocationuntil all participating
fragmentsareavailable.Thisfacilitatesthedeveloper'stask
by providing implicit synchronizationof compositeobject
creation.

4. The Data Object

This sectionprovides details about the DataObject, a
configurableabstractionthatallows for flexible integration
of theAtmosphericApplicationoutputdatato visualization,
steering,andcollaborationtools.

Design DataObject is a complex object composedof the
following components: a data retriever, a transformer,
an application interface, and a (potentially empty) set of
data receiverobjects. Eachoneof thesecomponentsis a
configurableobjectimplementedvia objects,configuration
objects,andconfigurationchannelsandthey relateto dif-
ferentconfigurationfacets:distribution, interposition,and
caching. The componentsmay be distributedacrosscom-
puting, storage,and visualization1 nodes. This distribu-
tion canbealteredat runtime. Someof thesecomponents
arefragmentedthemselves,increasingtheopportunitiesfor
configuringobjectdistribution. In additionto theseobject
parts,filtersmaybedynamicallycreatedandattachedtoany
of the components,so that the client canuseinterposition
codeto adapttheretrieveddatato its own needs.

Thedata retriever abstractsthedatasources.Usuallyit
is configuredat initialization time to accesseitherfiles or
sockets.Thedatais distributedin termsof atmosphericlev-
elsand/ortimesteps.Thedistributioncanchangeatruntime
(e.g., moretimestepsaremadeavailablein new files).

The transformerobject is responsiblefor performing
the spectralto grid computation. It receives data from
thedata retriever fragmentsandreturnstheassociatedgrid
pointsto theapplication interfaceobject.

The application interface receives requestsfrom the
tool(s). It coordinatesthe components'behavior in order
to retrieve,transform,andfilter data.

Filters areconfigurationentitiesthatmaybeattachedto
any of theDataObject'scomponentsvia configurationchan-
nels. They encapsulatea filtering functionthat is automat-
ically appliedto dataarriving throughthechannel.Filters
thatsupportsetsof grid point valuesandgenericsequences
of numbersasinputarecurrentlyavailable.

Finally, the data receiver is another type of object
throughwhich a tool is able to obtainapplicationdata. It
hasbeendesignedto provide simplesupportfor propagat-
ing the accessedgrid point datato a collectionof cooper-
ating agents. When a data receiveris created,it is con-
nectedto the application interfaceobject,which will for-
wardthroughtheconnectionall datareceived.Connections
canbetemporarilyclosedby eitherthedata receiveror the
application interfaceobject. Using data receiverobjects,
theteacher-studentpatternof collaborationcanbeachieved.

1Visualizationtools arejust oneexampleof dataaccessapplications.
The DataObjecthasbeendesignedto work with the visualizationtool
implementedby ourgroup,but it is not restrictedto it.



Filters can be attachedseparatelyto eachdata receiver,
therebycustomizingthe“studentview”.

Figures 5 and 6 depict possibleways in which the
DataObjectpartsmay be distributed. In Figure5, the data
is readfrom files, the transformationfrom spectralto grid
pointsis computedwithin thestoringnodes,andnodatafil-
tering is performed.Theapplication interfaceobjectcon-
tainsadistributorconfigurationobjectthatforwardsdatare-
queststo theappropriatedata retriever fragment.Figure6
portraysthe scenarioin which input dataarrives through
socketsand it is manipulatedby the concentrators,which
have attachedfilters thatactuponthedatabeforeit is sent
to the visualizationnode. By specifyingattribute values,
DataObject'suserscantransformtheobjectsetupdescribed
in Figure5 into thearrangementin Figure6.

application_interface

distributor

data_retriever

transformator

Machine A Machine B

Machine C

Figure 5. Example of Data Object configura-
tion

Creation and Adaptation Two approachesfor creatinga
DataObject are available: (1) via a graphicuserinterface
or (2) directly throughtheobjectcreationcall in theCOBS-
OM API. In thefirst approach,theuserprovidesinformation
aboutthe datasourcesandDataObject's componentdistri-
bution usingbuttonsandmenus. The valuesprovided by
the userareverified (e.g., checksfor file existence,socket
connections,hostnames,objectredefinition,etc.) andin-
terpreted. The systeminvokes the COBS-OM object cre-
ation call, and registersthe new DataObject with the Ob-
ject Server. Toolscanretrievea DataObjectproxy from the
Object Server, anduseit eitherfor requestingdata(asin the
“get grid” call) or connectingto a data receiverthat pas-
sively will receivethedataretrievedfrom theDataObject.

DataObjectcanbeconfiguredat runtimeby attributeval-
uespassedthroughmethodinvocations. For example,at

socket from machine A socket from machine B

Filter

data_receiver

Machine A Machine B

Machine C

Machine D

Machine E

data_receiver

Filter

application_interface

concentrator Filter

data_retriever

Figure 6. Example of Data Object configura-
tion

creationtime attributes can be used to specify the type
of data retriever to be created,input datacharacteristics,
and distribution of transformers acrossnodes. Whenever
DataObject's methodsareinvoked,attributescanbepassed
to the configurableobject resultingin adaptationssuchas
transformermigration,attachmentof new filters to object
components,or disconnectionof a data receiver.

Someof the possibleadaptationsinvolve information
betterexpressedthroughcomplex datatypes. For exam-
ple,while adaptinga concentrator (configurationentity re-
lated to data retriever objects)from a central node to a
distributedimplementation— in which fragmentationfor-
mat is derived from level information—, the distribution
descriptioncan be naturally representedby an arbitrarily
sizedsequenceof structures. The currentCOBS-OTL at-
tribute implementationdoesnot provide supportfor com-
plex types. In order to sparethe DataObject's usersfrom
the cumbersometaskof flatteningthe complex datastruc-
tureinto a collectionof basicattributes,theDataObjectand
its components'interfaceshave beenextendedwith a set
of specificconfigurationmethods(suchas expandingthe
setof nodesstoringbuferreddata).Thesemethodsreceive
configurationdescriptionsasargumentsandchangetheap-
propriateattributevaluesandconfigurationchannels.

5. RelatedWork and Conclusion

Section 3 briefly discussedthe relationship between
theconfigurationprogrammingmodelbeingpresentedand
work doneon meta-objects(reflective programming)and
Springsubcontracts.Otherrelatedwork includes[17, 21,
6]. Theretrieval of datafrom high performancesimulating
is relatedto thecurrentwork in parallelI/O. In particular, a
declusteringtechniquefor maximizingdisk parallelismhas
beenextensively studied[14]. TheSchoonerproject[8] de-



finesaninterconnectionsystemthatcanbeusedto connect
visualizationtools to a graphicsworkstationso that data
generatedby a scientificsimulationon a parallelmachine
canbedisplayed.Regis/Darwin[13] encouragesa compo-
nent basedapproach,providing a configurationlanguage.
Theconnectionsin Regis/Darwinarerealizedthroughport
objects,which queuemessagesof a particulartype; in our
work theconnectioncanvary from functioncallsto remote
methodinvocation.

PerformancePerformanceexperimentshavebeenrecently
drivingsomerefinementsin thedesignandimplementation,
so that we canshow that the configurationsupportcanbe
carriedout efficiently. The detailedcurrentperformance
numberscanbe found in [19]. Improvementsaredemon-
stratedonaclusterof workstationsandsharedmemorypar-
allel machinesjointly executingthe scientific application
andmultiple visualizationsaccessingthe datait produces.
Microbenchmarksareusedto evaluatespecificCOBS-OM
componentsandtheirbasicperformanceproperties.

Conclusion The framework presentedin this paperpro-
videsa programmingmodelandenvironmentwhereflex-
ible softwarecanbe developedby designingconfigurable
objects. The basicframework elements,objectsandcon-
figuration objectscanbe combinedin complex ways,and
the compositioncan be changeddynamically. Our expe-
rience in building configurableobjects, in particular the
DataObject presentedin this paper, indicatesthat COBS-
OM is suitablefor building high performancedistributed
andparallelobjectsthat canachieve flexible andcomplex
behavior in runtime. Moreover, the programmingmodel
offeredby COBS-OM encouragesincrementaldesignand
reuseof components.
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