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UniversidadSimónBol�́var, DeptdeComputacíony T.I
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Abstract

This paperdescribesJADIMA (JavaDistributedMachine), a collabora-
tive platform to constructhigh performancedistributed JAVA applications.
JADIMA is asystemthatautomaticallymanagestheremotelibrariesusedin
a JAVA application. JADIMA takesthe advantagesof portability, modular-
ity, �e xibility andobjectorientedmodelof JAVA, while incorporatingwell
known techniquesof communicationandsecurity. Theresultis asimpleand
ef�cient distributedenvironmentuponwhich applicationsanddataareeas-
ily sharedandhighly portableamongstheterogeneousplatformsandmulti-
ple users.JADIMA allows compilationandexecutionof JAVA applications
whichusedistributedlibraries,withouttheneedof keepingthemeitherin the
developeror theuserhosts.To illustratethefunctionalityandcharacteristics
of JADIMA, weshow examplesof constructingrealapplicationswith several
levelsof library packagedependenciesin distributedenvironments.

Keywords: Managementof distributed libraries, Reusability, Compilation
with distributedlibraries,Distributedexecution,Gridsplatforms,High per-
formanceJAVA applications.

1 INTRODUCTION

Recentdevelopmentsin theuseof distributedresourcesfor theexecutionof high
performanceapplicationshas increasedthe possibility of collaborative environ-
mentsin which multiple users,geographicallydistant,cansharedata,software,
computingresources,andeven specializeddevices[BFH03, Abb04]. Regarding
this, it is commontodayto useseveral softwarelibrariesdevelopedby third par-
ties to attain togetherthe global goal requiredby an application. Following the
reusabilityprinciple, it is more practicalfor developersto leave the application



speci�c functionalitiesonpiecesof softwareintensively provedanddevelopedex-
clusively for thosespeci�c functions,andso,they canfocuson solvingtheir main
objective.

In this way, developersmustsearchand�nd adequatelibrariesandreference
themin their codesothatthecompilationprocesscanbesuccessful.Besides,end
usersmusthave thesamelibraries(thesameversionsusedin thecompilation)so
thattheapplicationcanexecuteadequately. In general,applicationsarepackedto-
getherwith thelibrariesonwhich they depend.This impliesthatthereusedpieces
of softwaremustbe kept locally to the compilationandexecutionenvironment.
In distributedenvironmentsthis approachpresentssomestrongdisadvantages:i)
wasteof diskspace,whenthesamelibrary is usedfor severalapplicationsor when
only asmallportionof thecodeof suchlibrary is used;ii) dif�culty in handlingand
updatinglibrary versions,dueto thatresponsibilityof updatinglocal librarieswith
morerecentimproved versionsis left in handsof developersandendusers;and
iii) in thespeci�c caseof developingapplicationsfor computationalgrids,ideally,
librariesareonly requiredfor local compilationastheexecutionis alwayscarried
out in oneor someremotenodesof thecomputationalgrid. Thefactof download-
ing the librarieslocally just for compilationis a wasteof spaceandtime for the
developer.

ProgramminglanguagessuchasC++, FortranandHPF have beentradition-
ally preferredby developersof scienti�c applications.However, JAVA hasrecently
introduceditself asanattractive languagefor applicationprogrammingin general
becauseof its simple andclear objectmodel. Especiallyfor collaborative, het-
erogeneous,distributedenvironments,a portableexecutionplatform,suchasthe
JAVA Virtual Machine,makestheimplementationof scienti�c applicationspoten-
tially easier. Multi threadsupportandconcurrence,combinedwith the inherent
portability of JAVA is especiallyinterestingfor parallelanddistributed scienti�c
applications.Even thoughJAVA is not a very appropriatelanguagenowadaysto
carry out high performancecomputation,the internationalscienti�c community
is makingimportantefforts to achieve a performancesimilar to that reachedwith
moretraditionallanguagesasFortranor C++. In fact,thereis alreadyevidencethat
shows JAVA hasthepotentialto achieve theperformanceof suchtraditionalscien-
ti�c languages[BSPF01,Mor98]. Theuseof JAVA ashigh performancescienti�c
applicationprogramminglanguageis beenpromotedthroughtheJavaGrandeFo-
rum [Jav98]. This Forum is focusingthe efforts to improve thoseJAVA aspects
dealingwith highperformancecomputationincludingcompilersandlibraries.

In this paper, we introduceJADIMA (JavaDistributedMachine), a collabora-
tiveplatformfor buildinghighperformancedistributedJAVA applications.JADIMA

is a systemthat automaticallymanagesremotelibrariesusedby a JAVA applica-
tion. JADIMA exploits the advantagesof portability, modularity, objectoriented
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model,and�e xibility of JAVA, while useswell known communicationandsecu-
rity techniques(suchastheSOAP protocolandtheuseof X.509certi�cates).The
result is an ef�cient andsimpledistributedcomputationalenvironmenton which
applicationsanddataareeasilysharedandhighly portableamongheterogeneous
platformsandmultiple users,which resultsin the reuseandsharingof libraries
amongnovel andadvancedprogrammers.

JADIMA allows thecompilationandexecutionof high performanceJAVA ap-
plicationsthatusedistributedsoftwarecomponentswithout keepingthemlocally
in theapplicationdevelopermachines.In this sense,JADIMA letsdevelopersuse,
duringthecompilationprocess,a muchsmallerrepresentationof thelibraries(re-
ferredto asstubs) onwhich theapplicationdepends.Stubsaregeneratedautomat-
ically by JADIMA andsubstitutereal libraries. During theexecutiontime, actual
classde�nitions aredownloadedfrom verywell known library repositoriesaslong
asthey arebeenrequiredby theapplication.Theuseof a versionnumberingcon-
ventionallows the automaticupdatingof new versionsof usedlibrarieswithout
affectingtheapplicationcorrectexecution.To illustratethefunctionalityandchar-
acteristicsof JADIMA, we show examplesof constructingreal applicationswith
several levelsof library packagedependenciesin distributedenvironments.

Therestof this paperis organizedasfollows. Section 2 presentsthegeneral
designof JADIMA architecture.In section3, we describetheJADIMA 's commu-
nicationandsecurityschemes.A comparativestudywith relatedwork is presented
in 4. The descriptionof how JADIMA works is presentedin Section 5 through
examplesof constructionsof realapplications.Finally, in Section6,wesummarize
ourconclusionsandproposefurtherpossibleextensionsto our research.

2 DESCRIPTION OF JADI M A ARCHITECTURE

JADIMA 's designis carriedout to satisfythefollowing requirements:

� Easyto install, con�gure anduse. We want JADIMA to work without fol-
lowing dif�cult stepsor extensive con�gurationprocesses.Usersshouldnot
requiretechnicalknowledgefor its installationanduse.All usersshouldbe
ableto bene�t from theadvantagesof JADIMA.

� Flexibility, adaptabilityandmodularity. By designingthe framework into
layersandde�ning generalinterfacesin all JADIMA components,JADIMA

allows integrationof differentwell known, standardcommunication,secu-
rity anddataaccessmechanisms.

� PlatformIndependence.JADIMA is fully implementedin JAVA. Sincethe
JAVA languageandlibrariesareplatform-independent,JADIMA canbe in-
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stalled,with no needof recompilation,in any platformthathasa JAVA run-
timeenvironment.

� Transparency. Neithertheapplicationsnor thelibrarieswill have to bemod-
i�ed to bene�t from thefunctionalitiesof JADIMA.

� High performanceandscalability. In orderto enhancetheapplicationsper-
formance,JADIMA providesmechanismsfor classcachingandpre-fetching,
thusreducingtheimpactof remoteclasstransferduringexecution.

� Security. Thecodeanddataexchangebetweenclientsandlibrariesreposi-
toriesmustbesecure.JADIMA guaranteesthatall downloadedcodecomes
from reliablerepositories,andthat every client that downloadsa library is
authorized.In addition, library accesscontrol wasimplementedto satisfy
theprivacy amongstdifferentusergroups.To enforcesecurityduringexe-
cution, theapplicationsrun in a sandbox, preventingthemfrom stealingor
damaginglocaldata.

� Accessibility. Usershave accessto a largerangeof librarieswithout worry-
ing abouttheir physicallocation.

In thefollowing sections,we describein detailhow JADIMA architecturesat-
is�es theserequirements.

2.1 JADI M A Components

Theapplicationdevelopmentprocessproposedby JADIMA is de�nedaccordingto
theidenti�cation of thefollowing tasks:library administration,publication,compi-
lationandexecutionof applicationsthatrequiretheselibraries.Eachof thesetasks
is representedby a component:theRepository , theCompilation Agent ,
andtheExecution Agent respectively. Figure 1 presentsageneraloutlineof
JADIMA architecture.

2.1.1 Repository

This componentis in charge of the administrationof remotelibraries that will
be usedin compilationand executionprocessesde�ned in JADIMA. For each
publishedlibrary, theRepository will keepthreesetsof data:

1. implementationof actualclassesgivenby thepublishinguserwhich will be
usedin theexecutionphase.
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Figure1: JADIMA Architecture

2. reducedversionsof libraries (stubs), which will only be usedduring the
applicationcompilationprocess.

3. library documentation

TheRepository includesthreeelementsthatallow separatingthephysical
mediumof thelibrary storageandrecovery operations.The�rst elementis called
theData Access Abstraction Layer , which only de�nestheoperations
allowedfor administeringthelibraries(aspublishing,consultingandqueryingin-
formation)anddoesnot dependon thephysicalmediumfor storage.Thesecond
element,theData Access Module implementsthede�ned operationsin adi-
rect way with the third element,which is a physicalstoragemedium,througha
speci�c managersuchasMySQL, DB2, Oracleor a traditional�le system.This
lastcomponentis anexternalentity to thede�nition of JADIMA (See�gure 2).

2.1.2 Publication Agent

Publishinga library in JADIMA consistsof two phases:
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Figure2: Logicalview of JADIMA Repository

1. Generationof a reducedrepresentationof thelibrary (stubs). A stubis gen-
eratedfor eachlibrary class: �rst, a classskeleton is created;this is the
de�nition of all methodsignaturesin a.java source�le; second,thesedef-
initionsarecompiledusingtheJADIMA Compilation Agent , in order
to resolve the dependenciesthat theselibrariesmay have with otherprevi-
ouslypublishedlibraries.Figure3 shows thestubgenerationprocess.Stubs
will beusedby developersin theapplicationcompilationphase.

2. Datatransmission(stubs, documentationandlibrarypackages)fromthepub-
licationnodeto theRepository .

Theinstructionthatcausesall thisprocesshasthefollowing form:
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Figure3: Generationof stubs

jdm_publish -b <library_name>.jar -v <major>.<minor>.<revision>
-r <repository_name> -n <library_name> -j <javadoc_zip_file>

where:

-b < library name> .jar , refersto thelibrary packagethatuserwish to publish.

-v < major> .< minor> .< revision> , is theversionnumberassigned.Publication
of alibrary requiresthedeveloperto assignaversionnumberbasedonathree-digit
scheme1 in which:

� major: representschangesin externalfunctionalitiesandin methodsigna-
tures.

� minor: referstominorfunctionalitychanges,therearenochangesin method
signatures.

� revision: thereareno changesin functionalityor methodsignatures,corre-
spondsto correctionson previouslibrary distributions.

1Ourproposedversionnumberschemecanbeadaptedaccordingto thepackageversionnumber-
ing systemproposedby SunMicrosystems[SM02].
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-r < repository name> , is thenameof theRepository . Repository contact
informationis found in a xml con�guration �le (for example,namesandrespec-
tive urls). This con�guration �le may be generatedwith the help of a graphical
interface.

-n < library name> , it is thenamethatwill identify thelibrary in theRepository .

-j < javadoc zip �le > , indicatesthe .zip �le namewhich containsthe library
documentation.

2.1.3 Compilation Agent

The Compilation Agent is in charge of obtainingthe informationgiven by
the developeraboutthe applicationdependenciesand requeststhe library stubs
to the speci�ed Repositories . With the help of a graphicalinterface, the
programmermay consult information about the libraries publishedon different
Repositories , andselectthoseof his/herinterests.After thedeveloperselects
thelibrariesneededfor theapplications,thegraphicalinterfaceautomaticallygen-
eratesthemetadata�le, which describesthedependenciesof his/herproject.Dur-
ing thecompilationprocess,it is not requiredto downloadthepublishedclasses.
The stubsallow for the compilationprocessto be successfulareobtained,even
without the presenceof actuallibraries. The compilationinstructionhasthe fol-
lowing form:

jdmc -s <project's sources package root> -d <class files destination
directory> <javac param1> .... <javac paramN>

where:
-s < project's sourcespackageroot> , speci�esthedirectorywheretheapplica-
tion classsource�les arelocated.

-d < class�les destination dir ectory> , speci�esthedirectoryin which thestubs
will belocatedandtheclassescompiled.

< javac param1> .... < javac paramN> , canbetraditionaljavac options.

2.1.4 ExecutionAgent

TheExecution Agent is responsiblefor establishinganenvironmentin which
the applicationcanbe executedin a transparentway. Whenthe executionis re-
quested,the userhasa compiledapplicationusing JADIMA (which containsa
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stub for eachlibrary used)and a dependency �le, which is usedto initiate the
jdmClassLoader . When the applicationcodereferencesany of the classes
belongingto oneof theremotelibraries,thejdmClassLoader �nds anddown-
loads,from the Repository , the actualde�nition of the classsubstitutingthe
stub. It is necessaryto highlight thatthisschemeallows to download,into theexe-
cutionplatform,only thelibrary classesactuallyusedby theapplication,andalso
allows to obtainimprovedversionsof thelibrariesthatwill notaffect theexecution
(accordingto ourproposedversionnumberingscheme).Theexecutioninstruction
is:

jdm -p <project's package root dir or jar> -m <main class name>
<param1> ... <paramN>

where:

-p < project's packageroot dir or jar > , is thedirectoryor .jar �le of theapplica-
tion to beexecuted.

-m < main classname> , speci�esthenameof themainclass.

< param1> ... < paramN> , aretheapplicationparametersor thosefrom theVir-
tualMachine.

Figure4 shows a graphicaloutlineof theexecutionprocess.

ClassPrefetchingand Caching
In order to reducethe communicationtime, and thus to improve the perfor-

manceduringtheexecution,wehave implementedaschemeof classpre-fetching.
The Execution Agent keepsinformation representingassociationsamongst
theapplicationclassesaccordingto a temporalrelationship.This relationshipde-
�nes setsof classesreferencedwithin a time interval. Whenever an application
is executed,this informationis updatedby averagingtheelapsetimesat which a
classis referenced,from thebeginningof theexecution.With this information,the
Execution Agent de�nesclusters of classesreferencedwithin a time interval
of � . Hence,whenaclassis referencedandis notpresentin theexecutionnode,all
theclassesthatbelongto its clusterarerequested.Informationof classassociations
is returnedto theclient at theendof theexecution,suchthat it canbesubmitted
in futureexecutions.Classpre-fetchingmoduleis de�ned asa thread,soit canbe
executedconcurrentlywith theapplication.In this way, we enableoverlappingof
classtransferswith computation.
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Figure4: JADIMA ExecutionModel

TheExecution Agent managesthepersistenceof thedownloadedclasses
in a local cache.This meansthatafterexecution,remotelyloadedclassesremain
in theExecution Agent . In this way, it is possibleto reducecommunication
delayandoverheadin subsequentexecutions.The implementationof cachepoli-
ciesareconsideredwith a plug-in schemethat reinforcesJADIMA adaptability.
Wede�ned aninterfacewith genericaccessmethodsto thecache,thatcanbeused
to implementdifferentclassreplacementpolicies.Thedefault policy offeredat the
momentis “Last RecentlyUsed”(LRU).

3 COMMUNICA TION AND SECURITY SCHEMES IN
JADI M A

CommunicationsamongJADIMA componentsis basedon plug-insthatallow the
implementationanduseof any communicationprotocolor mechanism.JADIMA

componentsinteractwith the Communication Abstraction Layer (see
�gure 2), which is a well de�ned interfacethatabstractthecommunicationmodel
out of its underlyingimplementation. Different modulesattachedto this inter-
faceare in charge of carryingout effective communicationamongAgents and
Repositories for thedataexchange.In this sense,implementinga new com-
municationschemeconsistsondevelopingamodulewhichimplementstheComm-
unication Abstraction Layer usingthedesiredcommunicationmecha-
nism.
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Theexchangeof informationamongAgents andRepository mustbecar-
ried out on safeenvironmentswhich provide userauthenticationmechanismsand
protectionof communicationchannel.JADIMA usersmustregisterwith a deter-
minedrole describingtheactionsthatarepermittedon thesystem.Besides,users
mustalsohave digital credentialfor authenticationeffects. Thecurrentlyde�ned
rolesare:i) publication,to carryoutpublication,querying,andaccessto libraries;
ii) administration,to carry out administrative activities on Repositories ; iii)
version and library access,to restrict accessto library groups. With eachre-
questRepository receivestheuserrole (previously authenticatedaccordingto
theauthenticationmechanismimplementedat thelevel of theCommunication
Module ) with which theRepository carriesoutauthorizationveri�cation.

The currentcommunicationmechanismusedin JADIMA is basedon SOAP
overHTTPSusingApacheAxis, but it canbesubstitutedbyotherssuchasCORBA,
RMI, HTTP or socketsdueto thelayereddesignof JADIMA. Userauthentication
is delegatedon theTomcatapplicationserver (servletcontainer)thatusesmutual
authenticationmechanismwith X.509 digital certi�cates. Assigningan authenti-
cateduserto a securityrole is accomplishedaccordingto the con�gured mecha-
nism on the Tomcatapplicationserver which keepsinformationof theuserscre-
dentialsand their roles. This securityinformationcan be manageon relational
databases,plain �les or LDAP directories.

4 RELATED WORK

Specializedlibrary reusabilityfor thedevelopmentof high performancescienti�c
applicationsis anadvantagethatcanbeattainedin collaborativeenvironmentssuch
ascomputationalgrids. Yet, therearestill limitationson thetoolsthatsupportthe
compilation,deployment, distribution and executionprocessesof thoseapplica-
tions in grid systems.JADIMA outperformsmany of theselimitations andpro-
vides a simple,easy-to-useVirtual Machinearchitecturefor the constructionof
JAVA applicationsin distributedplatforms.

ApacheMaven[Apa05] andKrysalisCentipede[Kry04], areprojectsthatex-
tendtraditionalcompilationtool functionality(suchasant andmake) for thedis-
tributedmanagementof libraries.Justlike JADIMA, theseenvironmentsconsider
thatlibrariesremainin webserverrepositories.However, from theconstruction�le
(or metadata�le) wheretheprogrammerdescribesthedependencies,librariesare
downloadedin localdirectorieswhichreplicatetherepositorystructures.JADIMA

offers graphicalinterfacesthat facilitatesthe metadata�le generationin xml for-
mat, from which only the correspondinglibrary stubswill downloadedlocally.
Furthermore,asJADIMA canintegrateseveral communicationprotocols,reposi-
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toriesdonotnecessarilyhavetobewebservers.UsingApacheMavenandKrysalis
Centipede,versionupdatescanbecarriedout duringthecompilationtime only if
it is explicitly speci�ed in thedependency �le. In thecaseof JADIMA, however,
versionupdatingis carriedout duringexecutiontime. Basedon theproposedver-
sionnumberingsystem,thejdmClassLoader is ableto downloadlastversions
or revisionsof the referencedclasseswithout affecting the execution. JADIMA

can manage�ne-grained securityby allowing accesscontrol at the library level
andnotat therepositorylevel. In ApacheMavenandKrysalisCentipede,security
is managedin thecommunicationlayer. Noneof thesetwo toolsgive supportto
execution.

DistAnt [GA04] andGridAnt [AvLaMHZ+ 04]aresystemsthatextendtheant
�le constructionenvironment to provide an automaticprocedureof deployment
applicationfor its executionon distributedplatform. Thedeploymentprocessin-
cludes�le transfer, installationonparticularcomputingresource,andcon�guration
for its laterexecution.DistAnt andGridAnt canbecombinedwith ApacheMaven
to obtainthebene�ts in thecompilingprocess,still keepingpreviously mentioned
disadvantagesthatApacheMaven has. Similar to JADIMA, GridAnt usesX.509
certi�catesto offer authorizationandauthentication(with singlesign-on).Theap-
plicationconstruction�les in thoseprojectsarebasedon xml formatandmustbe
producedmanuallyby developersor usersspecifyingthe grid computationalre-
sourceson which theapplicationswill beexecuted.In JADIMA, themetadata�le
is generatedautomaticallyandtheprocessof contactingtherespective repositories
is transparentto the programmer. For the execution,it will be the grid platform
whichselectstheappropriatecomputingresourcesandthejdmClassLoader is
in chargeof locatinganddownloadingtherealclassesin a transparentway. Both
DistAnt andGridAnt areadministratororientedtoolsto installsoftwarein aremote
manner, while JADIMA is orientedto supportscienti�c applicationdevelopment
activities.

Several projectswhich extendthe JAVA Virtual Machineto facilitateparallel
and distributed applicationexecutionin grid environmentshave beenproposed.
Someexamplesof thoseprojectsare: Addistant[TSCI01], Unicorn [OLLY02],
Javelin++ [NBK + 99], JNLP [Zuk02], Bayanihan[SH99], HORB [Sat97], and
SUMA/G [CH05]. Noneof thoseprojectsprovidesupportto thecompilationpro-
cess.Eventhoughmostof thisresearchprojectshavedifferentpurposesto thoseof
JADIMA, they areof relevanceascomplementarytoolsin therealmof execution.

Addistantallows to adaptanapplicationdevelopedto beexecutedin a unique
Virtual Machine,so it canbeexecutedin a distributedenvironment(this is func-
tional distribution). This executionmodel is exactly contraryto the interestsof
JADIMA, which consistson executing,in onecomputationalresource,an appli-
cationwhosepartscouldbe distributed. In this sense,JADIMA doesnot modify
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theoriginal applicationexecutionmodel. In Addistant,developersspecifywhere
instancesof eachclasswill be executedin a “policy” �le. Fromthis �le, it gen-
eratesproxy classes,equivalent to stubsin JADIMA, which will be in charge of
carryingout remotereferences.Theapplicationis automaticallymodi�ed in load
time to substitutethereferencesof theclassesthatarenot local, by referencesto
therespective proxyclasses.JADIMA performsthesubstitutionatexecutiontime.

JNLP(JAVA Network LaunchingProtocol),is a projectthat is quitesimilar to
JADIMA with respectto theexecutionmodel.JNLPusesmechanismsrelatedwith
aClassloaderto loadclassesthatcomposeanapplicationfrom awebserverduring
theexecutiontime. However, it is not transparentin many aspects:i) applications
mustbeprogrammedwith particularspeci�cationsof JNLPspeci�c packages;ii)
thedevelopermustspecifya metadata�le with theapplicationpropertiesandthe
modulesrequiredby theapplication;iii) in caseany of themoduleschanges,this
�le mustbe updatedmanually;andiv) JNLP requiresinstalling a plug-in in the
browser to recognizethe metadata�le and begin the applicationmodulepartial
download. This is theonly projectconsideringclassprefetching,but it is thede-
veloperwhospeci�eswhichclassescanbeloadedtogether, while JADIMA makes
classprefetchingin a transparentway.

JADIMA executionmodelallows it to be easilyintegratedto thoseexecution
platforms,andin this way attaina muchmorecompletesupportenvironmentto
compilationandexecution.

5 CASE STUDIES: TIE and JUNG

To illustrateconceptsthatJADIMA handlesanddemonstrateits functionality, we
carriedout testswith realapplicationsof opensourcecodewith differentdepen-
dency levels amongtheusedpackages.In this sectionwe will refer to the expe-
riencewith TIE [Sie03] (TrainableInformationExtractor) andJUNG[OFNK03]
(JavaUniversal Network/Graph). TIE is a trainablesoftwarefor informationex-
tractionandtext classi�cation.JUNGis anopen-sourcesoftwarelibrary thatpro-
videsalanguagefor themodeling,analysis,andvisualizationof graphandnetwork
data.Dependenciesof thelibrariesusedby thesetwo applicationsareshown in ta-
ble1.

Thetestswerecarriedoutin anscenariowhereJADIMA componentsweredis-
tributedin nodesin differentdomainswith differentenvironmentsandplatforms.
Laboratoryresourcesof UniversidadSimÂon BolÂ�var (USB) andexternalresources
from thisuniversitywereused.Theseresourceshadthefollowing characteristics:

� PentiumIII, 800MHz with 256MB of RAM, 10GB in Disk, in Computation
Laboratory(LDC) of USB.
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ApplicationName UsedLibraries Description

commons-beanutils http://jakarta.apache.org/commons/beanutils/
commons-collections http://jakarta.apache.org/commons/collections/
commons-configuration http://jakarta.apache.org/commons/con®guration/
commons-discovery http://jakarta.apache.org/commons/discovery/
commons-lang http://jakarta.apache.org/commons/lang/
commons-logging http://jakarta.apache.org/commons/logging/

TIE commons-math http://jakarta.apache.org/commons/math/
commons-pool http://jakarta.apache.org/commons/pool/
dom4j http://www.dom4j.org/
jtidy http://jtidy.sourceforge.net/
junit http://www.junit.org/
minorThird http://minorthird.sourceforge.net/
velocity http://jakarta.apache.org/velocity/
BeanShell http://www.beanshell.org/
MontyLingua http://web.media.mit.edu/hugo/montylingua/
CRF http://crf.sourceforge.net
COLT http://cern.ch/hoschek/colt/
Gauss-Newton and
Conjugate-Gradient optimization http://billharlan.com/pub/code/inv/indexh.html
JCommon http://www.jfree.org/jcommon

minorThird JFreeChart http://www.jfree.org/jfreechart/index.html
JUnit http://www.junit.org
JWF http://sourceforge.net/projects/jwf/
LBFS http://crf.sourceforge.net/
Libsvm http://www.csie.ntu.edu.tw/cjlin/libsvm/
Log4J http://jakarta.apache.org/log4j/docs/
Trove http://trove4j.sourceforge.net/javadocs/

JUNG COLT http://cern.ch/hoschek/colt/
commons-configuration http://jakarta.apache.org/commons/con®guration/

Table1: Library Dependencies

� Dual PentiumIII, 800 MHz with 512 MB of RAM, 10 GB in Disk, in the
ParallelandDistributedSystemsLaboratory(SPD)in theUSB

� AMD Athlon XP, 3.1 GHz, with 1 GB of RAM, 80 GB in Disk, anddual
Dell of 800MHz, 512MB of RAM, 7 GB in Disk, in externalnodesto the
USB(BSCConsultoresC.A).

All nodesareconnectedto Internetthroughlinks of 256Kbpsin average.The
testscarriedout in thisscenariowerethefollowing:

� An LDC Repository ,with ApacheTomcat5.0.16onFedoraCore3,with
aRDBMSData Access Module usingtheMySQL databaselocatedin
anothernodeof thesamedomain.

� OneRepository in anodeof BSCConsultoresC.A. (BSCRepository ),
executingJBOSSApplicationServer4.0.0onRedHatLinux 9,with aRDBMS
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Data Access Module usinga Microsoft SQLServer 2000databaselo-
catedin anothernodeof the samedomain. The operatingsystemof these
nodesis MicrosoftWindows 2000Server.

� OneRepository in SPDLaboratory(SPDRepository ), with Apache
Tomcat5.5.9onScienti�c Linux CERN3,with aData Access Module
throughNFS.

� Publication,compilationandexecutionnodesin SPDLaboratory, with Sci-
enti�c Linux CERN3.

� Publication,compilationandexecutionnodesin LDC with FedoraCore3

� Oneexecutionnodein aportabledevice connectedto adomainlessnetwith
MicrosoftWindows 2000Professional.

In all nodes,we usedJAVA Virtual Machine1.5.0. Theteststrategy is asfol-
lows:

1. Publicationof librariesusedby theapplications(thesearethosespeci�edin
column2 of Table1, exceptfor minorThird ). Differentversionsof these
librarieswerepublishedrandomlyamongthethreeRepositories , from
differentpublicationnodes.Thepublicationprocessimplies thegeneration
of the respective stubsanddocumentation,alongwith transferringthedata
(stubdocumentationandthelibrariesthemselves)from thepublicationnode
towardsthe speci�ed Repositories . All this processcan be realized
with asimpleinstructionasthefollowing:

jdm_publish -b ./commons-discovery.jar -v 1.6.0 -n commons-discovery
-r BSC_REPOSITORY-j commons-discoverty-javadocs.zip}

It is necessarythat thecon�guration �le is locatedin thepublicationnode.
This con�guration �le hasthecontactinformationto theRepositories
(for instance,namesandtheir respectiveurls),andcanbeautomaticallygen-
eratedwith thehelpof agraphicalinterface.

2. Compilationof theminorThird library in a SPDcompilationnode. Us-
ing a graphicalinterface, the different libraries are selected,publishedin
thedifferentRepositories from which minorThird dependsandthe
dependencies�le is generated.To compilethefollowing commandis used:

{\tt jdmc -s /home/yudith/minorThird/src -d /home/yudith/minorThird/build
-Xlint:none}
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In thisphase,therespectivestubsaredownloadedsothatcompilationcanbe
successful.It is necessarythatthecon�guration�le with contactinformation
to theRepositories is locatedin thecompilationnodes.In thisway, the
Compilation Agent connectsto the threeRepositories to solve
dependencies.

3. Publicationof theminorThird compiledversionin LDC Repository .
Theprocessis similar to thatexplainedin step1.

4. Compilationof the “TIE” applicationin a compilationnodeof LDC. The
processis similar to thatexplainedin step2.

5. TIE “demo” executionin anexternalexecutionnodewith thecommand:
jdm -p /home/yudith/tie/build -m de.fu berlin.ties.Main class-train

-outdir=. -classifier=Winnow ../*.dsv

TheExecution Agent �rst downloadsthestubsthatarenot presentin
thelocalcache(stubsmaynotbepresentin theexecutionnodebecausecom-
pilationwasexecutedin anothernodeor becausethestubswerereplacedin
the cache),later, the jdmClassLoader is instantiatedto load the main
class. As long asthe otherclassesarebeingreferenced,the jdmClass-
Loader is in chargeof downloadingtherealclassestakinginto considera-
tion theversionnumberthatis speci�edin therespective stub.

6. JUNG applicationcompilation in a LDC compilationnode. In this case
the Compilation Agent is only connectedwith the Repositories
wheretheCOLTlibrariesandcommons-configur at io n werepublished.

7. JUNG“demo” executionfrom thesamenodein which it wascompiled.

The successfulrealizationof thesetestsshows the functionality of JADIMA

andillustrateshow easyit is to beused.

6 CONCLUSIONS Y FUTURE WORK

With JADIMA we extendedJAVA Virtual Machinepotentialityto a computational
grid environment. As a consequence,developersandusersareprovided with a
collaborative simpleandef�cient platform which allows to easilysharesoftware
resourcesandmotivatescodereusability. JADIMA is in charge of theautomated
managementof remotelibrariesusedby a JAVA application.Thecompilationand
executionmechanismsimplementedallow thatapplicationsanddatacouldbeeas-
ily sharedandhighly portableamongheterogeneousplatformsandmultipleusers.
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The modularandlayereddesignof JADIMA providesfor easyincorporation
of well known communication,dataaccess,andsecuritymechanisms.Theresults
of ourexplorationshow aclearpositive visionof thefeasibilityandpracticalityof
distributedcompilationandexecutionenvironmentswith automatedmanagement
of remotelibraries. Currently, we areworking on the integrationof JADIMA on
SUMA/G, a JAVA basedcomputationalgrid. With this experience,we hopeto
provideamechanismthatpermitseasyintegrationof JADIMA environmentto any
grid platformthatprovidesremoteexecutionsfor JAVA applications.
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