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Abstract

This paperdescribes]ADIMA (Java Distributed Machine), a collabora-
tive platform to constructhigh performancedistributed Java applications.
JADIMA is asystenmthatautomaticallymanagesheremotelibrariesusedin
a JAvA application. JADIMA takesthe advantagesf portability, modular
ity, e xibility andobjectorientedmodelof JavA, while incorporatingwell
known technigue®f communicatiorandsecurity Theresultis a simpleand
efcient distributedervironmentuponwhich applicationsanddataare eas-
ily sharedandhighly portableamongstheterogeneouglatformsand multi-
ple users.JADIMA allows compilationandexecutionof JAvA applications
whichusedistributedlibraries,withouttheneedof keepingghemeitherin the
developeror the userhosts.To illustratethe functionalityandcharacteristics
of JADIMA, we shav examplesof constructingealapplicationswith several
levelsof library packagaelependencieis distributedenvironments.

Keywords: Managemenbf distributed libraries, Reusability Compilation
with distributedlibraries, Distributed execution,Grids platforms,High per
formanceJava applications.

1 INTRODUCTION

Recentdevelopmentsn the useof distributed resourcegor the executionof high
performanceapplicationshasincreasedhe possibility of collaboratve erviron-
mentsin which multiple users,geographicallydistant,can sharedata, software,
computingresourcesandeven specializeddevices[BFH03, Abb04. Regarding
this, it is commontodayto useseveral software libraries developedby third par
ties to attaintogetherthe global goal requiredby an application. Following the
reusability principle, it is more practicalfor developersto leave the application



speci ¢ functionalitieson piecesof softwareintensvely provedanddevelopedex-
clusively for thosespeci ¢ functions,andso, they canfocuson solvingtheir main
objectve.

In this way, developersmustsearchand nd adequatdibrariesandreference
themin their codesothatthe compilationprocescanbe successfulBesidesgnd
usersmusthave the samelibraries(the sameversionsusedin the compilation)so
thatthe applicationcanexecuteadequatelyln general applicationsarepacledto-
getherwith thelibrariesonwhichthey depend.Thisimpliesthatthereusedpieces
of software mustbe kept locally to the compilationand executionernvironment.
In distributed ervironmentsthis approachpresentsomestrongdisadantages:)
wasteof disk spacewhenthe samdibrary is usedfor severalapplicationsor when
only asmallportionof thecodeof suchlibrary is used;i) dif culty in handlingand
updatinglibrary versionsdueto thatresponsibilityof updatinglocal librarieswith
more recentimproved versionsis left in handsof developersandendusers;and
i) in thespeci c caseof developingapplicationdor computationagrids,ideally;
librariesareonly requiredfor local compilationasthe executionis alwayscarried
outin oneor someremotenodesof the computationagrid. Thefactof download-
ing the librarieslocally just for compilationis a wasteof spaceandtime for the
developer

Programminganguagesuchas C++, Fortranand HPF have beentradition-
ally preferredby developersof scienti ¢ applications However, JAvA hasrecently
introduceditself asanattractve languageor applicationprogrammingn general
becauseof its simple and clear object model. Especiallyfor collaboratve, het-
erogeneougiistributed ervironments,a portableexecutionplatform, suchasthe
Java Virtual Machine,malkesthe implementatiorof scienti ¢ applicationgpoten-
tially easier Multi threadsupportand concurrencecombinedwith the inherent
portability of JAvA is especiallyinterestingfor paralleland distributed scienti ¢
applications. EventhoughJAavA is not a very appropriatdanguagenowadaysto
carry out high performancecomputation the internationalscienti c community
is makingimportantefforts to achiere a performancesimilar to thatreachedwith
moretraditionallanguagegssFortranor C++. In fact,thereis alreadyevidencethat
shawvs JavAa hasthe potentialto achieve the performancef suchtraditionalscien-
tic language$BSPF01,Mor98]. Theuseof JavA ashigh performancescienti ¢
applicationprogramminganguages beenpromotedthroughthe JaraGrandd-o-
rum [Jav98]. This Forum is focusingthe efforts to improve thoseJavA aspects
dealingwith high performanceomputatiorincludingcompilersandlibraries.

In this paperwe introduceJaADIMA (JavaDistributed Machine), a collabora-
tive platformfor building high performancelistributedJava applicationsJADIMA
is a systemthat automaticallymanagesemotelibrariesusedby a Java applica-
tion. JADIMA exploits the advantagef portability modularity objectoriented
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model,and e xibility of JavA, while useswell knovn communicatiorand secu-
rity techniguegsuchasthe SQAP protocolandthe useof X.509 certi cates). The
resultis anefcient andsimpledistributed computationakrvironmenton which
applicationsanddataare easily sharedand highly portableamongheterogeneous
platformsand multiple users,which resultsin the reuseand sharingof libraries
amongnovel andadwancedprogrammers.

JADIMA allows the compilationandexecutionof high performancelava ap-
plicationsthat usedistributed software componentsvithout keepingthemlocally
in the applicationdevelopermachinesin this sense,JADIMA letsdevelopersuse,
duringthe compilationprocessa muchsmallerrepresentatioof the libraries(re-
ferredto asstub3 onwhichtheapplicationdependsStubsaregenerateéutomat-
ically by JADIMA andsubstitutereallibraries. During the executiontime, actual
classde nitions aredownloadedrom very well known library repositoriesaslong
asthey arebeenrequiredby the application.The useof a versionnumberingcon-
ventionallows the automaticupdatingof new versionsof usedlibrarieswithout
affectingtheapplicationcorrectexecution.To illustratethefunctionalityandchar
acteristicsof JADIMA, we shav examplesof constructingreal applicationswith
severallevelsof library packagedependencieis distributedervironments.

Therestof this paperis organizedasfollows. Section 2 presentghe general
designof JADIMA architectureln section3, we describeéhe JADIMA's commu-
nicationandsecurityschemesA comparatre studywith relatedwork is presented
in 4. The descriptionof how JADIMA worksis presentedn Section 5 through
examplesof construction®f realapplicationsFinally, in Section6, we summarize
our conclusionsandproposeurtherpossibleextensiongo our research.

2 DESCRIPTION OF JADIMA ARCHITECTURE

JADIMA's designis carriedoutto satisfythefollowing requirements:

Easyto install, con gure anduse. We wantJADIMA to work without fol-
lowing dif cult stepsor extensve con guration processedJsersshouldnot
requiretechnicalknowvledgefor its installationanduse.All usersshouldbe
ableto bene t from theadwantage®f JADIMA.

Flexibility, adaptabilityand modularity By designingthe frameavork into
layersandde ning generainterfacesin all JADIMA componentsjaDIMA

allows integration of differentwell known, standarccommunicationsecu-
rity anddataaccessnechanisms.

PlatformIndependenceJADIMA is fully implementedn JAvA. Sincethe
Java languageandlibrariesare platform-independentiaDIMA canbein-
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stalled,with no needof recompilation,n ary platformthathasa Java run-
time ervironment.

Transparenc Neithertheapplicationsorthelibrarieswill have to bemod-
i ed tobene t from thefunctionalitiesof JADIMA.

High performancendscalability In orderto enhancehe applicationger
formance JJADIMA providesmechanism$or classcachingandpre-fetching,
thusreducingtheimpactof remoteclasstransferduringexecution.

Security The codeanddataexchangebetweerclientsandlibrariesreposi-
toriesmustbe secureJADIMA guaranteethatall dovnloadedcodecomes
from reliable repositoriesandthat every client that dowvnloadsa library is

authorized. In addition, library accessontrol wasimplementedo satisfy
the privagy amongstdifferentusergroups. To enforcesecurityduring exe-

cution, the applicationsrun in a sandbox preventingthemfrom stealingor

damagindocal data.

Accessibility Usershave accesdo alarge rangeof librarieswithout worry-
ing abouttheir physicallocation.

In thefollowing sectionswe describen detailhow JADIMA architecturesat-
is es theserequirements.

2.1 JADIMA Components

Theapplicationdevelopmenprocesgproposedy JADIMA isde nedaccordingo

theidenti cation of thefollowing tasks:library administrationpublication,compi-
lation andexecutionof applicationghatrequirethesdibraries.Eachof thesetasks
is representetty a componentthe Repository , the Compilation Agent ,

andtheExecution ~ Agent respecirely. Figure 1 presents generabutline of

JADIMA architecture.

2.1.1 Repository

This components in chage of the administrationof remotelibraries that will
be usedin compilationand execution processesle ned in JADIMA. For each
publishedibrary, theRepository  will keepthreesetsof data:

1. implementatiorof actualclassegivenby the publishinguserwhich will be
usedin theexecutionphase.
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Figurel: JADIMA Architecture

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

3. library documentation

TheRepository includesthreeelementghatallow separatinghe physical
mediumof thelibrary storageandrecovery operations.The rst elements called
theData Access Abstraction Layer , whichonly de nestheoperations
allowedfor administeringhelibraries(aspublishing,consultingandqueryingin-
formation)anddoesnot dependon the physicalmediumfor storage.The second
elementtheData Access Module implementghede ned operationsn adi-
rect way with the third element,which is a physicalstoragemedium,througha
speci ¢ managersuchasMySQL, DB2, Oracleor a traditional le system.This
lastcomponents anexternalentity to thede nition of JADIMA (See gure 2).

2.1.2 Publication Agent

Publishingalibrary in JADIMA consistf two phases:



Figure2: Logicalview of JADIMA Repository

1. Generatiorof areducedepresentationf thelibrary (stubg. A stubis gen-
eratedfor eachlibrary class: rst, a classskeletonis created;this is the
de nition of all methodsignaturesn a.java sourcele; secondthesedef-
initions arecompiledusingthe JADIMA Compilation Agent , in order
to resole the dependenciethat theselibraries may have with otherprevi-
ouslypublishedibraries. Figure3 shaws the stubgeneratiorprocess Stubs
will beusedby developersin theapplicationcompilationphase.

2. Datatransmissiorfstubs documentatiomndlibrary packagesfrom thepub-
lication nodeto the Repository

Theinstructionthatcausesll this processhasthefollowing form:



Figure3: Generatiorof stubs

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

where:
-b <library _name> .jar, refersto thelibrary packagehatuserwish to publish.

-v <major>.<minor> .<revision> , is the versionnumberassignedPublication
of alibrary requireghedeveloperto assigraversionnumberbasedn athree-digit
schemé in which:

major: representghangesn externalfunctionalitiesandin methodsigna-
tures.

minor: refersto minorfunctionalitychangestherearenochanges method
signatures.

revision: thereareno changesn functionality or methodsignaturescorre-
spondgo correctionon previouslibrary distributions.

1Ourproposedrersionnumberschemeanbeadaptedaccordingto the packagerersionnumber
ing systemproposedy SunMicrosystemgSMO02].



-r <repository_.name> , isthenameof theRepository . Repository  contact
informationis foundin axml con guration le (for example,namesandrespec-
tive urls). This con guration le may be generatedvith the help of a graphical
interface.

-n<library _name>, it isthenamethatwill identify thelibraryin theRepository

-] <javadoczip_le >, indicatesthe .zip le namewhich containsthe library
documentation.

2.1.3 Compilation Agent

The Compilation Agent is in chage of obtainingthe informationgiven by
the developeraboutthe applicationdependencieand requestghe library stubs
to the speci ed Repositories . With the help of a graphicalinterface, the
programmenrmay consultinformation aboutthe libraries publishedon different
Repositories  , andselectthoseof his/herinterests After the developerselects
thelibrariesneededor theapplicationsthegraphicalinterfaceautomaticallygen-
erateshe metadatale, which describeshe dependenciesf his/herproject. Dur-
ing the compilationprocessit is not requiredto downloadthe publishedclasses.
The stubsallow for the compilationprocesgo be successfubre obtained,even
without the presencef actuallibraries. The compilationinstructionhasthe fol-
lowing form:

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

where:
-s < project's sourcespackageroot>, speci esthe directorywherethe applica-
tion classsourceles arelocated.

-d <class les destination dir ectory>, speci esthedirectoryin which the stubs
will belocatedandtheclassesompiled.

<javac paraml> ....<javacparamN>, canbetraditionaljavac options.

2.1.4 Execution Agent

TheExecution  Agent isresponsibléor establishinganervironmentin which
the applicationcan be executedin a transparentvay. Whenthe executionis re-
guested the userhasa compiledapplicationusing JADIMA (which containsa



stub for eachlibrary used)and a dependenc le, which is usedto initiate the
jdmClassLoader . Whenthe applicationcodereferencesary of the classes
belongingto oneof theremotelibraries,thejdmClassLoader = nds anddown-
loads,from the Repository , the actualde nition of the classsubstitutingthe
stub It is necessaryo highlightthatthis schemeallows to dowvnload,into the exe-
cution platform, only thelibrary classesctuallyusedby the application,andalso
allows to obtainimprovedversionsof thelibrariesthatwill notaffecttheexecution
(accordingto our proposedrersionnumberingscheme) The executioninstruction
is:
jdm -p <project's package root dir or jar> -m <main class name>

<paraml> .. <paramN>

where;:

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

-m < main classname>, speci esthe nameof themainclass.

<paraml> ... <paramN>, aretheapplicationparametersr thosefrom the Vir-
tual Machine.

Figure4 shavs a graphicaloutline of the executionprocess.

ClassPrefetchingand Caching

In orderto reducethe communicatiorntime, and thusto improve the perfor
manceduringthe execution,we have implementeda schemeof classpre-fetching.
The Execution  Agent keepsinformation representingassociationamongst
the applicationclassesccordingto a temporalrelationship.This relationshipde-
nes setsof classegeferencedwithin a time intenal. Wheneer an application
is executed this informationis updatedby averagingthe elapsetimesat which a
classis referencedfrom the beginning of theexecution.With thisinformation,the
Execution  Agent de nesclustes of classeseferencedvithin atime intenal
of . Hencewhenaclassis reference@ndis notpresenin the executionnode all
theclasseshatbelongto its clusterarerequestedinformationof classassociations
is returnedto the client at the end of the execution,suchthatit canbe submitted
in future executions.Classpre-fetchingmoduleis de ned asathread soit canbe
executedconcurrentlywith the application.In this way, we enableoverlappingof
classtransferswith computation.



Figure4: JADIMA ExecutionModel

TheExecution  Agent manageshepersistencef thedownloadedclasses
in alocal cache.This meanghat after execution,remotelyloadedclassesemain
in the Execution  Agent . In thisway, it is possibleto reducecommunication
delayandoverheadn subsequengxecutions.The implementatiorof cachepoli-
ciesare consideredvith a plug-in schemethat reinforcesJaADIMA adaptability
We de ned aninterfacewith genericaccessnethodgo thecachethatcanbeused
to implementdifferentclassreplacemenpolicies. Thedefault policy offeredatthe
momentis “Last RecentlyUsed”(LRU).

3 COMMUNICA TION AND SECURITY SCHEMESIN
JADIMA

CommunicationemongJADIMA componentss basedon plug-insthatallow the
implementatioranduseof ary communicatiorprotocolor mechanismJADIMA

componentsnteractwith the Communication  Abstraction Layer (see
gure 2), whichis awell de ned interfacethatabstracthe communicatiormodel
out of its underlyingimplementation. Different modulesattachedto this inter

facearein chage of carryingout effective communicatioramongAgents and
Repositories for the dataexchange.In this sensejmplementinga nev com-
municationschemeonsistondevelopingamodulewhichimplementghe Comm-
unication Abstraction Layer usingthedesiredcommunicatiormecha-
nism.
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Theexchangeof informationamongAgents andRepository  mustbecar
ried out on safeernvironmentswhich provide userauthenticatiormechanismsind
protectionof communicatiorchannel. JADIMA usersmustregisterwith a deter
minedrole describingthe actionsthatare permittedon the system.Besidespusers
mustalsohave digital credentiaffor authenticatioreffects. The currentlyde ned
rolesare:i) publication,to carryout publication,querying,andaccesso libraries;
i) administrationto carry out administratre actvities on Repositories ;i)
versionand library accessto restrict accesso library groups. With eachre-
guestRepository  recevesthe userrole (previously authenticate@dccordingto
the authenticatiormechanismmplementedat the level of the Communication
Module ) with whichthe Repository  carriesoutauthorizationveri cation.

The currentcommunicatiormechanisrmusedin JADIMA is basedon SOAP
overHTTPSusingApacheAxis, butit canbesubstitutedy otherssuchasCORBA,
RMI, HTTP or socletsdueto thelayereddesignof JADIMA. Userauthentication
is deleggatedon the Tomcatapplicationsener (servletcontainer)that usesmutual
authenticatiormechanisnmwith X.509 digital certi cates. Assigningan authenti-
cateduserto a securityrole is accomplishediccordingto the con gured mecha-
nism on the Tomcatapplicationsener which keepsinformationof the userscre-
dentialsandtheir roles. This securityinformation can be manageon relational
databaseglain les or LDAP directories.

4 RELATED WORK

Specializedibrary reusabilityfor the developmentof high performancescienti c

applicationsgs anadwantagehatcanbeattainedn collaboratve ervironmentssuch
ascomputationabrids. Yet, therearestill limitationson the toolsthatsupporithe
compilation,deplayment, distribution and executionprocesse®f thoseapplica-
tionsin grid systems.JADIMA outperformsmary of theselimitations and pro-
vides a simple, easy-to-usé/irtual Machinearchitecturefor the constructionof

Java applicationsn distributedplatforms.

ApacheMaven[ApaOg andKrysalis Centipede[Kry04], areprojectsthatex-
tendtraditionalcompilationtool functionality (suchasant andmake) for thedis-
tributedmanagementf libraries. Justlike JADIMA, theseernvironmentsconsider
thatlibrariesremainin websenerrepositoriesHowever, from theconstructionle
(or metadatale) wherethe programmewdescribeshe dependenciediprariesare
downloadedn localdirectorieswhichreplicatetherepositorystructuresJaADIMA
offers graphicalinterfacesthat facilitatesthe metadatale generatiorin xml for-
mat, from which only the correspondindibrary stubswill downloadedlocally.
FurthermoreasJADIMA canintegrateseveral communicatiorprotocols,reposi-

11



toriesdonotnecessarilyaveto bewebseners. UsingApacheMavenandKrysalis
Centipedeyersionupdatesanbe carriedout during the compilationtime only if
it is explicitly speci edin thedependenc le. In thecaseof JADIMA, however,
versionupdatingis carriedout during executiontime. Basedon the proposedrer-
sionnumberingsystemthejdmClassLoader is ableto dowvnloadlastversions
or revisions of the referencedclasseswithout affecting the execution. JADIMA
can manage ne-grained securityby allowing accessontrol at the library level
andnot attherepositorylevel. In ApacheMavenandKrysalis Centipedesecurity
is managedn the communicatioriayer Noneof thesetwo tools give supportto
execution.

DistAnt[GA04] andGridAnt[AvLaMHZ* 04] aresystemshatextendtheant
le constructionervironmentto provide an automaticprocedureof deployment
applicationfor its executionon distributed platform. The deploymentprocessn-
cludesle transfeyinstallationonparticularcomputingresourceandcon guration
for its laterexecution.DistAnt and GridAnt canbe combinedwith ApacheMaven
to obtainthe bene tsin the compiling processstill keepingpreviously mentioned
disadwantagegshat ApacheMaven has. Similarto JADIMA, GridAnt usesX.509
certi catesto offer authorizatiorandauthenticatiorfwith singlesign-on).Theap-
plication constructionles in thoseprojectsarebasedon xml formatandmustbe
producedmanuallyby developersor usersspecifyingthe grid computationake-
sourceson whichtheapplicationswill be executed.In JADIMA, themetadatale
is generated@utomaticallyandthe proces®of contactingherespeciie repositories
is transparento the programmer For the execution,it will be the grid platform
which selectghe appropriateceomputingresourcesindthejdmcClassLoader  is
in chage of locatinganddownloadingthe real classesn atransparentvay. Both
DistAntandGridAnt areadministratoorientedtoolsto install softwarein aremote
manner while JADIMA is orientedto supportscienti ¢ applicationdevelopment
actwities.

Several projectswhich extendthe Java Virtual Machineto facilitate parallel
and distributed applicationexecutionin grid ervironmentshave beenproposed.
Someexamplesof thoseprojectsare: Addistant[TSCI01], Unicorn [OLLYO02],
Javelin++ [NBK* 99|, JNLP [Zuk02], Bayanihan[SH99, HORB [Sat97, and
SUMA/G [CHOY]. Noneof thoseprojectsprovide supportto thecompilationpro-
cess.Eventhoughmostof thisresearclprojectshave differentpurposeso thoseof
JADIMA, they areof relevanceascomplementaryoolsin therealmof execution.

Addistantallows to adaptan applicationdevelopedto be executedn a unique
Virtual Machine,soit canbe executedin a distributed ervironment(this is func-
tional distribution). This executionmodelis exactly contraryto the interestsof
JADIMA, which consistson executing,in one computationaresource an appli-
cationwhosepartscould be distributed. In this senseJADIMA doesnot modify
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the original applicationexecutionmodel. In Addistant,developersspecifywhere
instanceof eachclasswill be executedin a “policy” le. Fromthis le, it gen-
eratesproxy classesgequialentto stubsin JADIMA, which will bein chage of
carryingout remotereferencesThe applicationis automaticallymodi ed in load
time to substitutethe reference®f the classeghatarenot local, by referencego
therespectie proxy classesJADIMA performsthe substitutionat executiontime.

JNLP (Java Network LaunchingProtocol),is a projectthatis quite similar to
JADIMA with respecto theexecutionmodel. JNLP usesnechanismselatedwith
aClassloadeto loadclasseshatcomposenapplicationfrom awebsener during
the executiontime. However, it is nottransparenin mary aspectsi) applications
mustbe programmedvith particularspeci cationsof JNLP speci ¢ packagesii)
the developermustspecifya metadatale with the applicationpropertiesandthe
modulesrequiredby the application;iii) in caseary of the moduleschangesthis
le mustbe updatedmanually;andiv) JNLP requiresinstalling a plug-in in the
browserto recognizethe metadatale and begin the applicationmodule partial
download. This is the only projectconsideringclassprefetching but it is the de-
veloperwho speci eswhich classeanbeloadedtogetherwhile JADIMA makes
classprefetchingn atransparenivay.

JADIMA executionmodelallows it to be easilyintegratedto thoseexecution
platforms,andin this way attaina much more completesupporternvironmentto
compilationandexecution.

5 CASE STUDIES: TIE and JUNG

To illustrateconceptghatJADIMA handlesanddemonstratéts functionality we
carriedout testswith real applicationsof opensourcecodewith differentdepen-
deny levels amongthe usedpackages.n this sectionwe will referto the expe-
riencewith TIE [Sie03 (TrainableInformationExtractor) andJUNG[OFNKO3]
(Java Universal Network/Gaph). TIE is atrainablesoftwarefor informationex-
tractionandtext classi cation. JUNG s anopen-sourcaoftwarelibrary thatpro-
videsalanguagdor themodeling,analysisandvisualizationof graphandnetwork
data.Dependenciesf thelibrariesusedby thesetwo applicationsareshavn in ta-
blel.

Thetestswerecarriedoutin anscenariovhereJADIMA componentsveredis-
tributedin nodesin differentdomainswith differentervironmentsandplatforms.
Laboratoryresource®f UniversidadSim/n BolAvar (USB) andexternalresources
from this universitywereused.Theseresourcefiadthefollowing characteristics:

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

commons-beanutils http://jakarta.apaghog/commons/barutils/
commons-collections http://jakarta.apaehog/commons/olledions/
commons-configuration http://jakarta.apaehog/commons/on®gumtion/
commons-discovery http://jakarta.apaehog/commons/dscovery/
commons-lang http://jakarta.apaehog/commons/ang
commons-logging http://jakarta.apa&hog/commons/bgging/

TIE commons-math http://jakarta.apa&hog/commons/mat/
commons-pool http://jakarta.apaehog/commons/pol/
dom4j http://wwwdom4j.og/
jtidy http://jtidy.sourcefoge.net/
junit http://wwwjunit.org/
minorThird http://minorthird.sourcefge.ne/
velocity http://jakarta.apaehog/velocity/
BeanShell http://wwwbeanshell.@/
MontyLingua http://webmedia.mit.eduhugo/montylingua/
CRF http://crf.sourcefae.net
COLT http://cern.ch/hoschelalt/
Gauss-Newton and
Conjugate-Gradient optimization http://billharlan.com/pb/cdeinv/indexh.html
JCommon http://wwwjfree.og/jcommon

minorThird JFreeChart http://wwwijfree.og/jfreechariindex.html

JUnit http://wwwjunit.org
JWF http://sourcefage.net/praasjwi/
LBFS http://crf.sourcefae.net/
Libsvm http:/iwwwcsie.ntu.edu.twejlin/libsvm/
Log4J http://jakarta.apaehog/log4/docs/
Trove http://trovedj.sourcefage.né/javadas/

JUNG COLT http://cern.ch/hoscheldlt/
commons-configuration http://jakarta.apaehog/commons/on®gumton/

Tablel: Library Dependencies

Dual Pentiumlll, 800 MHz with 512 MB of RAM, 10 GB in Disk, in the
ParallelandDistributed Systemd aboratory(SPD)in the USB

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

All nodesareconnectedo Internetthroughlinks of 256 Kbpsin average.The

testscarriedout in this scenarioverethefollowing:

An LDC Repository

, with ApacheTomcat5.0.16on FedoraCore3, with

aRDBMSData Access Module usingtheMySQL databaséocatedin
anothemodeof the samedomain.

OneRepository

in anodeof BSCConsultore€.A. (BSCRepository ),

executinglBOSSApplicationSener4.0.0onRedHat inux 9, withaRDBMS
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Data Access Module usingaMicrosoft SQLSener 2000databaséo-
catedin anothernodeof the samedomain. The operatingsystemof these
nodess Microsoft Windows 2000Sener.

OneRepository  in SPDLaboratory(SPDRepository ), with Apache
Tomcats.5.9onScienti ¢ Linux CERN3, with aData Access Module
throughNFS.

Publication,compilationandexecutionnodesin SPD Laboratory with Sci-
enti ¢ Linux CERN3.

Publication compilationandexecutionnodesin LDC with FedoraCore3

Oneexecutionnodein a portabledevice connectedo a domainlessetwith
Microsoft Windows 2000Professional.

In all nodeswe usedJava Virtual Machinel.5.0. The teststratgy is asfol-
lows:

1. Publicationof librariesusedby the applicationgthesearethosespeci edin
column2 of Tablel, exceptfor minorThird ). Differentversionsof these
librarieswerepublishedrandomlyamongthethreeRepositories  , from
differentpublicationnodes.The publicationprocessmpliesthe generation
of the respectie stubsanddocumentationalongwith transferringthe data
(stubdocumentatiomndthelibrariesthemseles)from the publicationnode
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 necessaryhatthe con guration le is locatedin the publicationnode.
This con guration le hasthe contactinformationto the Repositories

(for instancenamesandtheirrespectre urls),andcanbeautomaticallygen-
eratedwith thehelpof agraphicalinterface.

2. Compilationof theminorThird  library in a SPDcompilationnode. Us-
ing a graphicalinterface, the different libraries are selected publishedin
the differentRepositories from whichminorThird  dependsandthe
dependenciese is generatedTo compilethefollowing commands used:

{tt  jdmc -s /home/yudith/minorThird/src -d /home/yudith/minorThird/build
-Xlint:none}
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In this phasetherespectie stubsaredowvnloadedsothatcompilationcanbe
successfullt is necessarthatthecon guration le with contacinformation
to theRepositories is locatedin the compilationnodes.In thisway, the
Compilation Agent connectsio the three Repositories to solwe
dependencies.

3. Publicationof theminorThird  compiledversionin LDC Repository
Theprocesss similar to thatexplainedin stepl.

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

5. TIE “demo” executionin anexternalexecutionnodewith thecommand:

jdm -p /homel/yudith/tie/build -m de.fu _berlin.ties.Main class-train
-outdir=. -classifier=Winnow .I*.dsv

TheExecution  Agent rst downloadsthe stubsthatarenot presenin
thelocal cachgstubsmaynotbepresentn theexecutionnodebecauseom-
pilation wasexecutedn anothemodeor becausé¢he stubswerereplacedn
the cache),later, the jdmClassLoader s instantiatedo load the main
class. As long asthe otherclassesare beingreferencedthe jdmClass-
Loader isin chage of downloadingthereal classesakinginto considera-
tion theversionnumberthatis speci edin therespectie stuh

6. JUNG applicationcompilationin a LDC compilationnode. In this case
the Compilation Agent is only connectedvith the Repositories
wheretheCOLTlibrariesandcommons-configur — at io nwerepublished.

7. JUNG“demo” executionfrom the samenodein which it wascompiled.

The successfulealizationof thesetestsshavs the functionality of JADIMA
andillustrateshow easyit is to beused.

6 CONCLUSIONS Y FUTURE WORK

With JADIMA we extendedJava Virtual Machinepotentialityto a computational
grid ervironment. As a consequencejevelopersandusersare provided with a
collaboratve simpleandef cient platformwhich allows to easily sharesoftware
resourcesind motivatescodereusability JADIMA is in chage of the automated
managementf remotelibrariesusedby a JAvA application. The compilationand
executionmechanismsmplementedllow thatapplicationsanddatacouldbe eas-
ily sharedandhighly portableamongheterogeneouslatformsandmultiple users.
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The modularandlayereddesignof JADIMA providesfor easyincorporation
of well knovn communicationdataaccessandsecuritymechanismsTheresults
of our explorationshawv a clearpositive vision of thefeasibility andpracticalityof
distributed compilationand executionervironmentswith automatednanagement
of remotelibraries. Currently we areworking on the integrationof JADIMA on
SUMA/G, a JAvA basedcomputationalrid. With this experience we hopeto
provide amechanisnthatpermitseasyintegrationof JADIMA ernvironmentto ary
grid platformthat providesremoteexecutionsfor JAvA applications.
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