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Abstract.  This paper describesJaDiMa (Java Distributed Machine), a
collaborativ e framework to construct high performance distributed Java
applications on grid platforms. JaDiMa is a system that automatically

managesremote libraries usedin a Java application. It leverageson the
advantages of portabilit y, modularit y, object oriented model and exi-

bilit y of Java, while incorporating well known techniques of communi-
cation and security. JaDiMa allows usersto compile and execute Java
applications which use distributed libraries, without the need of keep-
ing them in the developer and user hosts. The result is a simple and
e cien t distributed environment upon which applications and data are
easily shared and highly portable amongst heterogeneousplatforms and
multiple users. We describe an implementation of JaDiMa as part of
suma/g , a Globus-basedgrid environment. We also show experiencesof
executing an application, which useslibraries for managing graph and
network data, on seweral scenarioswith suma/g and JaDiMa .
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1 Intro duction

Grid platforms increasethe possibility of environments in which multiple users,
geographicallydistant, may sharedata, piecesof software,computation resources,
and even specialized devices[1]. In this direction, it is very common that pro-
grammers use several library componerts developed by third parties to achieve
the global goal required by an application. Following the principle of reusability,
it is much more e cien t for developersto delegatespeci c functionalities to al-
ready available software, extensively proven and developed exclusively for such
function, and concerirate themselwesin the resolution of their speci c problem.
However, when the piecesof reusablecode are distributed (e.g.in a grid plat-
form), dewvelopers have to nd and obtain the suitable libraries, then reference
them in their applications sothat the compilation processcan be accomplished.
In addition, end user must have the samelibraries in order to be able to execute
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the application. In general,theseapplications are distributed alongwith libraries
on which they dependon. This implies that reusedpiecesof software must remain
local to the compilation and execution environment. In a distributed environ-
mert, this approach preseris seriousdisadvantages:i) waste of disk space,when
a library is used by seweral applications, or when only a small portion of this
library is used;ii) dicult y in handling and updating the versionsof the library,
by leaving, in the hands of the dewelopers and end users, the responsibility of
updating its local versionswith newer ones;and iii) in the caseof developmert
of scientic applications for grids, libraries are only required for local compila-
tion, sincethe application is not going to be executedlocally but in someof the
remote execution nodes of the grid platform. Downloading the libraries locally
only for compilation represens a waste of spaceand time for developers.

Motiv ated by these considerations, we have focused on deweloping a Java-
basedframework, called JaDiMa (Java Distributed Machine, sourceforge.net/pr-
ojects/jadima), a collaborativ e platform to construct high performanceJava ap-
plications on grid platforms. JaDiMa is a systemthat automatically manages
remote libraries usedin a Java application. It leverageson the advantages of
portabilit y, modularity, object oriented model and exibilit y of Java, while in-
corporating well known techniques of communication and security (i.e., SOAP
protocol and X.509 certi cates). The result is a simple and e cien t distributed
ernvironment upon which applications and data are easily shared and highly
portable among heterogeneousplatforms and multiple users,therefore motivat-
ing the reusability and sharing of libraries by inexperiencedand advanced pro-
grammers.JaDiMa allows usersto compile and executeJava applications using
distributed libraries, without the need of keepingthem in the dewveloper hosts.

We describe an implementation of JaDiMa aspart of suma/g [2], a Globus-
basedmiddleware. suma/g is a grid platform speci cally targeted at executing
Java bytecode on Globus grids. We also shav experiencesof executing an ap-
plication, which useslibraries for managing graph and network data, on seeral
scenarioswith suma/g and JaDiMa .

2 JaDiMa Arc hitecture

The designof JaDiMa is oriented to satisfy requiremerts suc as: easyto install,
con gure and use; exibilit y, adaptability and modularity; platform indepen-
dence;transparency; high performance and scalability; and security. Following
sectionsdescribe how JaDiMa satis es theserequiremerts.

2.1 Comp onents

Our designand implemertation can be roughly separatedinto four componerts:
Repository, Publishing Agent, Compilation Agent and Execution Agent; corre-
sponding respectively to administration of libraries, their publication, the compi-
lation and the execution of applications that require published libraries. Figure 1
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Fig. 1. JaDiMa Architecture

preseris the generalschemeof JaDiMa architecture.

Library Rep ository

The Library Repository componert is in charge of managingthe remote libraries
that will be usedin compilation and execution processesde ned in JaDiMa .
For eadh published library, the Repository will maintain three dierent but re-
lated data sets:i) the actual classimplemertations provided by the publishing
user, which will be usedin the execution phase,ii) the stubs which will be used
during the compilation process,and iii) the library documertation (API).

Publishing Agent

The library publishing processin JaDiMa consistsof two phases:) Automatic
generationof stubs A stubis automatically generatedfor ead classof the library
and is compiledusing JaDiMa Compilation Agent in order to solve dependencies
with other previously published libraries. The stubswill be usedby the develop-
ersto compile their applications; and ii) Transmissionof stubs documertation
and padkagesof the libraries from the publishing node to the Repository.

Compilation Agent

The Compilation Agent is in charge of obtaining application dependencyinfor-

mation provided by the developer, and making requeststo speci ed Repositories
in order to obtain library stubs Through a graphical interface, the programmer
can query the information about the published libraries on di erent Repositories
and selectthose he needs;then the graphical interface automatically generates
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the metadata le that describesthe application dependencies.

Execution Agent

The Execution Agent is in charge of setting up the ervironment in which an

application can be transparently executed.When an executionis requested,the

user has a JaDiMa compiled application (that cortains a set of stubsfor each

library used) and a dependency le usedto initialize jdmClassLoader. When

the application referencesclassesfrom remote libraries, the jdmClassLoader

locatesand downloads, from Repositories, the actual de nition of theseclasses,
replacing their stubs Hence,the Execution Agent ensuresa hormal execution of

the application. Note that this scheme makes possiblethat only the subset of
classeswithin the library actually usedby the application are downloadedto the

execution platform. By using our proposedversion numbering [3], it is possible
to obtain improved library versionsthat do not a ect the execution.

2.2 Class Pre-fetc hing and Caching

In order to reducethe communication time, and thusto improve the performance
during the execution, we have implemerted a scheme of classpre-fetching. The
Execution Agent keepsinformation represerting assaiations amongst the ap-
plication classesaccordingto a temporal relationship. This relationship de nes
setsof classegeferencedwithin a time interval. Whenever an application is exe-
cuted, this information is updated by averagingthe elapsetimes at which a class
is referenced,from the beginning of the execution. With this information, the
Execution Agent de nes clusters of classesreferencedwithin a time interval of
. Hence,when a classis referencedand is not presen in the execution node, all
the classesthat belongto its cluster are requested.Information of classassai-
ations is returned to the client at the end of the execution, such that it can be
submitted in future executions.Classpre-fetching module is de ned asa thread,
soit can be executedconcurrertly with the application.
The Execution Agent managesthe persistenceof the downloaded classesin
a local cache. This meansthat after execution, remotely loaded classesremain
in the Execution Agent. In this way, it is possible to reduce communication
delay and overheadin future executions. The implementation of cade policies
are consideredwith a plug-in schemethat reinforcesJaDiMa adaptability.

3 JaDiMa on SUMA/G

In this section we describe a schemeto integrate JaDiMa to a Globus-based
grid platform, called suma/g . JaDiMa features (such as transparency, secu-
rity, accessibility, scalability and high performance),in addition to its execution
model makesit ideal to leverage execution requiremerts in grid ervironments.
We identify somebene ts of incorporating JaDiMa in grid platforms:

{ Grid servicescould be updated simultaneously in multiple nodes with no
intervention of system administrators. These serviceswill be automatically
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updated with newer and corrected versions of used packages,by using the
JaDiMa versioning schemewhich guaranteesversion compatibilit y.

{ Grid usersshare software easily, supported by certralized administration of
libraries. By providing accesso Repositories, JaDiMa s virtually distribut-
ing every published library to ead execution node on the grid.

{ Grid userssave time, bandwidth, and disk space.They may dewelop their
applications locally to latter executethem on the grid. The use of library
stubs makes possiblefor usersto relay in JaDiMa medanisms for library
administration. Hence programmers may only download the stubs needed
in the compilation process.When requesting the execution on a grid node,
these stubswill travel asa part of the application to the selectedExecution
Agent wherethey will be substituted for most recert and compatible library
versions.

3.1 SUMA/G Overview

suma/g (Sciertic Ubiquitous Metacomputing Architecture/Globus) [2] is a
grid platform that transparently executesJava bytecode on remote macines.
It extendsthe Java executionmodel to grid platforms; in particular, classesand
data are dynamically loaded.

sumal/g middleware was originally built on top of commadity software and
communication technologies,including Java and CORBA [4]. It hasbeengrad-
ually incorporating Globus general servicesby using the Java CoG Kit [5]. su-
ma/g architecture is depicted in Figure 2.

SUMA/G

SUMA/G CORE

Proxies |[|L.| User
Control

Authentication Find Plataform Register
Java CoG Kit B

[cLoBus [NGSI

Fig. 2. sumal/g Architecture

The basics of executing Java programs in suma/g are simple. Users can
start program execution through a shell running on the client machine. They
can invoke either sumag Execute, corresponding to the on-line execution mode,
or sumag Submit, which allows o -line execution (batch jobs). At this time a
proxy credenial is generated(by using GSI) that allows processegreatedon be-
half of the userto acquire resourceswithout additional userintervertion (single
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sign-on). Once the suma/g core receivesthe request from the client machine,
it authenticates the user (through GSI), transparently nds a platform for ex-
ecution (by querying the MDS), and sendsa request messageto that platform.
An Execution Agent at the designated platform receivesan object represen-
ing the application and starts, in an independert JVM, an Execution Agent
Slave, who actually executesthe application. The sumagClassLoaderis started
in that newJVM, whosefunction is to load classesand data during the execution.
Supported classesand input les sources,and output destinations, include: a)
the machine (client) where the application executioncommandis run and, b) a
remote le serer on which the userhasan accourt. A pluggable schemaallows
for implementing seeral protocols to manage classesand les (e.g., CORBA,
sftp, gridFTP).

In caseof invoking sumag Execute service,userhasonly to specify the main
class. The rest of classesand data les are loaded at run-time, on demand.
Standard input and output are handled transparently, asif the userwererunning
the bytecode in the local machine. For the sumag Submit service, the client
transparently packs all classestogether with input les and delivers them to
sumal/g ; the output is kept in suma/g until the user requestsit. A Proxy
is designatedto act on behalf of the client to supply classesand data to the
Execution Agent.

3.2 Extending the SUMA/G Execution Mo del with JaDiMa

The integration of JaDiMa on sumal/g extendsits execution model by adding
a new class source: JaDiMa Repositories. In order to integrate JaDiMa to
sumalg , it was necessanyto:

{ Adapt the security schemeof JaDiMa to the GSI scheme.This requiremert
could be reached easily. suma/g usershave a X.509 certi cates from which
a proxy is generatedon ead execution. As the proxy is a \reduced version"
of X.509 certi cate, it is totally compatible with JaDiMa security scheme,
which is basedon those certi cates. Hence,no modi cation was necessary
to achieve this requiremert. JaDiMa receivesa X.509 certi cate or a proxy
and doesnot distinguish one from the other.

{ Incorporate the jdmClassLoader functionality to the sumagClassLoader. To
achieve this requiremert it was necessaryto modify the sumagClassLoade
in order to add stubs managemen for allowing to detect library stubsand
requestactual libraries from pre-de ned Repositories.

Figure 3 showvsthe suma/g extendedexecutionmodel. According to suma/g
traditional execution model, sumagClassLoadergets classedrom the Client (in
caseof Execute service),or from a designatedProxy (in caseof Submit service),
or from remote accourts speci ed by users.With JaDiMa someclassescan be
got from remote Repositories. The elemens denoted with pentagons represen
additions to the original medanism:
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Fig. 3. suma/g Execution Model Extended with JaDiMa

a. On the client side there are library stubson which the application depends
on. Thesestubsare transferred to the suma/g Execution Node asthey are
referenced,exactly asit happenswith application classes.

b. sumagClassLoaderveri es ead classloadedto determine if it is a stub.

c. In casea stubis loaded, sumagClassLoaderrequeststhe actual classto the
speci ed Repository (it is speci ed in the stub).

4 An Exp erience: Using JUNG Library

JUNG [6] (Java Universal Network/Graph) is an open-sourcesoftware library
that provides a languagefor the modeling, analysis, and visualization of graph
and network data. The main packagesusedby JUNG are COLThttp://cern.c h/ho-
schek/colt/), commons-collecti ons (http://jak arta.apache.org/commons/collec-
tions/), and xerces (http://xml.apac he.org/).

We have executeda JUNG-based application in a distributed platform: su-
ma/g core componerts running on a double processorl.8 GHz, 1GB; an Execu-
tion Agent running on a dedicated cluster of PC's, double processor800 MHz,
512 MB, 100 Mbps Ethernet; a JaDiMa Repository on MySQL badck-end in a
1.5MHz, 750 MB; a JaDiMa Repository on SQLSener badk-end in a double
processor600MHz, 1GB, 100 Mbps Ethernet; and a suma/g Client running on
a 2.2GHz, 1GB, 768Kbps network connection.

We tested 3 scenariosin order to get performance information: i) the execu-
tion takes place using suma/g original execution model, e.i. with no JaDiMa

support, all classesare transfered from Client to Execution Agenrt; ii) the li-
braries used by the application are published at JaDiMa Repositories closeto
sumal/g deployment site; and iii) asthe secondone,but with JaDiMa facilities
activated, e.i. classpre-fetching and cading. In all of them, the client and the
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execution node were in di erent networks. Table 1 shows total execution time,
classloading time, and time proportion spent loading classesfor ead scenario.

Scenario Class Loading |Total Execution Prop ortion
Time Time Prop ortion
suma/g 12.40 s| 6.73 [30.70 s| 9.26 38 % 0.08
suma/g + JDM 18.79 s| 3.52 [35.80 s| 5.18 52 % 0.03
suma/g + JDM + faciliies | 9.97 s| 1.58 |26.90 s| 3.98 37 % 0.03

Table 1. Total execution and class load time for each scenario

The results show that with the third scenariothe total execution time is
reducedin 20% with respect the rst scenario.The secondscenarioshows the
worst performance becauseit is necessaryto transfer stubsfrom the Client to
the Execution Agent, and then actual classesfrom Repositories.

5 Related Work

For high performanceapplications, reusability o ers abene t to construct componert-
based applications. In collaborative frameworks, such as computational grids,
those componerts could be distributed through the platform. Howewer, the cur-
rent grid enabled tools presert many limitations to support compilation, dis-
tribution, deployment, and execution of these applications. JaDiMa overcomes
some of these limitations and provides a framework to build componert-based
Java applications in which the componerts are distributed.

Apache Maven [7] and Krysalis Certip ede [8] extend the functionalities of
compilation commontools (i.e. ant and make) to allow distributed managemen
of libraries at compilation time. As well as JaDiMa , both projects can auto-
matically download jar les (accordingto the packagedependenciesspeci ed at
the con guration les) from remote Web repositories. The ertire padkagesare
mirrored in a local repository, while JaDiMa downloads only stubsto the local
host. In JaDiMa , web repositories are not mandatory becauseJaDiMa sup-
ports seweral communication protocols. Apache Maven and Krysalis Certip ede
can replace the padkagesfor new versions during the compilation only if this
is speci ed on the dependency le. Basedon our proposedversioning speci ca-
tion, jdmClassLoader canload new library versionsat runtime, which doesnot
aect the execution ow. With respect to security, JaDiMa allows ne-grain
accesscortrol by de ning accesspermissionsto packagesor libraries instead of
repositories. Security in Apache Maven and Krysalis Certip ede is managed at
the communication protocol level.

DistAnt [9] and GridAnt [10] speci cally addressthe problem of helping
users deploy their applications on the grid resources.They extend Ant with
grid speci c tasks, which userscan employ to de ne their application's deploy-
ment work o w (e.g., compiling; authentication; resourcelocation; code and data
padkaging, transport and unpadkaging/installation, etc.). These tools can be
combined with Apache Maven to leveragein the compilation activities. They
operate at a higher level than JaDiMa ; however, they are oriented to isolated
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application deployment, instead of the compilation and execution support for
distributed applications provided by JaDiMa . As well as JaDiMa , GridAnt
usesX.509 certi cates for user authentication, authorization and delegation.

There are se\eral projects oriented to remote execution of Java programson
grid platforms. Someexamplesare Addistant [11], Unicorn [12], Javelin++ [13],
JNLP [14], Bayanihan [15], HORB [16] and suma/g [2].

Addistant is a system which enablesthe distributed execution of software
originally deweloped to be executedon a single JVM, so that some objects of
that software are executed on a remote host. That means, it provides func-
tional distribution on multiple JVM. The Addistant execution model is cortrary
JaDiMa model becauseit allows the execution on a single platform (sequertial
or parallel) of applications with distributed componerts. JaDiMa doesnot mod-
ify the original execution model of applications. Developersusing Addistant have
to specify (in a policy le) the host where instancesof each classare allocated
and how remote referencesare implemented. According to that speci cation, Ad-
distant automatically transforms the bytecode at load time by generating proxy
classes,which take charge of making remote referencesat run-time. JaDiMa
usesstubsat compilation time and the substitution for actual classesis made
transparently at run-time.

Unicorn, Javelin++, Bayanihan, HORB and suma/g de ne architectures
using Java to harnessthe vast processingpower on the Internet for distributed
computing applications. Users can either make use of the suite of applications
provided by the systemsor upload their own applications to the server together
with the data to be processedThesetasksare distributed (may bein parallel) to
idle hostsloggedon to the corresponding servers. Most of theseprojects involve
the need of using speci ¢ programing models and run-time ervironments for
distributing and invoking remote Java classesJaDiMa runs unmodi ed Java
applications. None of those projects support compilation activities, then they
could leverageon JaDiMa compilation power.

6 Conclusions and Future Work

JaDiMa provides an adequate collaborative framework to construct high per-
formance Java applications on distributed platforms. JaDiMa is a systemthat
automatically managesremote libraries usedin a Java application. On the other
hand, suma/g execution model is very attractiv eto users,sincethe grid is used
in the samefashion a local JVM is used.

We have showvn a feasible integration of JaDiMa to suma/g platform,
keepingthe advantages of both systems.We extended the JVM model to pro-
vide seamlessaccesdo distributed high performanceresourcesand support the
reusability of distributed software componernts. The suma/g + JaDiMa execu-
tion model meetsJava user expectations, facilitating application porting to the
grid, sinceapplications canberun rst on local machines, then executedon the
grid without any changeto classes.This execution model improve application
performanceby reducing classtransfer overhead.
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Plans for future work include conducting experiments with other kinds of

applications (e.g., di erent combination of padkagesdistribution), aswell as ex-
ploring alternativ esof stubsmanagemen on suma/g to eliminate stub transfer
from the client to the execution node. This will reducethe communication over-
head during the execution.
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