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Abstract

Local high performancenetworksavailability already
makesworkstationsclustersa seriousalternativefor paral-
lel computing. However, a highlevelandeffectiveprogram-
minglanguagefor such architecture is still missing. Recent
worksshowthe interest in Java for clusterprogramming.
Oneof the main issuesis to handleefficiently the commu-
nicationof objectsto really take advantage of the network
speed. Thepaper presentsan alternativeto the standard
serializationprocessthroughtheproposalof a Javaobject
communicationlibrary. Objectallocation is controlled in
such a way that the transferof objectsbetweentwo nodes
comesto a directmemoryto memorydump.We showhow
specificallocation mechanismscan cooperate with a Java
Virtual Machine so that fast transfers of graphsof objects
can be achieved. Experimentalresultsare givenfor basic
operationsandfor a geneticprogrammingapplication;they
demonstratea dramaticchange in thetransferspeed.

1. Intr oduction

Local high performancenetworks availability already
makesworkstationsclustersaseriousalternativefor parallel
computinginfrastructure.However, aneffective high level
programminglanguagefor sucharchitectureis still missing.
Recentworks show a growing interestin Java for cluster
programming[5].

Oneof themainissuesin Javafor highperformancedis-
tributedapplicationsremainsthe transferspeedof objects.
On one side, the object paradigmimplies that an object
may have referencesto othersobjects,so that a complete
graphof objectsmustbecommunicated.On theotherside,
communicationlibrariessuchasUnix socketsor PVM/ MPI

API offer the transmissionof a simplememorybuffer. So
thegapmustbefilled betweentheneededability to senda

wholegraphof objectsandthebasicmessagepassingfunc-
tionality.

Themostcommonway to handleobjectcommunication
in Java is to apply a serializationon the sendingsideand
an unserializationon the receiving side: the graphof ref-
erencesis exploredanddatarepresentingeachnodeof the
graphis copiedinto a memorybuffer that canbe sentby
the underlyingcommunicationprimitive. A deepcopy of
the graph can be rebuild from the received buffer as far
asenoughtypeinformationis encapsulatedin themessage.
Thismethodcanbeappliedin Javaby usingthestandardin-
terfaces1 thatallow anobjectto beserializedinto a stream
(sopossiblyanarrayof bytes).Marshallingrelieson intro-
spectionmechanismsto automaticallydefinethebytesarray
layout. Unfortunately, this shows very poor performance
thoughtheprogrammermayprovide methodsto specialize
operations.

Firstly, serializationin Java hasbeendesignedin a very
generalwayin termsof portabilityandheterogeneity. Much
type informationmustbe computedandput in the buffer.
Besides,many methodcalls and object creationsare in-
volved when marshallingand unmarshallingthe graphof
objects.Thismakestheserializationaverytimeconsuming
operation.And serializationis especiallydisadvantageous
in the context of high speednetworks asdemonstratedby
thefollowing experiment.

We have timed separatelythe marshallingprocessand
thepurecommunicationon a standard( �������
	�� Ethernet)
network andon a high-speed( �����	�� Myrinet) network2.
Resultsfor thetransferof agraphof objects(abinarytreeof
������� integers)arereportedon table1. ThreeavailableJava
API have beentested. When using the most generalone
– the standardJDK Serializable API – the speedup

1The standardJDK API providestheSerializable andExter-
nalizable interfacesin conjunctionwith theRMI mechanismfor com-
municationpurpose.

2Technicalcharacteristicsof theexperimentalplatformis givenin sec-
tion 3



API Serializable Externalizable XSerializable

serialization(& unserialization)time in ��� �������
����� ����������� ���������
communicationtime in ��� Ethernet ����� ����� ����� �!��� �"��� �!���

Myrinet ����� ����# �����
total transfertime in ��� Ethernet �
��#�� �!��� �����
�"$�� �����
�"$��

Myrinet �������%����� �"���%����� ���%�����
speedupEthernet& Myrinet ��' ��� ��' ��� �(' ���

serializationtime
total transferttime in ) Ethernet ��� �!� ��$

Myrinet ��� ��� #�$
Table 1. Marshalling process costs on standar d and high speed netw orks

obtainedon the high speednetwork is only ��' ��� while the
communicationspeedis increasedby ��� ! Explanationlies
onthelastrow whereit appearsthattheserializationandthe
unserializationprocessrepresent���*) of the total transfer
time. So the increaseof thecommunicationspeedbenefits
only to a quarterof the transfertime. A commonway of
improvementis the usetheExternalizable API. The
marshallingmethodis providedby theprogrammerinstead
of relying on an introspectionmechanism;it reducesthe
graphtraversaltime andthesizeof themessagerepresent-
ing theobjecttransferred.But thespeedupobtainedin this
casegrows only to �('+� whenmigratingfrom the Ethernet
to the Myrinet network while the communicationspeedis
increasedby ��� . Thingsimprove slightly becausethe part
of theserializationprocessin thetotal transfertimeremains
high ( �!�,) ). Finally, we testedanoptimizedversionof the
Externalizable API (notedXSerializable) pro-
videdby theJavaParty teamatKarlsruheUniversity[10]. It
improvesconsiderablythe marshallingprocessandallows
the speedupto reach �(' ��� . But, despitethe variousopti-
mizationsincludedin theXSerializable implementa-
tion, theprogrammerdoesnot benefitmuchfrom thecom-
municationspeedimprovements:about #�$�) of thetransfer
time on thehigh speednetwork is spentin communication
packagingandunpackaging.

We claim thattheserializationmechanismshouldbere-
consideredwhenonewantsto takefull advantageof thenet-
work technologyimprovement. In somecaseswherehet-
erogeneityandportability are not the prior concerns,fast
objectcommunicationcouldbe achievedby avoiding seri-
alization.In this article,we presentanexperimentallibrary
calledExpressothat providesefficient communicationsof
Javaobjects.

Ourtransferschemedoesnotneedany memorycopy nor
graphtraversal;objectsaremanagedin clustersin orderto
allow thestraightcommunicationof thewholegraphof ob-
jects. Section2 describestwo kinds of object clustering:
the ISO–addressschemewhich leadsto bestperformance
and the relocatableschemewhich offers more flexibility .

Of coursethesemodelsimply thatthedatalayoutof theob-
jectsis accessibleandsopreventusfrom developingapure
Java solution. We detail our implementationin section3
andreportsomeperformancesresults. Currentstatusand
perspectivesconcludethis article.

RelatedWorks

In the context of high performancenetworks, many re-
searcheson Java andmessagepassingsystemshave been
conductedin the last few years[5, 6]. Most of themwant
to stick to theJava standardsby providing anefficient RMI
(RemoteMethodInvocation)mechanismandconsequently
anefficientobjectserialization.For example,in [10], apure
Java solutionis adoptedthat reducesthe quantityof infor-
mationthatmustbe put in the buffer andoptimizesbuffer
management.In [9], a native serializer, aware of objects
layout, is automaticallygenerated.Otherworks try to pro-
vide MPI facilitiesin thecontext of Java. If someearlystud-
iesdidnotfully allow for graphsof objects,focusis now put
on serializationby trying to extendMPI data-typeswith the
OBJECT type[8, 3]. Severaldistributedsharedobjectsser-
viceshave beenproposedon top of Java libraries,e.g. in
[7, 11]. Performanceissuessuchas clusteringof objects
weusein our implementationhavebeenpointedout. How-
ever, to our knowledge,thereis no proposalthatquestions
the principle of serializationwhencommunicatinggraphs
of Javaobjects.

2. Expresso

Expressois a Java library thataimsat providing objects
exchangecapabilitiesto anobjectorientedlanguageasMPI

or PVM providesvaluesexchangecapabilitiesto procedu-
ral languagesthroughthe messagepassingparadigm.Ex-
pressodoesnot introducea new objectdistributedmodel;
it is inheritedfrom theMPI library uponwhichExpressois
built: a - -nodenetwork is seenasa setof processesnum-
beredfrom 0 to -/.0� communicatingona fully connected



network throughsendandreceive operations.Soonly one
threadof eachJava virtual machine(JVM) communicate
with theothers.Emphasisis on performanceratherthanon
expressiveness:asmentionedin the introduction,very fast
objecttransferbetweentwo machinesis achievedthanksto
a direct memoryto memorydump in replacementof the
usualmarshallingof structuredvalues.

2.1. Object clustering

Simpleandefficient communicationis obtainedthrough
the clusteringof objects. The allocationof the objectsis
controlledin orderto maintaintheentirerepresentationof a
graphof objectsin a singlememoryregion thatcanbeeas-
ily transferred:thecluster. A setof clustersis managedin
a specificmemoryareaon eachnode.Virtual memory(not
physicalmemory)is reservedfor thisclusterspace.Enough
spacecanbeconsideredavailablegiventhe sizeof thead-
dressingspaceof a process( � gigabyteson current32-bit
architectures).

A clusteris the unit of communicationon the network
and it may containmany objects. Firstly it allows com-
municationgranularitymanagement.Without clusters,one
would have to explore the completegraph of objects to
know which memorywordshave to be transferred(this is
theserializationprocess);or converselyit would beneces-
saryto transferthewholeclusterspaceof theemittingnode
(transferringonebig chunkof severalmegabytesis too ex-
pensive,evenonahighspeednetwork). Sotheclusteris an
intermediatewhosesizeis somehow tunable.Moreover, it
makessenseto grouptherepresentationsof certainobjects
asthisgroupingreflectsthelogicalgroupingthatfrequently
alreadyexistsin applications,evenif it is oftenimplicit.

Only objects that may be exchangedare allocatedin
clusters; the othersare left in the heapmanagedby the
JVM. Clustersare exchangedbetweennodeswith asyn-
chronoussendand receive operations. As a clustermay
containseveral linkedobjects,oneobject– calledthe root
object – acts as a handleto accessthe othersindirectly.
Someobjectsstoredin a clustermay be out of the graph
thatis to becommunicated,thusincurringextra datatrans-
fer. However, in the context of high-bandwidthnetworks,
thisshouldnot betoo expensive.

It shouldbenoticedthatour objective is not to propose
anew programmingmodel;asaconsequence,coherency of
inter-clusterreferencesis not treated.We focushereon the
transferof agraphof objectscontainedin a singlecluster.

Actually, Expressoprovides two typesof clustersthat
arestoredin separatedareasandmay be usedsimultane-
ously: ISO–addressandrelocatableclusters.ISO–address
clusterslead to better performanceswhereasrelocatable
clustersoffer a moreclassicalcommunicationmodel.Both
aredescribedin thefollowing.

2.2. ISO–addressclusters

Expresso runs on a set of workstations connected
througha high speednetwork. Computingresourcesare
supposedto be homogeneous,from the hardwareand the
operatingsystemandtheJVM pointof view. Theprinciple
of theISO–addresstransferis to putatransferableobjecton
thereceiverat thesame(virtual) memoryaddressason the
sender. In thisway, referencesinsideanobjectremainvalid
anddo not needto be updated.Thereforean object trans-
fer becomesasimplememoryblock transferanalogousto a
DMA operation.Thesamekind of ideahasbeenappliedto
threadmigrationin [1].

The key point is to managethe memory betweenthe
nodesto ensurethat an object can be copiedat the same
addresson anothernodewithout a crash.Any transferable
objectcreatedon onea nodehasto be allocatedin an re-
served rangeof addressesfor this node,within the ISO–
addressclusterspace. Figure 1 containsthe ISO–address
clusterspacelayout for a two-nodenetwork. In this case,
theISO–addressspaceis dividedinto two parts:thehigher
oneis devotedto theobjectsallocatedon thefirst node;the
lower oneis devotedto theobjectsallocatedon thesecond
one.

memory
JVM and OS

memory
ISO address 

reference
object

object

object
root

node 0 memory node 1 memory

cluster (0,1)

cluster (0,0)

cluster (1,0)

cluster (1,1)

cluster (0,1)

cluster (0,0)

cluster (1,0)

cluster (1,1)

node 0 

space

node 1

space

ISO-address

ISO-address

Figure 1. ISO–address memor y for a two-node
netw ork

The sizeof clustersareidenticalandfixed at initializa-
tion time. Thustheexactmemorylocationof a clustercan
bededucedfrom its identity andduplicatedat thesamead-
dressonanothernodewithoutany calculationnorany clus-
ter overlappingproblem. Two numbersidentify a cluster:



its origin node– the nodewhereit hasbeencreated– and
its rankon this node.

Communications. ISO–clustertransferis intendedto be
veryefficient. Ononeside,thesendoperationtransmitsthe
entirecontentof aclusterto thedestinationnode.Onthere-
ceiving side,theclustercontentis replacedby theincoming
one.Thereforeonly onecopy of adistantclusterisavailable
atatime. Having receivedacluster, a referenceontheclus-
ter rootobjectcanfinally beobtained.Notethata receiving
nodeis free to specify the nodefrom which the clusteris
awaited: it may or not be the origin nodeof the cluster;it
mayalsobeany nodewhenthesenderis notspecifiedatall.

This simpleprotocoldoesn’t take careof coherency be-
tweenmultiplecopiesof clusters.This is left underthepro-
grammer’sresponsibilityor to anupperlayerlibrary.

2.3. Relocatableclusters

Relocatableclusterscanbeusedin additionor asanal-
ternative to ISO–addressclusters.In somecases,they offer
moreflexibility at thecostof aslight computingoverhead.

Relocatableclustersaredynamicallyallocatedwithin a
specificmemoryspaceThesizeof theclustersisspecifiedat
creationtimeandmaybedifferentfor eachcluster. Freeing
relocatableclustersis doneexplicitly.

The useof relocatableclustersis identicalto the useof
ISO–addressclusters.Oncecreated,a clustercanbesetas
thecurrentclusterwherenew objectswill bestored.A re-
locatableclustercanbetransferedto anothernodeby using
thesendandreceive operations.No numberingof clusters
is necessary:a copy of a clusteris sentanda new cluster
is createdupon receipt. In this respect,relocatableclus-
tersoffer the usualmessagepassingfacilities. Thereis no
coherency problemdueto clusteroverwritingaswith ISO–
addressclusters;still, inter-clusterreferencesarenot man-
agedeither.

Figure2 depictsthe layoutsof therelocatablespacesin
a two-nodenetwork after threeclustertransfers.It canbe
seenthat two copiesof the secondclusteron node1 are
receivedby node0 aftera possiblemodification. As men-
tionedearlier, this wasnot possiblewith ISO–addressclus-
ters.

2.4. ExpressoAPI

ISO–addressand relocatableclustersare implemented
througha Java package.The main classof the packageis
theCluster class. Two sub-classes(ClusterISO and
ClusterRELOC) providetheimplementationof theISO–
addressclustersandtherelocatableclusters.

Wepresentin figure3 abrief exampleof aJavaprogram
usingExpressoclasses.

memory
JVM and OS

memory

reference
object

object

object
root

relocatable 

node 0 memory node 1 memory

Figure 2. Relocatab le memor y for a two-node
netw ork

This programruns on a two-nodenetwork. A simple
graphof objects(a carobjectreferringto anengineobject)
is createdon oneside andsentto the other side whereit
is printed. As thesameprogramrunson bothnodes– this
is the SPMD parallelprogrammingmodel– a conditional
teststherunningnodenumberto selectthecodeto execute.
Thefirst nodecreatesa cluster, allocatesa carobjectinside
it, fills it andsendsit to thesecondnode.Thesecondnode
receivesthecluster, extractsthecarandprintsit.

The class method Cluster.newObject must be
usedto createtransferableobjectsin thecurrentcluster. An
objectallocatedthiswayis storedin thecurrentclusterwith
thesamestructureasaJavaobject;theJVM canoperateon
it ason anordinaryobject. All theothersobjectsareallo-
catedthroughtheJavanew operator.

A clustercanbesentto anodewith theinstancemethod
send andreceived with the instancemethodrecv. The
destinationof the messageis a nodenumber. When re-
ceiving a cluster, parametersareslightly differentaccord-
ing to the typeof clustersused.For ISO–addressclusters,
oneshouldspecifytheclusteridentity (i.e. theorigin node
andthe rank) andoptionally the numberof the nodefrom
which themessageis receivedif it is differentfrom theori-
gin node.For relocatableclusters,only theemittingnodeis
required. In both cases,if the sourceof the messagedoes
not matter, ANY canbe passedto therecv methodin re-
placementof a nodenumber. Therecv methodreturnsa
handleto anewly createdcluster– of thepropertype– filled
with theobjectsthatwerein themessage.



import expresso.*;

public class TestCar {

public static void main(String argv[]) {

Cluster.init(argv); // initialize Expresso
if (Cluster.myNode == 0) { // first node code
// create a ISO cluster
ClusterISO aCluster = new ClusterISO();
// indicate which cluster will be filled
// with future objects
aCluster.setCurrent();
// allocate and initialize a Car
// inside the current cluster
Engine anEngine =

(Engine)Cluster.newObject(Engine.class);
anEngine.init(50); // power
Car aCar =(Car)Cluster.newObject(Car.class);
aCar.init(2000,anEngine); // year and engine
// set the cluster root object
aCluster.setRootObject(aCar);
// send the car to the second node
aCluster.send(1);

} else { // second node code
// receive the 1st cluster of the 1st node
ClusterISO aCluster = ClusterISO.recv(0,0);
// extract the root object
Car aCar = (Car)aCluster.getRootObject();
// print it contents
System.out.println(aCar);

}
Cluster.quit();// stop using Expresso

}
}

Figure 3. Transf er of a simple graph of objects
between two nodes with Expresso

3. Implementation

Themainpartof Expressois written in C andis called
by the interface through the JNI (Java Native Interface)
mechanism.It is composedof amemorymanagementmod-
ule anda communicationmodule.Theimplementationde-
tails of thesemodulesareexplainedin the following sub-
sections.

3.1. Memory management

Ordinaryobjectsarenormally allocatedby the JVM in
its heaplocatedin the datasegmentof the Unix process.
For Expressoneeds,amemoryspacedistinctfrom theJVM
heapis requiredto hostthe ISO–addressspaceandthe re-
locatablespace.The memorymanagementmoduleof Ex-
pressoaskstheoperatingsystemalargezonewithin thepart
of the ��132 bytesof memoryavailableto the processthat is
left freebetweenthestackandtheheapsegment.Thus,at

initialization time, abrk systemcall allocatestwo spaces.
Thefirst oneis theISO–addressspace;it is split up into as
many chunksas the numberof nodes. An extra chunk is
alsoneededfor thedispatchtablescopies(seebelow). The
secondoneis dedicatedto therelocatableclusters.This last
oneis manageddynamicallyasa segmentedmemory.

ThenewObject methodreservesa placeholderfor an
objectin thecurrentcluster. In thecaseof anISO–address
cluster, theallocationtakesplacewithin thepre-determined
localpartof theISO–addressspacededicatedto theexecut-
ing node.Whenthecurrentclusteris a relocatablecluster,
theobjectis addedto thechainedlist of objectsmanagedby
thecluster. In bothcases,thestructureof thecreatedobject
conformsto therunningJVM machineimplementation;so
theJVM canapplyany operationon it asonanobjectallo-
catedby thenew primitive.Thecurrentversionof Expresso
is boundto theKaffe JVM implementation(version ��' ��' � )3

: figure4 showsthelayoutof aKaffe object.A headercon-
tainsgarbagecollectorandlock information,anda link to
theobject’s dispatchtable(for directaccessto theobject’s
methods).Theobject’s fieldsresidein thewordsfollowing
theheader.

previous

instance

class data

dtable

object reference

dtable

_iLock

object

method[0]

class

dispatch method
table

object

lock

data

nextobject

method 0 
data

Figure 4. Object structure in the Kaff e vir tual
machine

Thememorymanagementmoduleof Expressotakesall
the informationneededto size the objectstructureand to
fill thedispatchtablereferencefrom theclassparameterof
newObject. Figure5 exemplifiesthe links betweenthe
ISO–addressmemoryspace,the relocatablespaceandthe
JVM objectsheap;it representsa situationwhereseveral
objectsallocatedvia Expressoandvia the JVM sharethe
sameclassdata.

Theclassesof theprogramareloadedby a customclass
loader during Expressoinitialization. Classdata are al-
locatednormally within the JVM heapbut copiesof the
dispatchtablesare placedin a dedicatedzonewithin the

3Kaffe is availablefrom http://www.kaffe.org



ISO–addressspace.Every nodeloadall theclasses;conse-
quently, thedispatchtablesareallocatedatthesameaddress
onall thenodes.Sothedtable link betweenanobjectand
its dispatchtableis preservedduring transferanddoesnot
needany updating.

dispatchTable

object

data class

newObject
ClusterISO

c1

dtC

dtA dtB

class A

class B

class C

b1
a1

a3

dtA

ISO-address space

Relocatable space

JVM memory
new

newObject
ClusterRELOC

a2

b2 b3

Figure 5. Links between memor y spaces

3.2. Communication management

The communicationmanagementmodule of Expresso
runsoveraMyrinet highspeednetwork [2], from theMyri-
com company. Very low level communicationsare man-
agedby the proprietarylibrary GM (version ��' ��� ). A MPI

implementationuponGM (gm-mpich) is alsoprovidedby
Myricom. Thiscommunicationlayeroffersall themessage
passingfacilitiesneededto implementobjecttransferin Ex-
presso.

Expressomethodsrecv and send are Java wrap-
perswhich call theC functionsexpresso_recv() and
expresso_send() through the JNI mechanism. We
have written theseC functionsusing the underlyinggm-
mpich library.

Thesendmethodcall ononenodeanditsrecvmethod
counterparton anothernode,actasa memoryblock dump
betweenthecorrespondingmachines.

When receiving an ISO–addressCluster, the message
contentis writtenat thesamevirtual addresswhich is com-
putedfrom theclusternumberandtheorigin nodenumber
(seeparagraph2.2). No extracalculationis required.

A few operationsarenecessarywhenreceiving arelocat-
ablecluster:a new clusteris allocatedaccordingto thesize
of the incoming messagebeforethe actualreceipt. After
receipt,the referencescontainedin theobjectsof theclus-
ter arerelocated:the list of objectsis traversedso that the
referencefieldsof eachof themaremodifiedby a constant

value(thedifferencebetweentheaddressof theclusteron
theemittingnodeandits local address)if they arenot null.
In orderto avoid classintrospection,anoffsettablefor ref-
erencesfieldsis built whentheclassis loaded.This tableis
accessedthroughthedispatchtablelink of theobject.

Although the set of objects received must be exam-
ined,relocatableclustersmanagementoffers importantad-
vantagesovertheclassicalserialization-unserializationpro-
cess:no treatmentis doneon the sendingsideandon the
receiving side, cycles in the graphare not considered,no
objectallocationis neededandno classreferencesarema-
nipulated.

3.3. Performances

We have experimentedthe Expressolibrary on a clus-
ter of Linux PCs(PentiumII 400Mhz)linked by a 1 Gb/s
Myrinet network (processorLanai4, PCI 33 Mhz interface
adapter).In thefollowing, we show performancefiguresof
basicExpressoprimitivesandof anapplicationprogram.

Object creation and access. The newObject method
is slightly fasterthanthe Java new primitive aswe do not
have to dealwith thegarbagecollector. Thedifferencebe-
tweentheuseof ISO–addressclustersandrelocatableclus-
tersis negligible. Of course,thetimefor accessinganobject
createdby newObject is strictly identicalto thetime for
accessinganobjectcreatedby thenew primitive sincethe
JVM is not awareof thedifference.

Cluster communication. We have comparedthe global
clustertransfertimeusingExpressowith aclassicalmethod
that builds a buffer with the standardJava interfacesSe-
rializable andExternalizable beforesendingit
with MPI (in Java). Thegraphof objectstransferredis aran-
domgraphrepresentingamap(towns,crossroadsandroads
linkedto eachother).Eachobjecthasfour references.The
averagenumberof non-null referencesper object is about
2.5. Table 2 shows times in ��� obtainedwith the three
versions. It is clear that avoiding serializationleadsto a
dramaticimprovement.Becausewe usea high bandwidth
network, globalperformancesarenot really affectedby the
fact that the messageis larger (twice the sizeof the mes-
sagegeneratedby the serializableversion) in the caseof
Expresso. Indeed,themessagecontainsthecompletemem-
ory representationof the objectandnot only its attributes.
Besides,theoverheadinducedby relocatableclusters,com-
paredto ISO–addressclustersstaysrelatively low, anddoes
not changethe comparisonbetweencluster-basedtransfer
andserialization-basedtransfer.

Application Evenif ISO–addressclustersarenotprimar-
ily intendedto be usedat the applicationlevel, we have



Numberof objects Serializable Externalizable ClusterRELOC ClusterISO
29(10 towns) 25,466 3,006 307 277
355(100towns) 145,525 24,969 1,075 808
1760(500towns) 1,383,576 210,249 4,302 2,825

Table 2. Performances of Java API and Expresso

experimentedtheir usein a parallel geneticprogramming
application. A simpleparallelizationmethodhasbeenap-
plied to the sequentialJava code(a block datadistribution
is performedat eachstepof the algorithm with a scatter-
gatherphase)[4]. Theobjectivewasto comparetheimpact
of the efficiency of objectscommunicationin the overall
parallel performance,not to obtain the peakperformance
by designinga parallel algorithm (namelyload balancing
issuesarenot really takeninto account).Thespeedupsob-
tainedarepresentedin figure6 for a 120-individual popu-
lation. The efficiency of the codeusingserializationfalls
down rapidly whenthenumberof nodesincreaseswhereas
it remainsverycorrectwith Expresso.
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Figure 6. Speedup for a genetic programming
application

4. Conclusion

We havepresentedin this paperExpresso, a library ded-
icatedto the transferof complex Java objects.Thealloca-
tion of objectsis controlledsothatobjectsbelongingto the
samegraphareallocatedin a clusterthat consistsin con-
tiguousmemoryregions. Two typesof clusterhave been
implemented,ISO–addressclustersandrelocatableclusters
so as to fulfill a wider rangeof applicationneeds. These
clusterscanbeefficiently communicatedbecauseno serial-
izationis required.This enablesthefull exploitationof the

capabilitiesof highspeednetworks.
Indeed,experimentalresultsshow thatthetransfertimes

for graphsof objectsinvolving severaltypesandcontaining
cyclesarevery closeto the timesneededfor a simpledata
transfer. Theseperformancecannotbeobtainedwith classi-
calserializationwhoserelativecostscanbeconsideredpro-
hibitive whenusingnetworks with low latenciesandhigh
bandwidth.

However, the communicationlibrary we proposedis at
a very low level: the user has to handle the clustering
of objects. It must be proposeda higher level program-
mingparadigmthatcantakebenefitof Expressoclusterex-
changes.In this framework, we investigatehow the RMI
protocolcanbebuilt on top of Expresso. Anotherresearch
directionis to integratethis kind of objectstransferin the
JVM in order to develop object sharingbetweendistant
JVMs.
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