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Abstract

Local high performancenetworksavailability already
malkesworkstationslustess a seriousalternativefor paral-
lel computing However, a highlevelandeffectiveprogram-
minglanguage for sud architectueis still missing Recent
works showthe interestin Java for cluster programming
Oneof the mainissuess to handleefficiently the commu-
nication of objectsto really take advantaye of the network
speed. The paper presentsan alternativeto the standad
serializationprocesghroughthe proposalof a Java object
communicatioribrary. Objectallocationis controlled in
sud a way that the transferof objectsbetweertwo nodes
comesgo a directmemoryto memorydump. \We showhow
specificallocation medanismscan coopente with a Java
Virtual Machine so that fast transfes of graphsof objects
can be achieved. Experimentalresultsare givenfor basic
opefmationsandfor a geneticprogrammingapplication;they
demonstatea dramaticchange in thetransferspeed.

1. Intr oduction

Local high performancenetworks availability already
malkesworkstationslustersaseriousalternatve for parallel
computinginfrastructure.However, an effective high level
programmindanguagdor sucharchitecturas still missing.
Recentworks shawv a growing interestin Java for cluster
programming5].

Oneof themainissuedn Javafor high performancalis-
tributedapplicationsremainsthe transferspeedof objects.
On one side, the object paradigmimplies that an object
may have referencego othersobjects,so thata complete
graphof objectsmustbe communicatedOn the otherside,
communicatiordibrariessuchasUnix socketsor PvM/ MPI
API offer the transmissiorof a simplememorybuffer. So
the gapmustbefilled betweerthe neededability to senda

wholegraphof objectsandthe basicmessag@assingunc-
tionality.

Themostcommonway to handleobjectcommunication
in Java is to apply a serializationon the sendingside and
an unserializationon the receving side: the graphof ref-
erencess exploredanddatarepresentinggachnodeof the
graphis copiedinto a memorybuffer that can be sentby
the underlyingcommunicatiorprimitive. A deepcopy of
the graph can be retuild from the receved buffer as far
asenoughtypeinformationis encapsulateth the message.
Thismethodcanbeappliedin Jaraby usingthestandardn-
terfaces! thatallow anobjectto be serializedinto a stream
(sopossiblyanarrayof bytes).Marshallingreliesonintro-
spectiormechanism automaticallydefinethebytesarray
layout. Unfortunately this shavs very poor performance
thoughthe programmemay provide methodgto specialize
operations.

Firstly, serializationin Java hasbeendesignedn avery
generalvayin termsof portabilityandheterogeneityMuch
type information mustbe computedand put in the buffer.
Besides,mary methodcalls and object creationsare in-
volved when marshallingand unmarshallingthe graph of
objects.Thismakestheserializatioraverytime consuming
operation. And serializationis especiallydisadwantageous
in the context of high speednetworks as demonstratedby
thefollowing experiment.

We have timed separatelythe marshallingprocessand
the purecommunicatioron a standard10 M b/ s Ethernet)
network andon a high-speed1 Gb/s Myrinet) network?.
Resultgor thetransferof agraphof objects(abinarytreeof
1000 integers)arereportedon tablel. ThreeavailableJava
API have beentested. When using the most generalone
—thestandard)DK Seri al i zabl e API —the speedup

1The standardIDK API providesthe Ser i al i zabl e andExt er -
nal i zabl e interfacesin conjunctionwith the RMI mechanisnior com-
municationpurpose.

2Technicalcharacteristicsf the experimentaplatformis givenin sec-
tion 3



| AP

| Serializable| Externalizable] XSerializable]

| serialization(& unserialization}imein s | 109,155 | 11,741 | 3,742 |
communicatiortimein s Ethgrnet 39,400 19,420 19,420
Myrinet 797 598 593
totaltransfertimein s Ethgrnet 148,455 31,161 23,162
Myrinet 109,952 12,339 4,335

| speedugEthernet— Myrinet | 1.35 | 2.52 | 5.34 |
serializatiortime i, o Ethernet 73 37 16
total transferttime Myrinet 99 95 86

Table 1. Marshalling process costs on standar d and high speed netw orks

obtainedon the high speednetwork is only 1.35 while the
communicatiorspeeds increasedy 50! Explanationlies
onthelastrow whereit appearshattheserializatiorandthe
unserializatiorprocessepresenty3 % of the total transfer
time. Sotheincreaseof the communicatiorspeedoenefits
only to a quarterof the transfertime. A commonway of
improvementis the usethe Ext er nal i zabl e API. The
marshallingmethodis providedby the programmeinstead
of relying on an introspectionmechanism;it reducesthe
graphtraversaltime andthe size of the messageepresent-
ing the objecttransferred But the speedumbtainedin this
casegrows only to 2.5 whenmigrating from the Ethernet
to the Myrinet network while the communicatiorspeeds
increasedy 32. Thingsimprove slightly becauséhe part
of theserializatiorprocessn thetotal transfertime remains
high (37 %). Finally, we testedan optimizedversionof the
Ext ernal i zabl e API (notedXSeri al i zabl e) pro-
videdby the JavaParty teamat KarlsruheUniversity[10]. It
improvesconsiderablyjthe marshallingprocessand allows
the speedupo reach5.34. But, despitethe variousopti-
mizationsincludedin the XSer i al i zabl e implementa-
tion, the programmexdoesnot benefitmuchfrom thecom-
municationspeedmprovementsabout86% of thetransfer
time on the high speednetwork is spentin communication
packagingandunpackaging.

We claim thatthe serializationmechanisnshouldbere-
consideredvhenonewantsto take full advantageof thenet-
work technologyimprovement. In somecasesvherehet-
erogeneityand portability are not the prior concernsfast
objectcommunicatiorcould be achiered by avoiding seri-
alization.In this article, we presenfain experimentalibrary
called Expressathat provides efficient communicationf
Javaobjects.

Ourtransferschemealoesnotneedany memorycopy nor
graphtraversal;objectsaremanagedn clustersin orderto
allow the straightcommunicatiorof thewhole graphof ob-
jects. Section2 describegwo kinds of object clustering:
the ISO—addresschemewhich leadsto bestperformance
and the relocatableschemewhich offers more flexibility .

Of coursehesemodelsimply thatthedatalayoutof the ob-
jectsis accessiblendsopreventusfrom developinga pure
Java solution. We detail our implementationin section3
andreportsomeperformancesesults. Currentstatusand
perspectiesconcludethis article.

RelatedWorks

In the context of high performancenetworks, mary re-
searche®n Jasa and messagepassingsystemshave been
conductedn thelastfew years[5, 6]. Most of themwant
to stick to the Java standard$y providing anefficient RMI
(RemoteMethodInvocation)mechanisnandconsequently
anefficientobjectserialization.For example,in [10], apure
Java solutionis adoptedthat reduceghe quantity of infor-
mationthat mustbe put in the buffer and optimizesbuffer
management.In [9], a native serializer aware of objects
layout,is automaticallygenerated Otherworkstry to pro-
vide MPI facilitiesin thecontet of Java. If someearlystud-
iesdid notfully allow for graphsof objectsfocusis how put
on serializationby trying to extendmPpI data-typeswith the
OBJECT type[8, 3]. Severaldistributedsharedbjectsser
vices have beenproposedon top of Java libraries, e.g. in
[7, 11]. Performancdssuessuchas clusteringof objects
we usein ourimplementatiorhave beenpointedout. How-
ever, to our knowledge,thereis no proposalthat questions
the principle of serializationwhen communicatinggraphs
of Java objects.

2.Expresso

Expressds a Java library thataimsat providing objects
exchangecapabilitiesto anobjectorientedanguageasmpl
or PvM providesvaluesexchangecapabilitiesto procedu-
ral languagedhroughthe messageassingparadigm. Ex-
pressodoesnot introducea new objectdistributed model,
it is inheritedfrom the MPI library uponwhich Expressas
built: a N-nodenetwork is seenasa setof processesum-
beredfrom 0to V — 1 communicatingpn afully connected



network throughsendandreceie operations.Soonly one
threadof eachJava virtual machine(JVM) communicate
with the others.Emphasigs on performanceatherthanon
expressveness:asmentionedn theintroduction,very fast
objecttransferbetweertwo machineds achievedthanksto
a direct memoryto memorydumpin replacemenof the
usualmarshallingof structuredvalues.

2.1 Object clustering

Simpleandefficient communicatioris obtainedthrough
the clusteringof objects. The allocationof the objectsis
controlledin orderto maintainthe entirerepresentatioof a
graphof objectsin a singlememoryregionthatcanbe eas-
ily transferredithe cluster A setof clustersis managedn
aspecificmemoryareaon eachnode. Virtual memory(not
physicalmemory)is reseredfor this clusterspace Enough
spacecanbe consideredwailablegiventhe size of the ad-
dressingspaceof a procesq4 gigabyteson current32-bit
architectures).

A clusteris the unit of communicationon the network
and it may containmary objects. Firstly it allows com-
municationgranularitymanagementWithout clustersone
would have to explore the completegraph of objectsto
know which memorywords have to be transferredthis is
the serializationprocess)pr corverselyit would be neces-
saryto transferthewholeclusterspaceof the emittingnode
(transferringonebig chunkof severalmegabytess too ex-
pensve,evenon a high speechetwork). Sotheclusteris an
intermediatevhosesizeis somehav tunable. Moreover, it
makessensdo grouptherepresentationsf certainobjects
asthisgroupingreflectsthelogical groupingthatfrequently
alreadyexistsin applicationsgvenif it is oftenimplicit.

Only objectsthat may be exchangedare allocatedin
clusters;the othersare left in the heapmanagedby the
JVM. Clustersare exchangedbetweennodeswith asyn-
chronoussendand receve operations. As a cluster may
containseverallinked objects,one object— calledthe root
object— actsas a handleto accessthe othersindirectly.
Someobjectsstoredin a clustermay be out of the graph
thatis to be communicatedthusincurring extra datatrans-
fer. However, in the context of high-bandwidthnetworks,
this shouldnot betoo expensve.

It shouldbe noticedthat our objectie is not to propose
anew programmingnodel;asa consequencepherenyg of
inter-clusterreferencess nottreated.We focushereon the
transferof agraphof objectscontainedn asinglecluster

Actually, Expressoprovidestwo typesof clustersthat
are storedin separatedreasand may be usedsimultane-
ously: ISO—-addresandrelocatableclusters. ISO—address
clusterslead to better performancesvhereasrelocatable
clustersoffer amoreclassicakcommunicatiormodel. Both
aredescribedn thefollowing.

2.2 |1SO—addressclusters

Expressoruns on a set of workstations connected
througha high speednetwork. Computingresourcesare
supposedo be homogeneousrom the hardware and the
operatingsystemandthe JVM pointof view. Theprinciple
of thelSO-addrestransfelis to putatransferablebjecton
therecever atthe same(virtual) memoryaddres@son the
senderIn thisway, reference#nsideanobjectremainvalid
anddo not needto be updated. Thereforean objecttrans-
fer becomea simplememoryblock transferanalogougo 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
addresn anothemodewithout a crash. Any transferable
objectcreatedon one a nodehasto be allocatedin anre-
sened rangeof addressesor this node, within the ISO-
addres<lusterspace. Figure 1 containsthe ISO—address
clusterspacelayout for a two-nodenetwork. In this case,
theISO—addresspaceds dividedinto two parts:the higher
oneis devotedto the objectsallocatedon thefirst node;the
lower oneis devotedto the objectsallocatedon the second

one.
00 || OO | o
cluster (0,0) cluster (0,0) object
node 0
ISO-address
space ©\©/© O
object
cluster (0,1) cluster (0,1)
object
reference
©\O - - % 1SO address
memor’
node 1 cluster (1,0) cluster (1,0) Y
1SO-address D
space
JVM and OS
cluster (1,1) cluster (1,1), memory

node 0 memory node 1 memory
Figure 1.1SO-address memory for atwo-node
netw ork

The size of clustersareidenticalandfixed at initializa-
tion time. Thusthe exactmemorylocationof a clustercan
be deducedrom its identity andduplicatedat the samead-
dresson anothemodewithoutary calculationnor ary clus-
ter overlappingproblem. Two numbersidentify a cluster:



its origin node— the nodewhereit hasbeencreated- and
its rankon this node.

Communications. [ISO-clustettransferis intendedto be
very efficient. Ononeside,the sendoperationtransmitshe
entirecontentof aclusterto thedestinatiomode.Onthere-
ceiing side,theclustercontents replacedyy theincoming
one.Thereforeonly onecopy of adistantclusteris available
atatime. Having receveda cluster areferencentheclus-
terrootobjectcanfinally be obtained Notethatareceving
nodeis free to specifythe nodefrom which the clusteris
awaited: it may or not be the origin nodeof the cluster;it
mayalsobeary nodewhenthesendeis notspecifiedatall.
This simpleprotocoldoesnt take careof coherenyg be-
tweenmultiple copiesof clusters.Thisis left underthepro-
grammersresponsibilityor to anupperlayerlibrary.

2.3. Relocatableclusters

Relocatableclusterscanbe usedin additionor asanal-
ternative to ISO—addresslusters.In somecasesthey offer
moreflexibility atthecostof aslightcomputingoverhead.

Relocatableclustersare dynamicallyallocatedwithin a
specificmemoryspaceT hesizeof theclusterds specifiedat
creationtime andmaybe differentfor eachcluster Freeing
relocatableclusterss doneexplicitly.

The useof relocatableclustersis identicalto the useof
ISO-addresslusters.Oncecreateda clustercanbe setas
the currentclusterwherenew objectswill be stored.A re-
locatableclustercanbetransferedo anothemodeby using
the sendandreceie operations.No numberingof clusters
is necessarya copy of a clusteris sentanda new cluster
is createdupon receipt. In this respect,relocatableclus-
tersoffer the usualmessaggassingfacilities. Thereis no
coherenyg problemdueto clusteroverwriting aswith 1ISO—
addresglusters;still, inter-clusterreferencesre not man-
agedeither

Figure2 depictsthe layoutsof the relocatablespacesn
a two-nodenetwork after threeclustertransfers.It canbe
seenthat two copiesof the secondclusteron nodel are
receved by nodeO aftera possiblemodification. As men-
tionedearlier this wasnot possiblewith ISO—addresslus-
ters.

2.4. EXpresscAPI

ISO-addressand relocatableclustersare implemented
througha Java package.The main classof the packages
thed ust er class. Two sub-classe¢C ust er | SOand
Cl ust er RELCC) provide theimplementatiorof the ISO—
addresglustersandtherelocatableclusters.

We presenin figure 3 abrief exampleof a Jara program
usingExpresscclasses.

AN

object

...... O
aw O‘. object

object
reference

-
\'\
K
’

, relocatable
memory

[ ]

JVM and OS
memory

Il
E

node 0 memory node 1 memory
Figure 2. Relocatab le memory for a two-node
netw ork

This programruns on a two-nodenetwork. A simple
graphof objects(a car objectreferringto anengineobject)
is createdon one side and sentto the other side whereit
is printed. As the sameprogramrunson both nodes- this
is the SPMD parallelprogrammingmodel— a conditional
teststhe runningnodenumberto selectthe codeto execute.
Thefirst nodecreatesa cluster allocatesa carobjectinside
it, fills it andsendst to the secondhode. The secondhode
recevesthe cluster extractsthe carandprintsit.

The class method Cl ust er. newGChj ect must be
usedto createtransferablebjectsin the currentcluster An
objectallocatedhisway s storedin thecurrentclusterwith
thesamestructureasa Java object;the JVM canoperateon
it ason anordinaryobject. All the othersobjectsareallo-
catedthroughthe Java new operator

A clustercanbe sentto anodewith theinstancemethod
send andreceved with the instancemethodr ecv. The
destinationof the messagds a node number When re-
ceving a cluster parametersare slightly differentaccord-
ing to the type of clustersused. For ISO—addresslusters,
oneshouldspecifythe clusteridentity (i.e. the origin node
andthe rank) and optionally the numberof the nodefrom
whichthemessagés recevedif it is differentfrom the ori-
gin node.For relocatableclusters pnly the emittingnodeis
required. In both casesjf the sourceof the messagealoes
not matter ANY canbe passedo ther ecv methodin re-
placemenbf a nodenumber Ther ecv methodreturnsa
handleto anewly createctluster—of theproperntype—filled
with the objectsthatwerein themessage.



import expresso. *;
public class Test Car {
public static void main(String argv[]) {

Cluster.init(argv); // initialize Expresso

if (Custer.nyNode == 0) { // first node code
Il create a | SO cluster
Cluster!| SO ad uster = new O usterl SQ();
/1 indicate which cluster will be filled
/1 with future objects
aCluster.setCurrent();
// allocate and initialize a Car
/1 inside the current cluster
Engi ne anEngi ne =

(Engi ne) d ust er . new(bj ect (Engi ne. clasg ;

anEngine.init(50); // power
Car aCar =(Car)d uster.newject(Car. clasg;
aCar.init (2000, anEngine); // year and engi ne
/'l set the cluster root object
aCl ust er. set Root Obj ect (aCar) ;
/'l send the car to the second node
aCl uster.send(1);

} else{ // second node code
Il receive the 1st cluster of the 1st node
Clusterl SO aCuster = Clusterl SO recv(0,0);
/1 extract the root object
Car aCar = (Car)ad uster.get Root Ohject();
/] print it contents
System out. println(aCar);

}

Cluster.quit();// stop using Expresso

}
}

Figure 3. Transfer of asimple graph of objects
between two nodes with Expresso

3. Implementation

The main partof Expressas writtenin C andis called
by the interface through the JNI (Java Native Interface)
mechanismlt is composeaf amemorymanagemennod-
ule anda communicatiormodule. Theimplementatiorde-
tails of thesemodulesare explainedin the following sub-
sections.

3.1 Memory management

Ordinaryobjectsare normally allocatedby the JVM in

its heaplocatedin the datasegmentof the Unix process.

For Expressmeedsamemoryspacelistinctfrom the JVM
heapis requiredto hostthe ISO—-addresspaceandthe re-
locatablespace.The memorymanagementnoduleof Ex-
pressaskstheoperatingsystemalargezonewithin thepart
of the 232 bytesof memoryavailableto the procesghatis
left free betweenthe stackandthe heapsegment. Thus, at

initialization time, a br k systemcall allocateswo spaces.
Thefirst oneis thelSO-addresspaceijt is split up into as
mary chunksasthe numberof nodes. An extra chunkis
alsoneededor the dispatchtablescopies(seebelow). The
secondneis dedicatedo therelocatableclusters.Thislast
oneis managedlynamicallyasa segmentednemory

The new(hj ect methodresenesa placeholdefor an
objectin the currentcluster In the caseof anISO-address
cluster theallocationtakesplacewithin thepre-determined
local partof theISO—addresspacededicatedo theexecut-
ing node. Whenthe currentclusteris a relocatablecluster
theobjectis addedo thechainedist of objectsmanagedy
thecluster In bothcasesthe structureof the createdobject
conformsto the runningJVM machineimplementationso
the JVM canapplyary operationonit ason anobjectallo-
catedby thenewprimitive. Thecurrentversionof Expresso
is boundto the Kaffe JVM implementatior(version1.0.5)3
. figure4 showsthelayoutof a Kaffe object. A headeicon-
tainsgarbagecollectorandlock information,anda link to
the object’s dispatchtable (for directaccesgo the object’s
methods).The objects fieldsresidein the wordsfollowing
theheader

object reference

previous . |
object

. next

object
dtable _| L>
- class +—— >

method|[0]

dtable —

instance
data

,,,,,,,,,, class data

method 0
data

dispatch method
table

Figure 4. Object structure in the Kaffe virtual
machine

The memorymanagemenmoduleof Expressaakesall
the information neededo size the object structureand to
fill thedispatchtablereferencdrom the classparametenf
newObj ect . Figure5 exemplifiesthe links betweenthe
ISO-addressnemoryspace the relocatablespaceandthe
JVM objectsheap;it represents situationwhere several
objectsallocatedvia Expressoandvia the JVM sharethe
sameclassdata.

The classe®f the programareloadedby a customclass
loader during Expressoinitialization. Classdataare al-
located normally within the JVM heapbut copiesof the
dispatchtablesare placedin a dedicatedzonewithin the

3Kaffe is availablefrom ht t p: / / ww. kaf f e. or g



ISO-addresspace Every nodeloadall the classesgonse-
guently thedispatchtablesareallocatedatthesameaddress
onall thenodes.Sothedt abl e link betweeranobjectand
its dispatchtableis presered during transferand doesnot
needary updating.

1SO-address space

@ | ClusterISO
@ newObject

Ik
I ClusterRELOC

newObject

object

Relocatable space

dispatchTable VM memo
] 4

data class

dassc ]

Figure 5. Links between memory spaces

3.2 Communication management

The communicationmanagementnodule of Expresso
runsoveraMyrinet high speechetwork [2], from the Myri-
com compaty. Very low level communicationsare man-
agedby the proprietarylibrary gm (version1.01). A MPI
implementatioruponcM (gm-mpich is also provided by
Myricom. This communicatiodayer offersall themessage
passindacilitiesneededo implementbjecttransferin Ex-
presso

Expressomethodsr ecv and send are Jasa wrap-
perswhich call the C functionsexpr esso_recv() and
expresso_send() throughthe JNI mechanism. We
have written theseC functionsusing the underlying gm-
mpichlibrary.

Thesend methodcall ononenodeandits r ecv method
counterparbn anothemode,actasa memoryblock dump
betweerthe correspondingnachines.

When receving an ISO-addresCluster the message
contentis written atthe samevirtual addressvhich is com-
putedfrom the clusternumberandthe origin nodenumber
(seeparagrapli2.2). No extra calculationis required.

A few operationarenecessarywhenreceving arelocat-
ablecluster:anew clusteris allocatedaccordingto the size
of the incoming messageeforethe actualreceipt. After
receipt,the referencegontainedn the objectsof the clus-
ter arerelocated:the list of objectsis traversedso thatthe
referencdields of eachof themaremodifiedby a constant

value (the differencebetweenthe addres®of the clusteron
the emitting nodeandits local address)f they arenot null.
In orderto avoid classintrospectionan offsettablefor ref-
erencedieldsis built whentheclassis loaded.This tableis
accessethroughthedispatchtablelink of the object.

Although the set of objectsreceved must be exam-
ined, relocatableclustersmanagemenpffersimportantad-
vantage®vertheclassicakerialization-unserializatiopro-
cess:no treatments doneon the sendingsideand on the
receving side, cyclesin the graphare not consideredno
objectallocationis neededandno classreferencearema-
nipulated.

3.3. Performances

We have experimentedthe Expressdibrary on a clus-
ter of Linux PCs(Pentiumll 400Mhz)linkedby a 1 Gb/s
Myrinet network (processot.anai4, PCl 33 Mhz interface
adapter).In thefollowing, we show performancdiguresof
basicExpressgorimitivesandof anapplicationprogram.

Object creation and access. The newChj ect method
is slightly fasterthanthe Java new primitive aswe do not
have to dealwith the garbagecollector The differencebe-
tweentheuseof ISO-addresslustersandrelocatableclus-
tersis negligible. Of coursethetimefor accessingnobject
createdby newCbj ect is strictly identicalto the time for
accessingan objectcreatedby the new primitive sincethe
JVM is not awareof thedifference.

Cluster communication. We have comparedthe global
clustertransfertime using Expressowith aclassicaimethod
that builds a buffer with the standardJava interfacesSe-
rializabl e andExt ernal i zabl e beforesendingit
with mpI (in Java). Thegraphof objectstransferreds aran-
domgraphrepresenting map(towns,crossroadandroads
linkedto eachother). Eachobjecthasfour referencesThe
averagenumberof non-null referenceger objectis about
2.5. Table 2 shows timesin us obtainedwith the three
versions. It is clearthat avoiding serializationleadsto a
dramaticimprovement. Becausewve usea high bandwidth
network, globalperformancesrenotreally affectedby the
factthat the messagés larger (twice the size of the mes-
sagegenerateddy the serializableversion)in the caseof
Expressolndeedthe messageontainghecompletemem-
ory representatiof the objectandnot only its attributes.
Besidestheoverheadnducedby relocatableclusterscom-
paredto ISO—-addresslustersstaysrelatively low, anddoes
not changethe comparisorbetweenclusterbasedtransfer
andserialization-basettansfer

Application Evenif ISO—addresslustersarenot primar
ily intendedto be usedat the applicationlevel, we have



Numberof objects | Serializable| Externalizable| ClusterRELOC| ClusterlSO
29 (10towns) 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 APl and Expresso

experimentedtheir usein a parallel geneticprogramming
application. A simple parallelizationmethodhasbeenap-

plied to the sequentialava code (a block datadistribution

is performedat eachstepof the algorithmwith a scatter

gatherphase)4]. Theobjective wasto compargheimpact

of the efficiency of objectscommunicationin the overall

parallel performance not to obtain the peakperformance
by designinga parallel algorithm (namelyload balancing
issuesarenot really takeninto account).The speedup®b-

tainedare presentedn figure 6 for a 120-individual popu-

lation. The efficiency of the codeusing serializationfalls

down rapidly whenthe numberof nodesincreasesvhereas
it remainsvery correctwith Expresso

Genetic tree with 120 individuals

T
Externalizable

Expresso -------

nunber of nodes

Figure 6. Speedup for a genetic programming
application

4. Conclusion

We have presentedn this paperExpressoalibrary ded-
icatedto the transferof complex Java objects. The alloca-
tion of objectsis controlledsothatobjectsbelongingto the
samegraphare allocatedin a clusterthat consistsin con-
tiguousmemoryregions. Two typesof clusterhave been
implemented|SO-addresslustersandrelocatableclusters
so asto fulfill a wider rangeof applicationneeds. These
clusterscanbeefficiently communicatedbecauseo serial-
izationis required.This enableghefull exploitation of the

capabilitiesof high speechetworks.

Indeed experimentakresultsshow thatthetransfertimes
for graphsof objectsinvolving severaltypesandcontaining
cyclesarevery closeto thetimesneededor a simpledata
transfer Theseperformanceannotbe obtainedwith classi-
cal serializationwhoserelative costscanbe consideregro-
hibitive whenusing networks with low latenciesand high
bandwidth.

However, the communicationlibrary we proposeds at
a very low level: the userhasto handlethe clustering
of objects. It must be proposeda higher level program-
ming paradigmthatcantake benefitof Expressalusterex-
changes.In this framawork, we investigatehow the RMI
protocolcanbebuilt on top of Expresso Anotherresearch
directionis to integratethis kind of objectstransferin the
JVM in orderto develop object sharing betweendistant
JVMs.
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