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Abstract

Expresso is a Java library dedicated to cluster-based
computing on a high speed network. It aims at provid-
ing objects exchange capabilities to an object oriented lan-
guage as MPI or PVM provides values exchange capabili-
ties to procedural languages through the message passing
paradigm. Expresso does not introduce a new object dis-
tributed model; the emphasisis on performance rather than
on expressiveness. very fast object transfer between two
machinesis achieved thanks to a direct memory to memory
dump in replacement of the usual marshalling of structured
values. We devel op the 1 SO-address concept to manage the
memory on the network nodes and implement it upon avail-
able communication libraries. Experimental results demon-
strate a dramatic change in the objects transfer speed. Ap-
plication programmers or higher level libraries are able to
capitalize on such communication mechanismand to exploit
the potential of high speed network even through an object
language.

1 Intr oduction

Workstation clustersare emeging as the new parallel
computingarchitecturesThis is possiblethanksto therel-
ative low costof local areahigh performancenetworksand
the useof standarchardwarefor computingnodes.On the
software side, the messaggpassingparadigmhas proven
to be effective. It is widely adoptedin the parallel an
distributed programmingcommunityfor its efficiengy and
the programmeris now provided with communicationli-
brariesthatfully exploit the capabilitiesof high speedhet-
works. However, widely usedportablelibraries suchas

MPI or PV M havebeendesignedor proceduralanguages.

C or Fortran programmingis not sufficient for a rangeof
novel high performanceapplicationsand object oriented
languagesffer alot morecomfortableernvironmentfor this

kind of development.In particular recentworks show the
interestin Java for clusterprogrammingandthe joint use
of Java andmessag@assings the subjectof numerouge-
searchefb].

Oneof the mainissuess to handleefficiently the com-
municationof objects.Sinceanobjectmayhave references
to othersobjects,a graphof objectsthat possiblycontains
cyclesmustbe communicated.However, the gapmustbe
filled betweenthe neededability to senda whole graph
of objectsandthe basicmessag@assingiunctionality that
consistsn thetransmissiorof a simplememorybuffer.

Themostcommonway to handleobjectcommunication
is to apply a serializationon the sendingside and an un-
serializationon the receving side: the graphof references
is exploredanddatarepresentinggachnodeof the graphis
copiedinto amemorybuffer thatcanbe sentby the under
lying communicatiorprimitive. A deepcopy of the graph
canberehuild from therecevedbuffer asfarasenoughype
informationis encapsulateth themessage.

This methodcanbe simply appliedin Jara by usingthe
standardnterfacesthatallow anobjectto be serializednto
a stream(so possiblyan array of bytes). Marshallingre-
lies on introspectionmechanismgo automaticallydefine
the bytesarraylayout. Unfortunately this shows very poor
performancehoughthe programmemay provide methods
to specializeoperations. Firstly, serializationin Java has
beendesignedn a very generalway in termsof portabil-
ity andheterogeneity For instance the classof the object
putin the messagenay only have a compatibleequivalent
onthereceving end. This increaseshe size of type infor-
mationinside the buffer. Besidesmary methodcalls and
objectcreationsareinvolvedwhenmarshallingandunmar
shallingthe graphof objects. This makesthe serialization
avery time consumingoperation.This is especiallydisad-
vantageous thecontext of high speechetworks. Measure-
mentsshow thatthetime requiredto build thebuffer canbe
more than an order of magnitudelonger than the time of
purecommunicatiorj4].



When designingcommunicationprotocolsin low-level
messagassinglibrariesfor high speednetworks, efforts
have beendonein orderto reducecomputingoverhead,
namelythroughzero-coy stratgies. We believe thatthese
efforts must be extendedto object communicationin up-
perlayerlibraries. In somecasesvhereheterogeneitynd
portability arenot the prior concernsfastobjectcommuni-
cationshouldbe achieved by applyingthis zero-coyy strat-
egy. Of course this implies thatthe datalayout of the ob-
jectsis accessibleandso preventsfrom developinga pure
Javasolution.

In this article, we presentanexperimentalibrary called
Expressahatprovidesefficientcommunication®f objects
that do not rely on ary serialization. The transferscheme
doesnot needary memorycopy nor graphtraversal. The
allocationof objectsis controlledin orderto allow anlISO—
addresscommunicationof the whole graphof objects: a
simplememorytransferthroughthe network is sufficient.

RelatedWorks

In the context of high performancenetworks, mary re-
searche®n Jasa and messagepassingsystemshave been
conductedn thelastfew years[6, 5]. Someof themwant
to stick to the Java standardsy providing an efficient Re-
mote Method Invocationmechanismand consequentlyan
efficient objectserialization.In [9], a pureJava solutionis
adoptedthat reduceghe quantity of informationthat must
be put in the buffer and optimizesbuffer managementin
[8], anative serializer awareof objectslayout,is automati-
cally generatedAnotherobjectie is to provide M PI facil-
itiesin the context of Java. If someearlywork did notfully
allow for graphsof objects,focusis againput on serializa-
tion by trying to extend MPI datatypeswith the OBJECT
type [7, 3]. To our knowledge, thereis no proposalthat
guestionghe principle of serializationwhen communicat-
ing graphsof Java objects.

2 Expresso

Expressois a Java library dedicatedto clusterbased
computing. It aimsat providing objectsexchangecapabil-
ities to an objectorientedlanguageas MPI or PVM pro-
videsvaluesexchangecapabilitiesto proceduralanguages
throughthe messaggassingparadigm.Expressadoesnot
introducea new objectdistributed model; the emphasids
on performanceatherthanon expressienessasexplained
in the introduction, very fast object transferbetweentwo
machiness achiezedthanksto a directmemoryto memory
dumpin replacementf the usualmarshallingof structured
values.

Expressoruns on a set of workstations connected
througha high speednetwork. Computingresourcesare

supposedo be homogeneousrom the hardware and the
operatingsystemandthe Java virtual maching(JVM) point
of view. More technicaldetailsaregivenin thenext section
(section3). In this sectionwe focus on the ISO—address
principle andits usefor the transferof objects. Thenthe
ExpressdAPl is presentedndexemplified.

2.1 1SO-addresstransfer

The principle of the ISO—addressransferis to put the
transferableobjectsat the same(virtual) memoryaddress
on the recever as on the sender In this way, references
inside an object remainvalid and do not needto be up-
dated.Thereforeanobjecttransferbecomes simplemem-
ory blocktransferanalogouso aDMA operation.Thesame
kind of ideahasbeenappliedto threadmigrationin [1].

ISO-addressmemory

Thekey pointis to managehe memorybetweerthe nodes
to ensurethat an objectcanbe copiedat the sameaddress
on anothernodewithout a crash. Any transferableobject
createdon one a node hasto be allocatedin an resened
rangeof addressefor this node.Eachnodehassucha sep-
aratememorysothewhole setof memorypartsformswhat
we call an ISO-addressnemoryspace.Figure 1 contains
thelSO-addresmemorylayoutfor atwo-nodenetwork. In
this case the ISO—-addresspaceis divided into two parts:
thehigheroneis devotedto theobjectsallocatedon thefirst
node;the lower oneis devotedto the objectsallocatedon
thesecondne.

It should be noticed that the ISO—addressnechanism
usesvirtual memory resenation, not physical memory
resenation. Besidesthe sizeof theISO-addresspacecan
be consideredsufficient, given the size of the addressing
spaceof a procesq4 gigabyteson current32 bits architec-
tures).

Memory clusters

The ISO—addresspaceis divided into consecutre chunks
of memorycalledISO—-clustes. An ISO—clusteris the unit

of communicationon the network. It may containmary

objects.Thereasorfor the clusteringis twofold:

1. It allows communicationgranularity management.
Without clusters,onewould have to explore the com-
plete graphof objectsto know which memorywords
have to be transferred(this is the serializationpro-
cess);or corverselyit would be necessaryo transfer
the whole ISO-addressf the sendingnode(transfer
ring onebig chunkof severalmegabyteds too expen-
sive, evenon a high speednetwork). Sothe clusteris
anintermediatevhosesizeis someha tunable.
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2. An anotherinterestof clusterslies in the references
betweenobjects. Referencedbetweentwo objectsof
different/ISO—clustes may be brokenif oneobjectis
accessetheforethe seconds transferred Only point-
ersconfinedto a clusteraresafguardagainstransfer

The size of clustersareidenticalandfixed at initializa-
tion time. Thusthe exactmemorylocationof a clustercan
be deducedrom its identity andduplicatedat the samead-
dresson anothemodewithout ary calculationnor ary clus-
ter overlappingproblem. Two numbersidentify a cluster:
its origin node— the nodewhereit hasbeencreated- and
its rankon this node.

Takingbackto the previousexample thememorylayout
in figure 1 containgwo clustersn the ISO—clusterspaceof
node0 andthreeclustersn the ISO—clustespaceof nodel,
numberedrom (0, 0) to (1,2). Onnode0, four linked ob-
jectshave beenallocatedin cluster(0, 0) andthreeobjects
in cluster(0, 1). Onnodel, oneclustercontainsgwo linked
objectstheothersareempty Nodel memoryalsocontains
an objectin cluster (0, 0) transferredrom node0. Simi-
larly node0 memoryhasreceved an objectfrom node1l
in cluster(1,0). Thecommunicatiorprotocolis explained
below.

As aclustermay containseverallinked objects,oneob-
ject— calledtheroot object— actsasa handleto accesghe
othersindirectly.

Communications

Objectsthat may be exchangedare allocatedin clusters—
theothersareleft in theheapmanagedy the JVM. Clusters
areexchangedetweemodeswith asynchronousendand
receve operations.

Ononeside,thesendoperatiortransmitsthe entirecon-
tent of a clusterto the destinationnode. On the receving
side, the clustercontentis replacedby the incoming one.
Thereforeonly onecopy of a distantclusteris availableat
atime. Oncea clusterhasbeenreceved,areferenceo the
clusterroot objectcanfinally be obtained. Note thata re-
ceving nodeis freeto specifythenodefrom whichtheclus-
teris awaited:it mayor notbetheorigin nodeof thecluster;
it mayalsobe any nodewhenthe sendelis not specifiedat
all.

This simpleprotocoldoesnt take careof coherenyg be-
tweenmultiple copiesof clusters.Thisis left underthe pro-
grammers responsibilityor to anupperlayerlibrary.

2.2 EXpresscAPI

The 1ISO-addressconcept describedabove is imple-
mentedthrougha Java package. The main operationsare
locatedin theClusterISO class.A brief overview andasim-
ple examplefollow.

Classmethodsand attrib utes

The classmethodinit makesall the necessargxpressani-
tializationsandresenesmemoryfrom theoperatingsystem
for thelSO—addresspace Parametersnay be givento ad-
justthesizeof the clustersandothersdetails.Classmethod
quit marksthe end of the useof Expresso It releaseghe
ISO-addresspacememory The classfield myNode con-
tains (after initialization) the currentnode numberin the
network.

Clusterscreation

Clustersmustbe createdo storetransferablebjects.Cre-
ation of a new clusteris obtainedthroughthe classcon-
structorClusterISO. Only oneclustercanbeaccessiblata
time. Onechooseghe clusterin which future objectswill
beallocatedby calling theinstancemethodsetCurrent.

Transferable objectsallocation

The classmethodnewObject mustbe usedto createtrans-
ferableobjects.This methodtakesthe classof the objectas
parameteandreturnsa handleon a Jasa Object thatshould
be castto the desiredclass. An objectallocatedthis way
is storedin the currentclusterwith the samestructureasa
Java object; the JVM canoperateon it ason an ordinary



object. Whenan arrayof objectsis communicatedit must
alsohave beenallocatedwith a similar method(newArray)
from ISO—cluster All the othersobjects should be al-
locatedthrough the Javanew operator Two complemen-
tary instancemethodsset (methodsetRootObject) and get
(methodgetRootObject) theroot objectof a cluster

Clustersexchange

A clustercanbe sentto a nodewith the instancemethod
send andreceivedwith the instancemethodrecv. Thedes-
tination of the messagés a nodenumber Whenreceving

a cluster one should specify the clusteridentity (i.e. the
origin nodeandthe rank) and optionally the numberof the
nodefrom which the messages receved if it is different
from the origin node.If the sourceof the messageloesnot

matter ANY canbe passedo the recv methodin replace-
mentof anodenumber

Example

Figure 2 containsa simple illustration of the use of Ex-
presso This Java programruns on a two-node network.
A binarytreeis createdon one side and sentto the other
sidewhereit is printed. As the sameprogramrunson both
nodes- SPMDparallelprogrammingmodel—aconditional
teststherunningnodenumberto selectthe codeto execute.
Thefirst nodecreates cluster allocatesabinarytreeinside
it, fills it andsendst to the secondhode. The seconchode
recevesthe cluster extractsthe binarytreeandprintsit.

3 Implementation

The ClusterISO classdescribedn the previoussectionis
theuserinterfaceof the Expressdibrary. This sectioncon-
tainsapictureof how thingsareimplementedPerformance
figuresaregivenafterwards.

The main partof Expressds 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 processA
memory spacedistinct from the JVM heapis requiredto
implementthe conceptof ISO—-addressThe memoryman-
agemenmoduleof Expressaasksthe operatingsystemfor
this ISO—addresspacewithin thevery large partof the 232

import expresso.x; /I Expresso package

public class TestISO {
public static void main(String argv[]) {

ClusterlSO.init (argv); // initialize Expresso
if ( ClusterlSO.myNode == 0) { // first node code
/I create a cluster
ClusterlSO aCluster = new ClusterISO();
/I indicate which cluster will be filled
ClusterlSO.setCurrent(aCluster);
/I allocate a BTree inside the current cluster
Btree tree =

(Btree) ClusterlSO.newObject(Btree.class;
/I fill  the BTree
tree. init (5);
tree. addLeftChild(10);
tree. addRightChild(25);
/I set the cluster root object
aCluster.setRootObject(tree);
/I send the whole tree to the second node
aCluster.send(2);
else { // second node code
/I receive the first cluster of the first node
ClusterlSO aCluster = ClusterISO.recv(0,0);
/I extract the root object
Btree tree = ( Btree) aCluster.getRootObject();
/I print its contents
System.out.printin(tree);

—

ClusterISO.quit(); // stop using Expresso

}
}

Figure 2. Binary tree transfer between two
nodes with Expresso

bytesof memoryavailableto the Unix processhatis left
free betweerthe stackandthe heapsegment(seefigure 3).

At initialization time, the local ISO—addresspaceis al-
locatedby a brk systemcall. It is managedas explained
in the previous section. Expressasplits it up into asmary
chunksas the numberof nodes: eachof thesechunksis
numberedindis dedicatedo objectscreatednaparticular
node.An extrachunkis alsoneededor thedispatchtables
copies(seebelaw).

The ExpressmewObject methodresenesa placeholder
for anobjectin thelocal ISO—addresspacepartdedicated
to the executingnode. The structureof this object con-
formsto therunningJVM machineimplementationsothe
JVM canapplyary operationonit asonanobjectallocated
by the new primitive. The currentversionof Expressais
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boundto the Kaffe JVM implementation(version1.0.5):
figure 4 shawvs thelayoutof a Kaffe object. A headercon-
tainsgarbagecollectorandlock information,anda link to
the object’s dispatchtable (for directaccesgo the object's
methods).The object’s fieldsresidein thewordsfollowing
theheader

object reference

previous . |
object

_ next
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dtable _| - J

- class ——>
lock <—_iLock

‘ method[0] —> dable —

instance
data

,,,,,,,,,,,
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Figure 4. Object structure in the Kaffe virtual
machine

The memorymanagementoduleof Expressdakesall
the information neededo size the object structureand to
fill the dispatchtable referencefrom the classparameter
of newObject. Figure5 exemplifiesthe links betweenthe
ISO—addressnemory spaceand the JVM object heap; it
represents situationwheresereral objectsallocatedin the
ISO—addresmemory(al, a2) andin the JVM memory(a3)
sharethe sameclassdata(dataof classA). The classeof
theprogramwhoseinstancesnaybetransferablareloaded
by acustomclassloaderduring Expressanitialization. For
a given class,the classdata(methods’code, attributes,...)

1Kaffe is availablefrom http://wwwkaffe.org

areallocatedhormallywithin the JVM heap.Similarly, the
dispatchtable,which senesasanintermediatéoetweerthe
objectreferenceandthemethods’code,is loadednormally,
within the JVM heap. At this stage,Expressocopiesthe
dispatchtable in a specific zone within the ISO-address
space. Objectscreatedwith newObject containa pointer
to the copy of thedispatchtablewhereasobjectscreatedy
the JVM containa pointerto theoriginal dispatchtable. As
every nodeloadall the classesthe dispatchtablesareallo-
catedat the sameaddressesn all the nodes.Sothedtable
link betweenan Expressoobjectand its dispatchtableis
preseredduringtransferanddoesnot needary updating.

Iso-address memory

newObject
object
O
dispatchTable new
]
class data

class A

class B
(CclassC )=

Figure 5. Links between memory spaces

3.2 Communication management

The communicationmanagemenmodule of Expresso
runsovera Myrinet high speechetwork [2], from the Myri-
com compaty. Very low level communicationsare man-
agedby the proprietarylibrary GM (version1.01). A MPI
implementatioruponGM (gm-mpich is alsoprovided by
Myricom. This communicationlayer offers all the mes-
sagepassingfacilities neededo implementobjecttransfer
in Expresso Figure6 summarizeshe communicatioriay-
ersstacking.

Expressanethod<ClusterISO.recv andClusterISO.send
are Jasa wrappers which call the C functions
expresso_recv() and expresso_send() through the JNI
mechanism.We have written theseC functionsusingthe
underlyinggm-mpicHibrary.

The send methodcall on onenodeandits recv method
counterparbn anothemode,actasa memoryblock dump
betweerthe correspondingnachines.On messageeceipt,
words of memoryare written at the samevirtual address.
which is computedfrom the clusternumberandthe origin
nodenumber(seeparagrapl2.l).
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Figure 6. Communication layers

3.3 Performances

We have experimentedhe Expressdibrary on a cluster
of Linux Workstation(Pentium400 Mhz, kernel 2.0.36).
The nodesare linked by a Myrinet network with PCI
33 Mhz interfaceadaptergprocessot.anai4) anda 8-port
switch. In the following, we shav performancediguresof
basicExpressgrimitives.

Object creationand access

The newObject methodis slightly fasterthanthe Java new
primitive aswe do not have to dealwith the garbagecol-
lector Of course the time for accessingn objectcreated
by newObiject is strictly identicalto the time for accessing
anobjectcreatedyy thenew primitive sincethe JVM is not
awareof thedifference.

Cluster communication

We have comparedthe global clustertransfertime using
Expressowith a classicalmethodthat builds a buffer with
the standardlava interfacesserializable and externalizable
before sendingit with MPI (in Java). With the first
interface (serializable), serializationis automaticallyper
formedandrelies on introspectionmechanisms.With the
externalizable interface we hadto implementhetwo meth-
ods writeObject() and readObject() that producesand ex-
ploits the serializedform of anobject. Thegraphof objects
transferreds a binary tree. Eachnodeis composedf an
integer andtwo referencegto the left andright sub-trees).
Tablel shavstimesin us obtainedwith thethreeversions.
Thelasttwo columnsgive the gainfactorof Expresso
Times for Expressoobjectstransferare very closeto
thoseof a simple messageassingby MPI sincethereis
nearlyno extrawork to perform. This is obviously not the
casewhenusingthe standardlava interfaces.

4 Conclusion

We have presentedh this paperExpressoalibrary dedi-
catedto thetransferof complex Java objects.It allowsclus-
tersof objectsto be efficiently communicatedbetweertwo
nodeghanksto anlSO-addrestransferof thememoryrep-
resentatiorof the objects. No costly serializationis thus
neededbringing up performanceshat make possiblethe
full exploitationof the capabilitiesof high speechetworks.

Although Expressshouldmainly beusedby upperevel
libraries,it canalsobeusedto programdistributedapplica-
tionsdirectly. This way, we have written with Expressca
geneticprogrammingapplication[4]. The overall perfor
mancesbtainedshawv thata simpleparallelizatiormethod
can give good resultsas far as efficient object transferis
possible.

Our prototype can be improved in mary ways. We
shouldbe able to provide object communicationfacilities
atthe threadlevel. This will be possiblewhenunderlying
communicatiodibrariesfully supportmulti-threading.An-
otherimprovementwould be to integratethe 1ISO-address
spacento the JVM.

More generallythegoodperformancesf our prototype
indicatethat the useof a high performancenetwork tends
to questiorestablishednethodgestedor “slow” networks.
Serializationfor objecttransferhasbeenour prior concern.
It appearedhatthe way objectsare allocatedis of impor-
tance. Similarly, other mechanismshould be examined
to be adaptedregardingcommunicationin a high perfor
mancenetwork.
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