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1 Introduction

For programmingdistributedsystemsit is veryconvenientto havesharedmemorythatcanbeaccessed
by cooperatingprocesses.The abstractionof a commonlyusablestoragegreatlysimplifiesprogram-
ming adistributedsystem,becausethedeveloperdoesnot needto botheraboutthedifficultiesthatare
inherentin the distribution, suchasmessageorderingor syncrony of memoryaccesses.Distributed
sharedmemoryprovidestemporalandspatialdecouplingof thecooperatingprocesses:Theprocesses
do not needto have overlappinglifetimes,andthey do not needto know eachother’s identities.These
principleswill bediscussedlaterin this projectreport.

Oneinstanceof distributedsharedmemoryaretuple spaces.A tuple spaceis an unorderedbagof
tuples,which can be accessedassociatively. A tuple is – like a datastructure– a compositedata
typethatconsistsof elementarydatatypes,suchasintegersor strings,so it is basicallythesameasa
mathematicaltuple. In a tuplespacearbitrarytuplescanbestored,i.e. thespaceis not limited to tuples
of thesametype.Likestatedabove,a tuplespaceis contentaddressablememory. Tuplescanbestored
in the space,andthey canbe taken from the tuple spaceby usingpatternmatching. For this pattern
matchingany tuple thatmatchesa specifiedtemplateis taken from the tuplespace.It is importantto
notethatstoringandremoving tuplesaretheonly operationsthatareallowedon tuplespaces,andthe
modificationof a tuplewithin thespaceis notpossible.

Examplesof tuplespacesareLinda,FT-Linda,PLinda,andJavaSpaces.Theconceptof tuplespaces
wasfirst introducedwith theLinda programmingandcoordinationlanguage[Gel85]. It wasdesigned
for distributedparallelprograms,i.e. replicatedworkersthatwork onpartialproblemsof a taskandare
coordinatedby a master. FT-Linda andPLindaareextensionsof Linda thataugmentLinda primitives
with fault tolerantextensions.Linda’s problemis that it cannothandlefailedprocesses,suchasfailed
workers or a failed master. Tuplescan be lost if they are withdrawn from the spaceby a process
andthe processcrahesright after that. FT-Linda andPLindaprovide meansto remedythis problem.
JavaSpaces[FHA99] is oneof the servicesprovided by Jini [OW00]. It allows to hold Java objects
with methodsandattributesasentriesin thetuplespace,which is calledJavaSpace.
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This report is organizedasfollows. Section2 introducesthe different tuple spacesin moredetail.
Section3 describesfault toleranceaspectsof JavaSpaces.In themainpart thatconsistsof sections4
and5 presentsanexampleapplicationfor JavaSpacesandanalysesits performance.Finally, 6 wraps
up theresults.

2 Tuple Spaces

This sectionpresentsdifferent tuple spaces.The JavaSpacestuple spaceis most important in this
context, becauseit is analysedin thefollowing sections.

2.1 Linda

ThecoordinationlanguageLindawasfirst introducedin [Gel85]. Thetuplesin Lindaconsistof a type
nameanda list of constants,whicharetheactualtuplevalues.Threeprimitivesareoriginally provided
by Linda: out, in, andread.

Theprimitiveout(N, P � ,..., P� ) depositsthespecifiedtuplewith name� andvalues� ����������� ���
into thetuplespace.Thenameis a logicalname,i.e. it doesnotneedto beunique,thusmultiple tuples
mayhave thesamename.

Symmetricallyto out, theprimitivein(N, P � ,..., P� ) withdraws a tupleof thename� from
thetuplespace.Theparameters� ����������� �	� areboundwith thecorrespondingvaluesof thewithdrawn
tuple. Optionally, a patternmatchingcanbe performed;this is doneby specifyingvaluesinsteadof
variablesasparametersof in. In Linda implementationsthein operationis blocking, i.e. if thereis
no matchingtupleof thespecifiedtype, thecallerblocksandwaits for one. If thereis morethanone
processwaiting for a tuple of a specifictype, only oneof themgetsit, i.e. no tuplesareduplicated.
Furthermore,thereis a non-blockingversionof in calledinp. It only withdrawsa tupleof a specific
typeif it existsin thetuplespace,otherwiseit returnsnon-success.

Theread statementwith the syntaxread(N, P � ,..., P� ) is the sameasin, exceptthat the
tupleremainsin thetuplespaceinsteadof beingwithdrawn. Again, thereis a non-blockingversionof
read calledreadp.

With thesethreeprimitivesLinda is a simple,but powerful coordinationlanguagefor accessingthe
sharedtuplespace.

2.2 FT-Linda

ThecoordinationlanguageLinda, which hasbeenintroducedin theprevioussubsection,hasa funda-
mentaldrawback: In thecaseof processfailurestuplescanaccidentallybelost or duplicated.For the
first case,considerareplicatedworkerthathaswithdrawn ataskdescriptiontuplefrom thetuplespace,
but it crashesbeforeit completesthetaskby writing theresultbackto thetuplespace.Thenthetuple
thatdescribesthe taskis lost andcannotbe recovered. Evena recovery mechanismin the replicated
workerdoesnothelp,becausethereis alwaysasmallwindow of vulnerabilitybetweenthewithdrawal
andwriting the tuple to a local persistentstorage.In thecaseof a crashingmastera taskdescription
tuple canbe duplicated,if the masterdoesnot recover informationaboutthe taskdescriptionthat it
hasdepositedin the tuple space.Again, this canhappen,becausethereis a window of vulnerability
betweenthedepositionof the taskdescriptionin the tuple spaceandthe writing of the tuple to local
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persistentstorage;notethatthemastercannotrely on finding its depositedtuplesin thetuplespaceto
determinewhetherit hasalreadycreateda task,becausea worker might have withdrawn the tuple in
orderto processit.

To remedythere drawbacksof Linda, a fault tolerantversionof Linda hasbeendeveloped,FT-
Linda [BS95]. It usestwo basicimprovements,namelystabletuple spacesandatomicexecutionof
tuple spaceoperations.The former enhancementis doneusingfault tolerancetechniques,i.e. repli-
cationof the tuple spaceon 
 replicasin orderto survive 
���
 crashfailures. The fault modelthat
is assumedis fail-silent, i.e. the replicasareeithercorrectin the time andvaluedimension,or they
crashbenignlywithout sendingcorruptedor incorrectvalues. A statemachineapproachis usedfor
consistency andcoordinationamongthereplicas.For detailson therealizationsee[BS95].

The secondenhancement,the atomic execution of tuple spaceoperations,is done using atomic
guarded statements (AGS).An AGSis a constructof theform <guard � body> with thefollow-
ing semantics:The atomicguardedstatementblocksuntil theguardevaluatesto true or false,where
guard canbeany tuplespaceoperationlikein or out, or it canbea booleanvalue. If theguardis
true, thenthe body is executedatomically, i.e. on an all-or-nonebasis.The body may be a seriesof
instructionsinp, out, readp, andotherspecializedinstructionssuchascopy. In [BS95] thereis
shown how to designa fault-tolerantreplicatedworker patternusingFT-Linda. This FT-Linda version
of thereplicatedworkerdoesnothavethedrawbacksof thecorrespondingLindaversion– thewindows
of vulnerabilityareeliminated.

2.3 PLinda

PLindais apersistentversionof Linda,whencethename.As describedin [BJL+97], PLindaaugments
Lindaby resilientprocessesandfault toleranttuplespaces.

In orderto makeprocessesresilientto failures,theconceptof transactionsis introduced.Thatmeans
a sequenceof operationson the tuple spaceis performedatomically on an all or nonebasis. The
xstart operationinitiatesa transaction,and the xcommit operationcommitsit. PLindaensures
atomicexecutionof all tuplespaceoperationsbetweenxstart andxcommit. With transactions,the
window of vulnerabilityof tuplespaceaccessesis removed,andtherefore,thetuplespaceis alwaysin
a correctstate,if fail-silentprocessesareassumed,i.e. processesthatdo not depositerroneoustuples
in thetuplespace.

Thesecondenhancementin PLindaarefaulttoleranttuplespaces.PLindausesperiodiccheckpointing
to achieve this. At acheckpointPLindasavestheentiretuplespaceto persistentstorage,andit ensures
to saveonly committedtransactionssothatthesavedtuplespaceis in aconsistentstate.It is interesting
to notethatPLindadoesnot useany loggingreplaymechanismto recover from a tuplespacefailure.
Instead,whenatuplefailurerecoveryis done,thePLindasystemkills all activeprocessesandrespawns
themusingits processresiliencemechanisms.Therestartedprocesseswill continuefrom thestateat
which they committedthelasttransactionthatwascheckpointedto persistentstorage,i.e. thereplayis
performedby theprocessesthatusethetuplespace.

Anotherfault tolerancemechanismthat is employedin PLindais failuredetectionof processesthat
usethetuplespace.PLindaassumesa synchronouscooperationmodelandusesa timeoutmechanism
for failure detection:If a processesdoesnot accessthe tuple spacefor a specificperiodof time, it is
assumedto befailed.Thenthesystemstopsthesuspectedprocessandrespawnsanew backupprocess
in placeof the failedone. If the failure detectionwaswrong, i.e. it suspecteda processto be failed,
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but actuallya link failuresuchasanetwork partitionoccured,thenit will stopthesuspectedprocessas
soonasit is reachableagain.This is dueto inconsistenciesthatcanoccurbecausethebackupprocess
is performingthesametaskastheaccidentallysuspectedprocess.

SincePLinda can be usedfor parallel programmingwith replicatedworkers, it can be usedin a
network of workstations,asdescribedin [BJL+97] and[STW97]. Themainideais to usetheidle time
of workstationsin a local areanetwork for runningreplicatedworkersthatcomputetasksthey obtain
from a tuple space.The workstationprogramdetectsidle time andrunsonly if the CPU computing
time is not usedby any otheruserprocess.

2.4 JavaSpaces

Anotherinstanceof tuplespacesis JavaSpaces[FHA99], which is oneof theJini services.Jini is pre-
sentedin [OW00]; it is middlewarefor theJavaprogramminglanguage,andit allowstheprogramming
of a dynamicdistributedsystem,the Jini community. A userprocessthatwishesto useJini services
first finds a lookupservice,which is thenusedto find serviceswithin the community. The userpro-
cessobtainsa serviceinterfaceasa local object,which is a local stubfor the service. The methods
of the local objectare thenusedto invoke serviceprimitives. Thus, the principle is very much like
CORBA (CommonObjectRequestBrokerArchitecture),whichalsouseslocalstubsfor remoteaccess
of objects.

Likestatedabove,oneof theservicesJini providesis JavaSpaces.Unlike thetuplespacesintroduced
in theprevioussubsections,JavaSpacesallowsthestorageof objects(calledentries) in thespaceinstead
of tuples. In this context objectsmeansJava objectsthat maintaina stateandprovide methodsfor
operationson them. Thus, codeshippingto replicatedworkers is possibleusingJavaSpaces.This
projectfocuseson JavaSpaces,which is furtherpresentedin thenext section.An exampleapplication
of replicatedworkersis givenin section4.

3 Fault Tolerant Aspects of JavaSpaces

In orderto toleratefaults,JavaSpacesusesdifferentmeans.Fault toleranceis very importantfor Java-
Spaces,becauseJavaSpaceapplicationsarealwaysdistributed.

3.1 Jini Fault Tolerance

As describedin section2.4, theJavaSpacesserviceis partof Jini. Jini hasbeendevelopedto befault
tolerantin thesensethatcrashingserverscanrecover automatically. This is doneusingtheso-called
RMI activation(RemoteMethodInvocation).EachJini servicethatis startedregistersitself at theRMI
daemonrmid. rmid is a programthat keepstrack of activatableservices,and it is usedfor RMI,
on which Jini is basedupon. An importantfeatureis thatactivatableservicesarepersistent,i.e after
a systemcrashrmid tries to restartthemautomaticallyso that no explicit restartof eachserviceis
required– restartingrmid is sufficient. To accomplishthis,rmid keepstrackof theserviceusinga
log-file. However, it doesnot log theinternalstateof theservices,andtherefore,still datamaybelost
whenthesystemcrashes.

Eachservicehasto maintaina log-file in orderto recover from a systemfailure. The Jini services
thatJavaSpacesneedsto runall uselogging: thelookupservicereggie, andthetransactionmanager
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mahalo. The JavaSpacesservicecalledoutrigger itself providestwo alternatives: A persistent
versionandanon-persistentversion.While thenon-persistentversiondoesnotsurviveasystemfailure,
thepersistentversioncanrecover from its log-file afteracrash.For moredetailsonrmid andtheJini
servicesreferto [OW00].

3.2 JavaSpaces Transactions

In order to avoid lost or duplicatedtuplesas in the scenaroisdescribedin section2.2, JavaSpaces
providesa transactionmechanism.It guaranteestheACID propertiesatomicity, consistency, isolation,
anddurability. Transactionsconsistof a numberof spaceaccesseswith theoperationstake, read,
write, etc. However, thesemanticsof spaceoperationsin a transactionis slightly differentfrom the
semanticsoutsidea transaction.

Themaindifferencesare(for moredetailssee[FHA99]):

➫ Entriesthatarewritten within a transactionareonly visible within thetransaction.If theobject
is takenoutof thespaceagainwithin thetransaction,it is neverseenoutsidethetransaction.

➫ A read operationcanmatcheitheranentrywrittenunderthetransactionor anentryin thespace.
Whichoneread returns,is notdefined.

➫ If anentryis readfrom thespaceor takenoutof thespaceduringatransaction,othertransactions
arekept from readingthat particularentry. This ensuresthe consistency of the space,because
othertransactionscannotchangethe entry by readingandmodifying it. If anothertransaction
issuesaread, thentheread blocksuntil a matchingentryis found,i.e. it would wait until the
first transactioncommits.However, thesemanticsfor readIfExists is slightly different: If
thereis nomatchingentryis foundin thespace,thenit canwait until a transactioncommitswith
amatchingentry.

4 Replicated Worker Example

In this chapteranexampleJavaSpacesapplicationis presentedthat follows thereplicatedworker pat-
tern. It is a programthat doesa known-plaintext attackon datathat is encryptedusinga 4-bit RC4
cipher. This is aniceexamplefor aprogramthatcanbeexecutedat anarbitrarydegreeof parallelism.

4.1 The RC4 Stream Cipher

RC4is arandomnumbergeneratorthathasbeendevelopedby RonRivest1. It is describedin [Schn96],
anda detailedanalysiscanbefoundin [HW01]. Thegenerationof randomnumberswith RC4is very
efficient, andtherefore,this generatorcanbeusedasa streamcipher. Usually, it usesa width of 8 or
16 bits, but here,we reduceit to 4 bits becausewe emphasizeon thereplicatedworker ratherthanon
thesecurityaspect.In thefollowing text theRC4generatoris briefly introduced,following [HW01].

For the initialization of RC4 a key is needed.It consistsof ��� values��� ��������� ����� , which canhave
valueswithin � ��������� 
�� . ThealgorithmusesanS-box(substitutionbox)of ��� values�	� ��������� � ��� , which

1RC4is apatentof RSADataSecurityInc., andtheusageoutsideUniversityneedsa license.
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areout of the range � �������!� 
�� . It is initialized with �	��"#� � � ��"$
 ��������� � ����"$
�� . RC4 usestwo
registers% and & . Thenthefollowing instructionsareexecuted:

&(' �
for %)"*� to 
�� do
&+' ,-&/.0��12.3�416587:9<;�
��
swap ��1 und �=�

end for
%)' �
&(' �

ThispermutestheS-box16timesandyieldstheinitial stateof therandomnumbergenerator. In order
to generatea randomnumber, thefollowing instructionsareexecuted:

%)' ,6%>.?
�5@7:9<;A
��
&(' ,-&/.0��16587:9B;C
��
swap ��1 und �=�D ' ,E��1<.3�=��587:9B;C
��
output ��F

That is theRC4algorithm,which is indeedvery simple,but very powerful. It is extremelyfastand
secure,i.e. thereis no known attackto breakRC4[Schn96]. The4-bit versionof RC4thathasbeen
introducedabove hasexactly �HGI�KJL�KGKMN�<
K
OGP�KQH�P�P� internalstates,i.e. themaximumperiodconsists
of this many randomnumbers[HW01].

Therandomnumbergeneratorcaneasilybeusedto encryptdata.A key of 16 valuesof 4-bit width
is usedto initialize thegenerator. Thenthegeneratoris calledtwice to create8 randombits,whichare
thenexclusive-or-combinedwith thefirst databyte. Thesameis thendonewith theseconddatabyte,
andsoon.

For this casestudy this algorithmhasbeenimplementedin the programminglanguageJava. The
programis RC4.java, andit takesan input file andanoutputfile asparameters.Uponexecutionit
promptsfor a passphrase,which is usedto generatethe key ��� ��������� ����� . This is doneasfollows:
First, the key is initialized as �:�R"S� � �A�4"T
 ��������� �����U"V
�� . Thenthe lower 4 bits of the ASCII
representationof 2 consecutive lettersaretakenas W and X , andthecorrespondingvalues�NY and �:Z
areswapped.Thisdonefor every2 lettersin thepassphrase.

Notethattheprogramcanalsobeusedto decryptdata,sincetheRC4cipheris symmetric.

4.2 Sequential Implementation

Oneapproachto breaktheRC4cipheris to do a known-plaintext attackon theencrypteddata.Sothe
attackneedstheencrypteddataasinputaswell asaknown plaintext thatappearsin thedecrypteddata,
for instanceanencryptedletterand“hello”.

Thebreakalgorithmusesabruteforceattack.It generatesall permutationsof thenumbers� � 
 ��������� 
�� ,
andit useseachpermutationasa key for RC4,decryptsthedataandsearchesfor theplain text. This
algorithmusesexponentialtime,sincethenumberof permutationsis 
��<[ , whichis of exponentialorder.
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Therefore,it is very inefficient,but still it is theonly officially known attacksagainsttheRC4cipher.
This algorithmhasbeenimplementedin a sequentialprogramcalledRC4Breaker.java. It takes

theencryptedfile andanoutputfile for thedecrypteddataasparameters.Thenit promptsfor theknown
plaintext.

4.3 Implementation With JavaSpaces

Sincethesequentialimplementationis very inefficient it is imperativeto modify it to aparallelversion.
This is possiblein principle,becausethealgorithmallows for anarbitrarydegreeof parallelism.Each
parallelprocessorsimply triesonekey independentlyfrom theotherprocessors.

To coordinatethecooperatingprocessesJavaSpacesis used.Wehaveonemaster, whichputstestRC4
keys into thetuplespace,andanumberof replicatedworkers,whichtakekeysfrom thetuplespace,try
to breaktheRC4cipherandwrite theresult(trueor false)backto thetuplespace.Themastercollects
theresultsuntil it findstrue,i.e. amatchingkey.

In moredetail, we have two differentobjectsthat the masterputsinto the JavaSpace.First, a Ci-
pherText object,which simply containsthe encrypteddatathat hasto be decrypted.The master
putsonly oneCipherText objectin theJavaSpacein its initialization phase.It is usedto passthe
encrypteddatato theworkerswithout transmittingit againandagainwith everykey. Thisis veryuseful
for a low network bandwidthconsumption,becausetheencryptedtext might belong. Thesecondob-
ject typethat themasterdepositsin theJavaSpaceareRC4Task objects.They contain4 fields: key,
plainText, done, andplainTextFound. Thekey field containsthe key that a worker hasto
try on the cipher text. TheplainText field holdsthe known plaintext that hasto be found in the
decrypteddata. The mastersetsdone andplainTextFound to falseto indicatethat this key has
notbeentried yet.

A worker readsthe CipherText object from the JavaSpaceat startup. It only operateson this
encrypteddatain the future. Thenit entersan infinite loop, in which it withdraws RC4Task objects
from theJavaSpace.It decryptsthedataandsearchesfor theplaintext. Accordingto theresult,it sets
plainTextFound in theRC4Task object. Finally, theworker setsdone to trueanddepositsthe
RC4Task objectin theJavaSpaceagain.All this is donein asingletransaction,i.e. thetaskis executed
atomically.

ThemastercollectstheRC4Task objectsfrom theJavaSpacethathavedone setto true,i.e. finished
tasks.If it findsacompletedRC4Task with plainTextFound setto true,it usesthekey to decrypt
thefile andterminates.In ordernotto overfill theJavaSpacewith tasksit synchronizeswith theworkers
by keepingtrackof thenumberof tasksthat it hasput into theJavaSpace.It respectsanupperbound
of thenumberof outstandingtasks.Thisboundcanbeconfiguredin themastersourcecode.

Thekey factin theJavaSpacesimplementationof theRC4cipherbreaker is thatit canbeaccelerated
arbitrarily, becausean arbitrary numberof workers can be startedto perform tasksthat the master
writes.

5 JavaSpaces Performance Analysis

In this sectiontheperformanceof JavaSpacesis analysed.To do this, theexamplefrom theprevious
section4 is run. It is a canonicalexampleof JavaSpaces,becauseit addressesthe main domainof
JavaSpaces,namelycoordinatingparallelcomputing.
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5.1 Running The Example

In orderto run the replicatedworker example,the Jini serviceshave to be startedfirst. Thesearean
HTTP-Server in orderto allow the Jini servicesto downloadcodefrom a server via RemoteMethod
Invocation(for detailson this see[OW00]). Next, theRMI activationdaemonrmid hasto bestarted
suchthatinitially thereis nolog-file,soit doesnottry to recoverfrom asystemcrashthatneveroccured.
ThentheJini lookupservicereggie, the transactionmanagermahalo, andtheJavaSpacesservice
outrigger (herethe persistentversionis chosen)canbe started. To accomplishall this, a Linux
shellscriptjavaspaces.sh hasbeendevelopedin this project,which doesthenecessarycalls.

To generateanencryptedfile, aPDFfile2 of thesize

JavaSpaces

Jini Services

RC4Breaker

RC4BreakerWorker RC4BreakerWorker

nif−c7 nif−c20

nif−c21 nif−22

Figure 1: Used network topology.

139771is encryptedwith the RC4.java program
introducedin section4. Thekey is hijklm, thusit
is a ratherweakkey, whichcanbebrokenwith 5167
tries(opposedto amaximumof 
��<[ ).

On a differentmachine,theRC4BreakerJS pro-
gram is run; the known plain-text is “%PDF”, the
headof a PDFfile. Thenthe workersarerun again
on other machines,asshown in figure 1. It is im-
portantto run eachof theseprogramson a different
machine,becauseonly in this casethemaximumperformancecanbeachieved.

5.2 Performance Results

Theresultsfor theperformancemeasurementsareshown in Numberof Workers Max. Outstanding Time
1 3 12’11”
2 4 6’47”
2 6 7’15”
3 5 6’19”
3 9 5’54”

Table 1: Time to break RC4 for a num-
ber of workers and a maximum number
of outstanding requests.

table1. Thetimeto breaktheRC4cipheris shown asa func-
tion of the numberof workersRC4BreakerWorker and
the maximumnumberof taskstheRC4BreakerJS writes
to thespace.

It canbe observed that the time to breakRC4 dependson
the maximumnumberof outstandingtasks. However, it is
notpossibleto determinetheexactrelationbetweenthem.In
table1, the time increasesfor an increasednumberof out-
standingtakskfor 2 workers. However, for 3 workers,the time decreasesfor an increasednumberof
outstandingtasks.

5.3 Result Evaluation

Themainresultof theperformanceanalysisis that the time is not half thetime if 2 workersareused
insteadof one,andit is not onethird if 3 workersareusedinsteadof one.Therefore,thetimedoesnot
scalereciprocalwith thenumberof workers,asit wouldhavebeenexcepted.

Therearetwo reasonsfor this behavior. First, thereis a hugeoverheadwhenJavaSpacesis usedfor
coordination.This is aninherentproblemof theJavaSpacesimplementation;it is not possibleto scale
thenumberof outstandingtasksright in orderto reachthemaximumperformance.

But thesecondreasonis moresevere.Thisis adrawbackin theinfrastructurethathasbeenusedwhen
runningthe example. It lies in the operatingsystemLinux on which JavaSpacesandthe JavaSpaces

2my literaturesurvey of CS562;-)
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programswererun. Theproblemis thatJini heavily usesmulti-threading,but sinceJDK1.3eachthread
is startedasanativeprocess.WhentheJavaSpaceserviceis started,about80 processesaregenerated,
andthesystemslows down dramatically3. A testshowedthat this doesnot happenunderSolarisand
SunOS.Theresultfor this test,however, is that theJavaSpacesserviceis unableto handlemorethan
two or even just oneworker properlywhenit runsunderLinux. Therefore,the scalabilityfeatureof
JavaSpacesfor parallelcomputingis notguaranteed.This is thereasonwhy nomeasurementsof more
time-consumingRC4cipherbreakingcomputationshavebeendonein this project.

6 Conclusions

In this project the JavaSpacestuple spacehasbeenpresentedandanalysed.This technologycanbe
usedfor coordinatingparallelcomputationsof similar tasks.As anexample,anRC4cipherbreaking
programhasbeenimplemented. The result is that the performanceof JavaSpacesand Jini heavily
dependsontheoperatingsystemthatis used.While it it notveryperformantunderLinux, it runsbetter
underSolaris.
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