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Abstract

Jini is a technologythat allows networks of heterogeneouserviceso organisethem-
seheswith little humanintervention. It providesfor fault toleranceandfor the automatic
transferof driver code,writtenin Java, whenandwhereit is needed.

Theseabilitieswill be extremelyuseful,if notessentialin a large scaleervironmentsuch

astheGrid.

In this project,Jini technologyis usedto sharecomputesenersusingthe taskfarm para-

digm.

A standardAPI thatall computesenersmustimplementis defined.Fourimplementations
with differentcapabilitiesarepresentedswell asa selectionof clientsandhelperclasses.
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1 Intr oduction

This projectaimsto useJini andJava to build a smallprototypeGrid.

The Grid is a conceptthat will provide the ability for a userto usesomehigh performance
computingresourcavithout knowving exactly whereor whatit is. Onepartof The Grid will be
theuseof remotecomputatiorseners,selectecaitherby theuseror by someautomatigrocess,
basedor exampleon theamountof free processotime or on cost.

Java provides cross-platfornrcompatibility betweena wide variety of platforms,by providing
abstractionsf commonsystenfacilitiessuchasthefile-systemaswell astechniquegor trans-
ferring codeanddatabetweerdisparatesystems.

Jini, building ontop of the Java platform, providestheability for clientsandservicego discover
andcommunicatevith eachotherwith a minimumof knowledgeabouteachother

Taskfarmsareagoodabstractiorior thisasthey arequiteindependentf theunderlyingparallel
architectureResearclmasalreadytakenplacewithin EPCContaskfarmsin Java, andit is upon
apreviousEPCC-SSPReportthatl have basedny work.[4]

In this project,| specifya standarderviceinterfacefor taskfarmsin Jini andfour implementa-
tionsof thisinterface- computesenerswith arangeof abilities.| alsopresenseveralexample
clients,rangingfrom a simple integral computationto a more advancedgraphicalinteractve

programandanumberof utility scriptsandclasses.
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This projectwas targetedat developing prototypesystems. Furtherwork could be doneto
improve efficiengy anderrorhandling.

Many questionshave beenraisedduring the developmentof this project, which | have noted
eitherin therelevantsectionor atthe endof this document.

2 Background

2.1 About the previousHPT project

The projectof two yearsagoimplementedHPT (Hitachi Parallel Tasks),a remotelyaccessible
taskfarmsystemjntendedo runJava codeprimarily onthe Hitachi SR2201usingMPI but also
capableof runningon otherMPI systemsandon sharednemorysystems.

Oneof the ideasbehindthe designwasthata client shouldbe ableto run with minimal code
modificationon a workstationfor initial developmenton larger systemdor testingandfinally
ontheHitachi machinefor real-world usage.

Theprojectdid notgo sofar asto provide acompletelygenericAPI. In orderto run ataskfarm
onthelocal machine two differentformsof invocationwerenecessarydependingon whether
the userwishedto usesharedmemoryor MPI for communication.In orderto usea remote
computesener, athird form of invocationwasrequired. Furthermorea single-threadedisk
farm suitablefor useon a uniprocessomachinewasnot provided - the userwas expectedto
write his own or to put up with the (sometimedarge) overhead®f runningthe multiprocessor
codel

The projectdid not provide a mechanisnfor clientsto locatecomputesenerson the network.
It wasnecessaryo know on which machinethe sener wasrunningand passthe hosthnameo
theHPT code.

Most of HPT hasbeenusedin this project. Someclassesvereusedaspartof the specification,
whilst themainsener codebecamesSenerOne.

2.2 About the Task-farm paradigm

A taskfarm consistsof a numberof worker processes;oordinatedy a mastermprocess.Typi-
cally eachworker processunsonits own processorThe mastemayhave its own processoor
may usetime ontheworker processors.

Thecalculatiornto beperformeds brokendown into anumberof componentalculationgcalled
tasks)which caneachbeevaluatedndependently

All of thetasksaredistributedto theworkers,which evaluatethemandreturntheresultsto the
mastemprocessThe mastemprocescombinesall of theindividual resultsinto anoverall result.

Becauseachtaskis independenit canbecomputednary processorThemasteicantherefore
dynamicallydistribute tasksasprocessorbecomdree, minimisingprocessordle time.

Theidle loop of the HPT masterthreaddoesnot releaseprocessotime whilst it is idling, so runningwith a
singleworker meanghatonly half of the processotime canbe usedfor actualtaskcomputation.
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2.3 About Jini

Jiniis acollectionof classesndconceptghatenableslientsandservicesunningonanetwork
to discover eachotherand provides standardprotocolsfor the clientsand servicesto interact
oncethey have doneso. It makesheary useof Javafeaturessuchasobjectserializationyemote
methodinvocation(RMI) andbytecodeportability.

Ideally;, new clientsandservicescanbe addedto the network andJini will allow themto com-
municatewithout the needfor the useto install new drivers. A sener can provide codefor
executionon the clientto facilitatecommunication.

A servicecanbe a provided by a physicaldevice (for example,a printeror disk drive), or can
be moreabstracisuchasa directoryservice).A serviceis distinctfrom a sener, which is the
physicalplatformon which theserviceruns.

TheJini specificatiorprovidesanumberof standardervices Of fundamentaimportances the
lookupservice.Servicegegisterserviceobjectswith the lookupservicewhenthey arestarted.
Clientsmayinterrogatehelookupserviceto discover relevantservices.

Attributescanbe associatedvith eachserviceobject. A client may specifya templateof at-
tributeswhensearchindor servicesto restrictthe selectionof servicegeturned.

Interoperationbetweendifferentimplementationof the sametype of service,possiblypro-
vided by differentauthors s achiezed by clearly separatinghe definition of the service inter-
face from theimplementations Clientsandsenersarewritten to this interfacedefinitionand
aretherefore(hopefully)interoperable.

Theserviceobject,whichis transferredo the client machine generallyneeds¢o communicate
servicerequestdackto its own sener. It maydo thisin ary way. CommonlyRMI is usedas
very little codingis required.However, otherprotocols eitherstandardr custommaybeused.

Oneserviceobjectmayimplementsereral serviceinterfaces.For example,mary Jini services
alsoimplementthe Administrableinterface,which permitsadministrationof the servicein a
standardisedhanner

Jini clientsand servicesshouldbe fault tolerant. A servicemustassumethat a client could
disappeactfor example,crashor be cut off from the network) atary time, andvice versa.

Servicesshouldbe capableof releasingesourcesllocatedo sucha clientautomatically This
is usuallyachieved with the conceptof leasing:a client mustregularly tell the sener thatit is
still alive in orderto maintainits resourceallocations.If it doesnot, its leaseexpiresandthe
resourcesrefreed. For example,a servicemustleaseits registrationwith the lookup service
to preventthelookup servicefilling up with crashedservicesandto preventthe supplyof long
deadservicedo clients.

Severallookupservicesnay berun on the network. Servicesshouldregisterwith eachlookup
servicethatthey find, andclientsshouldinterrogateall lookup serviceswhensearchingor a
particularservice.

Lookupserviceshelongto oneor morediscovery groups. By default, servicesarein thepublic
group.

Clients may restricttheir lookupsto servicesregisteredin particulargroups. For example,a
departmentagprinter could exposeitself only to lookup serviceswithin the departmentagroup.
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Discovery groupsarenotintendedo hidedevicesfor securitypurposesbut ratherto reducethe
loadon the network by not providing clientswith serviceghatthey cannotuse.

2.4 About the systemsusedat EPCC

Developmeniandtestingoccurredon thefollowing systems:

Amber and Beryl: single processoiSun systems. Amber hasone UltraSRARC Il 300MHz
processqmwhilst beryl hasanUItraSPARC 167MHzprocessor

BOBCAT: BOBCAT is aBeowulf machineconsistingpof amasteiPCandl6worker PCs.Each
worker hasa 650MHz Athlon processqrwith 128Mb of RAM. The operatingsystem
usedis RedHat GNU-Linux. Thereis no formal queueingsystem;mary jobs mayrun
simultaneously

The Lomond sewice: TheLomondserviceconsistf threeSunsharednemorymachines:

Name Processors SpeedMHz) | TotalMemory(Gb)
E3000 4 x UltraSRARC 250 1
HPC3500| 8 x UltraSFRARC I 400 8
HPC6500| 18 x UltraSRARC I 400 18

Thesesystemsannotbe usedinteractively for executingsubstantiapiecesof code;such
jobsmustbesubmittedhrougha queueingystem] SF, usingthebsubcommand[]. All
of thequeuesaaremanagedy the E3000.

3 The JiniGrid API

3.1 Intr oduction to the API

The API consistof threeinterfaceswhich specifythe API provided by computeseners, two
Entry classespecifyingattributesof the computeseners,a classwhich encapsulatea Jarfile
andanEvent.

Itiscontainednthej i ni gri d. spec packagewhichis analogousothenet . ji ni.core
packagesThis packagemustbe presenbn every JiniGrid system.

The JiniGrid API is basedsubstantiallyon the HPT API, althoughl have attemptedo follow
the Jini style, whereabstractionis important. As it stands further abstractioris possible for
exampleby replacingJarDatawith someform of Map.

Clientsandservicegnustseta securitymanagewith theSyst em set Secur i t yManager
method,asRMI will not dowvnloadcodeunlessonehasbeeninstalled. Very few permissions
needto be grantedto foreigncode. An examplesecuritypolicy usedduringtestingis supplied
in thefile st andar d. pol i cy.

Theregistrationof a TaskFar nfSer vi ce with alookup serviceincludesthe specificatiorof
entriescontainingattributes.A TaskFar nSer vi ce shouldprovideanet . j i ni . | ookup-
.entry. Name entry with the humanreadablenameof the service. Additionally, services
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may specify a TaskFar m nf o objectand as mary Support edAPI Ent ry objectsasis
necessary

The client mustprovide a classimplementingthe SI aveabl e interface. An instancewill be
createdon eachworker processorClient specifiedglobal datawill be passedo eachS| ave-
abl e, thenthetaskfarmwill begin passingn taskobjects.Thereareno constraint®ntheclass
of theglobalandindividualtaskobjects- dependingnthe circumstancest mightbedesirable
to passa userdefinedstructureor merelyawrapperclasssuchasj ava. | ang. | nt eger .

Theclientmustprovide a Jarcontainingall non-systentlassesisedby theobjectssentbetween
clientandsener.

Thetask,globaldataandresultobjectsmustall be serializable.

A clientmayregisterto receve Pr ogr essEvent sthatindicatehow far thetaskfarmhasgot
in its processing.

3.2 TaskFarmService

Thisis the baseinterfacethroughwhich everythinghappens.

Servicegegistera TaskFar nSer vi ce objectwith the lookupservice.WhenTaskFar m
Servi ce. get TaskFar () is called,an objectimplementingthe TaskFar minterfaceis
produced.This mayinvolve settingup a communicatiorsessiorwith the computesener.

public interface TaskFarnService

{
publ i c TaskFarm get TaskFarnm(Stri ng user nane,
String keyfil enane,
i nt nuntl aves, JarData jarFile)
t hrows Renot eExcepti on;
}
3.3 TaskFarm

A TaskFar mobjectwill executea specifiedvectorof tasks returningavectorof results.

Objectsimplementinghis interfaceare usuallyacquiredby a userprogramby usingtheget -
TaskFar mmethodof aTaskFar nSer vi ce object,althoughthisis not alwaysthe case(for
example the SenerThreadmplementatiorcanbe usedindependently).

The TaskFar mis usedby calling the runTask method, passingin three parameters a
Vect or of tasks(which may be of ary class),a global dataObj ect which will be passed
to eachslave anda St r i ng containingthe nameof a Sl aveabl e class. Instancef this
classwill becreatedo performthetasks.

Whenthe TaskFar mis finishedwith, thef i ni sh() methodshouldbecalled.

Oncea TaskFar mhasbeenacquiredjt maybeusedasmary timesasdesired’

2Thisis thereasorthatthe Jarfile is specifiedn thetaskfarmfactorymethod notin ther unTask methodasis
thecasewith HPT - it is inefficientto sendthe sameJarrepeatedhagain.
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A TaskFar mmayonly beusedby onethreadat once,althougha TaskFar nSer vi ce may
be usedby multiple threadso generatenultiple Task Far mobjects,onefor eachthread;and
oncearun hascompleteda TaskFar mcanbeusedby anothetthread.

public interface TaskFarm

{
public Vector runTask(Vector tasks,
bj ect gl obal Dat a,
String slaved ass)
t hrows Renot eExcepti on;
public void finish()
t hrows Renot eExcepti on;
public EventRegistration trackProgress(long duration,
Renot eEvent Li st ener rel,
Mar shal | edbj ect key,
int reportEvery,
bool ean sendResul ts)
t hr ows Renot eExcepti on;
}
3.4 Slaveable

Implementation®f this interfaceareusedto evaluatetasks. Classeghatimplementthis must
provide a no-agumentconstructar

Methodcallswill be madein the orderpresentedelan. All exceptthe first may be repeated
multiple timesin thelifetime of the Sl aveabl e object.

public interface Sl aveabl e extends java. |l ang. Runnabl e {
public void setlnitAll Tasks(Cbject gl obal Data);
public void set Task(Cbject task);
public void run();
public Object getResult();

3.5 TaskFarmInfo

Thisis anEnt r y classthatprovidesgenerainformationabouta taskfarm’s services.

numProcessorsprovidesthe maximumnumberof processorshata TaskFar mfrom the ser
vice mayuse.

infoURL providesa URL to alocationwherehumarnreadablénformationmaybefoundabout
theservice.
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architecture indicatesthe communicationsarchitectureusedby the sener. It mustbe setto
oneof the staticconstantgrovidedin thisclass.

public class TaskFarm nfo extends net.jini.entry. AbstractEntry
{

public I nteger nunProcessors;

public java.net.URL i nfoURL;

public Object architecture;

static final public Object ARCH MSG
static final public Object ARCH SHVEM
static final public Object ARCH_SI NGLE;

3.6 SupportedAPIENtry

ThisEnt r y specifiesan API thatis supportedy a JiniGrid sener. Instancegrovide a string
nameof the APl anda multi-partversionnumber

Eachsener shouldhave at leastone Suppor t edAPI Ent r y, specifyingthe APl nameas
“java” andthe versionof Java supported.Suchan entry may be fabricatedusingthest at i ¢
get JavaEnt ry() method.

public class SupportedAPl Entry
extends net.jini.entry. AbstractEntry

{
publ i c SupportedAPl Entry();
public SupportedAPlI Entry(String api Nane,
Mul ti Version api Version);
public SupportedAPlI Entry(String api Nane,
String api Version);
public String nane;
public MiltiVersion version;
public static SupportedAPl Entry getJavaEntry();
}
3.7 JarData

Jar Dat a encapsulateapreviously createdjar file into a serializableobjectthatmaybetrans-
mittedacrosghenetwork. Thefilenamecontaininghedatais specifiedn theobjectconstructar

This classwastaken from HPT, althoughmostof the methodshave beenremovedfor the sale
of simplicity.
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public class JarData i nplenents Serializable

{
public JarData(String fn) throws | OException;
public byte[] getJarData();

}

3.8 ProgressEent

A Pr ogr essEvent isfiredwhena certainnumberof taskshave beencompletedby aTask-
Far m It may containthe resultsof thosetasksor may merelynotify the client thata certain
numberof taskshave beencompleted.

TheTaskFar m t r ackPr ogess methodshouldbecalledby aclientto indicatethatit wishes
to receve progressvents:

public EventRegi strati on trackProgress(long duration,
Renot eEvent Li st ener rel, Marshal | edObj ect key,
int reportEvery, bool ean sendResults)
t hrows Renot eExcepti on;

duration specifieghedesiredeasedurationfor theeventregistration,in milliseconds.
rel specifiegsheRenot eEvent Li st ener thatwill receve theevents.

key is a cookiewhich is sentbackwith every Pr ogessEvent . The client may usethis to
keeptrack of wherethe eventis comingfrom.

reportEvery specifieshenumberof tasksthatshouldbecompleteetweereachProgressEv-
ent.

sendResultsspecifiesvhetherresultsshouldbe sentback as part of the Pr ogr essEvent .
t r ue meanghattheresultsshouldbe sentback. If thisis the casethenewResul t s
memberof the Pr ogr essEvent will containaVect or of theseresults.

An instanceof this classcontainghenumberof taskscompletedandaVect or of new results.
If noresultsarebeingsuppliedtheneitherthenewResul t s variableshouldbenull or should
pointto anemptyVect or .

The numberof resultsin the vectoris not necessarilyequalto the valuein cunul ati ve-
TasksCom pl et ed, andneitherof theseare necessarilyequalto the numberof resultsre-
questedn thetrackProgresmethodcall.

A constantPARTI AL, is definedasthe only eventID.

public class ProgressEvent extends RenoteEvent
{
public final int cunul ati veTasksConpl et ed;
public final Vector newResults;

public ProgressEvent (Obj ect source,
| ong event| D, |ong seqNum
Mar shal | edQhj ect handback, int ctc,
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Vector nr)

static public final |ong PARTIAL;

4 Environmentand Operation

4.1 Software versionsused

e Jini:
Jini 1.1beta

¢ JDK ontheSunmachines:
java version "1.2. 1"
Solaris VM (build Solaris_JDK 1.2.1 02, native threads, sunwjit)
Thereappeargo be a bug associatedavith Java wherebyprocessesvould lock up. This
appearedh thelookupserviceon bothberylandamber:afteraround30 second®f CPU
time have beenused,the lookup servicewill occasionallyhang. The OGR client also
repeatedijhangsafteraroundl10 minutesof computation.

e JVM onBOBCAT
java version "1.2"
Classic VM (build Linux_ JDK 1.2 pre-rel ease-v2, native threads,
sunwjit)

4.2 The Lookup Path

Jini providesfor the discovery of lookup servicesthroughsereral mechanisms.When using
multicast discovery, Jini doesnot needto know the location of the lookup service- it can
find ary lookup servicewithin the multicastradius® Unicast discovery, on the other hand,
requirespreciseknowvledge of the location of the lookup service(specifiedby a URL of the
formj i ni://host name/ ) but worksoverthewholelInternet.

Multicast routing is usually not configuredon mostnetworks, so to discorer servicesover a
wide area,it is necessaryo useunicastdiscovery.

Jini providesfor unicastlookup locators, pointing at a programspecifiedhost, but doesnot
defineary standardvay for a programto be configuredto useone.

| define thereforethe concepif alookuppath. Thisis similarin syntaxto the unix command
path,andspecifiesalist of discorery groupsandlookuplocatorsto beusedfor servicelocation.

Thelookuppathtakestheformat:
<specifier>[,<specifier>[,<specifier>[...]]]

where<speci f i er > maybeeitheralookupdiscovery grouporaj i ni : // URL.

3Unlessmulticastroutersarepresentthe multicastradiusencompassesnly thelocal IP network.
In EPCC, thereareseveral IP networks with no multicastrouting betweenthem, so multicastdiscovery generally
doesnotwork.
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In developmentthefollowing pathwasused:
EPCCGROUP, jini://anber.epcc.ed.ac.uk/,jini://beryl.epcc.ed.ac. uk

This meanghatclientsandsenerswould make a multicastbroadcasto lookup servicedn the
group EPCCGROUR, whilst also attemptingto explicitly contactlookup servicesrunningon
amberandberyl.

An alternatve to using a lookup path would be to ensurethat a lookup serviceand lookup
discovery servicé arerunningin eachmulticast-connectedegion, with the lookup discavery
servicesorrectlyconfiguredo befully connectedo eachother

In anernvironmentwhereJdini is ubiquitous this would requirelessconfiguration.Thatscenario
is a long way off andmay never happen.However, this modelwould still help on a network

whereseveral systemsare making use of remotecomputeservices- the pathsto the remote
systemseedonly beconfiguredoncepernetwork, in thelookupservice ratherthaneachclient

needingo configurealookuppath.

Theseatwo systemsarenot mutuallyexclusive. A client canusebothalookup pathandlookup
discovery servicedo locateservices.

4.3 Environmentvariables

Theseervironmentvariablesareusedby mary of the suppliedscriptsto setthe corresponding
systemproperties.

$JINIGRID_POLICY Thepathto the Java securitypolicy file to be usedby JiniGrid clients.
$JINIGRID_LOOKUP Thelookuppath

4.4 Systemproperties

serverOne.mode specifiegshe modethatSenerOneshouldrunin:
npi meansViPl mode
pi pes meanssharednemorymode.

sewverOne.numslaves specifiesthe numberof slavesto be usedin sharedmemorymode. In
MPI mode,this propertyis unusedasthe numberof processorsanbe obtainedfrom the
MPI library.

sewverOne.userfile specifieghefilenameof the publickey file for userauthentication.

jinigrid.packageversion specifiesthe filenameof the packageversion specificationfile for
constructingSuppor t edAPI Ent r y attributes.Seesectiord.5.

jinigrid.lookup specifieghelookuppath.

jinigrid.serverQueue.bbID is usedinternally by SenerQueudo communicatédetweenthe
gqueuemanageandworkers.

“Lookup Discovery servicesprovide a bridgebetweerlookupservices.
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java.rmi.server.codebasespecifieshe URL(S) of RMI stubs.This propertyshouldpointto a
URL wherethe JiniGrid utility stubscanbeloaded,if ary of the utility classesreused.
Additionally, if the client/serer exportsary otherstubs,suchasfor remoteevents,then
the URLsfor theseshouldalsobe present.

This propertyis discussedn moredetailin [3].

45 Files

Jjar files Thevariousjar files thatarepartof this projectarelistedin tablel.

jinigrid-spec.jar| Containsthe JiniGrid API classes.The contents
mustbe presenton every JiniGrid system client
Oor sener.

jinigrid-util.jar | Theutility classesthatarenot strictly necessary
for JiniGrid compatibility but arevery useful.
senerone.jar | Theclassesecessaryo run SenerOne.
senerthread.jar| Theclassesecessaryo run SenerThread.
senerqueue.jar| Theclassesecessaryo run SenerQueue.
senermeta.jar | Theclassesecessaryo run SenerMeta.

Tablel: .jarfiles andtheir contents

package.ersions is a samplepackageversioninformationfile usedto createSupport ed-
API Ent r y objects.Theformatis in Java propertyfile format,with onepackageperline,
looking like:
Magi cMat hsLib 1.3

standard.policy specifiesa simplesecuritypolicy. Locally loadedcodeis givenfull permis-
sions,whilst codeloadedoverthe network is severelyrestricted . The permissiongonsist
of ability to connectto ary systemon the network, to readary propertywith a name
beginningwith j i ni gri d. andto reada specificfile containingthe users privatekey.

The latter is included becausehe SenerOnecode needsthis for authentication. See
sectionl2 for noteson userauthentication.

gridclient is ascriptfor runningclientswith theervironmentcorrectlyset. Seesection11.1.
start.serverOne launchesenerOnein threadsmode for useonthevariousSunsystems.

start.bobcat is a scriptto startsenerOneon BOBCAT, in MPI mode. It is a modificationof
the prunjava scriptthatis partof mpiJasa.

start.sewverThread launchesenerThread.
start.serverQueue launchesenerQueue.

start.serverMeta launchesenerMeta.

4.6 Compiling the code

All compilationof codetook placeon amberandberyl. As far asl amaware,thereis nothing
specificto theversionof the JDK andthe codeshouldbe compilableon ary versionof Java >=
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1.2.

Thereare Makefilesin mostdirectories— thesemostly call standardcommands;javac, rmic,
javadoc.

To compilesenerOne,it is necessaryo have the mpiJava .classfiles, but it is not necessaryo
have aworking installationof mpiJasa.

The documentatiorsectionof the masterMakefile usesa latex doclet,available at the time of
writing fromht t p: / / www. c2-t ech. con j ava/ TexDocl et/

Theentireprojectcanbebuilt by simply typing
make
whilstin thetop level directory

4.7 Directory Structure

All of thecodeandsupporffilesfor theprojectareheldin aCVS module,ssp- 2000- 02.

In the top level directory of this moduleare found all of the non-codefiles - the scriptsand
exampleconfiguratiorfiles.

Thej i ni gri d/ subdirectorycontainsthe sourcecode. As is usual,codein differentpack-
agesappearsn subdirectoriesvithin this — for example,the sourceforj i ni gri d. util . -
Ser vi ceFi nder canbefoundinjinigrid/util/ ServiceFinder.java.

4.8 An ExampleJiniGrid - instructions

Pre-requisitesdini, MPI, mpiJaa.
1. Compilethe code(seeprevioussection).

2. OnsomehosP, runr mi d andthe Jini lookupservice.

3. Onsomehost,runaJiniGrid service for example,SenerThread Instructionson how to
dothisfor eachservicearesuppliedin thefollowing sections.

4. On somehost,run a client, for example,fractalBravse. Instructionsaresuppliedin the
relevantsection.

5 SewerOne- An HPT basedJiniGrid sewer

5.1 Structure of HPT

HPT wasimplementedn [4]. It providesa computesener programandclient side code(the
TaskRunner class)to accesshatcomputesener.

SBecausef Jini’s distributednature, it doesnot matterparticularlyon which hoststhis andthe following steps
areperformed onehostcouldbeusedfor all stepspr differenthostscould be usedfor each.
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Communicationboth betweerclientandsener andwithin the component®f the sener, takes
placewith messag@assing.Eachtype of messagés representedly a subclasof Message.
All messagesontaina payloadobject,inheritedfrom Message. Subclassesancontainaddi-
tional data. Thevariousmessag¢ypesaredetailedin table2.

Messagegassingwithin the sener, betweerthe mastercomponenandworker componentsis
encapsulatedithin acommunicatiorwrapperclassa subclas®f CormsW apper 00. There

aretwo subclassegorrespondingo MPI andsharednemoryarchitectures.

Table2: Messagaypesusedin HPT

ClassName Direction Comment

Message - Superclassf all messages
CMadminMsg - Superclassf administratiormessages
CMadminDestrgMsg | Clientto Sener | Causeshesenerto shutdown.
CMdieMsg Clientto Sener | Tellsthesenerthattheclientis finished
CMinitMsg Clientto Sener | Initialisesthesener

CMinitReplyMsg Senerto Client | Returngheresultof initialisation.
CMjarMsg Clientto Sener | CarriesaJarData.

CMpartialResultMsg | Senerto Client | Sentevery time ataskis completed.
CMresultMsg Senerto Client | Sentattheendof execution
CMrunSlareMsg Clientto Sener | Causeshesenerto commencexecution
MSclassNameMsg | Masterto Slave | Cornveysthenameof the Slaveable.
MScontrolaskMsg Masterto Slave | Controlshow ataskis run.
MSinitAllTasksMsg | Masterto Slave | Corveystheglobaldata.
MSkillSlaveMsg Masterto Slave | Causesheslaveto die

MSresultMsg Slave to Master | Corveys acompletedesultto themaster
MSsetGroupMsg Masterto Slave | Usedfor settingMPI procesgroup
MStaskMsg Masterto Slave | Corveys ataskto beperformed.
MSunsetGroupMsg | Masterto Slave | Tellsaslaveto bein noprocesgroup.

HPT hasa numberof inefficiencies,the mostnoticeablebeingthat it usesa large amountof

CPUtimewhilstidling, on boththeclientandsener sides.

5.2 Changesmadeto HPT

Very little of HPT neededo be modifiedto adaptit for usewith the JiniGrid API. Mostly the
codeconsistof awrapperaroundthe TaskRunner class.It wasnecessaryo modify thecode
asfollows:

WheretheHPT codeoriginally establishe@ Ser ver Socket to accepttonnectionsgodewas
addedthatalsoregistereda serviceobjectwith the Jini lookup service. This objectcarriesthe
TaskRunner codewith it andwrapsJiniGrid callsinto TaskRunner callsattheclient.

To implementadministrationjt wasnecessaryo createtheadmin.messagéypes.
To implementprogressevents,it wasnecessaryo createChvpar ti al Resul t Msg.
Independentf the effort to port HPT to JiniGrid, the following changesveremade:

Somerearrangementf the HPT classesvasmadein orderthat a single build would support
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both MPI and sharedmemory Two separateclassedoth called CormsW apper (onefor
MPI andonefor threadswererenamedo MPI CommsW apper andPi peCommsW apper,
respectiely.

The MPI Comms W apper classwasmodifiedto usenew a Java/MPI binding, mpiJava. Previ-
ouslythe codeusedJavaMPIl which is now obsolete[cite mpiJava reference]

Thehandlingof jar fileswaschangedsothaton-diskstoragds nolongerused.

5.3 Configuration and Use

Thesenermaybestartedusingthest art . ser ver One scripton oneof the Sunsystemsor
start. bobcat onBOBCAT.

5.3.1 Installation and Useon BOBCAT

mpiJara mustbeinstalled. It is assumedo beinstalledin $HOVE/ npi Java. If it is installed
elsevhere modificationsshouldbe madeto thefollowing lines.

Thesdinesaretakenfrommy . pr of i | e onBOBCAT:

PATH=$HOVE/ npi Java/ src/ scri pts: $PATH
CLASSPATH=$HOVE/ npi Java/ | i b/ cl asses/ : $CLASSPATH
CLASSPATH=$HOME/ | i bs/jinigrid-util.jar: $CLASSPATH
CLASSPATH=$HOVE/ | i bs/j i ni gri d- spec: $CLASSPATH
CLASSPATH=$HOME/ | i bs/j i ni -core.jar: $CLASSPATH
CLASSPATH=$HOME/ | i bs/ sun-uti |l .jar: $CLASSPATH
CLASSPATH=$HOVE/ | i bs/j i ni - ext .| ar: $SCLASSPATH
CLASSPATH=$HOME/ | i bs/ serverone. j ar : $CLASSPATH
CLASSPATH=$HOME/ | i bs/ j i ni gri d- spec. j ar : $CLASSPATH
export CLASSPATH

LD_LI BRARY_PATH=$HOVE/ npi Java/ | i b: $LD_LI BRARY_PATH
LD LI BRARY_PATH=/ usr/ | ocal / npi ch/|i b/ shared: $LD LI BRARY_PATH
export LD_LI BRARY_PATH

export JI NI GRI D_POLI CY=$HOWE/ st andar d. pol i cy

export JI Nl GRI D_LOOKUP=EPCCGROUP

It is necessarto have thefollowing filesinstalledin $HOVE: st ar t . bobcat , st andar d. -
pol i cy,package. ver si ons,anduser f n (whichis thekey file for authentication).

In$HOVE/ | i bs,thereshouldbej i ni grid-util.jar,jinigrid-spec.jarandserver-
one. j ar fromJiniGrid,andsun-util ,jini-ext.jar andji ni-core.|ar fromJini.

With theabove in place the sener canbe startedwith:

./start. bobcat
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6 SewerThread- An RMI basedJiniGrid serwer

SenerThreadis a secondimplementationof the JiniGrid API. It usesRMI for client/serer
communication.

HPT usesits own protocol,becausét appearghatRMI wasregardedasunreliableat thetime
of the previous project. However, testing RMI using this fresh implementatiorrevealedno
problemgin fact,fewer problemshanwerefoundwith HPT).

The serviceobjectis an RMI stub, so calls are transmittedautomaticallyto the sener where
they areexecuted.

SenerThreads designedor single-processandshared-memorgnultiprocessosystemsThe
masterandworkersrun asthreadsn asingleJVM. Tasksandresultsarepassedackandforth
viaasharedvect or object.

TheSenerThreadaskfarmclass,Thr eadedTaskFar m maybeinstantiatedy aclientwith-
out usingJini, if it requiresa local taskfarm. (This is used,for example,to provide the “My
Computer”optionfor TaskFar nSel ect or JMenu, in section10.3).

6.1 Structure

The serviceobject,j i ni gri d. server Thr ead. Ser vi ce, is a Renpt e objectthat will
manufcturea new instanceof j i ni gri d. server Thr ead. Thr eadedTaskFar monde-
mand.

An instanceof Thr eadedTaskFar mcontainstwo main vectors,t asks andresul ts.
Theseform the basisfor interprocesgommunication.

Whena job is started,Thr eadedTaskFar mcreateghe requisitenumberof worker threads,
usingitself asRunnabl e object. Eachthread,therefore sharesaccesdo the sametaskand
resultvector

Eachthreadremovesataskfrom thetasksvector performsit, andplacesheresultin theresult
vector A threadterminatesvhenit cannotfind any moretasksto run.

The mastedauncheghe threadsandthenjoins with all of them. Whenall of the threadshave
terminatedall of theresultshave beenstored andther unTask methodcanreturn.

Eventsarehandledusingthe Pr ogr essEvent Handl er class.Requesting new eventreg-
istrationwith the TaskFar m t r ackPr ogr ess methodcausesa nev Pr ogr essEvent -
Handl er to beinstantiatedThisis notaRenpt e objectandremainsonthesener.

ThePr ogr essEvent Handl er recevesnotificationfromtheThr eadedTaskFar mwhen-
everaresultis posted andis responsibldor countingthe numberof resultssofarto determine
whenaPr ogr essEvent shouldbesent.Pr ogr essEvent Handl er alsohandlegheleas-
ing of the eventregistration.

6.2 Configuration and Use

The CLASSPATH ervironmentvariableshouldpoint to the JiniGrid specificationand utility
classfiles andto the SenerThreadtlassfiles. It shouldalsopointattheJini files.
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An exampleis:

CLASSPATH=. : ~clifford/jinil 1/lib/jini-core.jar:
~clifford/jinil 1/1ib/jini-ext.jar:
~clifford/jinil 1/1ib/sun-util.jar:
~clifford/ssp-2000-02/jinigrid-spec.jar:
~clifford/ssp-2000-02/jinigrid-util.jar:
~clifford/ssp-2000-02/serverthread.jar

Thepackage. ver si ons andst andar d. pol i cy filesmustbeinstalled,aswell asst ar t -
. server Thr ead. It maybenecessaryo modify thelatterif pathsarechanged.

Thesener canbe startedby typing:

./start.server Thread

7 SewerQueue- A Queueingserver

On the SunservicemachinesJarge jobs cannotbe executeddirectly Instead,they mustbe
submittedto a queueingsystemand wait their turn for the processors. SenerQueuepro-
vides a wrapperaroundthis queueingsystemso that clients may usethe machinesthrough
theTaskFar ner vi ce interface,without needingary specialcode.

SenerQueuerequiresr m r egi st ry to be runningin orderfor the queuemanagerwhich
mustrunonthe E3000,to communicatevith theworker processewhich mayrunonary of the
threecomponentmachines.

The codedoesnot handleary taskfarm processingtself. Instead,it spavns an instanceof
SenerThreadn theworker machineto procesghejob.

Whilst theprogramis hard-codedo usethebsub commandandSenerThreadtheseplatform-
specificsaarein avery smallnumberof clearlyidentifiableplacessocouldbeeasilychangedo
othertaskfarmsor queueingsystems.

7.1 Structure

The codeis split into two main parts,the serviceand queuemanagemenside andthe worker
side. The servicesiderecevesjobsfrom clients, storestheir detailsin a Rel i abl eMap and
submitsawaorker job to the queueingsystemusingthebsub command.

Whenthe worker is eventuallyrun, it connectgo the queuemanageusingRMI, retrievesthe
job andpassegheseto aninstanceof SenerThread. The resultsarethen passedackto the
gueuemanageandfrom therebackto theclient.

A singlesener may registerseveral serviceobjects,onefor eachsupportedjueue. Only one
instanceof the queuemanageis neededo managehemall.
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7.2 Configuration and Use

Usageis almostidenticalto thatof senerThreadsection6.2). It is necessaryor the classpath
to pointto ser ver queue. j ar in additiontoser vert hread. j ar.
Thesener canbe startedby typing:

./start.serverQueue

8 SewnerMeta - a meta-sewver

bobcat

serverOne

serverThread

beryl

serverQueue
serverThread
serverMeta

Figurel: Metaserer combiningseveral EPCCresourcesgor asingleclient

SenerMetais a “meta-serer” Taskssubmittedto a SenerMetaserviceareautomaticallybro-
kenup anddistributedto the othertaskfarm serviceson the network. In this way, the power of
multiple, heterogeneousomputesenerscanbe combinedwith no effort on the partof theend
user

At this stage,SenerMetais extremely experimentaland hasraiseda numberof interesting
guestionsHowever, it seneswell asa proofof concept.

An exampleof the sener is outlinedin figure 1, shaving the use of ambey beryl, Lomond
andBOBCAT to producea renderingof the Mandelbrotsetusingthe fractalBravseclient. No
modificationwhatsoger wasmadeto thefractalBravseclientin orderto usethis service.

Themetasener needso configuration:it automaticallydetectsheservicesonthenetwork and
usesall of them. This approacHeadsto a potentialproblemwhenthereis morethanonemeta-
sener on the network. At the moment,the codewill useary servicethatis not a SenerMeta
service. However, anotheimplementatiorof ameta-serer, if deplg/ed,wouldbeused andthat
mightin turn attemptto useSenerMetaservices.This couldleadto partsof jobs gettingstuck
in submissiorloops,beingpassedackandforth betweentwo or more metaserersandnever
beingevaluated.It may on occasiorbe desirable¢o make a meta-meta-seer, which combines
othermeta-sererstogether for example,all of the devicesat onesite couldbe placedtogether
undera metasener, with aninstitution-widemeta-serer which bringstogetherall resources
over all sites.
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| believe thatmanualconfigurationcould moreeasilypreventsuchloopsoccurring.

An alternatve approachwould be for eachmeta-serer to maintaina list of the servicelDs of
all of its componensenersandof all of theircomponentandsoon. A meta-sergr wouldthen
notusea senerwhichwould ultimately passhework backto itself.

Additional questionsareraisedaboutthe handlingof the variousserviceattributes. Attributes
suchasnumberof processorsanbe easilyproducedoy summingthe attribute over eachcom-
ponentservice putit is notentirelyclearhow to handleSuppor t edAPI Ent ry. Two obvious
approacheareto take the unionof theeachsetof APIs andto take theintersectiorof eachset.

Taking the union would lead to difficulties becausehereis at presentno way of specifying
which APls areusedby the client. The metasergr would not know which particularservices
shouldbe usedfor ary givenrun.

Taking the intersectionwould solve the above problem. If a client requestsa metaserviceit
only needsAPIs provided by every component.However, this is likely to limit the rangeof
APls adwertisedby the metaservice.

8.1 Structure

SenerMetarunsasbotha TaskFar nSer vi ce senerandasa client of all of the othertask
farm servicesthatit canfind. It usesSer vi ceFi nder to maintaina list of TaskFar m
Servi ces. Whena job is to be executed,it takesthe list of known services,removesall
instance®f SenerMeta,anddividesthetasksup evenly betweereachof theremainingservices.
A new threadis startedo handleeachtamgetservice.

Whena threadhascompletedthe resultsare postedto the main resultsvector At this stage,
Pr ogr essEvent notificationto the clientcanoccur soaclientwill receve all of theresults
from onecomponentaskfarmin oneburst. However, the codecould be modifiedwithouttoo
muchdifficulty to passresultsalongcontinuously

8.2 Configuration and Use

Again,theusagses very similarto senerThreadsection6.2).
Thesener canbe startedwith:

start.server Met a

9 SampleClients

ThreesampleclientsarepresentedTwo performacomputatiorwith no userinteractionwhilst
thethird is very interactve.

9.1 Computation of =

This demonstratiomomputesa valuefor the mathematicatonstantr by evaluatinganintegral
whichis knowvn to beequalto .
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The evaluationis performedby dividing the integral into a numberof slices (specifiedby
nTasks) andtreatingeachslice asatask. Whenthe taskis evaluated,it is cut againin finer
sections(as specifiedby nSl i ces) andthe integral evaluatedat one point in eachsection.
Theseresultsarethensummedo producethe valueof theintegral andhenceof .

The codelivesin thejinigrid. test. pi Cient packageand consistsof four classes:
hpt Pi d i ent, hpi Pi ,pi Al | Tasks andpi Resul t . Thesourcefor theseis includedin

AppendixA. Notethatthereis no new taskclassdefined-j ava. | ang. | nt eger is usedto

specifywhich of theevenly spacedectionss to be evaluated.

Theprogramwill usethefirst TaskFar nSer vi ce thatit finds.
Themainclasscanbe executedwith acommandsuchas:

gridclient jinigrid.test.piCient.hptPidient 40 usernane
userpkfn 5 100000

whichwill resultin anapproximatiorof 7 ~ 3.14159315 anderror ~ 5 x 10~7

The codedeliberatelycontainsno exceptionhandlingin orderto simplify the presentatiorof
sourcecode.Betterhandlingcanbefoundin the next client.

9.2 Finding Optimal Golomb Rulers

Figure2: A sevenmarkGolombruler, with marksat spacing®f 1,3,6,8,5,2

A Golombruler is a stick with markson it, suchthatno two marksarethe samedistanceapart
asary othertwo marks®

An Optimal GolombRuler (OGR) for a given numberof marksis the smallestGolombRuler
with thatmary marks.GolombRulerswith mary marksareknown, but it is only knavn which
areoptimal for rulersof up to 23 marks. Thereexists a massiely paralleltaskfarm project,
distributed.netwhich at thetime of writing is examiningthe 24-markand25-markspaces.

Thesearctfor OGRsisimplementedisasearctiree,eachievel onthetreerepresentingsolomb
rulersof a certainlength.[@ Thetreeis split into a numberof branchesegachbranchforming
a task. Eachtask producesa Golomb Ruler thatis optimal in its branchand smallerthana
thresholdpassedhroughthe global data. The masterthengathersheseandlocatesthe most
optimal.

A Rul er classis defined,which is usedboth to transmitstubsto the workersandto transmit
theresultbackto the master

9.3 fractalBr owse

fractalBravseis aninteractive viewer for the Mandelbrotset. The usercanselecta region of
the imageto zoominto. Computationof the actualdatais performedon a taskfarm, which

8In moremathematicalerms,aruleris asetR C N suchthat
Va,b,c,d € R |a—b| =|c—d| — {a,b} = {c,d}
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Figure3: Screenshoof fractalBravse,shaving anactvatedTaskrarmSelectorJMenu

canbe selectedrom a servicemenu. By default, the taskfarmis a single threadinstanceof
SenerThreadunninglocally.

As taskscomeandgo, the servicemenuupdatesautomaticallyto includenew servicesandto
remove old serviceslf aservicefails, theclientwill automaticallyandsilently switchbackto a
localinstanceof SenerThread.

10 Utility classes

In this sectionanumberof utility classearepresentedTheseareused(asnoted)in severalof
thesenersandclientsabore.

10.1 DiscoveryWalker

DiscaveryWalker allows lookup servicego belocatedby specifyinga path,similar to the unix
shell path, which namesdiscovery groupsandjini:// URLs. The pathmusttake the form de-
scribedfor the$J1 NI GRI D_LOCKUP environmentvariable,describedn section4.3.

It is animplementatiorof thenet . jini . di scovery. Di scover yManagenent inter
face,(via the LookupDi scover yManager class)which providesthe ability to implement
customlookupservicefinding code.

Di scover yWal ker alsohassomeexperimentalcode, disabledby default, which canuse
LookupDiscovery services.Theseallow aform of bridgingbetweerdifferentlookupservices.

A DiscoveryWalker is instantiatedvith thelookuppathsuppliedto theconstructgrandcanthen
be usedwherever a Di scover yManager is heededfor examplein the Ser vi ceFi nder
or Taskf ar nSel ect or JMenu classes.

public class Di scoveryWl ker
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ext ends LookupDi scover yManager
i npl ements Di scoverylLi stener

{
public Di scoveryWal ker (String | ookupPat h)
throws java.io.| OException
\\ additionally, the D scoveryManagenent nethods
}

10.2 SewiceFinder

ServiceFinders basedon the classof the samenamepresentedh [5]. Its purposés provide a
simpleAPI for clientsto locateservicesnatchinga suppliedtemplate.

Therearea numberof constructorswhich allow the client to specifyvarying amountsof in-
formation. The simplesttakes a single parameteispecifyingthe class/interdice to be found.
No attributesarerequired,andthe contentsof thej i ni gri d. | ookup propertyareusedas
lookuppath.More complicatecconstructorsllow attributesandlookup pathto be specified.

Theget Obj ect () andget Obj ect s() methodseturn,respectiely, oneor all of the ser
vice objectsfound. If no objectshave beenfound sofar, the methodswill block until at least
oneis found.

public class ServiceFi nder
i npl ements Di scoverylLi stener
{

public ServiceFinder(C ass servicelnterface)
throws | OException

public ServiceFinder(C ass servicelnterface,
String nane)
throws | OExcepti on

public ServiceFinder(String path,
Cl ass servicelnterface)
throws | OException

public ServiceFinder(String path,
Cl ass servicelnterface,
Entry attribute)
throws | OException

public ServiceFinder(C ass servicelnterface,
Entry[] attributes)
throws | OException

public ServiceFinder(String path,
Cl ass servicelnterface,
Entry[] attributes)
throws | OException

public Object getObject()

public Vector getQbjects()
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10.3 TaskFarmSelectorJMenu

TaskRarmSelectorJMenis asubclas®f the SwingJ Menu class.It providesamenuwhichlists
the availabletaskfarmservicesaswell asa“My Computer’option. As servicescomeandgo,
themenuautomaticallyupdatestself.

Theclassprovidesaget TaskFar n() methodwhich returnsa Task Far mfor the currently
selectedservice.lf “My Computer’is selectedaninstanceof ThreadedaskFarmconfiguredo
runonthelocal machineis returned.

Using this class,almostthe whole of the JiniGrid servicelocation, selectionand connection
processs hiddenfrom the client program. An applicationusesthis classby creatingan in-
stance passingvariousparameterso the constructarand addingthe instanceto a menubar
Whenuseof ataskfarmis requiredtheget TaskFar n{) methodshouldbe calledto return
aTaskFar mobjectfrom thecurrentlyselectedservice.

public class Taskfarntel ect or IMenu
ext ends JMenu
{
publ i c TaskFarm get TaskFarn();
publ i c Taskfarntel ectorJMenu(String s, int nunp,
JarData jar);

10.4 ReliableMap

ReliableMapimplementshe Map interfacefrom the Java Collectionsframevork. It provides
for theassociatiorof key andvalueobjects,andfor theretrieval of valueobjectsbasedon key.
Themapis persistent- thatis, the contentsof the Map arepresered betweennvocationsof a
program.

This implementatiorusesReliableLog,a utility classprovided by Sunwith Jini. ReliableLog
providesreliable on-disk storagewith atomicactions— an updateto the datawill eithercom-
pletelyhapperor nothapperatall. This helpsmaintaintheintegrity of the data.

Thebody of the datais storedasa serializedHashRble,whilst updatesarestoredasinstances
of acustominnerclass.

Mostof theMap callsarepassedhroughto theinternalHash&ble,with only the four mutating
callslogged.

public class Reliabl evMap i npl enents Map
{

public ReliableMap(String path) throws | OException
/1l Methods that are | ogged

public void clear()
public Object put(Object key, Object value)
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public void putAl (Map m
public Object renpve(bject key)

/1 Methods that are passed straight through to the enbedded Map

publ i c bool ean cont ai nskKey( Cbj ect 0)
publ i c bool ean cont ai nsVal ue( Obj ect 0)
public Set entrySet()

publ i c bool ean equal s(Chj ect 0)
public Object get(Qoject k)

public int hashCode()

public bool ean i sEnpty()

public Set keySet ()

public int size()

public Collection val ues()

}

10.5 MultiV ersion

This classrepresents multi-part versionnumber(for examplel.2.2)of arbitrarydepth. It is
usedto storeAPI versionsin the SupportedAPIEntrglass(section3.6).

MultiVersionpermitsversionnumbersof arbitrary length, for example,1.54.3.2.6. The Java
VersioningSpecificatiorusesonly a threepartmajorminormicro versionnumber2]

public class Miulti Version inplenents java.io. Serializable
{

public MultiVersion(int[] v)

public MiltiVersion(String s)

public String toString()

public final int[] version;

11 Commandline utilities

11.1 gridclient

Usage:
gridclient <java options> <cl asshane> <ar gunment s>

Gridclientcanbeusedn placeof thej ava commandIt launches Javavirtual machinesetting
variousJiniGrid systempropertiedo valuesreadfrom the ervironment.

Example:
gridclient jinigrid.test.ogr.MinFarm3 50
2 user [Hitachi PT/pkfn 8



EPCC-SS-2000-02 26

11.2 sewicels

Usage:

servicels -lookup jini://<hostname>/ [-verbose]
where:

<host nane> is thenameof a systenrunningthe Jini lookupservice.
- ver bose signifiesthatmoreinformationshouldbe printed.

Serviceldists all servicegegisteredwith the specifiedookup service.lIt providesa command
line equivalentfor the basicfunctionality of the Jini Browserprogram.

11.3 sewicekill
Usage:
servicekill <servicename>
Servicekillwill attemptto kill theservicenamedby <ser vi cenane>.
In orderfor thisto work, thefollowing musthold:
e Theservicemusthave aNameentryspecifying<ser vi cenanme>

e Theservicemustbeadministrablethatis, it mustimplementthenet . j i ni . adm n. -
Admi ni st r abl e interface.

e The services administrationobject mustimplementthe com sun. j i ni . adm n. -
Dest r oyAdmi n interface.

If the serviceis an SenerOneservice,then additionalcodewill be invoked to log onto the
servicebeforedestructioris attempted.

12 UserAuthentication

HPT useda public/private key scheméor userauthentication.The userstoreshis private key
in afile on disk, whilst the sener storesa correspondindile of userpublic keys. SenerOne
retainsthatauthenticatioomechanism.

Theothersenersdo not have ary authenticatioomechanismatall. Any clientcanconnectand
usethem.

As it standsnow, the stubcodemustbe givenreadaccesgo the privatekey of auser Thisis
bad.

In a large scalegrid ervironmentwheretherecould be thousandr millions of users,some
mechanisnwould needto bein placedistribute userauthenticationnformation. It cannotrea-
sonablybe expectedthat every computesener would maintainan up-to-datecopy of a cen-
tralisedpublic key database.

The systemalso precludeausingotherauthenticatiormechanism&asedon differing levels of
paranoiaFor example asitemightwishto usesimplepasswrdsor mightwantto usea SecurlD
card.Neitherof theseapproacheareaccommodatedith the HPT framawork.
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For thesereasonsl chosenotto implementary authenticatiorio begin with, with theintention
of maybelooking atthe problemlater Unfortunately| have nothadenoughtimeto do so.

13 Future Development

¢ More flexible classloading. If we areusingremoteevents,we musthave an http sener
setup to transmitthe event listenerstubsto the event producer It would be niceif the
clienthadthe optionof usingthis http sener ratherthanajar file.
| have investigatedhe possibility of usinga Map from St r i ng classnaméo byt e[ ]
bytecode. However, in this abstractsetting, it is not clearhow one shouldassignthe
CodeSour ce propertyof loadedclassesneededor codepermissions.

e PipeCommsWrappean HPT is very inefficient

e Theremoteeventsin the API couldbeenhanced for example,aneventcouldbe posted
whena queuedob startsto run, or whena sener changestatus.

¢ Reportingof sener status- theway HPT did it wasin somewaysbackvards;the sener
shouldsupplya statusobject;in HPT the client supplieda statusobjectwhich the sener
updated this precludest beingaremoteobject.

¢ How difficult would this beto corvert thisinto a generalpurposecomputesener, rather
thanjustataskfarm?
It would be difficult to make a completelygenericremoteparallel sener, but specific
modelscouldfairly easilybe producedFor example,amessag@assingcomputeservice
could be defined,with an abstractmessageassinglibrary which could usethreadsor
MPI or whatever wasavailableon the sener.
In the end,onemight endup with anarray of differentservicetypes: taskfarms,mes-
sagepassingsharednemorymultithreadedsinglethreadedwith senersimplementing
as mary of thesemodelsasthey could. Therecould also be "adaptor"services(like
metasergrs)thatwould re-exposea messag@assingsener asataskfarmsener.

e How dowe pick whichis thebestsenerto use?A numberof metricscouldbedeveloped
basedn expectedspeedgexpectedime until job completesetc, perhapdasedpartly on
theJavaGrandeébenchmarks.

¢ If we aretransmittingthe resultswith the events, it is wastefulto transmitthe resultsat
theendaswell — but we may have missedsomeeventsandso missedsomeresults.How
canwe checkthis?
Sometimesve run out of memoryon thetaskfarm- if we areprogressiely transmitting
resultsbackto theclient, thenwe canfreethe memoryusedby theresultsonthesener—
thisdoesnt necessarilyransfetthesamememoryuseto theclient—theclientcanprocess
theresultanddiscardit.

¢ An optimisationto try on senerThreadgive eachthreadits own resultsvectorandmeige
themtogethersynchronoushatthe end,thenwe don't needto synchronisentheresults
vectorandsomaybeit will befaster..
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A Sourceof hptPiClient

A.1 hptPiClient.java - the main class

package jinigrid.test.pidient;

i mport HPT. *;

import java.io.*;

i mport java.util.Vector;
inmport jinigrid.util.?*;
import jinigrid.spec.?*;
i mport java.rm.*;

public class hptPidient
{

public static void main (String args[]) throws Exception
{

Systemout.println("JiniGid Pi conputation");

System set Securi t yManager (new RM Securit yManager ());

TaskFar nSer vi ce t askFar nSer vi ce=nul |

Servi ceFi nder sf=new Servi ceFi nder ( TaskFar nServi ce. cl ass) ;

t askFar nSer vi ce=( TaskFar nSer vi ce) sf. get Cbj ect () ;
Systemout.println("Got a taskFarnService");

JarData jar = new JarData("piClient.jar");

TaskFarm t askFarm = t askFar nSer vi ce. get TaskFar nm(args[ 1],

args[ 2], Integer.parselnt(args[3]),jar);

int i;

i nt nTasks;

doubl e cal cPi =0;

Vector vOf Tasks;

pi Al | Tasks pi CommonDat a;

Vector results;

nTasks=I nt eger. parsel nt (args[0]);
vOf Tasks=new Vect or (nTasks) ;

for(i=0; i<nTasks;i++)
v Tasks. addEl ement (new I nteger(i));
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pi ConmonDat a=new pi Al | Tasks(
1.0/ (nTasks*| nt eger. parselnt (args[4])),
I nt eger. parselnt(args[4]) );

Systemout. println("Running tasks...");
pi Resul t taskRes;

resul t s=taskFar m runTask(vCf Tasks, pi CormonDat a,
"jinigrid.test.piCient.hptPi");

Systemout. println("Run conpl eted");

for(i=0,calcPi=0;i<results.size();i++)

{
taskRes=(pi Result)results. el ement At (i);
cal cPi +=t askRes. get Resul t () ;

}

cal cPi =cal cPi / ((doubl e) nTasks)
/ (doubl e) I nt eger. parsel nt (args[4]);

System out . printl n(

"Cal cul ated Pi= "+calchPi+", JVMPI= "+Math.Pl);
System out . printl n(

"Error (wt Math.Pl)="+Mat h. abs(Math. Pl -cal cPi));
taskFarm finish();
Systemout.println("The end.");
System exi t (0);

A.2 hptPi.java - the Slaveableimplementation

package jinigrid.test.pidient;

i mport HPT. *;

public class hptPi inplements Sl aveable

{

int task;
pi Result result;
pi Al | Tasks conmonDat a;

public void set Task(Obj ect task)
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this.task=((1nteger)task).intVal ue();

}

public void setlnitAll Tasks(Cbject initAll Tasks)

{
commonDat a=(pi Al | Tasks)init Al | Tasks;

}
public Ooject getResult()
{
return result;
}

public void run()

{

doubl e res = 0;
doubl e h = commonDat a. h

for(int t=task*conmonDat a. sanpl es;
t <t ask* cormonDat a. sanpl es+conmonDbDat a. sanpl es;
t ++)
res += ( f(h * ((double)t - 0.5)));

resul t=new pi Resul t(res);

}

doubl e f(doubl e a)

{
return(4.0/(1.0+a*a));

}
}

A.3 piAlIT asks.java - the global data

package jinigrid.test.pidient;

class pi All Tasks inplenents java.io. Serializable

{
final public double h;

final public int sanples;

public pi All Tasks(doubl e h, int sanpl es)

{
h=h;
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sanpl es=sanpl es;

}
publ i c doubl e get h()
{
return h;
}
publ i ¢ doubl e get sanpl es()
{
return sanpl es;
}

}

A.4 piResult.java - the returnedresult

package jinigrid.test.pidient;

class piResult inplenents java.io. Serializable

{
doubl e taskSum

public pi Result (double sum
{

t askSunmeEsum

}

public doubl e getResult ()
{

return(taskSunj;

}
}
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