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Abstract

Jini is a technologythatallows networksof heterogeneousservicesto organisethem-
selveswith little humanintervention. It providesfor fault toleranceandfor theautomatic
transferof drivercode,written in Java,whenandwhereit is needed.
Theseabilitieswill beextremelyuseful,if not essential,in a largescaleenvironmentsuch
astheGrid.
In this project,Jini technologyis usedto sharecomputeserversusingthe taskfarmpara-
digm.
A standardAPI thatall computeserversmustimplementis defined.Four implementations
with differentcapabilitiesarepresentedaswell asaselectionof clientsandhelperclasses.
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1 Intr oduction

Thisprojectaimsto useJini andJava to build asmallprototypeGrid.

The Grid is a conceptthat will provide the ability for a userto usesomehigh performance
computingresourcewithout knowing exactly whereor whatit is. Onepartof TheGrid will be
theuseof remotecomputationservers,selectedeitherby theuseror by someautomaticprocess,
basedfor exampleon theamountof freeprocessortimeor oncost.

Java providescross-platformcompatibilitybetweena wide varietyof platforms,by providing
abstractionsof commonsystemfacilitiessuchasthefile-system,aswell astechniquesfor trans-
ferringcodeanddatabetweendisparatesystems.

Jini, building ontopof theJavaplatform,providestheability for clientsandservicesto discover
andcommunicatewith eachotherwith aminimumof knowledgeabouteachother.

Taskfarmsareagoodabstractionfor thisasthey arequiteindependentof theunderlyingparallel
architecture.Researchhasalreadytakenplacewithin EPCContaskfarmsin Java,andit is upon
apreviousEPCC-SSPreportthatI have basedmy work.[4]

In thisproject,I specifyastandardserviceinterfacefor taskfarmsin Jini andfour implementa-
tionsof this interface- computeserverswith a rangeof abilities. I alsopresentseveralexample
clients,rangingfrom a simple integral computationto a moreadvancedgraphicalinteractive
programandanumberof utility scriptsandclasses.
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This project was targetedat developing prototypesystems. Furtherwork could be doneto
improve efficiency anderrorhandling.

Many questionshave beenraisedduring the developmentof this project,which I have noted
eitherin therelevantsectionsor at theendof thisdocument.

2 Background

2.1 About the previousHPT project

Theprojectof two yearsagoimplementedHPT (Hitachi ParallelTasks),a remotelyaccessible
taskfarmsystem,intendedto runJavacodeprimarily ontheHitachiSR2201usingMPI but also
capableof runningonotherMPI systemsandonsharedmemorysystems.

Oneof the ideasbehindthedesignwasthat a client shouldbe ableto run with minimal code
modificationon a workstationfor initial development,on largersystemsfor testingandfinally
on theHitachimachinefor real-world usage.

Theprojectdid notgosofar asto provideacompletelygenericAPI. In orderto runa taskfarm
on thelocal machine,two differentformsof invocationwerenecessary, dependingon whether
the userwishedto usesharedmemoryor MPI for communication.In order to usea remote
computeserver, a third form of invocationwasrequired. Furthermore,a single-threadedtask
farm suitablefor useon a uniprocessormachinewasnot provided - the userwasexpectedto
write his own or to put up with the(sometimeslarge)overheadsof runningthemultiprocessor
code.1

Theprojectdid not provide a mechanismfor clientsto locatecomputeserverson thenetwork.
It wasnecessaryto know on which machinetheserver wasrunningandpassthehostnameto
theHPTcode.

Mostof HPThasbeenusedin thisproject.Someclasseswereusedaspartof thespecification,
whilst themainserver codebecameServerOne.

2.2 About the Task-farm paradigm

A taskfarmconsistsof a numberof worker processes,coordinatedby a masterprocess.Typi-
cally eachworker processrunson its own processor. Themastermayhave its own processoror
mayusetimeon theworker processors.

Thecalculationto beperformedisbrokendown intoanumberof componentcalculations(called
tasks)whichcaneachbeevaluatedindependently.

All of thetasksaredistributedto theworkers,which evaluatethemandreturntheresultsto the
masterprocess.Themasterprocesscombinesall of theindividual resultsinto anoverall result.

Becauseeachtaskis independent,it canbecomputedonany processor. Themastercantherefore
dynamicallydistributetasksasprocessorsbecomefree,minimisingprocessoridle time.

1The idle loop of the HPT masterthreaddoesnot releaseprocessortime whilst it is idling, so runningwith a
singleworker meansthatonly half of theprocessortimecanbeusedfor actualtaskcomputation.
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2.3 About Jini

Jini is acollectionof classesandconceptsthatenablesclientsandservicesrunningonanetwork
to discover eachotherandprovidesstandardprotocolsfor the clientsandservicesto interact
oncethey havedoneso.It makesheavy useof Java featuressuchasobjectserialization,remote
methodinvocation(RMI) andbytecodeportability.

Ideally, new clientsandservicescanbeaddedto thenetwork andJini will allow themto com-
municatewithout the needfor the useto install new drivers. A server canprovide codefor
executionon theclient to facilitatecommunication.

A servicecanbea providedby a physicaldevice (for example,a printeror disk drive), or can
bemoreabstract(suchasa directoryservice).A serviceis distinct from a server, which is the
physicalplatformonwhich theserviceruns.

TheJini specificationprovidesanumberof standardservices.Of fundamentalimportanceis the
lookupservice.Servicesregisterserviceobjectswith thelookupservicewhenthey arestarted.
Clientsmayinterrogatethelookupserviceto discover relevantservices.

Attributescanbe associatedwith eachserviceobject. A client may specifya templateof at-
tributeswhensearchingfor services,to restricttheselectionof servicesreturned.

Inter-operationbetweendifferent implementationsof the sametype of service,possiblypro-
videdby differentauthors,is achievedby clearlyseparatingthedefinitionof the service inter-
face from the implementations.Clientsandserversarewritten to this interfacedefinitionand
aretherefore(hopefully)inter-operable.

Theserviceobject,which is transferredto theclient machine,generallyneedsto communicate
servicerequestsbackto its own server. It maydo this in any way. CommonlyRMI is usedas
very little codingis required.However, otherprotocols,eitherstandardor custom,maybeused.

Oneserviceobjectmayimplementseveralserviceinterfaces.For example,many Jini services
also implementthe Administrableinterface,which permitsadministrationof the servicein a
standardisedmanner.

Jini clientsand servicesshouldbe fault tolerant. A servicemustassumethat a client could
disappear(for example,crashor becutoff from thenetwork) at any time,andvice versa.

Servicesshouldbecapableof releasingresourcesallocatedto sucha client automatically. This
is usuallyachievedwith theconceptof leasing:a client mustregularly tell theserver that it is
still alive in orderto maintainits resourceallocations.If it doesnot, its leaseexpiresandthe
resourcesarefreed. For example,a servicemustleaseits registrationwith the lookupservice
to preventthelookupservicefilling up with crashedservicesandto prevent thesupplyof long
deadservicesto clients.

Several lookupservicesmayberun on thenetwork. Servicesshouldregisterwith eachlookup
servicethat they find, andclientsshouldinterrogateall lookup serviceswhensearchingfor a
particularservice.

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

Clientsmay restrict their lookupsto servicesregisteredin particulargroups. For example,a
departmentalprintercouldexposeitself only to lookupserviceswithin thedepartmentalgroup.
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Discoverygroupsarenot intendedto hidedevicesfor securitypurposes,but ratherto reducethe
loadon thenetwork by notproviding clientswith servicesthatthey cannotuse.

2.4 About the systemsusedat EPCC

Developmentandtestingoccurredon thefollowing systems:

Amber and Beryl: single processorSun systems. Amber hasone UltraSPARC II 300MHz
processor, whilst berylhasanUltraSPARC 167MHzprocessor.

BOBCAT: BOBCAT is aBeowulf machineconsistingof amasterPCand16workerPCs.Each
worker hasa 650MHz Athlon processor, with 128Mb of RAM. The operatingsystem
usedis RedHat GNU-Linux. Thereis no formal queueingsystem;many jobsmayrun
simultaneously.

The Lomond service: TheLomondserviceconsistsof threeSunsharedmemorymachines:

Name Processors Speed(MHz) TotalMemory(Gb)
E3000 4 x UltraSPARC 250 1
HPC3500 8 x UltraSPARC II 400 8
HPC6500 18x UltraSPARC II 400 18

Thesesystemscannotbeusedinteractively for executingsubstantialpiecesof code;such
jobsmustbesubmittedthroughaqueueingsystem,LSF, usingthebsubcommand[1]. All
of thequeuesaremanagedby theE3000.

3 The JiniGrid API

3.1 Intr oduction to the API

The API consistof threeinterfaceswhich specifythe API provided by computeservers, two
Entry classesspecifyingattributesof thecomputeservers,a classwhich encapsulatesa Jarfile
andanEvent.

It is containedin thejinigrid.spec package,whichis analogousto thenet.jini.core
packages.ThispackagemustbepresentoneveryJiniGridsystem.

The JiniGrid API is basedsubstantiallyon theHPT API, althoughI have attemptedto follow
the Jini style,whereabstractionis important. As it stands,furtherabstractionis possible,for
exampleby replacingJarDatawith someform of Map.

Clientsandservicesmustsetasecuritymanagerwith theSystem.setSecurityManager
method,asRMI will not downloadcodeunlessonehasbeeninstalled. Very few permissions
needto begrantedto foreigncode.An examplesecuritypolicy usedduringtestingis supplied
in thefile standard.policy.

Theregistrationof aTaskFarmService with a lookupserviceincludesthespecificationof
entriescontainingattributes.A TaskFarmServiceshouldprovideanet.jini.lookup-
.entry.Name entry with the humanreadablenameof the service. Additionally, services
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may specify a TaskFarmInfo object and as many SupportedAPIEntry objectsas is
necessary.

Theclient mustprovide a classimplementingtheSlaveable interface. An instancewill be
createdon eachworker processor. Client specifiedglobaldatawill bepassedto eachSlave-
able, thenthetaskfarmwill begin passingin taskobjects.Therearenoconstraintsontheclass
of theglobalandindividual taskobjects- dependingonthecircumstances,it mightbedesirable
to passauser-definedstructureor merelyawrapperclasssuchasjava.lang.Integer.

TheclientmustprovideaJarcontainingall non-systemclassesusedby theobjectssentbetween
clientandserver.

Thetask,globaldataandresultobjectsmustall beserializable.

A clientmayregisterto receiveProgressEventsthatindicatehow far thetaskfarmhasgot
in its processing.

3.2 TaskFarmService

This is thebaseinterfacethroughwhicheverythinghappens.

ServicesregisteraTaskFarmService objectwith the lookupservice.WhenTaskFarm-
Service.getTaskFarm() is called,an object implementingtheTaskFarm interfaceis
produced.Thismayinvolve settingupacommunicationsessionwith thecomputeserver.

public interface TaskFarmService
{

public TaskFarm getTaskFarm(String username,
String keyfilename,
int numSlaves, JarData jarFile)
throws RemoteException;

}

3.3 TaskFarm

A TaskFarm objectwill executeaspecifiedvectorof tasks,returninga vectorof results.

Objectsimplementingthis interfaceareusuallyacquiredby a userprogramby usingtheget-
TaskFarm methodof aTaskFarmService object,althoughthis is notalwaysthecase(for
example,theServerThreadimplementationcanbeusedindependently).

The TaskFarm is usedby calling the runTask method,passingin threeparameters- a
Vector of tasks(which may be of any class),a global dataObject which will be passed
to eachslave anda String containingthe nameof a Slaveable class. Instancesof this
classwill becreatedto performthetasks.

WhentheTaskFarm is finishedwith, thefinish() methodshouldbecalled.

OnceaTaskFarm hasbeenacquired,it maybeusedasmany timesasdesired.2

2This is thereasonthattheJarfile is specifiedin thetaskfarmfactorymethod,not in therunTask methodasis
thecasewith HPT- it is inefficient to sendthesameJarrepeatedlyagain.
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A TaskFarm mayonly beusedby onethreadat once,althoughaTaskFarmService may
beusedby multiple threadsto generatemultipleTaskFarm objects,onefor eachthread;and
oncea runhascompleted,aTaskFarm canbeusedby anotherthread.

public interface TaskFarm
{

public Vector runTask(Vector tasks,
Object globalData,
String slaveClass)
throws RemoteException;

public void finish()
throws RemoteException;

public EventRegistration trackProgress(long duration,
RemoteEventListener rel,
MarshalledObject key,
int reportEvery,
boolean sendResults)
throws RemoteException;

}

3.4 Slaveable

Implementationsof this interfaceareusedto evaluatetasks.Classesthat implementthis must
provideano-argumentconstructor.

Methodcallswill be madein the orderpresentedbelow. All exceptthefirst maybe repeated
multiple timesin thelifetime of theSlaveable object.

public interface Slaveable extends java.lang.Runnable {
public void setInitAllTasks(Object globalData);
public void setTask(Object task);
public void run();
public Object getResult();

}

3.5 TaskFarmInf o

This is anEntry classthatprovidesgeneralinformationabouta taskfarm’s services.

numProcessorsprovidesthemaximumnumberof processorsthataTaskFarm from theser-
vicemayuse.

infoURL providesaURL to a locationwherehumanreadableinformationmaybefoundabout
theservice.
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architecture indicatesthe communicationsarchitectureusedby the server. It mustbe setto
oneof thestaticconstantsprovidedin thisclass.

public class TaskFarmInfo extends net.jini.entry.AbstractEntry
{

public Integer numProcessors;
public java.net.URL infoURL;
public Object architecture;

static final public Object ARCH_MSG;
static final public Object ARCH_SHMEM;
static final public Object ARCH_SINGLE;

}

3.6 SupportedAPIEntry

ThisEntry specifiesanAPI that is supportedby a JiniGrid server. Instancesprovide a string
nameof theAPI andamulti-partversionnumber

Eachserver shouldhave at leastoneSupportedAPIEntry, specifyingthe API nameas
“java” andtheversionof Java supported.Suchanentrymaybefabricatedusingthestatic
getJavaEntry()method.

public class SupportedAPIEntry
extends net.jini.entry.AbstractEntry

{
public SupportedAPIEntry();
public SupportedAPIEntry(String apiName,

MultiVersion apiVersion);
public SupportedAPIEntry(String apiName,

String apiVersion);

public String name;
public MultiVersion version;

public static SupportedAPIEntry getJavaEntry();
}

3.7 JarData

JarData encapsulatesapreviouslycreated.jar file into aserializableobjectthatmaybetrans-
mittedacrossthenetwork. Thefilenamecontainingthedataisspecifiedin theobjectconstructor.

This classwastakenfrom HPT, althoughmostof themethodshave beenremovedfor thesake
of simplicity.
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public class JarData implements Serializable
{
public JarData(String fn) throws IOException;
public byte[] getJarData();

}

3.8 ProgressEvent

A ProgressEvent is firedwhenacertainnumberof taskshavebeencompletedby aTask-
Farm. It maycontainthe resultsof thosetasksor maymerelynotify the client that a certain
numberof taskshave beencompleted.

TheTaskFarm.trackProgessmethodshouldbecalledbyaclientto indicatethatit wishes
to receive progressevents:

public EventRegistration trackProgress(long duration,
RemoteEventListener rel, MarshalledObject key,
int reportEvery, boolean sendResults)
throws RemoteException;

duration specifiesthedesiredleasedurationfor theeventregistration,in milliseconds.

rel specifiestheRemoteEventListener thatwill receive theevents.

key is a cookiewhich is sentbackwith every ProgessEvent. The client may usethis to
keeptrackof wheretheeventis comingfrom.

reportEvery specifiesthenumberof tasksthatshouldbecompletedbetweeneachProgressEv-
ent.

sendResultsspecifieswhetherresultsshouldbe sentbackaspart of theProgressEvent.
true meansthat theresultsshouldbesentback. If this is thecase,thenewResults
memberof theProgressEvent will containaVector of theseresults.

An instanceof thisclasscontainsthenumberof taskscompleted,andaVector of new results.
If no resultsarebeingsupplied,theneitherthenewResults variableshouldbenull or should
point to anemptyVector.

The numberof resultsin the vector is not necessarilyequalto the value in cumulative-
TasksCom-pleted, andneitherof thesearenecessarilyequalto the numberof resultsre-
questedin thetrackProgressmethodcall.

A constant,PARTIAL, is definedastheonly eventID.

public class ProgressEvent extends RemoteEvent
{

public final int cumulativeTasksCompleted;
public final Vector newResults;

public ProgressEvent(Object source,
long eventID, long seqNum,
MarshalledObject handback, int ctc,
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Vector nr)

static public final long PARTIAL;
}

4 Envir onmentand Operation

4.1 Software versionsused

% Jini:
Jini 1.1beta

% JDK ontheSunmachines:
java version "1.2.1"
Solaris VM (build Solaris_JDK_1.2.1_02, native threads, sunwjit)
Thereappearsto bea bug associatedwith Java wherebyprocesseswould lock up. This
appearedin thelookupserviceonbothberylandamber:afteraround30secondsof CPU
time have beenused,the lookup servicewill occasionallyhang. The OGR client also
repeatedlyhangsafteraround10minutesof computation.

% JVM onBOBCAT
java version "1.2"
Classic VM (build Linux_JDK_1.2_pre-release-v2, native threads,
sunwjit)

4.2 The Lookup Path

Jini provides for the discovery of lookup servicesthroughseveral mechanisms.Whenusing
multicast discovery, Jini doesnot needto know the location of the lookup service- it can
find any lookup servicewithin the multicastradius.3 Unicast discovery, on the other hand,
requirespreciseknowledgeof the locationof the lookup service(specifiedby a URL of the
form jini://hostname/) but worksover thewholeInternet.

Multicast routing is usuallynot configuredon mostnetworks, so to discover servicesover a
widearea,it is necessaryto useunicastdiscovery.

Jini provides for unicastlookup locators, pointing at a programspecifiedhost,but doesnot
defineany standardway for aprogramto beconfiguredto useone.

I define,therefore,theconceptof a lookuppath.This is similar in syntaxto theunix command
path,andspecifiesa list of discoverygroupsandlookuplocatorsto beusedfor servicelocation.

Thelookuppathtakestheformat:

<specifier>[,<specifier>[,<specifier>[...]]]

where<specifier> maybeeithera lookupdiscovery groupor ajini:// URL.

3Unlessmulticastroutersarepresent,themulticastradiusencompassesonly thelocal IP network.
In EPCC,thereareseveral IP networks with no multicastroutingbetweenthem,so multicastdiscovery generally
doesnotwork.
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In development,thefollowing pathwasused:

EPCCGROUP,jini://amber.epcc.ed.ac.uk/,jini://beryl.epcc.ed.ac.uk

This meansthatclientsandserverswould make a multicastbroadcastto lookupservicesin the
groupEPCCGROUP, whilst alsoattemptingto explicitly contactlookup servicesrunningon
amberandberyl.

An alternative to using a lookup path would be to ensurethat a lookup serviceand lookup
discovery service4 arerunningin eachmulticast-connectedregion, with the lookup discovery
servicescorrectlyconfiguredto befully connectedto eachother.

In anenvironmentwhereJini is ubiquitous,thiswouldrequirelessconfiguration.Thatscenario
is a long way off andmay never happen.However, this modelwould still help on a network
whereseveral systemsaremakinguseof remotecomputeservices- the pathsto the remote
systemsneedonly beconfiguredoncepernetwork, in thelookupservice,ratherthaneachclient
needingto configurea lookuppath.

Thesetwo systemsarenot mutuallyexclusive. A client canusebotha lookuppathandlookup
discovery servicesto locateservices.

4.3 Envir onmentvariables

Theseenvironmentvariablesareusedby many of thesuppliedscriptsto setthecorresponding
systemproperties.

$JINIGRID_POLICY Thepathto theJava securitypolicy file to beusedby JiniGridclients.

$JINIGRID_LOOKUP Thelookuppath

4.4 Systemproperties

serverOne.mode specifiesthemodethatServerOneshouldrun in:
mpi meansMPI mode
pipes meanssharedmemorymode.

serverOne.numslaves specifiesthenumberof slavesto beusedin sharedmemorymode. In
MPI mode,this propertyis unusedasthenumberof processorscanbeobtainedfrom the
MPI library.

serverOne.userfile specifiesthefilenameof thepublickey file for userauthentication.

jinigrid.packageversion specifiesthe filenameof the packageversionspecificationfile for
constructingSupportedAPIEntry attributes.Seesection4.5.

jinigrid.lookup specifiesthelookuppath.

jinigrid.ser verQueue.JobID is usedinternallyby ServerQueueto communicatebetweenthe
queuemanagerandworkers.

4LookupDiscoveryservicesprovideabridgebetweenlookupservices.
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java.rmi.server.codebasespecifiestheURL(s) of RMI stubs.This propertyshouldpoint to a
URL wheretheJiniGrid utility stubscanbeloaded,if any of theutility classesareused.
Additionally, if theclient/server exportsany otherstubs,suchasfor remoteevents,then
theURLs for theseshouldalsobepresent.
Thispropertyis discussedin moredetailin [3].

4.5 Files

.jar files Thevariousjar files thatarepartof thisprojectarelistedin table1.

jinigrid-spec.jar Containsthe JiniGrid API classes.The contents
mustbe presenton every JiniGrid system,client
or server.

jinigrid-util.jar Theutility classes,that arenot strictly necessary
for JiniGridcompatibility, but areveryuseful.

serverone.jar Theclassesnecessaryto runServerOne.
serverthread.jar Theclassesnecessaryto runServerThread.
serverqueue.jar Theclassesnecessaryto runServerQueue.
servermeta.jar Theclassesnecessaryto runServerMeta.

Table1: .jar files andtheircontents

package.versions is a samplepackageversioninformationfile usedto createSupported-
APIEntry objects.Theformatis in Javapropertyfile format,with onepackageperline,
looking like:
MagicMathsLib 1.3

standard.policy specifiesa simplesecuritypolicy. Locally loadedcodeis given full permis-
sions,whilst codeloadedover thenetwork is severelyrestricted.Thepermissionsconsist
of ability to connectto any systemon the network, to readany propertywith a name
beginningwith jinigrid. andto readaspecificfile containingtheuser’s privatekey.

The latter is includedbecausethe ServerOnecodeneedsthis for authentication.See
section12 for notesonuserauthentication.

gridclient is ascriptfor runningclientswith theenvironmentcorrectlyset.Seesection11.1.

start.serverOne launchesserverOnein threadsmode,for useon thevariousSunsystems.

start.bobcat is a script to startserverOneon BOBCAT, in MPI mode. It is a modificationof
theprunjava scriptthatis partof mpiJava.

start.serverThread launchesserverThread.

start.serverQueue launchesserverQueue.

start.serverMeta launchesserverMeta.

4.6 Compiling the code

All compilationof codetook placeon amberandberyl. As far asI amaware,thereis nothing
specificto theversionof theJDK andthecodeshouldbecompilableonany versionof Java >=
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1.2.

ThereareMakefiles in mostdirectories– thesemostly call standardcommands:javac, rmic,
javadoc.

To compileserverOne,it is necessaryto have thempiJava .classfiles,but it is not necessaryto
have aworking installationof mpiJava.

Thedocumentationsectionof themasterMakefile usesa latex doclet,availableat the time of
writing from http://www.c2-tech.com/java/TexDoclet/

Theentireprojectcanbebuilt by simply typing
make
whilst in thetop level directory.

4.7 Dir ectory Structure

All of thecodeandsupportfiles for theprojectareheldin a CVSmodule,ssp-2000-02.

In the top level directoryof this moduleare found all of the non-codefiles - the scriptsand
exampleconfigurationfiles.

Thejinigrid/ subdirectorycontainsthe sourcecode. As is usual,codein differentpack-
agesappearsin subdirectorieswithin this – for example,thesourcefor jinigrid.util.-
ServiceFinder canbefoundin jinigrid/util/ServiceFinder.java.

4.8 An ExampleJiniGrid - instructions

Pre-requisites:Jini, MPI, mpiJava.

1. Compilethecode(seeprevioussection).

2. Onsomehost5, runrmid andtheJini lookupservice.

3. On somehost,run a JiniGrid service,for example,ServerThread.Instructionson how to
do this for eachservicearesuppliedin thefollowing sections.

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

5 ServerOne- An HPT basedJiniGrid server

5.1 Structure of HPT

HPT wasimplementedin [4]. It providesa computeserver programandclient sidecode(the
TaskRunner class)to accessthatcomputeserver.

5Becauseof Jini’s distributednature,it doesnot matterparticularlyon which hoststhis andthefollowing steps
areperformed- onehostcouldbeusedfor all steps,or differenthostscouldbeusedfor each.
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Communication,bothbetweenclient andserver andwithin thecomponentsof theserver, takes
placewith messagepassing.Eachtypeof messageis representedby a subclassof Message.
All messagescontainapayloadobject,inheritedfrom Message. Subclassescancontainaddi-
tionaldata.Thevariousmessagetypesaredetailedin table2.

Messagepassingwithin theserver, betweenthemastercomponentandworker components,is
encapsulatedwithin a communicationwrapperclass,a subclassof CommsWrapper00. There
aretwo subclasses,correspondingto MPI andsharedmemoryarchitectures.

Table2: Messagetypesusedin HPT
ClassName Direction Comment
Message - Superclassof all messages
CMadminMsg - Superclassof administrationmessages
CMadminDestroyMsg Client to Server Causestheserver to shutdown.
CMdieMsg Client to Server Tells theserver thattheclient is finished
CMinitMsg Client to Server Initialisestheserver
CMinitReplyMsg Server to Client Returnstheresultof initialisation.
CMjarMsg Client to Server CarriesaJarData.
CMpartialResultMsg Server to Client Sentevery timea taskis completed.
CMresultMsg Server to Client Sentat theendof execution
CMrunSlaveMsg Client to Server Causestheserver to commenceexecution
MSclassNameMsg Masterto Slave Conveys thenameof theSlaveable.
MScontrolTaskMsg Masterto Slave Controlshow a taskis run.
MSinitAllTasksMsg Masterto Slave Conveys theglobaldata.
MSkillSlaveMsg Masterto Slave Causestheslave to die
MSresultMsg Slave to Master Conveys acompletedresultto themaster.
MSsetGroupMsg Masterto Slave Usedfor settingMPI processgroup
MStaskMsg Masterto Slave Conveys a taskto beperformed.
MSunsetGroupMsg Masterto Slave Tellsaslave to bein noprocessgroup.

HPT hasa numberof inefficiencies,the mostnoticeablebeingthat it usesa large amountof
CPUtimewhilst idling, onboththeclientandserver sides.

5.2 Changesmadeto HPT

Very little of HPT neededto bemodifiedto adaptit for usewith theJiniGrid API. Mostly the
codeconsistsof awrapperaroundtheTaskRunner class.It wasnecessaryto modify thecode
asfollows:

WheretheHPTcodeoriginally establishedaServerSocket to acceptconnections,codewas
addedthatalsoregistereda serviceobjectwith theJini lookupservice.This objectcarriesthe
TaskRunner codewith it andwrapsJiniGridcallsinto TaskRunner callsat theclient.

To implementadministration,it wasnecessaryto createtheadmin.messagetypes.

To implementprogressevents,it wasnecessaryto createCMpartialResultMsg.

Independentof theeffort to portHPT to JiniGrid, thefollowing changesweremade:

Somerearrangementof the HPT classeswasmadein orderthat a singlebuild would support
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both MPI and sharedmemory. Two separateclassesboth calledCommsWrapper (one for
MPI andonefor threads)wererenamedto MPICommsWrapper andPipeCommsWrapper,
respectively.

TheMPICommsWrapper classwasmodifiedto usenew a Java/MPI binding,mpiJava. Previ-
ouslythecodeusedJavaMPI which is now obsolete.[cite mpiJava reference]

Thehandlingof jar fileswaschangedsothaton-diskstorageis no longerused.

5.3 Configuration and Use

Theserver maybestartedusingthestart.serverOne scriptononeof theSunsystems,or
start.bobcat onBOBCAT.

5.3.1 Installation and Useon BOBCAT

mpiJava mustbeinstalled.It is assumedto beinstalledin $HOME/mpiJava. If it is installed
elsewhere,modificationsshouldbemadeto thefollowing lines.

Theselinesaretakenfrom my .profile onBOBCAT:

PATH=$HOME/mpiJava/src/scripts:$PATH
CLASSPATH=$HOME/mpiJava/lib/classes/:$CLASSPATH
CLASSPATH=$HOME/libs/jinigrid-util.jar:$CLASSPATH
CLASSPATH=$HOME/libs/jinigrid-spec:$CLASSPATH
CLASSPATH=$HOME/libs/jini-core.jar:$CLASSPATH
CLASSPATH=$HOME/libs/sun-util.jar:$CLASSPATH
CLASSPATH=$HOME/libs/jini-ext.jar:$CLASSPATH
CLASSPATH=$HOME/libs/serverone.jar:$CLASSPATH
CLASSPATH=$HOME/libs/jinigrid-spec.jar:$CLASSPATH
export CLASSPATH
LD_LIBRARY_PATH=$HOME/mpiJava/lib:$LD_LIBRARY_PATH
LD_LIBRARY_PATH=/usr/local/mpich/lib/shared:$LD_LIBRARY_PATH
export LD_LIBRARY_PATH
export JINIGRID_POLICY=$HOME/standard.policy
export JINIGRID_LOOKUP=EPCCGROUP

It is necessaryto havethefollowing filesinstalledin $HOME: start.bobcat,standard.-
policy, package.versions, anduserfn (which is thekey file for authentication).

In $HOME/libs, thereshouldbejinigrid-util.jar,jinigrid-spec.jarandserver-
one.jar fromJiniGrid,andsun-util,jini-ext.jar andjini-core.jar fromJini.

With theabove in place,theserver canbestartedwith:

./start.bobcat
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6 ServerThread- An RMI basedJiniGrid server

ServerThreadis a secondimplementationof the JiniGrid API. It usesRMI for client/server
communication.

HPT usesits own protocol,becauseit appearsthatRMI wasregardedasunreliableat thetime
of the previous project. However, testingRMI using this fresh implementationrevealedno
problems(in fact,fewerproblemsthanwerefoundwith HPT).

The serviceobject is an RMI stub,so calls aretransmittedautomaticallyto the server where
they areexecuted.

ServerThreadis designedfor single-processorandshared-memorymultiprocessorsystems.The
masterandworkersrunasthreadsin a singleJVM. Tasksandresultsarepassedbackandforth
via asharedVector object.

TheServerThreadtaskfarmclass,ThreadedTaskFarm,maybeinstantiatedby aclientwith-
out usingJini, if it requiresa local taskfarm. (This is used,for example,to provide the “My
Computer”optionfor TaskFarmSelectorJMenu, in section10.3).

6.1 Structure

The serviceobject,jinigrid.serverThread.Service, is a Remote object that will
manufacturea new instanceof jinigrid.serverThread.ThreadedTaskFarm on de-
mand.

An instanceof ThreadedTaskFarm containstwo main vectors,tasks and results.
Theseform thebasisfor interprocesscommunication.

Whena job is started,ThreadedTaskFarm createstherequisitenumberof worker threads,
usingitself asRunnable object. Eachthread,therefore,sharesaccessto the sametaskand
resultvector.

Eachthreadremovesa taskfrom thetasksvector, performsit, andplacestheresultin theresult
vector. A threadterminateswhenit cannotfind any moretasksto run.

Themasterlaunchesthe threadsandthenjoins with all of them. Whenall of thethreadshave
terminated,all of theresultshave beenstored,andtherunTask methodcanreturn.

EventsarehandledusingtheProgressEventHandler class.Requestinga new eventreg-
istrationwith theTaskFarm.trackProgress methodcausesa new ProgressEvent-
Handler to beinstantiated.This is notaRemote objectandremainson theserver.

TheProgressEventHandler receivesnotificationfrom theThreadedTaskFarmwhen-
ever a resultis posted,andis responsiblefor countingthenumberof resultssofar to determine
whenaProgressEvent shouldbesent.ProgressEventHandler alsohandlestheleas-
ing of theeventregistration.

6.2 Configuration and Use

The CLASSPATH environmentvariableshouldpoint to the JiniGrid specificationandutility
classfiles andto theServerThreadclassfiles. It shouldalsopointat theJini files.
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An exampleis:

CLASSPATH=.:~clifford/jini1_1/lib/jini-core.jar:
~clifford/jini1_1/lib/jini-ext.jar:
~clifford/jini1_1/lib/sun-util.jar:
~clifford/ssp-2000-02/jinigrid-spec.jar:
~clifford/ssp-2000-02/jinigrid-util.jar:
~clifford/ssp-2000-02/serverthread.jar

Thepackage.versionsandstandard.policy filesmustbeinstalled,aswell asstart-
.serverThread. It maybenecessaryto modify thelatterif pathsarechanged.

Theserver canbestartedby typing:

./start.serverThread

7 ServerQueue- A Queueingserver

On the Sunservicemachines,large jobs cannotbe executeddirectly. Instead,they mustbe
submittedto a queueingsystemand wait their turn for the processors. ServerQueuepro-
vides a wrapperaroundthis queueingsystemso that clients may usethe machinesthrough
theTaskFarmService interface,withoutneedingany specialcode.

ServerQueuerequiresrmiregistry to be running in order for the queuemanager, which
mustrunontheE3000,to communicatewith theworkerprocesseswhichmayrunonany of the
threecomponentmachines.

The codedoesnot handleany task farm processingitself. Instead,it spawns an instanceof
ServerThreadon theworker machineto processthejob.

Whilst theprogramis hard-codedto usethebsub commandandServerThread,theseplatform-
specificsarein averysmallnumberof clearlyidentifiableplaces,socouldbeeasilychangedto
othertaskfarmsor queueingsystems.

7.1 Structure

Thecodeis split into two mainparts,theserviceandqueuemanagementsideandtheworker
side. The servicesidereceivesjobs from clients,storestheir detailsin a ReliableMap and
submitsaworker job to thequeueingsystemusingthebsub command.

Whentheworker is eventuallyrun, it connectsto thequeuemanagerusingRMI, retrievesthe
job andpassestheseto an instanceof ServerThread.The resultsarethenpassedbackto the
queuemanagerandfrom therebackto theclient.

A singleserver may registerseveral serviceobjects,onefor eachsupportedqueue.Only one
instanceof thequeuemanageris neededto managethemall.
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7.2 Configuration and Use

Usageis almostidenticalto thatof serverThread(section6.2). It is necessaryfor theclasspath
to point to serverqueue.jar in additionto serverthread.jar.

Theserver canbestartedby typing:

./start.serverQueue

8 ServerMeta - a meta-server

Client

serverThread

serverMetaberyl

serverOne

bobcat

serverQueue

lomond

serverThread

amber

Figure1: Metaserver combiningseveralEPCCresourcesfor asingleclient

ServerMetais a “meta-server.” Taskssubmittedto a ServerMetaserviceareautomaticallybro-
kenup anddistributedto theothertaskfarmserviceson thenetwork. In this way, thepower of
multiple,heterogeneouscomputeserverscanbecombinedwith no effort on thepartof theend
user.

At this stage,ServerMetais extremely experimentaland hasraiseda numberof interesting
questions.However, it serveswell asaproofof concept.

An exampleof the server is outlined in figure 1, showing the useof amber, beryl, Lomond
andBOBCAT to producea renderingof theMandelbrotsetusingthefractalBrowseclient. No
modificationwhatsoever wasmadeto thefractalBrowseclient in orderto usethisservice.

Themetaserverneedsnoconfiguration:it automaticallydetectstheservicesonthenetwork and
usesall of them.Thisapproachleadsto apotentialproblemwhenthereis morethanonemeta-
server on thenetwork. At themoment,thecodewill useany servicethat is not a ServerMeta
service.However, anotherimplementationof ameta-server, if deployed,wouldbeused,andthat
might in turn attemptto useServerMetaservices.This couldleadto partsof jobsgettingstuck
in submissionloops,beingpassedbackandforth betweentwo or moremetaserversandnever
beingevaluated.It mayon occasionbedesirableto make a meta-meta-server, which combines
othermeta-serverstogether- for example,all of thedevicesatonesitecouldbeplacedtogether
undera metaserver, with an institution-widemeta-server which bringstogetherall resources
over all sites.



EPCC-SS-2000-02 20

I believe thatmanualconfigurationcouldmoreeasilypreventsuchloopsoccurring.

An alternative approachwould be for eachmeta-server to maintaina list of theserviceIDs of
all of its componentserversandof all of theircomponentsandsoon. A meta-server wouldthen
notuseaserver whichwouldultimatelypassthework backto itself.

Additional questionsareraisedaboutthehandlingof thevariousserviceattributes. Attributes
suchasnumberof processorscanbeeasilyproducedby summingtheattributeover eachcom-
ponentservice,but it is notentirelyclearhow to handleSupportedAPIEntry. Two obvious
approachesareto take theunionof theeachsetof APIsandto take theintersectionof eachset.

Taking the union would lead to difficulties becausethereis at presentno way of specifying
which APIs areusedby the client. The metaserver would not know which particularservices
shouldbeusedfor any givenrun.

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

8.1 Structure

ServerMetarunsasbothaTaskFarmService server andasa client of all of theothertask
farm servicesthat it can find. It usesServiceFinder to maintaina list of TaskFarm-
Services. Whena job is to be executed,it takes the list of known services,removes all
instancesof ServerMeta,anddividesthetasksupevenlybetweeneachof theremainingservices.
A new threadis startedto handleeachtargetservice.

Whena threadhascompleted,the resultsarepostedto the main resultsvector. At this stage,
ProgressEvent notificationto theclient canoccur, soa client will receive all of theresults
from onecomponenttaskfarmin oneburst. However, thecodecouldbemodifiedwithout too
muchdifficulty to passresultsalongcontinuously.

8.2 Configuration and Use

Again,theusageis verysimilar to serverThread(section6.2).

Theserver canbestartedwith:

start.serverMeta

9 SampleClients

Threesampleclientsarepresented.Two performacomputationwith nouserinteraction,whilst
thethird is very interactive.

9.1 Computation of &
Thisdemonstrationcomputesa valuefor themathematicalconstant$ by evaluatinganintegral
which is known to beequalto $ .



EPCC-SS-2000-02 21

The evaluation is performedby dividing the integral into a numberof slices (specifiedby
nTasks) andtreatingeachsliceasa task. Whenthe taskis evaluated,it is cut againin finer
sections(asspecifiedby nSlices) and the integral evaluatedat one point in eachsection.
Theseresultsarethensummedto producethevalueof theintegral andhenceof $ .

The codelives in the jinigrid.test.piClient packageand consistsof four classes:
hptPiClient, hpiPi, piAllTasks andpiResult. Thesourcefor theseis includedin
AppendixA. Notethatthereis nonew taskclassdefined– java.lang.Integer is usedto
specifywhichof theevenlyspacedsectionsis to beevaluated.

Theprogramwill usethefirst TaskFarmService thatit finds.

Themainclasscanbeexecutedwith acommandsuchas:

gridclient jinigrid.test.piClient.hptPiClient 40 username
userpkfn 5 100000

whichwill resultin anapproximationof $(' )+*-,/.0,21434)�,21
and 526767876�' 1:9;,=<+>@?

The codedeliberatelycontainsno exceptionhandlingin orderto simplify the presentationof
sourcecode.Betterhandlingcanbefoundin thenext client.

9.2 Finding Optimal Golomb Rulers

Figure2: A sevenmarkGolombruler, with marksatspacingsof 1,3,6,8,5,2

A Golombruler is a stick with markson it, suchthatno two marksarethesamedistanceapart
asany othertwo marks.6

An OptimalGolombRuler (OGR) for a givennumberof marksis thesmallestGolombRuler
with thatmany marks.GolombRulerswith many marksareknown, but it is only known which
areoptimal for rulersof up to 23 marks. Thereexists a massively parallel taskfarm project,
distributed.net,whichat thetimeof writing is examiningthe24-markand25-markspaces.

Thesearchfor OGRsis implementedasasearchtree,eachlevel onthetreerepresentingGolomb
rulersof a certainlength.[6] The treeis split into a numberof branches,eachbranchforming
a task. Eachtaskproducesa GolombRuler that is optimal in its branchandsmallerthana
thresholdpassedthroughthe globaldata. The masterthengatherstheseandlocatesthe most
optimal.

A Ruler classis defined,which is usedboth to transmitstubsto theworkersandto transmit
theresultbackto themaster.

9.3 fractalBr owse

fractalBrowseis an interactive viewer for theMandelbrotset. The usercanselecta region of
the imageto zoominto. Computationof the actualdatais performedon a taskfarm, which

6In moremathematicalterms,a ruler is aset A(BDC suchthatE4F4GIHJGLKJGNMPO A Q FSRTH QJU;Q KVRTM QJWYX F4GLH[Z U\X KJGLM]Z
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Figure3: Screenshotof fractalBrowse,showing anactivatedTaskFarmSelectorJMenu

canbe selectedfrom a servicemenu. By default, the taskfarm is a singlethreadinstanceof
ServerThreadrunninglocally.

As taskscomeandgo, theservicemenuupdatesautomaticallyto includenew servicesandto
removeold services.If aservicefails, theclientwill automaticallyandsilentlyswitchbackto a
local instanceof ServerThread.

10 Utility classes

In thissection,anumberof utility classesarepresented.Theseareused(asnoted)in severalof
theserversandclientsabove.

10.1 DiscoveryWalker

DiscoveryWalker allows lookupservicesto belocatedby specifyinga path,similar to theunix
shell path,which namesdiscovery groupsandjini:// URLs. The pathmusttake the form de-
scribedfor the$JINIGRID_LOOKUP environmentvariable,describedin section4.3.

It is an implementationof the net.jini.discovery.DiscoveryManagement inter-
face,(via theLookupDiscoveryManager class)which providesthe ability to implement
customlookupservicefindingcode.

DiscoveryWalker alsohassomeexperimentalcode,disabledby default, which can use
LookupDiscoveryservices.Theseallow a form of bridgingbetweendifferentlookupservices.

A DiscoveryWalker is instantiatedwith thelookuppathsuppliedto theconstructor, andcanthen
beusedwherever a DiscoveryManager is needed,for examplein theServiceFinder
or TaskfarmSelectorJMenu classes.

public class DiscoveryWalker
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extends LookupDiscoveryManager
implements DiscoveryListener

{
public DiscoveryWalker(String lookupPath)

throws java.io.IOException
\\ additionally, the DiscoveryManagement methods

}

10.2 ServiceFinder

ServiceFinderis basedon theclassof thesamenamepresentedin [5]. Its purposeis provide a
simpleAPI for clientsto locateservicesmatchingasuppliedtemplate.

Therearea numberof constructors,which allow the client to specifyvarying amountsof in-
formation. The simplesttakes a singleparameterspecifyingthe class/interface to be found.
No attributesarerequired,andthecontentsof thejinigrid.lookup propertyareusedas
lookuppath.Morecomplicatedconstructorsallow attributesandlookuppathto bespecified.

ThegetObject() andgetObjects() methodsreturn,respectively, oneor all of theser-
vice objectsfound. If no objectshave beenfoundso far, themethodswill block until at least
oneis found.

public class ServiceFinder
implements DiscoveryListener

{
public ServiceFinder(Class serviceInterface)

throws IOException
public ServiceFinder(Class serviceInterface,

String name)
throws IOException

public ServiceFinder(String path,
Class serviceInterface)
throws IOException

public ServiceFinder(String path,
Class serviceInterface,
Entry attribute)
throws IOException

public ServiceFinder(Class serviceInterface,
Entry[] attributes)
throws IOException

public ServiceFinder(String path,
Class serviceInterface,
Entry[] attributes)
throws IOException

public Object getObject()
public Vector getObjects()

}
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10.3 TaskFarmSelectorJMenu

TaskFarmSelectorJMenuis asubclassof theSwingJMenu class.It providesamenuwhichlists
theavailabletaskfarmservicesaswell asa “My Computer”option. As servicescomeandgo,
themenuautomaticallyupdatesitself.

TheclassprovidesagetTaskFarm() methodwhich returnsaTaskFarm for thecurrently
selectedservice.If “My Computer”is selected,aninstanceof ThreadedTaskFarmconfiguredto
runon thelocalmachineis returned.

Using this class,almostthe whole of the JiniGrid servicelocation,selectionandconnection
processis hiddenfrom the client program. An applicationusesthis classby creatingan in-
stance,passingvariousparametersto the constructor, andaddingthe instanceto a menubar.
Whenuseof a taskfarmis required,thegetTaskFarm() methodshouldbecalledto return
aTaskFarm objectfrom thecurrentlyselectedservice.

public class TaskfarmSelectorJMenu
extends JMenu

{
public TaskFarm getTaskFarm();
public TaskfarmSelectorJMenu(String s, int nump,

JarData jar);
}

10.4 ReliableMap

ReliableMapimplementsthe Map interfacefrom theJava Collectionsframework. It provides
for theassociationof key andvalueobjects,andfor theretrieval of valueobjectsbasedon key.
Themapis persistent– that is, thecontentsof theMap arepreservedbetweeninvocationsof a
program.

This implementationusesReliableLog,a utility classprovidedby Sunwith Jini. ReliableLog
providesreliableon-diskstoragewith atomicactions– an updateto thedatawill eithercom-
pletelyhappenor nothappenatall. Thishelpsmaintaintheintegrity of thedata.

Thebodyof thedatais storedasa serializedHashTable,whilst updatesarestoredasinstances
of a custominnerclass.

Mostof theMapcallsarepassedthroughto theinternalHashTable,with only thefour mutating
callslogged.

public class ReliableMap implements Map
{
public ReliableMap(String path) throws IOException

// Methods that are logged

public void clear()
public Object put(Object key, Object value)
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public void putAll(Map m)
public Object remove(Object key)

// Methods that are passed straight through to the embedded Map

public boolean containsKey(Object o)
public boolean containsValue(Object o)
public Set entrySet()
public boolean equals(Object o)
public Object get(Object k)
public int hashCode()
public boolean isEmpty()
public Set keySet()
public int size()
public Collection values()
}

10.5 MultiV ersion

This classrepresentsa multi-part versionnumber(for example1.2.2)of arbitrarydepth. It is
usedto storeAPI versionsin theSupportedAPIEntryclass(section3.6).

MultiVersionpermitsversionnumbersof arbitrary length, for example,1.54.3.2.6.The Java
VersioningSpecificationusesonly a threepartmajor.minor.microversionnumber.[2]

public class MultiVersion implements java.io.Serializable
{

public MultiVersion(int[] v)
public MultiVersion(String s)
public String toString()
public final int[] version;

}

11 Commandline utilities

11.1 gridclient

Usage:
gridclient <java options> <classname> <arguments>

Gridclientcanbeusedin placeof thejava command.It launchesaJavavirtualmachinesetting
variousJiniGridsystempropertiesto valuesreadfrom theenvironment.

Example:
gridclient jinigrid.test.ogr.MainFarm 3 50
2 user /HitachiPT/pkfn 8
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11.2 servicels

Usage:
servicels -lookup jini://<hostname>/ [-verbose]
where:
<hostname> is thenameof a systemrunningtheJini lookupservice.
-verbose signifiesthatmoreinformationshouldbeprinted.

Servicelslists all servicesregisteredwith thespecifiedlookupservice.It providesa command
line equivalentfor thebasicfunctionalityof theJini Browserprogram.

11.3 servicekill

Usage:
servicekill <servicename>

Servicekillwill attemptto kill theservicenamedby <servicename>.

In orderfor this to work, thefollowing musthold:

% Theservicemusthave aNameentryspecifying<servicename>

% Theservicemustbeadministrable,thatis, it mustimplementthenet.jini.admin.-
Administrable interface.

% The service’s administrationobject must implementthe com.sun.jini.admin.-
DestroyAdmin interface.

If the serviceis an ServerOneservice,then additionalcodewill be invoked to log onto the
servicebeforedestructionis attempted.

12 UserAuthentication

HPT useda public/privatekey schemefor userauthentication.Theuserstoreshis privatekey
in a file on disk, whilst the server storesa correspondingfile of userpublic keys. ServerOne
retainsthatauthenticationmechanism.

Theotherserversdonot have any authenticationmechanismat all. Any client canconnectand
usethem.

As it standsnow, thestubcodemustbegiven readaccessto theprivatekey of a user. This is
bad.

In a large scalegrid environmentwheretherecould be thousandsor millions of users,some
mechanismwould needto bein placedistributeuserauthenticationinformation. It cannotrea-
sonablybe expectedthat every computeserver would maintainan up-to-datecopy of a cen-
tralisedpublickey database.

Thesystemalsoprecludesusingotherauthenticationmechanismsbasedon differing levelsof
paranoia.Forexample,asitemightwishtousesimplepasswordsormightwanttouseaSecurID
card.Neitherof theseapproachesareaccommodatedwith theHPT framework.
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For thesereasons,I chosenot to implementany authenticationto begin with, with theintention
of maybelookingat theproblemlater. Unfortunately, I have nothadenoughtime to doso.

13 Future Development

% More flexible classloading. If we areusingremoteevents,we musthave anhttp server
setup to transmitthe event listenerstubsto the event producer. It would benice if the
clienthadtheoptionof usingthishttpserver ratherthana jar file.
I have investigatedthepossibilityof usinga Map from String classnameto byte[]
bytecode. However, in this abstractsetting,it is not clear how one shouldassignthe
CodeSource propertyof loadedclasses,neededfor codepermissions.

% PipeCommsWrapperin HPTis very inefficient

% Theremoteeventsin theAPI couldbeenhanced- for example,aneventcouldbeposted
whenaqueuedjob startsto run,or whenaserver changesstatus.

% Reportingof server status- theway HPT did it wasin somewaysbackwards;theserver
shouldsupplya statusobject;in HPT theclient supplieda statusobjectwhich theserver
updated- thisprecludesit beinga remoteobject.

% How difficult would this beto convert this into a generalpurposecomputeserver, rather
thanjusta taskfarm?
It would be difficult to make a completelygenericremoteparallel server, but specific
modelscouldfairly easilybeproduced.For example,amessagepassingcomputeservice
could be defined,with an abstractmessagepassinglibrary which could usethreadsor
MPI or whatever wasavailableon theserver.
In the end,onemight endup with an arrayof differentservicetypes: taskfarms,mes-
sagepassing,sharedmemorymultithreaded,singlethreaded,with serversimplementing
as many of thesemodelsas they could. Therecould also be "adaptor"services(like
metaservers)thatwould re-exposeamessagepassingserver asa taskfarmserver.

% How dowepick which is thebestserver to use?A numberof metricscouldbedeveloped
basedonexpectedspeed,expectedtimeuntil job completes,etc,perhapsbasedpartly on
theJavaGrandebenchmarks.

% If we aretransmittingtheresultswith theevents,it is wastefulto transmitthe resultsat
theendaswell – but wemayhave missedsomeeventsandsomissedsomeresults.How
canwecheckthis?
Sometimeswe run out of memoryon thetaskfarm- if we areprogressively transmitting
resultsbackto theclient, thenwecanfreethememoryusedby theresultson theserver –
thisdoesn’t necessarilytransferthesamememoryuseto theclient– theclientcanprocess
theresultanddiscardit.

% An optimisationto try onserverThread:giveeachthreadits own resultsvectorandmerge
themtogethersynchronouslyat theend,thenwedon’t needto synchroniseon theresults
vectorandsomaybeit will befaster...
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A Sourceof hptPiClient

A.1 hptPiClient.java - the main class

package jinigrid.test.piClient;

import HPT.*;
import java.io.*;
import java.util.Vector;
import jinigrid.util.*;
import jinigrid.spec.*;
import java.rmi.*;

public class hptPiClient
{

public static void main (String args[]) throws Exception
{
System.out.println("JiniGrid Pi computation");

System.setSecurityManager(new RMISecurityManager());

TaskFarmService taskFarmService=null;
ServiceFinder sf=new ServiceFinder(TaskFarmService.class);
taskFarmService=(TaskFarmService)sf.getObject();

System.out.println("Got a taskFarmService");

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

TaskFarm taskFarm = taskFarmService.getTaskFarm(args[1],
args[2],Integer.parseInt(args[3]),jar);

int i;
int nTasks;
double calcPi=0;
Vector vOfTasks;
piAllTasks piCommonData;
Vector results;
nTasks=Integer.parseInt(args[0]);
vOfTasks=new Vector(nTasks);

for(i=0; i<nTasks;i++)
vOfTasks.addElement(new Integer(i));
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piCommonData=new piAllTasks(
1.0/(nTasks*Integer.parseInt(args[4])),
Integer.parseInt(args[4]) );

System.out.println("Running tasks...");

piResult taskRes;

results=taskFarm.runTask(vOfTasks,piCommonData,
"jinigrid.test.piClient.hptPi");

System.out.println("Run completed");

for(i=0,calcPi=0;i<results.size();i++)
{
taskRes=(piResult)results.elementAt(i);
calcPi+=taskRes.getResult();

}

calcPi=calcPi/((double)nTasks)
/(double)Integer.parseInt(args[4]);

System.out.println(
"Calculated Pi= "+calcPi+", JVM PI= "+Math.PI);

System.out.println(
"Error (wrt Math.PI)="+Math.abs(Math.PI-calcPi));

taskFarm.finish();
System.out.println("The end.");
System.exit(0);

}
}

A.2 hptPi.java - the Slaveableimplementation

package jinigrid.test.piClient;

import HPT.*;

public class hptPi implements Slaveable
{
int task;
piResult result;
piAllTasks commonData;

public void setTask(Object task)
{
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this.task=((Integer)task).intValue();
}

public void setInitAllTasks(Object initAllTasks)
{
commonData=(piAllTasks)initAllTasks;

}

public Object getResult()
{
return result;

}

public void run()
{
double res = 0;
double h = commonData.h;

for(int t=task*commonData.samples;
t<task*commonData.samples+commonData.samples;
t++)

res += ( f(h * ((double)t - 0.5)));

result=new piResult(res);
}

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

}
}

A.3 piAllT asks.java - the global data

package jinigrid.test.piClient;

class piAllTasks implements java.io.Serializable
{
final public double h;
final public int samples;

public piAllTasks(double h, int samples)
{
h=h;
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samples=samples;
}

public double geth()
{
return h;

}

public double getsamples()
{
return samples;

}
}

A.4 piResult.java - the returned result

package jinigrid.test.piClient;

class piResult implements java.io.Serializable
{
double taskSum;

public piResult(double sum)
{
taskSum=sum;

}

public double getResult()
{
return(taskSum);

}
}
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