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1 INTRODUCTION

1.1 Grid Computing

A ”Grid” is a typeof parallelanddistributedsystemthatenablesthesharing,selection,andaggregationof
geographicallydistributed”autonomous”resourcesdynamicallyat runtimedependingon their availability,
capability, performance,cost,andusers'quality-of-servicerequirements.It shouldbenotedthatGridsaim
atexploiting synergiesthatresultfrom cooperation- ability to shareandaggregatedistributedcomputational
capabilitiesanddeliver themasservice.
The next generationof scienti�c experimentsandstudies,popularlycalledase-Science,is carriedout by
large collaborationsof researchersdistributed aroundthe world engagedin analysisof hugecollections
of datageneratedby scienti�c instruments.Grid computinghasemergedasan enablerfor e-Scienceas
it permitsthe creationof virtual organizationsthat bring togethercommunitieswith commonobjectives.
Within a community, datacollectionsarestoredor replicatedon distributedresourcesto enhancestorage
capabilityor ef�ciency of access.In suchanenvironment,scientistsneedto havetheability to carryouttheir
studiesby transparentlyaccessingdistributeddataandcomputationalresources.This is wheretheconcept
of resourcebrokerscomesinto picture.

1.2 ResourceBrokers

A Resourceon a grid could be any entity that providesaccessto a service. This could rangefrom Com-
puteserversto databases,scienti�c instruments,applicationsandthelike. In a heterogeneousenvironment
like a grid, resourcesaregenerallyownedby differentpeople,communitiesor organizationswith varied
administrationpolicies,andcapabilities.Naturallyobtainingandmanagingaccessto theseresourcesis not
asimpletask.ResourceBrokersaim to simplify thisprocessby providing anabstractionlayerto userswho
just want to get their work done. In the �eld of Grids anddistributedsystems,resourcebrokersaresoft-
warecomponentsthatlet usersaccessheterogeneousresourcestransparently, withouthaving to worry about
availability, accessmethods,securityissuesandotherpolicies. TheGridbus resourcebroker is a resource
broker designedwith theaimof solvingtheseissuesin asimpleway.

1.3 Gridb usBroker

The Gridbus broker is designedto supportboth computationalanddatagrid applications.For example,
it hasbeenusedto supportcompositionanddeploymentof neuroscience(compute-intensive) applications
andHigh Energy Physics(Belle)DataGrid applicationson GlobalGrids.Thearchitectureof thebroker has
emphasison simplicity, extensibility andplatform independence.It is implementedin Java andprovides
transparentaccessto grid nodesrunningvariousmiddleware. The main designprinciplesof the broker
include:

� AssumeNothingabouttheenvironment

No assumptionsaremadeanywherein theBroker codeasto what to expectfrom theGrid resource
exceptfor one- thattheresourceprovidesatleastonewayof submittinga job andif runninga�a vour
of Unix will provide atleasta POSIXshell. Also, no assumptionis madeaboutresourceavailability
throughoutanexecution.Theimplicationsof thisprinciplehaveahugeimpactthroughoutthebroker
suchas
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– The broker hasno closeintegrationwith any of the middlewareit supports.It usesthe mini-
mum setof servicesthatarerequiredto run a job on a resourcesupportedby themiddleware.
Advantagesof thisare:

� In aGrid with multiple resourcescon�gureddifferently, thebroker triesto makeuseof ev-
ery resourcepossibleby not imposingaparticularcon�gurationrequirement.For example,
in thecaseof Globus2.4,all is requiredis thattheGRAM servicebesetupproperlyon the
resource.

� Thebroker canrun jobsonresourceswith differentmiddlewareat thesametime.
� Thebroker neednotberefactoredif thereis anew versionof themiddleware.

– Thebroker is ableto handlegracefullyjobsandresourcesfailing throughoutanexecution.The
jobwrapperandjobmonitorcodeiswrittentohandleeveryfailurestatuspossible.Thescheduler
doesnot fail if a resourcedropsoutsuddenly.

– The failureof thebroker itself is taken careof by therecovery moduleif persistencehasbeen
con�gured.

� Client-centricdesign

Theschedulerhasjust onetarget: that is to satisfytheusers'requirementsespeciallyif thedeadline
andbudgetaresupplied.Evenin theabsenceof these,theschedulerstrivesto getthejobsdonein the
quickestwaypossible.Thus,resourcesareevaluatedby theschedulerdependingon how fastor slow
they areexecutingthejobssubmittedby thebroker. In keepingwith Principle1, thebroker alsodoes
notdependon any metricssuppliedby theresource- it doesits own monitoring.

� Extensibilityis thekey

In Grid environments,transientbehaviour is notonly afeatureof theresourcesbut alsoof themiddle-
wareitself. Rapiddevelopmentsin this still-evolving �eld have meantthatmiddlewaregoesthrough
many versionsandunfortunately, interfacechangesareanormratherthantheexception.Also, chang-
ing requirementsof Grid usersrequirethatthebroker itself be�e xible enoughfor addingnew features
or extendingold ones.Thus,everypossiblecarehasbeentakento keepthedesignmodularandclean.
Theadvantagesdueto thisprinciple:

– Extendingbroker to supportnew middlewareis a zip - Requiresimplementationof only three
interfaces.(For moredetailsreferto Programmingsection)

– Gettingbroker to recognizethenew informationsourcesis alsoeasy

– The differencesin middlewareareinvisible to theupperlayerssuchasthe schedulerandvice
versa.Thusany changesmadein onepartof thecoderemainlimited to thatsectionandareim-
mediatelyapplicable.For example,afteraddinganew middleware,thescheduleris immediately
ableto useany resourceusingthatmiddleware.

– XPML is extensible.Adding any new constructsis easy, usingthesamere�ection framework
(seeProgrammingSection).Youcouldalsodoawaywith XPML altogetherandimplementyour
own favorite interfaceto describeapplications.

Fig.1 shows theblockdiagramof thebroker. Themainfeaturesof theGridbusBroker (version2) are:
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� Discovery of resourceson thegrid

� TransparentAccessto computationalresourcesrunning middleware such as Globus 2.4, Globus
3.2(pre-WS),Alchemi (0.8)andUnicore4.1,queuingsystemssuchasCondor6.6.9,OpenPBS2.3.
This includessupportfor all basicserviceslike:

– Jobschedulingandexecutionfor batchjobs

– Jobmonitoringandstatusreporting

– Gatheringoutputof completedjobs,anddirectingit to user-de�ned locations.

[Note: Unicore,Condor,PBSsupportis experimental]

� Economybasedschedulingwith built-in algorithmsfor cost,timeandcost-timeoptimizations.

� Data-awareschedulingwhichconsidersnetwork bandwidths,andproximity of datato Computational
resources

� XML-basedapplicationdescriptionformat

� Supportfor datasourcesmanagedby systemssuchasStorageResourceBroker(SRB),andtheGlobus
ReplicaCatalog.

� Supportfor queuingsystemssuchasPBSon clusters

� Persistenceto enablefailuremanagementandrecovery of anexecutinggrid application

� Extensibility: thebroker is engineeredto supportextensionsin the form of customschedulers,mid-
dlewareplug-ins,application-description interpreters,andpersistenceproviders.

� Platformindependence,which is anaturalconsequenceof a java implementation.

The Gridbus broker comeswith a default application-description interpreterfor a languagecalledXPML
(eXtensibleParametricModelingLanguage),whichis designedto describedynamicparametersweepappli-
cationson distributedsystemsin adeclarative way. As suchthebroker caneasilyexecuteparameter-sweep
applicationsonthegrid. A parametersweepapplicationisonein whichthereisaprogramwhichoperateson
multiple setsof data,andeachinstanceof therunningprogramis independentof theotherinstances.Such
applicationsareinherentlyparallel,andcanbereadilyadaptedto distributedsystem.For moreinformation
aboutresearchon gridsanddistributedsystemspleasereferto http://www.gri dbus .o rg

1.4 Gridb usBroker Ar chitecture

The Gridbus broker follows a service-orientedarchitectureand is designedon object-orientedprinciples
with a focuson the ideaof promotingsimplicity, modularity, reusability, extensibility and�e xibility. The
architectureof thebroker is shown in Fig. 2.
Thebroker canbethoughtof asasystemcomposedof threemainsub-systems:

� theapplicationinterfacesub-system

� thecore-sub-system

� theexecutionsub-system.
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The Gridbus broker works with middleware such as Globus, UNICORE, Alchemi; JobManagers such as Condor, PBS; Data catalogs and also Data 
storage systems such as the Replica Catalog and SRB .

Figure1: Broker Block Diagram

Theinput to thebroker is anapplication-description, which consistsof tasksandtheassociatedparameters
with their values,and a resourcedescriptionwhich could be in the form of a �le specifyingthe hosts
availableor aninformationservicewhichthebrokerqueries.At theapplicationinterfacesub-systemthereis
theapplicationandresource-decription. Theapp-descriptioninterpreterandtheresourcediscovery module
convert theseinputsinto entities,calledjobsandserverswith which thebroker worksinternallyin thecore
sub-system.A job is anabstractionfor aunit of work assignedto anode.It consistsof a task,andvariables.
A variableholdsthedesignatedparametervaluefor ajob whichareobtainedfrom theprocessof interpreting
theapplication-description. A server representsanodeonthegrid, whichcouldprovideacompute,storage,
informationor applicationservice.Thetaskrequirementsandtheresourceinformationdrive thediscovery
of resourcessuchascomputationalnodes,applicationanddataresources.Theresourcediscovery module
connectsto theserversto �nd outif they areavailable,andif they aresuitablefor thecurrentapplication.The
broker usescredentialsof theusersuppliedvia theresourcedescription,whenever it needsto authenticate
with a remoteservice/ server. Oncethe jobs arepreparedandthe serversarediscovered,the scheduler
is started.The schedulermapsjobs (i.e submitsjobs usingthe actuatorcomponentin the executionsub-
system)to suitableserversbasedon its algorithm.Theactuatoris a middlewarespeci�c componentwhich
dispatchesthe job to theremotegrid node. On receiving a job submission,eachserver usesits associated
server-managerto actuatethemiddle-warespeci�c job-submitters(alsoknown asAgents).Thejob-monitor
updatesthebook-keeperby periodicallymonitoringthejobsusingtheservicesof theexecutionsub-system.
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Figure2: Broker Architecture

As they jobs get completed,the agentstake careof cleanup and gatheringthe output of the jobs.The
schedulerstopsafterall thejobshavebeenscheduled.Theschedulingpolicy determineswhetherfailedjobs
arerestartedor ignored.Onceall schedulingis complete,thebroker waitstill all jobsareeithercompleted
or failedbeforeexiting.

1.5 SampleApplications of the Broker

TheGridbusBroker hasbeenusedin Grid-enablingmany scienti�c applicationssuccessfullyin collabora-
tion with variousinstitutionsworldwide.Someof thesearelistedbelow:

� Neuroscience(BrainActivity Analysis)[1]- Schoolof Medicine,OsakaUniversity, Japan

� High Energy Physics[2] - Schoolof Physics,Universityof Melbourne
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� Finance(Portfolioanalysis)- ComplutenseUniversityof Madrid,Spain

� NaturalLanguageEngineering[3] - Dept.of ComputerScience,Universityof Melbourne

� Astrophysics[4] - Schoolof Physics,Universityof Melbourne

It hasbeenalsobeenutilisedin serveralGrid demonstrationsincludingthe2003IEEE/ACM SuperComput-
ing Conference(SC2003)HPCChallengedemonstration.
Theprogrammer's perspective of thebroker designandimplementationincludingtheextensibility features,
aredescribedin detail in thesection5.

2 INSTALLA TION

2.1 Requirements

2.1.1 Broker side(i.e On the machinerunning the broker)

� Java Virtual Machine1.4.2(moreinfo: http://www.java. co m/)

� Valid certi�catesproperlysetup (if usingremoteGlobusnodes)
By default thecerti�catesareplacesin the<USERHOME>/.globus directory
where<USERHOME>is theuser's homedirectory.
for auser”belle” on aUnix machinethis wouldbe:
/home/belle/.gl obus
for auser”belle” on aWindows NT/2000/XPmachinethiswouldbe:
C: nDocuments and Settings nbelle n.glob us
(For moreinformationonhow to acquireandsetupx.509certi�cates,pleaseconsult:
http://www.glob us. or g/ se cu rit y/ v1 .1 /c ert s. ht ml )

� Additionally, someportsonthelocalnodeshouldbecon�guredto beopensothatthejobscanconnect
backto thebroker. Pleasereferto theglobusdocumentationfor moredetails.

� OptionalComponents:

– Condorv.6.6.9submitandexecutepackages(Requiredif runningjobson a local clusterman-
agedbyaCondorsystem)(moreinfo: http://www.cs. wi sc .ed u/ co ndor /do wnlo ads/ )

– OpenPBSv.2.3 (PortableBatchSystem),(Requiredif runningjobson a local clustermanaged
by aPBSsystem)(moreinfo: http://www.ope npbs. or g/ )

– Network WeatherService(NWS)v.2.8client tools(Requiredif runningapplicationsthataccess
remotedatahosts)(moreinfo: http://nws.cs.u cs b. edu/ ) [Note: NWS client toolsare
only availablefor *nix. Grid-applicationsthatneedremotedatacanstill berunusingthebroker
on Windows, however, optimalselectionof datahostsis not assured,sincetheabsenceof NWS
will meanthe broker cannotget that informationby itself. We areworking on someway to
avoid/workaroundthisdependency in futureversionsof thebroker.]

– SCommandsClienttoolsv.3.x(for SRB,StorageResourceBroker)(Requiredif runningapplica-
tionsthatneedtoaccessSRBdata)(moreinfo: http://www.sdsc .e du/s rb/ sc ommands/i ndex .h tml )
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– accessto a MySQL (v.3.x and above) databaseserver installation(either on the machineon
which thebroker is installedor a remotemachine). (Requiredif usingthepersistencefeature
of thebroker. Recommendedif you wantmorerobust failurerecovery options.Thebroker will
notbeableto recover from crashesif persistenceis disabled.)

2.1.2 RemoteGrid nodeside

For acomputeresource:

� Middlewareinstallationwhich is oneof:

– Globus2.4(moreinfo: http://www.glob us .o rg )

– Globus3.2(with thepre-WSglobus-gatekeeperandgridftp servicesrunning)

– Alchemi0.8(Cross-platformmanager)(moreinfo: http://www.alc hemi .ne t )

– UnicoreGateway4.1(experimentalsupportwithin thebroker)(moreinfo: http://www.uni co re. or g)

– Condor6.6.9http://www.cs.w isc .e du/c ondor /d ownl oads/

� OptionalComponentsonacomputeresource:

– SRB(SCommandsClient toolsv.3.x) (Requiredif runningapplicationsthatneedto accessSRB
data)

For adatahost,oneof thefollowing servicesshouldberunning:

� SRBv.3.xOR

� GlobusGridFTPservice

Additionally, theusershouldhave permissionsto accesstheremoteresources.In caseof Globus,theuser's
credentialsshouldbe mappedto an accounton the remotenode. Pleaseconsultthe administratorof the
resourcefor moredetails.

2.2 Installation process

Installingthebroker is asimpleprocess.Thebroker is distributedasa .tar.gz(anda.zip) archive thatcanbe
downloadedfrom http://www.gri dbus .or g/ br ok er /2. 0/ gr id bus- bro ke r.2 .0 .t ar .g z
orhttp://www.grid bus. or g/b ro ke r/ 2. 0/g ri dbus - br ok er .2 .0. zi p. Theinstallationjust
involvesunzippingthe�les to any directoryandoptionallysettingthePATHenvironmentvariableto include
thebroker executablescript (gb2.0or gb2.0.batdependingon your OS).Following arethestepsto befol-
lowed:

� Unzip the archive to the directorywhereyou want to install the broker. In caseof Windows, you
canuseWinzip (if you download the .zip �le) or WinRar (for the .tar.gz) In caseof *nix, run the
command:
$ tar -zxvf gridbusbroker.2.tar.gz

� Thefollowing directorystructureis createdunderthemaingridbus-broker 2. 0 directory
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/<broker-install-directory>
/bin (contains the broker executable binary)
/docs (broker API docs)
/examples (example files for using the broker)
/lib (all the libraries needed to run the broker)
/manual (manual to install and run the broker)
/src (the broker source code)
/xml (the xml schemas used by the inputs to the broker)

� ChangeDB HOMEvariablein the gridbus-broker 2.0 /b in /c la ssp at h. rc �le to point to
thedirectorywhereyouhave installedthebroker.

� Additionally, it is recommendedto have the directorygridbus-broker 2. 0/ bi n addedto the
systemPATHvariable.For example,for aBashshell:
$ export PATH=$PATH:<broker-install-directory>/ bin

� Testtheinstallationby runningthebroker from ashell:
$ gb2.0 -test

If you seea messagecon�rming thatthecon�guration is ok, congratulations!You have successfully
installedthe gridbus broker on your machine.This, however, only con�rms that you have met the
basicrequirementsonyourmachineto runthebroker. To besurethatall thefeaturesof thebrokerare
functional,youwill have to makesuretheremoteresourcesyouhaveaccessto, aresetupproperly. If
thetestshows any errormessagespleasereferto the”Troubleshooting”sectionof thismanual.

3 GETTING STARTED USING THE BROKER

TheBrokercanbeusedasastand-alonecommand-lineprogramor it canbeusedin yourown Javaprograms
or portals.Thissectiondescribestheuseof theGridbusBroker in bothmodes.

3.1 CommandLine Interface (CLI - running the broker asa stand-aloneprogram)

Thebroker canbeinvokedfrom thecommandline just like any otherjava program.Thebroker distribution
comeswith a shell script (and a batch�le for Windows) which just setsthe correctclasspathand then
calls thebroker with any command-lineargs passedto it. In this modethebroker outputsits messagesto
both the consoleanda log �le by default. This behaviour canbe modi�ed by changethe settingsin the
Broker.properti es con�guration�le.

Whenrunningthebroker on thecommandline, it needsthefollowing inputs:

� The Application Description: TheApplicationdescriptionis providedto thebrokerasanXPML �le
whichdescribesthegrid application.Thevaluefor this inputcanbeany absoluteor relative path.The
broker distribution comeswith somesampleapp-description�les found in the examplesdirectory.
For example:examples/calc/c al c. xml

� The ResourceDescription: TheResourcedescriptionspeci�estheavailableresourcesanddescribes
their attributes. The broker is pointedto the locationof the resourcelist �le which containsthe re-
sourcedescriptionin axml format.Theresourcedescription�le hasadescriptionof theresourcesthat
areto beusedby thebroker for executingthegrid application.Thebroker distribution hasa sample
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setof resourceswhichareusedby usfor testing.In almostall cases,this �le mayhave to bemodi�ed
to specifytheresourcestheuserhasaccessto. For example:examples/calc/r eso ur ce s. xml

Thefollowing instructionsassumethebroker is beingstartedfrom thedirectorywhereit wasinstalled
sinceit usesrelative pathsto referto thebroker input �les. It alsoassumesthatthePATHvariableincludes
thebroker binary. To run thebroker with thedefault con�guration, the following commandis usedat the
commandpromptfrom thebroker's installationdirectory:

for *nix:
<broker-install-dir>$ gb2.0 -a=examples/calc/calc.xml -r=examples/calc/resources.xml

for Windows:
C: n<broker-install-dir> gb2.0.bat -a=examples ncalc ncalc.xml -r=examples ncalc nresources.xml

where<broker-install -d ir > refersto thedirectorywherethebroker is installed.
This will now start the broker, andthereshouldbe someoutputscrolling by, which informs the user

aboutwhat thebroker is doing. For moredetaileddescriptionaboutavailablecommand-lineoptions/�ags,
pleaserefer to the ”User Manual” section. If invoked via the command-line,the broker is alwaysa non-
interactive program. This behaviour canbe alteredto suit the user's needsby using the broker APIs in
programsbuilt on topof thebroker. Thenext sectionhassomeinformationabouthow to do that.

3.2 Application Programming Interface(API)

The Gridbus broker is designedto be very �e xible andextensible. It is targetedat both basicusageand
customisation,by providing programmersthe ability to accessmostof the commonAPIs which areused
internally. Startingfrom the currentversion(v.2.0) the full functionality of the XPML �les areavailable
for programmaticaccessvia the API. This makesit easyto integratethe broker into your own programs.
Usingthebroker in yourprogramsis assimpleascopying thegridbroker.jar into aplacewherethelibraries
for your programarelocatedandinvoking a singleclassto startthebroker (in thesimplestcase,asshown
below).

try f

//Create a new "Farming Engine"

GridbusFarmingEngine fe= new GridbusFarmingEngine () ;

//Set the Application-description file

fe.setAppDescriptionFile ( "calc.xml" ) ;

//Set the Resource-description file

fe.setResourceDescriptionFile ( "resources .xml" ) ;

//Call the initialise method to setup jobs and servers

fe.init () ;

//Start scheduling

fe.schedule () ;
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/*

* The schedule method returns immediately after starting the

* scheduling. To wait for results / monitor jobs,

* use the following loop:

*/

while ( !fe.isSchedulingComplete ()) ;

gcatch ( Exception e) f

e.printStackTrace () ;

g

The samplesprovided with thebroker distribution show somecommonwaysin which thebroker can
beinvokedfrom a java programor a jspapplication.TheProgrammersManualsectionhasa moredetailed
explanationof how to usethecommonbroker APIs. Programmerswho wantto usetheAPIs aresuggested
to �rst readthroughthe”UserManual”sectionandthengoonto the”ProgrammersManual”sectionwhich
hasmoredetailedexplanationof thebroker architectureandcommonAPIs. The last sectionof the ”Pro-
grammersManual” alsohasdescriptionsof how to extendthe broker's APIs andbuild uponthemto suit
yourneeds.

4 END-USERGUIDE

4.1 Using the broker on the CLI with various �ags

Thebroker providesthefollowing usageoptionson thecommand-line:

gridbus-broker [-mode=startUpMode[-brokerID=<ID>]][-appd esc=XPML file
name][-bc=BrokerProperties file name][-resources=resources.xml or
resource list file name]

-help, -h : Displays help on using the Broker on the
command-line. This option cannot be used in combination with any other option.

-test, -t : Tests the Broker installation and configuration. This
option cannot be used in combination with any other option.

-version, -v : Displays the Broker version number. This option
cannot be used in combination with any other option.

-mode, -m : Sets the start up mode of the Broker. This option can
take the following values: "cli", "recover". If ommitted, it
defaults to "cli" (command-line). If the mode is set to "recover",
then -brokerID option is mandatory. The Broker looks to recover that
broker instance whose brokerID is given in the -brokerID option.
Currently the broker supports RDBMS-based persistence. So, the
database connection information needs to be specified in the Broker
configuration file i.e Broker.properties, for recovery mode to work.

-appdesc, -a : Specifies the app-description file to use. This
option overrides the APP_DESC_FILE setting in the Broker.properties
config file.

-resources, -r : Specifies the resource description file. This option
overrides the RESOURCE_DESC_FILEsetting in the Broker.properties
config file.
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-brokerconfig, -bc : Specifies the Broker configuration file to use.
If ommitted, the broker looks for a config file named

Broker.properties in the current directory.

4.2 The Broker input and con�guration �les

Themaininput inputandcon�g �les thatareneededby thebroker areasfollows:

� TheBroker.propertiescon�guration�le

� TheXPML applicationdescription�le format

� TheResourcedescription�le format

Eachof these�les andtheirpurposeis describedin thesubsectionsbelow.

4.2.1 The Broker.propertiescon�guration �le

TheBroker is con�guredvia astandardjavaproperties�le (which is justaplain text �le with aname=value
pairsoneon eachline). Thedefault Broker.properties�le suppliedwith thedistribution is shown below:

# Name of application description file
APP_DESC_FILE=examples/calc/calc.xml

# Name of resource description file
RESOURCE_DESC_FILE=examples/calc/resource s.xml

DEADLINE=30 Dec 2010 22:16:00
BUDGET=500000.00

# Working directory. Empty value uses the current directory.
LOCALDIR=

# Maximum number of files to be processed for analysis: set to 0 for all files..
MAX_NUM_FILES=3

#The time interval in milliseconds for scheduler polling
POLLING_TIME=10000

#property to specify the working environment, whether command-line (cli) or tomcat (web)
ENV=cli

SCHEDULE=default
APP_COST=false
COSTFIL=costfil.txt

#Persistence specific entries: optional
USE_PERSISTENCE=true
PERSISTENCE_MODE=db
DB_DRIVER=com.mysql.jdbc.Driver
DB_CONNECTIONSTRING=jdbc:mysql://localhos t:3306 /gridb usbrok er
DB_USER=brokeruser
DB_PWD=somepasswordhere

14



NWS_NAMESERVER=belle.cs.mu.oz.au

#---------------------------------------- ------ --
# Log4j Properties
#---------------------------------------- ------ --

# Root Logger Appenders, Levels : commented out since cog outputs
# everything too... which we dont want
log4j.rootLogger=FATAL, RL
log4j.logger.org.gridbus.broker=INFO, stdout, DB
log4j.logger.org.gridbus.broker.test=DEBU G,stdo ut
log4j.logger.org.gridbus.broker.persisten ce=INF O
log4j.logger.org.gridbus.broker.xpml=INFO

log4j.appender.stdout=org.apache.log4j.Co nsoleA ppende r
log4j.appender.stdout.layout=org.apache.l og4j.P attern Layout

# Pattern to output the caller's file name and line number.
log4j.appender.stdout.layout.ConversionPa ttern= %5p (%F:%L) - %m%n

log4j.appender.DB=org.apache.log4j.Rollin gFileA ppende r
log4j.appender.DB.File=brokerLogs/broker. log

log4j.appender.RL=org.apache.log4j.Rollin gFileA ppende r
log4j.appender.RL.File=brokerLogs/rootlog ger.lo g

log4j.appender.DB.MaxFileSize=1000KB
log4j.appender.RL.MaxFileSize=1000KB

# Keep one backup file
log4j.appender.DB.MaxBackupIndex=1

log4j.appender.DB.layout=org.apache.log4j .Patte rnLayo ut
log4j.appender.DB.layout.ConversionPatter n=%d %p [%t] (%F:%L) - %m%n

log4j.appender.RL.layout=org.apache.log4j .Patte rnLayo ut
log4j.appender.RL.layout.ConversionPatter n=%p %t %c - %m%n- (%F:%L)

In theBroker.propertiescon�g �le show above,thebroker iscon�guredto look for theapplication-description
�le namedcalc.xml in theexamples/calc directoryrelative to thecurrentdirectoryfrom wherethe
broker is executing.Theresourcedescriptionoptionpointsto theresources.xml in thesamedirectory
in this case.
[Note: The �le namesare case-sensitive or not dependingon eachoperatingsystem. *nix-es are case-
sensitive. Win9x is not. Win NT/2000/XPpreservescase,but ignoresthemwhenreading/ accessingthe
�les. It is advised,in general,to payattentionto the ”case”of thenameof these�les always,andsetthe
valuesaccordingly.]
TheBroker.properti es con�g �le hastwo sections:Onedealingwith theBroker con�guration. The
otherdealswith the lo4j loggercon�guration which is usedby the userfor logging output. The Broker
con�guration�le ignoresthelinesstartingwith a”#”, andconsidersthemascomments.Pleasenotethatthe
optionsareall speci�edin upper-caseandthebroker is particularaboutthecase-sensitivity.
Thecon�gurationoptionsavailablearedescribedin thetablesshown in Fig. 3.
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Broker.properties Configuration 

APP_DESC_FILE   
The relative/absolute path to the XPML application-description file that the 
broker will use. When running the broker on the command-line, this is an option 
that is mandatory 

RESOURCE_DESC_FILE  The relative/absolute path to the resource description file. When running the 
broker on the command-line, this is an option that is mandatory. 

DEADLINE  The deadline to be used in economy-based scheduling. The deadline is 
specified in the format: dd MMM yyyy HH:mm:ss. 

BUDGET  The ”cost” of accessing a resource (i.e. price Per Job) used in economy-based 
scheduling 

LOCALDIR  The Working directory which the broker can use to find input files. An Empty 
value means the current directory is used. 

MAX_NUM_FILES  
The Maximum number of files to be processed for during data-aware 
applications. (Set to 0 for all files). This is mainly used for testing. The 
recommended value is 0. 

POLLING_TIME   The time interval in milliseconds for scheduler polling. Default: 10000 if not 
given. 

ENV  The property to specify the working environment, whether command-line (CLI) 
or Tomcat (WEB). Default: CLI 

SCHEDULE  The type of scheduling to use. (Default is cost-time optimized economy 
scheduler). Possible values: ”cost”,”time”,”costtime”, ”costdata”, ”timedata” 

APP_COST  
 (true / false). Specifies whether to use an additional cost for accessing an 
application. This feature is currently not fully supported, and is used in an 
experimental scheduler. (optional) 

COSTFIL  
 The name of the file specifying the application cost of network links during 
data-aware scheduling. This property is not fully supported and is used in an 
experimental scheduler. (optional) 

USE_MARKET_DIR   
 (true / false).Specifies whether to use the Grid-Market-Directory. The current 
version of the broker has the Grid-Market-Directory disabled. It is expected to 
be supported in a future version. 

Persistence specific entries: optional 

USE_PERSISTENCE   (true / false) . Specifies whether to use persistence in the broker. The broker 
saves its state to persistent storage only if this option is set to true. 

PERSISTENCE_MODE   Name of the persistence provider. Currently only the database provider is 
supported. To use the DB-provider, set this to ”db”. 

DB_DRIVER   The fully qualified name of the java database driver class. (for example, for 
mySQL use: com.mysql.jdbc.Driver) 

DB_CONNECTIONSTRING   The jdbc url connection string. (eg: jdbc:mysql://hostname:port/gridbusbroker 
for the database ”gridbusbroker”) 

DB_USER  The username of the database user 

DB_PWD  The password of the database user. (we are working on storing the password in 
an encrypted fashion, instead of clear text) 

Network weather service specific entries: optional 

NWS_NAMESERVER   The hostname of the Network Weather Service Name Server. 

Figure3: Broker.propertiesCon�guration.
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4.2.2 The XPML application description �le format

XPML (eXtensibleParametricModellingLanguage)isanXML-basedlanguage,whichisusedby thebroker
to createjobs. Simply put, an XPML applicationdescription�le is an XML �le with specialelementsas
de�ned in the XMLSchemathat comeswith the broker. XPML supportsdescriptionof parametersweep
applicationexecutionmodel in which the sameapplicationis run for differentvaluesof input parameters
oftenexpressedasranges.A simpleapplicationdescription�le is shown below:

<?xml version="1.0" encoding="UTF-8"?>
<xpml xmlns:xsi="http://www.w3.org/2001/XMLSche ma-ins tance"

xsi:noNamespaceSchemaLocation="XMLInp utSche ma.xsd ">
<parameter name="X" type="integer" domain="range">

<range from="1" to="3" type="step" interval="1"/>
</parameter>
<parameter name="time_base_value" type="integer" domain="single">

<single value="0"/>
</parameter>
<task type="main">

<copy>
<source location="local" file="calc"/>

<destination location="node" file="calc"/>
</copy>
<execute location="node">

<command value="./calc"/>
<arg value="$X"/>
<arg value="$time_base_value"/>

</execute>
<copy>

<source location="node" file="output"/>
<destination location="local" file="output.$jobname"/>

</copy>
</task>

</xpml>

An XPML app-descriptionconsistsof threesections:”parameters”,”tasks”, and”requirements”.Param-
eters: Eachparameterhasa name,type anddomainandany additionalattributes. Parameterscanbe of
varioustypesincluding: integer,string,grid�le andbelongto a ”domain” suchas:single,range,or �le.

� A ”single” domainparameterspeci�esavariablewith justonevaluewhich is of thetypespeci�edin
the”type” attributeof theparameterelement.

� A ”range”domainspeci�esaparameterwhichcantake a rangeof values.A rangedomainparameter
hasa rangeelementinside it. The rangechild elementhas”from”, and”to” and”step” attributes,
whichspecifythestarting,endingandstepvaluesof therange.

� A ”�le” domainparameterspeci�esa grid�le which is the url of a remotegrid �le. A grid�le url
can have embeddedwildcardswhich are resolved to the actualphysical �le namesby the broker
�le-resolver. A grid�le url currentlysupportstheurl protocols:lfn / srb.

[Note: Thenameof thechild elementmustmatchwith thevalueof thedomainattribute of theparameter
element.]A grid applicationcanany numberof parameters.Thenumberof jobscreatedis theproductof

17



thenumberof all possiblevaluesfor eachparameter. In theexampleshow above,parameterX rangesfrom
1 to 3. Thesecondparameterhasa constantvalue”0”. So, the numberof jobs createdis 3 x 1 = 3 jobs.
(sincethe�rst parametercantake3 possiblevalues,andthesecondparametercanhaveonepossiblevalue).
In case”grid�le” type parametersareused,the numberof jobs canbe ascertainedonly at runtime,since
the broker hasto actuallyresolve the �le namesto physical�les beforecreatingonejob for each�le. A
”grid�le” parametercanbede�ned asshown below.

<parameter name="infile" type="gridfile"
domain="file">

<file protocol="srb" mode="block" url="srb:/db*.jar" >
</parameter>

For multiplegrid�les, multiple< �le > elementsareplacedwithin the< parameter> element,asshown:

<parameter name="infile" type="gridfile" domain="file">
<file protocol="srb" mode="block" url="srb:/db*.jar"/>
<file protocol="lfn" mode="block" url="lfn:/somedirectory/someotherdire ctory/ abc*.t xt"/>
<file protocol="srb" mode="block" url="srb:/sample/example/gridfile/std out.j* "/>

</parameter>

An applicationcanhave only onetask,with any numberof commandsin any order. Tasks:A taskconsists
of ”commands”suchascopy,gcopy,mcopy,execute,substitute etc.

� A ”copy”/”gcopy”/” mcopy” commandspeci�esa copy operationto beperformed.Eachof thecopy
commandshasa sourceanddestination�le speci�ed. Thegcopy supportscopying �les to andfrom
remotelocations.Themcopy commandcancopy completedirectoriesandsupportsuseof thewild-
cardcharacter(*).

� An ”execute”commandis whereactualexecutionhappens.Theexecutecommandspeci�esanexe-
cutableto berunon theremotenode.It alsospeci�esany argumentsto bepassedto thecommandon
thecommand-line.

� A ”substitute”commandspeci�es a string substitutioninsidea text �le. This operationis usedto
substitutethenamesof user-de�ned variables,for example.Parameternamescanbeusedasvariables
with a ”$” pre-�xed. Apart from this, certainspecialdefault variablesarealsode�ned, suchas:$OS
(whichspeci�estheOperatingsystemon theremotenode),$jobname,which refersto thejob ID of a
job createdby thebroker.

The exampleXPML �le shown above speci�esa taskwith threecommands.For the grid applicationde-
scribedin the �le above thereareno ”requirements”.With this application-description, thebroker creates
3 jobs,with job IDs j1, j2, j3. Eachjob performsthe samesetof operations(or commands)asspeci�ed
in the”tasks” section.A copy commandhasa sourceanda destinationchild elementeachwith attributes:
location,and�le. Thelocationcantake thevalues:”local” and”node”. The”local” valueis interpretedas
themachineon which thebroker is executing,and”node” is understoodby thebroker astheremotenode
on which the job is going to execute.Thesevaluesaresubstitutedat runtime. The ”mcopy” and”gcopy”
alsohave thesameattributes.
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For themcopy command,thesourcelocationmustbe”node”, thesource�le namecanincludewildcards,
andthe destinationmustbe a directory. For the gcopy command,the sourceanddestinationcanbe both
remote,so that third party transfersarepossiblewithout the broker intervening in between. The gcopy
currentlysupportsthegsiftpprotocolandis tailoredto work with Globusonly. (However, in futureversions
of thebroker, all theprotocolsftp,http,https,gsiftp,srbwill beeventuallysupported.)
A substitutecommandismeantfor substitutionof parameter(alsoknown as”variables”)values,in local�les
which arethenusedduringlocal operations/ remotejob execution.Typically, thevaluesof theparameters
aredeterminedat runtime,andtherecouldbescenariosin which certaininput text �les needto betailored
for eachjob usingtheseparametervalues.Any of theparameterscanbeusedasa variablein the�les used
in a substitutecommandby pre-�xing ”$” to theparametername.So,theparameterX, is thevariable$ X.
A substitutecommandhassourceanddestination�le names,anda locationattributewhichmustbe”local”.
Thefollowing is anexampleof asubstitutecommand:

<substitute location="local">
<source file="input">
<destination file="input.$jobname>

</substitute>

In the substitutecommandshown above, the destinationelementitself hasanothervariable”$jobname”
which refersto the job's uniqueid. So, after substitution,the input �le is tailoredto eachjob andsaved
asinput.j1, input.j2 etc... for eachjob. Requirements:Certainjobs needa particularenvironmentduring
execution.This environmentneedsto besetupbeforethe job actuallystartsexecutingon theremotenode.
For this purpose,the ”Requirements”elementis provided. It canbe usedto specifya setof initialisation
tasks,(and,in thefuture,conditions).Requirementsareof two types:node,andjob.
A ”node” requirementis a setof tasks/conditionsthat needto be satis�ed beforea nodecanbe usedfor
submissionof jobs. So,a node-requirementis performedby thebroker beforeany jobsaresubmittedto it.
This is doneonceandonly oncefor eachnode.A ”job” requirementis alsoa setof tasks/conditionswhich
areto beperformedoncefor eachjob. Jobrequirementsarecurrentlynotimplementedin v.2.0of thebroker.
Requirementscanbespeci�edasfollows:

<requirement type="node">
<!-- anything that can go inside a <task> element can go here -->

</requirement>

The typecanbe”node” or ”job”. As mentioned,only ”node” is currentlysupportedfor this version. The
requirementselementcanhave any numberof commandsin any order. It is similar to the ”task” element
in thatrespect.TheXPML languageis undergoing improvementsandre�nements.It is plannedto include
moreadvancedfeatureslike < if > conditions,loops,enumerated< range> lists,etc...in futureversions.
For thoseinterested,a detaileddescriptionof theXPML languageschemaandtheinterpretationprocessis
givenin theProgrammer's manualsection.

4.2.3 The Resourcedescription �le

The Resourcedescription�le is just an xml �le describingthe resourcesthat canbe usedby the broker,
andtheirpropertiesasde�ned in theresourcedescriptionschemathatcomeswith thebroker. TheResource

19



descriptioncanbeusedto describetwo typesof entities- resourcesandcredentials(to accesstheresources).
A resource,asde�ned currentlycanbeof threetypes:

� computeresources

� storageresource(which functionasdatasinks)

� services

A sampleresourcedescriptionis shown below:

<?xml version="1.0" encoding="UTF-8"?>
<xgrl
xmlns:xsi="http://www.w3.org/2001/XMLSc hema-i nstanc e"
xsi:noNamespaceSchemaLocation="Resource Descri ptionS chema. xsd">

<credentials id="prox1" type="proxyCertificate">
<proxyCertificate source="local">

<local password="proxyPwd"></local>
</proxyCertificate>

</credentials>

<credentials id="prox2" type="proxyCertificate">
<proxyCertificate source="myProxy">

<myProxy password="test" username="test"
host="myownserver.org"/>

</proxyCertificate>
</credentials>

<credentials id="auth1" type="auth">
<auth username="test" password="pwd"/>

</credentials>

<credentials id="ks1" type="keystore">
<keystore file="somefile" password="pwd"/>

</credentials>

<resource type="compute" credential="auth1">
<compute domain="local">

<local jobmanager="pbs"></local>
</compute>

</resource>

<resource type="compute" credential="prox1">
<compute domain="remote">

<remote middleware="globus">
<globus hostname="belle.cs.mu.oz.au"></globus>

</remote>
</compute>

</resource>

<resource type="compute" credential="ks1">
<compute domain="remote">

<remote middleware="unicore">
<unicore gatewayURL="ssl://hostname.cs.mu.oz.au /"/>
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</remote>
</compute>

</resource>

<resource type="service" credential="prox2">
<service type="information">

<information type="srbMCAT">
<srbMCAT host="srbhost.cs.mu.oz.au" defaultResource="defres"

domain="dom" home="myhom" port="9999" />
</information>

</service>
</resource>

<resource type="service" credential="auth1">
<service type="information">

<information type="replicaCatalog">
<replicaCatalog replicaTop="top"

replicaHost="hostname.gridbus.org"/>
</information>

</service>
</resource>

</xgrl>

[Note: Onecanobserve here,that thevalueof anattributeof a parentelementgenerallydetermineswhich
child elementcanbeplaceinsideit. For example,the”type” attributeof a ”resource”element,determines
whethera ”compute”,”storage”or ”service”child elementcanappearwithin acomputeelement.Likewise,
the”domain” attributeof a”compute”elementdetermineswhichof ”local”,”remote”becomesits child, and
soon. This patternis followedthroughouttheresourcedescriptionschema.Also, the”credential”attribute
of any resourceelementis of particularsigni�cance. Its valuepointsto the id of thecredentialwhich is to
be usedfor that resource.The seperationof credentialandresourceelementswithin the schemahelpsto
specifya descriptionwherethe samecredential(suchasa proxy certi�cate or a username/password pair)
is to beusedfor authenticatingto morethanoneresource.(Itis commonexperiencethatsucha situationis
frequentlyseen.)]
Computeresourcesareserversto which theusers'jobscanbesubmittedfor execution.Storageresources
areusedto storetheresultsof execution,andhencecanbeconsideredasdatasinks. Serviceresourcesare
thosewhichprovide genericservicesthatcanbeusedby thebroker.
A ”compute” resourceis associatedwith a ”domain” which cantake two values- ”local” and”remote”.
Local resourcescouldbethelocal computer, or a cluster(on which thebroker is running).It couldbeused
to describea resourcewhich is runningjob-managementsystemssuchasCondor, PBS,Alchemi. Theuser
canalsooptionallyspecifya list of queueswhichneedto beusedonthelocal jobmanager. Remotecompute
resourcesareusedto representnodeson the grid which have a job-submissioninterfaceaccessiblevia a
network. So resourceswhich run grid-middleware suchasGlobus, Unicore,Alchemi etc. aredescribed
here.
A local computeresourcecandescribedasfollows:

<resource type="compute" credential="auth1">
<compute domain="local">

<local jobmanager="pbs" />
</compute>

</resource>
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The jobmanagerattribute canbe any of PBS,Fork,Alchemi,Condor. In caseof PBS,Condoron the local
computeresource,the broker would usethe con�guration of the Condor/PBSclient. For the Alchemi
manageron a local node,onewould needtp specifythe credentialsof theuser. No credentialswould be
neededto fork jobsonthelocalnode,howevertheattributestill needsto beprovidedfor thesakeof complete
conformancewith theschema.
To describea remote,globusnodeadescriptionsimilar to thefollowing, is used:

<resource type="compute" credential="prox2">
<compute domain="remote">

<remote middleware="globus">
<globus hostname="manjra.cs.mu.oz.au" version="3.2" />

</remote>
</compute>

</resource>

In theabove resourcedescription,thenodemanjra.cs.mu.oz.auis speci�ed to berunningglobusv.3.2,and
usesthecredentialidenti�ed by thestring”prox2”. Thiswouldbetheid of a”proxy”-typecredentialde�ned
elsewherein theresourcedescription�le. Similarly othercomputeresourcescanbedescribedasde�ned in
theschema.
A ”storage”resourceis adatasinkwheretheusercanopt to storetheresultsof executionof agrid applica-
tion. Currentlythis featureis not fully supportedby thebroker. Hence,a full descriptionof this elementis
notgivenhere.Theuseris referredto theschemafor moreinformation.A futurebrokerversionwill havean
expandeddescription,andimplementationof storageresources.[Note: Datasourcesarediscoveredby the
broker at runtime,usingtheapplicationdescriptionwhichcontains�le parameters,andinformationcatalog
servicesde�ned as”service”elementsin theresourcedescription.Hence,theneedfor explicitly specifying
datasourcesin theresourcedescriptionis obviated.]
A ”service” resourcecanbeof two types- ”information” servicesand”application” services.Information
servicesare typically entitieswhich provide informationaboutother resourcesor services. Thesecould
be LDAP directories,web services,datacatalogsetc. Currentlysupportedservicetypesincludethe SRB
MCAT and the ReplicaCatalog. Application servicesprovide applicationshostedon nodesthat canbe
accessedasaservice.
Theexamplebelow shows thede�nition of a SRB MetadataCatalog.This is modelledasan information
servicewhichcanbequeriedto extractdataaboutavailableSRBstorageresourcesand�les locatedonthem.

<resource type="service" credential="prox2">
<service type="information">

<information type="srbMCAT">
<srbMCAT host="srbhost.cs.mu.oz.au" defaultResource="defres"
domain="dom" home="myhom" port="9999" />

</information>
</service>

</resource>

A ”credentials”entry describesthe user's authenticationinformation that is usedto accessthe services
provided by a grid resource.Credentialscanbe of the following types- x.509 basedproxy certi�cates,
simpleusername/password pairs,MyProxysavedproxiesor keystores.
A proxycredentialcanbedescribedasfollows:

<credentials id="prox1" type="proxyCertificate">
<proxyCertificate source="local">
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<local password="proxyPwd"></local>
</proxyCertificate>

</credentials>

Optionally, the locationof the usercertanduserkey �les canalsobe speci�ed asattributesof the ”local”
elementin the”proxyCerti�cate”.
A simpleusername/password -typecredentialcanbedescribedasfollows:

<credentials id="auth1" type="auth">
<auth username="test" password="pwd"/>

</credentials>

Every credentialhasto be given a unique”id” which is referredto by oneor moreresourceelements,as
mentionedearlier.

4.3 How to setup persistence

The broker comeswith a default persistence-provider, which saves the full broker-stateperiodically to a
mySQL database.This DB(database)persistenceprovider is implementedusing JDBC, and hencecan
supportany JDBCcompliantdatabasein general.This sectiondescribestheprocedurefor con�guring the
broker to usepersistence.Theprocedureto enablepersistenceinvolvestwo steps:

� Installingandcon�guring thedatabase

� Settingtheappropriatepropertiesin thecon�guration�le
(Broker.propert ies )

First, theuserneedsaccessto a local or remotedatabase,which hasthebroker databaseinstalledand
con�gured for properaccess.To install thegridbus broker database,thebroker.sql script, includedin
thedistribution canbeused.Thiswill createanew databasenamed”gridbusbroker” on thedatabaseserver.
Additionally, an initialisation script namedinit.sql, provided with the broker distribution needsto be run
afterthecreationof thedatabase.This setsupsomeinitial valuesin thedatabase,andpreparesit for useby
thebroker. It is recommendedto createa seperateuserlogin on thedatabaseserver, for enablingaccessto
thisdatabase.Thesecondstepis to setthefollowing propertiesin thebroker con�g �le, for example:

USE_PERSISTENCE=true
PERSISTENCE_MODE=db
DB_DRIVER=com.mysql.jdbc.Driver
DB_CONNECTIONSTRING=jdbc:mysql://somehost .cs.mu .oz.au :3306/ gridbu sbroke r
DB_USER=brokeruser
DB_PWD=gridbus

In theabove example,thebroker is con�guredto usethe”db” or databasepersistenceprovider. (Currently
this is theonly provider thebroker supports.)TheDB DRIVERspeci�estheJDBCdriver classto usedto
connectto thedatabase.TheDB CONNECTIONSTRINGspeci�esthestringusedto connectto thedatabase
server. TheDB USER,DBPWDsettheusernameandpassword for thedatabaselogin.
To disablepersistence,just settheUSEPERSISTENCEpropertyto ”f alse”.
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5 PROGRAMMER'S GUIDE

5.1 Designand Implementation

TheGridbusbroker hasbeenimplementedin Java sothat it canbeusedfrom thecommandline, deployed
in Web-enabledenvironmentssuchasTomcat-drivenportalsandportlets,andalsobeusedasanAPI within
otherprogramsbuilt on top of the servicesprovided by the broker. It interfacesto nodesrunningGlobus
usingtheJava CommodityGrid (CoG)Kit, to Alchemi nodesusingtheAlchemi Cross-PlatformManager
Interface(or the Alchemi command-lineclient, if the Manageris not runningasa web service),to UNI-
COREusingthearconclient library, to CondorandPBSusingtheir respective command-lineclients.This
sectiondescribesthemainAPIsandconceptsrelatedto thecommonbrokerAPIs. Fig. 4 below showssome
of themainclassesin thebroker.

Figure4: Broker UML Diagram.

Thebroker designis basedon thearchitecturedescribedabove. Themainentitiesin thebroker are:

� FarmingEngine

� Scheduler

� Job

� ComputeServer

� Service
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� DataHostandDataFile

Thefarmingengineis thecentralcomponentwhich maintainstheoverall stateof thebroker at all times.It
is thegluethatbindsall thecomponentstogether. It actsasacontainerfor thejob andserver collections.It
is thecomponentthat interactswith externalapplicationsandinitiatesthescheduling.Thefarmingengine
canbeconsideredasthebroker's in-memorydatabase,asit holdsthebroker's currentstateat any point of
time. If usingpersistence,thefarmingenginekeepssaving its stateperiodicallyto apersistencestorage.
The scheduleris a middleware independentcomponentwhich mapsjobs to nodeson the grid. It doesn't
needto worry aboutlower level details,andcanschedulejobsbasedonmetricswhichdonotdependon the
underlyingplatform.Thebroker comeswith threebuilt-in schedulers:

� economy-basedscheduler(DBScheduler)

� data-awarescheduler(DataScheduler)

� economyanddata-awarescheduler(DBDataScheduler)

For moredetailson thescheduleralgorithmspleasereferto theGridbusBroker paperat
http://www.grid bus. or g/p aper s/ gr idb us br ok er .pd f
A Job is anabstractionfor aunit of work assignedto anode.As describedin previoussections,it consists
of Variables anda Task . A variableholdsthe designatedparametervaluefor a job. A variablecan
hold a rangeof valuesor a setof valuesor a singlevaluein which caseit is calleda singlevariable.A task
is thedescriptionof whathasto bedoneby the job.It is composedof a setof commands.Therearethree
typesof commands- Copy Command,ExecuteCommand,andSubstituteCommand.TheCopy command
instructsthebroker to copy a �le from thesourceto thedestination.It canbeusedfor eithercopying the
�les from thebroker hostto the remotenodeor vice versa.A Multiple Copy (MCopy) is a specialcase
of theCopyCommandwhich instructsthebroker to copy multiple �les asdescribedwith a wildcard(*, ?,
etc.). A GCopy commandprovidestheability to copy from onenodeto anothernodewithout thebroker
interveningin between.(TheGCopy is currentlysupportedonly by theGlobusmiddlewareplug-in.)
The ComputeServer classdescribesa nodeon the grid andholdsthe propertiesfor that node,eg. its
middleware,architecture,OS etc. It is a middleware independententity andasbeenextendedfor differ-
ent middlewarelike Globus, Alchemi, Unicore,Condor, PBS,andalsoto allow forking jobs on the local
node.EachComputeServer hasanassociatedJobMonitor andComputeServerM anager which
arealsomiddlewareindependent.A ComputeServer alsohasanassociatedUserCredential object,
which storesthe credentialsof the userfor accessingservicesprovided by that ComputeServer . The
JobMonitor is responsiblefor monitoringtheexecutionof all jobssubmittedto theremotenodecorre-
spondingto thisComputeServer . TheComputeServerM anager is thecomponentthatmanagesthe
job-submission.It usesalocalbuffer, for thispurpose,andwhenthejob needsto besubmittedto theremote
node,it createsanmiddleware-speci�cagent,andsendsthisagentto theremotenodefor execution.This is
doneby invoking theappropriatemiddle-wareComputeServer . TheComputeServerMa nager has
beenextendedto handlebothstand-alonegrid nodes,andclusters.
A typical submissionandmonitoringcycle for a job sentto a Globusnodego throughthefollowing steps:
TheSchedulerallocatesi.e submitsa Jobto a ComputeServer. TheComputeServer putsthejob in its local
job buffer andinformstheComputeServerManager. TheComputeServerManagercreatesa globus-speci�c
agent- a GlobusJobWrappe r , andsendsit to the remotemachine.TheComputeServerMa nager
then asksthe JobMonitorto include this job in the list of jobs it monitorson that server. Sincewe are
submittingto Globushere,theComputeServer to which theSchedulerallocatesthejob, would actually
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bean instanceof theGlobusComputeSe rve r class,which extendstheComputeServer class.The job
monitorperiodicallyqueriesjob status(by calling theGlobusComputeSer ve r ), andraisesstatusevents
for all jobswhosestatushaschanged.Whenthejob is done/failed,themonitorstopsmonitoringthatjob.
DataHostsarenodeson which data�les have beenstored.Theseobjectsstorethedetailsof thedata�les
thatarestoredon themsuchastheir pathon thedisk andtheprotocolusedto accessthem.TheDataHost
objectsalsomaintaina list of thecomputeresourcessortedin thedescendingorderof availablebandwidth
from thehost.DataFile objectsstoreattributesof input �les thatarerequiredfor anapplicationsuchassize
andlocation.A DataFile objectlinks to thedifferentDataHoststhatstorethat�le.
Overall, thebroker is designedto bea looselycoupledsetof componentsworking together. Theclassesin
thebroker canbegroupedinto thefollowing maincategories:

� Application-description Interpreters

� Middlewaresupport

� Schedulers

� Persistenceproviders

� Othersupportutils andmodules

By extendingtheclassesin eachgroup,thebroker cantransparentlysupportmany differentapp-description
formats,schedulers,middlewareetc.Formoreinformationonhow to developoneormorethesecomponents
pleasereferto thesection”Modifying or Enhancingthebroker to suit your needs”.

5.2 Using the broker in your own applications

This sectionexpandson thebrief descriptiongivenin section3.2abouthow to programthebroker anduse
its servicesin your own application.SincethemainAPIs arealreadydescribedin thesectionsabove, we
begin hereby looking at somesimpleexamplesof theusageof thebroker API in a java program.The�rst
stepin invoking thebroker is to createan instanceof the”FarmingEngine”. This canbe achieved by the
following codesnippet:

//Create a new "Farming Engine"

GridbusFarmingEngine fe= new GridbusFarmingEngine () ;

This createsthe farmingengine,setsits con�guration properties,andalsocon�gures the default logging
options.If abrokercon�guration�le (Broker.properties)is found,thecon�gurationspeci�edin that�le will
beloaded.Otherwise,adefault setof valueswill beloaded.Thedefault valuesfor thebroker con�guration
areshown below:

ENV=""
DEADLINE = <1 day>
BUDGET= Long.MAX_VALUE
LOCALDIR = System.getProperty("user.dir")
SCHEDULE= "default"
TEMPDIR = ""
USE_PERSISTENCE= "false"
PERSISTENCE_MODE= "db"
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DB_DRIVER = "com.mysql.jdbc.Driver"
DB_CONNECTIONSTRING= ""
DB_USER= ""
DB_PWD= ""
POLLING_TIME = "10000"
MAX_NUM_FILES= "0"

//default logger properties

//root logger
log4j.rootLogger = "FATAL, RL"
log4j.appender.RL = "org.apache.log4j.RollingFileAppender"
log4j.appender.RL.File = "brokerLogs/rootlogger.log"
log4j.appender.RL.MaxFileSize = "1000KB"
log4j.appender.RL.layout = "org.apache.log4j.PatternLayout"
log4j.appender.RL.layout.ConversionPatter n = "%p %t %c - %m%n- (%F:%L)"

//Broker-specific logs
log4j.logger.org.gridbus.broker = "DEBUG, stdout, DB"
log4j.logger.org.gridbus.broker.test = "DEBUG,stdout"
log4j.logger.org.gridbus.broker.persisten ce = "INFO"
log4j.logger.org.gridbus.broker.xpml = "INFO"

log4j.appender.stdout = "org.apache.log4j.ConsoleAppender"
log4j.appender.stdout.layout = "org.apache.log4j.PatternLayout"
log4j.appender.stdout.layout.ConversionPa ttern = "%5p (%F:%L) - %m%n"
log4j.appender.DB = "org.apache.log4j.RollingFileAppender"
log4j.appender.DB.File = "brokerLogs/broker.log"
log4j.appender.DB.MaxFileSize = "1000KB"
log4j.appender.DB.MaxBackupIndex = "10"
log4j.appender.DB.layout = "org.apache.log4j.PatternLayout"
log4j.appender.DB.layout.ConversionPatter n = "%d %p [%t] (%F:%L) - %m%n"

After creatingthe farmingengine,the next stepis to setupthe jobs andservers. This canbe donein two
ways. Oneway is to createjobs from an applicationdescription�le (currentlyonly the XPML format is
supported).Theotherwayto createjobsis to usetheTask andCommandAPIswhichgivetheprogrammer
more�e xibility. Similarly serverscanbesetupusinga resourcelist �le suppliedto thefarmingengine,or
usingtheServerFactory APIs. To setupjobsandserversusinganapplicationandresourcedescription
�les usethefollowing:

fe.setAppDescriptionFile ( "calc.xml" ) ;

fe.setResourceDescriptionFile ( "resources .xml" ) ;

fe.init () ;

[Note: Usethe init methodof the farmingengineonly whensupplyingtheapplication-andresource-de-
scription�les. Theinit methodfails if these�les arenotgiven.Theinit methoditself callsthetwo methods
- initResources()andinitJobs(),in thatorder. This orderis to bemaintainedstrictly if theinitResources()/
initJobs()methodsareexplicitly calledby anotherprogram.This is becausetheinitResources()setsup the
broker with serviceswhich arequeried,for example,to �nd out thedatahostsanddata�les neededby the
jobsin anapplication.]
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To usetheAPIs to createjobs:

Job currentJob = new Job () ;

currentJob.setJobID ( "j1" ) ;

//Create commands

//Command to Copy the program

CopyCommand copy = new CopyCommand() ;

copy.setSource ( true, "workingDIR/calc" ,tru e) ;

copy.setDestination ( false, "calc" ,true ) ;

//Command to execute the program

ExecuteCommand exec = new ExecuteCommand ( TaskCommand.EXECUTE_CMD) ;

exec.setExecutable ( "./calc" ) ;

exec.addArgument ( "$X" ) ;

exec.addArgument ( "$time_base_value" ) ;

//Command to collect the results

CopyCommand results = new CopyCommand() ;

results.setSource ( false, "output" ,true ) ;

results.setDestination ( true, "output." +cur rentJo b.getJ obID () ,true ) ;

Task task = new Task () ;

task.addCommand ( copy ) ;

task.addCommand ( exec ) ;

task.addCommand ( results ) ;

currentJob.setTask ( task ) ;

currentJob.addVariable ( new SingleVariable ( "$X" , "1" )) ;

currentJob.addVariable ( new SingleVariable ( "$time_base_value" , "0" )) ;

fe.addJob ( currentJob ) ;

First, a new Job object is created.A job object is associatedwith Variables anda Task which has
any numberof commandswhich can have commandssuchas Copy,GCopy,MCo py ,Ex ec ut e, and
Substitute . Forcopy commands,(Copy,MCopy,GCo py ) , thesourceanddestination�le namesneed
to beset. TheExecuteCommand classcanbeusedto executeprogramson theremotenode.As shown
above, theexecutableandargumentsneedto besetfor theExecuteCommand . Substitutecommandsare
usedto substitutevariablesin stringsor text �les locally, beforesendingthejob to theremoteside.Variable
objectscanbecreatedandaddedto a job asshown. Variablesarenormallyaddedasstrings(even though
they arenumeric).Thevariablevaluescanalsorefer to �lenames. TheXPML interpreterhascertain�le-
resolver APIs which areusedto resolve thephysical�lenamesfrom thosecontainingwildcardcharacters.
Theseneedto beused,sothattheDataHosts andDataFiles collectionsusedin data-awarescheduling
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areproperlysetup. (Pleasereferto thejavadocsfor furtherdetailson their usage.)Finally, afterthetaskis
setandvariablesareadded,this job is addedto the list of jobs in thefarmingengine.Thebroker retrieves
thestdoutandstderrof a job by default. Any otheroutput�les generatedby the job, however needto be
explicitly copiedbackto thebroker node(i.ethemachinerunningthebroker). Alternatively, thejob outputs
maybecopiedto someotherremotelocationby thejob asthelaststepafterexecution.
ServersarecreatedusingthegetComputeServ er methodof theServerFactory class.Thiscreatesa
middleware-speci�ccompute-serverandreturnsit in theformof aninstanceof thegenericComputeServer
abstractclass.TheServerFactory hasvariousoverloadedmethodsusedto createaComputeServer
instance.Theleastinformationneededis thehostnameof theComputeServer . If the”type” of compute-
server is not speci�ed, it is assumedto bea Globuscompute-server. The(middleware)typeof a compute-
serverisany oneof thesupportedmiddleware,currently:GLOBUS,ALCHEMI,UNIC ORE, FORK,CONDOR,P BS.
Thefollowing codesnippetshows thecreationof acompute-server:

LocalProxyCredential lpc = new LocalProxyCredential () ;

lpc.setPassword ( "somepassword" ) ;

ComputeServer cs = ServerFactory.getComputeServer ( Compute Server .GLOBUS,

"belle.cs.mu.oz.au" ) ;

cs.setUserCredential ( lpc ) ;

fe.addServer ( cs ) ;

The �rst two lines of code,set the credentialsfor the server. This can be avoided if using a resource
description�le, in which thecredentialsarespeci�ed. Whena compute-server is created,theserver is not
alive,andtheisAlive methodreturnsfalse.Thecompute-server needsto bestarted(in orderto facilitate
thediscovery process),beforeany of its methodscanbeput to gooduse. This canbedoneby calling the
”start” method.Thestartmethodinitiatesthecompute-server manager, anda job-monitorto keeptrackof
job submissionandstatus-updatingrespectively. The managerperformsan initialization of the compute-
server propertiesby ”discovering” them. It doessoby pingingthe remotenode,thenconnectingto it and
queryingit for certaininformation. Oncethe propertiesarediscovered,the isAlive �ag is set to true.
This wholeprocessis doneon a seperatethreadfor eachserver (i.e thestartmethodreturnsimmediately).
However, thefarmingenginemakessurethestartmethodis calledonall serversbeforestartingscheduling.
So,in effect it is notnecessaryto call thismethodexplicitly if thejobsareto scheduledto servers.
To begin schedulingjobs,theschedulemethodneedsto becalledon thefarmingengine.This will get the
schedulerde�nedin theBroker.properties�le, if it exists,or the”default” schedulerotherwise.Therearetwo
waystooverridethisbehaviour. Oneof themis tosettheSCHEDULEpropertyof theBrokerProperti es
class.Thepossiblevaluesfor thisare-cost,time,costtime,costdata,timedata,default. Thealternatemethod
is to explicity settheschedulerfor thefarmingengineusingtheSchedulerFactor y class.Thefollow-
ing codeshows how to do this:

//1. simply call the schedule method, to invoke the default scheduler

//the scheduler defined in the BrokerProperties

fe.schedule () ;

//OR
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//2. set the scheduling type / algorithm in the BrokerProperties

//before calling the schedule method.

//for cost-optimizing scheduler...

BrokerProperties.setProperty ( "SCHEDULE", " cost" ) ;

fe.schedule () ;

//OR

//3. explicitly create a scheduler object

//and set the farming-engine's scheduler

Scheduler s = SchedulerFactory.getScheduler ( "cost" ,fe ) ;

fe.setScheduler ( s) ;

fe.schedule () ;

The schedulemethodof the farmingenginestartsthe scheduleron a seperatethread,andreturnsimme-
diately. The broker providesbuilt-in mechanismsfor job-status-monitoringandupdatingof job statistics
suchas active-jobs, completed-jobs,failed-jobsetc. Once the schedulingis started,the jobs get sub-
mitted to remotenodes,andastheir statuschangesthe JobMonitor for eachserver updatesthe status
andtheschedulerupdatesthestatistics.TheJobMonitor useseventsto signalJobListeners about
statusChanged eventsfor jobs. To receive job-statuseventstheJobListener interfaceneedsto be
implemented.
Thebroker hasabuilt-in loggingsystem,thatusestheApachelog4j APIs. Whenthebroker is usedvia the
command-lineor theAPIs,it createsalog �le calledbroker.log in atemporarydirectorycreatedfor eachrun
of thebroker. The temporarydirectoryis of the form DBxxxxxxxxxxxx xx (wherethex's areobtained
from thecurrentdate-timestamp). In this tempdirectoryareall the �les generatedby the broker andthe
jobsit schedules.Thebroker logsareusefulfor reviewing thebroker outputmessagesanddebugging.Each
job producesan stdout.<jobid> anda stderr.<jobid> �le containingthe standardoutputand
error. Thereis alsooneshell �le per job, in thedirectory. This is the�le thatactuallygetsexecutedon the
remotenode. Apart from these�les therearealsoany otheroutputs/ �les generated/copiedbackby the
job itself. On theremotenode,eachinvocationof thebroker createsa temporarydirectorythat looks like
GB2.<brokerID> . (where<brokerID> is theuniqueID of thebroker generatedfor eachrun). Inside
this directoryis onedirectoryfor eachjob thatgetssubmittedto the remotenode. Insideeachjob's temp
directoryon the remotenode,areall its �les - inputsandoutputs. Normally, the broker deletesthe temp
directorieson theremotenodeafterit completesexecutionon thenode.Theshell�les on thelocalsideare
alsodeleted.However, if theloggeris setto DEBUG level, thentheseshell �les andremotedirectoriesare
left alone,to assistin debugging.
This sectionhashopefullyhelpedyou to gaina reasonableunderstandingof thebroker APIs to getstarted
on working with the broker. You are encouragedto have a look at the full java-docsfor the broker at
http://www.grid bus. or g/b ro ke r/ 2. 0/d oc s/

5.3 Using the broker in a web portal (portlets)

Theprevioussectionprovidedin-depthinstructionsonhow to integratethebroker into Java applicationsby
makinguseof thebroker API. This sectionwill build on thatknowledgeandwalk throughanexampleof
how the broker could be usedwithin a portlet environment,highlighting any interestingdetailsalongthe
way. This guideassumestheprogrammerhassomeexperienceworking with a portlet framework (suchas
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Gridsphere)andwith portletdevelopment.

5.3.1 What are portlets?

PortletsarereusableWebcomponentsthatareusedto composewebportals. A news orientedportalmay
makeuseof anewsarticleportlet,aweatherportlet,astockquoteportletandmaybeasearchportlet.These
portletsmaybecompletelyindependentbut areorganisedandpresentedto theusertogetherasasingleweb
page.PortletstandardssuchasJSR168 enabledevelopersto createportletsthatcanbepluggedinto any
portalsupportingthosestandards.

5.3.2 Why portlets are goodfor us

Portletsarenow becomingaverypopularandprominentnew technology. With thepromotionof reusability
andportability (betweendifferentportlet frameworks) throughstandards(JSR168), thereis de�nitely a
strongcasefor theuseof portlets.A largenumberof portletframeworksarealsoavailableto meetvarying
demands.
Within a communityof webportaldeveloperswith a desirefor codesharing,thecasefor portletsjust gets
stronger.

5.3.3 The Gridb usBroker portlets

TheseGridbusBroker portletsshow off someof thebroker's features.Theaim is to bothprovide program-
merswith anexampleof whatis possiblewith thebroker sothatmuchmoreadvancedportletscanthenbe
developed,aswell asproviding the communitywith a setof reusableportletsproviding sophisticatedyet
simpleGrid applicationmanagementandexecution,thatcanbeincorporatedinto any webportal.
The aim of this guide is to help deploy the exampleportletsandtry to get themto run with Gridsphere
portletframework. TheportletsareJSR168 compliant,soeventhoughthey weretestedwithin Gridsphere,
they shouldbeportableto otherframeworks.

5.3.4 Pre-requisites

Thisguideassumesthattheprogrammerhasaworkinginstallationof Gridsphere(http://www.gri ds phere .o rg ) .
Thismeansthatyou'll alsohaveaninstallationof JakartaTomcat(http://jakarta .a pach e.o rg /t omca t) .
If thishasnotalreadydone,it shouldbeinstalledbeforecontinuing.
It shouldbe notedthat due to the needfor GSI security, the machinerunning the portal needsto know
abouttheCA certi�catesof any Grid resourcesthatwill beused.Globuscogwill look for certi�catesin the
.globusdirectoryunderthecurrentuser's userdirectory(bothwindows or *nix). Makesureall requiredCA
certi�catesarelocatedin theappropriateplacetakinginto considerationtheuserunderwhichGridsphereis
executingas.In thecaseof theauthor, who is runningGridspherein Windows XP, thedirectorywas:

C:\WINDOWS\system32\config\systemprofile\ .globu s\cert ificat es

OnaWindows 2000machine,thiscouldbesomethinglike:

C:\Documents and Settings\Default User\.globus\certificates

Under*nix it wouldbesomethinglike

/home/hag/.globus/certificates
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5.3.5 Deployingand installing the broker portlets (with Gridsphere)

Next, deploy thesetof portletsaccordingto theinstructionsfor theportletframework beingused.Two ways
youcando this in Gridspherearedescribedbelow:
[Note: If you have downloadedthesourceversionof Gridsphereandhave deployedGridsphereinto a pre-
existing Tomcatinstallation,$CATALINA HOMEwill be the pathto Tomcat. If you installedGridsphere
packagedwith Tomcat,then$CATALINA HOMEis thepathto theGridsphereinstallation.]

� Deploying thewebarchive

– Copy the"gridbusbroker. war" webarchive into the$CATALINA HOME/webapps di-
rectory.

– RestartTomcatandthewebarchive will beautomaticallydeployed.

– Login to theGridsphereportalandaccessthe ”Portlet ApplicationManager”portlet,which is
locatedunderthe”Portlets”submenuof the”Administration” menu.

– Deploy thegridbusbroker portletwebappasshown in Fig. 5 By entering”gridbusbroker” in the
”Deploy new portletwebapp”text �eld andclicking ”deploy”, Gridspherebecomesawareof the
new portlets.

– Createa new groupandadd the gridbusbroker portletsto it. To accessthis option go to the
”Administration” menu,thento the”groups” submenu,andthenselectthe”createnew group”
option.Fig.6

– Tell Gridsphereto createaTemplatelayoutfor theportlets.

– Go to the ”Welcome” menuand tick the box next to the gridbusbroker portlet webappand
thensave, asshown in Fig.7. A new menuwill be displayedthat will give you accessto the
gridbusbroker portletwebapp.

� Deploying theGridsphereprojectusing”ant deploy”
If youhavedownloadedthesourceversionof Gridsphereyoucanalternatively deploy theGridsphere
projectversionof thegridbusbroker portlets.

– Startby extractinggridbusbroker project.tar into theprojectssub-directoryof your
Gridspheresourceinstallation. The projectsdirectory getscreatedwhen you run ”ant new-
project” from theGridspheresourceinstallationdirectory. If theprojectsdirectorydoesn't al-
readyexist, simplycreateit. Thebasicdirectorystructureshouldlook asfollows:

<path to Gridsphere source>/
/projects/

/gridbusbroker/
/build/
/config/
/lib/
/META-INF/
/src/
/webapp/
build.properties
build.xml

– Enterthe/projects/grid busbr ok er / directory
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Figure5: Deploy Broker Portlets

– Ensure$CATALINA HOMEis correctlypointing to your Tomcatinstallationandrun thecom-
mand”ant deploy”. Thiswill deploy thegridbusbroker portlets.

– RestarttheTomcatserver andthenfollow steps(startingfrom thethird step)from ”Deploying
thewebarchive”.

Now thatthebrokerdemoportletsareaccessible,it is timeto seewhateachof themdoesandhow they have
beenimplemented!

5.3.6 The MyProxy Portlet

(org.gridbus.broker.examples.portlets. gridb usbrok er.Get MyProx y.java )

By default a userwill not beauthorisedto interactwith any of thebroker portletsyet, this is becausethey
needavalid proxysothatwork canbedoneouton theGrid (assumingtheuserwantsto executeonGlobus
nodes).Soinitially theuserwill only have accessto theMyProxy portlet. TheMyProxy portletwill allow
usersto specifythelocationof aMyProxyserver aswell astheusernameandpasswordof aproxystoredat
that location. Theportletwill retrieve theproxy andmake it availableto therestof theportletsby putting
it into thesession(notethattheobjectmustbeput into applicationscopeor elseit won't befoundby other
portlets).This proxy, or usercredentials,will be laterpassedto thebroker in orderfor it to authenticateto
otherGrid resources.
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Figure6: Createanew groupfor Broker Portlets
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Figure7: Con�gure Broker Portletsgroup

35



Figure8: MyProxyPortlet

GSSCredential cred = null ;

MyProxy myproxy = null ;

// connect to myproxy server.

myproxy = new MyProxy ( host, Integer.parseInt ( port )) ;

// get the credential for this user.

cred = myproxy.get ( username, password, 3600 ) ;

// store credential in session in application scope so other portlets can use it.

session.setAttribute ( "userCred" , cred, PortletSession.APPLICATION_SCOPE ) ;

5.3.7 The Gridb usBroker Dri ver Portlet

(org.gridbus.broker.examples.portlets. gridb usbrok er.GBB Driver .java)

Figure9: GBB DriverPortlet

The driver portlet is wherethe majority of the codewhich usesthe broker API is. Here the broker is
initialized andtold to start it executingon theGrid. The portlet is simple- it allows theuserto specifya
Unix commandandthenumberof timesthatthey wish to executethatcommand.Runningcommandslike
/bin/hostname or /bin/date areusuallythemostinteresting,asthey tell theuserwhereor whenthe
commandwasexecuted.
Oncethecommandis submitted,theportletneedsto:

36



Createaninstanceof thefarmingengine
// create a new farming engine if one doesnt already exist

GridbusFarmingEngine fe = ( GridbusFarmingEngine ) session.getAttribute ( "fe" ) ;

if ( fe == null ) f

try f

fe = new GridbusFarmingEngine () ;

g catch ( Exception e) fg

session.setAttribute ( "fe" ,fe,PortletSessi on.APP LICATI ON_SCOPE) ;

g

Createthe jobs (asdescribedin othersectionsof the manual)accordingto the commandandnumberof
iterationsspeci�ed.

Vector jobs = null ;

// ...

//create the jobs based on the command and number of iterations

//specified by the user.

jobs = createJobs ( command, Integer.parseInt ( iterations )) ;

Add thejobsto thefarmingengineandstartthebroker.
fe.setJobs ( jobs ) ;

//schedule our jobs for execution on the Grid!

fe.schedule () ;

It shouldbe obvious thatwhencreatingthe jobs, the programmercould implementthecreateJobs()
methodto createjobsthatdo anything thatthebroker wouldusuallybeableto handle.
Whenreferringto any �les locally, suchasanexecutablethatneedsto becopiedandexecutedon a remote
node,it maybehandyto makeuseof the

PortletContext. getR eal Path (j av a.l ang. St ri ng path)
methodThis methodwill helpavoid hard-codingabsolutepathsin portlets.
Well now thebroker is runningandtheuser's commandis beingrun over theGrid...well not exactly. The
broker doesn't know whatresourcesto useyet. Luckily thereis aportletthatallows theuserto specifytheir
resources.

5.3.8 The Gridb usBroker ResourcesPortlet

(org.gridbus.broker.examples.portlets. gridb usbrok er.GBB Resour ces.ja va)

The job of this portlet is to tell thebroker which resourcesto run on. Heretheusercanaddany resources
they wantto bea partof their ”Grid”. Rememberthat theproxy will needto bevalid on any resourcethat
is identi�ed in order for the broker to be able to accessit on the user's behalf. Whena new resourceis
submittedby theuser, theportletneedsto make surethereis aninstanceof thefarmingengineor elsethere
will benothingto addtheresourceto. Doing thisallows resourcesto beaddedbeforestartingexecutionvia
theDriverportlet:

if ( fe == null ) f

try f
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Figure10: GBB ResourcesPortlet

fe = new GridbusFarmingEngine () ;

g catch ( Exception e) fg

session.setAttribute ( "fe" ,fe,PortletSessi on.APP LICATI ON_SCOPE) ;

g

Sincethebroker isalreadyrunning,resourcesarenow beingaddedonthe�y! Addingresourcesto thebroker
is simpleandis detailedelsewherein themanual.Within aportalit is thesame- justgetthehostnamefrom
the form andadd it to the farmingengine. Note that the default computeserver type is globus, andthe
ProxyCredentialis giventhecredentialthatwaspreviously retrievedfrom MyProxy.

if ( req.getParameter ( "type" ) .compareTo ( "glo bus" ) == 0) f

ProxyCredential pc = new ProxyCredential () ;

pc.setProxy (( GSSCredential ) session.getAttribute ( "userCred" )) ;

ComputeServer cs = ServerFactory.getComputeServer ( req.get Parameter ( "h ost" )) ;

fe.addServer ( cs ) ;

g

Whenaddingresourcesprior to startingthe broker with a farmingEngine. sc hedul e( ) , the call to
schedulewill automaticallyinitialize andstartall availableresources.If theresourceshavebeenaddedafter
schedulinghasstarted(aswith thepathof thisguide)eachresourcewill have to bestartedmanually.
Whenaresourceis added,theportletwill show thattheresourceis in the”stopped”stateandtherewill bea
”start” buttonbesideit. Theusermustclick on the”start” buttonto starttheresource.Startingtheresource
will allow thebroker to identify theresourceasbeingactive andwill thenstartgiving it work to do. If an
invalid resourceis supplied,thestartupwill fail.

//get the current set of compute servers and set the selected server to alive

Collection resources = fe.getServers () ;

ComputeServer cs = null ;

for ( Iterator it=resources.iterator () ;it.hasNext () ; ) f

cs = ( ComputeServer ) it.next () ;

if ( cs.getServerID () .compareTo ( req.getPar ameter ( "serv erID" ) ) == 0) f

cs.startup () ;

break ;

g
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g

This loop �nds which resourceneedsto bestarted,andthencallsthecomputeserver's startupmethod.The
portletmayreturnbeforetheresource's statushasbeenupdated,soa refreshmayberequiredto updatethe
display. A resourcecanalsobestoppedduringexecution.Theimplementationis thesame,but theshutdown
methodis calledinsteadof startup.
Anotherway to specify to the broker which resourcesit shoulduseis by using the resourcelist �le (as
discussedearlierin themanual).Onecouldimagineallowing usersto uploadaresourcelist andthenpassing
thatontothebroker. Anotheroptionwould beto reada resourcelist thatalreadyexistson theserver's �le
system.Thereis anexampleresourcelist in thedirectory:

gridbusbroker nwebappnfi les ncon fi gnre so urc es .x ml
Hereis codethatcanbeusedto loadthat�le.

//load the description of compute servers from a file.

String resourceDesc = getPortletContext () .getRealPath ( "/files /confi g/reso urces. xml" ) ;

fe.setResourceDescriptionFile ( resourc eDesc ) ;

Of mostinteresthereis thefollowing call
getPortletConte xt () .ge tR ealP at h(" /f il es /c onf ig /r es ource s. xml" )

Thisallows theprogrammerto referto resourcescontainedwithin thewebapplication's directorystructure.
OtherwiseJava maylook in someotherlocationon thesystem.

5.3.9 The Gridb usBroker Monitor Portlet

(org.gridbus.broker.examples.portlets. gridb usbrok er.GBB Monito r.java )

Figure11: GBB Monitor Portlet
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Thebroker API providestheprogrammerwith theability to getall of thejobsandquerytheir statusinfor-
mation.Usingthis,asimplemonitorcanbecreatedto reportthestatusof eachof thejobsbeingrun.

Collection jobs = new Vector () ;

jobs = fe.getJobs () ;

The collectionof the jobs thenneedsto be sentto the view (the JSP)for formatting,whereeachjob will
bequeriedfor its status.Thebroker's overall statuscanalsobequeriedto determinewhetherit is stopped,
running,failed,�nished or complete.

//check the overall status of the broker

if ( fe.isSchedulingFailed ()) f

status = "failed" ;

g else if ( fe.isSchedulingFinished ()) f

status = "finished" ;

g else f

status = "running" ;

More advancedthingscanbedone,like checkingwhich server is executingwhich job, canceljobs,restart
any jobswhichmayhave failedandsoon. Whattheprogrammerdecidesto dowith all theinformationand
�e xibility providedby thebroker is left to theimagination.
Now thebrokerhas�nished executing,but how cantheuserreally tell thatthecommandsweresuccessfully
runon theremotenodes?

5.3.10 The Gridb us Broker ResultsPortlet

(org.gridbus.broker.examples.portlets. gridb usbrok er.GBB Result s.java )

Figure12: GBB ResultsPortlet

This portletdisplays,andallows theuserto download,thestdoutgeneratedby eachof the iterations.The
contentof output.4is shown below:
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*This job is running on host: belle.cs.mu.oz.au
*Executing command: /bin/date Wed Apr 13 01:10:56 EST 2005
GBX:0
*Command done
*Copying
file:///home/bellegrid/GB2.6AC7C2AB-FFC0- E7AE-A4E8-ED23BACEB122/D B11133 186732 96.4/s tdout. 4
to https://128.250.34.16:3259/brokerLogs/ DB1113318391 140/ou tput.4
The destination is
https://128.250.34.16:3259/brokerLogs/DB1 113318 391140 /outpu t.4

[Note: On windows thereis a known issuewith thebroker having troublecopying �les to anabsolutepath
locally. This is dueto globus GASSusinghttpsURIs andthe inability to specifya drive letter aspart of
thatURI in windows. Becauseof this, theoutputsarecopiedover from thebroker's working directoryinto
adirectorywherethey canbeaccessedby thewebportalwhenever theresultsportletis refreshed.]
First thesourceanddestinationfor thecopy needto beset:

//move results from brokers temp directory to results directory

File tempDir = new File ( fe.getTempDirectory ()) ;

File resultsDir = new File ( getPortletConfig () .getPortletConte xt () .g etReal Path (

"/files/results" ) +"/" +fe.getBrokerID ( )) ;

The resultsarethencopiedinto a uniquedirectorybasedon the broker's ID. This way, eachrun will put
resultsin anew directory.

resultsDir.mkdirs () ;

File [] files = tempDir.listFiles () ;

for ( int i = 0; i < files.length; i++ ) f

if ( files [ i ] .getName () .startsWith ( "output " )) f

File newFile =

new File ( resultsDir.getAbsolutePath () +"/" +fil es [ i ] . getName()) ;

files [ i ] .renameTo ( newFile ) ;

g

g

Now all theresultswill becopiedoverto adirectoryrelative to thewebportalsothey canbeeasilyaccessed.
Theonly problemis thatthecopying only happenswhentheportletis reloaded.Thismeansthatif theportlet
isneverreloadedthenthe�les will neveractuallybecopied.Thisis justonesolutionto theproblem.Another
solutioncouldinvolvestartinganew threadto monitorthebroker'soutputdirectoryandcopy resultsassoon
asthey appear. Programmersshouldalsobeawarethatany outputfrom anexecution(output�les from an
executable)canbeaccessedlike this,notonly thestdout.
Well that's it! This is just an exampleof what is possible! Hopefully this hasdemonstratedhow easily
thebroker canbe integratedinto portals. To Grid-enablea legacy applicationwith a portlet interface,the
programmerneedsto justmodify theDriverandResultsportletsto suit theneedsof theapplication.

5.4 Modifying or Enhancing the broker codeto suit your needs

TheGridbusbroker is anopen-sourceeffort, andany helpfrom thecommunityto improve thebroker / �x
bugs/ addnew featuresetc. is alwayswelcome.Contributions/ enhancementsto thebroker codemaybe
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includedin futuredistributions,afterbeingtestedby thebroker developmentteam. Thev.2.0 distribution
shipswith all the sourcecode,andthis sectiondescribesthe designmain groupsof APIs from the point
of view of a developerwantingto contribute towardsthebroker development.The following information
appliesto thosewho want to modify thebroker sourcecodeto suit their needsfor example,write custom
schedulers,middlewareplug-ins,application-description interpretersetcfor thebroker.

5.4.1 Application Interfaces / Application Description Inter preter APIs

The�rst stepbeforerunningany grid-applicationwould beto describeit in someform. This stepbasically
involvescapturingthe requirementsandcodifying themin a format thatcanbe interpretedby the broker.
The designof the broker allows it to work with different applicationdescriptions,so long as thereare
appropriate”interpreters”which convert the descriptioninto objectsthat the broker works with, i.e the
applicationdescriptionis mappedto thebroker's coreobjectssuchasjobs,servers,datahosts,data�lesetc.
Thedefaultapplicationdescriptionsystem,basedonXML is providedwith thebroker is XPML (Extensible
ParametricModelingLanguage).TheXPML schemais abit texty andlengthy, soagraphicalrepresentation
is shown in Figs.13,14and15

Figure13: Broker XPML SchemaDiagram

Theentireschemais not yet fully implementedin thebroker. TheXPML interpreteris designedto be�e x-
ible so thatchangesin theschemaareeasilyaccommodated.It makesextensive useof theJava re�ection
API. Theentrypoint into theXPML interpreteris theparseXML methodof theXMLReader class.This
loadsanInterpreterclassby re�ection, andcallsits processmethod.In this casetheXpmlInterprete r
is loaded. The interpreterprocessesthe parametersby calling the ParameterProcess or classagain
usingre�ection, which in turn re�ects on eachelementthatoccursinsidea ¡parameter¿element.Theidea
hereis to beeasilyableto addextensionsto theschema,while minimizingthechangesthatneedto bemade
to the interpretationprocess.So the ParameterProce ss or cancall oneof IntegerProcess or ,
StringProcessor , GridfileProcess or etc.After all theparametersareparsed,theXpmlInterprete r
parsesthe requirementsand task, using the RequirementPro ce ss or and TaskProcessor . The
TaskProcessor alsousesre�ection to parseeachCommand.
So,methodslike processCopy, processExecute , processGCopy etcarecalledby re�ection.
Thismakesit easyto addanew typeof commandto theschema,andall thatis neededwouldbeto addanew
processXXXXX methodto theTaskProcessor to handlethenew command.Theparametersaretasks
parsedarethenconvertedinto variablesandaddedto jobswhicharecreatedby theXpmlInterprete r .
To make the broker work with differentapplicationdescriptionschemes,an interpreterfor the particular
descriptionneedsto bewritten. Theinterpreterwould ideally provide methodssimilar to theXMLReader
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Figure14: Broker XPML SchemaDiagramContd..

class.Currentlystrict interfacerequirementsdonotexist. Programmerswriting interpretersareencouraged
to take a look at thecodeof theXMLReader andcreateclasseson similar lines. In futureversionsof the
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Figure15: Broker XPML SchemaDiagramContd..
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broker, it is plannedto providewell-de�nedinterfacesto write interpretersfor otherapplicationdescriptions.

5.4.2 Porting the broker for different low-level middleware

Thecurrentversionof thebroker supportsGlobus2.4, Globus 3.2,Alchemi 0.8, andUnicore4.1 (experi-
mentalsupport).Eachof themiddlewareplug-ins(exceptGlobus3.2)hasits own packagein thebroker; i.e
theGlobus relatedclassesarein theorg.gridbus.broker.farming.common.globus package,Alchemi related
classesin org.gridbus.broker.farming.common.alchemiandsoon. So,to supportanew middlewaresystem,
onejust needsto createsomemiddlewarespeci�c classeswhich conformto a certainspeci�cation. This
sectiongivesdirectionsonhow to implementanew middlewareplug-inandabrief descriptionof theGlobus
implementation.
To supporta new middleware,certainmiddlewarespeci�c classesneedto bewritten for thebroker. These
includea middlewarespeci�c ComputeServer classandJobWrapper class.TheComputeServer
abstractclassneedsto beextendedandall theabstractmethodsareto beimplemented.Theseinclude:

� discoverProperties

� queryJobStatus

� shutDownServer

� updateStatus

EachComputeServer hasan associatedComputeServerMa nager which is a genericmiddleware
independentclasswhich managesjob submissionto theComputeServer , usinga local job buffer. The
discoverPropert ie s methodis calledwhentheComputeServerMa nager is started.Thismethod
is meantto setthemiddlewarespeci�c propertiesandinitialize any other�elds in theComputeServer
sub-class.This methodis usedto set the ”alive” statusof the server. Typically the server is pingedand
queriedfor informationin thismethod.If thismethodfails, it is assumedthattheservercannotbecontacted,
and it will not be consideredto be alive. Only serverswhich arealive areusedduring scheduling.The
prepareJob methodis meantto setthemiddlewarespeci�c JobWrapper for the job, andalsosetthe
serverfor thejob. ThequeryJobStatus is usedto querythestatusof ajob executingontheremotenode.
It receivesthejob handleargumentasagenericJavaObject.Usingthejob handle,thequeryJobStatus
is meantto �nd out the statusof the job, interpret its meaningand map it to one of the genericstatus
codesde�ned in the Jobclass. The statuscodesde�ned areall integersandthe queryJobStatus is
expectedto returnan integer. The shutDownServer methodis provided for any middlewarespeci�c
cleanup procedureswhich needto beperformedoncefor eachserver beforeclosingdown thebroker. The
updateStatus methodis meantfor updatingthestatus�eld of theComputeServer . (This is provided
for futureuse,eventhoughthecurrentversionof thebroker doesn't really usethestatus�eld. Thebroker
mainly checksthe isAlive methodto determinetheserver status).In addition,someof themethodsof
the ComputeServer canbe overriddenif the default implementationdoesn't suf�ce for a middleware
speci�c server.
Theotherpartof a middlewareplug-in involvescreatinga classthat implementstheJobWrapper inter-
face.TheJobWrapper is theobjectthatperformstheactualprocessof sendingthejob to theremotenode
andexecutingit there.Themethodsthatneedto beimplementedare-

� execute

� terminate
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The executemethodtypically readsin a Job,anditeratesthroughall its commandsandvariables. It
thenperformsappropriateoperations,suchascreatingscriptsetc... to actuallyexecutethe commandsin
a job's task. Beforeexecutingany commandon theremotenode,a temporarydirectoryshouldbecreated
for eachinstanceof thebroker. Thenameof this directoryis of the form GB2.<brokerID> . Eachjob
is expectedto createa sub-directoryinsidethis broker-tempdirectoryon the node. All the ”commands”
speci�ed in the RunFile packageareexpectedto be implementedin someway. Supportfor accessing
datafrom remotedatahosts,like SRB for example,alsoshouldbe provided. The jobwrapperis expected
to copy back the standardoutputandstandarderror of eachjob as two seperate�les with namesof the
form : stdout.<jobID> andstderr.<jobID> . The broker's JobMonitor associatedwith each
ComputeServer checksfor the existenceof these�les beforereportingthe job's statusasDONE. The
copy backof thestandardoutanderrorareto beimplementedsuchthatthey arethelastthingsthejob does
on the remotenode. The job itself is submittedto the remotenodein ”batch” mode,anda handleto the
runningjob is returnedandsetvia the setJobHandle methodof the job. The executemethodis also
expectedto initiate themonitoringof thejob, setits submittedtime-stamp,remotedirectory, andjob-handle
for thejob:

job.getServer () .startMonitoring ( job ) ;

job.setJobSubmittedTimestamp () ;

job.setRemoteDir ( "<set the remote dir here>" ) ;

job.setJobHandle ( "<some job-handle object obtained from the middleware>" ) ;

The executemethodthereforereturnsimmediatelyafter sendingthe job to the remotenodeandstarting
execution. Sincethe job is expectedto be submittedin batchmode, it doesn't wait till the job returns
from the node. (Note: In casethe middlewaredoesn't yet supportthe submissionof batchjobs, andcan
only executejobs interactively, the JobWrapper for the middlewaremay still try to associatesomejob
handlewith it, andreturnimmediatelyaftertheexecutemethod,by startingtheinteractive job onaseperate
thread. This approachis followed in the implementationof the middleware plug-in for Alchemi v.0.8.)
Theterminatemethodis providedfor any job-speci�c clean-upoperationsthatmayneedto bedoneon the
remoteside.Theterminatemethodis calledby theJobMonitor afterthejob is reporteddoneor failed.
As anexampletheGlobusimplementationis brie�y described.TheGlobusimplementationusestheCogkit
v.1.2for submissionandmanagementof jobson a Globusnode.Thesamesetof classesareusedfor both
Globusv.2.4andGlobusv.3.2.TheGlobusComputeSe rv er classextendstheComputeServer class
andimplementstheabstractmethodsqueryJobStatus , discoverProper ti es , shutDownServer
andupdateStatus . It alsostorestheuser'sproxythatisusedfor job-submissionby theGlobusJobWrapper .
ThequeryJobStatus methodqueriesthe job on theremotesideusingtheGramclassof theCog-Kit.
Thefollowing arethejob-statusmappingsfor Globus:

GramJob.STATUS_STAGE_IN - Job.SUBMITTED
GramJob.STATUS_ACTIVE - Job.ACTIVE
GramJob.STATUS_UNSUBMITTED - Job.UNSUBMITTED
GramJob.STATUS_PENDING - Job.PENDING
GramJob.STATUS_FAILED - Job.FAILED
Any other status is mapped to - Job.UNKNOWN

The queryJobStatus is calledperiodicallyon a job, by the JobMonitor onceevery polling inter-
val which is determinedby the broker con�guration. The GlobusComputeSer ve r implementsthe
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discoverPropert ie s by queryingthe MDS on the remotenode. The information returnedby the
queryis usedto setthepropertiesfor thecomputeserver. If thediscover propertiesfails or theremotenode
cannotbecontactedor ping-edthentheisAlive �ag is setto false.TheupdateStatus is implemented
to do nothingspeci�c for Globuscurrently.
TheGlobusJobWrappe r implementstheJobWrapper interfaceandperformsall thestepsmentioned
above in thedescriptionof theimplementationof theexecutemethod.A standard*nix shellscriptis created
whichincludes*nix shellcommandsto implementthevariouscommandsin theRunfile package.For ex-
ample,copying �les is achievedby usingglobus-url-cop y ontheremotenodeandstartingupaGASS
server locally (oneGassServer is startedfor eachGlobusComputeS er ve r ). SRBsupportis built-in
by theuseof SCommandswhichareacommandline client interfaceto SRB.A NodeRequiremen ts job
is implementedin a similar way, exceptthat it doesn't have its own job-directoryinsidethebroker's temp
directoryon the remotenode. All the jobs createsymbolic links to all �les in the broker tempdirectory
(which is the parentof eachjob-directoryon the remotenode). After the shell script is created,the job
RSL is generatedandthe job is submittedusingGram. A handleis obtainedandsetfor the job, andthe
job monitor is informedto startmonitoringthis job. Theterminatemethodin theGlobusJobWrappe r
just deletestheshell �le which is storedlocally. However, theshell �le is not deletedif thebroker is run in
”debug” mode(setusingtheloggerlevel to DEBUG).

5.4.3 Schedulers

The scheduleris a middleware independentcomponentandis only concernedwith allocatingjobs to re-
sourcesbasedon its internalalgorithm.Thedesignof thebroker thereforeallows anyoneto write theirown
scheduler, to implementa customalgorithm. Eachscheduleris a classin theorg.gridbus.broker.scheduler
package. The broker currently shipswith threeschedulers- DBScheduler, DataSchedulerand the DB-
DataScheduler. Thissectiondescribestheway to write acustomschedulerfor thebroker.
Every schedulerthat works with the broker must inherit from the Schedulerclass. The schedulemethod
is wherethe algorithmis implemented.The schedulerworks with the jobs andservers collections,and
usesmethodsin theComputeServer andJobclassto �nd out informationabouta server or a job. The
DataHost and DataFile classesare usedin data-aware scheduling(wherethe schedulertakes into
accounttheeffectof moving dataaroundthegrid etc.).Theimplementationof theschedulemethoddepends
entirelyon thealgorithmchosen.Theonly thing thatneedsto betakencareof, is to checkwhetheraserver
is alive or notbeforesubmittinga job to it (usingtheisAlive method).
Theschedulersincludedwith thebroker areall ”polling-based”schedulerswhich iteratethroughtheentire
list of jobsadserversto selectthebestserver thatcanexecutea job. For eachpoll, the jobswhich arestill
UNSUBMITTEDaresubmittedto a suitableserver if oneis found. The submissionitself doesn't depend
on any middlewarespeci�c operations,asthat is handledby the middlewareplug-ins. The submitJob
methodof theComputeServer classis usedto submita job to aserver. Apart from theschedulemethod,
the schedulermay chooseto override the updateStats methodto updatethe statisticsfor jobs and
servers.
Thefarmingengineselectsa schedulerbasedon its algorithm”type”. TheSchedulerFactor y classis
usedby thefarmingengineto gettheappropriatescheduler.

5.4.4 Persistenceproviders

Thebroker's persistencefeatureis designedto provide scalabilityandfail-safeoperation.Thepersistence
modelinvolveddumpingtheentirestateandexecutionhistoryof therunningbrokerperiodicallytopersistent
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storage,so that the broker canbe revived to its original statein caseof a crashor a failure on the broker
side.Thebroker is ableto berestartedfrom its lastknown stateandcontinueexecutingwithout muchloss
in termsof CPUtime takenby thejobsthatwerebeingexecutedon thegrid. Thebroker recovery process
alsotakescarethat�nished jobsshouldnothave to berunagain.This featurebecomesespeciallyimportant
whenconsideringreal-world scenariosandgrid economy. Thepersistencemodelprovided is designedto
useany persistencestorageprovider suchasa database,the local �le-system etc. The ReaderandWriter
interfacesde�ne abasesetof APIsthatneedto beimplementedby any persistenceprovider. TheStateclass
derivesfrom thefarmingengineandis meantto representthefrozenstateof thebroker atany pointof time.
Thedefaultpersistenceprovidethatcomeswith thebrokerusesarelationaldatabase.TheReaderandWriter
interfacesareimplementedby theDBReader andDBWriter classesusingthegenericJDBCAPIS.The
database-persistence featureis expectedto work with any JDBC compliantRDBMS andhasbeentested
with mySQL(v.3.22andabove). Thebroker databasedesignis shown in Fig. 16:
The designhasthe Broker table,centralto all otherentitiesin thedatabase.Thereis onerecordfor each
run of the broker in this table. The other tablesstoreinformation aboutthe main broker components:
ComputeServers,Jobs,Tasks,Variables,Datahosts,Data�les - all linkedwith theuniquebroker id. All the
tablesareupdatedperiodically, by theschedulerby calling the”store” methodin thefarmingengine.
If a databasedoesn't suit one's needsfor persistence,it is a simpletaskto write a persistenceprovider for
thebroker, by simply implementingtheReaderandWriter interfaces.
The recovery processinvolves reviving the broker to a statethat was last recordedon persistentstorage.
Theuniquebroker instanceid is a requiredinput for thismodeof operation.Therecovery follows thesteps
outlinedbelow:

� readandcreatethebroker instance(thestateobject)associatedwith thegivenid

� populatethestateobjectwith thecon�gurationpropertiesusedprior to thefailure

� createtheserversfrom thesavedstate

� createthedatahostsanddata�le objectsfrom thesavedstate

� createthevariables,taskandjobs(in thatorder)from thesavedstate

� startup themanagerandmonitorthreadsassociatedwith eachcomputeserver

� recover thejobswhicharealreadyrunningon thegrid. (re-querystatusandrecover job outputs)

� resumeschedulingof jobswhicharenotsubmitted.

5.4.5 Authentication mechanisms

As thebroker supportsvariousmiddleware,it alsonaturallysupportsthe differentwaysof authenticating
to resources,on behalfof the user. Currentlythe following methodsof authenticationwith resourcesare
implemented:

� x.509proxycerti�catesgeneratedlocally

� x.509proxiesstoredin MyProxywhichcanberetrievedby thebroker

� Simpleauthenticationusingausername/ password pair
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Figure16: Broker DatabaseDesignDiagram
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� Keystore-basedauthentication

Thex.509proxiesareusedfor Globusresources,andGSI-enabledSRBsystems.Keystoresareusedfor
Unicorenodes,while Alcheminodesaresuppliedwith ausername/password pair for authentication.

TheUserCredential classandits subclassesrepresentthevariouscredentialsthathandleauthen-
ticationto remotegrid nodes.To beableto supportotherwaysof authentication,theUserCredentialclass
would needto be extended,andappropriatemechanismis to be implemented.As the broker is portedto
moremiddleware,it will alsosupportotherauthenticationmechanismsasneeded.

6 TROUBLESHOOTING

This sectionhassomeinformation on troubleshootingthe broker. It will be kept up-to-dateonline at :
http://www.grid bus. or g/b ro ke r/ 2. 0/manual

� If you geta ClassNotFoundExceptionwhile runningthebroker, pleasemake surethebroker jar and
all otherjar librariesarein theclasspath

� When using the broker in Gridsphereportlets running on Windows, the system-user.dir is set to
C: nwindows nsystem32 sincethe portlet containerruns as the SYSTEM user. So, the broker
temporarydirectoryis createdin theconfig nsystemprofi le subdirectoryof theWindows sys-
temdirectory.

7 KNOWN ISSUES/ LIMIT ATIONS

As with any softwaremadeby anyone,thebroker hasits own limitations. Someof themostobviousones
arelistedhere:

� The broker expectsGlobus certi�cates to be in their default directories. So, the usercert.pemand
userkey.pemneedto belocatedin the.globusdirectoryin theuser's homedirectory. Thenext version
of the broker will have APIs in the GridProxyUtil classto specifythe globus cert locationsto
overridethisdefault behaviour

� Thegrid-proxyutility in thebroker usesthe librariesin theCog-Kit andJava, which echopassword
to thestdout.This is an inherentproblemwith Java anduserswho wish to avoid this shouldsimply
initialise thebroker beforestartingit, sothatthebroker canpick up theexistingproxy.

� Thebroker considersall pathson thelocal nodeto berelative to eitherits local directoryor its temp
directoryas con�gured in the Broker.properties. This is mainly a problemif using the XPML to
specify the applicationdescription. The ”copy” commandsin the XPML assumethe pathsareall
relative to the local directoryof thebroker. This issuedoesnot arisewhenprogrammingthebroker,
sinceanabsolutepathcanbesetusingtheAPI.

� The Unicore implementationis not guaranteedto work, and is still shaky at best. This issuewill
probablytake a while to resolve,sinceit involvessettingup aUnicorenodeanddetailedtesting.

� Data-awareschedulingmaynot beaccuratewhenrunningthebroker on Windows, sincethebroker
dependson Network WeatherService(NWS) for bandwidthdata.NWSis currentlynotavailablefor
Windows,andhencetheschedulingmaynot re�ect thecorrectnessof thealgorithm.
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� Thebroker canonly work with oneSRBcatalogatpresent.This is goingto be�x edwhentheXML-
basedresourcedescriptionis implemented,in thenext version.

� The full XPML schemaitself is not implementedin thecurrentversion. Theschemais likely to be
modi�ed andenhanced.Thefutureversionsof thebroker will aim to implementmostof theschema
de�nitions.

� Globus3.2supportwill requirepre-WScomponentson theremotenode.A completeGT3.2support
usingthemanaged-job-submissionserviceswill beofferedin thenext version.

8 FUTURE DEVELOPMENT PLANS

The Gridbus Broker is a project in continuousdevelopment. As part of the Gridbus project, it aims to
implementthe innovationsthat comeout of the researchwork performedby the membersof the GRIDS
lab. Below is a brief aboutthe currentplansaboutthe future developmentpathof the broker. (The list
below mainlydealswith new features.Obviouslytherewill bework goingonto rid thebrokerof its current
limitationsandalsoimprovementin existing features).

� Middleware

– Supportfor Globustoolkit 4.0andcompletesupportfor v.3.2(usinggrid-servicemodel)

– Supportfor othermiddleware/low-level servicessuchasClarens,NorduGrid,CondorG,XGrid
etc.

– Implementingamiddlewaresimulatorto runapplicationsonsimulatedgridnodesusingGridSim

� ApplicationDescriptionInterfacesandProgrammingmodels

– Extensionsto XPML to includeenumeratedtypes,conditionsandloops,inputvalidation

– Supportfor new applicationdescriptionlanguagesandprogrammingmodelssuchasGrid su-
perscalar, ASSIST, GAT, BPeL4WS

– A new Grid-threadapplicationprogrammingmodelfor creatingdistributedapplicationsthatrun
on aglobalgrid

� Dataservices

– Improved supportfor SRB (StorageResourceBroker) datahostsincluding GSI-enabledSRB,
optimisationof selectionof SRBdatahosts,andmultipleSRBfederations

� Programmersupport

– CleanerandenhancedAPIs for easierprogrammability

– Thebroker APIs availableasa setof looselycoupledWeb-servicessothatprogramswritten in
any languagecantake advantageof theservicesof theGridbusresourcebroker

– A plug-in for theEclipsedevelopmentenvironmentto facilitateprogrammingwith (andextend-
ing) thebroker.

� Userfriendly (GUI/Web-based)tools
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– startingthebroker

– job monitoring

– browsingandanalysingthebroker databaseandexecutionlogs

– generationandmodi�cation of XPML andresourcedescriptionXML

� Others

– Improvedperformance,scalabilityandrobustness

– Advancedschedulingalgorithms

– Supportfor Grid Marker Directory service,VO directoriesandother informationservicesas
CommunityAuthorizationService(CAS).

– Supportfor grid-economymodelvia GridBank

– Ability to invoke any webserviceusingthebroker dynamicallyat runtime

– XML-basedpersistencefor removing dependenceon anexternalRDBMS
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extendthe broker to tailor it to varioussituations.The Gridbus Broker teamwould be very happy to an-
swerany queriesthat you may have regardingthe Broker. Relevant contactinformation is given below.
Contact: Dr. RajkumarBuyya(raj@cs.mu.oz.au),SrikumarVenugopal(srikumar@cs.mu.oz.au), Krishna
Nadiminti(kna@cs.mu.oz.au),HusseinGibbins(hag@cs.mu.oz.au)
We would like to take this opportunityto acknowledgeall the help andsupportextendedto us by all the
membersof theGRIDSlab,CSSEDepartment,MelbourneUniversity. ThePortletssectionwascontributed
by Husseinon the basisof his experienceof usingthe Broker with the BioGrid Portaldevelopment.We
would to give our specialthanksto Dr. FanelDonea,TheoryVO Scienti�c Programmer,Centrefor Astro-
physicsandSupercomputing,SwinburneUniversity for his commentsaboutthebroker, which hashelped
to make this manualbetterthanwhat it would have beenotherwise.We would alsolike to thankDr. Lyle
Winton (Schoolof Physics,Universityof Melbourne)for hiscontribution to theintial thoughtsoverBroker
design.
[Note: Thelatestversionof thismanualwill beavailableonlineat
http://www.grid bus. or g/b ro ke r/ 2. 0/manualv 2. pdf ]
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