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1 INTRODUCTION

1.1 Grid Computing

A "Grid” is atype of parallelanddistributed systemthatenableghe sharing selection andaggreationof
geographicalhydistributed”autonomous’resourceslynamicallyat runtimedependingon their availability,
capability performancec¢ost,andusers'quality-of-serviceequirementslt shouldbe notedthat Gridsaim
atexploiting synegiesthatresultfrom cooperation ability to shareandaggreatedistributedcomputational
capabilitiesanddeliver themasservice.

The next generatiorof scienti ¢ experimentsandstudies,popularly calledase-Sciencejs carriedout by
large collaborationsof researcherslistributed aroundthe world engagedn analysisof huge collections
of datageneratedy scienti ¢ instruments.Grid computinghasemeged as an enablerfor e-Scienceas
it permitsthe creationof virtual organizationghat bring togethercommunitieswith commonobjecties.
Within a community datacollectionsare storedor replicatedon distributed resourceto enhancestorage
capabilityor ef ciency of accessln suchanernvironment,scientistsieedo have theability to carryouttheir
studieshy transparenthaccessinglistributed dataandcomputationatesourcesThis is wherethe concept
of resourcebrokerscomesnto picture.

1.2 ResourceBrokers

A Resourceon a grid could be ary entity that providesaccesgo a service. This could rangefrom Com-
putesenersto databasescienti ¢ instrumentsapplicationsandthelike. In a heterogeneousrvironment
like a grid, resourcesre generallyowned by different people,communitiesor organizationswith varied
administratiorpolicies,andcapabilities.Naturally obtainingandmanagingaccesdo theseresourcess not
asimpletask.ResourcaBrokersaimto simplify this processy providing anabstractiodayerto userswho
just wantto gettheir work done. In the eld of Grids anddistributed systemsyesourcebrokers are soft-
warecomponentshatlet usersaacceshieterogeneougsourcesransparentlywithouthaving to worry about
availability, accessnethods securityissuesandotherpolicies. The Gridbus resourcebroker is a resource
broker designedvith theaim of solvingtheseissuedn asimpleway.

1.3 GridbusBroker

The Gridhbus broker is designedo supportboth computationaland datagrid applications. For example,
it hasbeenusedto supportcompositionanddeploymentof neurosciencécompute-intense) applications
andHigh Enegy PhysicgBelle) DataGrid applicationson Global Grids. Thearchitectureof the broker has
emphasion simplicity, extensibility and platform independencelt is implementedn Java and provides
transparenticcesgo grid nodesrunning variousmiddlevare. The main designprinciplesof the broker
include:

AssumeNothingaboutthe ervironment

No assumptiongre madeanywherein the Broker codeasto whatto expectfrom the Grid resource
exceptfor one- thattheresourceprovidesatleastoneway of submittinga job andif runninga a vour
of Unix will provide atleasta POSIXshell. Also, no assumptions madeaboutresourceavailability
throughoutanexecution.Theimplicationsof this principle have a hugeimpactthroughouthebroker
suchas



— The broker hasno closeintegrationwith ary of the middlevareit supports.It usesthe mini-
mum setof serviceghatarerequiredto run a job on aresourcesupporteddy the middlevare.
Advantage®f thisare:

In a Grid with multiple resourcegon gureddifferently the broker triesto make useof ev-
eryresourcgossibleby notimposinga particularcon gurationrequirementFor example,
in thecaseof Globus2.4,all is requiredis thatthe GRAM servicebe setup properlyonthe
resource.

Thebroker canrunjobsonresourcesvith differentmiddlevareatthe sametime.

Thebroker neednotberefactoredf thereis anew versionof the middlevare.

— Thebroker is ableto handlegracefullyjobsandresourcesailing throughoutanexecution.The
jobwrapperandjob monitorcodeis writtento handlesveryfailurestatugpossible. Thescheduler
doesnotfail if aresourcedropsoutsuddenly

— Thefailure of the broker itself is taken careof by the recorery moduleif persistencéiasbeen
con gured.

Client-centricdesign

The schedulehasjust onetarget: thatis to satisfythe users'requirementgspeciallyif the deadline
andbudgetaresupplied.Evenin theabsencef thesethe schedulestrivesto getthejobsdonein the
quickestway possible. Thus,resourcesreevaluatedby the scheduledependingn how fastor slow

they areexecutingthe jobs submittedby the broker. In keepingwith Principlel, the broker alsodoes
notdependon ary metricssuppliedby theresource it doesits own monitoring.

Extensibilityis thekey

In Grid ervironmentsfransienbehaiour is notonly afeatureof theresourcegut alsoof themiddle-

wareitself. Rapiddevelopmentsn this still-evolving eld have meantthatmiddlevaregoesthrough

mary versionsandunfortunatelyinterfacechangesreanormratherthantheexception.Also, chang-
ing requirementsf Grid usergequirethatthebrokeritself be e xible enoughfor addingnew features
or extendingold ones.Thus,every possiblecarehasbeentakento keepthedesignmodularandclean.

Theadwantageslueto this principle:

— Extendingbroker to supportnenv middlevareis a zip - Requiresmplementatiorof only three
interfaces.(For moredetailsreferto Programmingsection)

— Gettingbroker to recognizehe naw informationsourcess alsoeasy

— Thedifferencesn middlevareareinvisible to the upperlayerssuchasthe scheduleandvice
versa.Thusary changesnadein onepartof the coderemainlimited to thatsectionandareim-
mediatelyapplicable For example afteraddinganev middlevare,thescheduleis immediately
ableto useary resourcausingthatmiddlevare.

— XPML is extensible. Adding ary new constructds easy usingthe samere ection framevork
(seeProgrammingsection).You couldalsodo awvay with XPML altogetheandimplementyour
own favorite interfaceto describeapplications.

Figl shavs theblock diagramof the broker. The mainfeaturesof the Gridbus Broker (version2) are:



Discovery of resourcesnthegrid

TransparentAccessto computationalresourcesunning middlevare such as Globus 2.4, Glohus
3.2(pre-WS) Alchemi (0.8) andUnicore4.1, queuingsystemssuchasCondor6.6.9,0penPBX2.3.
Thisincludessupportfor all basicservicedike:

— Jobschedulingandexecutionfor batchjobs
— Jobmonitoringandstatusreporting
— Gatheringoutputof completedobs,anddirectingit to userde ned locations.

[Note: Unicore,CondqQPBSsupportis experimental]
Economybasedschedulingwith built-in algorithmsfor cost,time andcost-timeoptimizations.

Data-avareschedulingvhich considersietwork bandwidthsandproximity of datato Computational
resources

XML-basedapplicationdescriptionformat

Supportfor datasourcesnanagedby systemsuchasStorageResourcd@roker (SRB),andtheGlobus
ReplicaCatalog.

Supportfor queuingsystemssuchasPBSon clusters
Persistencéo enablefailure managemerdndrecovery of anexecutinggrid application

Extensibility: the broker is engineeredo supportextensionsn the form of customschedulersmid-
dlewareplug-ins,application-descrifon interpretersandpersistenc@roviders.

Platformindependenceayhichis a naturalconsequencef ajavaimplementation.

The Gridbus broker comeswith a default application-descripin interpreterfor a languagecalled XPML
(eXtensibleParametridViodelingLanguage)whichis designedo describedynamicparametesweepappli-
cationson distributedsystemsn a declaratre way. As suchthebroker caneasilyexecuteparametesweep
applicationsonthegrid. A parametesweepmpplicationis onein whichthereis aprogramwhichoperatesn
multiple setsof data,andeachinstanceof the runningprogramis independendf the otherinstancesSuch
applicationsareinherentlyparallel,andcanbereadily adaptedo distributedsystem.For moreinformation
aboutresearcton gridsanddistributed systemspleaseeferto http://www.gri dbus.o rg

1.4 GridbusBroker Architecture

The Gridbus broker follows a service-orientedrchitectureandis designedon object-orientedorinciples
with a focuson the ideaof promotingsimplicity, modularity reusability extensibility and e xibility. The
architectureof the broker is shavn in Fig. 2

Thebroker canbethoughtof asa systemcomposef threemainsub-systems:

theapplicationinterfacesub-system
the core-sub-system

the executionsub-system.


http://www.gridbus.org
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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 .

Figurel: Broker Block Diagram

Theinputto the broker is anapplication-desqution, which consistof tasksandthe associategharameters
with their values,and a resourcedescriptionwhich could be in the form of a le specifyingthe hosts
availableor aninformationservicewhichthebroker queries At theapplicationinterfacesub-systenthereis
theapplicationandresource-decriptionThe app-descriptiomterpreterandthe resourcaliscovery module
corverttheseinputsinto entities,calledjobsandsenerswith which the broker worksinternallyin the core
sub-systemA job is anabstractiorior a unit of work assignedo anode.It consistof atask,andvariables.
A variableholdsthedesignategarametevaluefor ajob which areobtainedrom theproces®f interpreting
theapplication-descripon. A senerrepresentanodeonthegrid, which couldprovide acomputestorage,
informationor applicationservice.Thetaskrequirementsandthe resourcénformationdrive the discovery
of resourcesuchascomputationahodes applicationanddataresourcesThe resourcaliscosery module
connectgothesenersto nd outif they areavailable,andif they aresuitablefor thecurrentapplication.The
broker usescredentialof the usersuppliedvia the resourcalescriptionwheneer it needso authenticate
with a remoteservice/ sener. Oncethe jobs are preparedandthe senersare discorered,the scheduler
is started. The schedulemapsjobs (i.e submitsjobs usingthe actuatorcomponenin the executionsub-
system)to suitablesenersbasedon its algorithm. The actuatoris a middlevarespeci ¢ componentvhich
dispatcheghe job to theremotegrid node. On receving a job submissiongachsener usesits associated
senermanageto actuatehe middle-warespeci ¢ job-submittergalsoknonvn asAgents). Thejob-monitor
updateghebook-keeperby periodicallymonitoringthejobsusingthe servicesof 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
schedulestopsafterall thejobshave beenscheduledTheschedulingpolicy determinesvhetherfailedjobs
arerestartecr ignored.Onceall schedulings complete the broker waitstill all jobsareeithercompleted

or failed beforeexiting.

1.5 SampleApplications of the Broker

The Gridhus Broker hasbeenusedin Grid-enablingmary scienti ¢ applicationssuccessfullyin collabora-
tion with variousinstitutionsworldwide. Someof thesearelisted below:

Neuroscience(BraiActivity Analysis)[[]- Schoolof Medicine,OsakaUniversity Japan

High Enegy Physicq2] - Schoolof PhysicsUniversity of Melbourne



Finance(Portfolio analysis} Complutens&Jniversity of Madrid, Spain
NaturalLanguageEngineerind3] - Dept. of ComputerSciencelJniversity of Melbourne
Astrophysicdl] - Schoolof PhysicsUniversity of Melbourne

It hasbeenalsobeenutilisedin seneral Grid demonstrationsicludingthe2003IEEE/ACM SuperComput-
ing Conference(SQO03)HPC Challengedemonstration.

Theprogrammes perspectie of thebroker designandimplementatiorincludingthe extensibility features,
aredescribedn detailin thesectiord

2 INSTALLATION

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

Java Virtual Machinel.4.2(moreinfo: |nttp://www.java. com/)

Valid certi catesproperlysetup (if usingremoteGlobusnodes)

By defaultthecerti catesareplacesn the<USERHOME>/.globus directory
where<USERHOME:>s the users homedirectory

for auser’belle” on a Unix machinethis would be:

/home/belle/.gl obus

for auser’belle” onaWindows NT/2000/XPmachinethis would be:
C:nDocuments and Settings nbelle n.glob us

(For moreinformationon how to acquireandsetupx.509certi cates,pleaseconsult:
http://www.glob us. org/ secunt y/ vl.1/c ert s. ht ml)

Additionally, someportsonthelocalnodeshouldbecon guredto beopensothatthejobscanconnect
backto thebroker. Pleasaeferto the globusdocumentatiorior moredetails.

OptionalComponents:

— Condorv.6.6.9submitandexecutepackagegRequiredif runningjobson alocal clusterman-
agedby aCondorsystem)moreinfo: http://www.cs. wi sc.ed u/ condor /do wnlo ads/ )

— OpenPBSr.2.3 (PortableBatch System)(Requiredif runningjobson alocal clustermanaged
by aPBSsystem)moreinfo: http://www.ope npbs. or g/

— Network WeatherService(NWS) v.2.8clienttools (Requiredf runningapplicationghataccess
remotedatahostsjmoreinfo: [nttp://nws.cs.u csb. edu/)) [Note: NWS clienttoolsare
only availablefor *nix. Grid-applicationghatneedremotedatacanstill berun usingthe broker
on Windows, however, optimalselectionof datahostss not assuredsincethe absencef NWS
will meanthe broker cannotget that information by itself. We areworking on someway to
avoid/workaroundthis dependencin futureversionsof the broker.]

— SCommand€lienttoolsv.3.x (for SRB,StorageResourc@roker) (Requiredf runningapplica-
tionsthatneedo acces§RBdata)(moreinfo: http://www.sdsc .e du/s rb/_sconmands/i _ndex.h tmi


http://www.java.com/
http://www.globus.org/security/v1.1/certs.html
http://www.cs.wisc.edu/condor/downloads/
http://www.openpbs.org/
http://nws.cs.ucsb.edu/
http://www.sdsc.edu/srb/scommands/index.html

— accesdo a MySQL (v.3.x and abore) databasesener installation (either on the machineon
which the broker is installedor a remotemachine). (Requiredif usingthe persistencdéeature
of thebroker. Recommended you wantmorerobustfailurerecorery options. The broker will
notbeableto recorer from crashesf persistencés disabled.)

2.1.2 RemoteGrid nodeside
For acomputeresource:
Middlewareinstallationwhich is oneof:

— Glolus 2.4 (moreinfo: |http://www.glob us.orqg)

— Glohus 3.2 (with the pre-WSglobus-gatekeperandgridftp servicesunning)

— Alchemi0.8(Cross-platformrmanager]moreinfo: http://www.alc hemi.ne t))

— UnicoreGatavay4.1(experimentakupportwithin thebroker) (moreinfo: http://www.uni core. or g)
— Condor6.6.9http://www.CS.w ISC .e du/c ondor /d ownl oads/

OptionalComponent®n acomputeresource:

— SRB(SCommand€£lienttoolsv.3.x) (Requiredf runningapplicationghatneedto accesSRB
data)

For adatahost,oneof the following servicesshouldbe running:
SRBV.3.xOR
Globus GridFTPservice

Additionally, the usershouldhave permissiongo accessheremoteresourcesln caseof Glohus,theusers
credentialsshouldbe mappedto an accounton the remotenode. Pleaseconsultthe administratorof the
resourcdor moredetails.

2.2 Installation process

Installingthebroker is asimpleprocessThebrokeris distributedasa .targz (anda.zip) archve thatcanbe
downloadedfrom |nttp://www.gri dbus.or g/ broker /2. 0/ grid bus- broker.2 .0.t ar.qgz

orhttp://www.grid bus. or g/b roker/ 2. 0/g n dbus- br oker .2 .0. zI p. Theinstallationjust
involvesunzippingthe les to ary directoryandoptionallysettingthe PATHervironmentvariableto include
the broker executablescript (gb2.00r gb2.0.batdependingn your OS). Following arethe stepsto befol-

lowed:

Unzip the archive to the directorywhereyou want to install the broker. In caseof Windows, you
canuseWinzip (if you downloadthe .zip le) or WinRar (for the .targz) In caseof *nix, run the
command:

$ tar -zxvf gridbusbroker.2.tar.gz

Thefollowing directorystructures createdunderthe maingridbus-broker 2. O directory
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/<broker-install-directory>

/bin (contains the broker executable  binary)

/docs (broker APl docs)

/examples (example files  for using the broker)

Nlib (all  the libraries needed to run the broker)
/manual (manual to install and run the broker)

[src (the broker source code)

Ixml (the xml schemas used by the inputs to the broker)

ChangeDB HOMEvariablein the gridbus-broker 20 /bin /c la sspat h. rc le topointto
thedirectorywhereyou have installedthe broker.

Additionally, it is recommendedo have the directory gridbus-broker 2. 0/ bi n addedto the
systemPATHvariable.For example,for a Bashshell:
$ export PATH=$PATH:<broker-install-directory>/ bin

Testtheinstallationby runningthe broker from ashell:

$ gb2.0 -test

If you seeamessageon rming thatthe con gurationis ok, congratulationsYou have successfully
installedthe gridbus broker on your machine. This, however, only con rms that you have metthe
basicrequirementsnyour machineto runthebroker. To besurethatall thefeaturesof thebroker are
functional,youwill have to make suretheremoteresourceyou have accesso, aresetup properly If
thetestshaws ary errormessagepleasaeferto the"Troubleshooting’sectionof this manual.

3 GETTING STARTED USING THE BROKER

TheBroker canbeusedasastand-aloneommand-lingorogramor it canbeusedin your own Java programs
or portals.This sectiondescribeshe useof the Gridbus Broker in bothmodes.

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

Thebroker canbeinvoked from thecommandine justlike ary otherjava program.The broker distribution
comeswith a shell script (and a batch le for Windows) which just setsthe correctclasspathand then
callsthe broker with ary command-lineargs passedo it. In this modethe broker outputsits messageto
both the consoleanda log le by default. This behaiour canbe modi ed by changethe settingsin the
Broker.properti es con guration le.

Whenrunningthe broker onthe commandine, it needghefollowing inputs:

The Application Description: TheApplicationdescriptions providedto thebrokerasanXPML le
which describeshegrid application. Thevaluefor thisinput canbeary absoluteor relative path. The
broker distribution comeswith somesampleapp-descriptionles foundin the examplesdirectory
For example:examples/calc/c al c. xm

The Resource Description: The Resourcalescriptiorspeci esthe availableresourceganddescribes
their attributes. The broker is pointedto the locationof the resourcdist le which containsthe re-
sourcedescriptiorin axml format. Theresourcalescriptionle hasadescriptiorof theresourcesghat
areto beusedby the broker for executingthe grid application. The broker distribution hasa sample
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setof resourcesvhich areusedby usfor testing.In almostall casesthis le mayhaveto bemodi ed
to specifytheresourcesheuserhasaccesso. For example:examples/calc/r esour ces. xm

Thefollowing instructionsassumehe broker is beingstartedfrom the directorywhereit wasinstalled
sinceit useselative pathsto referto thebroker input les. It alsoassumeshatthe PATHvariableincludes
the broker binary To run the broker with the default con guration, the following commands usedat the
commandoromptfrom the broker's installationdirectory:

for *nix:

<broker-install-dir>$ gb2.0 -a=examples/calc/calc.xml -r=examples/calc/resources.xmi

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 thedirectorywherethe broker is installed.

This will now startthe broker, andthereshouldbe someoutputscrolling by, which informs the user
aboutwhatthe broker is doing. For moredetaileddescriptionaboutavailablecommand-lineoptions/ ags,
pleasereferto the "User Manual” section. If invoked via the command-linethe broker is alwaysa non-
interactve program. This behaiour can be alteredto suit the users needsby using the broker APIs in
programsbuilt ontop of thebroker. The next sectionhassomeinformationabouthow to do that.

3.2 Application Programming Interface(API)

The Gridbus broker is designedo be very e xible and extensible. It is tamgetedat both basicusageand
customisationpy providing programmerghe ability to accessnostof the commonAPIs which areused
internally Startingfrom the currentversion(v.2.0) the full functionality of the XPML les are available
for programmaticacceswia the API. This makesit easyto integratethe broker into your own programs.
Usingthebroker in your programss assimpleascopying thegridbrolerjar into a placewherethelibraries
for your programarelocatedandinvoking a singleclassto startthe broker (in the simplestcase asshavn
below).

try f

/[Create a new "Farming Engine"

GridbusFarmingEngine fe= new GridbusFarmingEngine () ;
//ISet  the Application-description file
fe.setAppDescriptionFile ("calcxml" ) ;

//Set  the Resource-description file
fe.setResourceDescriptionFile ("resources .xml" );

/[Call the initialise method to setup jobs and servers

fe.init 0 ;

//Start scheduling
fe.schedule () ;

12



/*
* The schedule method returns immediately after  starting the

* scheduling. To wait for results /' monitor  jobs,
* use the following loop:

*/

while  ( !fe.isSchedulingComplete 0)

gcatch ( Exception e)f
e.printStackTrace 0

The samplesrovided with the broker distribution shav somecommonwaysin which the broker can
beinvoked from ajava programor ajsp application.The Programmer$lanualsectionhasa moredetailed
explanationof how to usethe commonbroker APls. Programmersvho wantto usethe APIs aresuggested

to rst readthroughthe”User Manual” sectionandthengo onto the "Programmerdanual’ sectionwhich
hasmore detailedexplanationof the broker architectureandcommonAPIs. The last sectionof the "Pro-

grammersManual” also hasdescriptionsof how to extendthe broker's APIs andbuild uponthemto suit

your needs.

4 END-USERGUIDE

4.1 Usingthe broker onthe CLI with various ags

Thebroker providesthefollowing usageoptionson the command-line:

gridbus-broker [-mode=startUpMode[-brokerlD=<ID>]][-appd esc=XP ML 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
-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,
defaults to “cli" (command-line). If the mode is set to

then -brokerlD option is mandatory. The Broker looks to
broker instance  whose brokerID is given in the -brokerlD
Currently the broker supports RDBMS-based persistence.

database connection information needs to be specified in
configuration file  i.e Broker.properties, for recovery

-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.

13
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-brokerconfig, -bc : Specifies the Broker configuration file to wuse.
If ommitted, the broker looks for a config file
Broker.properties in the current directory.

4.2 The Broker input and con guration les
Themaininputinputandcon g les thatareneededy thebroker areasfollows:
TheBroker.propertieson guration le
The XPML applicationdescriptionle format
TheResourcalescriptionle format

Eachof theseles andtheir purposds describedn the subsectionbelow.

4.2.1 The Broker.propertiescon guration le

named

TheBrokeris con guredvia astandardava propertiesle (whichis justaplaintext le with aname=alue
pairsoneon eachline). Thedefault Broker.propertiesle suppliedwith thedistribution is shavn 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 wuses the current directory.
LOCALDIR=
# Maximum number of files to be processed for analysis: set to O for all

MAX_NUM_FILES=3

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

#property to specify the working environment, whether command-line

ENV=cli

SCHEDULE=default
APP_COST=false
COSTFIL=costfil.txt

#Persistence specific entries: optional

USE_PERSISTENCE-=true

PERSISTENCE_MODE=db

DB_DRIVER=com.mysq|l.jdbc.Driver
DB_CONNECTIONSTRING=jdbc:mysql://localhos t:3306 /gridb usbrok er
DB_USER=brokeruser

DB_PWD=somepasswordhere

14
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NWS_NAMESERVER=belle.cs.mu.oz.au

3 -

# Log4j Properties
I -

# 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.xpmI=INFO
log4j.appender.stdout=org.apache.log4j.Co nsoleA ppender
log4j.appender.stdout.layout=org.apache.l 0g4j.P attern Layout

# Pattern to output the caller's fle  name and line number.
log4j.appender.stdout.layout.ConversionPa ttern= %5p (%F:%L) - %m%n
log4j.appender.DB=org.apache.log4j.Rollin gFileA ppender
log4j.appender.DB.File=brokerLogs/broker. log
log4j.appender.RL=org.apache.log4j.Rollin gFileA ppender
log4j.appender.RL.File=brokerLogs/rootlog gerlo g

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

# Keep one backup file
log4j.appender.DB.MaxBackuplndex=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)

IntheBroker.propertiexon g le shav abore,thebrokeris con guredtolook for theapplication-desapition
le namedcalc.xml intheexamples/calc  directoryrelatve to the currentdirectoryfrom wherethe
broker is executing. Theresourcealescriptionoptionpointsto theresources.xmi in the samedirectory
in this case.

[Note: The le namesare case-sensite or not dependingon eachoperatingsystem. *nix-es are case-
sensitve. Win9x is not. Win NT/2000/XPpreseres case but ignoresthemwhenreading/ accessinghe
les. It is advised,n generalto pay attentionto the "case” of the nameof these les always,andsetthe
valuesaccordingly]

TheBroker.properti es con g le hastwo sections:Onedealingwith the Broker con guration. The
otherdealswith the lo4j logger con guration which is usedby the userfor logging output. The Broker
con guration le ignoresthelinesstartingwith a”#”, andconsidershemascommentsPleasenotethatthe
optionsareall speci edin uppercaseandthebroker is particularaboutthe case-sensitity.

Thecon gurationoptionsavailablearedescribedn thetablesshavn in Fig. B
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Broker.properties Configuration

APP_DESC_FILE

RESOURCE_DESC_FILE

DEADLINE

BUDGET

LOCALDIR

MAX_NUM_FILES

POLLING_TIME

ENV

SCHEDULE

APP_COST

COSTFIL

USE_MARKET_DIR

Persistence specific entries: optional

USE_PERSISTENCE

PERSISTENCE_MODE

DB_DRIVER

DB_CONNECTIONSTRING

DB_USER

DB_PWD

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

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

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

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

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

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.

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

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

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

(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)

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)

(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.

(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.

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

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

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

The username of the database user

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 1@ Network Weather Service Name Server.

Figure3: Broker.propertieCon guration.



4.2.2 The XPML application description le format

XPML (eXtensibldParametridModellingLanguage)s anXML-basedanguagewhichis usedoy thebroker
to creategjobs. Simply put, an XPML applicationdescriptionle is an XML le with specialelementsas
de ned in the XMLSchemathat comeswith the broker. XPML supportsdescriptionof parametesweep
applicationexecutionmodelin which the sameapplicationis run for differentvaluesof input parameters
oftenexpressedsrangesA simpleapplicationdescriptionle is shavn below:

<?xml version="1.0" encoding="UTF-8"?>
<xpml xmins:xsi="http://www.w3.0rg/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-descriptiorconsistsof threesections:”parameters”;'tasks”, and’requirements”. Param-
eters: Eachparametehasa name,type and domainand ary additionalattributes. Parametersan be of
varioustypesincluding: integerstring,grid le andbelongto a"domain” suchas:single,range,or le.

A "single” domainparametespeci esavariablewith justonevaluewhichis of thetypespeci edin
the"type” attribute of the parameteelement.

A "range” domainspeci esa parametewhich cantake arangeof values.A rangedomainparameter
hasa rangeelementinsideit. The rangechild elementhas”from”, and”"to” and”step” attributes,
which specifythe starting,endingandstepvaluesof therange.

A "le” domainparametespeci esa grid le which is the url of a remotegrid le. A gridle url
can have embeddedvildcardswhich are resohed to the actualphysical le namesby the broker
le-resolver. A grid le url currentlysupportgheurl protocols:Ifn / srh

[Note: The nameof the child elementmustmatchwith the value of the domainattribute of the parameter
element.]A grid applicationcanary numberof parametersThe numberof jobs createds the productof
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thenumberof all possiblevaluesfor eachparameterin the exampleshav above, parameteX rangesrom
1to 3. The secondparametehasa constantvalue’0”. So,the numberof jobscreateds 3 x 1 = 3 jobs.
(sincethe rst parametecantake 3 possiblevaluesandthe secondharametecanhave onepossiblevalue).
In case"grid le” type parametersre used,the numberof jobs canbe ascertaineanly at runtime, since
the broker hasto actuallyresole the le namesto physical les beforecreatingonejob for eachle. A
"grid le” parametecanbede ned asshavn belaw.

<parameter name="infile" type="gridfile"

domain="file">

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

For multiple grid les, multiple< le > elementsareplacedwithin the< parameter elementasshavn:

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

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

<file  protocol="Ifn" mode="block"  url="Ifn:/somedirectory/someotherdire ctory/ abc*t xt'/>
<file  protocol="srb" mode="block"  url="srb:/sample/example/gridfile/std outj* "/>
</parameter>

An applicationcanhave only onetask,with arny numberof commandsn ary order Tasks:A taskconsists
of "commands”suchascopy,gcopy,mcopy,executesulstitute etc.

A "copy”l"gcopy”/” mcopy” commandspeci esa copy operationto be performed.Eachof the copy
commandshasa sourceanddestinationle speci ed. Thegcopy supportsopying les to andfrom
remotelocations. The mcopy commandcancopy completedirectoriesandsupportsuseof thewild-
cardcharacte(®).

An "execute”commands whereactualexecutionhappens.The executecommandspeci esan exe-
cutableto berun ontheremotenode.lt alsospeci esary argumentdo be passedo thecommandn
thecommand-line.

A "substitute” commandspeci es a string substitutioninside a text le. This operationis usedto

substitutehe namef userde ned variablesfor example.Parametenamesanbeusedasvariables
with a”$” pre- xed. Apart from this, certainspecialdefault variablesarealsode ned, suchas:$0S
(which speci esthe Operatingsystermon theremotenode),$jobnamewhich refersto thejob ID of a

job createdby the broker.

The exampleXPML le shavn above speci esa taskwith threecommands.For the grid applicationde-
scribedin the le above thereareno "requirements”.With this application-descrijon, the broker creates
3 jobs, with job IDs j1, j2, j3. Eachjob performsthe samesetof operationgor commandshsspeci ed
in the "tasks” section.A copy commancdhasa sourceanda destinatiorchild elementeachwith attributes:
location,and le. Thelocationcantake thevalues:”local” and”node”. The”local” valueis interpretecas
the machineon which the broker is executing,and”node” is understoody the broker asthe remotenode
onwhich thejob is goingto execute. Thesevaluesare substitutedat runtime. The "mcopy” and”gcopy”
alsohave the sameattributes.
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For the mcopy commandthe sourcelocationmustbe "node”, the source le namecanincludewildcards,
andthe destinationrmustbe a directory For the gcopy commandthe sourceanddestinationcanbe both
remote,so that third party transfersare possiblewithout the broker intervening in between. The gcopy
currentlysupportghe gsiftp protocolandis tailoredto work with Globusonly. (However, in futureversions
of thebroker, all the protocolsftp,http,https,gsiftp,srivill be eventuallysupported.)

A substitutecommands meanftfor substitutiorof paramete(alsoknowvn as’variables”)valuesjn local les
which arethenusedduringlocal operations remotejob execution. Typically, the valuesof the parameters
aredeterminedat runtime,andtherecould be scenariosn which certaininputtext les needto betailored
for eachjob usingtheseparameteralues.Any of the parametersanbe usedasavariablein the les used
in asubstitutecommandoy pre- xing "$” to the parametename.So,the parametelX, is thevariable$ X.
A substitutecommanchassourceanddestinationle namesandalocationattribute whichmustbe”local”.
Thefollowing is anexampleof a substitutecommand:

<substitute location="local">

<source file="input">

<destination file="input.$jobname>
</substitute>

In the substitutecommandshavn above, the destinationelementitself hasanothervariable "$jobname
which refersto the job's uniqueid. So, after substitutionthe input le is tailoredto eachjob andsaved
asinput.j1,input.j2 etc... for eachjob. RequirementsCertainjobs needa particularernvironmentduring
execution. This ervironmentneedgo be setupbeforethejob actuallystartsexecutingon the remotenode.
For this purpose the "Requirements’elements provided. It canbe usedto specifya setof initialisation
tasks,(and,in thefuture,conditions).Requirementgareof two types:node,andjob.

A "node” requirementis a setof tasks/conditionshat needto be satis ed beforea nodecanbe usedfor
submissiorof jobs. So,a node-requiremeris performedby the broker beforeary jobsaresubmittedto it.
Thisis doneonceandonly oncefor eachnode.A "job” requirements alsoa setof tasks/conditionsvhich
areto beperformedoncefor eachjob. Jobrequirementarecurrentlynotimplementedn v.2.00f thebroker.
Requirementsanbespeci ed asfollows:

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

Thetype canbe’node” or "job”. As mentionedponly "node” is currently supportedor this version. The
requirement&lementcanhave ary numberof commandsn ary order It is similar to the "task” element
in thatrespect.The XPML languageas undegoingimprovementsandre nements.lIt is plannecdto include
moreadvancedfeaturedike < if > conditionsJoops,enumerated range> lists, etc...in futureversions.
For thoseinteresteda detaileddescriptionof the XPML languageschemaandthe interpretatiorprocesds
givenin the Programmes manualsection.

4.2.3 The Resourcedescription le

The Resourcalescription le is justanxml le describingthe resourceghat canbe usedby the broker,
andtheir propertiesasde nedin theresourcalescriptionschemahatcomeswith thebroker. TheResource
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descriptiorcanbeusedio describawo typesof entities- resourcesindcredentialgto accessheresources).
A resourceasde ned currentlycanbe of threetypes:

computeresources
storageresourcgwhich functionasdatasinks)
services

A sampleresourcalescriptionis shavn below:

<?xml version="1.0" encoding="UTF-8"?>
<xgrl
xmins:xsi="http://www.w3.0rg/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.o0z.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="srboMCAT">

<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: Onecanobsenre here,thatthe valueof anattribute of a parentelementgenerallydeterminesvhich
child elementcanbe placeinsideit. For example,the"type” attribute of a "resource’elementdetermines
whethera”compute”,”storage”or "service” child elementcanappeawithin acomputeelement Lik ewise,
the”domain” attribute of a"compute”elementdeterminesvhich of "local”,”remote” becomests child, and
soon. This patternis followed throughouthe resourcalescriptionschemaAlso, the "credential” attribute
of ary resourceelementis of particularsigni cance. Its valuepointsto theid of the credentiawhichis to
be usedfor thatresource.The seperatiorof credentialand resourceslementswithin the schemahelpsto
specifya descriptionwherethe samecredential(suchasa proxy certi cate or a username/pas®sd pair)
is to be usedfor authenticatindo morethanoneresource.(lis commonexperiencethatsucha situationis
frequentlyseen.)]

Computeresourcesresenersto which the users'jobs canbe submittedfor execution. Storageresources
areusedto storethe resultsof execution,andhencecanbe consideredsdatasinks. Serviceresourcesire
thosewhich provide genericserviceghatcanbe usedby the broker.

A "compute” resourceis associatedvith a "domain” which cantake two values- "local” and”remote”.
Localresourcegouldbethelocal computeror a cluster(on which the broker is running). It couldbeused
to describearesourcevhichis runningjob-managemergystemsuchasCondor PBS,Alchemi. Theuser
canalsooptionallyspecifyalist of queuesvhich needto beusedonthelocal jobmanagerRemotecompute
resourcesre usedto represenhodeson the grid which have a job-submissiorinterfaceaccessiblevia a
network. Soresourcesvhich run grid-middlevare suchas Glohus, 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 jobmanagenmttribute canbe ary of PBS,Fork,Alchemi,Condar In caseof PBS,Condoion the local
computeresource the broker would usethe con guration of the Condor/PBSclient. For the Alchemi
manageimon a local node,one would needtp specifythe credentialsof the user No credentialsvould be
neededo fork jobsonthelocalnode howevertheattributestill needgo be providedfor thesale of complete
conformancevith theschema.

To describearemote globus nodea descriptionsimilar to the following, 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 the above resourcedescriptionthe nodemanjra.cs.mu.o0z.ai8 speci edto berunningglobusv.3.2,and
useghecredentialdenti ed by thestring”prox2”. Thiswouldbetheid of a”proxy”-type credentiade ned

elsavherein theresourcalescriptionle. Similarly othercomputeresourceganbedescribedasde nedin

theschema.

A "storage’resourcas adatasink wherethe usercanopt to storetheresultsof executionof agrid applica-
tion. Currentlythis featureis not fully supportedy the broker. Hence a full descriptionof this elementis

notgivenhere.Theuseris referredto theschemdor moreinformation. A futurebroker versionwill have an
expandeddescription andimplementatiorof storageresources[Note: Datasourcesarediscoreredby the
broker atruntime,usingthe applicationdescriptionvhich containsle parametersandinformationcatalog
servicegle ned as”service” elementsn theresourcalescription.Hence the needfor explicitly specifying
datasourcesn theresourcalescriptions obviated.]

A "service” resourcecanbe of two types- "information” servicesand”application” services.Information
servicesare typically entitieswhich provide information aboutotherresourcesr services. Thesecould
be LDAP directoriesweb servicesdatacatalogsetc. Currentlysupportedservicetypesincludethe SRB
MCAT andthe ReplicaCatalog. Application servicesprovide applicationshostedon nodesthat canbe
accessedsaservice.

The examplebelon shawvs the de nition of a SRB MetadataCatalog. This is modelledasan information
servicewhich canbequeriedto extractdataaboutavailableSRBstoragaesourcesnd les locatedonthem.

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

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

</resource>

A "credentials”entry describeghe users authenticationinformation thatis usedto accesshe services
provided by a grid resource. Credentialscan be of the following types- x.509 basedproxy certi cates,
simpleusername/pas®nd pairs,MyProxy saved proxiesor keystores.

A proxy credentiakanbe describedasfollows:

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

Optionally the locationof the usercertanduserley les canalsobe speci ed asattributesof the "local”
elemenin the”proxyCerti cate”.
A simpleusername/pas®nd -type credentiaktanbe describedasfollows:

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

Every credentialhasto be givena unique”id” which is referredto by one or moreresourceslementsas
mentionecearlier

4.3 How to setup persistence

The broker comeswith a default persistence-pxider, which savesthe full brokerstateperiodicallyto a
mySQL database.This DB(databasepersistencerovider is implementedusing JDBC, and hencecan
supportary JDBC compliantdatabasén general.This sectiondescribeshe proceduregor con guring the
broker to usepersistenceThe procedurdo enablepersistencénvolvestwo steps:

Installingandcon guring thedatabase

Settingthe appropriatepropertiesn thecon guration le
(Broker.propert ies )

First, the userneedsaccesgo alocal or remotedatabasewhich hasthe broker databasénstalledand
con gured for properaccess.To install the gridbus broker databasethe broker.sq|l script,includedin
thedistribution canbeused.Thiswill createanen databas@amed’gridbusbroler” onthedatabassener.
Additionally, aninitialisation script namedinit.sql, provided with the broker distribution needsto be run
afterthe creationof the databaseThis setsup someinitial valuesin the databaseandpreparedt for useby
thebroker. It is recommendetb createa seperateiserlogin on the databaseener, for enablingaccesdo
this databaseThe secondstepis to setthefollowing propertiesn thebrokercon g le, for example:

USE_PERSISTENCE-=true

PERSISTENCE_MODE=db

DB_DRIVER=com.mysq|l.jdbc.Driver

DB_CONNECTIONSTRING=jdbc:mysql://somehost  .cs.mu .oz.au :3306/ gridbu sbroke r
DB_USER=brokeruser

DB_PWD=gridbus

In theabare example,the broker is con guredto usethedb” or databas@ersistenc@rovider. (Currently
this is the only provider the broker supports.)The DB DRIVER speci esthe JDBC driver classto usedto
connecto thedatabaseThe DB.CONNECTIONSTRISspeci esthestringusedto connecto thedatabase
sener. The DB.USER,DBPWDsetthe usernameandpasswerd for the databaséogin.

To disablepersistencgust setthe USEPERSISTENCEpropertyto "false”.

23



5 PROGRAMMER'S GUIDE

5.1 Designand Implementation

The Gridhus broker hasbeenimplementedn Java sothatit canbe usedfrom the commandine, deplo/ed
in Web-enable@rnvironmentssuchasTomcat-drven portalsandportlets,andalsobeusedasan API within
otherprogramsbuilt on top of the servicesprovided by the broker. It interfacesto nodesrunning Glohus
usingthe Java CommodityGrid (CoG) Kit, to Alchemi nodesusingthe Alchemi Cross-PlatformManager
Interface (or the Alchemi command-lineclient, if the Manageris not runningasa web service),to UNI-
COREusingthe arconclientlibrary, to CondorandPBSusingtheir respectie command-lineclients. This
sectiondescribeshemainAPls andconceptselatedto thecommonbroker APIs. Fig. @ belov shavs some
of themainclassesn the broker.

| @ org:gridbus::brokerz:runfile::SingleVariable |

T

| zimparts
| | @ org::gridbus::broker::runfile:: Task |

o [Bdoh | e, |
B |
gt

| s

::gridbus::hroker::f: ing::c JlohQueue Il Nyt
B orargtdhus Woken ol - | || | c] urg::gridhlhs::hroker::runﬁle::Requirement |
|| simparts :
@ JobMonitor __ simports || | @ org:gridbus::broker::runfile::TaskCommand |
| [
gimports
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I I simparts - n |_>| @ JobWrapperFactory
“ACCESS® |
I L——— & ComputeServer TR :| ————— T
| — ,]\ ‘ . |«access»
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@ org:gridbus:broker:scheduler:Schedul | © org::gridbus::broker:farming: 1 QueueManag

Figure4: Broker UML Diagram.

Thebroker designis basedn the architecturedescribedabore. The mainentitiesin the broker are:
FarmingEngine
Scheduler
Job
ComputeSersr

Service
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DataHostandDataFile

Thefarmingengineis the centralcomponentvhich maintainsthe overall stateof the broker at all times. It
is thegluethatbindsall thecomponentsogether It actsasa containerfor the job andsener collections.It
is the componenthatinteractswith externalapplicationsandinitiatesthe scheduling.The farmingengine
canbe consideredisthe broker's in-memorydatabasegsit holdsthe broker's currentstateat ary point of
time. If usingpersistencethefarmingenginekeepssaving its stateperiodicallyto a persistencstorage.
The scheduleiis a middlevare independentomponenthich mapsjobs to nodeson the grid. It doesnt
needto worry aboutlower level details,andcanschedulgobsbasedn metricswhich do notdependnthe
underlyingplatform. The broker comeswith threebuilt-in schedulers

economy-basesdchedule{DBScheduler)
data-avareschedulefDataScheduler)
economyanddata-avareschedule{DBDataScheduler)

For moredetailsonthe schedulealgorithmspleasereferto the Gridbus Broker paperat
http://www.qgrid bus. or g/p aper s/ gr idb usbr oker .pd f
A Job is anabstractiorfor a unit of work assignedo anode.As describedn previoussectionsijt consists
of Variables andaTask. A variableholdsthe designategparametervaluefor ajob. A variablecan
hold a rangeof valuesor a setof valuesor a singlevaluein which caseit is calleda singlevariable. A task
is the descriptionof what hasto be doneby thejob.It is composedf a setof commands.Therearethree
typesof commands Copy CommandExecuteCommandandSubstituteCommand.The Copy command
instructsthe broker to copy a le from the sourceto the destination.It canbe usedfor eithercopying the
les from the broker hostto the remotenodeor vice versa. A Multiple Copy (MCopy) is a specialcase
of the CopyCommandwhich instructsthe broker to copy multiple les asdescribedvith awildcard (*, ?,
etc.). A GCopy commandprovidesthe ability to copy from onenodeto anothemodewithout the broker
interveningin between(The GCopy s currentlysupportednly by the Globus middlevareplug-in.)
The ComputeServer classdescribesa nodeon the grid and holdsthe propertiesfor that node, eg. its
middlevare, architecture OS etc. It is a middlewvare independenentity and as beenextendedfor differ-
entmiddlevarelike Glohus, Alchemi, Unicore,Condor PBS,andalsoto allow forking jobs on the local
node.EachComputeServer hasanassociatedobMonitor andComputeServerM anager which
arealsomiddlevareindependentA ComputeServer alsohasanassociatetserCredential object,
which storesthe credentialsof the userfor accessingervicesprovided by that ComputeServer . The
JobMonitor is responsibldor monitoringthe executionof all jobs submittedto the remotenodecorre-
spondingio this ComputeServer . TheComputeServerM anager isthecomponenthatmanageshe
job-submissionlt usesalocal buffer, for this purposeandwhenthejob needgo besubmittedo theremote
node,it createsanmiddlevare-speci cagentandsendghis agentto theremotenodefor execution.Thisis
doneby invoking the appropriatemiddle-ware ComputeServer . The ComputeServerMa nager has
beenextendedo handleboth stand-alongrid nodesandclusters.
A typical submissiorandmonitoringcycle for ajob sentto a Globus nodego throughthe following steps:
The Schedulerllocates.e submitsa Jobto a ComputeSerr. The ComputeSerr putsthejob in its local
job buffer andinformsthe ComputeSemrManager The ComputeSemrManagercreatesa globus-speci ¢
agent- a GlobusJobWrappe r, andsendst to the remotemachine. The ComputeServerMa nager
then asksthe JobMonitorto include this job in the list of jobs it monitorson that sener. Sincewe are
submittingto Globus here,the ComputeServer to whichthe Scheduleallocateshejob, would actually
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be aninstanceof the GlobusComputeSe rve r class,which extendsthe ComputeSermr class. The job
monitorperiodicallyqueriegob statugby callingthe GlobusComputeSer ver ), andraisesstatusevents
for all jobswhosestatushaschangedWhenthejob is done/iled, the monitor stopsmonitoringthatjob.
DataHostsarenodeson which data les have beenstored. Theseobjectsstorethe detailsof the data les
thatarestoredon themsuchastheir pathon the disk andthe protocolusedto accesshem. The DataHost
objectsalsomaintaina list of the computeresourcesortedin the descendingrderof available bandwidth
from thehost. DataFile objectsstoreattributesof input les thatarerequiredfor anapplicationsuchassize
andlocation. A DataFile objectlinks to the differentDataHoststhatstorethat le.

Overall, thebroker is designedo be alooselycoupledsetof componentsvorking together The classesn
thebroker canbegroupednto thefollowing maincateyories:

Application-descripbn Interpreters
Middlewaresupport

Schedulers

Persistenceroviders
Othersupportutils andmodules

By extendingtheclassesn eachgroup,thebroker cantransparentlsupportmary differentapp-description
formats,scheduleraniddlenvareetc. For moreinformationonhow to developoneor morethesecomponents
pleaseaeferto thesection’Modifying or Enhancinghebroker to suityour needs”.

5.2 Usingthe broker in your own applications

This sectionexpandson the brief descriptiongivenin section3.2 abouthow to programthe broker anduse
its servicesn your own application. Sincethe main APIs arealreadydescribedn the sectionsabove, we
begin hereby looking at somesimpleexamplesof the usageof the broker API in a java program.The rst
stepin invoking the broker is to createan instanceof the "Farming Engine”. This canbe achiezed by the
following codesnippet:

/ICreate a new "Farming Engine"
GridbusFarmingEngine fe= new GridbusFarmingEngine () ;

This createshe farming engine,setsits con guration properties,and also con guresthe default logging
options.If abroker con guration le (Broker.properties)s found,thecon gurationspeci edin that le will

beloaded.Otherwise a default setof valueswill beloaded.Thedefault valuesfor the broker con guration
areshavn 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

Ilroot 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)"

/IBroker-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.MaxBackuplndex = "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 andseners. This canbe donein two
ways. Oneway is to createjobs from an applicationdescriptionle (currentlyonly the XPML formatis
supported)Theotherwayto creatgobsis to usethe Task andCommandAPIswhich give theprogrammer
more e xibility. Similarly senerscanbe setupusingaresourcdist le suppliedto the farmingengine,or
usingtheServerFactory  APIs. To setupjobsandsenersusinganapplicationandresourcealescription
les usethefollowing:

fe.setAppDescriptionFile ("calcxml" )
fe.setResourceDescriptionFile ("resources .xml" );
fe.init 0 ;

[Note: Usethe init methodof the farmingengineonly whensupplyingthe application-andresourcede-
scription les. Theinit methodfailsif theseles arenotgiven. Theinit methoditself callsthetwo methods
- initResources(andinitJobs(),in thatorder This orderis to be maintainedstrictly if theinitResources()
initJobs()methodsareexplicitly calledby anothemprogram.Thisis becauseheinitResources(¥etsup the
broker with serviceswhich arequeried,for example,to nd outthe datahost@nddata les neededuy the
jobsin anapplication.]
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To usethe APIs to creatgobs:

Job currentJob = new Job() ;
currentJob.setJoblD ("1 );

/ICreate commands

/[Command to Copy the program

CopyCommand copy = new CopyCommand) ;
copy.setSource  (true, “"workingDIR/calc" gfru e);
copy.setDestination (false, “calc" ,true );

/[Command to execute the program
ExecuteCommand exec = new ExecuteCommand ( TaskCommand.EXECUTE_CMP;

exec.setExecutable ("Jealc" );
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.getd 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 objectis created.A job objectis associatedvith Variables anda Task which has
ary numberof commandswhich can have commandssuchas Copy,GCopy,MCo py,Ex ecut e, and
Substitute . Forcopy commands(Copy,MCopy,GCo py) ,thesourceanddestinationle nameseed
to be set. The ExecuteCommand classcanbe usedto executeprogramson the remotenode. As shavn
aborve, the executableandamgumentseedto be setfor the ExecuteCommand . Substitutecommandsare
usedto substitutevariablesn stringsor text les locally, beforesendingthejob to theremoteside. Variable
objectscanbe createdandaddedto a job asshavn. Variablesarenormally addedasstrings(eventhough
they arenumeric). The variablevaluescanalsoreferto lenames. The XPML interpreterthascertain le-
resoher APIs which areusedto resole the physical lenamesfrom thosecontainingwildcard characters.
Theseneedto beused sothattheDataHosts andDataFiles collectionsusedin data-avarescheduling
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areproperlysetup. (Pleaseeferto thejavadocsfor furtherdetailson their usage.)Finally, afterthetaskis
setandvariablesareaddedthis job is addedto thelist of jobsin the farmingengine.The broker retrieves
the stdoutandstderrof a job by default. Any otheroutput les generatedy the job, however needto be
explicitly copiedbackto thebroker node(i.ethe machinerunningthe broker). Alternatively, thejob outputs
maybecopiedto someotherremotelocationby thejob asthelaststepafterexecution.
SenersarecreatedisingthegetComputeServ  er methodof theServerFactory  class.Thiscreatesa
middlewvare-speci ccompute-semr andreturngt in theform of aninstanceof thegenericComputeServer
abstractlass.TheServerFactory  hasvariousoverloadednethodsusedto createa ComputeServer
instance Theleastinformationneededs thehostnamef theComputeServer . If the"type” of compute-
seneris not speci ed, it is assumedo be a Globus compute-semr. The (middlevare)type of a compute-
seneris ary oneof thesupportedniddlevare,currently: GLOBUS,ALCHEMUNIC ORE, FORK, CONDORP BS.
Thefollowing codesnippetshavs the creationof a compute-sermer:

LocalProxyCredential Ipc = new LocalProxyCredential 0 ;
Ipc.setPassword  ("somepassword" ) ;

ComputeServer c¢s = ServerFactory.getComputeServer ( Compute Server .GLOBUS,
"belle.cs.mu.oz.au" );
cs.setUserCredential (lpc);

fe.addServer (cs);

The rst two lines of code, setthe credentialsfor the sener. This canbe avoided if usinga resource
descriptionle, in which the credentialsarespeci ed. Whena compute-serer is createdthe seneris not
alive, andtheisAlive  methodreturnsfalse. The compute-semr needgo be started(in orderto facilitate
the discorery process)beforeary of its methodscanbe putto gooduse. This canbe doneby calling the
"start” method. The startmethodinitiatesthe compute-sem®r manageranda job-monitorto keeptrack of
job submissiorand status-updatingespecirely. The manageiperformsan initialization of the compute-
sener propertieshy "discovering” them. It doesso by pinging the remotenode,thenconnectingo it and
queryingit for certaininformation. Oncethe propertiesare discorered, the isAlive ag is setto true.
This whole procesds doneon a seperatdéhreadfor eachsener (i.e the startmethodreturnsimmediately).
However, thefarmingenginemalessurethe startmethodis calledon all senersbeforestartingscheduling.
So,in effectit is not necessaryo call this methodexplicitly if thejobsareto scheduledo seners.

To begin schedulingobs, the schedulemethodneedgo be calledon the farmingengine. This will getthe
schedulede nedin theBroker.propertiesle, if it exists,orthe”default” scheduleotherwise Therearetwo
waysto overridethisbehaiour. Oneof themis to setthe SCHEDULBropertyof theBrokerProperti es
class.Thepossiblevaluesfor this are-cost,time costtime costdataiimedatadefault. Thealternatenethod
is to explicity setthe schedulefor thefarmingengineusingthe SchedulerFactor vy class.Thefollow-
ing codeshavs how to do this:

/1. simply call the schedule method, to invoke the default scheduler
/lthe  scheduler defined in the BrokerProperties

fe.schedule () ;

/IOR
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/2. set the scheduling type [/ algorithm in the BrokerProperties
/Ibefore calling the schedule method.

[ffor cost-optimizing scheduler...

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

fe.schedule () ;

/IOR

/13.  explicitly create a scheduler object

/land set the farming-engine's scheduler

Scheduler s = SchedulerFactory.getScheduler ("cost" e );

fe.setScheduler (s);
fe.schedule () ;

The schedulemethodof the farming enginestartsthe scheduleron a seperatéhread,and returnsimme-
diately The broker provides built-in mechanismgor job-status-monitoringind updatingof job statistics
such as active-jobs, completed-jobsfailed-jobsetc. Oncethe schedulingis started,the jobs get sub-
mitted to remotenodes,and astheir statuschangeghe JobMonitor ~ for eachsener updateshe status
andthe scheduleupdateghe statistics. The JobMonitor  useseventsto signalJobListeners about
statusChanged eventsfor jobs. To receve job-statusaventsthe JobListener  interfaceneedso be
implemented.

Thebroker hasabuilt-in logging systemthatusesthe Apachelog4j APIs. Whenthe broker is usedvia the
command-linertheAPIs, it createslog le calledbroker.login atemporarydirectorycreatedor eachrun
of the broker. Thetemporarydirectoryis of the form DBxxXxXxxxxxxxx xX (wherethex's areobtained
from the currentdate-timestamp). In this tempdirectoryareall the les generatedy the broker andthe
jobsit schedulesThebroker logsareusefulfor reviewing the broker outputmessageanddehugging.Each
job producesan stdout.<jobid> and a stderr.<jobid> le containingthe standardoutputand
error Thereis alsooneshell le perjob, in thedirectory Thisis the le thatactuallygetsexecutedon the
remotenode. Apart from these les therearealsoary otheroutputs/ les generated/copiedackby the
job itself. On the remotenode,eachinvocationof the broker createsatemporarydirectorythatlookslike
GB2.<brokerID> . (where<brokerID> istheuniquelD of thebroker generatedor eachrun). Inside
this directoryis onedirectoryfor eachjob that getssubmittedto the remotenode. Insideeachjob's temp
directoryon the remotenode,areall its les - inputsandoutputs. Normally, the broker deletesthe temp
directorieson theremotenodeafterit completesxecutiononthenode.Theshell les onthelocal sideare
alsodeleted.However, if theloggeris setto DEBUG level, thentheseshell les andremotedirectoriesare
left alone,to assisin delugging.

This sectionhashopefully helpedyou to gainareasonableinderstandingf the broker APIs to getstarted
on working with the broker. You are encouragedo have a look at the full java-docsfor the broker at
http://www.grid bus. or g/b ro ker/ 2. 0/d ocs/

5.3 Usingthe broker in aweb portal (portlets)

Theprevioussectionprovidedin-depthinstructionson how to integratethe broker into Java applicationsy
makinguseof the broker API. This sectionwill build on thatknowledgeandwalk throughan exampleof
how the broker could be usedwithin a portlet environment, highlighting ary interestingdetailsalongthe
way. This guideassumeshe programmeihassomeexperienceworking with a portletframework (suchas
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Gridspherepndwith portletdevelopment.

5.3.1 What are portlets?

PortletsarereusabléNeb componentshat are usedto composeweb portals. A news orientedportal may
make useof anews article portlet,aweatherportlet,a stockquoteportletandmaybea searchportlet. These
portletsmaybecompletelyindependenibut areorganisedandpresentedo the usertogetherasa singleweb
page. PortletstandardsuchasJSR168 enabledevelopersto createportletsthatcanbe pluggedinto ary
portalsupportinghosestandards.

5.3.2 Why portlets are goodfor us

Portletsarenow becominga very popularandprominentnew technology With the promotionof reusability
and portability (betweendifferent portlet framewvorks) throughstandard§JSR168), thereis de nitely a
strongcasefor the useof portlets.A large numberof portletframevorks arealsoavailableto meetvarying
demands.

Within a communityof web portal developerswith a desirefor codesharing the casefor portletsjust gets
stronger

5.3.3 The GridbusBroker portlets

TheseGridbus Broker portletsshav off someof thebroker's features Theaimis to both provide program-
merswith anexampleof whatis possiblewith the broker sothatmuchmoreadwancedportletscanthenbe
developed,aswell asproviding the communitywith a setof reusableportletsproviding sophisticated/et
simpleGrid applicationmanagemerandexecution thatcanbeincorporatednto ary webportal.

The aim of this guideis to help deplo/ the exampleportletsandtry to getthemto run with Gridsphere
portletframavork. Theportletsare JSR168 compliant,soeventhoughthey weretestedwithin Gridsphere,
they shouldbe portableto otherframeworks.

5.3.4 Pre-requisites

Thisguideassumethattheprogrammehasaworkinginstallationof Gridsphergnhttp://www.gri dsphere .org ).
Thismeanghatyou'll alsohave aninstallationof Jakartalomcai(http://|akarta .a pache.o rg /t ontat) .

If thishasnotalreadydone,it shouldbe installedbeforecontinuing.

It shouldbe notedthat dueto the needfor GSI security the machinerunning the portal needsto know

aboutthe CA certi catesof ary Grid resourceshatwill beused.Globuscogwill look for certi catesin the
.glohusdirectoryunderthe currentusers userdirectory(bothwindows or *nix). Make sureall requiredCA

certi catesarelocatedin theappropriatglacetakinginto consideratiothe userunderwhich Gridspheres

executingas. In the caseof theauthor who is runningGridspheren Windows XP, thedirectorywas:

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

OnaWindows 2000machinethis couldbe somethindike:

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

Under*nix it would be somethindike

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

Next, deploy thesetof portletsaccordingo theinstructionsor theportletframeavork beingused.Two ways

you candothisin Gridspherearedescribedelow:

[Note: If you have downloadedthe sourceversionof Gridsphereandhave deployed Gridsphereanto a pre-

existing Tomcatinstallation,$CATALINA HOMEBEwill be the pathto Tomcat. If you installedGridsphere
packagedvith Tomcat,then$CATALINA HOMEs the pathto the Gridspherenstallation.]

Deploying thewebarchie

— Copy the"gridbusbroker. war" webarchve into the $CATALINA HOME/webapps di-
rectory

— RestarfTomcatandthewebarchive will beautomaticallydeplo/ed.

— Login to the Gridsphereportal andaccesgshe "Portlet Application Manager”portlet, which is
locatedunderthe”Portlets” submenuof the”Administration” menu.

— Deploy thegridbusbroler portletwebappasshovn in Fig. B By entering’gridbusbroler” in the
"Deploy new portletwebapp™ext eld andclicking "deploy”, Gridspherdoecomeswareof the
new portlets.

— Createa new group and addthe gridbusbroler portletsto it. To accesghis option go to the
"Administration” menu,thento the"groups” submenuandthenselectthe "createnewn group”
option. Fighd

— Tell Gridspherdo createa Templatdayoutfor the portlets.

— Go to the "Welcome” menuandtick the box next to the gridbusbroler portlet webappand
thensave, asshavn in Figld A nev menuwill be displayedthatwill give you accesgo the
gridousbroler portletwebapp.

Deploying the Gridspheregorojectusing”ant deplo/”
If you have downloadedhe sourceversionof Gridsphereyou canalternatvely deplgy the Gridsphere
projectversionof thegridbusbroler portlets.

— Startby extractinggridbusbroker  _project.tar into the projectssub-directoryof your
Gridspheresourceinstallation. The projectsdirectory gets createdwhen you run "ant new-
project” from the Gridspheresourceinstallationdirectory If the projectsdirectorydoesnt al-
readyexist, simply createit. Thebasicdirectorystructureshouldlook asfollows:

<path to Gridsphere source>/
Iprojects/

[/gridbusbroker/
/build/
[/config/
Nib/
IMETA-INF/
Isrc/
Iwebapp/
build.properties
build.xml

— Enterthe/projects/grid busbr oker / directory
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Figure5: Deploy Broker Portlets

— Ensure$CATALINA_ HOMEHs correctlypointing to your Tomcatinstallationandrun the com-
mand”ant deplg/”. Thiswill deplg thegridbusbroler portlets.

— Restartthe Tomcatsener andthenfollow steps(startingfrom the third step)from "Deploying
thewebarchve”.

Now thatthebroker demoportletsareaccessibléi is time to seewhateachof themdoesandhow they have
beenimplemented!

5.3.6 The MyProxy Portlet

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

By default a userwill not be authorisedo interactwith ary of the broker portletsyet, this is becausehey
needa valid proxy sothatwork canbedoneoutonthe Grid (assuminghe userwantsto executeon Globus
nodes).Soinitially theuserwill only have accesgo the MyProxy portlet. The MyProxy portletwill allow
usergo specifythelocationof a MyProxy sener aswell astheusernamendpassverd of a proxy storedat
thatlocation. The portletwill retrieve the proxy andmale it availableto the restof the portletsby putting
it into the session{notethatthe objectmustbe putinto applicationscopeor elseit won't befound by other
portlets). This proxy, or usercredentialswill belaterpassedo the broker in orderfor it to authenticat¢o
otherGrid resources.
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Figure6: Createa nen groupfor Broker Portlets
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Figure7: Con gure Broker Portletsgroup

35



Figure8: MyProxy Portlet

GSSCredential cred = null
MyProxy myproxy = null

Il connect to myproxy server.
myproxy = new MyProxy ( host, Integer.parseint (port )) ;

Il get the credential for this user.
cred = myproxy.get (username, password, 3600);

Il store credential in session in application scope so other portlets can use it.
session.setAttribute ("userCred" , cred, PortletSession.APPLICATION_SCOPE );

5.3.7 The GridbusBroker Driver Portlet

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

Figure9: GBB Driver Portlet

The driver portlet is wherethe majority of the codewhich usesthe broker API is. Here the broker is
initialized andtold to startit executingon the Grid. The portletis simple- it allows the userto specifya
Unix commandandthe numberof timesthatthey wish to executethatcommand.Runningcommanddike

/bin/hostname  or/bin/date areusuallythemostinterestingasthey tell theuserwhereor whenthe
commandvasexecuted.

Oncethecommands submittedthe portletneedgo:
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Createaninstanceof thefarmingengine

Il 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_SC®E) ;
g

Createthe jobs (asdescribedn othersectionsof the manual)accordingto the commandand numberof
iterationsspeci ed.

Vector jobs = null ;

n ..

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

/Ispecified by the wuser.

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

Add thejobsto thefarmingengineandstartthe broker.
fe.setJobs (jobs );
/Ischedule our jobs for execution on the Grid!
fe.schedule () ;

It shouldbe obvious thatwhen creatingthe jobs, the programmeircould implementthe createJobs()
methodto creatgobsthatdo anything thatthe broker would usuallybe ableto handle.

Whenreferringto ary les locally, suchasanexecutableghatneedgo be copiedandexecutedon aremote
node,it maybehandyto make useof the

PortletContext. getReal Path (j ava.l ang. Stri ng path)
methodThis methodwill helpavoid hard-codingabsolutepathsin portlets.
Well now the broker is runningandthe users commands beingrun over the Grid...well not exactly. The
broker doesnt know whatresourceso useyet. Luckily thereis aportletthatallows the userto specifytheir
resources.

5.3.8 The Gridb us Broker ResouicesPortlet

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

Thejob of this portletis to tell the broker which resourcego run on. Herethe usercanaddary resources
they wantto be a partof their "Grid”. Remembethatthe proxy will needto be valid on ary resourcehat
is identi ed in orderfor the broker to be ableto accesst on the users behalf. Whena new resources
submittedby the user the portletneedso malke surethereis aninstanceof the farmingengineor elsethere
will benothingto addtheresourceo. Doing this allows resourceso be addedbeforestartingexecutionvia
the Driver portlet:
if (fe == nul ) f
try f

37



Figure10: GBB Resourcefortlet

fe = new GridbusFarmingEngine () ;
g catch (Exception e) fg
session.setAttribute ("fe" ,fe,PortletSessi on.APP LICATI ON_SC®E);
g

Sincethebrokeris alreadyrunning,resourcearenow beingaddecnthe y! Addingresourcesothebroker
is simpleandis detailedelsavherein the manual Within a portalit is thesame- justgetthehostnamdrom
the form andaddit to the farming engine. Note that the default computesener type is globus, andthe
ProxyCredentials giventhe credentiathatwaspreviously retrieved from MyProxy.

if  (reg.getParameter ("type" ).compareTo ("glo bus") == 0) f
ProxyCredential pc = new ProxyCredential 0 ;
pc.setProxy (( GSSCredential ) session.getAttribute ("userCred" )) ;
ComputeServer c¢s = ServerFactory.getComputeServer (req.get Parameter ("host" )) ;

fe.addServer (cs);
g

Whenaddingresourcegprior to startingthe broker with a farmingEngine.  schedul e() , thecall to
schedulewill automaticallyinitialize andstartall availableresourceslf theresourcefiave beenaddedafter
schedulinghasstarted(aswith the pathof this guide)eachresourcewill have to be startedmanually
Whenaresourcds addedtheportletwill shav thattheresources in the”stopped”stateandtherewill bea
"start” buttonbesidet. Theusermustclick onthe”start” buttonto startthe resource Startingtheresource
will allow the broker to identify theresourceasbeingactive andwill thenstartgiving it work to do. If an
invalid resourcas supplied the startupwill fail.
/lget  the current set of compute servers and set the selected server to alive

Collection resources = fe.getServers 0;
ComputeServer c¢s = null ;
for ( Iterator it=resources.iterator () ;it.hasNext 0;:) f
cs = (ComputeServer )itnext () ;
if (cs.getServerlD () .compareTo (req.getPar ameter ("serv erID" )) == 0) f
cs.startup () ;
break ;
g
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g

Thisloop nds whichresourceneeddo bestarted andthencallsthe computesener's startupmethod.The
portletmayreturnbeforetheresources statushasbeenupdatedsoa refreshmay berequiredto updatethe
display A resourcecanalsobestoppediuringexecution. Theimplementations thesame put theshutdevn
methodis calledinsteadof startup.
Anotherway to specifyto the broker which resourcest shoulduseis by usingthe resourcdist le (as
discussee@arlierin themanual).Onecouldimagineallowing usergo uploadaresourcdist andthenpassing
thatontothe broker. Anotheroptionwould beto reada resourcdist thatalreadyexistsonthesener's le
system.Thereis anexampleresourcdist in thedirectory:

gridbusbroker  nwebappnfi les nconfi gnre sourc 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 tRealP at h(" /f il es/c onfig /r esource s. xm" )
This allows theprogrammeto referto resourcegontainedvithin thewebapplications directorystructure.
OtherwiseJava maylook in someotherlocationon the system.

5.3.9 The GridbusBroker Monitor Portlet

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

Figurell: GBB Monitor Portlet
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Thebroker API providesthe programmemvith the ability to getall of thejobsandquerytheir statusinfor-
mation. Usingthis, a simplemonitorcanbe createdo reportthe statusof eachof thejobsbeingrun.
Collection jobs = new Vector () ;
jobs = fe.getdobs () ;

The collectionof the jobsthenneedsto be sentto the view (the JSP)for formatting, whereeachjob will
be queriedfor its status.The broker's overall statuscanalsobe queriedto determinewhetherit is stopped,
running,failed, nished or complete.

/lcheck  the overall status of the broker
if (fe.isSchedulingFailed 0 f
status = "failed"
g else if (fe.isSchedulingFinished 0 f
status = "finished"
g else f
status = "running"

More adwancedthingscanbe done,like checkingwhich sener is executingwhich job, canceljobs, restart
ary jobswhich mayhave failedandsoon. Whatthe programmerdecidego do with all theinformationand

e xibility providedby thebroker is left to theimagination.

Now thebroker has nished executing,but how cantheuserreally tell thatthe commandsveresuccessfully
runontheremotenodes?

5.3.10 The GridbusBroker ResultsPortlet

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

Figure12: GBB ResultsPortlet

This portletdisplays,andallows the userto download, the stdoutgeneratedy eachof theiterations. The
contentof output.4is shavn 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://lhome/bellegrid/GB2.6AC7C2AB-FFCO- E7AE-A4E8-ED23BACHB122/D B11133 186732 96.4/s tdout.
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 the broker having troublecopying les to anabsolutepath
locally. Thisis dueto globus GASSusinghttps URIs andthe inability to specifya drive letter aspart of
thatURI in windows. Becausef this, the outputsarecopiedover from the broker's working directoryinto
adirectorywherethey canbeaccesselly theweb portalwheneer theresultsportletis refreshed.]
Firstthe sourceanddestinatiorfor the copy needto beset:

/Imove results from brokers temp directory to results directory

File tempDir = new File (fe.getTempDirectory 0)

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

"ffiles/results" ) +"/"  +fe.getBrokerlD Q)

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

resultsDir.mkdirs 0 ;
File [] files = tempDir.listFiles 0 ;
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 );

Now all theresultswill becopiedoverto adirectoryrelative to thewebportalsothey canbeeasilyaccessed.
Theonly problemis thatthecopying only happensvhentheportletis reloaded This meanghatif theportlet
is neverreloadedhenthe les will neveractuallybecopied.Thisis justonesolutionto theproblem.Another
solutioncouldinvolve startinga new threadto monitorthebroker's outputdirectoryandcopy resultsassoon
asthey appear Programmershouldalsobe awvarethatary outputfrom anexecution(output les from an
executableanbeaccessetlke this, notonly the stdout.

Well that's it!  This is just an exampleof whatis possible! Hopefully this hasdemonstratediow easily
the broker canbe integratedinto portals. To Grid-enablea legag/ applicationwith a portletinterface,the
programmeneeddo just modify the Driver andResultsportletsto suitthe needsof the application.

5.4 Modifying or Enhancingthe broker codeto suit your needs

The Gridbus broker is an open-sourceffort, andary helpfrom the communityto improve the broker/ x
bugs/ addnew featuresetc. is alwayswelcome. Contrilbutions/ enhancement® the broker codemay be
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includedin future distributions, after beingtestedby the broker developmentteam. The v.2.0 distribution
shipswith all the sourcecode,andthis sectiondescribeghe designmain groupsof APIs from the point
of view of a developerwantingto contrikute towardsthe broker development. The following information
appliesto thosewho wantto modify the broker sourcecodeto suit their needsfor example,write custom
schedulersmiddlevareplug-ins,application-desaption interpretersetcfor the broker.

5.4.1 Application Interfaces/ Application Description Inter preter APIs

The rst stepbeforerunningary grid-applicatiorwould beto describdt in someform. This stepbasically
involves capturingthe requirementand codifying themin a formatthat canbe interpretedoy the broker.
The designof the broker allows it to work with different applicationdescriptions so long asthereare
appropriate’interpreters”which corvert the descriptioninto objectsthat the broker works with, i.e the
applicationdescriptionis mappedo the broker's coreobjectssuchasjobs, seners,datahostsgata les etc.
Thedefaultapplicationdescriptiorsystempasedn XML is providedwith thebrokeris XPML (Extensible
ParametridModelingLanguage) The XPML schemas abit texty andlengthy soagraphicakepresentation
is shavnin Figs.13,14and15

Figure13: Broker XPML Schemaiagram

Theentireschemads notyet fully implementedn thebroker. The XPML interpretelis designedo be e x-
ible sothatchangesn the schemaare easilyaccommodatedit makesextensie useof the Javare ection
API. Theentrypointinto the XPML interpreteilis the parseXML methodof the XMLReader class.This
loadsanInterpreterclasshy re ection, andcallsits processnethod.In this casethe Xpmlinterprete r
is loaded. The interpreterprocesseshe parameterdy calling the ParameterProcess or classagain
usingre ection, which in turnre ects on eachelementhatoccursinsidea jparameterglement.Theidea
hereis to beeasilyableto addextensiongo theschemawhile minimizing thechangeshatneedto bemade
to the interpretationprocess.So the ParameterProce ssor cancall oneof IntegerProcess  or,
StringProcessor , GridfileProcess or etc.After all theparameterareparsedtheXpmlinterprete
parsesthe requirementsand task, using the RequirementPro cessor and TaskProcessor . The
TaskProcessor alsousesre ection to parseeachCommand.

So,methoddike processCopy,  processExecute , processGCopy etcarecalledby re ection.
Thismalkesit easyto addanew typeof commando theschemaandall thatis neededvouldbeto addanew
processXXXXX methodto the TaskProcessor to handlethenen commandThe parameteraretasks
parsedarethenconvertedinto variablesandaddedo jobswhich arecreatedy the Xpmlinterprete r.
To malke the broker work with differentapplicationdescriptionschemesan interpreterfor the particular
descriptionneeddo bewritten. Theinterpreteiwould ideally provide methodssimilar to the XMLReader
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Figurel14: Broker XPML SchemaDiagramContd..

class.Currentlystrictinterfacerequirementslo not exist. Programmersvriting interpretersareencouraged
to take alook at the codeof the XMLReader andcreateclasse®n similar lines. In future versionsof the
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Figurel15: Broker XPML SchemaiagramContd..
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broker, it is plannedo provide well-de nedinterfaceso write interpretergor otherapplicationdescriptions.

5.4.2 Porting the broker for different low-level middleware

The currentversionof the broker supportsGlobus 2.4, Globus 3.2, Alchemi 0.8, andUnicore4.1 (experi-
mentalsupport).Eachof the middlevareplug-ins(exceptGlobus 3.2) hasits own packagen thebroker;i.e
the Glohus relatedclassesarein the org.gridlus.broler.farming.canmon.gldus packageAlchemirelated
classesn org.gridlus.brolerfarming.canmon.altiemiandsoon. So,to supporta nev middlevaresystem,
onejust needsto createsomemiddlevare speci ¢ classesvhich conformto a certainspeci cation. This
sectiongivesdirectionsonhow to implementaner middlevareplug-inandabrief descriptiorof the Globus
implementation.

To supporta new middlevare,certainmiddlevarespeci ¢ classesieedto be written for the broker. These
includea middlevarespeci c ComputeServer classandJobWrapper class.The ComputeServer
abstractlassneeddso be extendedandall theabstracmethodsareto beimplementedThesenclude:

discorerProperties
queryJobStatus
shutDavnSener
updateStatus

EachComputeServer hasan associatedComputeServerMa nager which is a genericmiddlevare
independentlasswhich managegob submissiorto the ComputeServer , usingalocal job buffer. The
discoverPropert ie s methodis calledwhentheComputeServerMa nager is started.Thismethod
is meantto setthe middlevare speci c propertiesandinitialize ary other elds in the ComputeServer
sub-class.This methodis usedto setthe "alive” statusof the sener. Typically the sener is pingedand
gueriedfor informationin this method.If this methodfails, it is assumedhatthesener cannotbecontacted,
andit will not be consideredo be alive. Only senerswhich arealive are usedduring scheduling. The
prepareJob methodis meantto setthe middlevarespeci ¢ JobWrapper for the job, andalsosetthe
senerfor thejob. ThequeryJobStatus  isusedo querythestatusof ajob executingontheremotenode.
It recevesthejob handleagumentasagenericJava Object. Usingthejob handle thequeryJobStatus

is meantto nd out the statusof the job, interpretits meaningand mapit to one of the genericstatus
codesde ned in the Job class. The statuscodesde ned are all integersandthe queryJobStatus is
expectedto returnaninteger The shutDownServer methodis provided for any middlevare speci c
cleanup proceduresvhich needto be performedoncefor eachsener beforeclosingdown the broker. The
updateStatus  methodis meantfor updatingthestatuseld of theComputeServer . (Thisis provided
for future use,eventhoughthe currentversionof the broker doesnt really usethe status eld. The broker
mainly checkstheisAlive  methodto determinethe sener status).In addition,someof the methodsof
the ComputeServer canbe overriddenif the default implementationdoesnt sufce for a middlevare
speci c sener.

The otherpart of a middlevare plug-in involves creatinga classthatimplementshe JobWrapper inter
face.TheJobWrapper istheobjectthatperformstheactualproces®f sendinghejob to theremotenode
andexecutingit there. Themethodghatneedto beimplementedare-

execute

terminate
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The executemethodtypically readsin a Job, anditeratesthroughall its commandsandvariables. It
thenperformsappropriateoperations suchas creatingscriptsetc... to actually executethe commandsn
ajob's task. Beforeexecutingany commandon the remotenode,a temporarydirectoryshouldbe created
for eachinstanceof the broker. The nameof this directoryis of the form GB2.<brokerID> . Eachjob
is expectedto createa sub-directoryinside this brokertemp directoryon the node. All the "commands”
speci ed in the RunFile packageare expectedto be implementedn someway. Supportfor accessing
datafrom remotedatahostslike SRB for example,alsoshouldbe provided. The jobwrapperis expected
to copy backthe standardoutputand standarderror of eachjob astwo seperateles with namesof the
form : stdout.<jobID> andstderr.<joblD> . Thebroker's JobMonitor  associatedvith each
ComputeServer checksfor the existenceof these les beforereportingthe job's statusas DONE The
copy backof the standardutanderrorareto beimplementedsuchthatthey arethelastthingsthe job does
on theremotenode. The job itself is submittedto the remotenodein "batch” mode,anda handleto the
runningjob is returnedand setvia the setJobHandle = methodof the job. The executemethodis also
expectedo initiate themonitoringof thejob, setits submittedime-stampremotedirectory andjob-handle
for thejob:

job.getServer () .startMonitoring (job);

job.setJobSubmittedTimestamp 0 ;

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

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

The executemethodthereforereturnsimmediatelyafter sendingthe job to the remotenodeand starting
execution. Sincethe job is expectedto be submittedin batchmode, it doesnt wait till the job returns
from the node. (Note: In casethe middlevare doesnt yet supportthe submissiorof batchjobs, andcan
only executejobs interactvely, the JobWrapper for the middlevare may still try to associatesomejob
handlewith it, andreturnimmediatelyafterthe executemethod by startingtheinteractie job onaseperate
thread. This approachis followed in the implementationof the middlewvare plug-in for Alchemi v.0.8.)
Theterminatemethodis providedfor ary job-speci c clean-upoperationghatmay needto be doneon the
remoteside. Theterminatemethodis calledby the JobMonitor  afterthejob is reporteddoneor failed.

As anexamplethe Globusimplementations brie y describedThe Globusimplementatioruseghe Cogkit
v.1.2for submissiorandmanagemenf jobson a Globus node. The samesetof classesareusedfor both
Glohusv.2.4andGlohusv.3.2. The GlobusComputeSe rv er classextendsthe ComputeServer class
andimplementgheabstracimethodsjueryJobStatus , discoverProper ti es, shutDownServer
andupdateStatus . It alsostoregheusers proxythatis usedfor job-submissiony theGlobusJobWrapper
ThequeryJobStatus  methodqueriesthe job on the remoteside usingthe Gramclassof the Cog-Kit.
Thefollowing arethe job-statusmappinggor Glohus:

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 called periodicallyon a job, by the JobMonitor  onceevery polling inter
val which is determinedby the broker con guration. The GlobusComputeSer ver implementsthe
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discoverPropert ie s by queryingthe MDS on the remotenode. The information returnedby the
gueryis usedto setthe propertiesor thecomputesener. If thediscorer propertiedails or theremotenode
cannotbecontactedr ping-edthentheisAlive  ag is settofalse.TheupdateStatus  isimplemented
to do nothingspeci ¢ for Globuscurrently

TheGlobusJobWrappe r implementsheJobWrapper interfaceandperformsall the stepsmentioned
above in thedescriptiorof theimplementatiorof theexecutemethod.A standardnix shellscriptis created
whichincludes*nix shellcommandso implementhevariouscommands$n theRunfile  packageFor ex-
ample,copying les is achiaredby usingglobus-url-cop y ontheremotenodeandstartingupa GASS
senerlocally (oneGassServer s startedfor eachGlobusComputeS er ver ). SRBsupportis built-in
by theuseof SCommandsvhich areacommandine clientinterfaceto SRB.A NodeRequiremen ts job
is implementedn a similar way, exceptthatit doesnt have its own job-directoryinsidethe broker's temp
directoryon the remotenode. All the jobs createsymboliclinks to all les in the broker tempdirectory
(which is the parentof eachjob-directoryon the remotenode). After the shell scriptis createdthe job
RSL is generatedndthe job is submittedusing Gram. A handleis obtainedandsetfor the job, andthe
job monitoris informedto startmonitoringthis job. Theterminatemethodin the GlobusJobWrappe r
justdeletegheshell le whichis storedlocally. However, theshell le is notdeletedf thebrokeris runin
"debug” mode(setusingtheloggerlevel to DEBUG

5.4.3 Schedulers

The scheduleiis a middlevare independentomponentandis only concernedvith allocatingjobs to re-
sourcedasednits internalalgorithm. The designof the broker thereforeallows aryoneto write theirown
schedulerto implementa customalgorithm. Eachscheduleis a classin the org.gridlus.broler.screduler
package. The broker currently shipswith three schedulers DBScheduler DataScheduleand the DB-
DataSchedulefThis sectiondescribesheway to write a customschedulefor the broker.

Every schedulethat works with the broker mustinherit from the Schedulerclass. The schedulemethod
is wherethe algorithmis implemented. The schedulemworks with the jobs and seners collections,and
usesmethodsin the ComputeServer andJobclassto nd outinformationabouta sener or ajob. The
DataHost andDataFile classesare usedin data-avare scheduling(wherethe schedulertakes into
accountheeffectof moving dataaroundthegrid etc.). Theimplementatiorof theschedulenethoddepends
entirelyonthealgorithmchosen.The only thingthatneedgo betakencareof, is to checkwhethera sener
is alive or not beforesubmittingajob to it (usingtheisAlive  method).

Theschedulersncludedwith the broker areall "polling-based”schedulersvhich iteratethroughthe entire
list of jobsadsenersto selectthe bestsener that canexecutea job. For eachpoll, thejobswhich arestill
UNSUBMITTEDare submittedto a suitablesener if oneis found. The submissiontself doesnt depend
on ary middlevare speci ¢ operationsasthatis handledby the middlevare plug-ins. The submitJob
methodof the ComputeServer classis usedto submitajob to asener. Apartfrom theschedulenethod,
the schedulemay chooseto override the updateStats  methodto updatethe statisticsfor jobs and
seners.

Thefarmingengineselectsa schedulebasedon its algorithm”type”. The SchedulerFactor vy classis
usedby thefarmingengineto gettheappropriatescheduler

5.4.4 Persistenceproviders

Thebroker's persistencdeatureis designedo provide scalabilityandfail-safeoperation. The persistence
modelinvolveddumpingtheentirestateandexecutionhistoryof therunningbroker periodicallyto persistent
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storage so thatthe broker canbe revived to its original statein caseof a crashor a failure on the broker
side. Thebroker is ableto berestartedrom its lastknown stateand continueexecutingwithout muchloss
in termsof CPUtime taken by the jobsthatwerebeingexecutedon thegrid. The broker recovery process
alsotakescarethat nished jobsshouldnothave to berunagain.Thisfeaturebecome®speciallyimportant
whenconsideringreal-world scenariosandgrid economy The persistencenodelprovided is designedo
useary persistencetorageprovider suchasa databasethe local le-system etc. The Readerand Writer
interfacesde ne abasesetof APIsthatneedto beimplementedy ary persistencerovider. The Stateclass
derivesfrom thefarmingengineandis meantto representhefrozenstateof thebroker atary pointof time.
Thedefaultpersistencerovide thatcomeswith thebroker usesarelationaldatabaseTheReadeandWriter
interfacesareimplementedyy the DBReader andDBWriter classesisingthegenericJDBCAPIS. The
database-persistanéeatureis expectedto work with ary JDBC compliantRDBMS and hasbeentested
with mySQL (v.3.22andabove). Thebroker databaselesignis shavn in Fig. 16:

The designhasthe Broker table, centralto all otherentitiesin the databaseThereis onerecordfor each
run of the broker in this table. The othertablesstoreinformation aboutthe main broker components
ComputeSermrs,Jobs,Tasks, Variables DatahostsData les - all linked with theuniquebrokerid. All the
tablesareupdatedoeriodically by thescheduleby calling the "store” methodin thefarmingengine.

If adatabase&loesnt suit one’s needdfor persistenceit is a simpletaskto write a persistencg@rovider for
thebroker, by simplyimplementinghe ReadelandWriter interfaces.

The recorery processnvolves reviving the broker to a statethat waslast recordedon persistenstorage.
Theuniquebroker instanced is arequiredinputfor this modeof operation.Therecovery follows the steps
outlinedbelow:

readandcreatethe broker instance(the stateobject)associateavith thegivenid

populatethe stateobjectwith thecon guration propertiesusedprior to thefailure
createthesenersfrom the savedstate

createthedatahostanddata le objectsfrom the saved state
createthevariablestaskandjobs (in thatorder)from the saved state

startup the manageandmonitorthreadsassociateavith eachcomputesener

recoer thejobswhich arealreadyrunningonthegrid. (re-querystatusandrecover job outputs)

resumeschedulingpf jobswhich arenotsubmitted.

5.4.5 Authentication mechanisms

As the broker supportsvariousmiddlevare, it alsonaturally supportsthe differentways of authenticating
to resourcespn behalfof the user Currentlythe following methodsof authenticatiorwith resourcesre
implemented:

x.509proxy certi catesgeneratedocally
x.509proxiesstoredin MyProxy which canberetrieved by thebroker

Simpleauthenticatiorusinga username passwverd pair
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Figure16: Broker Databas@®esignDiagram
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Keystore-baseduthentication

Thex.509proxiesareusedfor GlobhusresourcesandGSl-enableRBsystemsKeystoresareusedfor
Unicorenodeswhile Alcheminodesaresuppliedwith ausername/pas&sd pair for authentication.

The UserCredential classandits subclassesepresenthe variouscredentialghat handleauthen-
ticationto remotegrid nodes.To be ableto supportotherwaysof authenticationthe UserCredentiatlass
would needto be extended,andappropriatemechanismis to be implemented.As the broker is portedto
moremiddlevare, it will alsosupportotherauthenticationmechanismssneeded.

6 TROUBLESHOOTING

This sectionhas someinformation on troubleshootinghe broker. It will be kept up-to-dateonline at :
http://www.grid bus. or g/b ro ker/ 2. O/manual

If you geta ClassNotBundExceptiorwhile runningthe broker, pleasemalke surethe broker jar and
all otherjar librariesarein the classpath

When using the broker in Gridsphereportlets running on Windows, the system-usedir is setto
C: nwindows nsystem32 sincethe portlet containerruns asthe SYSTEM user So, the broker
temporarydirectoryis createdn theconfig nsystemprofi  le subdirectoryof the Windows sys-
temdirectory

7 KNOWN ISSUES/ LIMIT ATIONS

As with ary softwaremadeby anyone,the broker hasits own limitations. Someof the mostohbviousones
arelistedhere:

The broker expectsGlohus certi catesto be in their default directories. So, the usercert.penand
userley.pemneedto belocatedin the.globusdirectoryin theusers homedirectory Thenext version
of the broker will have APIs in the GridProxyUtil classto specifythe glohus certlocationsto
overridethis default behaiour

Thegrid-proxy utility in the broker usesthe librariesin the Cog-Kit andJava, which echopasswerd
to the stdout. This is aninherentproblemwith Java anduserswho wish to avoid this shouldsimply
initialise the broker beforestartingit, sothatthe broker canpick up the existing proxy:

Thebroker considersall pathson the local nodeto berelatve to eitherits local directoryor its temp
directory as con gured in the Broker.properties. This is mainly a problemif usingthe XPML to
specify the applicationdescription. The "copy” commandsn the XPML assumehe pathsare all
relative to the local directoryof the broker. This issuedoesnot arisewhenprogramminghe broker,
sinceanabsolutegpathcanbe setusingthe API.

The Unicore implementations not guaranteedo work, andis still shaly at best. This issuewill
probablytake a while to resole, sinceit involvessettingup a Unicorenodeanddetailedtesting.

Data-avare schedulingmay not be accuratevhenrunningthe broker on Windows, sincethe broker
depend®n Network WeatherService(NWS) for bandwidthdata.NWS is currentlynot availablefor
Windows, andhencethe schedulingnaynotre ect the correctnessf thealgorithm.
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Thebroker canonly work with oneSRB catalogat present.Thisis goingto be x edwhenthe XML-
basedesourcalescriptionis implementedin the next version.

Thefull XPML schemadtself is notimplementedn the currentversion. The schemas likely to be
modi ed andenhancedThefutureversionsof the broker will aim to implementmostof theschema
de nitions.

Globus 3.2 supportwill requirepre-WScomponent®ntheremotenode.A completeGT3.2support
usingthe managed-job-submissi@erviceswill be offeredin the next version.

8 FUTURE DEVELOPMENT PLANS

The Gridhus Broker is a projectin continuousdevelopment. As part of the Gridbus project, it aimsto
implementthe innovationsthat comeout of the researchwork performedby the membersof the GRIDS
lab. Below is a brief aboutthe currentplansaboutthe future developmentpath of the broker. (The list
below mainly dealswith new features Obviously therewill bework goingonto rid the broker of its current
limitationsandalsoimprovementin existing features).

Middleware

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

— Supportfor othermiddlevare/lav-level servicessuchasClarensNorduGrid,CondorG XGrid
etc.

— Implementingamiddlevaresimulatorto runapplicationonsimulatedyrid nodesusingGridSim
ApplicationDescriptioninterfacesandProgrammingnodels

— Extensiongo XPML to includeenumeratedlypes,conditionsandloops,inputvalidation

— Supportfor new applicationdescriptionlanguagesnd programmingmodelssuchas Grid su-
perscalarASSIST, GAT, BPeL4WS

— A new Grid-threadapplicationprogrammingmodelfor creatingdistributedapplicationghatrun
onaglobalgrid

Dataservices

— Improved supportfor SRB (StorageResourceBroker) datahostsncluding GSl-enabledSRB,
optimisationof selectionof SRB datahostsandmultiple SRBfederations

Programmesupport

— Cleanerandenhanced\PlIsfor easieprogrammability

— Thebroker APIs availableasa setof looselycoupledWeb-servicesothat programswritten in
ary languagecantake advantageof the servicesof the Gridbusresourcebroker

— A plug-infor the Eclipsedevelopmentenvironmentto facilitateprogrammingwith (andextend-
ing) the broker.

Userfriendly (GUI/Web-basedjools
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— startingthe broker

— job monitoring

— browsingandanalysingthe broker databas@ndexecutionlogs

— generatiorandmodi cation of XPML andresourcealescriptionXML

Others

— Improved performancescalabilityandrobustness
— Advancedschedulingalgorithms

— Supportfor Grid Marker Directory service,VO directoriesand otherinformation servicesas
CommunityAuthorizationService(CAS).

— Supportfor grid-economymodelvia GridBank
— Ability to invoke ary webservicausingthe broker dynamicallyatruntime
— XML-basedpersistencéor removing dependencen anexternaRDBMS

9 CONCLUSION AND ACKNOWLEDGMENTS

This manualattemptsto explain the designof the Gridbus Broker, how to install, con gure, and useit.

The programmes manualaimsto help programmeraisethe broker in their own programsand how to
extendthe broker to tailor it to varioussituations. The Gridbus Broker teamwould be very happy to an-
swerary queriesthat you may have regardingthe Broker. Relevant contactinformationis given below.

Contact: Dr. RajkumarBuyya(raj@cs.mu.oz.augrikumarVenugopal(srikumar@cs.mu.o2.alrishna
Nadiminti(kna@cs.mu.oz.auusseinGibbins(hag@cs.mu.oz.au)

We would like to take this opportunityto acknavledgeall the help and supportextendedto us by all the
memberof the GRIDSIlab, CSSEDepartmentMelbourneUniversity ThePortletssectionwascontrituted
by Husseinon the basisof his experienceof usingthe Broker with the BioGrid Portal development. We
would to give our specialthanksto Dr. FanelDonea,TheoryVO Scienti ¢ ProgrammeCentrefor Astro-
physicsand SupercomputingSwintkurne University for his commentsaboutthe broker, which hashelped
to make this manualbetterthanwhatit would have beenotherwise.We would alsolike to thankDr. Lyle
Winton (Schoolof PhysicsUniversity of Melbourne)for his contritution to theintial thoughtsover Broker
design.

[Note: Thelatestversionof this manualwill be availableonlineat

http://www.grid bus. or g/b ro ker/ 2. O/manualv 2. pdf ]
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