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Abstract. The objectiveof the EuropearDataGrid(EDG) projectis to assisthe next

generationof scientific exploration, which requires intensive computation and

analysisof sharedlarge-scaledatasetsfrom hundredsof terabytesto petabytes,
across widely distributed scientific communities. We see these requirements
emerging in many scientific disciplines, including physics, biology, and earth

sciencesSuchsharingis madecomplicatedby the distributednatureof theresources
to be used thedistributednatureof the researcltommunitiesthe sizeof the datasets
and the limited network bandwidth available. To addresstheseproblemswe are

building on emerging computationalGrid technologiesto establisha research
network that is developing the technology components essential for the

implementationof a world-wide data and computationalGrid on a scale not

previouslyattemptedAn essentiapartof this projectis the phasedlevelopmenand

deployment of a large-scale Grid testbed.

The primary goalsof thefirst phaseof the EDG testbedwere: 1) to demonstrat¢hat

the EDG software componentscould be integrated into a production-quality
computationalGrid; 2) to allow the middlewaredevelopergo evaluatethe design
and performanceof their software;3) to exposethe technologyto end-usergo give

themhands-orexperienceand4) to facilitate interactionandfeedbackbetweenend-
usersanddevelopersThis first testbeddeploymentwasachievedowardsthe end of

2001 and assessedluring the successfuEuropeanUnion review of the projecton

March 1, 2002.In this article we give an overviewof the currentstatusand plansof

the EDG project and describe the distributed testbed.



Introduction

Advancesin distributedcomputing,high quality networksand powerful and cost-

effective commodity-basedcomputing have given rise to the Grid computing
paradigm[6]. In the academicworld, a major driver for Grid developmentis

collaborativesciencemediatedby the useof computingtechnology oftenreferredto

as e-science.While scientistsof many disciplines have been using computing
technology for decades(almost pre-dating computing science itself), e-Science
projectspresenfreshchallengedor a numberof reasonssuchasthe difficulty of co-

ordinating the use of widely distributedresourcesowned and controlled by many

organisationsThe Grid introduceghe conceptof the Virtual Organisatio(VVO) asa

group of both usersand computingresourcesrom a numberof real organisations
which is brought together to work on a particular project.

The EU DataGrid (EDG) is a projectfunded by the EuropeanUnion with M
throughthe FrameworkV IST R&D programme(seewww.eu-datagrid.org). There
are21 partnerorganisationgrom 15 EU countries,with a total participationof over
200people for a periodof threeyearsstartingin January?2001.The objectivesof the
project are to support advancedscientific researchwithin a Grid environment,
offering capabilitiesfor intensive computationand analysisof sharedlarge-scale
datasetsfrom hundredsf terabytedo petabytesacrosswidely distributedscientific
communities. Such requirementsare emerging in many scientific disciplines,
including particle physics, biology, and earth sciences.

The EDG projecthasnow reachedts mid-point, sincethe projectstartedon January
12001 andtheforeseerendof the projectis on Decembei31* 2003.At this stage,
very encouragingesultshavealreadybeenachievedin termsof the major goalsof
the project, which are the demonstratiorof the practicaluse of computationaland
dataGridsfor wide andextendediseby the high energyphysics bio-informaticsand
earth observation communities.

A productionquality testbedhasbeensetup andimplementecdat a numberof EDG
sites,while a separatelevelopmentestbedaddresseshe needfor rapid testingand
prototypingof the EDG middleware The EDG productiontestbedconsistscurrently
of tensites,spreadaroundEurope:at CERN (Geneva)]NFN-CNAF (Bologna),CC-
IN2P3 (Lyon), NIKHEF (Amsterdam),INFN-TO (Torino), INFN-CT (Catania),
INFN-PD (Padova),ESA-ESRIN (Frascati),Imperial College (London), and RAL
(Oxfordshire). The EDG developmenttestbed currently consists of four sites :
CERN, INFN-CNAF, NIKHEF, and RAL. The reference site for the EDG
collaborationis at CERN,where,beforeany official versionof the EDG middleware
is released, the initial testing of the software is performed and the main
functionalities are proven, before distribution to the other development testbed sites.

The EDG collaborationis currently providing free, opensourcesoftwarebasedon
the Linux RedHat 6.2 platform. A rangeof standardnachineprofiles is supported
(Computing Element, StorageElement, User Interface, ResourceBroker, Worker
Node, Network Monitoring Node). The testbedprovidesa set of commonshared



servicesavailableto all certified userswith valid X.509 PKI certificatesissuedby a
Certificate Authority trustedby EDG. A set of tools is provided to handlethe
automaticupdateof the grid-mapfiles on all hostsbelongingto the testbedsites
which allow usersto be authorisedo usethe resourcesA numberof VOs havebeen
defined for the various researchgroupsinvolved in the project. EachVVO hasan
authorisatiorserver(using LDAP technology)to defineits membersanda Replica
Catalogue to store the location of its files.

In this article, besideghis shortintroductionaboutthe history of the projectandits
current status, we give an overview of the technology developed by the project so far.
This is a concreteillustration of the level of maturity reachedby Grid technologies
to addressthe task of high throughput computing for distributed Virtual
OrganisationsThe work of the projectis divided into functional areas:workload
managementdata managementgrid monitoring and information systems,fabric
managementmass data storage, testbed operation, and network monitoring. In
addition there are user communities drawn from high energy physics, earth
observationand biomedical applications.In November-DecembeR001 the first
testbedwas set up at CERN, merging and collecting the developmentwork
performedby the various middlewaredevelopersand the first releaseof the EDG
software was deployed and successfully validated. The project has been
congratulatedfor exceedingexpectations’by the EuropeanUnion reviewerson
March T, 2002, during the first official EU review .



The European Data Grid middleware architecture

The EDG architecturas basedon the Grid architectureproposedby lan Fosterand
Carl Kesselman [6], with a reduced number of implemented services.
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Fig. 1. The schematic layered EDG architecture: the Globus hourglass

Sixteenserviceshave beenimplementedby the middlewaredeveloperspasedon

original coding for some servicesand on the usageof the Globus 2 toolkit (see
www.globus.org)or basicGrid infrastructureservices:authentication(GSl), secure
file transfer(GridFTP), information systems(MDS), job submission(GRAM) and

the GlobusReplicaCatalogueln additionthe job submissionsystemusessoftware
from the Condor-Gproject[8]. The middlewarealsorelies on generalopensource
software such as OpenLDAP.
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The middleware developmentis divided into six functional areas: workload
managementdata managementGrid Monitoring and Information Systems fabric
managementmnassdatastorage,and network monitoring. A sketchof the essential
EDG architectureis shownin Figure 1 [1], where the relationshipbetweenthe
OperatingSystemGlobustools, the EDG middlewareandthe applicationss shown.
The EDG architecturds thereforea multi-layeredarchitecture At thelowestlevelis
theoperatingsystem.Globusprovidesthe basicservicesor secureandauthenticated
use of both operating system and network connections to safely transfer files and data
and allow interoperationof distributed services.The EDG middleware usesthe
Globusservicesandinterfacego the highestlayer, the userapplicationsrunningon
the Grid.

The multi-layeredEDG Grid architectureis shownin Figure 2 and Figure 3, which
show the different layers from bottom to top, namely: the Fabric layer, the
underlyingGrid Servicesthe Collective Servicesthe Grid Application layer and, at
the top, a local application accessinga remote client machine.Figure 3 groups
togetherand identifies the main EDG services At the top of the whole system,the
local application and the local databaserepresentthe end user machine, which
executesan applicationrequestingGrid services,either submittinga Grid job or
requestinga file throughthe interfacesto the list of files storedon the Grid and
published in a Replica Catalogue.
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Fig. 3. The EDG service architecture

Workload Management System (WMS)

The goal of the Workload ManagemenSystemis to implementan architecturefor
distributedschedulingandresourcemanagemenin a Grid environmentlt provides
to the Grid usersa set of tools to submit their jobs, have them executedon the
distributed Computing Elements(a Grid resourcemappedto an underlying batch



system),get information abouttheir status,retrievetheir output,and allow themto
accessGrid resourcesin an optimal way (optimizing CPU usage,reducing file
transfertime andcost,andbalancingaccesgo resourcebetweerusers)lt dealswith
the Job Manager of the Grid Application layer and the Grid Schedulerin the
Collective Serviceslayer. A functional view of the whole WMS system is
represented in figure 4.

The WMS is currently composed of the following parts:

- UserlInterface (Ul): Theaccesgoint for the Grid user.A job is definedusingthe
JDL language(see below), which specifies the input data files, the code to
execute the requiredsoftwareenvironmentand lists of input and outputfiles to
be transferredwith the job. The usercanalsocontrolthe way in which the broker
chooseghe best-matchingesourceThejob is submittedto the ResourceBroker
using a commandline interfaceor a programmaticAPI; there are also several
groups developing graphical interfaces.

- ResourceBroker (RB): This performsmatch-makingbetweenthe requirements
of a job and the availableresourcesand attemptsto schedulethe jobs in an
optimal way, taking into accountthe datalocationandthe requirementspecified
by the user. The information aboutavailableresourcess readdynamicallyfrom
the Information and Monitoring System. The schedulingand match-making
algorithmsusedby the RB arethe key to making efficient useof Grid resources.
In performingthe match-makinghe RB queriesthe ReplicaCataloguewhich is a
serviceusedto resolvelogical file names(LFN, the genericnameof afile) into
physical file names(PFN, which gives the physical location and nhame of a
particularfile replica). The job canthenbe sentto the site which minimisesthe
cost of network bandwidth to access the files.

- Job Submission System (JSS):This is a wrapperfor Condor-GJ[8], interfacing
the Grid to a Local ResourceManagementSystem (LRMS), usually a batch
systemlike PBS,LSF or BQS. Condor-Gis a Condor-Globugoint project,which
combinesthe inter-domainresourcemanagemenprotocolsof the GlobusToolkit
with the intra-domainresourceandjob managemeninethodsof Condorto allow
high throughput computing in multi-domain environments.

- Information Index (I): Thisis a GlobusMDS index which collectsinformation
from the GlobusGRIS informationserversrunningon the variousGrid resources,
published using LDAP, and read by the RB to perform the match-making.
Information items are both static (installed software,numberof available CPUs
etc) and dynamic(total numberof runningjobs, currentavailabledisk spaceetc).
The information is cached for a short period to improve performance.

- Logging and Bookkeeping(LB): The Logging and Bookkeepingservicestoresa
variety of information about the statusand history of submittedjobs using a
MySQL database.



Job Description Language (JDL)
The JDL allows the various componentsof the Grid Schedulerto communicate
requirements concerning the job execution. Examples of such requirements are:

Specificationof the executablgprogramor scriptto be run and argumentgo be
passed to it, and files to be used for the standard input, output and error streams.
Specificationof files that shouldbe shippedwith the job via Input and Output
Sandboxes.
A list of input files and the access protocols the job is prepared to use to read them.
Specificationof the ReplicaCatalogueto be searchedor physicalinstancesof
the requested input files.
Requirementon the computing environment(OS, memory, free disk space,
software environment etc) in which the job will run.
Expected resource consumption (CPU time, output file sizes etc).
A ranking expressionused to decide betweenresourceswhich match the other
requirements.

TheclassifiedadvertisementéClassAd§languagedefinedby the Condorprojecthas
been adoptedfor the Job Description Languagebecauseit has all the required
properties.
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Fig. 4. The Workload Management Systemand its components:interaction with other
EDG elements. The future component HLR (Home Location Register) is also shown.

In orderfor auserto havea job correctlyexecutedbn a workernodeof anavailable
ComputingElementthe user’'scredentialhaveto be transmittedby the creationof a



proxy certificate. A user issuesa grid-proxy-init commandon a user interface
machineto createan X.509 PKI proxy certificate usingtheir locally storedprivate
key. An authenticatiormrequestcontainingthe proxy public and private keysandthe
user'spublic key is sentto a server;the servergetsthe requesiand createsa coded
messagdy meanf the user’spublickey, sendingt backto the userproceson the
Userlnterfacemachine.This messagés decodedy meansof the user’sprivatekey
andsentbackagainto the server(in this casenormallythe ResourceBroker). When
theservergetsthe correctlydecodednessagé canbe sureaboutthe user’sidentity,
so that an authenticateathannelcan be establishedand the usercredentialscan be
delegated to the broker.

UsersuseCondorClassAds-likestatementinsidea JDL (JobDescriptionLanguage)
file to describethe job theywant to be executedby the Grid. This includesa list of
input data residing on StorageElements(Grid-enableddisk or tape storage),and
placesrequirementson the featuresof the computenodeson which the job will
executeThesecanbe chosernfrom the setof informationdefinedby the schemaused
by the information system,and includes suchthings as operatingsystemversion,
CPU speed, available memory etc.

Userscandefine an Input Sandboxwhich is a setof files transferredto a Worker
Nodeby meansof GridFTPby the ResourceBroker, sothatanyfile requiredfor the
job to be executed(including the executablétself if necessaryran be sentto the
local disk of the machinewherethe job will run. Similarly, the usercanspecifyan
OutputSandboxwhich is a setof files to be retrievedfrom the Worker Node after
thejob finishes(otherfiles are deleted).The files in the OutputSandboxare stored
on the RB node until the user requests them to be transferred back to a Ul machine.

The JDL can also specify a particularrequiredsoftwareenvironmentusing a set of
user-definedstringsto identify particularfeaturesof the run-time environment(for
example, locally installed application software).

A specialfile, calledthe BrokerlInfofile, is createdby the ResourceBrokerto enable
a running job to be awareof the choicesmadein the matchmaking,n particular
aboutthe StorageElement(s)ocal to the chosenComputingElement,andthe way to
accesshe requestednput files. The Brokerinfo file is transferredto the Worker
Node along with the Input Sandbox,and can be read directly or with an API or
command-line tools.

Users have at their disposala set of commandsto handle jobs by meansof a
commandine interfaceinstalledon a UserInterfacemachine,on which they havea
normallogin accountand have installed their X509 certificate. They can submita
job, queryits status,getlogging information aboutthe job history, cancela job, be
notified via email of the job’s execution,andretrievethe job output. Whena job is
submittedto the systemthe usergetsbacka Grid-wide unique handleby meansof
which the job can be identified in other commands.



Data Management System (DMS)

The goal of the Data ManagemenBystemis to specify,develop,integrateand test
tools and middlewareto coherentlymanageand sharepetabyte-scalenformation
volumesin high-throughputproduction-qualitygrid environmentsThe emphasigs
on automation easeof use,scalability, uniformity, transparencyand heterogeneity.
The DMS will makeit possibleto securelyaccessmassiveamountsof datain a
universalglobal name space,to move and replicate data at high speedfrom one
geographicasite to another andto managesynchronisatiorf distributedreplicasof
files or databasesGenericinterfacesto heterogeneousnassstoragemanagement
systemswill enableseamlesand efficient integrationof distributedresourcesThe
main componentof the EDG Data ManagemenSystem,currently provided or in
development, are as follows:

- ReplicaManager: Thisis still underdevelopmentbutit will managehe creation
of file replicasby copying from one StorageElementto another,optimising the
useof networkbandwidth.It will interfacewith the ReplicaCatalogueserviceto
allow Grid users to keep track of the locations of their files.

- ReplicaCatalogue Thisis a Grid serviceusedto resolvel ogical File Namesinto
a setof correspondingPhysicalFile Nameswhich locate eachreplica of a file.
This providesa Grid-wide file cataloguefor the membersof a given Virtual
Organisation.

- GDMP: The GRID DataMirroring Packageds usedto automaticallymirror file
replicasfrom one StorageElementto a set of other subscribedsites. It is also
currently used as a prototype of the general Replica Manager service.

- Spitfire: This providesa Grid-enablednterfacefor accesgo relationaldatabases.
This will be usedwithin the data managemenmiddlewareto implementthe
Replica Catalogue, but is also available for general use.

The Replica Manager

The EDG ReplicaManagerwill allow usersandrunningjobsto makecopiesof files

betweendifferent StorageElements simultaneouslypdatingthe ReplicaCatalogue,
and to optimise the creation of file replicas by using network performance
information and cost functions,accordingto the file locationand size.It will be a

distributedsystem|.e. differentinstance®f the ReplicaManagemwill be runningon

different sites,andwill be synchronisedo local ReplicaCatalogueswhich will be

interconnectedy the ReplicalLocation Index. The ReplicaManagerfunctionality

will be availablebothwith APIs availableto runningapplicationsandby a command
line interfaceavailableto users.The ReplicaManageris responsiblgor computing
the cost estimatesfor replica creation. Information for cost estimates,such as

network bandwidth, staging times and Storage Element load indicators, will be

gathered from the Grid Information and Monitoring System.



The Replica Catalogue

The ReplicaCataloguehasas a primary goal the resolutionof Logical File Names
into PhysicalFile Names,to allow the locationof the physicalfile(s) which canbe
accessedostefficiently by ajob. It is currentlyimplementedusing Globussoftware
by meansof a singleLDAP serverrunningon a dedicatednachine.In future it will
be implementedby a distributed systemwith a local catalogueon each Storage
Elementanda systemof ReplicaLocationIndicesto aggregatéhe informationfrom
many sites. In order to achievemaximumflexibility the transportprotocol, query
mechanism,and databasebackend technology will be decoupled,allowing the
implementationof a ReplicaCatalogueserverusing multiple databaseechnologies
(suchasRDBMSs,LDAP-basedlatabaser flat files). APls andprotocolsbetween
client and serverare required,and will be providedin future releaseof the EDG
middleware.The use of mechanismspecific to a particular databases excluded.
Also the querytechnologywill not be tied to a particularprotocol, suchas SQL or
LDAP. The useof GSl-enabledHTTPSfor transportand XML for input/outputdata
representatiors foreseenBoth HTTPSand XML arethe mostwidely usedindustry
standards for this type of system.

The ReplicaManager,Grid usersand Grid serviceslike the schedulef WMS) can
accesghe ReplicaCataloguenformationvia APIs. The WMS makesa queryto the
RCin thefirst partof the matchmakingprocessin which a targetcomputingelement
for the executionof a job is chosenaccordingto the accessibilityof a Storage
Elementcontainingthe requiredinput files. To do so, the WMS hasto convert
logical file namesinto physicalfile namesBoth logical and physicalfiles cancarry
additional metadatan the form of "attributes"”.Logical file attributesmay include
items such as file size, CRC check sum, file type and file creation timestamps.

A centralisedReplica Cataloguewas chosenfor initial deployment,this being the
simplestimplementationThe GlobusReplicaCataloguebasedon LDAP directories,
hasbeenusedin the testbedso far. One dedicated_DAP serveris assignedo each
Virtual Organisationjffour of theseresideon a servermachineat NIKHEF, two at
CNAF, andoneat CERN. Usersinteractwith the ReplicaCataloguemainly via the
previously discussed Replica Catalogue and Brokerinfo APIs.

GDMP

The GDMP client-serversoftware systemis a generic file replication tool that
replicatesfiles securelyand efficiently from one site to anotherin a Data Grid
environmentusing several Globus Grid tools. In addition, it managesreplica
catalogueentriesfor file replicas,andthusmaintainsa consistentview of namesand
locationsof replicatedfiles. Any file format canbe supportedor file transferusing
plugins for pre- and post-processingand for Objectivity databasdiles a plugin is
supplied.

GDMP allows mirroring of uncatalogueduser data between Storage Elements.
Registrationof userdatainto the ReplicaCatalogues alsopossiblevia the Replica
CatalogueAPI. The basic conceptis that client SEs subscribeto a sourceSE in

which they haveinterest.The clientswill thenbe notified of newfiles enteredn the



catalogueof the subscribedserver, and can then make copies of requiredfiles,
automatically updating the Replica Catalogue if necessary.

Spitfire

Spitfire is a secure Grid-enablednterfaceto a relationaldatabaseSpitfire provides
secure query accessto remote databaseghrough the Grid using Globus GSI
authentication.

Grid Monitoring and Information Systems

The EDG Information Systemamiddlewareimplementsa completeinfrastructureto
enableend-usefand administratoraccesdo statusand error informationin the Grid
environmentand providesan environmentin which applicationmonitoring can be
carried out. This permits job performanceoptimisation as well as allowing for
problemtracing,andis crucial to facilitating high performancesrid computing.The
goal is to provide easyaccesgo currentand archivedinformation aboutthe Grid
itself (informationaboutresources ComputingElements StorageElementsandthe
Network),for which the GlobusMDS is a commonsolution,aboutjob status(e.g.as
implementedby the WMS Logging and Bookkeeping service) and about user
applicationsrunning on the Grid, e.g. for performancemonitoring. The main
components are as follows:

- MDS: MDS is the GlobusMonitoring and DiscoveryService,basedon soft-state
registrationprotocolsand LDAP aggregatadirectoryservices Eachresourceruns
a GRIS (Grid Resourcdnformation Server)publishinglocal information as an
LDAP directory. Theseserversarein turn registeredo a hierarchyof GlISs(Grid
InformationIndex Servers)which aggregatehe informationandagainpublishit
as an LDAP directory.

- Ftree: Ftreeis an EDG-developedilternativeto the GlobusLDAP backendwith
improved caching over the code in the Globus 1 toolkit.

- R-GMA: R-GMA is a relational GMA (Grid Monitoring Architecture)
implementationwhich makesinformationfrom producersavailableto consumers
asrelations(tables).It alsousesrelationsto handlethe registrationof producers.
R-GMA is consistent with GMA principles.

- GRM/PROVE: GRM/Proveis anapplicationmonitoringandvisualisationtool of
the P-GRADE graphical parallel programming environment, modified for
applicationmonitoringin the DataGridenvironment.The instrumentatioribrary
of GRM is generalisedor aflexible traceeventspecification.The component®f
GRM will be connected to R-GMA using its Producer and Consumer APIs.

A numberof alternativesMDS, FtreeandR-GMA, arebeingconsideredsthe basis

of thefinal EDG informationservice.Theseimplementationgre beingevaluatecand

comparedusinga setof performancescalabilityandreliability criteriato determine
which is the most suitable for deployment.



In the currenttestbedall relevant Grid elementsrun a GRIS, which carriesthe
informationfor thatelementto an MDS GIIS wherethe informationis collected,to
be queried by the Resource Broker and other Grid servers.

EDG Fabric Installation and Job Management Tools

The EDG collaborationhasdevelopeda completesetof toolsfor the managemenbf
PCfarms(fabrics),in orderto makethe installationandconfigurationof the various
nodesautomaticand easyfor the site managersnanaginga testbedsite, andfor the
control of jobs on the Worker Nodes in the fabric. The main tasks are:

User Job Control and Management(Grid and local jobs) on fabric batch and/or
interactive CPU servicesThere are two branches:

- TheGridification subsystenprovidesthe interfacefrom the Grid to the resources
availableinside a fabric for batchand interactive CPU services.It providesthe
interface for job submission/controland information publication to the Grid
services.It also providesfunctionality for local authenticationand policy-based
authorisation, and mapping of Grid credentials to local credentials.

- The Resource Management subsystemis a layer on top of the batch and
interactiveservices(LRMS). While the Grid ResourceBroker managesvorkload
distribution betweenfabrics, the ResourceManagementsubsystemmanageshe
workload distribution and resourcesharingof all batchand interactiveservices
inside a fabric, according to defined policies and user quota allocations.

Automated System Administration for the automatic installation and
configuration of computing nodes.Thesethreesubsystemsaredesignedor theuse
of systemadministratorsand operatorgo performsysteminstallation,configuration
and maintenance:

- Configuration Management provides the componentsto manageand store
centrally all fabric configurationinformation. This includesthe configurationof
all EDG subsystemaswell asinformationaboutthefabric hardware systemsand
services.

- Installation Management handlesthe initial installation of computing fabric
nodes. It also handles software distribution, configuration and maintenance
according to information stored in the Configuration Management subsystem.

- Fabric Monitoring and Fault Tolerance providesthe necessargomponentgor
gathering storingandretrievingperformancefunctional,setupandenvironmental
datafor all fabric elementslit also providesthe meansto correlatethat dataand
execute corrective actions if problems are identified.



The fabric installation and configurationmanagementools are basedon a remote
install and configurationtool calledLCFG (Local Configurator) which, by meansof

aserver,installsandconfiguresremoteclients,startingfrom scratchusinga network
connectiorto downloadtherequiredRPM files for theinstallation,afterusinga disk

to load a boot kernel on the client machines.

The basicarchitecturalstructureand function of LCFG are representedn Figure 5
and are as follows: abstract configuration parametersare stored in a central
repositorylocatedin the LCFG server.Scriptson the host machine(LCFG client)
read these configuration parametersand either generatetraditional configuration
files, or directly manipulate various services.A daemonin the LCFG server
(mkxprof) polls for changesn the sourcefiles andconvertstheminto XML profiles,
one profile per client node.The XML profiles are then publishedon a web server.
LCFG clients canbe configuredto poll at regularintervals,or to receiveautomatic
changenotifications, or they can fetch new profiles in responseto an explicit
commandA daemonin eachLCFG client (rdxprof) thenreadsits associatecKML
profile from the web server and caches it locally (DBM file). LCFG scripts access the
local cache to extract the configuration values and execute changes accordingly.

LCFG internal operation

LCFG client
mkxpr of
rdx |6l
prof pref
LCFG ge”e”c
wrver ompo

nent



The Storage Element

The Storage Element has an important role in the storage of data and the
managemenbf files in the Grid domain,and EDG is working on its definition,
design, software development, setup and testing.

A Storage Element is a complete Grid-enabledinterface to a Mass Storage
ManagemenBystem tapeor disk basedsothat massstorageof files canbe almost
completelytransparento Grid users.A usershouldnot needto know anythingabout
the particularstoragesystemavailablelocally to a given Grid resource and should
only be requiredto requestthat files should be read or written usinga common
interface All existingmassstoragesystemausedat testbedsiteswill beinterfacedto

the Grid, so that their use will be completelytransparentind the authorisationof

usersto use the systemwill be in terms of generalquantitieslike spaceusedor

storage duration.

The proceduresfor accessindfiles are still in the developmentphase.The main
achievementso datehavebeenthe definition of the architectureand designfor the
StorageElement,collaborationwith Globuson GridFTP/RFIOaccessg¢ollaboration
with PPDG on a control API, stagingfrom and to the CASTOR tape systemat
CERN, andaninterfaceto GDMP. Initially the supportedstorageinterfaceswill be
UNIX disk systemsHPSS(High PerformanceStorageSystem),CASTOR (through
RFI0O), andremoteaccessia the GlobusGridFTP protocol.Local file accesswithin
a sitewill alsobe availableusingUnix file accesse.g.with NFSor AFS. EDG are
alsodevelopinga grid-awareUnix filing systemwith ownershipandaccesscontrol
based on Grid certificates rather than local Unix accounts.

The EDG Testbed

EDG has deployedthe middlewareon a distributedtestbed,which also provides
some sharedservices.A central software repository provides defined bundles of
RPMs according to machine type, together with LCFG scripts to install and
configure the software.

Thereare alsoautomatictoolsfor the creationand updateof grid-mapfiles (usedto

mapGrid certificatesto local Unix accounts)neededy all testbedsitesto authorise
usersto accesghe testbedresourcesA new usersubscribego the EDG Acceptable
UsagePolicy by usingtheir certificate,loadedinto a web browser,to digitally sign

their agreementTheir certificate SubjectNameis then addedto an LDAP server
maintainedfor eachVirtual Organisationby a VO administrator Eachsite canuse

this information,togethemwith local policy on which VOs are supportedio generate
thelocal mapfile which authoriseghe userat that site. This mechanisms sketched
in 6.



Thetestbedsiteseachimplementa UserInterfacemachine a Gatekeepeanda setof
Worker Nodes (i.e. a Grid Computing Element), managedby meansof a Local
ResourceManagemenBystem,and a StorageElement(disk only at mostsites, but
with tape storageat CERN, Lyon and RAL). Somesites have also set up a local
ResourceBroker. As a reference,Fig. 7 showsa typical site setupin terms of
machinecomposition,for both developmentand production testbedsnamely the
currentCERN testbedwith production,developmenandservicemachinegnetwork
time server, NFS server, LCFG server, monitoring servers).

New sites are welcometo join the testbed,with a well-defined set of rules and
proceduresin additionthe EDG middlewareis freely available,documentedand
downloadabldrom a centralrepository(the exactlicenseconditionsare still under
review,butwill allow freeuse).All requiredRPMsareavailablefor downloadto an
LCFG server,whichis generallythefirst elemento be setup, by meansof which all

other componentscan be easily installed and configured following the EDG
documentationAlternatively it is possibleto install and configure the softwareby
hand. Only Red Hat Linux version 6.2 is currently supported, but more platforms will
be supported in due course.

Fig. 6. The operation of the makegridmap daemon

The operation of the makegridmap daemon



Fig. 7. The CERN testbed cluster composition

Future Developments

There are a number of important servicesstill in development.The WMS will
introduce an implementationfor billing and accounting,advancereservationof
resourcegpb partitioningandcheckpointingln the datamanagemerdreatherewill
be APIs for Replica Selection through a Replica Optimiser. The first full
implementatiorof R-GMA will be usedandcomparedwith the existinginformation
systems(MDS and Ftree). For fabric managementherewill be the LCAS (Local
Credentialsand Authorization Server)and further tools to replacethe use of Grid
map files to authoriseusersand introduce effective differentiatedauthorisationof
users according to the Virtual Organisationthey belong to (VOMS, Virtual
OrganisationMembershipServer).Also a new high level configurationdescription
languagewill be provided. Interfacesto Storage Elementswill continueto be



developedNetwork monitoring information will be usedto influencethe decisions
of the Resource Broker.

Conclusions

The EuropearDataGrid projecthasalreadyachievedmanyof its goals,statedat the
time of the project conceptiontwo years ago. A production quality distributed
computingenvironmenthasbeendemonstratedy the EDG testbed.lt will now be
enriched in functionality, further improved in reliability and extended both
geographicallyand in terms of aggregateCPU power and storagecapacity. The
community of usershas already successfullyvalidated the use of a large set of
applications, ranging from High Energy Physicsto Bio-Informatics and Earth
Observatior2, 3, 4]. At the sametime developments currentlyongoingto extend
the range of functionality covered by the EDG middleware.

All work packageshave defined an intense schedule of new researchand

developmentwhich will be supportedy the progressiventroductionof high-speed
scientific networkssuch as thosedeployedby RN GEANT. This will increasethe

rangeof possibilitiesavailableto the EDG developersAs an example,EDG has
proposedhe introductionof a Network Optimiserserver,to establishin which cases
it is preferableto accessa file from a remotelocation or to trigger local copying,

accordingto network conditionsin the end-to-endink betweenthe relevantsites.
The developmentof Differentiated Servicesand Packet Forwarding policies is

stronglyencouragedn orderto makeGrid applicationscopebetterwith the dynamic
network performanceand create different classesof servicesto be provided to

different classesof applications, according to their requirementsin terms of

bandwidth, throughput, delay, jitter etc.

The impact of the new Globusfeaturesforeseenby the introductionof the OGSA
paradigmsuggestedy the US Globus developerswhere the main accentis on a
Web Servicesorientedarchitecturejs being evaluatedoy EDG, andan evolution of
the currentarchitecturein that direction could be envisaged.This is proposedfor
futurerelease®f the EDG middlewareandit maybe continuedwith initiativesin the
new EU FP6 framework. An importantcollaborationhasalreadybeenestablished
via the GRIDSTART initiative (www.gridstart.org) with the otherten existing EU
funded Grid projects.In particular,the EU CrossGridproject (www.crossgrid.org)
which will exploit DataGrid technologiesto supporta variety of applications,all
demandingguaranteedquality of service (i.e. real time environmentsimulation,
video streaming and other applications requiring high network bandwith).

Collaboration with similar Grid projects in the US, especially PPDG
(www.ppdg.net), GriPhyN (www.griphyn.org) andiVDGL (www.ivdgl.org) is being
pursuedn collaboratiorwith the sisterprojectEU DataTAG (www.datatag.org). The
main goal of DataTAG is the establishmenof a transatlantidestbedto deployand
testthe softwareof the EDG project.Interestin the EDG projectandits production-
orientedapproachhasalreadyreachedoeyondthe bordersof the EuropeanUnion:




after Russiaand Romania,which have alreadyinstalled the EDG software,some
Asian sites(in Taiwan and South Korea) haveappliedto becomemembersof the
distributed EDG testbed,in order to participate in High Energy Physics data
challenges for data production and simulation.
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