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Abstract

The NorduGrid middleware,ARC, hasintegratedsup-
port for queryingandregisteringto DataIndexing services
suchas the Globus ReplicaCatalogand Globus Replica
Location Server. This supportallows one to use these
indexing servicesfor for example brokering during job-
submission,automaticregistrationof �les andmany other
things.This integratedsupportis complementedby asetof
command-linetools for registeringto andqueryingthese
DataIndexing services.

In this article we will describeexperienceswith these
indexing servicesboth from a daily work point of view
and in productionenvironmentssuchas the Atlas Data-
Challenges1 and 2. We will describethe advantagesof
suchDataIndexing servicesaswell astheir shortcomings.
Finally we will presenta proposalfor an extendedSmart
Indexing Servicewhichshoulddealwith theshortcomings
described.Suchan indexing serviceis beingdesignedat
themoment.

NORDUGRID AND THE ARC
MIDDLEW ARE

TheNorduGridprojectwasinitiated in 2001by univer-
sitiesin theNordic countrieswith thegoalof developinga
Grid-architecturemeetingtherequirementsof scientistsin
the Nordic countries. Startingout as a grid-projectwith
emphasison batch processingsuitablefor problemsen-
counteredin High Energy Physics,it hasnow developed
into a rathergenericGrid systemusedby a growing num-
berof scientistsin all �elds of science.TheNorduGridar-
chitectureis a light-weight,non-invasiveanddynamicone,
but robustandscalableenoughto meetthemostchalleng-
ing tasksin science.

ARC (Advanced ResourceConnector) is the Grid-
middleware developedby the NorduGrid project. It is
basedon the Globus librariesandAPI but containsorig-
inal architecturesolutions,servicesand implementations.
It now supportsoneof the largestGrid productionsystem
with 10 countries,morethan40 differentsites,morethan
5000CPU's andabout30TB of storage.
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Featuresof theARCmiddleware

ARC is currently built on top of Globus Toolkit 2 but
with coreservicesreplaced.The alternateservicesdevel-
opedby NorduGridis

� TheGrid Managerthat

1. Checksusercredentialsandauthorization.

2. Handlesjobslocallyonclusters(interfacesto the
LRMS).

3. Handlesstage-inandstage-outof �les automat-
ically.

� InformationSystembasedon Globus MDS but with
anextendedNorduGridschema.

� Lightweight User-interface with a builtin resource
broker.

� ThexRSL (extendedRSL) job-descriptionlanguage.

� TheGrid Monitor for livecluster- andjob-monitoring
— availableat �������	��
�
�
�
�
	����������������������������
������ ������� .

For a thoroughdescriptionof theNorduGridARC middle-
ware,see[1].

INDEXING SERVICES

NorduGrid hasthe standardGlobus Indexing Services
deployed. The Globus ReplicaCatalog[2] hasbeende-
ployedsincespring2002andbeenusedastheprimaryin-
dexing server for abouttwo years.It wasin particularused
duringATLAS Data-Challenge1 to keeptrackof data�les
storedonvariousNorduGridStorageElements.

The Globus ReplicaLocationService[3] hasbeende-
ployedandusedsincethebeginningof 2004andhasbeen
usedastheprimary indexing servicein theATLAS Data-
Challenge2. A detailedrecordof theNorduGridinvolve-
mentin ATLAS Data-Challenge2 is givenin [4].

In the following we will describethe featuresof these
indexing servicesandthebuiltin ARC supportfor both.



TheGlobusReplicaCatalog

TheGlobusReplicaCatalog(RC) basicallystoresmap-
pingsbetweenlogical�lenamesandphysical�les storedon
storageserverssomewhere.Thedefault implementationof
theRC worksagainsta standardLDAP server but theAPI
is generalsothatotherimplementationsfor examplebased
onSQL arepossible.

TheGlobusReplicaLocationService

As theRC, theGlobusReplicaLocationService(RLS)
providesmappingsbetweenlogical �lenamesandphysical
�les. Thesemappingsare storedin Local ReplicaCata-
logs (LRCs) that sendinformationaboutthe mappingsto
ReplicaLocationIndices(RLIs). EachRLI thuscontains
mappingsfrom a logical �lename to LRCs. Whena client
wantsto �nd physical�les correspondingto a logical �le-
name,it �rst contactstheRLIs it knowsabout.Thesewill
respondwith a possiblesetof LRCswherethelogical �le-
namecanbefound. Theclient thencontinuesto querythe
LRCsandobtainsthephysical�lenamesfrom these.This
architectureallowsto setuptheRLSasadistributedsystem
with no single point of failure giving betterperformance
andscalability.

ARCsupportfor indexingservices

The ARC Grid ManagerandUser-interfacehasbuiltin
supportfor both the RC andthe RLS. If for examplethe
userspeci�es a logical �lename formed as an �����

���

(in
caseof theRC)or an ���
	��

���

(in caseof theRLS)pseudo-
URL, theUser-interfacewill

� query the speci�ed indexing servicefor the sizeand
locationsof thecorrespondingphysical�les.

� usethe informationobtainedin the resourcebroker-
ing.

Furthermorewhena job hasbeensubmittedwith thespec-
i�cation of sucha pseudo-URL,the Grid Manageron the
chosenclusterwill

� query the speci�ed indexing servicefor the physical
�lename.

� downloadthe physical�le to the cluster— or if the
�le alreadyexistsin thelocal cluster's cache,createa
symboliclink to thesession-directoryof thejob.

� possibly register in the indexing servicethe down-
loadedphysical �le as being available in the local
cluster cache. This can later be usedby the User-
interfaceduringbrokering.

Additionally theGrid Managercanat theendof a job au-
tomatically

� obtainalist of availableStorageElementsbyquerying
theindexing service.

� uploadoutput-�les to oneof theseStorageElements.

� register the output-�les in the indexing servicewith
givenlogical andphysical�lenames.

Furtherinformationaboutthiscanbeobtainedfrom [5].

CommandLineTools

ARC has integratedsupportfor the RC and the RLS
through a set of data-managementcommand-linetools.
Thesetools makes daily task operationson the indexing
servicesmuchsimplerfor theaverageuser.

Thecommand-linetoolsinclude

�
���

��	 — lists physical�les and their attributes. The
usercaneitherspecifya logical or physical�lename.

�
���

�������

�

���

�
�����
��	�� — copy andreplicate�les reg-
isteredin indexing services.Again theusercaneither
specifyalogical �lenameor physical�lename. Multi-
threadedand3rdpartytransfersaresupportedaswell.

�
���

���������
� — can delete physical �les and logical
recordsin oneoperation.

EXPERIENCES

In this sectionwe will describesomeof theexperiences
with theabovementionedindexingservices.Emphasiswill
be on experiencesobtainedduring NorduGridproduction
in theATLAS Data-Challenges.

UsingtheRCin ATLASData-Challenge1

NorduGridparticipatedin ATLAS Data-Challenge1 and
contributedwith about5percentof thetotalworldwidepro-
duction. We usedtheRC astheprimary indexing service
duringthewholeof thisData-Challenge.A snapshotof the
ReplicaCatalogBrowserthatwasusedduringtheproduc-
tion is shown in �gure 1. See[6] for a thoroughaccountof
this Data-ChallengeonNorduGrid.

Unfortunately during this Data-Challenge, the RC
crashedat randomtimesandhadto be restartedoften. In
theend,wehadto runascriptthatcheckedwhethertheRC
wasrespondingandrestartit if it wasnot. This wasnot a
completelysatisfactorysolution.

In thedefault installation,theRCrequirescleartext pass-
words for authenticationwhich is hardly optimal. How-
ever, this waspatchedby NorduGridto allow for ordinary
GSI-certi�cate-basedauthentication.

TheRCsupports�le-collectionsandputtingarbitraryat-
tributeson logical �les which is essential.But despiteits
supportfor collections,theRC is not very �e xible sincea
�le canonly belongto onecollectionat a time.

Furthermorethe RC command-linetools are not very
easyor logical to work with.



Figure1: A snapshotof theReplicaCatalogBrowserused
duringData-Challenge1

UsingtheRLSin ATLASData-Challenge2

In the ATLAS Data-Challenge2 production,we used
Globus RLS as the primary indexing service. The RLS
hasa reasonablylogical client API which makesbuilding
RLS-client-interfaceseasy. We usedthis in the Dulcinea
executorasdesribedin [4].

RLS by default usesGSI for authenticationbut canalso
be setupto allow anonymousqueries. In our experience,
the RLS is generallyvery responsive — answeringeven
very complex wildcardandattributequeriesin a matterof
seconds.

However, duringtheproductionRLSsufferedfromsome
of thesamediseasesasthe RC. The RLS would freezeat
randomtimesseveraltimesadaynot respondingto queries
anymore.Thereforewe hadto construct,asfor theRC,an
automaticrestart-scriptthat pingedthe RLS and if it did
not respond,kill it andrestartit. Recentlyapatchhasbeen
releasedby theRLS-developersthatshouldsolvethisprob-
lem. After applyingthis patch,our RLS hasnow beensta-
ble for morethana month.

RLShasnobuiltin supportfor logicalcollectionsbut in-
steadassumesthat this is providedby anadditionalmeta-
dataservice.Suchametadataservicedonotexist atpresent
time. Thereforetheuseof special�le-attributesis theonly
way to supportcollectionswithin RLS. However, this ap-
proachis somewhat arti�cial andnot entirely satisfactory
sincethenotion of collectionsbecomesvery VO-speci�c.
It would bemuchnicerto have a commonnotionof a col-
lectionin RLS.

Also the RLS command-line interface,
�

��������	������
	��
����� , as for the RC, is not very logical
to work with — often requiring guesswork to get the
commandsright.

To sumup, neitherthe RC nor the RLS hasbeensatis-
factoryneitherduringproductionor in dailyworkandlacks
someof thefunctionalityonewouldexpectto seeandneed
to have in anindexing service.

FUTURE INDEXING SERVICES

Neitherof theindexing servicesdescribeddo satisfythe
requirementsthatanindexing serviceneedsto satisfyto be
ableto copewith theamountof datathatis producedwhen
LHC start.

Therefore NorduGrid is at the moment designing a
new indexing service,a so-calledSmartIndexing Service
(SIS). The following is a non-exhaustive list of design-
requirements:

� It musthaveGSIauthentication.
� It musthavesupportfor logical collections.

1. with no restrictionson how many collections
each�le canbein.

2. with supportfor sub-collectionsandemptycol-
lectionsaswell.

� It musthavesupportfor arbitrary�le-attributes.
� It musthave �ne-grained access-control— with the

possibilityof giving read-andwrite-accessto collec-
tionsbasedona user'scerti�cate.

� The access-restrictionsof the physical �les on the
StorageElementsshouldbe re�ected in the indexing
server.

Sucha SIS would naturallywork togetherwith the Smart
StorageElementdevelopedwithin NorduGrid[7] andthus
would consistutea secondsteptowardsa fully functional
data-managementsystemmeeting the requirementsim-
posedby LHC-data-analysis.
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