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Abstiact

The NorduGrid middlewvare, ARC, hasintegratedsup-
portfor queryingandregisteringto Datalndexing services
suchas the Globus Replica Catalogand Globus Replica
Location Sener. This supportallows one to use these
indexing servicesfor for example brokering during job-
submissionautomaticregistrationof les andmary other
things. Thisintegratedsupportis complementedy a setof
command-linetools for registeringto and queryingthese
Datalndexing services.

In this article we will describeexperienceswith these
indexing servicesboth from a daily work point of view
and in productionernvironmentssuchas the Atlas Data-
Challengesl and2. We will describethe advantagesof
suchDatalndexing servicesaswell astheir shortcomings.
Finally we will presenta proposalfor an extendedSmart
Indexing Servicewhich shoulddealwith the shortcomings
described.Suchan indexing serviceis being designedat
themoment.

NORDUGRID AND THE ARC
MIDDLEW ARE

The NorduGridprojectwasinitiated in 2001 by univer-
sitiesin the Nordic countrieswith the goal of developinga
Grid-architecturaneetingthe requirement®f scientistan
the Nordic countries. Startingout as a grid-projectwith
emphasison batch processingsuitablefor problemsen-
counteredn High Enegy Physics,it hasnow developed
into arathergenericGrid systemusedby a growing num-
berof scientistdn all elds of science TheNorduGridar
chitecturds alight-weight,non-invasive anddynamicone,
but robustandscalableenoughto meetthe mostchalleng-
ing tasksin science.

ARC (Advanced ResourceConnector)is the Grid-
middleware developedby the NorduGrid project. It is
basedon the Globus librariesand API but containsorig-
inal architecturesolutions,servicesand implementations.
It now supportsoneof the largestGrid productionsystem
with 10 countriesmorethan40 differentsites,morethan
5000CPU's andabout30 TB of storage.
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Featuesof the ARCmiddlevare

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

The Grid Managerthat

1. Checksusercredentialsandauthorization.

2. Handlegobslocally onclusterginterfacegothe
LRMS).

3. Handlesstage-inandstage-oubf les automat-
ically.

Information Systembasedon Globus MDS but with
anextendedNorduGridschema.

Lightweight Userinterface with a builtin resource
broker.

ThexRSL (extendedRSL) job-descriptiorlanguage.

The Grid Monitor for live cluster andjob-monitoring
— availableat

For athoroughdescriptionof the NorduGridARC middle-
ware,se€[1].

INDEXING SERVICES

NorduGrid hasthe standardGlobus Indexing Services
deployed. The Globus ReplicaCatalog[2] hasbeende-
ployedsincespring2002andbeenusedasthe primaryin-
dexing senerfor abouttwo years.It wasin particularused
during ATLAS Data-Challengé to keeptrack of data les
storedon variousNorduGridStorageElements.

The Globus ReplicaLocation Service[3] hasbeende-
ployed andusedsincethe beginningof 2004andhasbeen
usedasthe primary indexing servicein the ATLAS Data-
Challenge2. A detailedrecordof the NorduGridinvolve-
mentin ATLAS Data-Challeng@ is givenin [4].

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



TheGlobusReplicaCatalag

The Globus ReplicaCatalog(RC) basicallystoresmap-
pingsbetweerogical lenamesandphysical les storedon
storagesenerssomavhere. Thedefaultimplementatiorof
the RC works againsta standard_DAP sener but the API
is generakothatotherimplementationgor examplebased
on SQL arepossible.

TheGlobusReplicaLocationService

As the RC, the Glohus ReplicaLocationService(RLS)
providesmappingbetweeriogical lenamesandphysical
les. Thesemappingsare storedin Local ReplicaCata-
logs (LRCs) that sendinformation aboutthe mappingsto
ReplicaLocationIndices(RLIs). EachRLI thuscontains
mappingsrom alogical lename to LRCs. Whena client
wantsto nd physical les correspondingdo alogical le-
name,it rst contactsheRLIs it knows about. Thesewill
respondwith a possiblesetof LRCswherethelogical le-
namecanbefound. Theclientthencontinuesto querythe
LRCsandobtainsthe physical lenamesfrom these.This
architecturallowsto setupthe RLS asa distributedsystem
with no single point of failure giving betterperformance
andscalability

ARCsupportfor indexing services

The ARC Grid Managerand Userinterface hashbuiltin
supportfor boththe RC andthe RLS. If for examplethe
userspeci es a logical lename formedasan (in
caseof theRC)or an (in caseof theRLS) pseudo-
URL, the Userinterfacewill

guerythe speci ed indexing servicefor the sizeand
locationsof thecorrespondinghysical les.

usethe information obtainedin the resourcebroker-
ing.

Furthermorevhena job hasbeensubmittedwith the spec-
i cation of sucha pseudo-URLthe Grid Manageron the
choserclusterwill

qguerythe speci ed indexing servicefor the physical
lename.

downloadthe physical le to the cluster— or if the
le alreadyexistsin thelocal clusters cachecreatea
symboliclink to the session-directorgf thejob.

possibly register in the indexing servicethe down-
loaded physical le as being available in the local
clustercache. This can later be usedby the User
interfaceduringbrokering.

Additionally the Grid Managercanat the endof a job au-
tomatically

obtainalist of availableStorageElementdy querying
theindexing service.

uploadoutput- les to oneof theseStorageElements.

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

Furtherinformationaboutthis canbe obtainedfrom [5].

Command.ine Tools

ARC hasintegratedsupportfor the RC and the RLS
through a set of data-managemerdommand-linetools.
Thesetools makes daily task operationson the indexing
serviceamuchsimplerfor theaverageuser

Thecommand-lindoolsinclude

— lists physical les andtheir attributes. The
usercaneitherspecifyalogical or physical lename.

— copy andreplicate les reg-
isteredin indexing services Againthe usercaneither
specifyalogical lename or physical lename. Multi-
threadedand3rd partytransfersaresupportedaswell.

— can delete physical les and logical
recordsin oneoperation.

EXPERIENCES

In this sectionwe will describesomeof the experiences
with theabove mentionedndexing servicesEmphasiswill
be on experiencesobtainedduring NorduGrid production
in the ATLAS Data-Challenges.

UsingtheRCin ATLASData-Challeng 1

NorduGridparticipatedn ATLAS Data-Challengé& and
contritutedwith about5 percenof thetotalworldwidepro-
duction. We usedthe RC asthe primary indexing service
duringthewholeof this Data-ChallengeA snapshobf the
ReplicaCatalogBrowserthatwasusedduringthe produc-
tionis shavnin gure 1. Seg[6] for athoroughaccountof
this Data-Challeng®n NorduGrid.

Unfortunately during this Data-Challenge,the RC
crashedat randomtimesandhadto be restartedbften. In
theend,we hadto runascriptthatchecledwhethetheRC
wasrespondingandrestartit if it wasnot. Thiswasnota
completelysatishctorysolution.

In thedefaultinstallation theRCrequirescleartet pass-
words for authenticatiorwhich is hardly optimal. How-
ever, this waspatchedoy NorduGridto allow for ordinary
GSl-certi cate-base@uthentication.

TheRC supportsle-collections andputtingarbitraryat-
tributeson logical les which is essential.But despiteits
supportfor collections,the RC is notvery e xible sincea

le canonly belongto onecollectionatatime.

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



Figurel: A snapshoobf the ReplicaCatalogBrowserused
duringData-Challengd

UsingtheRLSin ATLASData-Challeng 2

In the ATLAS Data-Challenge2 production,we used
Glohus RLS as the primary indexing service. The RLS
hasa reasonablyogical client API which makesbuilding
RLS-client-interhceseasy We usedthis in the Dulcinea
executorasdesribedn [4].

RLS by default usesGSl for authenticatiorbut canalso
be setupto allow anorymousqueries. In our experience,
the RLS is generallyvery responsie — answeringeven
very complex wildcard andattribute queriesin a matterof
seconds.

However, duringtheproductionRLS sufferedfrom some
of the samediseasessthe RC. The RLS would freezeat
randomtimesseveraltimesa daynotrespondindo queries
arymore. Thereforewe hadto constructasfor theRC, an
automaticrestart-scriptthat pingedthe RLS andif it did
notrespondkill it andrestartit. Recentlyapatchhasbeen
releasedby theRLS-developerghatshouldsolve this prob-
lem. After applyingthis patch,our RLS hasnow beensta-
ble for morethana month.

RLS hasno builtin supportfor logical collectionsbut in-
steadassumeshatthis is provided by an additionalmeta-
dataservice.Suchametadataervicedonotexist atpresent
time. Thereforethe useof special le-attrib utesis the only
way to supportcollectionswithin RLS. However, this ap-
proachis someavhatarti cial andnot entirely satishctory
sincethe notion of collectionsbecomesrery VO-speci c.
It would be muchnicerto have acommonnotion of a col-
lectionin RLS.

Also the RLS command-line interface,
, as for the RC, is not very logical
to work with — often requiring guesswrk to get the
commandsight.

To sumup, neitherthe RC nor the RLS hasbeensatis-
factoryneitherduringproductionor in daily work andlacks
someof thefunctionalityonewould expectto seeandneed
to havein anindexing service.

FUTURE INDEXING SERVICES

Neitherof theindexing serviceslescribedlo satisfythe
requirementshatanindexing serviceneedgo satisfyto be
ableto copewith theamountof datathatis producedvhen
LHC start.

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

It musthave GSlauthentication.
It musthave supportfor logical collections.

1. with no restrictionson how mary collections
eachle canbein.

2. with supportfor sub-collectionsandemptycol-
lectionsaswell.

It musthave supportfor arbitrary le-attrib utes.

It musthave ne-grained access-contro— with the
possibility of giving read-andwrite-accesso collec-
tionsbasedn a users certi cate.

The access-restrictionsf the physical les on the
StorageElementsshouldbere ected in theindexing
sener.

Sucha SIS would naturallywork togetherwith the Smart
StorageElementdevelopedwithin NorduGrid[7] andthus
would consistutea secondsteptowardsa fully functional
data-managemergystem meeting the requirementsim-

posedby LHC-data-analysis.
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