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Abstract

BaBar hasrecently moved away from using Objecti-
ity/DB for its eventstoretoward a ROOT-basedone. Data
in the new formatis producedat over two dozeninstitu-
tions worldwide including SLAC. Among new challenges
is the organizationof dataexport from remoteinstitutions,
its archival at SLAC andbringingit to the usersfor analy-
sis or import to their own institutions. The new systemis
designedo bescalablegasilyconfigurableon a clientand
sener sideandadaptve to sener load. It is integratedto
work with BaBars massstoragesystem(HPSS)andwith
xrootd service[1]. Design, implementation,experience
with the new system,aswell asfuture developmentsare
discussedh thisarticle.

BABAR DATA PRODUCTION

The BaBarExperimenthasedat StanfordLinear Accel-
erator Centerhasbeentaking datasince May 1999. Ini-
tial designof the eventstoreutilized Objectvity/DB [2] as
the databasdechnology[3]. Later, a ROOT-basedevent
store,calledKanga,wasdevelopedandusedin parallelin
analysisonly. Sincethebeginningof Run4 (Nov 2003),a
new ROOT-basedevent store,was developedand usedas
the primary event storeof the experiment[4]. Almost all
thedatastoredin Objectvity/DB hasbeencorvertedto the
new format.

The volumeof dataaccumulatedn Objectiity/DB fed-
erationsasof todayis 931 TB. Over 161 TB areproduced
in the new Kangaformat, including corvertedObjectvity
data,initial reconstructiorof Run4 data,andskimmingof
Run1-4data.

Over 260 TB of disk spaceis usedfor productionand
analysisat SLAC.

Distributed Production

Since the beginning of the experiment, data has been
producednot only at SLAC, but at otherinstitutions. Ini-
tially, the Monte Carlo productionwasdoneat SLAC and
LLNL. Later, IN2P3(France)andsereralotherinstitutions
startedto contribute to the Simulation Production. To-
day, with over 1 PetaByteof data,the productionruns at
overtwo dozeninstitutionsin the US, CanadaandEurope.
Nowdays,off-site dataproductionis not limited to simula-
tion. INFN (Padova) doesall theinitial eventreconstruc-
tion. IN2P3,INFN andGridKa (Karlsruhe Germaiy) con-
tributeto skimming.

Past Experience with Data Management

Distributed productionefforts in BaBar brought some
challengesn datamanagementnitially, datafrom IN2P3
wasshippedto SLAC on tapesvia commercialpostalser
vices. Shipmentdelaysand manualhandlingof suchim-
ported data at SLAC, as well as improvementsin net-
work connections)ed to switching to network only im-
port/export. To improvetransferspeedandnetwork utiliza-
tion bbcp[5], high performancemultistreamcopy utility,
wasdevelopedat SLAC.

Another complication of the import/export procedure
was the specificsof Objectvity/DB OODBMS and the
eventstoredesignbasednit. Databasdiles hadto bereg-
isteredin the Objectvity federationcatalog. During this
processreferredto asattachinga databaséo a federation,
the databasdile wasscannedy Objectvity/DB adminis-
tration utility andary datacorruptionhaltedthe process,
requiring intervention of a databaseadministrator Also,
new collectionshadto beloadedto the collectiontree(ap-
plication level catalog). Both operationgequiredliocking
of thefederations critical metadatawhich interferedwith
the users’analysisactvities. Sometimesa stubbornlock
from anotherapplicationpreventedthe import from com-
pletionuntil thelock wasremoved. Scalabilityproblemof
Objectvity federationwhich manifestedtself in growing
metadataaccesgime asthe federationgot larger, alsoaf-
fecteddelivery of datato physicists.

To easethe burdenof lock conflictsin analysisfedera-
tions, import of off-site datawasdonein dedicatedmport
federationswheredatabasew/ereinitially attached.Sub-
sequentlydatabasesvere attachedo the analysisfedera-
tions without a new scan,reducinglocking time. Collec-
tionswereloadeddirectly to the analysisfederations.

Neverthelessucha procedurewas not usedfor SLAC
production,wheredelivery time was more critical, andit
waseasierto solve all problemswithin the samesite.

As mentionedabove, datacorruptionwasoneof the ma-
jor issuedfor dataimport sinceObjectivity/DB tools were
limited to checkingfor corruptionat a databaséevel. The
ollections could only be checled with standardphysics
analysisapplicationswhich was unacceptabléecausef
time andresourcesuchoperationgequired.

After importing into Objectiity/DB federationthe data
hadto bearchivedin SLAC massstoragesystemHPSShy
IBM.) This systemwhile offering excellentreliability and
scalabilityto over 1 PB of data,hasits own disadantages.
HPSSusesa proprietarycode,thustapemountorderand
file readandwrite ordercouldnotbecontrolled.Additional
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stores it in the Book Keeping
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Processes transferred files and hands them
to the archiving subsystem.

Figurel: Sharingconcernsandresponsibilitiebetweersubsystems.

disk spacehadto be acquiredto reducethe load on HPSS
andthe stagingtime.
To summarizejmport/export problemsincluded:

e Absenceof efficient higherlevel tools to checkdata
consisteng

e Verylittle automatiorof importerrorhandling

e Different import proceduresfor data producedat
SLAC andatremotesites

¢ Inability to controlHPSSto adesirabledegree.

Motivation for New Devel opment

Someof the problemsmetionedabove have beenad-
dressedn the designof the nev ROOT-basedeventstore.
Sincethereareno morefederationsdatafiles have only to
be putin the massstorageandin the analysisareawhere
userscanaccesghem. Thereareno corruptionissuespe-
causealataconsisteng is checledwith aspecialtool before
leaving the productionsite. To take advantageof the new
eventstoredesignandresole remainingissuesnew trans-
fer/importtoolswereneeded Amongthe requirementsor
the new transfertool were:

Full automatiorof datatransferandarchiing

Unification of all exportandarchving procedures

Reductionof humaninvolvementin errorhandling

HPSS-friendlysystem

Low resourceutilization, with focus on disk band-

width

e Protocol level backward compatibility with Objy
transfer/importools

e Streamlinedprocedurdor furtherdataprocessing

e Assistingwith exportingdatato remoteinstitutions

DEVELOPMENT OF A NEW TOOL

During the developmentof the new tool, focus was
not on designingyet anotherfull-blown StorageResource
Manager(SRM) or metadatacatalog,but on makingit as
simpleaspossiblewhile implementinghebasicideasdis-
cussedelow.

Sharing Responsibilities and Concerns between
Subsystems

Thefirstideais illustratedon Fig. 1. Thegoalis to mod-
ularize transfer/importand defineresponsibilitiesof each
subsystem.In our schemathe Production subsystenis
responsibldor checkingdatafor quality and consisteny.
If datacorruptionis detectedhtalaterstagethissubsystem
will have to dealwith theissue.

Transfer subsystenis responsibldor deliveringof data
from productionsiteto theimportseners.lIt verifiescheck-
sumafter transferandkeepsthe necessarynetadataabout
transferrediles.

Archiving subsystemis responsiblefor sarving files in
the Mass StorageSystem. It is usually very site-specific
andhasits own protocolandpolicies,makingit difficult to
useout-of-boxtools.

The role of Import subsystems very simple in this
schemalt processefiles afterthetransfer preparinghem
for archiving and handsthemover to the Archiving sub-
system.Preparatiommay include changingfile ownership,
placingfiles in migratablespaceandcomplyingwith other
MSS protocols.

It is worth emphasizingthat transferis detachedrom
import, makingthewholeprocedurdesssusceptibleo arny
failure that might occurduring WAN transfersor even at
theremotesite.
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Push-Pull model of data transfer

As SLAC is the only site thatarchivesall the produced
datain the MassStorage andprovidesall the datato end
usersjt would be naturalto have a SLAC-centricdatadis-
tributionmodel. Datamanagemerdt SLAC is providedby
the ComputingDepartmentAll servicesareexpectedo be
always available and problemsare expectedto be solved
in atimely manner Thereforewe have chosena transfer
model,whereremoteproducerspush” datainto SLAC. In
this model,local problemsat multiple remoteinstitutions
are no concernfor SLAC administration,and only local
administratoraredealingwith them. However, a problem
thatoccurrsat SLAC, would mostlikely affect all dataex-
portersandwould be fixed by anadministratoion duty.

On the other hand, the datathat needsto be exported
to aremotesite for analysishy local physicistsis “pulled”
from SLAC. This is againdonefor the samereasons—
sitesinitiate transferwhenthey areready andmay choose
to implementa protocolattheir endthatsuitsthem.

Central Management

Theideaof centralmanagemernis illustratedin Fig. 2.

Here import is a web servicethat provides the clients
with transferparameterslik e target hostnameandtarget
directory, choiceof thecopy program,andlogin nameona
sener. Parametersentto aclientdependnwhotheclient
is, what datait transfers,andon the sener load. All pa-
rameterareconfigurableonthesenerside. Theclientcan
choosehe copy programandits options,andcanoverride
the login name. In this schemajt’s very easyto manage
transfersfrom the sener side. If a sener goesdown due
to hardwarefailure or aschedulednaintenancehe system
can be configuredto avoid that sener. When something
elsechangesn theimport ervironment,the changecanbe
madetransparento the users. Thus, reducingdown time

andthe needfor transfer/imporoutages.Theweb service
isimplementedisingthe SQAP protocol.PlainCGl is also
supported.

Importjobsusethesameamportconfiguration.Thus,the
whole systemhasa single global configurationfile, man-
agedby theadministratorat SLAC.

KanTransfer: What This Tool Is

New transfer/importool, calledKanTransferis a setof
client and sener side applicationswritten in Perl. It sup-
portsthetransferandimport of both ROOT-basediles and
objectivity databasesasa setof files or tar archves. It
hasbuilt-in supportfor bbcpandbbftp — two major WAN
copy applicationsusedin BaBar optionally verifies file
checksumand canupdateBaBars bookkeepingdatabase
afterarchiving theimportedfiles.

FUTURE DEVELOPMENT

Load adaptive transfer

In orderto usethe network and sener resource=ffi-
ciently, the transferparameterseedto matchthe network
and sener conditions. Nowdays,wide areanetworks are
capableof high speedransfersput disk speeds not grow-
ing asfast. As aresult,it doesnt make senseo accelerate
network transfeiif datacannotbewrittentoimportsener’s
disk with the samespeed.

Thereare a numberof standardools for network tun-
ing, which probethenetwork betweerspecifiedendpoints,
and provide options,suchasthe numberof TCP streams,
or TCP buffer (window) size that provide the best per
formance. The problem, however, is that thosetestsare
ratherartificial, takinginto accountonly network (i.e. test-
ing memoryto memorytransfers)andnot taking into ac-
countpossibleconcurrentactiity on the network andend



Seners.

Our ideais to setsuchnetwork optionsso that overall
WAN copy performances optimized,i.e. the criterionis
high file transferrate betweengiven seners, disk to disk.
Network optionsaresuppliedto a client’s copy application
andarenotfixed. Instead they areadjustedaftertransfer
ring eachfile in orderto “discover” the bestcombination,
providing optimal transferrate. Thus,transferoptionsare
tailoredto theactual loadonthe network andseners.

Reporting failures

Failures and problemsare unasoidable, and are com-
poundedy the peerto-peematureof thetransfer Most of
thetime, usersdo not properlyreportfailures,nor do they
mentionall necessardetails, possiblydue to frustration
causedby the failure. Sometimesjong email exchanges
arenecessaryo find out whatactuallyhappenedideally,
the developersand administratorshouldseeexactly what
auserseeson his screen.

Extendingthe idea of import asa web service,all the
errorsshouldbe reportedto the import sener. KanTrans-
fer is internally logging all the outputto the screen,as
well asmary otherparametersf theapplicationandtrans-
fer, suchasthe versionof KanTransfer locationwhereit
wascalledfrom, commandine options,configurationfile

options,timestampsandall errorandwarningmessages.

When a failure occurs,KanTransferattemptsto sendthis
information to the import side, if this is possible. Thus,
the administratothasfull informationaboutthe failure, as
determinedy thetransfertool, which greatlyimprovesde-
buggingandfeedback.

SUMMARY

A simpletool hasbeencreatedo facilitateBaBars data
transferandimport. Thetool is in productionsincetheend
of 2003, running smoothlyafter usualstartupdifficulties.
All BaBardatais archivedwith thistool, loggingabout0.8
TB daily on average(seeFig. 3).
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Figure 3: BaBars monthly production of datain new
Kangaformat.

ACKNOWLEDGEMENTS

The authorswish to thank the following peoplewho
contritutedto BaBarDataDistribution: Jean-NoeRlbert,
CristinaBulfon, LawrenceMount, HammadSaleemAndy
Hanushesky, Bill Weeks.

REFERENCES

[1] A. Hanushesky, “The Next GenerationRoot File Sener”,
CHEP’04,Interlalken, SeptembeR004.

[2] http://www.objectvity.com

[3] J. Beclaet al, “On the Verge of One Petabyte- the Story
Behindthe BaBarDatabase&ystem”,CHEP’03, SanDiego,
March2003.

[4] Matthias Steinle et al, “How to build an event store- the
newv KangaEvent Storefor BaBar”, CHEP’04, Interlalen,
SeptembeR004.

[5] A. Hanushesky, A. Trunos, L. Cottrell, “Peerto-Peer
Computingfor SecureHigh PerformanceData Copying”,
CHEP’01,Beijing, Septembe001.



