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Abstract

BaBar hasrecentlymoved away from using Objectiv-
ity/DB for its eventstoretowarda ROOT-basedone. Data
in the new format is producedat over two dozeninstitu-
tions worldwide includingSLAC. Among new challenges
is theorganizationof dataexport from remoteinstitutions,
its archival at SLAC andbringing it to theusersfor analy-
sis or import to their own institutions. The new systemis
designedto bescalable,easilyconfigurableon a clientand
server sideandadaptive to server load. It is integratedto
work with BaBar’s massstoragesystem(HPSS)andwith
xrootd service[1]. Design, implementation,experience
with the new system,aswell as future developmentsare
discussedin thisarticle.

BABAR DATA PRODUCTION

TheBaBarExperimentbasedat StanfordLinearAccel-
eratorCenterhasbeentaking datasinceMay 1999. Ini-
tial designof theeventstoreutilized Objectivity/DB [2] as
the databasetechnology[3]. Later, a ROOT-basedevent
store,calledKanga,wasdevelopedandusedin parallelin
analysisonly. Sincethebeginningof Run4 (Nov 2003),a
new ROOT-basedevent store,wasdevelopedandusedas
the primary event storeof the experiment[4]. Almost all
thedatastoredin Objectivity/DB hasbeenconvertedto the
new format.

Thevolumeof dataaccumulatedin Objectivity/DB fed-
erationsasof todayis 931TB. Over 161TB areproduced
in the new Kangaformat, includingconvertedObjectivity
data,initial reconstructionof Run4 data,andskimmingof
Run1-4data.

Over 260 TB of disk spaceis usedfor productionand
analysisatSLAC.

Distributed Production

Since the beginning of the experiment,datahas been
producednot only at SLAC, but at otherinstitutions. Ini-
tially, theMonteCarloproductionwasdoneat SLAC and
LLNL. Later, IN2P3(France)andseveralotherinstitutions
startedto contribute to the Simulation Production. To-
day, with over 1 PetaByteof data,the productionrunsat
over two dozeninstitutionsin theUS,CanadaandEurope.
Nowdays,off-sitedataproductionis not limited to simula-
tion. INFN (Padova) doesall the initial event reconstruc-
tion. IN2P3,INFN andGridKa(Karlsruhe,Germany) con-
tributeto skimming.

Past Experience with Data Management

Distributed productionefforts in BaBar brought some
challengesin datamanagement.Initially, datafrom IN2P3
wasshippedto SLAC on tapesvia commercialpostalser-
vices. Shipmentdelaysandmanualhandlingof suchim-
ported data at SLAC, as well as improvementsin net-
work connections,led 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 Objectivity/DB OODBMS and the
eventstoredesignbasedonit. Databasefileshadto bereg-
isteredin the Objectivity federationcatalog. During this
process,referredto asattachinga databaseto a federation,
the databasefile wasscannedby Objectivity/DB adminis-
tration utility andany datacorruptionhaltedthe process,
requiring intervention of a databaseadministrator. Also,
new collectionshadto beloadedto thecollectiontree(ap-
plication level catalog). Both operationsrequiredlocking
of thefederation’scritical metadata,which interferedwith
the users’analysisactivities. Sometimesa stubbornlock
from anotherapplicationpreventedthe import from com-
pletionuntil thelock wasremoved.Scalabilityproblemof
Objectivity federation,which manifesteditself in growing
metadataaccesstime asthe federationgot larger, alsoaf-
fecteddeliveryof datato physicists.

To easethe burdenof lock conflictsin analysisfedera-
tions,import of off-site datawasdonein dedicatedimport
federations,wheredatabaseswereinitially attached.Sub-
sequently, databaseswereattachedto the analysisfedera-
tions without a new scan,reducinglocking time. Collec-
tionswereloadeddirectly to theanalysisfederations.

Neverthelesssucha procedurewasnot usedfor SLAC
production,wheredelivery time wasmorecritical, and it
waseasierto solveall problemswithin thesamesite.

As mentionedabove,datacorruptionwasoneof thema-
jor issuesfor dataimport sinceObjectivity/DB toolswere
limited to checkingfor corruptionat a databaselevel. The
ollections could only be checked with standardphysics
analysisapplications,which wasunacceptablebecauseof
time andresourcessuchoperationsrequired.

After importing into Objectivity/DB federationthedata
hadto bearchivedin SLAC massstoragesystem(HPSSby
IBM.) This system,while offeringexcellentreliability and
scalabilityto over1 PBof data,hasits own disadvantages.
HPSSusesa proprietarycode,thustapemountorderand
file readandwrite ordercouldnotbecontrolled.Additional



Figure1: Sharingconcernsandresponsibilitiesbetweensubsystems.

disk spacehadto beacquiredto reducethe loadon HPSS
andthestagingtime.

To summarize,import/exportproblemsincluded:

� Absenceof efficient higher level tools to checkdata
consistency

� Very little automationof importerrorhandling
� Different import proceduresfor data producedat

SLAC andat remotesites
� Inability to controlHPSSto a desirabledegree.

Motivation for New Development

Someof the problemsmetionedabove have beenad-
dressedin thedesignof the new ROOT-basedeventstore.
Sincethereareno morefederations,datafileshaveonly to
be put in the massstorageandin the analysisareawhere
userscanaccessthem.Thereareno corruptionissues,be-
causedataconsistency is checkedwith aspecialtool before
leaving the productionsite. To take advantageof the new
eventstoredesignandresolveremainingissues,new trans-
fer/importtoolswereneeded.Amongtherequirementsfor
thenew transfertool were:

� Full automationof datatransferandarchiving
� Unificationof all exportandarchiving procedures
� Reductionof humaninvolvementin errorhandling
� HPSS-friendlysystem
� Low resourceutilization, with focus on disk band-

width
� Protocol level backward compatibility with Objy

transfer/importtools
� Streamlinedprocedurefor furtherdataprocessing
� 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
simpleaspossible,while implementingthebasicideasdis-
cussedbelow.

Sharing Responsibilities and Concerns between
Subsystems

Thefirst ideais illustratedonFig. 1. Thegoalis to mod-
ularize transfer/importanddefineresponsibilitiesof each
subsystem.In our schema,the Production subsystemis
responsiblefor checkingdatafor quality andconsistency.
If datacorruptionis detectedatalaterstage,thissubsystem
will have to dealwith theissue.

Transfer subsystemis responsiblefor deliveringof data
from productionsiteto theimportservers.It verifiescheck-
sumafter transferandkeepsthenecessarymetadataabout
transferredfiles.

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

The role of Import subsystemis very simple in this
schema.It processesfilesafterthetransfer, preparingthem
for archiving andhandsthemover to the Archiving sub-
system.Preparationmay includechangingfile ownership,
placingfiles in migratablespaceandcomplyingwith other
MSSprotocols.

It is worth emphasizing,that transferis detachedfrom
import,makingthewholeprocedurelesssusceptibleto any
failure that might occurduring WAN transfersor even at
theremotesite.



Figure2: Centralmanagement.

Push-Pull model of data transfer

As SLAC is the only site thatarchivesall theproduced
datain the MassStorage,andprovidesall the datato end
users,it would benaturalto have a SLAC-centricdatadis-
tributionmodel.DatamanagementatSLAC is providedby
theComputingDepartment.All servicesareexpectedto be
always availableandproblemsareexpectedto be solved
in a timely manner. Thereforewe have chosena transfer
model,whereremoteproducers“push” datainto SLAC. In
this model, local problemsat multiple remoteinstitutions
are no concernfor SLAC administration,and only local
administratorsaredealingwith them.However, a problem
thatoccurrsat SLAC, would mostlikely affect all dataex-
portersandwould befixedby anadministratoron duty.

On the other hand, the datathat needsto be exported
to a remotesitefor analysisby local physicistsis “pulled”
from SLAC. This is againdonefor the samereasons—
sitesinitiate transferwhenthey areready, andmaychoose
to implementaprotocolat their endthatsuitsthem.

Central Management

Theideaof centralmanagementis illustratedin Fig. 2.
Here import is a web servicethat provides the clients

with transferparameters,like target hostnameandtarget
directory, choiceof thecopy program,andlogin nameona
server. Parameterssentto aclientdependonwhotheclient
is, what datait transfers,andon the server load. All pa-
rametersareconfigurableontheserverside.Theclientcan
choosethecopy programandits options,andcanoverride
the login name. In this schema,it’s very easyto manage
transfersfrom the server side. If a server goesdown due
to hardwarefailureor ascheduledmaintenance,thesystem
can be configuredto avoid that server. Whensomething
elsechangesin theimport environment,thechangecanbe
madetransparentto the users.Thus,reducingdown time

andtheneedfor transfer/importoutages.Thewebservice
is implementedusingtheSOAP protocol.PlainCGI is also
supported.

Import jobsusethesameimportconfiguration.Thus,the
whole systemhasa singleglobal configurationfile, man-
agedby theadministratorsatSLAC.

KanTransfer: What This Tool Is

New transfer/importtool, calledKanTransfer, is a setof
client andserver sideapplicationswritten in Perl. It sup-
portsthetransferandimportof bothROOT-basedfilesand
objectivity databases,as a set of files or tar archives. It
hasbuilt-in supportfor bbcpandbbftp— two majorWAN
copy applicationsusedin BaBar, optionally verifies file
checksum,andcanupdateBaBar’s bookkeepingdatabase
afterarchiving theimportedfiles.

FUTURE DEVELOPMENT

Load adaptive transfer

In order to use the network and server resourceseffi-
ciently, the transferparametersneedto matchthenetwork
andserver conditions. Nowdays,wide areanetworks are
capableof highspeedtransfers,but diskspeedis notgrow-
ing asfast.As a result,it doesn’t make senseto accelerate
network transferif datacannotbewrittento importserver’s
disk with thesamespeed.

Therearea numberof standardtools for network tun-
ing, whichprobethenetwork betweenspecifiedendpoints,
andprovide 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-
countpossibleconcurrentactivity on thenetwork andend



servers.

Our
�

idea is to setsuchnetwork optionsso that overall
WAN copy performanceis optimized,i.e. the criterion is
high file transferratebetweengiven servers,disk to disk.
Network optionsaresuppliedto aclient’scopy application
andarenot fixed. Instead,they areadjustedafter transfer-
ring eachfile in orderto “discover” the bestcombination,
providing optimal transferrate. Thus,transferoptionsare
tailoredto theactual loadon thenetwork andservers.

Reporting failures

Failures and problemsare unavoidable, and are com-
poundedby thepeer-to-peernatureof thetransfer. Mostof
thetime, usersdo not properlyreportfailures,nor do they
mentionall necessarydetails,possiblydue to frustration
causedby the failure. Sometimes,long email exchanges
arenecessaryto find out whatactuallyhappened.Ideally,
the developersandadministratorsshouldseeexactly what
a userseeson his screen.

Extendingthe idea of import asa web service,all the
errorsshouldbe reportedto the import server. KanTrans-
fer is internally logging all the output to the screen,as
well asmany otherparametersof theapplicationandtrans-
fer, suchasthe versionof KanTransfer, locationwhereit
wascalledfrom, commandline options,configurationfile
options,timestamps,andall error andwarningmessages.
Whena failure occurs,KanTransferattemptsto sendthis
information to the import side, if this is possible. Thus,
theadministratorhasfull informationaboutthefailure,as
determinedby thetransfertool,whichgreatlyimprovesde-
buggingandfeedback.

SUMMARY

A simpletool hasbeencreatedto facilitateBaBar’sdata
transferandimport. Thetool is in productionsincetheend
of 2003,runningsmoothlyafter usualstartupdifficulties.
All BaBardatais archivedwith this tool, loggingabout0.8
TB daily on average(seeFig. 3).

Figure 3: BaBar’s monthly production of data in new
Kangaformat.
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