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Abstract

We discusstheBABAR experimentsoftwareandcomputinginfrastructureusedfor event
logginganddistribution to promptreconstructionsystem.The raw datafor typical BABAR

eventsis about30-50 kB per event. During the datataking a 100 Hz streamof eventsis
collectedfrom a farm of 32 online computersamountingto about3-5 MB/s. A robust and
efficient multi-threaded,TCP/IPbasedlogging managersoftwarewaswritten to serve this
purpose.Monitoring of thestatusof theprogramis achievedusingCORBA. Thesamepro-
gramis alsousedto distribute the loggedeventsto a larger farm of 200 unix processorsto
processdatapromptly. This promptprocessinginvolvesfull reconstructionandcalibration
programsbeforefinal storagein the Objectivity database.We describethe performanceof
underlyinghardwareandsoftware,andaddressscalabilityof theprogram.
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Introduction

The BABAR experiment[1] at the StanfordLinear AcceleratorCenteris built to studythe par-
ticle andanti-particleasymmetries.Thesesmall asymmetriesdue to a phenomenoncalled the
CP violation, arehithertoobserved only in the K mesonsarealsoexpectedto be observable in
the B mesonsaswell. Both validationof the StandardModel explanationfor the CP violation
phenomenonandsearchesfor beyond theStandardModel explanationsrequiretheCPviolation
datain theB mesonsystem.The observation andstudyof theCP violation phenomenonin the
B mesonsystemrequiresproductionof at least ��	�
 electron-positroncollision eventsperyearat
the � (4S - 10.58GeV) resonance.Theseeventsaremeasuredby the BABAR experimentwith
highprecision,usingits siliconvertex detectors,drift chamber, ring imagingCherenkov detector,
CsI crystalcalorimeterandresistive platechambers.The raw datafor typical eventsfrom these
sub-detectorsaddsup to about30-50kB per event. During the datataking the collectedstream
of datafrom thedetectoris expectedto run at about3-5 MB/s. A robustandefficient computing
systemis requiredto receive this data-flow andreconstructthe eventsbeforetheir final storage,
with raw andreconstructeddata,in anobjectdatabase.Thesedata,accumulatedover years,are
analyzedby physiciststo studytheB mesonphysics.

The datafrom the BABAR sub-detectorsare collectedby customVME electronicsand
presentedto thedataacquisitionsystemusinga setof genericreadout modulesvia VME based
PowerPCprocessors.TheseprocessorsrunningVxWorksoperatingsystemcommunicateoutside
thecrateusingFastEthernetinterfaces.This data-flow systemandits softwarearedescribedin
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detailelsewhere[2]. Thedatafrom varioussubsystemprocessorsareassembledinto a full event
on a farm of Unix computers.Thesedataarriving at a combined2 kHz rate into the farm are
reducedto a 100Hz flow by onlineeventprocessingframework [3] thatsupportslevel-3 trigger
software[4]. These100Hz eventsarearchivedfor subsequentdetailedanalysis.

Althougheachevent is independentof theothers,theenvironmentalinformation,e.g.,for
calibratingthe drift time in the chambers,requireseventscontiguousin time. Therefore,it is
importantto collectthesestreamsof eventsfrom variouscomputersinto a singlestreamto make
collectionsof eventsspanningaboutanhour. Theseeventcollectionsfor eachrunarefully recon-
structedto determinecalibrationconstantsfor subsequentdataprocessing.The “prompt recon-
struction”of theseeventsrequiresrunninglargeandcomplex softwareprograms[5]. It provides
physicistearlyaccessto thefully reconstructedeventsenablingtimely publicationof results.Al-
thoughthe reconstructionis expectedto be prompt,a latency of few hourshasto be tolerated.
Thereforeit is necessaryto provide a databuffer to separatetheselargeprogramsfrom thedata-
flow software. Thesizeof theseonehourdatasetsis severalgiga-bytesstronglysuggestingdisk
file buffers. Theseraw datafiles arealsoarchived in theHPSSmassstoragesystemsothat later
reprocessingof the datacanalsobe done. In this paperwe describethe software, the logging
manager, thatcollectstheeventsfrom severalUnix computersto make these“intermediate”event
filesanddistributesthoseeventsto theprocessorcomputersfor reconstructionandfinal archival.

System Implementation
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Figure 1: Diagram of the BABAR /SLAC online and prompt reconstruction computer farms showing the

VME PowerPC front-end computers, the online farm of Sun UltraSPARC computers, the Sun Enterprise 450

server with the intermediate store disk array and the SLAC computer center database servers and worker

nodes, all connected using Cisco Catalyst 5500 switches.



Thehardwareplatformfor theBABAR /SLAC computerfarmsis illustratedin Figure1. TheVME
computersandtheindividual farmnodeshaveFastEthernet(100Base-T)connectionsto theCisco
Catalyst5500switch. TheOnlineserver computer, wheretheloggingmanagerruns,supportsan
arrayof highperformanceRAID disksfor intermediatefile storage,andis connectedto theonline
switch using two Gigabit Ethernet(1000Base-SX)links. Oneof the two network interfacesis
reservedfor communicationsbetweenVME processorsandtheserver andtheotheris usedfor all
othercommunicationincludingeventlogginganddistribution. A separatefarmof Unix computers
in the SLAC ComputingServicesdepartmentsupportthe BABAR experimentfor runningboth
reconstructionsoftwareandfinal dataarchival in a HPSSbasedObjectivity database.The SCS
farm is connectedto the BABAR online switch using a Gigabit Ethernet(1000Base-LX)link.
Thechoiceof computersandIP interconnectsarebasedon carefulevaluationof thecommercial
technology[6] consideringbothperformanceandcostissues.

SeveralUnix processesandtheir IP or sharedmemorybasedcommunicationlinks involved
in orchestratingthe online platform to enablethe intermediatefile storageanddataprocessing
beforethe final storagein Objectivity database.The reliableserver processesrun on the online
server computerandcommandthedaemonprocesseson therestof the farmto performspecific
tasks,e.g.,level-3 triggeror promptreconstruction(PR).The loggingmanagerprocessescollect
or distributethedatausingTCP/IPsocketsfor highperformance,whereasthemonitorandcontrol
datais exchangedusingCORBA. Whentheprocessesareco-residentin amemoryspace,e.g.,PR
daemonandPRframework, sharedmemoryis usedto make thebestuseof thesystemresources.
Thedetailsof thepromptreconstruction[5] aredescribedelsewhere.Here,we reportonly on the
LoggingManagerprocess.

Thesoftwareis built usingobjectorienteddesign.Thedevelopmentphaseinvolved mod-
eling the objectsusingUnified Modeling Language.Classdiagramsandthe usecasediagrams
wereparticularlyuseful for communicationamongthe developmentteammembers.The C++
StandardTemplateLibrary providedmany usefulconstructsthatwould have otherwiseinvolved
considerableamountof programmingon our part. In orderto exploit themulti-threadandsocket
programmingfeatureswhile maintainingobjectorienteddesignwe selectedtheACE wrapperli-
brariesandTAO CORBA implementation[7]. We have customizedTAO CORBA initialization
so that it runswith appropriatemulti-threadpolicy, a singlenameserver, etc.. This customiza-
tion packagealsoprovided simplerinterfaceto underlyingCORBA callsandprovided CORBA
namespacemaintenance.We have alsoput togethera packageto provide largefile supportwith
improvedperformanceby implementingcustomC++ iostreamstreambuf class.

Logging Manager

The loggingmanagerapplicationis a multi-threadedprogramimplementedwith onethreadthat
provides CORBA interface for monitor and control, and a separatethreadfor eachinput and
outputclient. This programreceiveseventsthroughinput objects,maintainsa queueof current
andpendingeventsanddeliverseventsoutthroughoutputobjects.Threetypesof inputandoutput
classesareavailable: socket, CORBA andfile. The designis suchthat any numberandtypeof
input or outputobjectscanbeconnectedat any time. Thesetupof theprogramis accomplished
throughCORBA calls.TheTCP/IPsocket or thefile setupinformationis exchangedthroughthis
mechanism.Themutex-lockedqueuestatusandtheinput andoutputstatuslists areavailablefor
monitoring.Thenormalmodeof operationis of two types,event loggingandeventdistribution,
whichuseintermediatediskfiles to transferevents.



Event Logging

For event logging,severalonlineeventprocessingdaemonswill connectto the loggingmanager
andsendeventsthroughthesocket interface. Theseeventsarewritten to thedisk files. Thereis
only a smallamountof processinginvolved to handlea selectionof specialinput “events”,begin
andendrun. Thefile openingandclosingatappropriatetime intervalsis controlledthroughthese
eventsin the datastreamitself. We have typically used32 SunUltra-5 machineson switched
100Base-Tnetwork to performlevel-3 algorithmandwrite datato loggingmanagerrunningon
a Sun4 CPUEnterprise450with a largeRAID disk andgigabitethernetinterfaceto theswitch.
The file outputbuffers aresetupto uselarge 1 MB read/writebuffers achieving about35 MB/s
throughputto thedisk. Weuse32kB TCPsocketsend/receive buffersto optimizenetwork perfor-
mance.Theaggregatethroughputto loggingmanagerscalesup to about1 kHz of 35 kB events,
i.e., 35 MB/s, with a factorof 10 safetymargin. CPUusageat normal100 Hz operationis less
thana10% of themachinecapacity.

Event Distribution

For promptreconstructionthe eventsaredistributed from a selecteddisk file to several prompt
reconstructiondaemonsvia socket interface. On this socket link thereis bidirectionalcommu-
nication to ensurethat every event is processedand safely loggedto the objectdatabase.The
objectsneededfor the constantscalculationareaccumulatedfrom event dataon several prompt
reconstructioncomputers.Only a small amountof processingis involved to drive the prompt
reconstructionframework statemachineto allow processingthesedatabaseaccumulationsfrom
variousdaemonsandconstantscalculation.All of thissupportis handledby specialmarkerevents
insertedinto the datastreamby the loggingmanager. The outputnodescanjoin theprocessing
at any time during the processingasthedriving of statetransitionsis doneon per outputthread
basis.Multiple eventscanberequestedby any outputlink beforethey acknowledgethattheevents
areprocessed.Loggingmanagerstoresthestatusof theseeventssothatany eventsfrom crashing
nodescanberedistributedto otherworking nodes.To avoid a pathalogicaleventfrom killing all
theprocesses,theparticularevent that is responsiblefor killing theprocessornodeis markedas
suchandnot redistributed.CORBA interfaceallowsmonitoringof therunandoutputnodestatus.
For thepromptreconstructioncase,the loggingmanagerhasoneinput file objectandup to 200
socket outputobjectseachrunningin aseparatethread.Wehave notnoticedany difficulty in get-
ting sufficient resourcesto the input file threadwhenall 202threadsarerunning. Testrunshave
yieldedthroughputof about400Hz of 35 kB events,i.e., 14 MB/s includingtheeventacknowl-
edgementhandshake. For the productionrunningwe allow large granularity, about3 minutes,
databasecommits,requiringthatseveralhundredmegabyteeventbuffer. In this case,thelogging
managerwasableto supplyeventsat therateof 125Hz without throttling input to any nodes.

Conclusions

ThecommodityFastEthernettechnologysufficesfor a majorityof our onlinelinks andis a good
choiceconsideringcostissues.Thechoiceof GigabitEthernetfor our mostdemandinglinks was
alsoappropriate.Theobjectorientedparadigmthatweadheredto in building oursoftwareenabled
its implementationin atimely fashionwith goodreliability. TheACEandTAO packagesmakean
excellentfreewarechoicein building objectorientedapplicationsin a client-server environment.
We alsofound that theC++ StandardTemplateLibrary to bevaluable.Theperformanceof this
systemis scalablewell beyondcurrentBABAR requirements.
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