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Abstract

We discusghe BABAR experimentsoftwareandcomputinginfrastructureusedfor event
logging anddistribution to promptreconstructiorsystem. The raw datafor typical BABAR
eventsis about30-50kB per event. During the datataking a 100 Hz streamof eventsis
collectedfrom a farm of 32 online computersamountingto about3-5 MB/s. A robustand
efficient multi-threaded,TCP/IP basedogging managersoftware was written to sene this
purpose.Monitoring of the statusof the programis achieved usingCORBA. The samepro-
gramis alsousedto distribute the loggedeventsto a larger farm of 200 unix processorso
procesgdatapromptly. This promptprocessingnvolvesfull reconstructiorand calibration
programsbeforefinal storagein the Objectvity database We describethe performanceof
underlyinghardwareandsoftware,andaddresscalabilityof the program.
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Introduction

The BABAR experiment[1] at the StanfordLinear AcceleratorCenteris built to studythe par
ticle and anti-particleasymmetries. Thesesmall asymmetrieglue to a phenomenortalled the
CPviolation, are hithertoobsered only in the K mesonsare also expectedto be obserablein
the B mesonsaswell. Both validationof the StandardVlodel explanationfor the CP violation
phenomenomndsearches$or beyondthe StandardVodel explanationsrequirethe CP violation
datain the B mesonsystem. The obsenration and study of the CP violation phenomenoiin the
B mesonsystemrequiresproductionof atleast10° electron-positrorcollision eventsper yearat
the T(4S- 10.58GeV) resonance Theseeventsare measuredy the BABAR experimentwith
high precision,usingits silicon vertex detectorsdrift chamberring imagingCherenkv detector
Csl crystalcalorimeterandresistie platechambers.The raw datafor typical eventsfrom these
sub-detectoraddsup to about30-50kB perevent. During the datataking the collectedstream
of datafrom the detectoris expectedto run atabout3-5MB/s. A robustandefficient computing
systemis requiredto receve this data-flav andreconstructhe eventsbeforetheir final storage,
with raw andreconstructedlata,in anobjectdatabaseThesedata,accumulatedver years,are
analyzedy physiciststo studythe B mesonphysics.

The datafrom the BABAR sub-detectorsire collectedby customVME electronicsand
presentedo the dataacquisitionsystemusinga setof genericreadout modulesvia VME based
PaverPCprocessorsTheseprocessorsunningVxWorksoperatingsystemcommunicateutside
the crateusingFastEthernetinterfaces. This data-flav systemandits software aredescribedn
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detailelsavhere[2]. Thedatafrom varioussubsystenprocessorgareassembledhto afull event
on a farm of Unix computers. Thesedataarriving at a combined2 kHz rateinto the farm are
reducedo a 100 Hz flow by online event processingramework [3] thatsupportdevel-3 trigger
software[4]. Thesel00Hz eventsarearchivedfor subsequerdetailedanalysis.

Although eacheventis independenbf the others,the ervironmentalinformation, e.g.,for
calibratingthe drift time in the chambersyequireseventscontiguousin time. Therefore,it is
importantto collectthesestreamsf eventsfrom variouscomputersnto a singlestreamto make
collectionsof eventsspanningaboutanhour Theseaventcollectionsfor eachrun arefully recon-
structedto determinecalibrationconstantsor subsequentlataprocessing.The “prompt recon-
struction” of theseeventsrequiresrunninglarge andcomple softwareprogramg5]. It provides
physicistearlyaccesgo thefully reconstructe@ventsenablingtimely publicationof results.Al-
thoughthe reconstructioris expectedto be prompt,a lateny of few hourshasto be tolerated.
Thereforeit is necessaryo provide a databuffer to separateéheselarge programsrom the data-
flow software. The sizeof theseonehourdatasetsis several giga-bytesstronglysuggestinglisk
file buffers. Theseraw datafiles arealsoarchivedin the HPSSmassstoragesystemso that later
reprocessingf the datacanalsobe done. In this paperwe describethe software, the logging
managerthatcollectsthe eventsfrom several Unix computergdo make these‘intermediate”event
files anddistributesthoseeventsto the processocomputerdor reconstructiorandfinal archial.

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 Figurel. TheVME
computerandtheindividual farmnodeshave FastEtherne{100Base-TEonnectionso the Cisco
Catalyst5500switch. The Online sener computerwherethe logging manageruns,supportsan
arrayof high performancdrAID disksfor intermediatdile storageandis connectedo theonline
switch usingtwo Gigabit Ethernet(1000Base-SX)inks. One of the two network interfacesis
reseredfor communicationbetweeVME processorandthe sener andthe otheris usedfor all
othercommunicationncludingeventlogginganddistribution. A separatéarmof Unix computers
in the SLAC ComputingServicesdepartmensupportthe BABAR experimentfor runningboth
reconstructiorsoftware andfinal dataarchival in a HPSSbasedObjectvity databaseThe SCS
farmis connectedo the BABAR online switch using a Gigabit Ethernet(1000Base-LX)link.
The choiceof computersandIP interconnectarebasedon carefulevaluationof the commercial
technology[6] consideringbothperformancendcostissues.

SeveralUnix processeandtheir IP or sharednemorybaseccommunicatiorinks involved
in orchestratinghe online platform to enablethe intermediatefile storageand dataprocessing
beforethe final storagein Objectvity databaseThe reliablesener processesun on the online
sener computerandcommandhe daemornprocessesn therestof the farmto performspecific
tasks,e.g.,level-3 triggeror promptreconstructior{PR). The loggingmanageiprocessesollect
or distribute the datausing TCP/IPsocletsfor high performancewhereaghemonitorandcontrol
datais exchangedisingCORBA. Whenthe processeareco-residenin amemoryspacee.g.,PR
daemorandPR framawvork, sharednemoryis usedto make the bestuseof the systenresources.
Thedetailsof thepromptreconstructionf5] aredescribecklsavhere.Here,we reportonly onthe
LoggingManagelprocess.

The softwareis built usingobjectorienteddesign. The developmentphaseinvolved mod-
eling the objectsusing Unified Modeling Language.Classdiagramsandthe usecasediagrams
were particularly useful for communicatioramongthe developmentteammembers. The C++
StandardlemplateLibrary provided mary usefulconstructghatwould have otherwiseinvolved
considerablemountof programmingon our part. In orderto exploit the multi-threadandsoclet
programmingeaturesvhile maintainingobjectorienteddesignwe selectedhe ACE wrapperli-
brariesand TAO CORBA implementatior7]. We have customizedTAO CORBA initialization
sothatit runswith appropriatemulti-threadpolicy, a singlenamesener, etc.. This customiza-
tion packagealsoprovided simplerinterfaceto underlyingCORBA calls andprovided CORBA
namespacemaintenanceWe have alsoputtogethera packageo provide large file supportwith
improved performancédy implementingcustomC++ iostreamstreambf class.

L ogging M anager

Thelogging managempplicationis a multi-threadedorogramimplementedvith onethreadthat
provides CORRBA interface for monitor and control, and a separatehreadfor eachinput and
outputclient. This programreceves eventsthroughinput objects,maintainsa queueof current
andpendingeventsanddeliverseventsoutthroughoutputobjects.Threetypesof inputandoutput
classesareavailable: soclet, CORBA andfile. The designis suchthatary humberandtype of
input or outputobjectscanbe connectedat ary time. The setupof the programis accomplished
throughCOREBA calls. The TCP/IPsoclet or thefile setupinformationis exchangedhroughthis
mechanismThe mutex-locked queuestatusandthe input andoutputstatudists areavailablefor
monitoring. The normalmodeof operationis of two types,eventlogging andeventdistribtution,
which useintermediatalisk files to transferevents.



Event L ogging

For eventlogging, several online event processinglaemonaill connecto the loggingmanager
andsendeventsthroughthe soclet interface. Theseeventsarewritten to the disk files. Thereis
only a smallamountof processingnvolvedto handlea selectionof specialinput “events”, begin
andendrun. Thefile openingandclosingat appropriatdime intenalsis controlledthroughthese
eventsin the datastreamitself. We have typically used32 Sun Ultra-5 machineson switched
100Base-Tnetwork to performlevel-3 algorithmandwrite datato logging managetrunningon
a Sun4 CPU Enterprise450with alarge RAID disk andgigabitetherneinterfaceto the switch.
Thefile outputbuffers aresetupto uselarge 1 MB read/writebuffers achiezing about35 MB/s
throughputo thedisk. We use32kB TCPsoclet send/receie buffersto optimizenetwork perfor
mance.The aggrgatethroughputo logging managescalesup to aboutl kHz of 35 kB events,
i.e., 35 MB/s, with a factorof 10 safetymaigin. CPU usageat normal100 Hz operationis less
thana 10 % of themachinecapacity

Event Distribution

For promptreconstructiorthe eventsare distributed from a selectedlisk file to seseral prompt
reconstructiordaemonsia soclet interface. On this soclet link thereis bidirectionalcommu-
nicationto ensurethat every eventis processednd safelyloggedto the objectdatabase.The
objectsneededor the constantsalculationare accumulatedrom event dataon several prompt
reconstructiorcomputers. Only a small amountof processings involved to drive the prompt
reconstructiorframevork statemachineto allow processinghesedatabaseccumulationgrom
variousdaemonsndconstantgalculation.All of thissupportis handledoy specialmarlker events
insertedinto the datastreamby the logging manager The outputnodescanjoin the processing
at ary time during the processingasthe driving of statetransitionsis doneon per outputthread
basis.Multiple eventscanberequestedby ary outputlink beforethey acknavledgethattheevents
areprocessed.oggingmanagestoreshe statusof theseeventssothatary eventsfrom crashing
nodescanberedistritutedto otherworking nodes.To avoid a pathalogicakventfrom killing all
the processeghe particulareventthatis responsibldor killing the processonodeis marked as
suchandnotredistributed. CORBA interfaceallows monitoringof the run andoutputnodestatus.
For the promptreconstructiorcase the logging managehasoneinput file objectandup to 200
soclet outputobjectseachrunningin a separat¢éhread.We have not noticedary difficulty in get-
ting sufficient resourceso the input file threadwhenall 202 threadsarerunning. Testrunshave
yieldedthroughputof about400 Hz of 35 kB events,i.e., 14 MB/s includingthe eventacknavl-
edgementandsha&. For the productionrunningwe allow large granularity about3 minutes,
databaseommits,requiringthatseveralhundredmegabyteeventbuffer. In this casethelogging
managewasableto supplyeventsattherateof 125Hz withoutthrottlinginputto ary nodes.

Conclusions

ThecommodityFastEthernetechnologysufiicesfor a majority of our onlinelinks andis agood
choiceconsideringcostissues.The choiceof GigabitEthernetfor our mostdemandindinks was
alsoappropriate Theobjectorientedparadignthatwe adheredo in building our softwareenabled
its implementationn atimely fashionwith goodreliability. The ACEandTAQO packagesnale an
excellentfreavarechoicein building objectorientedapplicationsn a client-serer ervironment.
We alsofoundthatthe C++ StandardlemplateLibrary to be valuable. The performanceof this
systemis scalablewell beyond currentBABAR requirements.
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