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Abstract

This documengivesa comprehensie overview of the datagrid systemthat CMS intendsto operate
aroundDecembe003. This CMS datagrid systemwill supportboth CMS productionandanalysis
andwill seamlesslyie togetheresourcest CERNandatinternationalCMS regionalcenters.

This documenfocuseson the relationbetweerthe CMS softwarecomponentandthe grid software
componentoperatinginside the 2003 CMS datagrid system. In addition, the documentincludes
overview andreferencamaterialto introducethe membersof the grid projects(GriPhyN,PPDG,and
the EU DataGrid)to the CMS datahandlingervironment.

Thisdocumentontainsasnapshattakenin 2001,0f thevisionthatCMS hasof theintendedsoftware
capabilitiesof its productiondatagrid systemin 2003, andthe expectedscalingtowards2007. To

capturethe expectedlevel of compleity, the vision is sometimesvorked out to considerablaletail,

even thoughsomeof thesedetailsare likely to be adjustedin future. Thoughthe vision captured
in this documentwill likely evolve, this documentdoesyield the currentrequirementdor the grid

projectsthat CMS is involvedin asa‘customer’,therequirementgor the grid componentsvhich are
to becreatedrom now until theendof 2003. The major CMS softwaremilestonesaffectingthe grid

projectsarethe ‘delivery of baselinecore software’ milestonefor Decembei2002, this includesthe
choiceandintegrationof grid componentsnto the baselinesoftware,andthe ‘20% datachallenge’
milestone for which the work startsin January2004with milestonecompletionin Decembe2004.
The 20% datachallengeincludesthe full rangeof distributedoperationgequiredfor the analysisof

CMS dataunderrealisticconditionsasoccurringduring LHC operationfrom 2006onwards.

The primaryaudiencdor this documentrethe participantsn the grid projectsthat CMS is involved
in.
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The ComputingModel representshe architectuie of a systemof four inter-
connectedesouces:; computingand networkhardware; data; softwae; and
people Thesemustfunctioneffectivelyin the context of more than a billion
physicseventsper year more than a thousandphysicistdocatedat over one
hundred institutes,with a detectorand physicscompleity unprecedentedn
High Enegy Physics.

— From the executive summaryof the CMS computing

technicalproposalDecembeil996](8].

1 Introduction: how to use this document

The primary audiencéor this documentarethe participantsn the grid projects(GriPhyN[1], PPDG|[2], andthe
EU DataGrid[3]) thatCMS [4] is involvedin. Partsof this documentill alsobe usefulto CMS physiciststo get
anoverview of theexpectedcapabilitiesandlimitations of the CMS datagrid system.

Thisdocumentanbereadasa comprehensie overview of the CMS datagrid systenrequirementshut it canalso
be usedasareferenceguide. Becauseof this dual purposethe documentonsistsof moreor lessself-contained
sectionswhich canbereadpartially andin any order

Note to computer scientists It will be usefulto readsection2 first asanintroductionto CMS andits physics.
Much of the materialin section2 appliesalsoto otherhigh enegy physicsexperiments.Theterminologysection
7 might beusefulasareferencewhile readingotherpartsof this document.

Noteto CMS physicists Section2 canbe skippedon first reading. It might be usefulto readsection7.2first as
anintroductionto grid terminology This documentsessometermswhich aredifferentfrom thosenormallyused
internallyin CMS. Specifically:

UsualCMSterm | Thisdocument
Object Dataproduct
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2 Brief overview of CMS and its physics

2.1 CMS

The CMS experimentis a high enegy physicsexperimentocatedat CERN,thatwill startdatatakingin theyear
2006.The CMS detector(Figurel) is oneof thetwo generalpurposedetectorof the LHC acceleratarlt is being
designedandbuilt, andwill beused by aworld-wide collaborationthe CMS collaborationthatcurrentlyconsists
of somel800scientistan 144 institutes,dividedover 31 countries.
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Figure 1: TheCMSdetector(cutoutview).
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Figure 2: A CMSevent(simulationat low luminosity).

In future operation,a large numberof particle bunchesgachcontainingsome10'! protons,circulateinside the
LHC acceleratar At a rate of 40,000,000times per second the LHC acceleratotets two bunchesof particles
comingfrom oppositedirectionscrossthrougheachotherinsidethe CMS detector In every bunchcrossingn the
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Figure 3: TheCMSonlineandoffline systems&ndtheir ervironment.

detectoy on average20 collisions occurbetweentwo protonsfrom oppositebunches.The collision phenomena
thatoccurduring a single bunchcrossingare calledan event Figure 2 shavs an exampleof an event, with the
collision productsemanatingrom the collision point. Note thatthe pictureof the collision productsis complex,
andrepresents lot of information: CMS has15 million individual detectorchannels.The measurementsf the
event,doneby the detectorelementsn the CMS detectoy arecalledtheraw data The sizeof theraw datafor a
singleCMS eventvariesaroundl MB.

CMS hasthe high event rate of 40,000,000eventsper secondbecauselike in mary high enegy physicsex-
perimentsthe mostimportantphenomenahat the physicistswant to obsene will occurwith only a very low
probabilityin ary singleevent. Of the40,000,00@ventsin a secondsomel00 areselectedor storageandlater
analysis. This selectionis donewith a fastreal-timefiltering system(figure 3). The raw detectordataof each
selectedeventis storedasa setof 'dataproducts’. In this documentthe term data product is usedfor a small
self-containecpieceof data. In CMS terminology(section7), dataproductsare usually called‘objects’. As the
word ‘object’ is heavily overloadedwe tried to avoid it in this document.

Dataanalysiss doneby CMS physicistswvorking aroundtheworld. Thel MB raw eventdatafor eacheventis not
analyzeddirectly. Instead,for every storedraw event,a numberof summarydataproductscalledreconstructed
dataproductsarecomputed.

ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

for [ESDvi 1]  [AODv5 1]  [TAGV2_1]
Event1 | . [Esbv2_1]  [aoDv5 2]

for | RA_2 |
Event 2 DPDV3_2

The labels like ‘ESDv2_2’ in this picture are only a simplified
approximation of the expected product naming scheme.

Figure 4: Differentraw andreconstructedlataproductsthat existat somepointin timefor two events.
Ead eventhas a fixed numberof raw data products,but a variable numberof reconstructediata
products.

Figure4 shawvsthedifferentdataproductvaluesthatmayexist atonemomentin time for two differentevents.For
eachevent, the reconstructeghroductvalueshave beencomputedjn someway, from the valuesof the raw data
productsof theseevents. Reconstructedlataproductsrangein sizefrom a 500KB full reconstructedracksdata
productto a1 KB tagdataproduct.

Collectionsof reconstructedlataproductswill be replicatedwidely, dependingon needsand capacities. The
original raw datawill staymostlyin CERN’s centraltertiary storagesystem thoughsomeof it maybereplicated
also. Tertiary storagewill likely bearobotictapestore,thoughmaybeby 2006 someotherbulk storagemedium
(DVD?) will have replacedape.Dueto the slownessof randomdataacces®ntaperobots,theaccesso raw data
will likely beseverelylimited.

2.2 Physics analysis

By studyingthe momentagdirections,and other propertiesof the collision productsin the event, physicistscan
identify particlesandlearnmoreaboutthe exact natureof the particlesandforcesthatwereinvolvedin the colli-
sion.

Oneof the prime objectivesof CMS s to confirmthe existenceof a particlecalledthe Higgsboson,whichis the



origin of mass.In the framework of the Standardviodel of particle physics,particlesacquiremassthroughtheir
interactionwith theHiggsfield. Thisimpliesthe existenceof anew particle:theHiggsbosonH®. Thetheorydoes
not predictthe massof the Higgsboson.CMS hasbeenoptimizedto discover the Higgsin the full expectedmass
range0.08TeV < Mg < 1 TeV.

It is predictecthata Higgs bosondecaysalmostimmediatelyafter creationandcannotbe obseneddirectly. One
possibleway that a Higgs bosonis predictedto decayis into two Z bosonswhich thenfurther decayinto two
chagedleptonseach.Therefore pneway in which a Higgsbosonanalysiseffort canstartis by isolatingthe setof
eventsin which four chaigedleptonswereproduced Not all eventsin this setcorrespondo the decayof a Higgs
boson:therearemary otherphysicsprocessethatalsoproducechagedleptons.Therefore subsequerisolation
stepsareneededin which badkgroundevents,in whichtheleptonswerenot producedy a decayingHiggsboson,
areeliminatedas muchaspossible. Backgroundeventscan be identified by looking at otherobsenablesin the
eventdatalik e thenon-leptorparticlesthatwereproducedpr atthe momenteof the particlesthatleft the collision
point. Onceenoughbackgroundeventshave beeneliminated,someimportantpropertiesof the Higgs bosoncan
be determinedy doinga statisticalanalysison theremainingevents.

The datareductionfactorin this type of CMS physicsanalysisis enormous. The final event setin the above
examplemay containonly a few hundredsof events, selectedfrom the 4 x 10'* events(10'® collisions) that
occurredin oneyearin the CMS detector This givesa datareductionfactorof about1 in 10'2. Much of this
reductionhappensn the online system(figure 3) beforeary datais storedthe resthappensn a moreinteractive
way, usingthe CMS offline system.

Physicsanalysison the offline systemis aniterative, collaboratve processin which subsequentersionsof event
featureextractionalgorithmsandeventselectionfunctionsarerefineduntil their effectsarewell-understoodThe
grid jobsrun duringthis processanbe comparedo the compile-and-rurstepsin iterative softwaredevelopment.
The grid job ‘locate the Higgs eventsand calculatethe Higgs massfrom them’ is highly atypical: it is the final
job at the end of a long analysiseffort. A muchmoretypical job run by anindividual physicistin an analysis
effort is: ‘run this next versionof the systeml amdevelopingto locatethe Higgs events,andcreatea plot of these
parametershat! will useto determinethe propertiesof this version’. Anothertypical classof grid resourcausage
is not initiated by individual physicists,but by systemoperatorson behalf of a larger group. A typical system
operatorcommando thegrid is: ‘now thatthe new versionof this standardeventfeatureextractionalgorithmof
this physicsgroupis finished,run the algorithmover this large setof eventsandstorethe resultsfor quick access
by everybodyin thatgroup’. Workloadcharacteristicarediscussedurtherin section4.9.4.

2.3 Data handling problems and opportunities

The natureof physicsanalysisimplies several problemsandopportunitiesfor physicsdatahandlingsystemdik e
the CMS datagrid. Theseproblemsand opportunitieshave beenextensively studiedin the RD45 projectand
elsavhere[30] [22] [23] [12] [26] [15] [25] [21] [27] [28] [16] [20]. Someof the mainpointsareasfollows.

¢ Datavolumesarehuge,but thesizeof anindividual dataproductis relatively small (1 KB-1MB).

e Workloadsaredominatedby reading.

¢ Given a sufficiently powerful and penasive versioningmechanismmary setsof dataproductvaluescan
be treatedasread-onlyafter creation. This makesdatareplicationmuchmoretractablethanin mary other
applicationareas.

e Thestepwiseaefinemenbf algorithmsandeventselectiorfunctionsleadsto aworkloadprofile whereseries
of jobsarerunoverexactly thesamenputdatasetwith eachjob in theseriescontainingthenext refinedver-
sionof thecodeor of someparameterSothereareohbviousopportunitiedor the caching-typeptimizations
whendeliveringinput datasetso subsequerjbbs.

e Becauseof the large datareductionfactorin several importanttypesof CMS physicsanalysis,the input
datasetn suchanalysiseffortswill representery sparsesubset®f thesetof eventsoveraperiodof detector
running. Thesparsenedscreasessananalysiseffort progressesThis hasimportantconsequencesr data
handling.In particular asystenthatusesafixedpartitioningof dataproductvaluesoverlargefiles,andthen
stagesall dataneededy ajob by stagingcompletelyall thelargefiles containingthe needediataproducts,
will betoo inefficient. To achiese the desiredefficiengy for the CMS workload, it is necessaryo perform
actionslike copying a sparsesubsebf the dataproductvaluesin somefilesinto new files[15] [21]. For the
foreseeabléuture,thebaselineapproacto thesecopying operationss thatthey areperformedmanuallyby
CMS usersor areinitiatedby CMS softwarecomponents.



3 CMS offline hardware and software systems

To placethe CMS datagrid systemandthegrid projectrequirementn context, this sectiongivesa brief overview
of the major CMS hardwareandsoftware systemswhich togetherform the CMS offline system.Figure3 shavs
therelationbetweerthewhole CMS offline systemandotherCMS systems.

3.1 Hardware systems

The CMS offline hardwarewill consistof computerinstallationsarrangedn a hierarchicalstructureasshowvn in

figure5. Thisfigurewasadaptedrom[10]. In year2007 theoffline hardwareconsistf alargecentralcomputing
facility at CERN, at tier O, five ‘regionalcenters’attier 1, andabout25 still smallercentersattier 2. Below that,
thereareinstitutesenersattier 3 andphysicists desktopworkstationsattier 4. At the momentof writing, only a
handfulof sitesareperformingCMS regional centertasks. Goingtowards2007,the numberof deployed centers
will slowly increasd13].

Section4.9.2hassomenumericdetailson the CMS hardware.
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Figure 5: CMShardware installationsand networklinks (for 2007)

Around 2003, only someof the centersin figure 5 will alreadybe in operation:the expectednumberis about2
tier 1 centersand6 tier 2 centerd13]. Thescalabilityrequirementsor the grid componentsleliveredto CMS by
the endof 2003 aredriven by the 20% datachallengemilestoneeffort in 2004: the componentsieedto scaleto
supportinga hardwareconfigurationthathas20%of theprojected2007capacity Thetestbedconfiguratiorfor the
datachallengewill exploit severalsharedesourceén additionto the CMS-operatedier centers.

As a baselinerequirementthe CMS datagrid systemneedonly useand managesystemresourcesn tiers0, 1,

and2. Not all of theresourcesn thesetierswill be managedindusedby the datagrid system.Thetier 0-2 site
resourcesarecommonto the whole CMS collaboration. The tier 0-2 sitesareassumedo be administratedvell

enoughthatany CMS physicistwill trustthatary datastoredon thesesitesis labeledcorrectly andwill remain
labeledcorrectlywhenupdated.Thereis alsotrustthatall certified CMS softwareis installedcorrectlyon these
sites,andthatthis softwarewill reliably runto producetherequestedesult. Fromatruststandpointll thesesites
areinterchangeablesothatthe CMS datagrid systemscheduler$o notneedto take trustissuesnto accountwhen
decidingbetweertier 0—2sites. Thetier 3 and4 siteson the otherhandarededicatedo afew usersor to asingle
user:thesewill in generallybetrustedonly by specificusersto performsomespecifictaskscorrectly Useof the
tier 3—4 sitesascommonresourcess outsidethe scopeof the baselineCMS datagrid system.However the tier

3—4siteswill beusedto run physicsanalysistoolsthatwill interactwith the CMS datagrid system for example
by submittingjobsto it, or by exportingdatafrom it.



3.2 Software systems

Seenfrom the highestlevel, the CMS experimenthasa long dataprocessinghainthatgoesfrom detectorsignals
all the way to plotsin publications. The chainis not static, but the elementsof it are developedandrefinedby
physicistsover time. Several softwaresystemsareinvolvedin handlingthe whole chain. An importantquestion
is whereexactly the boundariebetweenthesesoftware systemsshouldlie. This documentgivesthe following
baselineanswerfor the boundarie®f the CMS datagrid system.The CMS datagrid systemhandleghe middle
partof the CMS dataprocessingchain,from the point whenraw dataflows out of the online systemto the point
whenthe intermediateresultsbecomesmall enoughto be storedand handledby corventionaltier 3—4 systems
(figure 5). In physicsdatatermsthis latter boundaryis the point wherethingslike ntuples tags DPDs and
histagramsappear The proposedoundariedimit the compleity of theinteractionghatneedto be supportedy
the CMS datagrid system,andyield fairly narrov interfacesbetweerthe grid componentsn this systemandthe
restof the CMS software.

Thesearethe maindifferentoffline softwaresystemshat CMS intendsto operate All of thesecombineCMS and
non-CMSsoftwarecomponents.

The CMS data grid systemwill supportboth CMS productionand analysisand will seamlesslitie together
resources thetiers0-2. The CMS datagrid systemis the mostimportantsystenfor thegrid projects(GriPhyN,

PPDG,andthe EU DataGrid)in which CMS is involved. Whereassomeother CMS software systemawill also
usegrid technologythe CMS datagrid systemcontainsthe grid componentshat shouldbe targetedby the grid

projectsfor which CMSiis a‘customer’.

Theend-userphysicsanalysistools arethe softwaresystemghatthe averagephysicistspendsnosttime interact-
ing with. Thesetoolsrunontier 3 and4 systemsandareinstalledandmaintainedoy local systemadministrators
or by the endusersthemseles. Mobile computingdevicesforming a ‘tier 5' might alsorun analysistools with
a limited functionality. Suchtier 5 devices might also run lightweight analysisclients that connectto analysis
senersrunningontier 3 and4 systemsThephysicsanalysistools areusedfor theinteractive analysison limited
amountf physicsdata(storediocally), with interactive cycle timesin the second—hourange.Thesetools might
alsosupportadvancedvisualizationand GUI functions. Becausehysicistsspendmuchof their time interacting
with end-useghysicsanalysigools,theseoolsareto physicistavhattext editorsareto programmerspeopleget
very usedto doingthingsin a specificway with a specifictool, andtendto resista forcedswitchto anothertool.
Somepeopleprefertoolswith GUIs basednterfacespthersprefercommandine or EMACS-styleinterfacesand
debatesboutwhichtool is bestarevigorous.lt is unclearatthe momentwhetherthe CMS physicistswill all use
the samemonolithic analysistool in 2003, will all usea single standardizedetof analysistools, or will all use
differentbut overlappingsetsof analysistools. In the baselinevision of this documentphysicistswill generally
interactwith the CMS datagrid systemvia special-purposenodulesin their analysistools, therebyobtainingthe
userinterfacethey like best. Thesemoduleswill in turninteractwith thegrid via a standardnarrow interface.

The CMS idle CPU scarenger grid is a grid software systemwhich is separatdrom the datagrid. The main
purposeof the idle CPU scavengergrid is to make useof ary otherwiseidle computepower in CMS tier 3—
4 systemsand the CMS detectoronline computefarm. Otherwiseidle computepower in the tiers 0—2 might
also be absorbediy the CMS CPU scavengergrid. The usecasethat underliesthe CMS idle CPU scarenger
grid, absorbingotherwiseidle computepower, existswidely in thegrid community soit is expectedthatno LHC-
specificgrid softwaredevelopmenneedgo bedoneby thegrid projectsjn orderfor CMSto successfullyuild and
deploy its future CPU scavengergrid system.At thetime of writing, CMS hasnot yet deployeda comprehensie
idle CPU scavengergrid systemon its tier 3—4resourcesComparedo the CMS executablesunningin the CMS
datagrid system the executablesunningin the CPU scavengergrid will be written to be muchlessdemanding
in termsof the facilities offered by their executionplatform. In particularthe executableswill do all their I/O
in termsof local files, will not requirelarge input datasetsandwill not requireaccesgo ‘grid-wide’ metadata
repositorieor otherservices. Theseexecutablesill be upgradednfrequently maybeevery few months,andcan
be distributedin the form of self-containedauto-installingpackagesThe CMS CPU scavengergrid will mainly
run detectorsimulationcodeswhoseoutputwill be uploadedat regularintervalsinto the CMS datagrid system.
The CPU scavengergrid will not be ableto run all CMS detectorsimulationcodes:mary of thesewill needthe
morepaowerful servicesofferedby the CMS datagrid systemto execute.



4 The CMS data grid system

This sectiondescribegshe CMS datagrid systemthat CMS intendsto operatearoundDecember2003, andthe
expectedscalingtowards2007. To capturethe expectedevel of compleity, the vision is sometimesvorked out
to considerabla@etail, eventhoughsomeof thesedetailsarelik ely to be adjustedn future.

4.1 Software components in the CMS data grid system

TheCMS datagrid systemcontainsa large numberof softwarecomponent$rom differentsources.

1. Thesystencontainggenericoff-the shelf components lik e operatingsystemsystemsandinternetprotocol
stacks.

2. The systemcontainscommercial software componentsselectedby CMS, for example a commercial
databaseomponent.

3. The systemcontainsgenericgrid components asmay be standardizedby the Global Grid Forum (GGF),
andascurrentlyproducedby projectslike Globus [31] andCondor[32]. While the CMS datagrid system
relies on suchgenericgrid componentsijt is not the primary role of the GriPhyN, PPDG, and the EU
DataGridto developsuchgenericgrid components.

4. The systemcontainsdata grid componentsproducedby the grid projects,GriPhyN, PPDG,andthe EU
DataGrid,for which CMS is a ‘customer’. Thesecomponentsare more specificallydevotedto the data-
intensive scienceapplicationrequirement®f high enegy physicsandof the othergrid projectcustomers.

CMS itself might also producesomedatagrid components.It shouldbe notedhowever that, in termsof
manpaver anddeliverablesthe CMS grid componenimplementatioreffort will be smallcomparedo the
efforts of the grid projectsin this layer Most of the grid-relatedmanpaver that CMS hasavailablewill be
devotedto interactingwith the grid projectsasa customerto work towardsthe identification, definition,
testing,integration,anddeploymentof commondatagrid componentsn thegrid projects.

5. ThesystemcontainsHEP-specificnon-grid software components producedn HEP collaboratve projects
like GEANT 4 [34] andANAPHE[35].

6. ThesystemcontainsCMS-specificnon-grid software components The mostimportantof theseareCMS
physicsalgorithms which encodeCMS’s knowledgeaboultits detectoandtheway to do physicswith it: by
2006thesealgorithmswill represeninary hundredof man-year®f developmengeffort. Anotherimportant
components the CMS software framework in whichthesephysicsalgorithmsrun. Thecurrentlydeployed
CMS software framawork is called CARF, the next major versionis called COBRA. The CMS software
frameawork isolatesthe grid componentérom mary of thedetailsof CMS physicsalgorithminvocationand
CMS physicsdatahandling.The grid componentin turn have to isolatethe CMS softwareframevork from
mary of thedetailsof grid resourcananagementistributedjob execution,andwide-areadatahandling.

Themainfocusof this documenis on the exactrelationbetweerthe datagrid componentandthe CMS-specific
softwarecomponents.The interfacesbetweenthesecomponentsare discussedn considerablaletail. For mary

interfacecalls, quantitatve aspectdik e the calling frequeng arespecified.Fromthesenumberssomescalability
requirementgor the grid componentganbederived.

4.2 Storage and handling of data product values

Noteto CMS Obijectivity/DB users This sectiondescribes long termdatahandlingvision thatwould, among
otherthings, supportuseof the currentObjectvity product. However this long term vision is not coupledvery
stronglyto currentObjectvity details. The mappingof this sectionto currentCMS datahandlingterminologyis
asfollows:



This section CurrentCMS datahandlingterminology

File Objectiity databaséile or ZEBRA file
Dataproduct Objector record
A CMSfile catalog An Objectvity federationcatalogdfile andbootfile in thelocal area,

maybecombinedwith someCARF metadatattachedo thatcatalog
Objectpersisteng layer | Objectvity clientlibrary andsomepartsof CARF, or ZEBRA library
Objectpersisteng sener | Objectvity AMS sener

A data product value is a physicalrepresentatiomf the value of a dataproduct. Dataproductvaluescanbe
stored,andreadinto the memoryspaceof CMS executablesCMS hasa very specificarchitecturalision for the
storageandhandlingof dataproductvalues.Thisvisionis illustratedin figure 6. The mainpointsareasfollows.

Dataproductvaluesarealwaysstoredin files, usuallythereare mary relateddataproductvaluesin a singlefile.
For asingledataproduct,its dataproductvaluecanexistin mary files atthe sametime. Thereadingandwriting of
dataproductvaluesfrom andto files is handledby anobject persistencylayer insideeachCMS grid executable.
Thislayeris partof the CMS softwareframawork. Insidethe CMS datagrid systemjn the time framenow-2003,
the CMS softwarecomponentsreresponsibldor mappingandre-mappingdataproductvaluesto files. Thegrid
componentsfieedanot be awareof the factthatsomefiles will hold subset®f dataproductvalueswhich arealso
presentn otherfiles.

Grid site 1 (combines CPU power and local disk storage) Grid site 2 (combines CPU power and local disk storage)
[ CMS subjob code } [CMSijegt copier code } [ CMS subjob code } CMS subjob code
[Obje ct persist encyleyer] [ Object pergistengy |a er] [O bject|persistency lay ar] Object persistency |ayer
[UNI filesystem inte fac% [UNI filesystem intefrfg ce] [Jl\ IX filesystem|inte! fac& ( LAN/TCP/IP) )

[Object persistency serveﬂ

[UNIX filesystem inter ace]

[/ ]
\EIEII;[JIJEIL]JEIEIDE[\ [ o J
Disk storage
“JE”:QHJE!DDDUE” A mm \%‘k stor |: I DUUDDUiDDD
a ]

I ( ;

] Grid file replication service J

[[] = Data product value ‘DDDDDIDDDDD‘ Grid st thout local CPU
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— = Data flow

Figure 6: Storage and handlingof dataproductvaluesin thedatagrid system

The datagrid software componentsre responsibl€or wide-areadatahandlingandreplicationin termsof files.
Theserviceofferedby thegrid componentprovide logical grid file andphysical grid file abstractionsA logical
grid file is a file that exists in the grid in a location-independenway. It hasone or more physicalgrid files
associatedvith it, eachof theseis a physicalrepresentationstoredat a certainlocation, of the logical grid file.
Thegrid softwarecomponentprovide agrid-wide file replicacatalogservice which maintainghemappingfrom
logical to physicalfiles. Not all physicalfiles of alogical file arenecessarilydenticalall of thetime: dueto lazy
replicationpoliciessomeof the physicalfiles maybe ‘out-of-date’ representations.

CMS currentlyusestwo file typesto storedataproductvaluesin production: Objectvity/DB databasdiles pro-
ducedby apersisteng layerbasedn Objectvity, andZEBRA files producedy the FortranZEBRA library —this
latter typeis beingphasedut. By the endof 2002, CMS expectsto selecta final objectpersisteng solutionto
be usedfrom thenonwardspast2006. However at sometime duringthe lifetime of the experiment(up to atleast
2030),externaldevelopmentsnight force or motivateCMS to changeagainfrom the persisteng solutionselected
in 2002.

Irrespectve of specificimplementationof the object persisteng layer, the following architecturalchoicesand
constraintsapplyfor the storageandhandlingof dataproductvaluesin files in the CMS datagrid system for the
time framestartingnow andextendingpast2006.

1. Dataproductvaluesarestoredin logical grid files. Eachlogical grid file will containoneor more(maybea
hugenumber)of dataproductvalues.Supportfor file sizedargerthan2 GB by grid componentss desirable,
but not absolutelyneededn thetime framenow-2003.

2. Thechoiceandimplementatiorof the persisteng layer, whichis responsibldor readingobjectsout of files
andwriting objectsinto files, is alwaysundercompletecontrol of the CMS softwareteam:the grid projects
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arenotinvolvedandalsocannotimposedesignconstraintdor this layer. The grid componentslo not need
to manipulateor interpretthefile contents.

. Thegrid componentseedto maintaina globalview of which logicalfiles exist, andwhereall physicalfiles
are.

. TheCMS componentsvill call onthegrid componentso createanddeletelogical files, andperformwide-
areareplicationactionson (setsof) physicalfiles.

. Dataimport/export operationsetweenthe CMS datagrid andoutsidesystemshappensn termsof logical
files.

. Forany CMS executableunningonagrid site,theobjectpersisteng layerandthe CMS softwareframeawork

only implement,asa baselineaccesdo physicalgrid files which arelocal to that grid site. (The current
Objectvity-basedayer doesprovide the option of implementingaccesgo physicalfiles at othergrid sites,
but thedatatransporiprotocolthatis usedis too inefficientto be of muchusein thewide area.lt is therefore
not expectedthatthis option of remotefile accesswill be usedmuch,if atall, in productionby CMS grid

executables.)

. File accesdy the CMS objectpersisteng layeris always performedon physicalgrid files via the UNIX

filesysteminterface, using regular POSIX I/O calls. In particulara grid-provided file storagelayer that
would requirethe objectpersisteng layer to be linked with special‘grid versions’of the POSIX open(),
read(),. . . callsis incompatiblewith the CMS architecturaprinciples,becaus€€MS mightchoosen future
to usecommerciakoftwarecomponentsn its persisteng layerthatdo notallow suchre-linking with special
open()versions.(The currentObjectivity-basedpersisteng layer doesallow for somedegreeof re-linking,
but a future productthat CMS could considemight not.)

. Two casedor file accesdy the persisteng layerarepossible.

e First, thel/O calls could be donedirectly from the executablecontainingthe CMS physicsalgorithm,
on afilesystemmountedon the machinethatrunsthe executable Note thatthe mountedfilesystemis
not necessarilya local disk of that machine it might needto be a muchlargerfilesystemlocal to the
site but not local to the machine. Accessto files on a large filesystemlocal to the site, but not local
to the machine,is neededn particularin the CMS usecaseof doing ‘random’ type accesgo setsof
‘pileup events’with asizeof 1 GB — 1 TB: suchsetsaresimply too largeto stageto the local disk of
everymachinen asite.

e The secondcaseof doing the file accesds shown in the rightmostpart of figure 6: The executable
connectgo a CMS-provided objectpersisteng sener via the site LAN, andthe actualfilesysteml/O
calls aredoneby objectpersisteng sener, on a filesystemthatis mountedon the machinethat the
persisteng senerrunson.

CMS doesnot guaranteehatbothformsof acceswill alwaysbeimplementedasequivalentoptionsby all
its persisteng layers. Ratherin boththe shorttermandthelong term, CMS requiresthatboththeseforms
areefficiently supportedy thegrid componentén the CMS datagrid system.Supportingonly oneof these
formsin anefficientway is notacceptableasthis would constrainthe choiceghat CMS hasfor evolving its
persisteng layer.

. CMS hasa stratgy of moving codeto data. However someof the time, datawill alsohave to move to a
locationwherecodeis run.

Thepreparationgor runningaCMS executableonasitemayinvolve creatingocal physicalffiles by replicat-
ing files from othersites,or even(for efficiency reasonsjirst invokinga CMS objectcopiertool onaremote
site to copy selecteddataproductvaluesinto a new, smallerlogical file, andthencreatinga physicalcopy
of this new, smallerfile on thelocal site. Both theseoptionsareillustratedin figure 6. For the foreseeable
future, the baselineapproacho dataproductlevel copying operationds thatthey areperformedmanually
by CMS usersor areinitiatedby CMS softwarecomponents.

Not all datausedby a CMS executablewill necessarilype availablelocally at the startof this executable.
During the runningof a CMS executable the executable or a CMS object persisteng sener usedby the
executablemightalsocall onthegrid to resole alogical grid file thatis neededy theexecutableo a close
physicalgrid file. If acloseenoughphysicalfile is notfound,afile replicationoperationmight beinitiated
to createone. The CMS executablawill beidle while thefile is beingreplicatedover. It is notexpectedrom
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the grid componentghat they offer servicesto reclaimsuchidle CPU time. In steadCMS is responsible
for makingthe performancdradeof, on afile to file basis,betweenusingdynamicstagingof a file which
introduceddle time onthe CPUthatis allocatedo therunningof the CMS executableandusingpre-staging
of the file evenwhile it is not known for surethatthe executablewill needit. CMS might at onepointin
thefuture seekhelpfrom the grid projectsin developingheuristicstage-aheastrategyiesto hide someof the
lateny of dynamicstaging.

10. The CMS executableswill usetwo differentways of mappinglogical grid file namesto the namesand
locationsof physicalgrid files.

e Thefirstwayis by doingalookupin thegrid-widefile replicacatalogservice.

e Thesecondwvay, which alsorequiressomesupportfrom the grid softwarecomponentsis via a CMS
file catalog. A CMSfile catalogis a specialpersistentlatastructure existing asseverallogical grid
files,whichis maintainecdby CMS softwarecomponentén thedatagrid system Apartfrom references
to physicalgrid files, the file catalogcanalsocontainspecializedndexing metadatahat allows fast
accesdo thedataproductvaluesin thesephysicalgrid files, bypassingnuchof the procesof generat-
ing alogical grid file nameandthenhaving it mappedo a physicalgrid file. Many CMSfile catalogs
will bepresenin theCMS datagrid system.

For thegrid componentén the CMS datagrid systemthe supportrequirementgor CMS file catalogs
are as follows. Becausethe CMS file catalogscontain physicalfile namesand locations,the grid
componentsnight needto updatesuchfile catalogswhenmoving or deletingphysicalfiles. These
constrainton the datagrid componentsill be expressedaspartof CMS-setreplicationconsisteng
managemertolicies. Thesepoliciesmayimply for examplethat,beforea physicalgrid file is deleted,
a CMS grid softwarecomponenneedso be calledto ensurethatthe informationaboutthis physical
grid file locationis removed from one or more CMS file catalogs. Policiesmight alsorequirethat,
whena new physicalgrid file is createdat somesite by automaticreplication,a CMS grid software
components calledto registerthe presencef thisfile into oneor moreCMS file catalogs.

CMS doesnot guarantedhat both above forms of obtainingnameandlocationinformationaboutneeded
physicalfileswill alwaysbeimplementedasequivalentoptionsby all its persisteng layers.Ratherin both
the shortterm andthe long term, CMS requiresthat both theseforms are efficiently supportedy the grid
componentsn the CMS datagrid system.

11. For the durationthata CMS executablemight be accessing particularphysicalfile, this file needsto be
‘pinned’, thatis protectedrom moving, deleting,or overwriting by grid componentsThegrid components
areresponsibldor maintainingthe pinning statusof eachphysicalfile. File operationsnitiatedvia thegrid
componentsvhich would conflict with the pinning statusneedto be delayedor refused.CMS executables
will requireaninterfaceto createfile pinsor inquire aboutthefile pinning status.Note that multiple CMS
executablesnight have a physicalfile pinnedat the sametime: it is the responsibilityof theseexecutables,
notthegrid componentsto coordinateary possibleupdateoperationghatthey do onthefile.

12. Marny physicalfilesin thegrid will exist underCMS-setreplicationandconsisteng policiesthatallow grid
componentsik e ‘garbagecollectors’or ‘load balancersto automaticallyreplicateor deletethesefiles. Such
automatidile managemerdctionswill bealwaysbe constrainedy file pins,andperformingthemwill also
oftenrequirecallsto CMS softwarecomponentsothat CMSfile catalogsr othertypesof metadataanbe
updated.

4.3 Data replication model

As mentionedabove, the grid componentsn the CMS datagrid systemprovide logical and physicalgrid file
abstractions.The grid software componentgrovide a grid-wide file replicacatalogservicewhich maintainsthe
mappingfrom logical to physicalfiles. Not all physicalfiles of alogical file arenecessarilyoytewiseidenticalall
of thetime: dueto lazy replicationpoliciessomeof the physicalfiles may be ‘out-of-date’ representationsf the
logicalfile.

Datareplicationin the CMS datagrid systemis not doneon afile-by-file basis but in termsof coherengroupsof
files calledfile sets A file setis asetof logicalgrid files. A singlefile canbein mary file sets:file setscanoverlap
eachotherandbe containedn eachother A grid-wide file set catalog sewice is usedto maintaininformation
aboutall file setsthatexist in the grid. This serviceis provided asa software componenby the grid projects.
The contentsof the catalog,thefile setsthemseles,are createdandupdatedby CMS software componentghat
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interactwith thefile setcatalogservice. Eachfile setentryin the cataloghasa uniquenamethatis assignedy
CMScomponentsApartfrom alist of logicalfile namesthefile setentryalsorecordsa CMS-definectonsistency
managementpolicy thatwill governreplicationactionsonthefile set.

Examplef file setsare: 1) asinglefile, 2) all privatefiles of someuser 3) theObjectvity databaséles containing
all raw dataproductsfor someperiod of detectorrunning, combinedwith several databasdiles with indexing
metadatawhich areneededo accesgheraw dataproductsin thesefiles, 4) thefiles which represent particular
CMSfile catalog.

Both privateandpublicfile setswill bedefined.For publicfile sets,CMS productionmanagersndphysicsgroups
will oftencreatemetadatan a perfile setbasis.This metadataanbe searchedy CMS physiciststo find thefile
setsthey need. CMS might make useof grid level metadat&keepingservicesto make maintainingthis metadata
easier However it remainsthe responsibilityof CMS to encodeand managethis metadataandit will be CMS
productionmanagersvho decideto whatextentthey will adoptcommongrid metadatananagemergervices.

Examplesof operationson file setsare: 1) replicatethe contentsof the file setto somegrid site, 2) export the
contentdo asiteoutsideof thegrid, 3) clonethefile setcontentgo createanew ‘private’ copy of thefile setunder
anew name4) queryif site X hasareplicaof file setY, andwhetherthis replicais still ‘current’, with theconcept
of curreny beingdefinedby the consisteng managemenpolicy of thefile set,5) find all grid siteswhich have a
‘currentenough’copy of somefile setavailableonlocal storage.

It is ervisagedthat a grid-level file replicationservicecanbe usedto performoperationdik e the onesabove on
file sets. This servicehasthe performreplicationactionswithin the constraintof several differentCMS-defined
consisteng managemenpolicies. Thesepoliciescan be quite comple, encodingspecificfreshnesonstraints
betweenthe replicasof differentfiles in a set. Examplesof policiesare: 1) this file setis local to a singlegrid
site andnever replicated,so eachof the logical files in the sethasexactly one physicalfile associatedvith it on
thatsite 2) this file setconsistsof read-onlyfiles, sofiles canbereplicatedalwaysin ary order, 3) thefilesin this
setareread/writefiles, but thereis a clearly definedmastersite whereall thefile writesaredone,new or changed
files canbereplicatedo othersitesatary time, 4) thereis onemastersitewherefile updatesaredone,but replicas
canonly bemadeat particulartimeswhena CMS componentnarksthe setof files at the mastersite asstableand
mutually consistent.The exactpoliciesthat CMS needssupportfor arenot yet definedat this moment the above
examplesmerelyindicatethe expectedlevel of compleity from now till 2003. In theory the CMS components
could defineoverlappingdfile setsin the file setcatalogandattachmutually conflicting consisteng management
policiesto them:it is theresponsibilityof the CMS softwarecomponents$o ensurehatthis neverhappens.

All CMS file replicationpoliciesfor the foreseeablduture will sharesomecommoncharacteristics.For all of
thesepolicies,eachindividual logical file is declaredto be eithera) read-onlyor b) to be read/writewith a single
well-defined'mastersite’ thatis responsibldor all thewriting. Notethatthe mastersite canchangeovertime.

4.4 Job model

Physicistsget work doneon the CMS datagrid by submittingjobs to it. A CMS grid job generallyconsistsof

mary subjobs By 2003,somevery large jobs might evencontainhundredof thousand®f subjobs.Eachsubjob
consistf the runningof a singleCMS executable with aruntime of secondsip to hours. The executableruns
asa UNIX processTheprocessnaybemulti-threadedbut in generathethreadsogethemwill only usethe CPU

power of asingleCPU.Thenumberof CPUsto beallocatedto a subjobon executionis oneof the CMS-supplied
parametersf the subjob

Thereare mary differenttypesof subjobs. For example,somesubjobsexecuteanalysiscode specifiedby the
physicistwhenthejob wassubmitted.Someexecutestandarghysicsalgorithmstakenfrom asoftwarerepository
to createnew dataproductvaluesthat might potentiallybe sharecby otherphysicists.Someextractselectedlata
productsfrom a largefile setinto a smallerfile set. Not all of the subjobsof onejob will necessarilyunin the
samesecuritycontext: for examplesubjobswhich containonly certifieddataextractioncodeor certified physics
algorithmsmightrunin asecuritycontet thatallowsthemto createor updatefile setsthataresharecamongmary
grid users.

CMS subjobsdo notcommunicatavith eachotherdirectly usinganinterprocessommunicatiotayerlike MPI. In

steadall datais passedasynchronouslyia file sets.A subjobgenerallyhasoneor morefile setsasits input, and
will generallycreateor updateat leastonefile setto storeits output. Subjobscanaddnew files to outputfile sets
while they arerunning. Someof thefile setsusedin ajob maybetemporarysetsof files, existing only to passdata
within thejob. Within ajob thereis a sometimesomplicatedput alwaysacyclic, dataflow arrangementetween
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subjobs.This arrangementanbedescribedhsa dataflow graphin which file setsandsubjobsappeailternately
The dataflow arrangemeninsideajob is known to the grid componentsin particularto the grid schedulerand
grid executionservicessothatthey cancorrectlyscheduleandsequencsubjobexecutionandthe datamovement
within ajob.

Several subjobsmay have the samefile setasinput. It alsois possiblethat several subjobs,subjobswhich can
potentiallyrun concurrentlyaccordingto the dataflow constraintspecifiedfor the job, areusinga singlefile set
asa joint spaceto placetheir outputin. In generalthis requiresthatall thefiles in this file sethave their master
copieson the samesite, with thesesubjobsalsorunningon thatsite. The subjobswill coordinatetheir I/O actions
onthecontentof thefile setusingconcurreng managemergerviceofferedby the CMS persisteng layer.
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Figure 7: Creationandprocessingf a singleCMSdatagrid job

Figure 7 shows the model for the creationand processingof a single CMS datagrid job. The job is created
by a physicistusing a physicsanalysistool, and then submittedto the grid. The job descriptionis passedo a
CMS grid job decompositionservice, which is a grid componenprovided by CMS. This servicedecomposes
the job into subjobs,and createsthe job dataflow graph. Often a job canbe decomposedh mary ways: the
decompositiorserviceinteractswith several catalogsandothergrid servicesto determinein which way the job
shouldbedecomposetb achiere goodefficiengy giventhe currentstateof the grid.

Theresultingdecomposedob description containsa logical, locationindependentspecificationof all actions
thathave to be performedby the grid to executethe job. The subjobsin the decomposegbb descriptionarenot
yetmappedo ary grid site,andtheinput, output,anddatahandlingarespecifiedn termsof file setsof (location-
independent)ogical grid files. It is the job of thegrid schedulerto optimizethe job by taking the decomposed
job descriptionand mappingthe subjobsto specificgrid sites. The grid scheduleralsogenerategny necessary
file replicationactionsto ensurethatthe subjobscanaccesgphysicalreplicasof) their specifiednput, output,and
working file setson local site storagevia their persisteng layer. Note thatwhile running,the subjobsmight also
interactwith thegrid to dynamicallystageadditionalfiles, whoseidentitieswerenotvisible in thedecomposegbb
description.

The decomposegbb descriptionmight also be deliveredto a query estimator, which computesan estimateof
thejob runtimeandresourcausagewhenit would be scheduledlt is expectedthatan estimationof CPUandI/O
resourceusagecanbe fairly accurate:the queryestimatorcanuseestimatesaboutsubjobCPU and|/O profiles
which are suppliedin the decomposegbb description.Estimatingwallclock runtimewill be moredifficult, soa
job progressmeter serviceandtheability to aborta pendingor runningjob will likely beuseful. Whensubmitting
ajob, theusermayincludeseveralhints to the grid to helpit in optimizing resourceusage An exampleof a hint
would be“several otherjobsusingthe samenput datasetwill be submittedn future”.

Thegrid scheduletransformghe decomposegbb descriptioninto ascheduledjob description, whichis passed
to thegrid-wide executionsetvice. An importantpartof thejob descriptionis asetof errorrecorseryrules which
aresuppliedby CMS aspartof thedecomposegbb description. Theserulescanbeusedby theexecutionserviceto
recover automaticallyfrom certainclasse®f hardwareandsoftwarefailure. An exampleof anerrorrecoveryrule
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is: ‘if themachinethatis runningthe subjobat point X in thedataflow graphcrashesthenonecanautomatically
roll backto a consistenstate,representindhe statebeforethe subjobwasstarted by calling the CMS-provided
cleanupscriptwith the nameY andparameterg’. Becauseof the limited operatormanpaver comparedo the
numberof hardwareandsoftware componentshat mayfail, CMS requiresthe grid-wide executionserviceto be
ableto supportquite complex automaticerrorrecovery strateies.

Often,thebulk of the CMS job output remainsnsidethegrid, asanew or updatedile set. However, oneor more
subjobsin a CMS grid job might alsodeliver output(usuallyin the form of files) directly to the physicsanalysis
tool thatstartedthejob: outputdeliveryis asynchronouandshouldbe supportedy agrid service.

Besidegobs, usersandsystemoperatorcanalsosubmitcommandsto thegrid, to achieve somethinghatcannot
be expressedisa job. An exampleis the commandcreatea replicaof somefile setat a particularlocationandto
keepit therefor the next month.

4.4.1 Job and command submission interface

To submitjobs and commandsthe CMS physicsanalysistools, usually running on local workstationsoutside
thegrid, will usea grid projectdefinedjob or commandormatandcall on a grid projectdefinedAPI. Somejob
or commanddescriptionanay includevery large piecesof data,for examplecompiledcodeandlarge algorithm
parametesets. Thesecould be representedsthe namesof files on thelocal filesystemof the processdoing the
API call.

Somejobs which are submittedmay be waitedfor interactively, with the CMS tool keepingan ‘openline’ to the
grid to receve informationaboutprogressandtermination. Otherjobs may be run in batchmode,with progress
andterminationbeingmonitoredusingseparateools.

4.4.2 Subjob overheads

Subjobsof coursehave startupandinitialization overheadshut thesewill generallybe negligible if thesizeof the
dataproductsreadby the subjobis largerthanabout100 MB. Subjobgranularitywill generallybe atthis level or
evenmorecoarsesothatstartupoverheadsrekeptrelatively low.

Thereare variouspotentiall/O overheadsvhen subjobsreadinput dataproductvaluesfrom files. A complete
discussiorof this topicis beyondthe scopeof thisdocumentsomesourcesare[15], [22], and[23]. Somespecific
considerationgollow. It is desirable andoften possible to storedataproductvaluesin files in sucha way that
thereadingof productvaluesfrom files producessequentiabccespatternson the disk hardware[15] [17]. The
large size of job input datasets,andthe ‘streaming’ sequentiahatureof dataproductvalue accessjmply that
in-memorycachingof productvaluesis not a very importantoptimizationtechniquein the CMS datagrid. The
I/O overheadsn accessinglataproductvaluesare mainly determinedby the storagesystemhardware. The use
of Objectvity/DB asa persisteng layer doesnot introduceoverheadsignificantly differentfrom thoseof other
persisteng layerimplementationghat provide cross-platformformat compatibility. Indexing overheadsgo find
productvaluesinsidefiles will alwaysberelatively small.

4.5 Weak forms of equivalence between datasets

Onecannotoverestimatehe cost(in time, manpaver, hardwareresourceswrong resultsandlossof credibility)
thatcouldresultfrom false“equivalences’amongdatasetsin mary casesCMS physicistawill insiston byte-wise
equalitybetweersubsequentlgelivereddatasets.

In somecasesweakforms of equivalencebetweena datasethatis requestedandthe onethatis deliveredare
permissible gspeciallyif a weakly equivalentdatasetanbe deliveredmuchfaster Examplesof thesecasesare
theselectionof randominitial eventsetsananalysiseffort, andthe selectionof setsof simulatedevents.However,
researctby the grid projectsinto computersupportfor suchdataselectionwith weakformsof equivalenceis not
beingrequestedy CMS.

4.6 Requirements for the handling of platform differences

A platformis a combinationof hardware, OS, compiler, libraries, etc. usedto executejob or algorithm code.
Platformdifferencesmay resultin small deviationsin job output. The CMS datagrid will have to includesome
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facilitiesthatassistphysicistsn studyingandhandlingplatformdifferencesin particularit shouldbe possibleto
constrainob schedulingn suchaway thatsubsequerjpbsareguaranteedo berun onthe sameplatform.

4.7 Security and resource sharing policies

The codeanddatain the CMS datagrid needto be protectedagainstunauthorizedaccess.Therearetwo main
cases.First, all dataneedsto be protectedrom accesdy peopleoutsidethe CMS collaboration.Secondwhen
doing developmentwork, a physicistwill considerall intermediateresultsto be private. Private dataneedsto
be inaccessiblegven to somedegreeinvisible, for others. End resultsmight be ‘published’ by extendingthe
accespermissiongo agroupof peopleor to thewhole collaboration Accesdogsandworkloadstatisticshatare
gatheredor grid schedulingandmonitoringalsoneedto be protectedagainstunauthorizediccess.

Somefacilitiesareneededo ensurethatgrid resourcesresharedfairly. The grid schedulerdiave to implement
allocationpoliciesthatensurereasonablsharingof resourcemmongsiconcurrentlyrunningjobs. Queryestima-
tion serviceswill playanimportantrole becausehey allow usergo avoid the unintentionabhuseof resourcesAn
accurateaccountingof resourcausagds neededio drive the socialfeedbacKoop thatensuredair sharinginside
the CMS collaboration.At the momentof job submissiorthe grid doesnot needto implementvery fine-grained
constraintson resourceusageby individuals, thoughsomeactive protectionis neededagainstthe accidentalor
intentionalexecutionof jobs or commandswith a ‘denial of service’effect. Sometier 1 and2 centeramight have
policiesthatresene the useof certainlocal resourceso a subsebf all physicistan CMS.

4.8 Interface for the invocation of CMS executables on grid sites

A CMS subjobconsistsof therunningof a singleCMS executableon a grid site. The executableunsasa UNIX
processTheprocessnaybe multi-threadedput in generathethreadgogethemwill only usethe CPU power of a
singleCPU.Thenumberof CPUsto beallocatedo a subjobis oneof the CPU-suppliecharametersf thesubjob

A CMS executablamightincorporateusercodethatwasfinishedonly second$eforethe submissiorof agrid job

or commandhatrequiresheuseof this code. Theexactway in which suchcodeis deliveredto thegrid still needs
furtherstudy Someoptionsare: source sharedibrary, completeCMS executableandan abstracidentifier that
canbe submittedto a compilationservice togetherwith a platformidentifier, to obtaina platform-specifilCMS

executable.

CMS executablesvill occasionallydump core,hang,terminatewith nonzeroexit status,or produceunexpected
errormessagesn their standardutputandstandarderror streamsThe grid componenténvoking the executables
needto be written to copewith suchsituations,both by supportingautomaticerror recovery stratgies, and by
giving CMS grid usersor operatorgthe ability to diagnoseanddecideif no automaticstrateyy applies. Whena
CMS executablecrashesor is abortedby the grid componentsthe grid componentsnight needto run a CMS-
providedcleanuptool, for exampleto deletetemporarydatabaséiles andreleasdemporarydatabaséocks.

To preventaccidentalor intentionaldatacorruptiondueto the executionof codethatis developeddynamically
by end userphysicists,any CMS executablethat incorporatessuch codeneedsto be run in a ‘sandbox’ type
environmentasfarits UNIX filesysteml/O privilegesareconcernedThe codeshouldnotbeableto read,modify,
or deletefiles containingprivate,unpublishediataof otherusersor groups(seesection4.7). The codeshouldalso
notbeableto modify or deletefiles containingpublic or publisheddata. Thel/O sandboxcanbe setup by thegrid
justbeforeinvoking the executable The CMS objectpersisteng sener, if usedon agrid site,will have the ability
to setup aninternalsandboxile 1/0 ervironmentfor any executablehatcontactst, afterobtainingthe necessary
informationfrom the grid securitylayers.The sener itself hasfull 1/0 privilegesfor all files.

A CMS executablegenerallyneedso be invoked by calling a CMS tool which first setsup the right runtimeen-
vironmentfor the executable andthenrunsthe executabletself. The CMS software runtime environmentwill
remainunderdevelopmentfrom now throughoutthe lifetime of the experiment,andthis makeshigh flexibility in
settinguptheruntimeernvironmentfor CMS executablegritical. As asimpleusecasejwo differentCMS executa-
blesrunningat the sametime on the sameCPU might requiredifferentversionsof standardsharedibrarieslike
glibc. CMS currentlyusesatool calledSCRAM [33] to createtherequiredflexibility in theruntimeernvironment,
SCRAM doesthis by dynamicallyconfiguringthe ervironmentvariableg(in particularthelibrary path)beforethe
executablas invoked. Becaus®f the compleity of the CMS softwareenvironment,it is unclearwhethetSCRAM
couldbereplacedy a possiblefuture commongrid job environmentmanagementool. Takingthe currentuseof
SCRAM asa startingpoint, the following requirementdgor the grid componentandthe operationof CMS data
grid systemsitesareobtained First, CMS needgo have the ability to configuredynamicallyary givenpartof the
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executionervironmentexceptfor the UNIX kernelandkernelservices.As a baseline the runtime ervironment
setuptool thatinvokesthe executablemusthave arecentmirror of the CMS productionsoftwarerepositoryavail-

ableon a locally mountedfilesystem. This softwarerepositorywill have a size of at leasta few GB, containing
elementdik e sharedibraries,configurationfiles, andsetupscripts. The synchronizatiorfrequeny of the mirror

shouldbe at leastonceevery day. SomeCMS grid subjobsmight requirethe availability of avery ‘fresh’ mirror

of therepository suchconstraintswill be expressedaspartof the job descriptionandthe grid scheduleneedso

take theminto accountwwhenmappingsubjobsto sites.

4.9 Quantitative aspects

Thissectionprovidessomequantitatve estimategor data,hardware,andjobs. Theseestimate$orm thescalability
requirementgor the CMS datagrid system.Most of theseestimatesveretakenfrom [13], andareestimategor
theyear2007.

Thescalabilityrequirementgor the grid componentsieliveredto CMS by the endof 2003aredrivenby the 20%
datachallengemilestoneeffort in 2004:the componentsieedto scaleto supportinga hardwareconfigurationthat
has20% of the projected2007capacity

4.9.1 Product sizes and processing times

Tablel givesthe estimatedizesandprocessingimesfor the mostfrequentlyoccurringdataproducts.Seesection
2.1 for an explanationof the raw dataproductsfor an event. The dataproductsderived directly from raw data
aregenerallycalled ESD (eventsummarydata)productsby CMS physicists thoseobtainedfrom ESD products
aregenerallycalledAOD (analysisobjectdata)products.Lessfrequentlyoccurringdataproductsareexpectedto
have largely similar characteristicsThetime neededo derivein thistableis therunningtime of analgorithmthat
hasthe productasoutput;and,thetimeneededo processs therunningtime of ajob thathasthe productasinput.

CPUpower neededo 2007CPUtime neededo
Producttype Size derive process| derive process
All raw productsfor oneevent 1MB - 3000SI195s - 15s
OneESD | 500KB | 3000SI95s 25S195s 15s 0.125s
OneAOD | 10KB 25S195s 10SI195s| 0.125s 0.05s

Table1: Estimatefor CMSdataproductsizesandprocessingimes
Thetimesin secondsarebasedn the estimatedapacityof a singleCPUusedaround2007,whichis 200S195.

Startingin late 2006, CMS expectsto storeraw productsfor 10° eventsperyear Around 2006it alsoexpectsto
run simulationsof eventsin thedetectorstoringsimulatedeventdataat a rateof 5 x 108 eventsperyear, with each
taking2 MB of storage Seesection6.1 for informationaboutthe scaleof the currentdatahandlingeffort in CMS.

Creationof ESD and AOD productsis partly a chaotic actiity, in which new productscomputedwith new al-
gorithmsandparametergould be requestedt ary time by somespecializedhysicists.However, therearealso
productionruns, which arehighly structureddataproductcreationefforts run by systemmanagersin production
runs,thesystemmanagersvill usuallyrungrid jobsto computeandstoretwo specificESDandAOD productsor
every eventin alarge set. Sucha setgenerallyis the setof all eventstaken over a periodof weeksor months,or
awell-definedsubsethereof. Productionrunsareexpectedto usea significantfraction, probablymorethanhalf,
of all grid resourcedn theyear2007.In lateryears asfastethardwaremakesresourceconstraintdessof anissue,
thechaoticactiity is expectedo take up largerandlargerfractions.

4.9.2 CMS grid hardware capacity

The CMS grid hardwarewill consistof computerinstallationsarrangedn a hierarchicalstructureas showvn in
figure 5 of section3.1. Figure5 alsoshaws recentestimatef the network link capacitiesbetweenthe sitesin
2007. It shouldbe stressedhatthe actuallink capacityavailableto CMS in year2007 cannotbe estimatedvery
accuratelymainly becausef uncertaintiemboutlong-termdevelopmentsn theinternationakelecommarket.

As a baselinerequirementthe CMS datagrid needonly useand managehe systemresourcesn tiers0, 1, and
2. Theinstitutesenersandworkstationswill be usedfor datastorageandprocessingutsidethe grid, andalsoto
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prepareandsubmitgrid jobs. Table2 giveshardwarecapacityestimategor individual tier 0—2 centers.Note that
‘tape’ in this table could also be anothertertiary storagemedium,dependingon technologydevelopments.The
archial storagecapacitywill grow overtime, in orderto satisfythe constrainthatat all raw dataneedso be kept
forever.

Tier CPUcapacity| Nr of CPUs | Activetape | Archival tape Disk
0 (CERN) | 455,000S195 3000 1540TB 2632TB | 796TB
1 105,000S195 750 590TB 433TB | 313TB
2 26,000S195 180 none 50TB | 70TB

Table 2: Estimatedor 2007 CMShardware capacityneedstakenfrompages2—4of [13], andan esti-
mateof the numbes of installedCPUsneededo fulfill the CPU capacityneeds.Thediskspaceusedas
a cachefor the activetapeis includedin the disk columnabove ([13] doesnot countthis disk space).
Theyear2007representghefirst full yearof CMSdetectorrunning, sothe above estimateseflectthe
capacityneedso store and processonefull year of CMSdata. To obtainthetotal installed hardware

capacityfromtheseneedsthey needto be multiplied with overheadfactors to take into accountallo-

cationinefficienciesand downtimefor maintenancgl13]. Thetier 0 numbesin this table are the total

capacityneeddor CMSoffline dataprocessingat CERN

4.9.3 Hardware failure characteristics

The CMS datagrid needgo provide fault toleranceserviceswvhich take the following into account.

CMS expectsto buy mostof thegrid hardwaredescribedn Section4.9.2onthe commoditymarket, andexpectsto
operatdt without expensve round-the-cloclkservicecontracts CPUsenerscaneasilybe down for days.Much of
thedisk capacitymight actuallybeon harddisksinsidethe CPUsener boxes,noton morededicatedlisk seners.
Most of thediskswill nothave backupsandmight notevenuseahigh RAID level. Thediskscanalsobedown for
daysor suffer failurewith no hopeof datarecovery.

CMS also expectsto configureand operatea small amountof all hardware as high reliability and availability
systemswhich have round-the-clocloperatorsupport.Suchsystemswill belocatedat thetier O siteandprobably
alsoatall tier 1 andtier 2 sites.Thegrid canusethesesystemgo storemetadatacatalogsandtransactiorstate.

4.9.4 Workload characteristics

Multi-userphysicsanalysisvorkloadshave acomplicatedstructure . Thepropertief theworkloadaredetermined
by threemajorinteractingfactors:the methodologyof high enegy physicsasanexperimentakciencetheway in
which physicistscollaborateanddivide theirwork, andthe needto maximizetheutility of theavailablecomputing
resourcesTheworkloadshave a mix of production andanalysisactuities. In theterminologyof this document,
a productionactivity correspondgo the submissionof a grid job which containsat leastthousandf subjobs
andcreatesa large setof outputfiles. The completionof sucha job might take daysor even months. Analysis
correspondso the submissionof grid jobs by individual physicists— this actwity is muchmore ‘chaotic’ than
productionwith jobsgenerallyhaving aruntimeof afew hours.

This documenttakes the HEPGRID2001model [14] asthe baselinemodel for the workload that needsto be
handledefficiently by the CMS datagrid systemaround2006. Somestatisticsaboutthe HEPGRID200workload
arein figure8, for furtherdetailsthis documentefersto [14]. The HEPGRID200lworkloadmodelis amodelin
termsof 'virtual’ dataproductaccessnota modelin termsof file sets.A workloadmodelat the level of file sets
canbegeneratedy extendingthe HEPGRID200Imodelwith a simulationof the CMS mappingof dataproducts
to files sets. The creationof suchan extensionis a plannedactiity. It shouldbe notedhowever thatthe CMS
understandingf its future strategyy for mappingdataproductgo files could evolve considerablyover the next few
years basedn experiencewith the future dataanalysisactiities of individual physicists.

It shouldbe notedthatthe HEPGRID2001workloadrepresents lower boundfor the numberof ‘chaotic’ ana-
lysis jobs submittedby enduserphysicists.Section4.9.5givesboth lower boundsandvaluesneededo support
very high levels of ‘chaotic’ interactive use. The MONARC project[11] is anothemreferencefor modelsof grid
workloads.
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Time spancoveredby workloadgeneratoin the HEPGRID200Imodel
Numberof physicistssubmittingjobs

Numberof jobsin workload

Averagesizeof ajob input set

Averagesizeof ajob input set

lyear

500

341/day

107 products
1.3TB

CPU capacityneededo analyzerequestegbroductsin jobs
RAW productsrequestedby all jobs

ESD productgequestedby all jobs

AOD productsrequestedby all jobs

Averagenumberof timesthata singleproductis requested

960,000S195

4.5*10°%/year

3.0*10 /year
9.4*10/year
40

CPU capacityneededo derive all requestegbroductsonce 433,000S195
Differentdataproductsderivedat leastonce 31/eventlyear
ESD productsderivedif all derivedonly once 4.3*10°/year
AOD productsderivedif all derivedonly once 2.7*10'%/year
Sizeof RAW products 1000TBl/year
Sizeof ESD productsderivedif all derivedonly once 2166TB/year
Sizeof AOD productsderivedif all derivedonly once 269TBl/year

Figure 8: Exact statisticsfor the workload generted by the HEPGRID2001workload geneator,
adaptedrom[14].

4.9.5 Other parameters

This sectionestimateseveral otherparametergmportantfor thegrid. For every parameterthefirst valuegivenis
theexpectedvaluethatneedgo be minimally supportedor the datagrid systemto be usefulto CMS. The second
value,betweerparenthesids the expectedvaluethatis neededo supportevenvery high levels of chaoticuseby
individual physicists.

e Numberof users:500(2000)

e Numberof simultaneouslyactive users:100(1000)

e Numberof jobssubmittedperday: 250(10,000)

e Numberof jobsbeingprocessedh parallel:50 (1000)

¢ Numberof eventsvisitedin ajob: 1-10° (1-10°)

¢ Jobturnaroundime: 30 secondgfor tiny jobs)— 1 month(for hugejobs) (0.2 seconds-5 months)
¢ Dataproductvaluesize:1 KB —100MB (50 byte— 2 GB)

e Dataproductsuploaded:10'®/year(10'!/year)

e Frequeng of bulk datauploadoperations5/day(50/day)

¢ Frequeny of uploadoperation®f a singlefile: 500/day(20,000/day)
e Numberof file setsthatsene asinputto a subjob:0-10(0-50)

In general,CMS physicsanalysisworkloadswill expandto fill all availablehardware capacity Given this, and
combiningtheestimateof about250jobsperdaywith theavailablecapacitythefollowing estimatesreproduced.
In theseestimateghe jobsfill their expectedavailableshareof CPU capacity but not yet their expectedavailable
shareof local areadisk I/O capacity

¢ Averagenumberof dataproductsaccessetly ajob: 107 (250,000)
e Averagesizeof the datasetaccessetly ajob: 1.3TB (30GB)

o Foreverydataproductthatis ever computedtheaveragenumberof timesthatit is accesseah theworkload:
40

Notethatthethreeparametersbose have very wide valuedistributions,so mereaveragesarenot thatmeaningful

whentakenontheirown. Theoutputof the HEPGRID200workloadgeneratocanbeusedto obtainanindication
of thevaluedistributionsof theseparameters.
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4.9.6 Expected evolution of parameters

Thesystemrequirementgor year2007will evolve overtime to track predictionsof how muchhardwarecapacity
canbeeconomicallyavailablein year2007.

Fromyear2007to atleastyear2030,throughouthe lifetime of the experimenttherequiredandrealizedsystem
capacitywill definitely increaseto exploit price/performancémprovementsin hardware. For CMS, increased
capacitywill meananincreasedbility to studyphysicseffects,soincreasesvill alwaysbesought.The CMS grid

architectureshouldthusallow for scalingof at leasta few ordersof magnitudebeyondthe year2007 storageand

CPUcapacityrequirements.
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5 Requirements for the grid projects

This documentefinesthe currentrequirementdor the grid projectsthat CMS is involvedin asa ‘customer’. It
shouldbenotedthattheserequirementsirebasedn the currentCMS vision of its grid systemandthis visionwill
certainlyevolve over the next few years partly asaresultof the interactionwith the grid projects.At the highest
level, the requirements simply thatthe grid projectsshoulddeliver softwarecomponentéo CMS which canbe
usedby CMS in theconstructiorof the CMS datagrid system.

Concerninghegrid componentsvhichareto becreatedy thegrid projects,anddeliveredto CMS from now until
theendof 2003,section4 definesmary requirementsand,evenmoreimportantly mary architecturatonstraints
which thesecomponentsieedto take into account. An exact specificationof the componentgo be deliveredis
beyondthe scopeof this document.The creationof suchexactgrid componenspecificationss consideredo be
joint futurework betweerthegrid projectsandtheir customerswith the grid projectstakingtheleadin this effort.

Theremainderof this sectiondiscusses numberof high-level requirementsssues.

5.1 Important CMS milestones

The major CMS softwaremilestonesaffecting the grid projectsarethe ‘delivery of baselinecoresoftware’ mile-
stonefor DecembeR002,this includesthe choiceandintegrationof grid componentsnto the baselinesoftware,
andthe ‘20% datachallenge’'milestone for which the work startsin January2004with milestonecompletionin
DecembeR004. The20%datachallengencludesthefull rangeof distributedoperationsequiredfor theanalysis
of CMS dataunderrealisticconditionsasoccurringduring LHC operationaround2007. The challengedoesnot
necessarilyequirethe commissioningf 20% of the computingcapacitydedicatedo CMS, sincecommontime-
sharedfacilities, suchasthe TO prototypecenterat CERN, will be exploited. In connectiorto this challengethe
Grid componentsleliveredto CMS by the endof 2003needto scaleto supportinga hardwareconfigurationthat
has20% of the projected2007 capacity

5.2 Division of labor

Thefollowing summarizesndexpandson thedivision of laborbetweenCMS componentandgrid components,
for thetime framenow-2003,asdiscussedn sectior4.

1. Tasksfor componentgrovidedby the grid communityandgrid projects.

e Basicmanagemenénd accessnterfacesfor grid resourcesuchas storagesystems CPUs,andthe
network.

¢ Queuingof grid jobs, grid job executionmanagemenintegrationwith local site job submissiorsys-
tems.

¢ Distributedjob scheduling:optimizejob executionby efficiently allocatingsubjobsto sites,maoving
codeto dataif possible by takinginto accountfactorslik e datalocationandsiteloads,andby gener
atingefficientdatareplicationactionsto pre-stagelatawhennecessary

e Errorrecoveryservicegduringjob executionwhich areconfiguredwith CMS-providederrorrecovery

rulesandscripts.

Resourcananagementnonitoring,accountingoolsandservices.

Queryestimationbasedn a decompose¢bb descriptionandthe currentstateof the grid.

Efficientwide-areadatatransferin termsof files.

Accesshy CMS executablego physicalgrid files on site-localdisk systemsvia POSIX calls on the

regularUNIX filesysteminterface.

File catalogserviceamappinglogical to physicalfiles.

¢ File setcatalogservices.

¢ Filereplicationservicesn termsof file setswith theability to implementCMS-configuredonsisteng
managemerpolicies.

¢ Datamanagementgervices:serviceso configureandmaintainbackupsor mirrorsto ensurethelong-
termavailability andintegrity of preciousdata.

¢ Resourceoptimization: longerterm datamigration (often basedon userhints or initiated by system
operatorcommandsjo balancehe useof resourcesn differentgrid sites.

e Grid wide authenticatiormandauthorizatiorservicessecurityinfrastructure.
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2. Tasksfor CMS componenteindcommerciakcomponentselectecdby CMS.

Physicsanalysigoolsthatprovide userinterfacego thegrid servicesor end-usephysicistsjnterfaces
in termsof the high-level physicsapplicationsemantics.

Persisteng layerthatmaintainsdataproductvaluesin files.

Optimizingthe strategyy for mappingdataproductvaluesinto files.
Localandremoteextractionandpackagingof dataproductsto/from files.
Configurationrmanagemerfor CMS dataproductsandmetadata.

Generatiomand maintenancef configurationmeta-dateor eachfile set, creationof serviceswhich
allow CMS physicistgto find thedatathey needusingapplication-leel queries.

Efficientjob decompositionnto subjobs.

e Mappingof the application-leel job descriptionto a grid-level descriptioncontainingthe namesof

input, work, andoutputfile sets.

e Configurationof resourcausageandaccesgolicies.
e Creationof errorrecoveryrulesandscripts.
¢ Makingthetradeof betweemre-staginganddynamicstagingof files, initiation of dynamicfile staging

operationsn CMS executables.

3. Tasksfor which thelevel of involvementof thegrid projectsis yetuncertain.

Managemenandoperationof a distributedCMS softwarerepository
Creatingthe correctruntimeernvironmentfor CMS executablest eachsite.

4. Taskswhich arenotneededhtall.

Computersupportfor datasetselectionwith weakforms of equivalence.
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6 Appendix: Current CMS grid needs and activities

The precedingsectiongtalk aboutthe CMS datamodelanddataanalysisneedsn 2003andtowards2007. This
sectiondiscussesurrentandnearfuture needsandactvities, andcontrastg¢heseto the future needs.

6.1 Large-scale detector simulation efforts

CurrentlyCMS is performinglarge-scalesimulationefforts, in which physicseventsare simulatedasthey occur
insidea simulationof the CMS detector Thesesimulationefforts supportdetectordesignandthe designof the
real-timeeventfiltering algorithmsthatwill be usedwhenCMS is running. The simulationefforts are currently
in theorderof hundredof CPUyearsandterabytesof data[29]. Thesesimulationefforts will continue,andwill
grow in size throughouthelifetime of theexperiment.Thesimulationefforts andthe softwareR&D for CMS data
managemerdreseenasstronglyintertwinedandcomplementargctiities. In additionto performinggrid-related
R&D in the contet of several projects,CMS is alsoalreadyusing somegrid-type softwarein productionfor its
simulationefforts. Examplesof this is the useof CondormanagedCPU power in somelarge-scalesimulation
efforts, andthe useof someGlobus componentdy GDMP [18] [19], which is a software systemdevelopedby
CMSthatis currentlybeingusedin productionto replicatefiles with simulationresultsin thewide-area.

CMS simulationefforts currentlystill rely to a large extenton hand-codedhell and Perl scripts,andthe careful
manualmappingof hardwareresources$o tasks.As moregrid technologybecomeswvailable, CMSwill beactively

looking to useit in its detectorsimulationefforts, both asa way to save manpaver andasa meansto allow for

greaterscalability On the grid R&D side, the CMS simulationcodescould also be usedinside testbedshat
evaluatestill-experimentalrid technologieslt thusmakessenseo look morecloselyhereat the exactproperties
of the CMS simulationefforts, andhow thesediffer from the useof the CMS datagrid around2006.

CurrentCMS simulationrunshave a batchnature hot aninteractive nature.Eachsimulationrun generallyatleast
takesafew daysto plan,with severalpeoplegettinginvolved,andthenatleastfew weeksto execute. At mostsome
tensof runswill bein progressatthe sametime. Sothereis a hugecontrastwith the year2006 situation,where
CMS dataprocessingequirementsare expectedto be dominatedby chaoticphysicsanalysisjobs generatedy
hundredf physicistsworking independentlyAlso, in contrastio theyear2006workloads requestdor the data
in sparsesubsetof (simulated)eventdatasetsvill berare,if they occuratall. Simulatedeventsetscanbe,and
are,generatedn sucha way thateventslikely to be requestedogetherarecreatedogetherin the samedatabase
file or setof databaséiles.

6.2 CMS software packages

Two distinct software packagesre currently usedin the CMS detectorsimulationefforts describedabove. The
division correspond$o two phasesn the simulationprocess.

6.2.1 Physics simulation and detector simulation phase: CMSIM

The Fortran-base€MSIM softwaretakescareof thefirst stepsin afull simulationchain. CMSIM usesflat files
in the ZEBRA format for its output. In CMSIM, eachsimulationrun producesone outputfile basedon a set
of runtime parametersCMSIM is very portableandcanbe run on almostary platform. Installing the CMSIM
softwareis notamajorjob.

CMSIM will bephasedutin the next few years.At the startof 2002a transitionto the C++-baseddSCARsim-
ulationpackagas expectedthis packagaisesmoreup-to-datesimulationcodesfrom C++-basedext-generation
GEANT 4 physicssimulationlibrary, andwill usethe CMS objectpersisteng layer (currently Objectvity) for
datastorage.

6.2.2 Reconstruction and analysis phase: ORCA

In thesecondphaseof afull simulationchain,the simulateddetectoroutputis constructedprocessedndanalyzed
asif it werethe outputof thereal CMS detector The major part of the processingcalledreconstruction)s done
usingthe ORCA package.BesidesORCA, ‘desktop’ analysistools are usedto analyzefurther somerelatively
small datasetxreatedby ORCA, but thesedesktopactiities are outsidethe scopeof this document. ORCA
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datastoragds doneusingthe CMS objectpersisteng layer, which is currentlybasedon the Objectvity database
system. As a first stepin the useof ORCA, the CMSIM f z format outputfiles are readandtheir contentsare
storedasobjectsin thedatabaseComparedo CMSIM, insideORCA thereis amuchmorecomplicatedpatternof
datahandlingin which intermediateproductsappeaf24]. The ORCA softwareis underrapid developmentwith
cyclesof afew monthsor less. ORCA is only supportedn Linux and Solaris,and currentlytakesconsiderable
effort andexpertiseto install. Work on moreautomatednstallationproceduress undervay.

More detailson ORCA arein [24] and[9].
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7 Appendix: Terminology

To make this documenmoreself-containedsometerminologyis definedhere.

7.1

CMS data terms

This sectiondefinessomeCMS datarelatedtermsasusedin documentThesearetermsthatoftenappeatn other
CMS and high enegy physicsdocumentsaswell. However, otherdocumentanay usethesetermsin slightly
differentways.

7.2

Object. The smallestunit of datain CMS is referredto asanobject Objectsare persistentpiecesof data
on storage. They arealsoatomiq so containerswith objectsare never called objectsthemseles. In this
documentthetermdata productis usedin steadof object,becauseheword ‘object’ is too overloaded.
Event. In the context of the storageandanalysisof CMS detectordata,an eventis definedasthe collision
phenomendhat occur during a single bunch crossing. An eventis not ary particularpieceof datain a
databasesatherit is adistinctreal world phenomenothatcanbe measuredby the CMS detectorandabout
whichdatacanbekeptin databaseln othercontexts, in particularin detectorsimulationsaneventcanalso
beasingleindividual collision duringabunchcrossing.

Event ID. An eventID is a small pieceof datathatuniquelyidentifiesa particularevent. CMS hasnot yet
decidedwhat datatype will be usedfor eventIDs. In this document,jntegersareused. In the production
CMS systemmostlik ely a 64-bit encodingof somenumberswill beused.

Event data. A pieceof eventdatafor evente is a chunkof data,an objector dataproduct,thatdescribes
someaspecbf evente.

Raw data, raw object. Rawdatais a type of eventdata. The raw datafor evente consistsof all mea-
surementsnadeof evente by the detectorat the occurrenceof the event. In the currentCMS datamodel,
the raw dataconsistsof a fixed setof persistenbbjectscalledthe raw objects Eachof theseraw objects
containsasetof binaryreadouthannelalues maybeencodedvith zero-suppressiolheraw objectswill
notnecessarilype storedin anobjectdatabaset is concevablethatsometypeof datastreamingnto binary
fileswill beused.

Simulated data. Eventdatacreatedoy a simulationsof collisionsinsidethe CMS detector Simulateddata
generallyconsistf two componentsthe Monte Carlotruthwhich recordsthe exactphysicsprocessethat
weresimulatedandthe simulatedraw datawhich recordsthe simulateddetectoresponsein aformatthat
is very similar, or equalto, therealraw dataformat. Theestimatedizeof a‘full simulation’for oneeventis
2 MB of suchsimulateddata.Some'f astsimulation’ codesmay producesmalleramountsof dataperevent,
for differenttypesof studies.

Reconstructeddata, reconstructedobject, reconstructionalgorithm . Reconstructedatais anothettype
of eventdata. Reconstructediatafor evente consistsof reconstructedbjectsthat describeevente. A
reconstructedbjectis computedy areconstructioralgorithmthattakesasinputasetof (maybesimulated)
raw objectsand/orotherreconstructeabjectsbelongingto the sameevent. The reconstructioralgorithm
alsotakesparametersyhichinfluenceits functioning.

Grid terms

For more completeexplanationsof the grid, see[5]. For self-containmenof this documentthis sectionbriefly
describes few grid termsusedin thegrid projects.

Grid . Thefollowing descriptionof a grid is adaptedrom [5]. Theterm ‘the Grid’ wascoinedin the mid-
1990sto denotea proposediistributedcomputinginfrastructureor advancedscienceandengineeringThe
realandspecificproblemthatunderlieghegrid concepis coordinatedesourcesharingandproblemsolving
in dynamic multi-institutionalvirtual organizationsThesharingthatwe areconcernedvith is notprimarily
file exchangebut ratherdirectaccesgo computerssoftware,data,andotherresourcesasis requiredby a
rangeof collaboratize problem-solvingandresource-bro&ringstratgiesemegingin industry scienceand
engineeringThis sharingis, necessarilyhighly controlled,with resourceprovidersandconsumerslefining
clearly andcarefully just whatis sharedwho is allowed to share,andthe conditionsunderwhich sharing
occurs. A setof individualsand/orinstitutionsdefinedby suchsharingrulesform what we call a virtual
organization(VO).
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e Data grid. The original grid conceptfocusedprimarily on the sharingof CPU resources.The term ‘data
grid’ wascreatedrecentlyto denotea grid systemthathasan additionalstrongemphasin the sharingof
largeamountsof dataanddatastorageresources.
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8 Some other documents that may be of interest

Thedocumentg13] and[14] containimportantmaterial(hardwaresize detailsandworkloaddetails)thatis only
coveredin asketchyway in this documentThesetwo documentshouldbe combinedwith this documento geta
completepictureof the CMS datagrid system.

Thefollowing documentsnay alsobe of interest. The CMS ComputingTechnicalProposal8], writtenin 1996,
is still a goodsourceof overview material. More recentsourcesare[6], which hasmaterialon CMS physicsand
its software requirementsand[12] which hasa longerversionof section2 of this documentand mary details
aboutHEP dataaccesgpatternsandtheir optimization thoughfor this documentvide-aredassuesareout of scope.
Recentestimategor CMS networking arein [10]. More informationaboutLHC computingestimatess in [7].
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