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ABSTRACT

ThecomputinginfrastructureofLaboratoriNazionalidelGranSasso(LNGS)istheprimaryplatform
fordatastorage,analysis,computingandsimulationoftheLNGS-basedexperiments,whicharepart
oftheresearchactivitiesoftheIstitutoNazionalediFisicaNucleare(INFN).Scientificcollaborations
running such experiments have diverse needs and adopt different approaches in developing the
computingframeworksthatsupporttheiractivities.Theemergenceofresourcevirtualizationand
thecloudparadigmhasallowedacompletechangetothewayofoperatingandmanagingtheLNGS
computinginfrastructure,andrealizeU-LITE,aprivateversatileenvironmentaptathostingsuch
variedecosystemandprovidingLNGSscientificusersafamiliarcomputinginterfacewhichhides
allthecomplexitiesofamoderndatacentermanagement.Since2011,U-LITEhasproventobea
valuabletoolfortheLNGSexperiments,andprovidesanexampleofeffectiveuseofaprivateCloud
computingapproachinarealscientificcontext.
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INTRodUCTIoN

LNGSisaworld-renownedresearchsite,1wherecutting-edgeresearchinseveralbranchesofparticle
physicsspanningfrom,e.g.,searchfordarkmatter2toneutrinophysicalproperties,3orstudieson
nuclearreactionsinstars4arecarriedonwithintheworld-largestundergroundlaboratoryforparticle
physics.Dataacquiredfromtheexperimentalapparatusesneedtobestoredandanalyzed.Detection
systems and processes need to be modeled and simulated. Such diverse tasks require a suitable
computingenvironment.EversinceresearchactivitiesbegunatLNGSinthelate1980’s,theLNGS
ComputingandNetworkService(CNS)hasbeencommittedtoprovidetheresearchgroupswiththe
ITinfrastructureandtheprofessionalsupportrequiredfortheirscientificcomputingneeds.

Thewaysuchgoalhasbeenachievedhaschangedovertheyears,oftenfollowingthenatural
evolutionoftechnology.ThecomputingmodelofthefirstexperimentalprojectsrunatLNGSwas
basedonahighlycentralizedstructure,whosemaincomponentswereaVMSclusterandtheDECNET
network,bothmanagedbytheCNS.Lateron,technologicalevolutionbroughttotheriseofamore
inhomogeneouscomputingmodel,basedondifferentUNIX/Linuxclustersdevisedbystaffofthe
experimentsbuiltatLNGSinthelate1990’sandearly2000’s.Theresultingvarietyofenvironments
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wastoolargetobemanagedbytheCNS.Eachprojectmanageditscomputingcluster,whilethe
CNSwasinchargeofprovidingresourcesforgeneraluse,includingbatchsystems(Condor,NQS,
LSF)forthosewhohadnotaclusteroftheirown,diskstorageandtapebackupmanagementfor
experimentaldata,aswellasthebasicITservices.

Thisarrangement,thoughconvenientandeffectiveinsomecases,wasobviouslyinefficientin
termsofresourceandstaffutilization.Theriseofvirtualizationandtheconsequentadventofcloud
computing as a paradigm to abstract resources and provide multiple user-defined environments
onacommoninfrastructure,wasaturningpointinITresourceprovisioning.CNSrecognizedthe
highpotentialofthisapproachtoovercomethefragmentedsituationthatLNGSwasexperiencing.
Re-unifyingtheITmanagementsubstrateunderthesoleresponsibilityofCNS,inamulti-tenant
environment (Krebs et al., 2012) that could provide each research group the most suitable and
personalizedcomputingenvironmentforitsscientificneedswasthedesigngoalforanewLNGS
computingplatformthatvirtualizationtoolswouldallowtoachieve.Theoutcomeofsucheffortwas
theUnifiedLngsITEnvironment(U-LITE).CharacterizingfeaturesofU-LITEareauser-transparent
couplingofawell-knownbatchsystem,Torque/Maui(AdaptiveComputing,2018)withahypervisor,
Proxmox,(ProxmoxServerSolutions,2018)foraseamlessprovisioningofvirtualizedresources
dynamicallyadaptingtouserrequests,andanoverallmanagementofthewholedatastream,from
thedatatransmittedbythedataacquisitionhardwareintheundergroundLabsuptothedatastorage
andbackupsystemsintheDataCenterwhichhostsU-LITE,locatedintheexternalpartoftheLabs.

When U-LITE started, cloud computing was not yet so widespread as it is today and open
sourcecloudplatformswerenotaswell-knownandadvancedastheyaretoday.ThatiswhyU-LITE
implementedacloud-likeplatforminsteadofadoptinganexistingone.

The choiceof the aforementioned scheduling tools,whichonly run onUnix-like Operating
Systems, apparently limits U-LITE versatility. In fact, in our environment the vast majority of
usersdevelopsitscomputationaltoolsonLinuxplatforms,andbeinglimitedtoLinuxhasnotbeen
experiencedasaproblembyourusers.

ThetechnicalfeaturesofU-LITEwillbedescribedinthenextsections,togetherwithananalysis
oftheusagestatisticscollectedoverthesevenyearsthesystemhasbeeninuse,demonstratinghow
theadoptionofacloudparadigminaresearchenvironmentcanbeprofitableintermsofresource
optimization.

MAIN FEATURES

U-LITEhasbeendevelopedwithabottom-upapproach,havinginmindtheneedsandrequirements
ofitsfinalusers,thescientificcommunityofLNGS.Inthisperspective,itsfeaturesarenaturally
adhering to thoseofaprivatecloud, (Mell&Grance,2011)as the infrastructure isprovisioned
forbeingprimarilyusedbytheLNGS-basedresearchers.Infact,accesstoU-LITEhasalsobeen
grantedtoanumberofexternalusers.Yet,accessproceduresforexternalusersarebasedonscientific
collaborationagreements,anddonotinvolvefinancialtransactions,thereforetheyarequitedissimilar
tothosecommonlyadoptedforpubliccloudsaccess.

AcharacterizingfeatureofU-LITEisitsdata-flowmodel.Theraison-d’êtreofLNGSistoa
largeextenttheproductionofexperimentaldataintheundergroundlaboratories,whichmaycontain
evidenceforyetundiscoveredphysicalphenomena.Theprocessleadingtoascientificdiscoveryin
thiscontextpassesthroughacarefultransportofsuchdatafromsource(theexperimentalapparatuses
underground)todestination(theU-LITESANwithinthedatacenterintheoutsidelabsandpossibly
data-centersbelongingtoother,world-spreadinstitutions),ensuringnodataloss,anditsscrupulous
analysiswith the software resourcesdevelopedbyLNGS scientists and runningon theU-LITE
computingplatform.Itisthereforeclearhowpreciousaresourcearescientificdatainourcontext,
andtheextremecaretheCNSdevotestoprotectexperimentaldatafromlossandcorruption.
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