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Why Provenance?
We record information to understand the history of  how data 
were produced and chosen.

Provenance information does not have to be sufficient to allow 
an exact replay of  a process

Importance of  storing provenance in output files
The large scale, highly distributed nature of production requires provenance tracking to 
insure trust in the data

especially true for physicists personal skims which are not centrally managed

Uses
Tracking the source of a problem seen in one file but not another one
Guarantee compatibility when reading multiple files in a job
Confirm that an analysis was done using the proper data
Track why two analyses get different results
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CMS’ Processing Model
Processing model defines what provenance to record

Sources
Create events and read event data from previous processes

Producers
Read data from an event and push new data products into the event

Filters
Read data from an event and decide if the event passes some criteria

Paths
An ordered set of Producers and Filters where Filter decisions can cause a Path to stop

OutputModules
Look at the success/failure of a Path to decide if data from an event should be saved
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Provenance Types
Process Level
What files were read and what applications were used to generate a group of files

e.g. file DEF.root was made by application cmsRun which read file ABC.root

Handled by CMS’ workflow management tools
(see CMS workflow management talks for further details)

File Level
Record the internal state of the application to the output file

Per event level
What filters were applied to choose the stored events
e.g., event filters MaxTracks and MinJets had to pass event
What happened in the application while the event was being processed
e.g., module FooBar threw an exception but the framework ignored it and kept processing

Per data products level
What Producers created which data products
e.g., Producer JetFinder creates a std::vector<Jet> with label ‘jets’
How were the Producers of each data product configured
e.g., Producer JetFinder had parameter ‘threshold’ set to 5

Per event per data product level
What data products were read by the producer to create the new product
e.g., for event 10 the JetFinder read the list of calorimeter towers
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Recording: Startup
Module construction time
Passed configuration information and register what data they produce

Defaults for configuration are injected if not already specified

Can not be externally altered after construction

Path construction time
Once constructed a Path specification can not be altered

OutputModule construction time
Last to be constructed

Records
What Paths the OutputModule is monitoring
Software version used in the job
Path and Module configuration for this job
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Recording: Event
Processing steps
For each processing step that added data to this event (e.g. HLT, RECO) record

the order of the processing step
the configuration used for that step

Producer
Monitor each data object requested by a Producer via the Event
If Producer succeeds then

publish products it constructed
record what data requested

Path
Record if a Path succeeds or fails
If fails record what was the last module executed and why it stopped the job

e.g. because the filter rejected the event or because it threw an exception
When all Paths finished store information for all Paths into one object which is added to the 
Event

OutputModule
Run only after all Paths have finished
Write requested provenance for event into output

can include provenance from previous processes copied from source
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File Format
Store provenance per event and per file based on rate of  change
Per event data often repeated so store info in registry and then just save ID in event
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Parentage Provenance
Parentage provenance can be quite large
Recorded event by event

9

EgammaSCCorrectionMaker/correctedHybridSuperClusters

HybridClusterProducer/hybridSuperClusters

EcalRecHitProducer/ecalRecHit

EcalWeightUncalibRecHitProducer/ecalWeightUncalibRecHit

EcalRawToDigiDev/ecalDigis

RawDataCollectorModule/rawDataCollector

CandIsolatorFromDeposits/eleIsoFromDepsTk

CandIsoDepositProducer/eleIsoDepositTk

GsfElectronProducer/pixelMatchGsfElectrons

HcalSimpleReconstructor/hbhereco

HcalRawToDigi/hcalDigis

BeamSpotProducer/offlineBeamSpot

GsfTrackProducer/pixelMatchGsfFit

CkfTrackCandidateMaker/egammaCkfTrackCandidates

ElectronPixelSeedProducer/electronPixelSeeds

EgammaSCCorrectionMaker/correctedMulti5x5SuperClustersWithPreshower

PreshowerClusterProducer/multi5x5SuperClustersWithPreshower

Multi5x5SuperClusterProducer/multi5x5SuperClusters

Multi5x5ClusterProducer/multi5x5BasicClusters

ESRecHitProducer/ecalPreshowerRecHit

ESRawToDigi/ecalPreshowerDigis

SeedCombiner/newCombinedSeedsSeedGeneratorFromRegionHitsEDProducer/newSeedFromPairs

SiStripRecHitConverter/siStripMatchedRecHits

SiStripClusterizer/siStripClusters

SiStripZeroSuppression/siStripZeroSuppressionSiStripRawToDigiModule/siStripDigis

SiPixelRecHitConverter/siPixelRecHits

SiPixelClusterProducer/siPixelClusters

SiPixelRawToDigi/siPixelDigis

PixelVertexProducer/pixelVertices

PixelTrackProducer/pixelTracks

SeedGeneratorFromRegionHitsEDProducer/newSeedFromTriplets

MuIsoDepositProducer/muIsoDepositJets

CaloTowersCreator/towerMaker

HcalSimpleReconstructor/horeco

HcalSimpleReconstructor/hfreco

SISConeJetProducer/sisCone5CaloJets

MuonIdProducer/muons

StandAloneMuonProducer/standAloneMuons

RPCRecHitProducer/rpcRecHits

RPCUnpackingModule/muonRPCDigis

MuonSeedGenerator/MuonSeed

CSCSegmentProducer/cscSegmentsCSCRecHitDProducer/csc2DRecHits

CSCDCCUnpacker/muonCSCDigis

DTRecSegment4DProducer/dt4DSegments

DTRecHitProducer/dt1DRecHits

DTUnpackingModule/muonDTDigis

SimpleTrackListMerger/generalTracks

CkfTrackCandidateMaker/thTrackCandidates

TrackClusterRemover/thClusters

TrackClusterRemover/secClusters

CkfTrackCandidateMaker/newTrackCandidateMaker

AnalyticalTrackSelector/withLooseQuality

TrackProducer/preFilterFirstStepTracks

AnalyticalTrackSelector/firstStepTracksWithQuality

AnalyticalTrackSelector/withTightQuality

TrackProducer/secWithMaterialTracks

CkfTrackCandidateMaker/secTrackCandidates

SeedGeneratorFromRegionHitsEDProducer/secTripletsSiPixelRecHitConverter/secPixelRecHits

SeedGeneratorFromRegionHitsEDProducer/thPLSeeds

SiStripRecHitConverter/thStripRecHits

SiPixelRecHitConverter/thPixelRecHits

SimpleTrackListMerger/mergeFirstTwoSteps

VertexFilter/secStep

TrackProducer/thWithMaterialTracks

VertexFilter/thStep

GlobalMuonProducer/globalMuons

TevMuonProducer/tevMuons

SISConeJetProducer/sisCone7CaloJets

GctRawToDigi/hltGctDigis

MuIsoDepositProducer/muIsoDepositTk

L1ExtraParticlesProd/hltL1extraParticles

L1GlobalTriggerRawToDigi/hltGtDigis

CandIsoDepositProducer/gamIsoDepositHcalFromHits

PhotonProducer/photons

PrimaryVertexProducer/offlinePrimaryVerticesWithBS

ConvertedPhotonProducer/conversions

TrackProducerWithSCAssociation/ckfInOutTracksFromConversions

ConversionTrackCandidateProducer/conversionTrackCandidates TrackProducerWithSCAssociation/ckfOutInTracksFromConversions

PhotonIDProducer/PhotonIDProd

MuIsoDepositProducer/muIsoDepositCalByAssociatorTowers
METProducer/htMetSC5

JetTagProducer/softElectronBJetTagsSoftLepton/softElectronTagInfos

SoftElectronProducer/btagSoftElectrons

ReducedRecHitCollectionProducer/reducedEcalRecHitsEB

InterestingDetIdCollectionProducer/interestingEcalDetIdEB

ReducedRecHitCollectionProducer/reducedEcalRecHitsEE

InterestingDetIdCollectionProducer/interestingEcalDetIdEE

PrimaryVertexProducer/offlinePrimaryVertices

IterativeConeJetProducer/iterativeCone5CaloJets

PreshowerClusterShapeProducer/multi5x5PreshowerClusterShape

METProducer/htMetKT4

KtJetProducer/kt4CaloJets

METProducer/htMetIC5

EleIdCutBasedExtProducer/eidRobustLoose

JetTagProducer/simpleSecondaryVertexBJetTagsSecondaryVertexProducer/secondaryVertexTagInfos

TrackIPProducer/impactParameterTagInfos

JetTracksAssociatorAtVertex/ic5JetTracksAssociatorAtVertex

METProducer/metNoHF

JetTagProducer/combinedSecondaryVertexMVABJetTags

KtJetProducer/kt6CaloJets

L1GlobalTriggerRawToDigi/gtDigis

CandIsoDepositProducer/gamIsoDepositEcalFromHits

JetExtender/sisCone5JetExtender

JetTracksAssociatorAtVertex/sisCone5JetTracksAssociatorAtVertex

JetTracksAssociatorAtCaloFace/sisCone5JetTracksAssociatorAtCaloFace

PFProducer/particleFlow

PFBlockProducer/particleFlowBlock

PFClusterProducer/particleFlowClusterECAL
PFRecHitProducerECAL/particleFlowRecHitECAL

PFClusterProducer/particleFlowClusterPSPFRecHitProducerPS/particleFlowRecHitPS

PFElecTkProducer/pfTrackElecGsfTrackProducer/gsfPFtracks

CkfTrackCandidateMaker/gsfElCandidates

GoodSeedProducer/elecpreid

PFClusterProducer/particleFlowClusterHCAL

PFRecHitProducerHCAL/particleFlowRecHitHCAL

CaloTowersCreator/towerMakerPF

CandIsolatorFromDeposits/gamIsoFromDepsTkCandIsoDepositProducer/gamIsoDepositTk

L1GlobalTrigger/hltL1GtObjectMap

JetTagProducer/jetBProbabilityBJetTags

SoftLepton/softMuonTagInfos

EleIdCutBasedExtProducer/eidRobustTight

JetTracksAssociatorAtVertex/ic5PFJetTracksAssociatorAtVertex

IterativeConeJetProducer/iterativeCone5PFJets

PFRecoTauDiscriminationByIsolation/pfRecoTauDiscriminationHighEfficiencyPFRecoTauProducer/pfRecoTauProducerHighEfficiency

PFRecoTauTagInfoProducer/pfRecoTauTagInfoProducer

CandIsoDepositProducer/eleIsoDepositHcalFromHits

JetTagProducer/trackCountingHighEffBJetTags

METProducer/htMetSC7

CaloRecoTauDiscriminationByIsolation/caloRecoTauDiscriminationByIsolationCaloRecoTauProducer/caloRecoTauProducer

CaloRecoTauTagInfoProducer/caloRecoTauTagInfoProducer

METProducer/htMetKT6

PFRecoTauProducer/pfRecoTauProducer

JetTagProducer/jetProbabilityBJetTags

TriggerResultInserter/TriggerResults

PFRecoTauDiscriminationByIsolation/pfRecoTauDiscriminationByIsolation

CandIsoDepositProducer/eleIsoDepositEcalFromHits

EleIdCutBasedExtProducer/eidLoose

JetExtender/kt4JetExtender

JetTracksAssociatorAtCaloFace/kt4JetTracksAssociatorAtCaloFace

JetTracksAssociatorAtVertex/kt4JetTracksAssociatorAtVertex

METProducer/metOpt

CaloTowersCreator/calotoweroptmaker

JetTagProducer/impactParameterMVABJetTags

JetTagProducer/softMuonNoIPBJetTags

METProducer/metOptNoHF

CandIsolatorFromDeposits/gamIsoFromDepsHcalFromHits

JetTagProducer/softMuonBJetTags

CandIsolatorFromDeposits/gamIsoFromDepsEcalFromHits

TriggerResultInserter/TriggerResults

JetTagProducer/trackCountingHighPurBJetTags

EleIdCutBasedExtProducer/eidTight

METProducer/met

METProducer/genMetIC5GenJetsIterativeConeJetProducer/iterativeCone5GenJetsInputGenJetsParticleSelector/genParticlesForJetsGenParticleProducer/genParticlesFlatRandomPtGunSource/source

CaloMuonProducer/calomuons

JetTagProducer/combinedSecondaryVertexBJetTags

TriggerSummaryProducerAOD/hltTriggerSummaryAOD

HLTMuonL3PreFilter/hltSingleMuPrescale3L3PreFiltered

L3MuonCandidateProducer/hltL3MuonCandidates

L3MuonProducer/hltL3Muons

L2MuonProducer/hltL2MuonsRPCRecHitProducer/hltRpcRecHitsRPCUnpackingModule/hltMuonRPCDigis

L2MuonSeedGenerator/hltL2MuonSeeds

DTRecSegment4DProducer/hltDt4DSegments
DTRecHitProducer/hltDt1DRecHitsDTUnpackingModule/hltMuonDTDigis

BeamSpotProducer/hltOfflineBeamSpot

TSGFromL2Muon/hltL3TrajectorySeed

SiPixelRecHitConverter/hltSiPixelRecHits

SiPixelClusterProducer/hltSiPixelClusters

SiPixelRawToDigi/hltSiPixelDigis

CkfTrajectoryMaker/hltL3TrackCandidateFromL2

SiStripRawToClusters/hltSiStripRawToClustersFacility

MeasurementTrackerSiStripRefGetterProducer/hltSiStripClusters

HLTMuonL2PreFilter/hltSingleMuPrescale3L2PreFiltered

L2MuonCandidateProducer/hltL2MuonCandidates

HLTMuonL1Filter/hltSingleMuPrescale3L1Filtered

HLTLevel1GTSeed/hltL1sSingleMuPrescale3

HLTLevel1GTSeed/hltL1sZeroBias

HLTLevel1GTSeed/hltL1sDiJetAve70

HLTLevel1GTSeed/hltL1sCSCBeamHaloOverlapRing2

HLTMuonL2PreFilter/hltSingleMuPrescale77L2PreFiltered

HLTMuonL1Filter/hltSingleMuPrescale77L1Filtered

HLTLevel1GTSeed/hltL1sSingleMuPrescale77

HLTLevel1GTSeed/hltL1sL1MuOpen

HLTMuonL1Filter/hltUpsilonMML1Filtered

HLTLevel1GTSeed/hltL1sUpsilonMM

ConcreteChargedCandidateProducer/hltMuTracks

TrackProducer/hltCtfWithMaterialTracksMumu

CkfTrackCandidateMaker/hltCkfTrackCandidatesMumu

SeedGeneratorFromRegionHitsEDProducer/hltMumuPixelSeedFromL2Candidate

PixelVertexProducer/hltPixelVertices

PixelTrackProducer/hltPixelTracks

HLTMuonL2PreFilter/hltDiMuonIsoL2PreFiltered

HLTMuonL1Filter/hltDiMuonIsoL1Filtered

HLTLevel1GTSeed/hltL1sDiMuonIso

HLTMuonL2PreFilter/hltSingleMuLevel2NoIsoL2PreFiltered

HLTMuonL1Filter/hltSingleMuNoIsoL1Filtered

HLTLevel1GTSeed/hltL1sSingleMuNoIso

HLTLevel1GTSeed/hltL1sDoubleJet150

HLTLevel1GTSeed/hltL1sL1MET20

HLTDisplacedmumuFilter/hltDisplacedJpsitoMumuFilterRelaxed

HLTLevel1GTSeed/hltL1sMET25

HLTLevel1GTSeed/hltL1sMinBiasHcal

HLTMuonDimuonL2Filter/hltUpsilonMML2Filtered

HLTMuonL3PreFilter/hltSingleMuNoIsoL3PreFiltered11

HLTMuonL2PreFilter/hltSingleMuNoIsoL2PreFiltered9

HLTLevel1GTSeed/hltL1sMuMuk

HLTMuonDimuonL2Filter/hltZMML2Filtered

HLTMuonL1Filter/hltZMML1Filtered

HLTLevel1GTSeed/hltL1sZMM

HLTLevel1GTSeed/hltL1sJet180MET60

HLTLevel1GTSeed/hltL1sJet110

HLTLevel1GTSeed/hltL1sDoubleFwdJet40MET60

HLTMuonDimuonL2Filter/hltSameSignMuL2PreFiltered

HLTMuonL1Filter/hltSameSignMuL1Filtered

HLTLevel1GTSeed/hltL1sSameSignMu

HLTDisplacedmumuFilter/hltDisplacedMuMukFilter

HLTLevel1GTSeed/hltL1sL1Jet15

HLTMuonL1Filter/hltMuLevel1PathL1OpenFiltered

HLTLevel1GTSeed/hltL1sTrackerCosmics

HLTLevel1GTSeed/hltL1sCSCBeamHaloOverlapRing1

HLTLevel1GTSeed/hltL1sMuB

HLTLevel1GTSeed/hltL1sJet180

HLTMuonL1Filter/hltJpsitoMumuL1FilteredRelaxed

HLTLevel1GTSeed/hltL1sJpsitoMumuRelaxed

HLTLevel1GTSeed/hltL1sJet80

HLTMuonL1Filter/hltJpsitoMumuL1Filtered

HLTLevel1GTSeed/hltL1sJpsitoMumu

HLTLevel1GTSeed/hltL1sDiJetAve50

HLTLevel1GTSeed/hltL1sMET50

HLTMuonL3PreFilter/hltSingleMuIsoL3PreFiltered9

HLTMuonIsoFilter/hltSingleMuIsoL2IsoFiltered7

L2MuonIsolationProducer/hltL2MuonIsolations

CaloTowersCreator/hltTowerMakerForMuonsHcalSimpleReconstructor/hltHfreco

HcalRawToDigi/hltHcalDigis

HcalSimpleReconstructor/hltHoreco

HcalSimpleReconstructor/hltHbhereco

EcalRecHitsMerger/hltEcalRegionalMuonsRecHitEcalRecHitProducer/hltEcalRegionalMuonsRecHitTmpEcalWeightUncalibRecHitProducer/hltEcalRegionalMuonsWeightUncalibRecHit

EcalRawToDigiDev/hltEcalRegionalMuonsDigis

EcalListOfFEDSProducer/hltEcalRegionalMuonsFEDs

HLTMuonL2PreFilter/hltSingleMuIsoL2PreFiltered7

HLTMuonL1Filter/hltSingleMuIsoL1Filtered

HLTLevel1GTSeed/hltL1sSingleMuIso

HLTLevel1GTSeed/hltL1sElectronB

HLTMuonL2PreFilter/hltSingleMuNoIsoL2PreFiltered11

HLTMuonL1Filter/hltSingleMuNoIsoL1Filtered10

HLTLevel1GTSeed/hltL1sSingleMuNoIso10

HLTMuonL2PreFilter/hltSingleMuNoIsoL2PreFiltered

HLTMuonL2PreFilter/hltDiMuonNoIsoL2PreFiltered

HLTMuonL1Filter/hltDiMuonNoIsoL1Filtered

HLTLevel1GTSeed/hltL1sDiMuonNoIso

HLTLevel1GTSeed/hltL1sSumET120

HLTLevel1GTSeed/hltL1sEJet

HLTLevel1GTSeed/hltL1sRelaxedSingleEgammaEt8

HLTMuonL2PreFilter/hltSingleMuIsoL2PreFiltered12

HLTMuonL1Filter/hltSingleMuIsoL1Filtered10

HLTLevel1GTSeed/hltL1sSingleMuIso10

HLTLevel1GTSeed/hltL1sL1Mu

HLTLevel1GTSeed/hltL1sMET75

HLTLevel1GTSeed/hltL1sDoubleFwdJet50

HLTMuonL3PreFilter/hltSingleMuNoIsoL3PreFiltered9

HLTMuonL2PreFilter/hltSingleMuNoIsoL2PreFiltered7

HLTMuonL1Filter/hltSingleMuPrescale5L1Filtered

HLTLevel1GTSeed/hltL1sSingleMuPrescale5

HLTLevel1GTSeed/hltL1sEJet30

HLTLevel1GTSeed/hltL1sMuonTau

HLTLevel1GTSeed/hltL1sDiJetAve130

HLTMuonIsoFilter/hltSingleMuIsoL2IsoFiltered12

HLTMuonIsoFilter/hltDiMuonIsoL3IsoFiltered

L3MuonIsolationProducer/hltL3MuonIsolations

HLTMuonL3PreFilter/hltDiMuonIsoL3PreFiltered

HLTMuonIsoFilter/hltDiMuonIsoL2IsoFiltered

HLTLevel1GTSeed/hltL1sDoubleTau

HLTMuonDimuonL2Filter/hltJpsiMML2Filtered

HLTMuonL1Filter/hltJpsiMML1Filtered

HLTLevel1GTSeed/hltL1sJpsiMM

HLTLevel1GTSeed/hltL1sJet30

HLTLevel1GTSeed/hltL1sBSoftmuonNjet

HLTLevel1GTSeed/hltL1sAlCaEcalPi0

HLTMuonL2PreFilter/hltSingleMuIsoL2PreFiltered

HLTLevel1GTSeed/hltL1sDoubleEgamma

HLTMuonL2PreFilter/hltSingleMuPrescale5L2PreFiltered

HLTLevel1GTSeed/hltL1sRelaxedSingleEgammaEt12

HLTPixlMBFilt/hltMinBiasPixelFilter

ConcreteChargedCandidateProducer/hltPixelCandsPixelTrackProducer/hltPixelTracksForMinBias

HLTLevel1GTSeed/hltL1sRelaxedDoubleEgamma

HLTMuonIsoFilter/hltSingleMuIsoL2IsoFiltered11

HLTMuonL2PreFilter/hltSingleMuIsoL2PreFiltered11

HLTLevel1GTSeed/hltL1sExclusiveDoubleEgamma

HLTLevel1GTSeed/hltL1sDoubleTauRelaxed

HLTLevel1GTSeed/hltL1sCSCBeamHaloRing2or3

HLTMuonL2PreFilter/hltSingleMuNoIsoL2PreFiltered12

HLTLevel1GTSeed/hltL1sDoubleJet125MET60

HLTLevel1GTSeed/hltL1sIsoEgMu

HLTLevel1GTSeed/hltL1sMinBias

HLTLevel1GTSeed/hltL1sDoubleJet50MET70Aco

HLTLevel1GTSeed/hltL1sBackwardBSC

HLTLevel1GTSeed/hltL1sBLifetime

HLTLevel1GTSeed/hltL1sForwardBSC

HLTLevel1GTSeed/hltL1sMuNoL2IsoJets

HLTMuonL3PreFilter/hltSingleMuPrescale5L3PreFiltered

HLTLevel1GTSeed/hltL1sDiJetAve30

HLTMuonL3PreFilter/hltDiMuonNoIsoL3PreFilteredRelaxedVtx2mm

HLTMuonL3PreFilter/hltSingleMuIsoL3PreFiltered

HLTMuonIsoFilter/hltSingleMuIsoL2IsoFiltered

HLTLevel1GTSeed/hltL1sRelaxedSingleEgamma

HLTMuonL3PreFilter/hltSingleMuIsoL3PreFiltered13

HLTLevel1GTSeed/hltL1sSingleTauMET
HLTLevel1GTSeed/hltL1sMuNoIsoJets

HLTLevel1GTSeed/hltL1sSingleTau

HLTLevel1GTSeed/hltL1sSingleEgamma

HLTLevel1GTSeed/hltL1sDoubleJet125Aco

HLTLevel1GTSeed/hltL1sEgMuNonIso

HLTMuonL3PreFilter/hltDiMuonNoIsoL3PreFilteredRelaxedVtx2cm

HLTLevel1GTSeed/hltL1sBSoftMuonHT

HLTLevel1GTSeed/hltL1sDoubleJet60MET60Aco

HLTLevel1GTSeed/hltL1sDiJetAve15

HLTLevel1GTSeed/hltL1sJet250

HLTLevel1GTSeed/hltL1sBSoftmuonHTLowEnergy

HLTMuonDimuonL3Filter/hltZMML3Filtered

HLTLevel1GTSeed/hltL1sMET65

HLTLevel1GTSeed/hltL1sQuadJet60

HLTLevel1GTSeed/hltL1sJet100MET60Aco

HLTLevel1GTSeed/hltL1sTripleJet60MET60

HLTMuonL3PreFilter/hltDiMuonNoIsoL3PreFiltered

HLTLevel1GTSeed/hltL1sJet50

HLTMuonL3PreFilter/hltSingleMuNoIsoL3PreFilteredRelaxedVtx2cm

HLTDisplacedmumuFilter/hltDisplacedJpsitoMumuFilter

HLTLevel1GTSeed/hltL1sRelaxedSingleEgammaEt15

HLTMuonL3PreFilter/hltSingleMuNoIsoL3PreFiltered

HLTLevel1GTSeed/hltL1sDiJetAve220

HLTLevel1GTSeed/hltL1sMuJets

HLTLevel1GTSeed/hltL1sBLifetimeLowEnergy

HLTMuonL3PreFilter/hltSingleMuNoIsoL3PreFilteredRelaxedVtx2mm

HLTMuonL3PreFilter/hltSingleMuNoIsoL3PreFiltered13

HLTEcalPhiSymFilter/hltAlCaPhiSymStreamEcalRecHitProducer/hltEcalRecHit

EcalWeightUncalibRecHitProducer/hltEcalWeightUncalibRecHit

EcalRawToDigiDev/hltEcalDigis

HLTMuonL1Filter/hltMuMukL1Filtered

HLTLevel1GTSeed/hltL1sTripleJet85

HLTLevel1GTSeed/hltL1sCSCBeamHalo

HLTLevel1GTSeed/hltL1sMET35HT350

HLTLevel1GTSeed/hltL1sQuadJet35MET60

HLTLevel1GTSeed/hltL1sFwdJet20

HLTLevel1GTSeed/hltL1sDoubleJet40MET70Aco

HLTLevel1GTSeed/hltL1sRelaxedDoubleEgammaEt5

HLTMuonL3PreFilter/hltSingleMuNoIsoL3PreFiltered15

HLTLevel1GTSeed/hltL1sQuadJet30

HLTLevel1GTSeed/hltL1sMET35

HLTLevel1GTSeed/hltL1sJet60MET70Aco

HLTLevel1GTSeed/hltL1sElectronTau

HLTMuonL1Filter/hltMuLevel1PathL1Filtered

HLTMuonIsoFilter/hltSingleMuIsoL3IsoFiltered9

HLTMuonL3PreFilter/hltSingleMuPrescale77L3PreFiltered

HLTPixlMBForAlignmentFilter/hltPixelMBForAlignment

HLTLevel1GTSeed/hltL1sAlCaIsoTrack

HLTLevel1GTSeed/hltL1sAlCaEcalPhiSym

HLTMuonDimuonL2Filter/hltPsi2SMML2Filtered

HLTLevel1GTSeed/hltL1sMuNoIsoJets30

HLTLevel1GTSeed/hltL1sMinBiasEcal

HLTMuonL3PreFilter/hltSingleMuIsoL3PreFiltered15

HLTLevel1GTSeed/hltL1sMinBiasPixel

HLTLevel1GTSeed/hltL1sRelaxedSingleEgammaEt10

JetExtender/iterativeCone5JetExtender

JetTracksAssociatorAtCaloFace/iterativeCone5JetTracksAssociatorAtCaloFace

JetTracksAssociatorAtVertex/iterativeCone5JetTracksAssociatorAtVertex

Module dependencies recorded in RECO output

HLT

RECO

KeyKey

Blue ellipses: Producers of data

Lines: Data read from one 
Producer by another 
Producer

NOTE: If you zoom in on this PDF image you can 
read the words and follow the lines
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Skimming
Can customize how much provenance to drop

Where
Current: data created in current process

Prior: data created in prior process

Kept: the job configuration stated the data should be saved

Ancestor: the data was not marked to be saved but the data was used directly or indirectly 
to create kept data

Unrelated: the data was not marked to be saved and was not used to create kept data

RECO and AOD use drop None while skims may use any
10

 Data origin and 
storage relation

Drop specificationDrop specificationDrop specificationDrop specification Data origin and 
storage relation None Dropped Prior All

current kept keep keep keep drop

current ancestor keep keep keep drop

current unrelated drop drop drop drop

prior kept keep keep drop drop

prior ancestor keep drop drop drop

prior unrelated drop drop drop drop
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Size Comparison
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RECO AOD
Skimmed data with drop specificationSkimmed data with drop specificationSkimmed data with drop specificationSkimmed data with drop specification

RECO AOD None Dropped Prior All
Data/ev (bytes)

Prov/ev (bytes)

overhead @ 
1 GB

555,386 167,054 70,092 70,092 70,092 70,092
4927 4743 1124 58 2 2
0.9% 2.9% 1.6% 0.12% 0.04% 0.04%

Skim with and 
without provenance

AOD with and 
without provenance

RECO with 
provenance
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Conclusions
CMS’s data processing framework records provenance of
Event selections
Data product construction

We have attempted to minimize the disk cost of  the provenance
Allow trimming of provenance to meet the physics needs
Have gone through several iteration with at least one more planned

Experts have used detailed information directly from the file
Have used what modules read which data products info for threading studies

We have a first generation tool for inspecting the provenance
Given a file we can easily dump 

the configuration of each of the Producers
what data products each produced
what event selection criteria were used

Have had positive feedback from physicists who use the tools
Plan on expanding the tools

e.g., allow easy access to per event per product provenance
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