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OverviewOverview of of thethe ATLAS SoftwareATLAS Software

General introduction to ATLAS softwareGeneral introduction to ATLAS software
CVS, Packages, build tools and ReleasesCVS, Packages, build tools and Releases
Introduction to Athena SoftwareIntroduction to Athena Software

Algorithms, Tools, ServicesAlgorithms, Tools, Services
Configuring jobs via Configuring jobs via jobOptionsjobOptions
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Software FlowSoftware Flow
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A A BriefBrief HistoryHistory of Atlas of Atlas 
ReconstructionReconstruction

SomeSome algorithmsalgorithms developmentdevelopment startedstarted more more thanthan 10 10 yearsyears agoago!!

PursuedPursued throughthrough thethe variousvarious detectordetector TechnicalTechnical Design Reports till Design Reports till 
«« PhysicsPhysics TDRTDR » in 1999 (» in 1999 (stillstill thethe mostmost relevant relevant referencereference document)document)

This This waswas «« atreconatrecon », », mostlymostly fortran code in «fortran code in « slugslug », a », a zebrazebra basedbased
frameworkframework

ThenThen migration to C++  migration to C++  thenthen to to AthenaAthena

validation of validation of AthenaAthena Reconstruction Reconstruction thisthis yearyear (data challenge 2, (data challenge 2, 
AthensAthens Workshop) plus Workshop) plus onon--goinggoing developmentdevelopment ((DetectorDetector Description, Description, 
Event Data Model, Reconstruction Event Data Model, Reconstruction TaskTask Force Force recommendationsrecommendations, new , new 
algorithmsalgorithms…)…)

PlentyPlenty of of thingsthings to do!to do! Not least adapt the offline code to testNot least adapt the offline code to test--beam beam 
analysis.analysis.
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CVS, CMT, Releases … ??CVS, CMT, Releases … ??

All atlas All atlas offlineoffline code code isis storedstored in in CVSCVS, , whichwhich manages manages thethe evolutionevolution of of 
thethe source filessource files

TheThe buildbuild of of thethe binariesries (compilation option, (compilation option, includeinclude files, files, librarieslibraries…) …) 
as as wellwell as as thethe runrun--timetime environmentenvironment are are managedmanaged by by CMTCMT

A new version of A new version of thethe code code isis entirelyentirely rebuiltrebuilt approximatelyapproximately everyevery 3 3 
weeksweeks («(« developerdeveloper releaserelease » e.g 8.7.0) » e.g 8.7.0) withwith a «a « major releasemajor release » » 
approximatelyapproximately everyevery 6 6 monthsmonths..

Release 9.0.0 : Release 9.0.0 : OctoberOctober 27, 200427, 2004

Release 10.0.0 : 16 Release 10.0.0 : 16 FebFeb 20052005

Bug Bug FixFix releases (9.0.1, 9.0,2…) + releases (9.0.1, 9.0,2…) + incrementalincremental buildsbuilds for for testtest--beambeam

EveryEvery night night thethe release in construction release in construction isis builtbuilt («(« nightliesnightlies ») ») andand
content content keptkept for a for a weekweek ((usefuluseful onlyonly for for developersdevelopers of code in of code in thethe
release)release)
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PackagesPackages
a way of grouping related codea way of grouping related code

Typically, one package Typically, one package ↔↔one library which is dynamically loaded at run time. (there is one library which is dynamically loaded at run time. (there is 
only one very small only one very small athenaathena executable for all applications)executable for all applications)

For Example, For Example, LArDigitizationLArDigitization contains code for:contains code for:
Taking a MC Hit and producing a Digit (5 samples).Taking a MC Hit and producing a Digit (5 samples).
The package has a structure:The package has a structure:

LArDigitization/srcLArDigitization/src : contains *.: contains *.cxxcxx filesfiles
LArDigitization/LArDigitizationLArDigitization/LArDigitization : *.h files: *.h files
LArDigitizationLArDigitization/share : /share : jobOptionjobOption files (no code)files (no code)
LArDigitization/cmtLArDigitization/cmt : requirement file: requirement file

Packages may depend on other packages:Packages may depend on other packages:
LArDigitizationLArDigitization depends on depends on LArIdentifierLArIdentifier, , LArRawEventLArRawEvent, etc., etc.
Dependencies specified in requirement fileDependencies specified in requirement file
“depends” means in most cases “uses object defined in other pack“depends” means in most cases “uses object defined in other packages” ages” 
⇔⇔ ““uses header file in other packagesuses header file in other packages””
““dependsdepends”” does not meandoes not mean: need other packages to be run beforehand: need other packages to be run beforehand

Dependency is Dependency is uniuni--directional. directional. 

Packages at the bottom of the chain must be very robust.Packages at the bottom of the chain must be very robust.
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BriefBrief tour of tour of thethe webweb/ / 
documentationdocumentation

Mailing Mailing listslists ((swsw--helphelp, , swsw--reconstructionreconstruction, , swsw--developersdevelopers, , atlasatlas--
larglarg--swsw))

Reconstruction Reconstruction webweb pagepage
http://http://atlas.web.cern.chatlas.web.cern.ch/Atlas/GROUPS/SOFTWARE/OO//Atlas/GROUPS/SOFTWARE/OO/domainsdomains/Reconstruction//Reconstruction/

FollowingFollowing usefuluseful toolstools fromfrom software software developmentdevelopment webweb page: page: 

Howto’s            !  A Howto’s            !  A mustmust--readread

viewcvsviewcvs//lxrlxr ! ! BrowsingBrowsing thethe code in code in cvscvs

DoxygenDoxygen ! Simple code documentation! Simple code documentation

SavannahSavannah ! Bug ! Bug reportingreporting systemsystem

release release statusstatus andand plansplans
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AvailableAvailable algorithmsalgorithms (9.0.0)(9.0.0)

((SomeSome of of thesethese correspond to correspond to severalseveral AthenaAthena AlgorithmsAlgorithms))
TruthTruth interfaceinterface
xKalmanxKalman++++ ((trackingtracking))
iPatreciPatrec ((trackingtracking))
LLAArgrg RecReconstructiononstruction
Tile Tile RecReconstructiononstruction
MuonboxMuonbox, Moore , Moore (Muon reconstruction) (Muon reconstruction) 
Jet ReconstructionJet Reconstruction
EE//gammagamma identificationidentification
TauTau identificationidentification
missing Emissing ETT

VertexingVertexing ((primaryprimary vertex, interface of vertex, interface of secondarysecondary verticesvertices))
ConversionConversion
EnergyEnergy flowflow
……
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CBNTCBNT

EachEach Reconstruction Reconstruction algorithmalgorithm typicallytypically fillsfills a block of a block of thethe combinedcombined ntuplentuple
(CBNT). (CBNT). TheyThey provideprovide an an algorithmalgorithm ((e.g.e.g. CBNT_CaloCellCBNT_CaloCell) ) thatthat isis executedexecuted
withinwithin AthenaAthena..
Description Description ofof variables variables producedproduced by by thethe CBNT CBNT algorithmsalgorithms are are atat::

http://atlas.web.cern.ch/Atlas/GROUPS/SOFTWARE/OO/domains/Reconshttp://atlas.web.cern.ch/Atlas/GROUPS/SOFTWARE/OO/domains/Reconstruction/packagtruction/packag
es/CBNT_Athena/CBNT_variables.htmes/CBNT_Athena/CBNT_variables.htm

This This allowallow easyeasy checkingchecking of basic of basic quantitiesquantities

HoweverHowever, , thethe recommendedrecommended model model isis not to not to writewrite long long kumacskumacs to analyse to analyse 
thethe ntuplesntuples, but , but ratherrather to do to do thethe analysisanalysis in in thethe AthenaAthena ((i.ei.e look for Z look for Z 
candidates candidates andand fillfill ntuplentuple withwith Z variables) Z variables) 

We have the ability to write/read all objects into POOL (persistWe have the ability to write/read all objects into POOL (persistency)ency)

ESD ESD andand AOD AOD streamsstreams containcontain reconstruction outputreconstruction output

equivalentequivalent ofof data in CBNTdata in CBNT

WriteWrite analysisanalysis algorithmsalgorithms thatthat produceproduce youryour speacializedspeacialized ntuplesntuples

AdditionalAdditional toolstools: Interactive : Interactive AthenaAthena, PYROOT for , PYROOT for analysisanalysis comingcoming onlineonline
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DocumentationDocumentation

As As withwith anythinganything, , itit isis thethe slowestslowest to to progressprogress
WhereWhere isis thethe listlist of of recoreco algorithmsalgorithms availableavailable ??

RecExCommonRecExCommon//shareshare//RecExCommon_jobOptionsRecExCommon_jobOptions isis mostmost likelylikely to to 
bebe up to dateup to date
Web page: Web page: ReconstructionReconstruction→→Reconstruction in Reconstruction in AthenaAthena ((beingbeing
updatedupdated))
Something similar for Something similar for RecExTBRecExTB to be doneto be done

KnowingKnowing thethe algorithmalgorithm namename how how cancan i have information on i have information on thethe
algorithmalgorithm, , andand on on itsits outputoutput

SameSame webweb pagepage
FindFind thethe code: code: viewCVSviewCVS, LXR , LXR ((veryvery usefuluseful) ) 
DoxygenDoxygen generatedgenerated class class diagramdiagram in in 
<package>/<package>/docdoc//DoxygenDoxygen/html/ :/html/ :
CBNT_XXX CBNT_XXX algorithmsalgorithms to to fillfill combinedcombined ntuplentuple are are usuallyusually goodgood
examplesexamples to to seesee how to use how to use objectobject XXX XXX 
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The Athena FrameworkThe Athena Framework
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[1] G. Booch, “Object Solutions”, Addison-Wesley 1996

[2] E. Gamma, et al., “Design Patterns”, Addison-Wesley 1995

Athena as a FrameworkAthena as a Framework

Framework Definition [1,2]Framework Definition [1,2]
Architectural pattern that codifies a particular domain. It Architectural pattern that codifies a particular domain. It 
provides the suitable knobs, slots and tabs that permit clients provides the suitable knobs, slots and tabs that permit clients to to 
use and adapt to specific applications within a given range of use and adapt to specific applications within a given range of 
behavior.behavior.

In practiceIn practice
A skeleton of an application into which developers plug in theirA skeleton of an application into which developers plug in their
code and provides most of the common functionality and code and provides most of the common functionality and 
communications among different components.communications among different components.
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Or simply put, a Framework is:Or simply put, a Framework is:

The software that makes sure your codeThe software that makes sure your code
Runs at the right timeRuns at the right time

With the right input dataWith the right input data

And takes care of any outputAnd takes care of any output
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Athena Terminology [1]Athena Terminology [1]

Algorithm:Algorithm:
User application building block, visible & controlled by framewoUser application building block, visible & controlled by framework. rk. 
May delegate processing to May delegate processing to AlgToolsAlgTools
inherits from Algorithm classinherits from Algorithm class
Implements three methods for invocation by framework :Implements three methods for invocation by framework :

initialize(), execute(), finalize()initialize(), execute(), finalize()

Data Object:Data Object:
The result of your algorithm that is posted publicly and can serThe result of your algorithm that is posted publicly and can serve ve 
as an input to a subsequent algorithm. as an input to a subsequent algorithm. 

e.g., Collection containing Cluster Objects e.g., Collection containing Cluster Objects 
Data Objects managed by a Transient Store : Data Objects managed by a Transient Store : akaaka StoreGateStoreGate
Many different type of stores:Many different type of stores:

Event Store, Detector StoreEvent Store, Detector Store
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Algorithm & Data FlowAlgorithm & Data Flow

Tracking

Calorimeter
Clustering

Electron/photon
Identification

StoreGateStoreGate
Transient EventTransient Event

Data StoreData Store

Tracker digitsTracker digits
TracksTracks

Calorimeter CellsCalorimeter Cells

TracksTracks, , ClustersClusters

Calorimeter clustersCalorimeter clusters

Electron/photonElectron/photon

Electrons/photonsElectrons/photons

Real dataflowReal dataflow

Apparent dataflowApparent dataflow

TracksTracks

ClustersClusters

TrackerTracker digitsdigits

CaloCellsCaloCells
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ESD, AOD, … streamsESD, AOD, … streams

At the end of each event, the reconstruction output is At the end of each event, the reconstruction output is 
written into several streams:written into several streams:

ESD = Event Summary DataESD = Event Summary Data
Contains intermediate reconstruction output such asContains intermediate reconstruction output such as

Tracks, Calorimeter cells, Calorimeter clustersTracks, Calorimeter cells, Calorimeter clusters
egammaegamma, jets, , jets, muonsmuons, Missing ET, …, Missing ET, …

AOD = Analysis Object DataAOD = Analysis Object Data
Container particle level informationContainer particle level information

electron, photons, belectron, photons, b--jets, jets, muonsmuons, , MissingETMissingET, …, …
Which allows you to do basic analysis with the ability to Which allows you to do basic analysis with the ability to 
navigate back to parent objects if needednavigate back to parent objects if needed

For TestFor Test--Beam, expect only ESD stream to be written out.Beam, expect only ESD stream to be written out.
NtuplesNtuples? ? 

Will be written out to monitor data, but clients should Will be written out to monitor data, but clients should 
expect to do their analysis off ESD and make their own expect to do their analysis off ESD and make their own 
specialized specialized ntuplesntuples..
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Athena Terminology [2]Athena Terminology [2]

ServicesServices
Globally available software components providing specific framewGlobally available software components providing specific framework ork 
capabilities, e.g., Message service, Histogram service, etccapabilities, e.g., Message service, Histogram service, etc

Data ConvertersData Converters
Provides explicit/implicit conversion from/to persistent data foProvides explicit/implicit conversion from/to persistent data format rmat 
to/from transient datato/from transient data
Decouple Algorithm code from underlying persistency mechanism(s)Decouple Algorithm code from underlying persistency mechanism(s)

PropertiesProperties
Control and data parameters for Algorithms and Services. Allow fControl and data parameters for Algorithms and Services. Allow for or 
runrun--time configuration. Specified via startup text files (time configuration. Specified via startup text files (jobOptionsjobOptions), ), 
Python scripts or from the scripting language shellPython scripts or from the scripting language shell
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Transient Event 
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Athena Terminology [3]Athena Terminology [3]

Job Options filesJob Options files
Conventional python scripts (default Conventional python scripts (default jobOptions.pyjobOptions.py) used to control ) used to control 
an Athena application configuration at runan Athena application configuration at run--timetime

AuditorsAuditors
Monitor various aspects of other framework componentsMonitor various aspects of other framework components

NameAuditorNameAuditor, , ChronoAuditorChronoAuditor, , MemoryAuditorMemoryAuditor, , 
MemStatAuditorMemStatAuditor, etc, etc

SequencesSequences
Lists of Lists of membersmembers Algorithms managed by a Sequencer. Algorithms managed by a Sequencer. 
Sequences can be nested. Default behavior: the Sequencer Sequences can be nested. Default behavior: the Sequencer 
terminates a sequence when an event fails a filter. The terminates a sequence when an event fails a filter. The 
StopOverrideStopOverride property overrides the default behavior.property overrides the default behavior.

FiltersFilters
Event selection criteria. Event selection criteria. 
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Accessing ServicesAccessing Services

Within the Algorithm, services are readily accessible.Within the Algorithm, services are readily accessible.

Access to some of the “basic” services are preAccess to some of the “basic” services are pre--defineddefined
msgSvcmsgSvc( ) ( ) 
histoSvchistoSvc( )( )
ntupleSvcntupleSvc( )( )

Access to most other services must be located:Access to most other services must be located:
StatusCodeStatusCode sc = sc = service(“StoreGateSvcservice(“StoreGateSvc”, ”, m_eventStorem_eventStore););

Retrieves the pointer to Retrieves the pointer to StoreGateStoreGate ServiceService

Then you use Then you use m_eventStorem_eventStore in your algorithm to access data objectsin your algorithm to access data objects
Typically done in initialize() of your algorithm and cachedTypically done in initialize() of your algorithm and cached
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Accessing ServicesAccessing Services

Concrete
Algorithm

StoreGateSvc

IHistogramSvc

IMessageSvc

IAlgorithm IProperty

Obj_B

HistogramSvc

MessageSvc

ParticlePropertySvc
IParticlePropertySvc

ApplicationMgr
ISvcLocator

Obj_A
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JobOptionsJobOptions

The The jobOptionsjobOptions file specifies the runfile specifies the run--time configuration of time configuration of 
your algorithmyour algorithm

Specifies all the services needed and their configurationSpecifies all the services needed and their configuration
Determines what algorithms need to be runDetermines what algorithms need to be run
In what orderIn what order
Specifies the properties of the algorithmSpecifies the properties of the algorithm

Control over :Control over :
Message Output LevelMessage Output Level
Number of Events to processNumber of Events to process
Input file names.Input file names.
Output file names, objects to save etc.Output file names, objects to save etc.
And so on.And so on.
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Some Common Entries in Some Common Entries in 
jobOptions.pyjobOptions.py

Including other python scripts:Including other python scripts:
include ( "include ( "RecExCommon/RecExCommon_flags.pyRecExCommon/RecExCommon_flags.py" ) " ) 
include( "include( "CaloRec/CaloCluster_jobOptions.pyCaloRec/CaloCluster_jobOptions.py" ) " ) 

Component libraries to be loadedComponent libraries to be loaded
theApp.DLLstheApp.DLLs += [<comma separated array of string>]+= [<comma separated array of string>]
e.g.  e.g.  theApp.DLLstheApp.DLLs += ["+= ["CaloRecCaloRec", "", "LArClusterRec","TileRecAlgsLArClusterRec","TileRecAlgs" ] " ] 

Top level algorithms:    “Type/Top level algorithms:    “Type/ObjectNameObjectName””
theApp.TopAlgtheApp.TopAlg += [<comma separated Array of string>]+= [<comma separated Array of string>]
e.g.  e.g.  theApp.TopAlgtheApp.TopAlg += ["+= ["CaloClusterMaker/CaloSWClusterMakerCaloClusterMaker/CaloSWClusterMaker" ] " ] 

Maximum number of events to executeMaximum number of events to execute
theApp.EvtMaxtheApp.EvtMax == 100100
RunNumberRunNumber = = 200100200100

internally, internally, theApp.RunNumbertheApp.RunNumber = = RunNumberRunNumber (global flag)(global flag)

CommentsComments
Preceded by #Preceded by #



LAr Athena Tutorial – November 2, 2004

Configuring an AlgorithmConfiguring an Algorithm

If you have an Athena algorithm If you have an Athena algorithm MyAlgMyAlg, you need to specify , you need to specify 
the following in the the following in the jobOptionsjobOptions::

theApp.DLLstheApp.DLLs += [“+= [“MyAlgLibMyAlgLib”]”]
Name of the library where Name of the library where MyAlgMyAlg is locatedis located
This is typically the package nameThis is typically the package name

theApp.TopAlgtheApp.TopAlg += [“+= [“MyAlg/MyAlgNameMyAlg/MyAlgName”]”]
MyAlgMyAlg is your Algorithm class nameis your Algorithm class name
MyAlgNameMyAlgName is any name you give itis any name you give it
Algorithms are run in the sequence they appear in the Algorithms are run in the sequence they appear in the jobOptionsjobOptions

Specify property of the algorithmSpecify property of the algorithm
MyAlgNameMyAlgName = = Algorithm(“MyAlgNameAlgorithm(“MyAlgName”)”)
MyAlgName.somePropertyMyAlgName.someProperty = = property_valueproperty_value
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Global FlagsGlobal Flags

There are many flags that are set to a default value in the There are many flags that are set to a default value in the 
jobOptionsjobOptions and can be overand can be over--written to suit your needs:written to suit your needs:

These flags are used to control the execution process These flags are used to control the execution process 

Major Flags:Major Flags:
theApp.EvtMaxtheApp.EvtMax = 100= 100 # maximum number of events
RunNumberRunNumber = 201001= 201001 # run number# run number
doWriteESDdoWriteESD = False= False # do not write ESD output# do not write ESD output

Flags to control which subFlags to control which sub--system reconstruction to run:system reconstruction to run:
doInDetdoInDet = False= False
doLardoLar = True= True
doTiledoTile = True= True
……

+ Sub+ Sub--System specific flagsSystem specific flags
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Running Running athenaathena

athenaathena
By default, it looks for By default, it looks for jobOptions.pyjobOptions.py

athenaathena MyJobOptions.pyMyJobOptions.py
Athena will use Athena will use MyJobOptions.pyMyJobOptions.py for input configurationfor input configuration

athenaathena MyJobOptions.pyMyJobOptions.py >& >& athena.logathena.log
Directs all screen printout to Directs all screen printout to athena.logathena.log

athenaathena ––s s MyJobOptions.pyMyJobOptions.py >& >& athena.logathena.log
--s prints out all s prints out all jobOptionsjobOptions scripts that are included withinscripts that are included within

athenaathena ––c “c “EvtMaxEvtMax=10; =10; doWriteESDdoWriteESD=True” >& =True” >& athena.logathena.log
Uses the options to overwrite default ones in Uses the options to overwrite default ones in jobOptions.pyjobOptions.py
Only works today with Only works today with RecExCommonRecExCommon

athenaathena –– i i MyJobOptions.pyMyJobOptions.py
Interactive mode of running Interactive mode of running athenaathena
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Standard Top Level Standard Top Level JobOptionsJobOptions

RecExCommon_topOptions.pyRecExCommon_topOptions.py
Use to run full ATLAS Reconstruction on G3 or G4 simulationUse to run full ATLAS Reconstruction on G3 or G4 simulation
Outputs ESD and AOD data and minimal Outputs ESD and AOD data and minimal ntuplesntuples

RecExTB_Combined_2004_jopOptions.pyRecExTB_Combined_2004_jopOptions.py
Use to run reconstruction software on TB data and TB simulationUse to run reconstruction software on TB data and TB simulation
Outputs ESD dataOutputs ESD data

TBAnalysis_topOptions.pyTBAnalysis_topOptions.py
Used to analyze the output ESD data from Used to analyze the output ESD data from RecExTBRecExTB
Clients can plug in their own analysis algorithmsClients can plug in their own analysis algorithms
Outputs user Outputs user ntuplesntuples

Other top level Other top level jobOptionsjobOptions available for :available for :
ATLAS and TB : Simulation & DigitizationATLAS and TB : Simulation & Digitization
That output POOL files with relevant dataThat output POOL files with relevant data



LAr Athena Tutorial – November 2, 2004

TodayToday

You will learn how to :You will learn how to :

Setup the software environment and compile your codeSetup the software environment and compile your code
Familiarize yourself how to configure your code with Familiarize yourself how to configure your code with jobOptionsjobOptions
use use RecExTBRecExTB to reconstruct testto reconstruct test--beam data:beam data:

Produce ESDProduce ESD
And look at And look at ntuplesntuples

Write an analysis algorithm in Athena with ESD data as inputWrite an analysis algorithm in Athena with ESD data as input
And produce your own analysis And produce your own analysis ntuplesntuples

Write simple python based analysis scripts with ESD data as inpuWrite simple python based analysis scripts with ESD data as inputt
Using Athena and ROOT features interactivelyUsing Athena and ROOT features interactively


