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Abstract

TheAnaphe/LHC++projectis anongoingeffort to provide anObject-Oriented
software ervironmentfor future HEP experiments. It is basedon standards-
conformingsolutions togethemwith HEP-specifiextensionsandcomponents.
Datapersistencés providedby theObjectiity/DB ObjectDatabas¢ODBMS),
while thevisualisationis basedn Qt (for 2-D presentationandOpenliventor
(for 3-D). To complementhe standardpbackagea setof C++ classlibraries
for histogrammanagementNtuple-like analysis(basedon Objectiity/DB)
andfor presentatiorgraphics(basedon Openinventor) have beendeveloped.
A new tool for physicsdataanalysisnamedLizard, hasbeendevelopedbased
onasetof abstracinterfaces(asdefinedby the AIDA project).Its implemen-
tation is basedon the python scripting languageand the existing C++ class
librariesof Anaphe/LHC++.

1. INTRODUCTION

TheAnaphe/LHC++projectwassetupto replacethefull suiteof functionalityformerly providedby the
FORTRAN basedCERNLIB [1] in thenew object-orienteccomputingervironmentrequiredoy (mainly)
the LHC experiments.

The aim of the projectis to provide a flexible, interoperablecustomisableset of interfaces,li-
brariesandtools, re-usingexisting (public domainor commercial)packagesvhererer applicableand
possible. HEP specificadaptionsarewritten whereneededIn closecollaborationwith the expertsfrom
the experimentsandothercommonHEP projects(like Geant-4[2] andCLHEP[3]), thesepackagesre
designedconsideringthe hugedatavolume expectedfor LHC, the distributed computingnecessaryo
analysehe dataaswell aslong-termevolution andmaintenance.

The Anaphe/LHC+H4] softwaresuite consistsof a setof individual classlibrariesfor datastor
age (Objectiity/DB [5] and HepODBMS|6]), fundamentahumericalmathematic§NAG-C [7] and
CLHEP) andphysicsdataanalysis(HTL [8] for histogrammingGemini/HepFitting[9] for minimiza-
tion/fitting) which exist sinceabout1997in their presenform.

Recently the developmentof packagedgor visualisation(Qplotter basedon the Qt [10] package)
andacommand-lingriveninteractve dataanalysigool (Lizard) hasstarted.Thefirst releaseof theses
scheduledor mid October2000.

2. THE LIBRARIES

2.1 Data Storage

2.11 Padkages

In orderto studypossiblesolutionsfor the storingandhandlingof the multi-Petabyte®f dataexpected
from the LHC experimentsa R&D project(RD45[11] ) wassetupin 1995.Therequirementéncluded
not only to storethe raw data,but alsothe reconstructeabjects,calibrationand monitoring dataand

analysisobjectslike histogramsandntuples. After somestudy it wasfound thatthe bestcandidateto
fulfil therequirementss anObjectDatabaséManagemenGroup(ODMG) [12] compliantdatabasesed
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togethemwith amassstoragesystembasednthelEEE referencenodel[13]). Severaltestsonavailable
ObjectDatabasewereperformedandresultedn the choiceof Objectiity/DB for thetime being.

On top of this, a small (about15 kLines) s/w layer (HepODBMS)hasbeendevelopedto sim-
plify the possibleportingto a differentDatabasemplementatiorandto provide a higherlevel interface
thanthe onespecifiedoy ODMG. The HepODBMSclasslibrariesprovide classedo dealwith session
managementlusteringhints, tag (ntuples)andeventcollections.

2.12 Specialfeatues

The useof an OO Databasewith transactionsafety (locking) guaranteegonsisteng in the datasets
written. Thisis especiallyof importancen adistributed/concurent ervironment.

Anotherimportantfeatureof the OO Databasés locationindependeng meaninghatmoving the
individual databasdiles to otherfile systemsand/orotherhostshasnoimpactontheusers code.

2.13 Scalingto LHC

Meanwhile,significantexperiencen usingObjectvity hasbeengainedandscalingbehaiour hasbeen
verifiedby HEP experimentdike BaBarandCMS.

During the last year the BaBar experimenthasaccumulatednore than 100 TByte of datain
Objectvity/DB andby this shaving scalingbehaiour to amountsof datawhich are only oneorder of
magnituddower thanthe onesexpectedfor LHC. Anotheraspecbf scalingis the numberof processes
usedin processindfiltering andreconstruction)whereBaBaris presentlyusing 140 parallelprocesses
for onlinereconstruction.This againis only aboutoneorderof magnituddower thanthe requirements
for LHC. Of course,oneorderof magnitudeis still a “qualitative” step,neverthelesst shaws thatthe
underlyingconceptscalego quite a large fractionof the sizeneededor LHC.

In the CMS experimentseveral Data Challengeshave been(andare)donewherea few hundred
processewerereadingGeantsimulationdata,overlayingeventsandreconstructinghecombinedavents
in parallel. Thesimulateddatais readfrom andthereconstructe@bjectsarestoredinto Objectvity/DB.
The overall sustainedlatarateachievedis about70 MB/s. Analysisof this (reconstructediatais done
in parallelby a few tensof physicistsusingseveralhundredobson a distributedfarmof PCs.

2.2 Fundamental physicsand mathematicsfunctionality

For fundamentaphysicsand mathematicfunctionality like dealingwith 3- and4-Vectors,simpleand
complex matrix operationsandoptimizednumericalalgorithmsfor specialmathematicafunctions,the
CLHEPandNAG librariesareused.CLHER, a projectstartedin 1992,aimsat providing afundamental
setof C++ classespecializedor usein HEP, while the NumericalAlgorithmsGroup(NAG) providesan
optimizedsetof C functionsdealingwith a broadspectrumof mathematica(andphysical)algorithms,
e.g.,for minimization,complex numberfunctions,Fourier transforms guadrature/inggraion, ordinary
differential equations,curve and surfacefitting, linear algebra,approximationsof SpecialFunctions
(Bessektal.) andmore.

2.3 Histogramming

The HistogramTemplateLibrary (HTL) is a C++ classlibrary that provides powerful histogramming
functionality As thenamesuggestsit exploits the templatefacility of C++ andis designedo be com-
pact,extensible modularandperformant.As suchit only dealswith histograms i.e. binneddata- and
notunbinnedor "Ntuple” data.Furthermorealthoughsimplefile-based/O and”lineprinter” outputare
supportedvia helperclassesit is decoupledrom moreadwancedl/O andvisualisationtechniques.In
the context of LHC++, suchcapabilitiesare provided by othercomponentsghatfully interoperatewith
HTL.



HTL itself offers the histogrammingieaturesof HBOOK aswell asa numberof useful exten-
sions,with an object-oriented O-O) approach. This packagereplaceghe histOOgramspackage- an
earlier C++ classlibrary for histograms. The major functional innovation over the previous package
arethe supportfor differentkinds of bins, the supportof both persistentindtransient(i.e. in-memory)
histogramsat runtimeandthe definition of an abstracthistograminterface. As aresult,it is possibleto
work with transienthistogramsand subsequenthsave someor all of themin a databases persistent
histogramsn a very simple and naturalway (thus simulatingso called explicit 1/0). This clearly has
significantperformancedwantagesparticularlyin theareaof filling operations.

The definition of anabstrachistograminterfaceallows functionality thatis provided by external
packagessuchasplotting or fitting, to be decoupledrom the actualimplementatiorof the histogram.
This featurepavestheway for co-existenceof differenthistogrampackageshatconformto the abstract
interface.

2.4 Minimizing and Fitting
2.41 Minimizing

Minimization andFitting in the context of Anaphe/LHC++s presentlyin a majorre-desigrphase.For
a detaileddescriptionof the newv design,see[14]. As the nen packagesnake extensie re-useof the
previousones thelatteraredescribedn somedetailhere.

Geminiis aGEneraMINImization anderroranalysigpackagemplementedisa C++clasdibrary.
Minuit’s functionalityis providedin a‘Minuit-style’ (evenif, internally anotheminimizermayactually
do the work) and new functionality offered by NAG C minimizersis added. Gemini thus provides a
unified C++ API bothto standardMinuit andto NAG C family of minimizers.For thecommonsubsebdf
functionality it is up to the userwhich minimizationenginedoesthework: Minuit or NAG C. Theuser
caneasily switch betweenvariousminimizerswithout essentiachangesn the applicationcode. The
currentlysupportedsetof minimizers(Minuit andNAG C) canbe extendedwithout essentiathangesn
the API.

2.42 Fitting

HEPFittingis a collectionof C++fitting classesbasedon the generaiminimizationpackagesemini. It
providesan objectorientedapplicationprogrammingnterface,which allows for loadingdata,defining
a modelandafitting criterion, performingafit in a specifiedregion andobtainingfit results,including
erroranalysis.

Histogramdatato befitted to canbe loadedusingthe HTL package.Alternatively, generaldata
pointsof theform (z, y) andthe correspondingrrorscanbeloadedvia users arrayswherey standgor
anexperimentalvaluemeasuredita pointz = (z1, ..., zp), andausermodely = f(z1,...,xp|a) can
befitted to theloadeddata,resultingin anestimateof the parameterectora.

2.5 Visualisation
2.51 2-D Visualisation

In spring 2000, the decisionwas madeto changethe visualisationof 2-D datato usethe Qt package
insteadof the previously usedOpenliventorpackageQt is a multi-platform C++ GUI toolkit, produced
by Troll Tech,it is supportecbn all major variantsof Microsoft Windows andUnix/X Windows. Qt is
the basisof the popularKDE desktopervironmenton Linux.

On top of this packagea small setof additionalfunctionality (specificfor HEP) hasbeenadded
in the form of the Qplotter package. The Qplotter library allows a programmerto producegraphic
representatioof physicsdata(suchas histograms scatterplots or curves) both on the screenand as
PostScripfiles. Thesamepackagecouldbe usedto producesimple2D dravings (e.g.testbeamsetup),



but it will not provide directly eventdisplayfeaturessincethey canbeimplementedusing3D packages
like Openliventor/OpenGLNeverthelesshelibrary shouldeventuallyallow mixing bothkind of images
in the sameviewer.

Full userinteractvity (suchas point-and-clickor drag-and-dropwill not be pursuedfrom the
beginning,althoughit maybe eventuallysupportedy add-ontools.

2.52 3-D Misualisation

Thelow-level 3D graphicsis basedn the OpenGLlibrary, thede-factoindustrystandardThe OpenGL
renderingprocesss highly optimisedin orderto obtainsatishctoryperformanceln generalOpenGLis
implementedn low-costhardwareacceleratingyraphicscards. The high-level 3D graphicsis basedon
Openlventor[15], whichis a high-level C++ classlibrary basedon OpenGL.

Thefoundationconcepin Inventoris the”scenedatabaseivhich defineshe objectsto beusedin
anapplication.Whenusinglnventor a programmecreatesedits,andcomposesheseobjectsinto hier
archical3d scenegraphs(i.e., database)A variety of fundamentahpplicationtaskssuchasrendering,
picking, eventhandling,andfile reading/writingarebuilt-in operationf all objectsin thedatabasand
thusaresimpleto invoke.

Sincelnventoris object-orienteqwrittenin C++), it encourageprogrammerso extendthesystem
by writing new objects.Inventorusershave createdavariety of new objectsthatarenotincludedin the
product,suchas: Beziersurfaces animationobjects specialviewers,andmary more.

Althoughpresentlynoneof the otherpackagegrovided by Anaphe/LHC++is makinguseof 3-D
graphicgOpenlventor),we provide andmaintainOpenliventorfor userswho wantto useit.

3. ABSTRACT INTERFACESFOR DATA ANALYSIS-THE AIDA PROJECT

Thegoalsof the AIDA project[16] areto defineabstracinterfacesfor commonphysicsanalysistools,
suchashistograms.The adoptionof theseinterfacesmale it easierfor usersto selectandusedifferent
tools without having to learn new interfacesor the needto changetheir code. In additionit should
be possibleto exchangedatabetweenAlDA compliantapplications. The developersof the following
packagesndanalysissystemsareactively contrituting to, interestedn, or planto adoptAIDA: COLT,
JAS, Lizard, OpenScientist.

A setof categgorieshasbeenidentifiedfor which independenabstiact interfaceswill be defined.
Thesecomponentgsontainthe basicdatastructuesusedin physicsdataanalysislike Histograms,Ntu-
ples,Functions,Vectoss as well as higherlevel componentsike Fitter, Plotter AnalyzerEvent-Display
andContoller/Huh

At thetimeof writing thisreport,this concepf abstiactinterfacesn combinatiorwith a number
of differentactualimplementation®asbeenprovenandverified. In collaboration with GEANTF4 exam-
plesof simulationshavebeensetup usingthe AIDA Histograminterfacescreatingandfilling histagrams
which were implementedisingthreedifferentanalysissystemgJAS, Lizard, OpenScientistjwithoutthe
usercodebeingaware of it.

4. INTERACTIVE DATA ANALYSISTOOL —THE LIZARD PROJECT

Lizard [17] is a new Interactive AnalysisErnvironmentcreatedwithin the Anaphe/LHC++context at
CERN.Theaim of the Lizard projectis to producean analysistool which canbe easilyintegratedin a
C++ basedervironmentandwhich providesfunctionalitiesat leastcompagable with the core of PAW.

4.1 Architecture and Design

Lizard is aiming at beinga highly modular flexible, interoperble and customizable¢ool. It is basedon
the setof component&dentifiedfor AIDA (seeabove). Until all theinterfaceshavebeenagreedwithin



the AIDA group, a sepaate setof interfaceshasbeendefined.Thissetwill be subsequentlyeplacedby
theonesdefinedn AIDA asthey becomeavailable

The modularity and flexibility is achieved by a loose coupling betweenthe individual compo-
nentsthroughtheir abstracinterfaces.By doingthis, eachcomponents only allowedto accessanother
throughits (abstract)jnterface,thereforeno knowledgeaboutthe implementatioris needecat compile
or link time (thelatterdueto the useof sharedibraries).

This approachalsoensures high degreeof customizability asanexperimentcanimplementheir
own versionof ary componenidefinedthroughthe abstractnterface). In the sameway, components
from otheranalysissystemsanbeusedby simply loadingthe correspondingetof sharedibrariesfrom
the othersystem(andpossiblysome“bridging code”,asin the caseof JAS).

4.2 Scripting

Onrequesbf theusersLizard is usinga commandine drivenapproach.To implementthis, the choice
wasmadeto useoneof thevariousexisting scriptinglanguagessthe mainusecaseshavedto bemore
similarto thetypical onesfor scripting(repetition,macrosyatherthan(algorithmic)programming.

In orderto keepmaximalflexibility, it wasdecidedto useSWIG [18] to “map” the commands
(whicharedefinedasasetof C++classesvith theirmethods)nto oneof severalpossibletargetscripting
languagesThe choiceof the scriptinglanguagevasPython[19] asit seemedo bethe mostlikely one
to beaccepte@ndthefactthatit is objectorientedby design.

4.3 Statusof Lizard

A first prototypewith ratherlimited functionality of Lizard hasbeenreleasedn Feh 2000. This pro-
totypewasbasicallyintendedto checkthe possibilitiesof the automatic’'mapping” of commandsnto
python,aswell asgaininguserfeed-backegardingthe choiceof Python.

In October2000a first versionof Lizard hasbeenreleaseds scheduled Work is continuingto
improve the functionality and add more features. Furtherreleasesare plannedin intervals of about4
weeks.

Thestudyof theimpactof adistributedcomputingervironmenton dataanalysis- asit is expected
for LHC - will startin 2001. The resultsof this studywill thenbeintegratedinto Lizard. Theaim here
is to createa tool which cando paralleldataanalysisusinga large “farm” of machinegon typically a
few TeraByteof data),or “small scale’analysison a singlemaching(typically sereral GigaByteof data)
with basicallythe same‘front-end” userinterface.

The“farming” ervironmentis expectedto bebasednthe GRID infrastructurevhichis presently
understudyanddevelopmentat CERN.

5. FUTURE PLANS
5.1 Libraries

Themainwork onthelibrarieswill betheimplementatiorof wrapperdo the abstracinterfacesasused
in AIDA andLizard. Thisis doneusingexisting classlibrarieswherever possible.

5.2 Lizard
Futurework on Lizard canbe split into the following two groups:
Nearfuture:
e work ondocumentation
¢ directuseof Pythonobjects(functions,list, ...)
e moreplotting features



¢ “licensefree” versionof Lizard
¢ readingof HBOOK files (histogramsandntuples)
¢ historyrecallacrosssessions
e XML formatfor histogramsandvectors
o finaliseFitterinterface
Longerterm:
¢ analyse/design/impimenation of distributedcomputingusingGlobus (GRID)
¢ allow communicatiorbetweercomponentsisingan Obserer pattern(“li ve histograms”)

e more plug-in-like style to allow for several differentinstancesf the variouscomponentgo be
presenatagiventime

5.3 AIDA

The main actvity within the AIDA projectwill beto defineandconsolidatehe interfacesto the other
componentslin the longerterm, morefunctionality will be added for exampleto allow for “li ve” his-
togramswhich areusefulin onlineandmonitoringervironments.

6. Conclusion

The Anaphe/LHC++software suite provides a flexible, interoperable customisableset of interfaces,
librariesandtoolsfor physicsdataanalysis.t is basedn standards-conformingplutions togethemith
HEP-specificextensionsand components.Data persistences provided by the Objectvity/DB Object
Databas€éODBMS), while thevisualisationis basedn Qt (for 2-D presentationandOpenliventor(for
3-D).

In closecollaborationwith the expertsfrom the experimentsand othercommonHEP projects,

thesepackagesredesignedconsideringhe hugedatavolume expectedfor LHC, the distributed com-
putingnecessaryo analysethe dataaswell aslong-termevolution andmaintenance.

A new tool for physicsdataanalysishasbeendevelopedbasedon a setof abstracinterfaces(as
definedby the AIDA project). Its implementationis basedon the Pythonscriptinglanguageandthe
existing C++ classlibrariesof Anaphe/LHC++.

In thefuture,we will - besidedurtherevolution of the existing packages startto investigatethe
impactof distributed computingon physicsdataanalysiswith the aim to malke this type of analysisas
transparenaspossiblefor the userof thelibrariesandtools.
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