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Abstract

TheAnaphe/LHC++projectis anongoingeffort to provideanObject-Oriented
softwareenvironmentfor future HEP experiments.It is basedon standards-
conformingsolutions,togetherwith HEP-specificextensionsandcomponents.
Datapersistenceisprovidedby theObjectivity/DB ObjectDatabase(ODBMS),
while thevisualisationis basedonQt (for 2-D presentation)andOpenInventor
(for 3-D). To complementthe standardpackage,a setof C++ classlibraries
for histogrammanagement,Ntuple-like analysis(basedon Objectivity/DB)
andfor presentationgraphics(basedon OpenInventor)have beendeveloped.
A new tool for physicsdataanalysis,namedLizard,hasbeendevelopedbased
on asetof abstractinterfaces(asdefinedby theAIDA project).Its implemen-
tation is basedon the python scripting languageand the existing C++ class
librariesof Anaphe/LHC++.

1. INTR ODUCTION

TheAnaphe/LHC++projectwassetup to replacethefull suiteof functionalityformerlyprovidedby the
FORTRAN basedCERNLIB [1] in thenew object-orientedcomputingenvironmentrequiredby (mainly)
theLHC experiments.

The aim of the project is to provide a flexible, interoperable,customisablesetof interfaces,li-
brariesandtools, re-usingexisting (public domainor commercial)packageswherever applicableand
possible.HEPspecificadaptionsarewritten whereneeded.In closecollaborationwith theexpertsfrom
theexperimentsandothercommonHEPprojects(like Geant-4[2] andCLHEP[3]), thesepackagesare
designedconsideringthe hugedatavolumeexpectedfor LHC, the distributedcomputingnecessaryto
analysethedataaswell aslong-termevolution andmaintenance.

TheAnaphe/LHC++[4] softwaresuiteconsistsof a setof individual classlibrariesfor datastor-
age(Objectivity/DB [5] and HepODBMS[6]), fundamentalnumericalmathematics(NAG-C [7] and
CLHEP) andphysicsdataanalysis(HTL [8] for histogramming,Gemini/HepFitting[9] for minimiza-
tion/fitting) whichexist sinceabout1997in their presentform.

Recently, thedevelopmentof packagesfor visualisation(Qplotter, basedon theQt [10] package)
andacommand-linedriveninteractive dataanalysistool (Lizard)hasstarted.Thefirst releaseof theseis
scheduledfor mid October2000.

2. THE LIBRARIES

2.1 Data Storage

2.11 Packages

In orderto studypossiblesolutionsfor thestoringandhandlingof themulti-Petabytesof dataexpected
from theLHC experiments,aR&D project(RD45[11] ) wassetup in 1995.Therequirementsincluded
not only to storethe raw data,but alsothe reconstructedobjects,calibrationandmonitoringdataand
analysisobjectslike histogramsandntuples.After somestudy, it wasfound that thebestcandidateto
fulfil therequirementsis anObjectDatabaseManagementGroup(ODMG) [12] compliantdatabaseused
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togetherwith amassstoragesystem(basedontheIEEEreferencemodel[13]). Severaltestsonavailable
ObjectDatabaseswereperformedandresultedin thechoiceof Objectivity/DB for thetimebeing.

On top of this, a small (about15 kLines) s/w layer (HepODBMS)hasbeendevelopedto sim-
plify thepossibleportingto a differentDatabaseimplementationandto provide a higherlevel interface
thantheonespecifiedby ODMG. TheHepODBMSclasslibrariesprovide classesto dealwith session
management,clusteringhints,tag(ntuples)andeventcollections.

2.12 Specialfeatures

The useof an OO Databasewith transactionsafety(locking) guaranteesconsistency in the datasets
written. This is especiallyof importancein adistributed/concurrent environment.

Anotherimportantfeatureof theOODatabaseis locationindependency, meaningthatmoving the
individual databasefiles to otherfile systemsand/orotherhostshasno impacton theuser’s code.

2.13 Scalingto LHC

Meanwhile,significantexperiencein usingObjectivity hasbeengainedandscalingbehaviour hasbeen
verifiedby HEPexperimentslike BaBarandCMS.

During the last year, the BaBar experimenthasaccumulatedmore than 100 TByte of data in
Objectivity/DB andby this showing scalingbehaviour to amountsof datawhich areonly oneorderof
magnitudelower thantheonesexpectedfor LHC. Anotheraspectof scalingis thenumberof processes
usedin processing(filtering andreconstruction),whereBaBaris presentlyusing140parallelprocesses
for onlinereconstruction.This againis only aboutoneorderof magnitudelower thantherequirements
for LHC. Of course,oneorderof magnitudeis still a “qualitative” step,neverthelessit shows that the
underlyingconceptscalesto quitea largefractionof thesizeneededfor LHC.

In theCMS experimentseveralDataChallengeshave been(andare)donewherea few hundred
processeswerereadingGeantsimulationdata,overlayingeventsandreconstructingthecombinedevents
in parallel.Thesimulateddatais readfrom andthereconstructedobjectsarestoredinto Objectivity/DB.
Theoverall sustaineddatarateachieved is about70 MB/s. Analysisof this (reconstructed)datais done
in parallelby a few tensof physicistsusingseveralhundredjobson adistributedfarmof PCs.

2.2 Fundamentalphysicsand mathematicsfunctionality

For fundamentalphysicsandmathematicsfunctionality, like dealingwith 3- and4-Vectors,simpleand
complex matrix operationsandoptimizednumericalalgorithmsfor specialmathematicalfunctions,the
CLHEPandNAG librariesareused.CLHEP, a projectstartedin 1992,aimsat providing a fundamental
setof C++classesspecializedfor usein HEP, while theNumericalAlgorithmsGroup(NAG) providesan
optimizedsetof C functionsdealingwith a broadspectrumof mathematical(andphysical)algorithms,
e.g.,for minimization,complex numberfunctions,Fourier transforms,quadrature/integration, ordinary
differential equations,curve and surfacefitting, linear algebra,approximationsof SpecialFunctions
(Besselet al.) andmore.

2.3 Histogramming

The HistogramTemplateLibrary (HTL) is a C++ classlibrary that providespowerful histogramming
functionality. As thenamesuggests,it exploits thetemplatefacility of C++ andis designedto becom-
pact,extensible,modularandperformant.As suchit only dealswith histograms- i.e. binneddata- and
notunbinnedor ”Ntuple” data.Furthermore,althoughsimplefile-basedI/O and”lineprinter” outputare
supportedvia helperclasses,it is decoupledfrom moreadvancedI/O andvisualisationtechniques.In
thecontext of LHC++, suchcapabilitiesareprovided by othercomponentsthat fully interoperatewith
HTL.



HTL itself offers the histogrammingfeaturesof HBOOK aswell asa numberof usefulexten-
sions,with an object-oriented(O-O) approach.This packagereplacesthe histOOgramspackage- an
earlierC++ classlibrary for histograms.The major functional innovation over the previous package
arethesupportfor differentkindsof bins, thesupportof bothpersistentandtransient(i.e. in-memory)
histogramsat runtimeandthedefinitionof anabstracthistograminterface.As a result,it is possibleto
work with transienthistogramsandsubsequentlysave someor all of themin a databaseaspersistent
histogramsin a very simpleandnaturalway (thussimulatingso calledexplicit I/O). This clearly has
significantperformanceadvantages,particularlyin theareaof filling operations.

Thedefinitionof anabstracthistograminterfaceallows functionality that is providedby external
packages,suchasplotting or fitting, to bedecoupledfrom theactualimplementationof thehistogram.
This featurepavestheway for co-existenceof differenthistogrampackagesthatconformto theabstract
interface.

2.4 Minimizing and Fitting

2.41 Minimizing

Minimization andFitting in thecontext of Anaphe/LHC++is presentlyin a majorre-designphase.For
a detaileddescriptionof the new design,see[14]. As the new packagesmake extensive re-useof the
previousones,thelatteraredescribedin somedetailhere.

Geminiis aGEneralMINImizationanderroranalysispackageimplementedasaC++classlibrary.
Minuit’s functionalityis providedin a ‘Minuit-style’ (evenif, internally, anotherminimizermayactually
do the work) andnew functionality offeredby NAG C minimizersis added. Gemini thusprovidesa
unifiedC++API bothto standardMinuit andto NAG C family of minimizers.For thecommonsubsetof
functionality, it is up to theuserwhich minimizationenginedoesthework: Minuit or NAG C. Theuser
caneasilyswitch betweenvariousminimizerswithout essentialchangesin the applicationcode. The
currentlysupportedsetof minimizers(Minuit andNAG C) canbeextendedwithoutessentialchangesin
theAPI.

2.42 Fitting

HEPFittingis a collectionof C++ fitting classes,basedon thegeneralminimizationpackageGemini. It
providesanobjectorientedapplicationprogramminginterface,which allows for loadingdata,defining
a modelanda fitting criterion,performinga fit in a specifiedregion andobtainingfit results,including
erroranalysis.

Histogramdatato befitted to canbe loadedusingtheHTL package.Alternatively, generaldata
pointsof theform

���������
andthecorrespondingerrorscanbeloadedvia user’sarrays,wherey standsfor

anexperimentalvaluemeasuredat a point
�
	����
�����������������

, anda usermodel
��	������������������������ �

) can
befitted to theloadeddata,resultingin anestimateof theparametervector

�
.

2.5 Visualisation

2.51 2-D Visualisation

In spring2000, the decisionwasmadeto changethe visualisationof 2-D datato usethe Qt package
insteadof thepreviously usedOpenInventorpackage.Qt is amulti-platformC++ GUI toolkit, produced
by Troll Tech,it is supportedon all majorvariantsof Microsoft Windows andUnix/X Windows. Qt is
thebasisof thepopularKDE desktopenvironmentonLinux.

On top of this package,a smallsetof additionalfunctionality (specificfor HEP)hasbeenadded
in the form of the Qplotter package. The Qplotter library allows a programmerto producegraphic
representationof physicsdata(suchashistograms,scatterplots or curves) both on the screenandas
PostScriptfiles. Thesamepackagecouldbeusedto producesimple2D drawings(e.g.testbeamsetup),



but it will notprovide directly eventdisplayfeatures,sincethey canbeimplementedusing3D packages
likeOpenInventor/OpenGL.Neverthelessthelibrary shouldeventuallyallow mixing bothkind of images
in thesameviewer.

Full userinteractivity (suchas point-and-clickor drag-and-drop)will not be pursuedfrom the
beginning,althoughit maybeeventuallysupportedby add-ontools.

2.52 3-D Visualisation

Thelow-level 3D graphicsis basedon theOpenGLlibrary, thede-factoindustrystandard.TheOpenGL
renderingprocessis highly optimisedin orderto obtainsatisfactoryperformance.In general,OpenGLis
implementedin low-costhardwareacceleratinggraphicscards.Thehigh-level 3D graphicsis basedon
OpenInventor[15], which is ahigh-level C++ classlibrary basedonOpenGL.

Thefoundationconceptin Inventoris the”scenedatabase”whichdefinestheobjectsto beusedin
anapplication.WhenusingInventor, aprogrammercreates,edits,andcomposestheseobjectsinto hier-
archical3d scenegraphs(i.e., database).A varietyof fundamentalapplicationtaskssuchasrendering,
picking,eventhandling,andfile reading/writingarebuilt-in operationsof all objectsin thedatabaseand
thusaresimpleto invoke.

SinceInventorisobject-oriented(writtenin C++),it encouragesprogrammerstoextendthesystem
by writing new objects.Inventorusershave createda varietyof new objectsthatarenot includedin the
product,suchas:Beziersurfaces,animationobjects,specialviewers,andmany more.

Althoughpresentlynoneof theotherpackagesprovidedby Anaphe/LHC++is makinguseof 3-D
graphics(OpenInventor),weprovide andmaintainOpenInventorfor userswho wantto useit.

3. ABSTRACT INTERFACESFOR DATA ANALYSIS – THE AIDA PROJECT

Thegoalsof theAIDA project[16] areto defineabstractinterfacesfor commonphysicsanalysistools,
suchashistograms.Theadoptionof theseinterfacesmake it easierfor usersto selectandusedifferent
tools without having to learn new interfacesor the needto changetheir code. In addition it should
be possibleto exchangedatabetweenAIDA compliantapplications.The developersof the following
packagesandanalysissystemsareactively contributing to, interestedin, or planto adoptAIDA: COLT,
JAS, Lizard,OpenScientist.

A setof categorieshasbeenidentifiedfor which independentabstract interfaceswill bedefined.
Thesecomponentscontainthebasicdatastructuresusedin physicsdataanalysislike Histograms,Ntu-
ples,Functions,Vectors aswell ashigher level componentslike Fitter, Plotter, Analyzer, Event-Display
andController/Hub.

At thetimeof writing this report,thisconceptof abstract interfacesin combinationwith a number
of differentactualimplementationshasbeenprovenandverified.In collaboration with GEANT-4 exam-
plesof simulationshavebeensetupusingtheAIDA Histograminterfacescreatingandfilling histograms
which were implementedusingthreedifferentanalysissystems(JAS,Lizard, OpenScientist)withoutthe
user-codebeingaware of it.

4. INTERA CTIVE DATA ANALYSIS TOOL – THE LIZARD PROJECT

Lizard [17] is a new Interactive AnalysisEnvironmentcreatedwithin the Anaphe/LHC++context at
CERN.Theaim of theLizard project is to producean analysistool which canbeeasilyintegratedin a
C++ basedenvironmentandwhich providesfunctionalitiesat leastcomparablewith thecoreof PAW.

4.1 Ar chitecture and Design

Lizard is aimingat beinga highly modular, flexible, interoperableandcustomizabletool. It is basedon
thesetof componentsidentifiedfor AIDA (seeabove). Until all the interfaceshavebeenagreedwithin



theAIDA group,a separatesetof interfaceshasbeendefined.Thissetwill besubsequentlyreplacedby
theonesdefinedin AIDA asthey becomeavailable.

The modularity and flexibility is achieved by a loosecoupling betweenthe individual compo-
nentsthroughtheir abstractinterfaces.By doingthis,eachcomponentis only allowedto accessanother
throughits (abstract)interface,thereforeno knowledgeaboutthe implementationis neededat compile
or link time (thelatterdueto theuseof sharedlibraries).

Thisapproachalsoensuresahighdegreeof customizability, asanexperimentcanimplementtheir
own versionof any component(definedthroughthe abstractinterface). In the sameway, components
from otheranalysissystemscanbeusedby simply loadingthecorrespondingsetof sharedlibrariesfrom
theothersystem(andpossiblysome“bridging code”,asin thecaseof JAS).

4.2 Scripting

On requestof theusers,Lizard is usinga commandline drivenapproach.To implementthis, thechoice
wasmadeto useoneof thevariousexistingscriptinglanguagesasthemainusecasesshowedto bemore
similar to thetypicalonesfor scripting(repetition,macros)ratherthan(algorithmic)programming.

In order to keepmaximalflexibility, it wasdecidedto useSWIG [18] to “map” the commands
(whicharedefinedasasetof C++classeswith theirmethods)into oneof severalpossibletargetscripting
languages.Thechoiceof thescriptinglanguagewasPython[19] asit seemedto bethemostlikely one
to beacceptedandthefactthatit is objectorientedby design.

4.3 Statusof Lizard

A first prototypewith ratherlimited functionality of Lizard hasbeenreleasedin Feb. 2000. This pro-
totypewasbasicallyintendedto checkthepossibilitiesof theautomatic“mapping” of commandsinto
python,aswell asgaininguserfeed-backregardingthechoiceof Python.

In October2000a first versionof Lizard hasbeenreleasedasscheduled.Work is continuingto
improve the functionality andaddmore features.Furtherreleasesareplannedin intervals of about4
weeks.

Thestudyof theimpactof adistributedcomputingenvironmentondataanalysis- asit is expected
for LHC - will startin 2001.Theresultsof this studywill thenbeintegratedinto Lizard. Theaim here
is to createa tool which cando paralleldataanalysisusinga large “f arm” of machines(on typically a
few TeraByteof data),or “small scale”analysisonasinglemachine(typically severalGigaByteof data)
with basicallythesame“front-end” userinterface.

The“f arming”environmentis expectedto bebasedontheGRID infrastructurewhich is presently
understudyanddevelopmentat CERN.

5. FUTURE PLANS

5.1 Libraries

Themainwork on thelibrarieswill betheimplementationof wrappersto theabstractinterfacesasused
in AIDA andLizard. This is doneusingexistingclasslibrarieswherever possible.

5.2 Lizard

Futurework onLizardcanbesplit into thefollowing two groups:

Nearfuture:
� work on documentation
� directuseof Pythonobjects(functions,list, ...)
� moreplotting features



� “licensefree” versionof Lizard
� readingof HBOOK files (histogramsandntuples)
� historyrecallacrosssessions
� XML formatfor histogramsandvectors
� finaliseFitter interface

Longerterm:
� analyse/design/implementation of distributedcomputingusingGlobus(GRID)
� allow communicationbetweencomponentsusinganObserver pattern(“li ve histograms”)
� moreplug-in-like style to allow for several different instancesof the variouscomponentsto be

presentatagiventime

5.3 AIDA

Themainactivity within theAIDA projectwill be to defineandconsolidatethe interfacesto theother
components.In the longerterm,morefunctionalitywill beadded,for exampleto allow for “li ve” his-
togramswhichareusefulin onlineandmonitoringenvironments.

6. Conclusion

The Anaphe/LHC++software suite provides a flexible, interoperable,customisableset of interfaces,
librariesandtoolsfor physicsdataanalysis.It is basedonstandards-conformingsolutions,togetherwith
HEP-specificextensionsandcomponents.Datapersistenceis provided by the Objectivity/DB Object
Database(ODBMS),while thevisualisationis basedonQt (for 2-D presentation)andOpenInventor(for
3-D).

In closecollaborationwith the expertsfrom the experimentsandothercommonHEP projects,
thesepackagesaredesignedconsideringthehugedatavolumeexpectedfor LHC, thedistributedcom-
putingnecessaryto analysethedataaswell aslong-termevolution andmaintenance.

A new tool for physicsdataanalysis,hasbeendevelopedbasedon a setof abstractinterfaces(as
definedby the AIDA project). Its implementationis basedon the Pythonscripting languageandthe
existingC++ classlibrariesof Anaphe/LHC++.

In thefuture,we will - besidesfurtherevolution of theexisting packages- startto investigatethe
impactof distributedcomputingon physicsdataanalysiswith theaim to make this typeof analysisas
transparentaspossiblefor theuserof thelibrariesandtools.
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