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Abstract

Proposalfor accessingof Geant4facilities from ��������� framework
is discussed.This proposalallows thesmoothstep-by-steptransitionfrom
stand-aloneGeant4 applications into applications fully embeddedinto
�	�����
� architectureto be performed.The proposedservicefor commu-
nicationsof algorithmswithin �	�����
� framework with Geant4structures
allows theusageof Geant4Tool Kit asa black-boxwithout detailedknowl-
edgeof its internalfeatures.
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1 Simulationasa ”black-box”

Simulationis anessentialpartof thegeneralsoftwarein modernHigh En-
ergy Physics.It is foreseento useGeant4Tool Kit asthemajorsimulation
packagefor theLHC era.

1.1 Natural decompositionof SimulationEnvironment

It is worth to considerany simulationprogram assequenceof steps,each
of themcouldberepresentedastheblack-boxwith somewell definedinput
andoutputdataflow.

Foralmosteachsimulationprogramit is naturalto identify thefollowing
steps:
 Initialisation:

At this stepsimulationprogram requiresto be provided with some
Input Data: physicalpropertiesof all participatingcomponents,like
particlesproperties,propertiesof physicalprocesses,descriptionof
geometryandmaterials.

 EventLoop

– EventInitialisation
At this step simulation program requiresto be provided with
someinput sata- initial kinematics

– EventProcessing
At thisstepsimulationprogramusuallyneitherrequireto bepro-
vided with someinput data nor producesomeoutputdata, but
someuseraction methodsare to be suppliedto the simulation
program, e.g. notoriousgustep.F routine in GEANT3 pack-
age.

– EventFinalisation
At this stepsimulationprogram is readyto provide theuserpro-
gram with the simulationoutput data - hits, digits and output
kinematics- secondaryparticles.

 Finalisation

1.2 Communication categories

Fromabove sketchedroughschemeonecoulddeducethatall communica-
tionsof userprogram with simulationenvironmentcouldbenaturallysub-
dividedinto 2 categories:

 Method-like Category:
Communicationsfromthiscategoryarecharacterisedbydealingmainly
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with internalstructuresof simulationprogram. They do not produce
or consumethedata from theoutsideof thesimulationenvironment.
Usually they overwrite someinternal default dummy methodsfrom
simulationenvironment. gustep.F couldbeconsideredasa typi-
cal representative of suchcategory.

 Stream-like Category:
Communicationsfrom this category arecharacterisedby eitherpro-
ducingthedata, which to be usedoutsideof the simulationenviron-
ment, like hits, digits, secondaryparticles,histogramsand n-tuples,
or they load dataflow from the outsideof the simulationprogram,
like particleproperties,propertiesof physicalprocessesanddetector
description.Usuallycommunicationsfrom thiscategorycouldbeeas-
ily identifiedas input streamsor outputstreams. Routineguout.F
couldbeconsideredasa typical representative of outputstream cate-
goryandroutinegukine.F couldbeconsideredasa typical repre-
sentative of inputstream category.

Also communicationscouldbeclassifiedinto 2 classes:
 Configuration Communications:

Suchtype of communicationis usedfor configurationof thesimula-
tion environmentandsupplyingit with input datawhich areconstant
for asomeperiod,sometimesfor thewholejob lifetime.

 Event-by-eventCommunications:
Suchtypeof communicationis usedon event-by-eventbasis

1.3 Communicationswith Geant4Tool Kit

A schematicview of communicationswith Geant4Tool Kit is presentedon
figure1.3. Arrows representthedirectionof dataflows.

2 GIGA ServiceasSimulationService

2.1 Why Service?

Taking into accountthe roughschemesfrom section1, anddefinitionsof
�	�����
� categories,onecouldeasilydeducethatthemostsuitableform for
embeddingthesimulationenvironmentinto �	������� framework is Service.

Several simple and independent�	�����
� Algorithms and Converters
couldcommunicatewith with SimulationServicesupplingit with inputdata:
detectordescription,particleproperties,descriptionof physicalprocesses,
cut-offs andinitial kinematicsandretrieving from it theoutputdata in the
formatof hitsandsecondaries.
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Figure1: A schematicview of communicationswith Geant4Tool Kit. Dataflow
directionsareindicatedby arrows.

Theserviceimplementstwo abstract interfaces:
 IGiGaSvcinterface:

for event-by-eventcommunications
 IGiGaSetUpSvcinterface:

for configuration communications

2.2 IGiGaSvcInterface

All event-by-eventstream-likecommunicationswith simulationenvironment
definedin IGiGaSvcabstractinterface.This interfaceis designedto manip-
ulatewith input eventdataandoutputeventdata:
 InputEventData areacceptedin theform of

– G4PrimaryVertex*
representingtheGeant4primaryeventrecord

– MCVertex*
representingthewholeeventrecord,startingwith primaryvertex

– MCParticle*
representingthewholeeventrecord,startingwith primary parti-
cle

 OutputEventData, retrievedfrom theServicecouldbeof theformat:

– G4Event*
provide theaccessto thewholeinternalprocessedevent

– G4HCofThisEvent*
provide theaccessto theall hit collectionsof theprocessedevent

– CollectionPair*
provide theaccessto thespecifichit collection
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– G4TrajectoryContainer*
provide theaccesskinematicof secondaries

Sinceall communicationswith simulationenvironmentvia IGiGaSvcin-
terfacearestream-likecommunications, theoverloadedstreamoperatorsare
consideredasmainmethodsin theinterfacedefinition:

/////////////////////////////////////////////////////////////////////////////////
/// ///
virtual IGiGaSvc& operator << ( G4PrimaryVertex * vertex ) = 0 ; ///
virtual IGiGaSvc& operator << ( const MCVertex * vertex ) = 0 ; ///
virtual IGiGaSvc& operator << ( const MCParticle * particle ) = 0 ; ///
/// ///
/////////////////////////////////////////////////////////////////////////////////
/// ///
virtual IGiGaSvc& operator >> ( const G4Event* & event ) = 0 ; ///
virtual IGiGaSvc& operator >> ( G4HCofThisEvent* & collections ) = 0 ; ///
virtual IGiGaSvc& operator >> ( CollectionPair & collection ) = 0 ; ///
virtual IGiGaSvc& operator >> ( G4TrajectoryContainer* & trajectories ) = 0 ; ///
/// ///
/////////////////////////////////////////////////////////////////////////////////

In additionto thesestraightforward definitions,ordinaryold-fashioned
function-like methodsaredefined:

/////////////////////////////////////////////////////////////////////////////////
/// ///
virtual StatusCode addPrimaryKinematics( G4PrimaryVertex * vertex ) = 0 ; ///
virtual StatusCode addPrimaryKinematics( const MCVertex * vertex ) = 0 ; ///
virtual StatusCode addPrimaryKinematics( const MCParticle * particle ) = 0 ; ///
/// ///
/////////////////////////////////////////////////////////////////////////////////
/// ///
virtual StatusCode retrieveEvent ( const G4Event* & ) = 0 ; ///
virtual StatusCode retrieveHitCollections ( G4HCofThisEvent* & ) = 0 ; ///
virtual StatusCode retrieveHitCollection ( CollectionPair & ) = 0 ; ///
virtual StatusCode retrieveTrajectories ( G4TrajectoryContainer* & ) = 0 ; ///
/// ///
/////////////////////////////////////////////////////////////////////////////////

The functionality of thesemethodsalmost the same. The difference
belongsto the error handling. In the caseof errorsthe operator-like calls
throw GiGaException, while function-like calls return the Status-
Code::FAILURE.

2.3 IGiGaSetUpSvcInterface

All configuration communicationswith SimulationService aredefinedin
IGiGaSetUpSvcinterface.

Theinterfaceconsistsof thefollowing definitionsof operator-like calls:

/////////////////////////////////////////////////////////////////////////////////
/// ///
virtual IGiGaSetUpSvc& operator << ( G4VUserDetectorConstruction * ) = 0 ; ///
virtual IGiGaSetUpSvc& operator << ( G4VPhysicalVolume * ) = 0 ; ///
virtual IGiGaSetUpSvc& operator << ( G4VUserPrimaryGeneratorAction * ) = 0 ; ///
virtual IGiGaSetUpSvc& operator << ( G4VUserPhysicsList * ) = 0 ; ///
virtual IGiGaSetUpSvc& operator << ( G4UserRunAction * ) = 0 ; ///
virtual IGiGaSetUpSvc& operator << ( G4UserEventAction * ) = 0 ; ///
virtual IGiGaSetUpSvc& operator << ( G4UserStackingAction * ) = 0 ; ///
virtual IGiGaSetUpSvc& operator << ( G4UserTrackingAction * ) = 0 ; ///
virtual IGiGaSetUpSvc& operator << ( G4UserSteppingAction * ) = 0 ; ///
virtual IGiGaSetUpSvc& operator << ( G4VisManager * ) = 0 ; ///
/// ///
/////////////////////////////////////////////////////////////////////////////////

Heretheadvantageof operator-like methodsis notsoclearandobvious.
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/////////////////////////////////////////////////////////////////////////////////
/// ///
virtual StatusCode setConstruction ( G4VUserDetectorConstruction * ) = 0 ; ///
virtual StatusCode setDetector ( G4VPhysicalVolume * ) = 0 ; ///
virtual StatusCode setGenerator ( G4VUserPrimaryGeneratorAction * ) = 0 ; ///
virtual StatusCode setPhysics ( G4VUserPhysicsList * ) = 0 ; ///
virtual StatusCode setRunAction ( G4UserRunAction * ) = 0 ; ///
virtual StatusCode setEvtAction ( G4UserEventAction * ) = 0 ; ///
virtual StatusCode setStacking ( G4UserStackingAction * ) = 0 ; ///
virtual StatusCode setTracking ( G4UserTrackingAction * ) = 0 ; ///
virtual StatusCode setStepping ( G4UserSteppingAction * ) = 0 ; ///
virtual StatusCode setVisManager ( G4VisManager * ) = 0 ; ///
/// ///
////////////////////////////////////////////////////////////////////////////////

The functionality of thesemethodsalmost the same. The difference
belongsto the error handling. In the caseof errorsthe operator-like calls
throw GiGaException, while function-like calls return the Status-
Code::FAILURE.

2.4 Initial Kinematics

Primaryevent recordfor Geant4is createdby providing of GIGA Service
via IGiGaSvcinterfacewith pointersto G4PrimaryVertex,MCVertex
and/orMCParticle objects. A very complex event could be prepared
by subsequentcalls. Thecall with NULL pointertriggerstheeventgenera-
tion usingtheinstanceof G4VUserPrimaryGeneratorAction class,
which in this casemustbe provided to GIGA Servicevia IGiGaSetUpSvc
interface.

2.5 DetectorDescription

GIGA Servicemustbeprovidedwith detectordescriptioneitherin theform
of pointer to the ”root” objectof the typeG4VPhysicslVolume or by
declarationof theinstanceof theclassG4VUserDetectorConstuction.
Both declarationsdo throughIGiGaSetUpinterface.

3 ForeseenGIGA Evolution

A detailedreview on possibleschemesof GIGA evolution arepresentedin
a separatedocument1 Herewe reportonly shortextractedsnapshotsof the
foreseenGIGA evolutionof andrelatedstuff. Accordingto describedbelow
phaseclassificationwe arenow just in thestartof PhaseII2.

1Thedocumentcouldbefoundat$GIGAROOT/doc/GiGaEvolution.ps
2Severalstepsfrom PhaseII arealreadyperformed,but unfortunatelythey arenot testedwell

enough
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3.1 PhaseI

At thisphaseweforeseenthedirectusageof GIGA Serviceandsomelimited
numberof Geant4classesby user’s algorithms.

This casecorrespondsto a native usageof ”stand-alone”Geant4ap-
plication within �	�
���
� framework. User’s algorithmsact like wrappers
over mainprogramof Geant4. Franklyspeakingat very beginningtheonly
oneprofit thatordinaryusergetsfrom usageGIGA Servicewith respectto
an ordinary ”stand-alone”Geant4program,is the fast andeasyaccessto
generalandtechnical�	�
���
� facilities like histogram,codeprofiling and
others.On otherside,if onehastheworking Geant4code,it couldbeem-
beddedinto �	�
����� framework usingGIGA facilitiesin a straightforward
way withoutchangingany line of codes3.

3.2 PhaseII

This phasecouldbeconsideredas”tr ansitionphase”betweenPhaseI and
PhaseIII andit couldbeeasilysubdividedinto somesteps:

1. At thisstepweenhancethefunctionalityof GIGA by makingpossible
to extracttheeventrecordfrom �	������� eventstore

2. At thisstepweenhancethefunctionalityof GIGA by makingpossible
to get the DetectorDescriptionby pointing into the root of already
constructedGeant4tree

3. At this stepwe foreseento implementthe automatictranslationof
�	�����
� DetectorDescriptioninto Geant4detectordescription.

4. At thisstepweforeseento implementtheautomaticcreationof Geant4
hits and sensitivevolumefrom their descriptionvia XML. A some
commonbrainstormingwithin closecollaborationwith sub-detector
groupsis necessaryfor performingof this step.

5. At this stepwe foreseento automatictranslationof Geant4hits into
�	�����
� MonteCarloobjects4

6. At this stepwe foreseento automaticpopulationof �	�
���
� event
store by informationfrom Geant4trajectories5

After implementingfirst two stepsGIGA Servicecould be considered
as”fr ozen”, sinceall otherstepsto PhaseIII will not requireany changein
functionalityof GIGA Serviceitself.

3Only themain() functionis to beremoved
4Obviously this stepcouldnot bedonewithoutclosecollaborationwith sub-detectorgroups
5Communicationsphysicsandgeneratorgroupsarerequired
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3.3 PhaseIII

At thisphasenoany user’s algorithmdealsdirectlywith GIGA Serviceand
Geant4classes.All knowledgeof Geant4will beabsorbedby setof specific
Converters. This set of specificConverters correspondsto an additional
layer in thedataflow, makingtheuserfree from theknowledgeof Geant4
machinery.

Beingatthisphasewecouldstartto think aboutconfigurationof Geant4
physicslist and/orcut-offs usinginternal ��������� featureslike jobOptions
Serviceand/or interactive scripting language. Moreover at this stagewe
foreseentheembeddingof theessentialcommandsfrom Geant4interactive
userinterfaceinto �	�����
� interactivescriptinglanguage.

4 Summary
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Appendix A:
Geant4userclasses

Straightforward communicationof userprogramwith Geant4environment
couldberepresentedascommunicationsbetweensimulationenvironments,
representedby with G4RunManager classanduserprogramby setof user
classes. Userenvironmentcreatestheseclasses,andsimulationenvironment
usesthem.Thesketchis presentedonfigure4.

"Visible" 
Geant4
�

G4RunManager
�

G4VUserDetectorConstruction
�

G4VUserPhysicsList
�

G4VUserPrimaryGeneratorAction
�

G4UserStackingAction
�

G4UserTrackingAction
�

G4UserSteppingAction
�

G4UserRunAction
�

G4UserEventAction
�

G4UIsession
�

G4Visanager
�

Classes with hidden relations with Geant4
�

File: C:\Program Files\Rational\Rose 2000\Geant4.mdl    13:25:41 Thursday, 04 May 2000    Class Diagram: Logical View / Main  Page 1

Figure2: Sketchof classes,essentialfor configurationof Geant4Tool Kit

G4RunManager classrequirestobeprovidedwith 3mandatoryclasses:
 G4VUserDetectorConstruction
 G4VUserPhysicsList
 G4VUserPrimaryGeneratorAction

In additionG4RunManager couldbeprovidedwith:
 G4UserRunAction
 G4UserEventAction
 G4UserStackingAction
 G4UserSteppingAction
��G4UserTrackingAction
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The exist also2 classes,which areto be createdexplicitly within user
environmentand which communicatewith G4RunManager in a hidden
way:
 G4VisManager for visualisation
 G4UIsession for interactivity

Appendix B:
Implementation details of GIGA Service

ClassGiGaSvc implementsboth abstractinterfacesIGiGaSvcand IGi-
GaSetUpSvc. This classis responsiblefor creationof GiGaRunManager,
which in turn privately inherits from G4RunManager class. Schematic
view is presentedin figure 4. This implementationpreventsthe userfrom
instantiationof morethenoneinstanceof GiGaSvc class.

� � � � � � � � � � �� � � � �  � ! � � " � � � # $

% & ' & ( ) * + , - . - / 0 1 2 3 4 05 6
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Figure3: Schematicdiagramof GIGA Service

The GIGA Serviceimplementationcontainsonly 2 essentialmethods
- creationof GiGaRunManager andGiGaKineManager classes.The
latter is usedfor transformationof MCParticle andMCVertex struc-
turesinto G4PrimaryVertex structureand to be replacedin future by
setof specialisedConverters. All othermethodsarejust delegationto Gi-
GaRunManager class.

GiGaRunManager classis the only non-trivial classin the whole
chain.It privatelyinheritsfromG4RunManager class.Thedirectcommu-
nicationof userwith this classarenot foreseen.All communicationsareto
beproceedonly via GIGA Service.

Interfaceconsistsof 2 parts.
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 Configurationpartcorrespondsto functionality from IGiGaSetUpSvc
interfaceof GIGA Service.

/////////////////////////////////////////////////////////////////////////////////
/// ///
virtual StatusCode declare( G4VUserPrimaryGeneratorAction * ) ; ///
virtual StatusCode declare( G4VPhysicalVolume * ) ; ///
virtual StatusCode declare( G4VUserDetectorConstruction * ) ; ///
virtual StatusCode declare( G4VUserPhysicsList * ) ; ///
virtual StatusCode declare( G4UserRunAction * ) ; ///
virtual StatusCode declare( G4UserEventAction * ) ; ///
virtual StatusCode declare( G4UserStackingAction * ) ; ///
virtual StatusCode declare( G4UserSteppingAction * ) ; ///
virtual StatusCode declare( G4UserTrackingAction * ) ; ///
virtual StatusCode declare( G4VisManager * ) ; ///
/// ///
/////////////////////////////////////////////////////////////////////////////////

 Event managementpart correspondsto functionality from IGiGaSvc
interfaceof GIGA Service.

/////////////////////////////////////////////////////////////////////////////////
/// ///
virtual StatusCode prepareTheEvent ( G4PrimaryVertex * vertex = 0 ) ; ///
virtual StatusCode processTheEvent ( ) ; ///
virtual StatusCode retrieveTheEvent( const G4Event *& event ) ; ///
/// ///
/////////////////////////////////////////////////////////////////////////////////

All other methodsare purely internal and irrelevant for external user,
thatswhy all of themareprotectedor private.

InternallyGiGaRunManager actsasstatemachine. Eachstatecould
berepresentedas”4-bit word” :
 ”K ernelIs Initialised”
 ”Run Is Initialised”
 ”Event Is Prepared”
 ”Event Is Processed”

Initial stateof GiGaRunManager correspondsto theall flagsareswitched
off.

Eachcommunicationwith configurationpartof interfaceresetsthis4-bit
stateword to zero.

Action of eachmethodfrom eventmanagementpartdependsonthecon-
cretecurrentstateof GiGaRunManager.
 retrieveTheEvent(const G4Event*& event)

If flag ”Event Is Processed”is not activated,this methodforcesthe
processingof the event by processTheEvent method. Then if
flag ”Event Is Processed”is activatedthemethodretrievesthecurrent
G4Event* object,otherwiseit fails. Methodmakessurethattheflag
”Event Is Processed”is activatedin thecaseof success.

 processTheEvent()
If flag ”Event Is Processed”is activated,the methodswitchedit off
anddeletethecurrentevent. Thenif flag ”Event Is Prepared” is not
activated, this methodforcesthe preparationof the event by pre-
pareTheEvent(0) method. Then if flag ”Event Is Prepared” is
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activatedthemethodstarttheactualprecessingof event,otherwiseit
fails. Methodmakessurethat the flag ”Event Is Processed”is acti-
vatedin thecaseof success.

 prepareTheEvent( G4PrimaryVertex* vertex = 0 )
If flag ”Event Is Processed”is activated,the methodswitchedit off
anddeletethecurrentevent. If flag ”Event Is Prepared” is activated
the methodaddthevertex to the currentprimary event record6 If
flag ”Event Is Prepared” is not activated,methodstartstherealevent
preparation. Real Event preparationcould be possibleonly if flag
”Run Is Initialised” is activated,overwisemethodforcedtherun ini-
tialisation. If flag ”Run Is Initialises” is activated, a new event is
createdandvertex is addedto primaryeventrecord.Methodmakes
surethat theflag ”Event Is Prepared” is activatedin thecaseof suc-
cess.

Appendix C:
GIGA Examples

A setof examplesof usageof GIGA Serviceis prepared.This setcorre-
spondsto a usageof GIGA Servicefor thePhaseI. All six standardnovice
examplesfrom Geant4Tool Kit distribution areconfiguredto work within
�	�����
� framework.

6If vertex isNULL anew eventwouldbegeneratedusingG4VUserPrimaryGeneratorAction
andaddedto thecurrentone
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