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Abstract

Proposalfor accessingpf Geant4facilities from GAUDZ framavork
is discussed.This proposalallows the smoothstep-by-stegransitionfrom
stand-aloneGeant4 applicationsinto applicationsfully embeddedinto
GAUDT architectureto be performed. The proposedservicefor commu-
nicationsof algorithmswithin GAUDT frameavork with Geant4structures
allows the usageof Geant4Tool Kit asa black-boxwithout detailedknowl-
edgeof its internalfeatures.
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1 Simulationasa "black-box”

Simulationis an essentiapart of the generalsoftwarein modernHigh En-
egy Physics.It is foreseerto useGeant4Tool Kit asthe major simulation
packagdor the LHC era.

1.1 Natural decompositionof SimulationErnvironment

It is worth to considerary simulationprogram assequencef steps,each
of themcouldberepresentedsthe black-boxwith somewell definedinput
andoutputdataflow.

Foralmosteachsimulationprogramit is naturalto identify thefollowing
steps:

o Initialisation:
At this stepsimulation program requiresto be provided with some
Input Data: physicalpropertiesof all participatingcomponentslike
particlesproperties,propertiesof physical processesdescriptionof
geometryandmaterials.

e EventLoop

— Eventlnitialisation
At this step simulation program requiresto be provided with
someinput sata- initial kinematics

— EventProcessing
At this stepsimulationprogramusuallyneitherrequireto bepro-
vided with someinput data nor producesomeoutputdata but
someuser action methodsare to be suppliedto the simulation
program, e.g. notoriousgust ep. F routinein GEANT3 pack-
age.

— EventFinalisation
At this stepsimulationprogramis readyto provide the userpro-
gram with the simulation output data- hits, digits and output
kinematics- secondaryarticles.

e Finalisation

1.2 Communication categories

From above sketchedroughschemeonecould deducethatall communica-
tions of userprogram with simulationervironmentcould be naturallysub-
dividedinto 2 categories:

e Method-lile Category:
Communicationfrom this catgyory arecharacterisetly dealingmainly



with internalstructuresof simulationprogram They do not produce
or consumehe data from the outsideof the simulationervironment
Usually they overwrite someinternal default dummy methodsfrom

simulationervironment gust ep. F couldbe consideredsa typi-

cal representate of suchcateyory.

e Stream-lile Category:

Communicationgrom this cateyory are characterisedby either pro-

ducingthe data which to be usedoutsideof the simulationerviron-

ment like hits, digits, secondaryparticles, histogramsand n-tuples,
or they load dataflow from the outsideof the simulationprogram,
like particle properties propertiesof physicalprocesseanddetector
description.Usuallycommunicationgérom this cateyory couldbeeas-
ily identifiedasinput streamsor outputstreams Routineguout . F

couldbeconsideredsa typical representate of outputstream cate-
goryandroutineguki ne. F couldbeconsideredsatypical repre-
sentatve of input stream cateyory.

Also communicationscouldbeclassifiednto 2 classes:

e Configuation Communications:
Suchtype of communications usedfor configurationof the simula-
tion ervironmentandsupplyingit with input datawhich areconstant
for asomeperiod,sometimedor thewholejob lifetime.

e Event-by-eentCommunications:
Suchtype of communicationis usedon event-by-gentbasis

1.3 Communicationsvith Geant4Tool Kit

A schematiwiew of communicationsvith Geant4Tool Kit is presenten
figure 1.3. Arrows representhedirectionof dataflows.

2 GIGA SerwiceasSimulationService

2.1 Why Service?

Taking into accountthe rough schemedrom sectionl, and definitionsof
GAUDT categyories,onecouldeasilydeducehatthe mostsuitableform for
embeddinghe simulationenvironmentinto GAUDT framework is Service

Several simple and independenG AUDZ Algorithms and Corverters
couldcommunicatevith with SimulationServicesupplingit with inputdata
detectordescription,particle properties,descriptionof physicalprocesses,
cut-offs andinitial kinematicsandretrieving from it the outputdatain the
formatof hits andsecondaries.



Figurel: A schematioview of communicationsvith Geant4Tool Kit. Dataflow

directionsareindicatedby arrows.

Theserviceimplementgwo abstiact interfaces:

¢ |GiGaSvcinterface:
for event-by-gentcommunicatios

e |GiGaSetUpSvinterface:
for configuation communicatios

2.2 |GiGaSvcnterface

All event-by-gentstream-lile communicationgvith simulationervironment
definedin IGiGaSvcabstracinterface. Thisinterfaceis designedo manip-
ulatewith input eventdataandoutputeventdata

e Input EventData areacceptedn theform of
— GAPri maryVertex*
representinghe Geant4primary eventrecod

- MCVert ex*
representinghewhole eventrecord,startingwith primary verte

— MCParti cl e*
representinghe wholeeventrecord,startingwith primary parti-

cle
e OutputEventData, retrievedfrom the Servicecould be of theformat:
— (AEvent *
provide theaccesdo thewholeinternalprocessedvent

— AHCof Thi sEvent *
provide theaccesgo theall hit collectionsof the processedvent

— Col I ecti onPai r*
provide the accesdo the specifichit collection
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— (ATr aj ect oryCont ai ner*
provide theacceskinematicof secondaries

Sinceall communicationsvith simulationernvironmentvia IGiGaSvadn-
terfacearestream-lile communicationgheoverloadedstreamoperatorsare
considerecasmain methodsn theinterfacedefinition:

NN NN NN NNy

11 111
virtual |G GaSvc& operator << ( GAPrimaryVertex * vertex )y =0 /11
virtual |G GaSvc& operator << ( const MCVertex * vertex )y =0 /11
virtual |G GaSvc& operator << ( const MCParticle * particle ) =0 ; ///

NN NN NN NNy

11 111
virtual |1G GaSvc& operator >> ( const G4Event* & event ) =0 /1]
virtual |G GaSvc& operator >> ( AHCof Thi sEvent * & collections ) =0 ; ///
virtual |G GaSvc& operator >> ( Col |l ectionPair & col l ection ) =0 /1]
virtual 1G GaSvc& operator >> ( (ATrajectoryContainer* & trajectories ) =0 ; ///
111 111

PECELTIETEEEr i p b i n b r i r i r i i r b r i r i r i n i r i e r i rrr

In additionto thesestraightforvard definitions,ordinary old-fashioned
function-like methodsaredefined:

PECEETEETEEEr i p i n b r i r i n i r i i n b r i r i n e b r i r i r i rrrr g
I 1

virtual StatusCode addPrinaryKinematics( GAPrimaryVertex * vertex ) =0 11/
virtual StatusCode addPrinaryKinematics( const MCVertex * vertex ) =0 11/
virtual StatusCode addPrinaryKi nematics( const MCParticle * particle ) =0 ; ///
111 111
PICELTELT T n i i n i n i b r i n i i n i n i i n i n i i n i i r i ri i
111 111
virtual StatusCode retrieveEvent ( const G4Event* &) =0; /11
virtual StatusCode retrieveHitCollections ( 4HCof Thi sEvent* &) =0 /11
virtual StatusCode retrieveHitCollection ( CollectionPair &) =0 /11
virtual StatusCode retrieveTrajectories ( HATrajectoryContainer* &) =0; ///
111 1

NN NN NN NNy

The functionality of thesemethodsalmostthe same. The difference
belongsto the error handling. In the caseof errorsthe operatoilike calls
throv G GaExcept i on, while function-like calls returnthe St at us-
Code: : FAI LURE.

2.3 1GiGaSetUpSvinterface

All configuation communicationsvith SimulationService are definedin
IGiGaSetUpSvinterface
Theinterfaceconsistf thefollowing definitionsof operatoilike calls:

PECEETEETEEEEr i b i r i r i r i r i n i n b r i r i i r e n i b n i r i rrr
11 1

virtual |G GaSet UpSvc& operator << ( AVUser Det ect or Construction *) =0, [l
virtual |G GaSet UpSvc& operator << ( AVPhysi cal Vol ume *)y =0, [l
virtual |G GaSet UpSvc& operator << ( AVUser PrimaryGeneratorAction * ) =0 ; [///
virtual |G GaSet UpSvc& operator << ( GAVUser Physi csLi st *)y =0, [l
virtual |G GaSet UpSvc& operator << ( AUser RunAction *)y =0, [l
virtual |G GaSetUpSvc& operator << ( (AUser Event Action *)y =0, [l
virtual |G GaSet UpSvc& operator << ( (AUser Stacki ngAction *) =0, [/l
virtual |G GaSet UpSvc& operator << ( (AUser Tracki ngAction *) =0, [/l
virtual |G GaSet UpSvc& operator << ( (AUser St eppi ngAction *)y =0, [l
virtual |G GaSet UpSvc& operator << ( (4Vi sManager *)y =0, [/l

PEELEELE T r i r i b r b r i n b r i rn i b i r i r i r i b r e rr i i rg g

Herethe adwantageof operatoflike methodds notsoclearandobvious.
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NN NN NN NNy

GAVUser Det ect or Const ruct i on

* 111
&4 VPhysi cal Vol une *

*

*

I
I
111
I
1
I
I

virtual StatusCode setConstruction
virtual StatusCode setDetector
virtual StatusCode setGenerator
virtual StatusCode setPhysics
virtual StatusCode setRunAction
virtual StatusCode setEvtAction
virtual StatusCode set Stacking
virtual StatusCode setTracking
virtual StatusCode set Stepping GAUser St eppi ngActi on 1
virtual StatusCode setVi sManager GAVi sManager i
111 111
RN NN NNy

GAVUser Pri mar yGener at or Act i on
(AVUser Physi csLi st

GAUser RunAct i on

(AUser Event Acti on

GAUser St acki ngActi on

GAUser Tr acki ngActi on

* ok ok ok
[=NeloooloNoNoNoNo)

The functionality of thesemethodsalmostthe same. The difference
belongsto the error handling. In the caseof errorsthe operatoilike calls
throv G GaExcepti on, while function-like calls returnthe St at us-
Code: : FAI LURE.

2.4 Initial Kinematics

Primaryeventrecordfor Geant4is createdby providing of GIGA Service
via IGiGaSvcinterfacewith pointersto G4Pr i mar yVert ex,MCVer t ex
and/orMCParti cl e objects. A very comple event could be prepared
by subsequentalls. The call with NULL pointertriggersthe eventgenera-
tion usingtheinstanceof 4VUser Pri mar y Gener at or Act i on class,
which in this casemustbe provided to GIGA Servicevia IGiGaSetUpSvc
interface

2.5 DetectorDescription

GIGA Servicemustbe providedwith detectordescriptioreitherin theform
of pointerto the "root” objectof the type G4VPhysi csl Vol une or by
declaratiorof theinstanceof theclassG4VVUs er Det ect or Const uct i on.
Both declarationglo throughlGiGaSetUpinterface

3 ForeseenGiGA Evolution

A detailedreview on possiblescheme®f GIGA evolution arepresentedn
a separatelocument Herewe reportonly shortextractedsnapshotf the
foreseerGIGA evolution of andrelatedstuff. Accordingto describedelow
phaseclassificatiorwe arenow justin the startof Phasdl?.

Thedocumentouldbefoundat$G GAROOT/ doc/ G GaEvol uti on. ps
2Severalstepsfrom Phasdl arealreadyperformed put unfortunatelythey arenot testedwell
enough




3.1 Phasel

At thisphasewneforeseerthedirectusagef GIGA Serviceandsomeimited
numberof Geant4classedy users algorithms.

This casecorrespondgo a native usageof "stand-alone”Geant4ap-
plication within GAUDZ framewvork. Users algorithmsact like wrappers
over mainprogramof Geant4 Frankly speakingatvery beginningthe only
oneprofit thatordinaryusergetsfrom usageGIGA Servicewith respecto
an ordinary "stand-alone”Geant4program,is the fastand easyaccesdo
generalandtechnicalG AU DT facilitieslike histogram,codeprofiling and
others.On otherside,if onehasthe working Geant4code,it couldbe em-
beddednto GAUDI framevork using GIGA facilitiesin a straightforvard
way without changingary line of codes.

3.2 Phasell

This phasecould be consideredas”tr ansitionphase” betweenPhasd and
Phasdll andit couldbeeasilysubdiidedinto somesteps:

1. At thisstepwe enhancéhefunctionalityof GIiGA by makingpossible
to extractthe eventrecordfrom GAUDI eventstore

2. At this stepwe enhancéhefunctionalityof GiGA by makingpossible
to get the DetectorDescriptionby pointing into the root of already
constructedseant4tree

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

4. Atthisstepweforeseenoimplementheautomaticreationof Geant4
hits and sensitivevolumefrom their descriptionvia XML. A some
commonbrainstormingwithin close collaborationwith sub-detector
groupsis necessaryor performingof this step.

5. At this stepwe foreseeno automatictranslationof Geant4hits into
GAUDI Monte Carloobject$

6. At this stepwe foreseento automaticpopulationof GAUDZ event
store by informationfrom Geant4trajectories

After implementingfirst two stepsGIGA Servicecould be considered
as”fr ozen”, sinceall otherstepsto Phasdll will notrequireary changen
functionality of GIGA Serviceitself.

30Only themai n() functionis to beremoved
4Olviously this stepcould not be donewithout closecollaboratiorwith sub-detectogroups
SCommunicationphysicsandgeneratogroupsarerequired



3.3 Phaselll

At this phasenoary users algorithmdealsdirectly with GIGA Serviceand
Geant4classesAll knowledgeof Geant4will beabsorbedy setof specific
Corvertels. This setof specific Corverters correspondgo an additional
layerin the dataflow, makingthe userfree from the knowledgeof Geant4
machinery

Beingatthis phasewne couldstartto think aboutconfiguratiorof Geant4
physicslist and/orcut-ofs usinginternal G AUDT featuredike jobOptions
Serviceand/orinteractive scripting language. Moreover at this stagewe
foreseerthe embeddingf the essentiatommandgrom Geantdinteractive
userinterfaceinto G AUDZT interactivescriptinglanguage.

4 Summary



Appendix A:
Geant4user classes

Straightforvard communicatiorof userprogramwith Geant4ervironment
couldberepresentedscommunicationdetweersimulationervironments,
representetly with GARunManager classanduserprogramby setof user
classes Userervironmentreatesheseclassesandsimulationenvironment
usesthem. Thesketchis presente@n figure4.

"Visible"
Geant4

G4RunManager —

G4VUserDetectorConstruction

G4VUserPhysicsList

G4VUserPrimaryGeneratorAction

/
/
/

G4UserStackingAction

v

N\

IS
AN ~

G4UserTrackingAction

G4UserRunAction

G4UserEventAction

G4UserSteppingAction

Classes with hidden relations with Geant4 ﬁ

G4Visanager

G4Ulsession

Figure2: Sketchof classesessentiafor configurationof Geant4Tool Kit

GARunManager classrequiredo beprovidedwith 3mandatoryclasses:
e (AVUser Det ect or Const ructi on
e (AVUser Physi cslLi st
e (AVUser Pri maryGCenerator Acti on
In additionGARunManager couldbe providedwith:
e (AUser RunActi on
e AUser Event Acti on
e ((AUser St acki ngActi on
e (AUser St eppi ngActi on
o GA4UserTackingAction
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The exist also 2 classeswhich areto be createdexplicitly within user
ervironmentand which communicatewith GARunManager in a hidden
way:

e (4Vi sManager for visualisation
e (AUl sessi on for interactvity

Appendix B:
Implementation details of GIGA Selvice

ClassG@ GaSvc implementsboth abstractinterfacesIGiGaSvcand IGi-
GaSetUpSvcThis classis responsibldor creationof G GaRunManager ,
which in turn privately inherits from G4ARunManager class. Schematic
view is presentedn figure 4. This implementatiorpreventsthe userfrom
instantiationof morethenoneinstanceof G GaSvc class.

GiGa Service
(simplified view) GiGaSvc
O D)
IGiGaSve 1GiGaSetUpS
Ve
GiGaRunManager
G4RunManager

Figure3: Schematidiagramof GIGA Service

The GIGA Serviceimplementationcontainsonly 2 essentiaimethods
- creationof G GaRunManager andG GaKi neManager classes.The
latter is usedfor transformationof MCPar ti cl e andMCVert ex struc-
turesinto G4Pr i mar yVer t ex structureandto be replacedin future by
setof specialisedCorverters. All othermethodsarejust delegationto G -
GaRunManager class.

G GaRunManager classis the only non-triial classin the whole
chain. It privatelyinheritsfrom G4RunManager class.Thedirectcommu-
nicationof userwith this classarenot foreseen All communicationsreto
beproceednly via GIGA Service.

Interfaceconsistoof 2 parts.
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e Configurationpart correspondso functionality from 1GiGaSetUpSvc
interfaceof GIGA Setvice.

PECLTECLET LT r i i n i b r b r i rr i r b r i i r i rn i b n g
111 1

1
1
1
1
I
11
11
11
I
I

virtual StatusCode decl are( G4VUser Pri maryGener at or Acti on
virtual StatusCode declare( G4VPhysi cal Vol ume

virtual StatusCode decl are( G4VUser Det ect or Construction
virtual StatusCode declare( G4VUser Physi cslLi st

virtual StatusCode decl are( GAUser RunActi on

virtual StatusCode decl are( GAUser Event Action

virtual StatusCode decl are( GAUser St acki ngAction

virtual StatusCode decl are( G4User St eppi ngActi on

virtual StatusCode decl are( G4User Tracki ngActi on

virtual StatusCode decl are( G4Vi sManager

111 111
PELILLEELET T n i i n i n i i i r i n i i n i n i i r i r i r i b n i ri i rrrni

e Eventmanagemenpart correspondso functionality from IGiGaSvc
interfaceof GIGA Setvice.

PECLTELET T r bbb b n i b r b r i rr i r i b r i i nn e i r i r g
111 1

*
*
*
*
*
*
*
*
*
*

virtual StatusCode prepareTheEvent ( GAPrimaryVertex * vertex = 0) 111
virtual StatusCode processTheEvent ( ) 111
virtual StatusCode retrieveTheEvent( const G4Event *& event ) 111

111 1
N NN NN RN NNy

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

Internally G GaRunManager actsasstatemadine Eachstatecould
berepresenteds”4-bit word”:

e "Kernells Initialised”
e "Run IsInitialised”
e "Eventls Prepaed”
e "Eventls Processed”

Initial stateof G GaRunManager correspondso theall flagsareswitched
off.

Eachcommunicatiorwith configuratiorpartof interfaceresetgshis 4-bit
statewordto zero.

Action of eachmethodfrom eventmanagemermartdepend®nthecon-
cretecurrentstateof GiGaRunManger.

e retrieveTheEvent (const (AEvent *& event)
If flag "Event Is Processed’is not activated, this methodforcesthe
processingof the event by pr ocessTheEvent method. Thenif
flag”"Event Is Processed’is actvatedthe methodretrievesthecurrent
AEvent * object,otherwiseit fails. Methodmalkessurethattheflag
"Event Is Processed’is activatedin the caseof success.

e processTheEvent ()
If flag "Event Is Processed’is activated,the methodswitchedit off
anddeletethe currentevent. Thenif flag "Event Is Prepaed” is not
activated, this methodforcesthe preparationof the event by pr e-
par eTheEvent (0) method. Thenif flag "Event Is Prepaed” is
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activatedthe methodstartthe actualprecessingf event, otherwiseit
fails. Method makessurethatthe flag "Event Is Processed"is acti-
vatedin thecaseof success.

e prepareTheEvent ( GAPrimaryVertex* vertex = 0 )
If flag "Event Is Processed"is activated,the methodswitchedit off
anddeletethe currentevent. If flag"Event Is Prepared” is actvated
the methodaddthe ver t ex to the currentprimary eventrecord If
flag "Event Is Prepaed” is not activated,methodstartsthe real event
preparation. Real Event preparationcould be possibleonly if flag
"Run Is Initialised” is actvated,overwisemethodforcedthe run ini-
tialisation. If flag "Run Is Initialises” is activated, a new eventis
createdandver t ex isaddedo primaryeventrecord.Methodmakes
surethattheflag "Event Is Prepaed” is actvatedin the caseof suc-
cess.

Appendix C:
GIGA Examples

A setof examplesof usageof GIGA Serviceis prepared.This setcorre-
spondgo ausageof GIGA Servicefor the Phasd. All six standarchovice
examplesfrom Geant4Tool Kit distribution are configuredto work within
GAUDIT framework.

81f ver t ex is NULL anew eventwouldbegeneratedisingG4VUserPrimaryGenetorAction
andaddedto the currentone
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