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Use native Geant4 scoring 3

% Geant4 provides a number of primitive scorers, each one accumulating one
physics quantity (e.g. total dose) for an event.

# G4MultiFunctionalDetector is a concrete class derived from
G4V SensitiveDetector

» It should be assigned to a logical volume as a kind of sensitive detector

> It takes an arbitrary number of G4VPrimitiveScorer classes, to define the scoring quantities
that you need
» Each G4VPrimitiveScorer accumulates one physics quantity for each physical volume

* E.g. G4PSDoseScorer (a concrete class of G4VPrimitiveScorer provided by Geant4) accumulates dose
for each cell

» Each G4VPrimitiveScorer is automatically named as
<MultiFunctionalDetectorName>/<PrimitiveScorerName>

% By using this approach, no need to implement sensitive detector and hit classes!



MyDetectorConstruction: :ConstructSDandField ()

{

G4MultiFunctionalDetector* myScorer = new instantiate multi-
G4MultiFunctionalDetector (“myCellScorer”) ; functional detector

myCellLog->SetSensitiveDetector (myScorer) ; } attach to volume

G4VPrimitiveScorer* totalSurfFlux = new h create a primitive
G4PSFlatSurfaceFlux (“TotalSurfFlux”) ; . Sscorer (surface

myScorer->RegisterPrimitive (totalSurfFlux) ; ﬂU}() Elﬂ(lj rEQiStEF

G4VPrimitiveScorer* totalDose = new N It
G4PSDoseDeposit (“TotalDose”) ; create a primitive

~ scorer (total dose)
and register it

myScorer->RegisterPrimitive (totalDose) ;




List of some primitive scorers

% Concrete Primitive Scorers (= Application Developers Guide 4.4.5)
» Track length
* G4PSTrackLength, G4PSPassageTrackLength
» Deposited energy
* G4PSEnergyDepsit, G4PSDoseDeposit

» Current/Flux
* G4PSFlatSurfaceCurrent,
* G4PSSphereSurfaceCurrent,G4PSPassageCurrent,
* G4PSFlatSurfaceFlux, G4PSCellFlux, G4PSPassageCellFlux

% Others

» G4PSMinKinEAtGeneration, G4PSNofSecondary, G4PSNofStep,
G4PSCellCharge



G4V SDFilter 6

% A G4VSDFilter can be attached to G4VPrimitiveScorer to define
which Kind of tracks have to be scored (e.g. one wants to know
surface flux of protons only)

» G4SDChargeFilter (accepts only charged particles)
» G4SDNeutralFilter (accepts only neutral particles)

» G4SDKineticEnergyFilter (accepts tracks in a defined range of Kkinetic

energy)
» G4SDParticleFilter (accepts tracks of a given particle type)

» G4VSDFilter (base class to create user-customized filters)



MyDetectorConstruction: :ConstructSDandField ()
{

R #*
G4VPrimitiveScorer* protonSurfFlux scorer (SUFfElCE

flux), as before

create a primitive
= new G4PSFlatSurfaceFlux (“pSurfFlux”); :%

G4VSDFilter* protonFilter = new ™ i
create a particle
G4SDParticleFilter (“protonFilter”); . filter and add
protonFilter->Add (“proton”) ; protons to it

\

register the filter
> to the primitive
scorer

protonSurfFlux->SetFilter (protonFilter);

-
myScorer->RegisterPrimitive (protonSurfFlux) ;

} register the scorer to the
multifunc detector (as
shown before)



Retrieve the information 8

—

/ /I.'IEEdEd only once | Get ID for the
G4int collID -.G4SDManager..GetSDMpolnter() -aﬂkmﬁon(QWEn
->GetCollectionID ("myCellScorer/TotalSurfFlux") ;

the name)
Get all HC
G4HCofThisEvent* HCE = event->GetHCofThisEvent(); [ available in this
] event
" * — "
Gawmtsr:?pm‘idzzzﬁ;:;:M:gm blesks [ Ot the HC with the
static cas 1tsMap<G4double given ID (need a cast)

(HCE->GetHC (co0llID)) ; -
for (auto pair : * (evtMap->GetMap())) {
G4double flux = *(pair.second) ;

G4int copyNb = *(pair.first);

Loop over the
individual entries of
— the HC: the key of the
map is the copyNb,
J the other field is the
real content




Retrieve the information 9

—_—

/ /?eeded only once | Get ID for the
G4int collID = G4SDManager: : GetSDMpointer () - collection (given
->GetCollectionID ("myCellScorer/TotalSurfFlux") ; the name)

—

Get all HC
G4HCofThisEvent* HCE = event->GetHCofThisEvent(); [ available in this
] event
GdTHitsMa?p{Galdauble}f evtMap = Get the HC with the
static cast<G4THitsMap<G4double>*> given ID (need 3 cast)
(HCE->GetHC (collID)) ; -

HCofThisEvent
Scorer 1 Scorer 2

Event#1 (0, 5.32) ' (0, 1.43)



User interface

% UI session
» G4UIExective
» G4Ulterminal
» Batch mode

% UI commands, can be used
» in a Ul session
» in a macro file
» by hard-coded implementation

% Messenger

» If built-in commands are not enough, you define your own command.



UI Flow Chart

G4UIcommand .

I
| - .
| G4AUIcmdWithAnInt Macro file
I /run/initialize
/gun/particle gamma
| GAUImessenger o . /gun/energy 6 MeV
| “."5- 7'2;% /run/beamOn 100
| '3 380
\ (] o
| e i §3
I LS @27
2 T!
I . @ . —| G4UIsession
I G4RunMessenger I
| e e e e e e e o o o o o = -
> . /
O
L
S | /run/beamOn 100 |
f <
G4RunManager

Actually does the task User



Built-in Ul commands

% There are built-in commands roughly organized according to Geant4 categories

Idle> 1s

Command directory path : /

Sub-directories :

/control/ UI control commands.

/units/ Available units.

/geometry/ Geometry control commands.

/tracking/ TrackingManager and SteppingManager control commands.

/event/ EventManager control commands.
/run/ Run control commands.
/random/ Random number status control commands.

/particle/ Particle control commands.
/process/ Process Table control commands.
/material/ Commands for Materials

/vis/ Visualization commands.

/gun/ Particle Gun control commands.

A complete list of built-in commands is available in the Geant4 Application Developers Guide, Chapter 7.1



Built-in command types

G4UIcmdWithoutParameter: /run/initialize
G4UIcmdWithAnInteger: /run/beamOn 10
G4UIcmdWithABool: /process/em/auger true*
G4UIcmdWithADouble: /particle/property/decay/br 0.5
G4UIcmdWithADoubleAndUnit: /gps/time 1.5 us
G4UIcmdWithAString: /gps/particle e-
G4UIcmdWith3Vector: /gps/direction 0.707 0.707 0.0

G4UIcmdWith3VectorAndUnit.
/gps/position 0.0 0.0 0.0 m

*Note: The true values are t, true, y, yes and 1 (case insensitive);
everything else is false.



New Messenger

MyClassMessenger.hh

[ .
#include <G4UImessenger.hh>
#include <G4UIdirectory.hh> < Geant4 headers
#include <G4UIcmdWithADouble.hh>
#include <G4UIcmdWithoutParameters.hh>

#include "MyClass.hh" L_ Header to the class to manage

class MyClassMessenger : public 54”Im9553“33“‘-~uﬁﬁhhhﬁ

{ Inherit from G4UImessenger
public:

MyClassMessenger(MyClass* myObject); -

Commands are defined in constructor

~MyClassMessenger();

void SetNewValue(G4UIcommand* command, G4String newValue) override;

private: \

MyClass* fObject; .
GaUTIdirectory* fDirectory; Method reacting to all

GAUIcmdwWithADouble* fSomeParameterCommand; C‘fmma“d calls managed by
G4UIcmdWithoutParameters* fDoSomethingCommand; this messenger

};




New Messenger

MyClassMessenger.cc P Include the header
“

#include "MyClassMessenger.hh"

MyClassMessenger: :~MyClassMessenger() { UI command and directory
delete fSnmeParameterCommanE;/l/ pointers should be deleted!
delete fDoSomethingCommand;

delete fDirectory;

}

MyClassMessenger: :MyClassMessenger(MyClass* myObject) Assign the pointer to
: fObject(myObject) { < the associated
fDirectory = new G4UIdirectory("/myClass/"); object

fDirectory->SetGuidance("Commands for MyClass");

fSomeParameterCommand =

// Create the command

directory (with
description)

To be continued in the next slide...



New Messenger

MyClassMessenger.cc Create a new command with description ‘

/...
fSomeParameterCommand = new G4UIcmdWithADouble("/myClass/setParameter”, this);

fSomeParameterCommand->SetGuidance("Set some parameter");
fSomeParameterCommand->AvailableForStates(G4State_PreInit, G4State_Idle);

// ... More details - -
\ Enable only in certain state(s)
fDoSomethingCommand = new G4UIcmdWithoutParameters("/myClass/do", this);

Method reacting to Which command What are the

command calls is it? command's parameters?
T

void MyClassMessenger::SetNewValue(G4UIcommand* cmd, G4String newValue) {

if (cmd == fDoSomethingCommand) { fObject->DoSomething(); }
else if (cmd == fSomeParameterCommand) { ‘hﬁh““‘“mumﬁ Simple

G4double value = fSomeParameterCommand->GetNewDoubleValue(newValue)| reaction

fObject->SetParameter(newValue); X
} } \ It is necessary to parse
Use the parsed the parameters string!

value




Interaction with Geant4 kernel

Given concrete (dummy)
G4RunManager implementation. User
MAY give an alternative

% Wtation

VGeometry VPhysics EvtAction

N,
_____ N N A

~~~~~~ MyStep

Geant4 kernel

StepAction

~
~
~
~
~
~

— ~ N
—" S
-
_ -

N
-

Only virtual interface ™ ™

A

o - : provided - users N
{ WLLEEY BUTIEN] MUST implement their MyEvent

concrete
. _ P “
) implementation _.--- MyRun

~
S~
S~ -
-~ -
~ -
- -
- -
-~ -
- —
—_——- -




User classes

Initialisation classes Action classes

Invoked at the initialization Invoked during the execution loop

% G4VUserDetectorConstruction

% G4VUserPhysicsList s G4VUserPrimaryGeneratorAction

s G4UserRunAction

s G4UserEventAction

s G4UserTrackingAction
s  (G4UserStackingAction
s G4UserSteppingAction

Classes having name
starting with G4V are
abstract classes
(containing purely
virtual methods)




Initialization

m ain Run manager user detec_tor_ user _Dhysics
construction List
1: initialize |
== 2:construct -

3: material construction

1

N~

4: geometry construction

5: world volume

<

6: conjstruct

~

7. physics

/é\ctivate physics processes
appropriate to your experiment g

Describe your
experimental set-up

process construc
-

. set cuts

<



main Run Manager Geometry Event Eve

managﬂgﬁnﬂaLQLManagﬂ

. 1: Beam Oni
= > 2:c|ose\

T
! Generate primary events
3. gene ra'[ e one event i according to d|str|but|ons

—r relevant to your experlment

4. process one event

U




Event loop

main Run Manager Geometry Event Eve
manager g_QD_QLaLQI‘_ Mauagﬂ
. 1: Beam Oni
- > 2:close

- u
! Generate primary even’ts
3: gene ra'[ e one event i according to dlstrlbut|on§ relevant

/LI to your experiment

4. process one event :
]




Geant4 as a state machine

% Geant4 has six application states.
» G4State Prelnit

* Material, Geometry, Particle and/or
Physics Process need to be
initialized/defined

» G4State Idle
* Ready to start a run

» G4State_GeomClosed

* Geometry is optimized and ready to
process an event

» G4State_EventProc

* An event is processing
» G4State Quit

* (Normal) termination
» G4State_Abort

* A fatal exception occurred and program
is aborting

initialize

beamOn
o _

(event loop)

Run




Multithreading



Motivation

= Multi-core CPUs

1074

10°6

10-®

ln—lD

= Expensive memory

Relative prices per unit (1977=1)

— RAM
- CPU

slower

fast

1980 1990 2000 2010

= Memory optimization is more and more important!



History of Geant4 multithreading

e MT code
integrated into

Proof of principle
* |dentify objects to .
be shared
* First testing

* Public release

* All functionalities

ported to MT

(Dec. 2013)

G4 10

series

API re-design
Example migration
Further testing
First optimizations

AMT 4 410,
GAMT 9.4. (2011) G(20129)5 10(()3beta oc. 201

(2014+)

Further
Refinements
Focus on further
performance

improvements



Multithread

Master | Geometry

READONLY




Parallelisation

Geometry

Geometry

Node

O Each node hosts a complete
simulation

(d Many copies of geometry and
physics tables

O More memory-thirsty



Memory in MT application

Without MT

With MT

Detector geometry & Transient per event
cross-section tables MEMORY SPACE data (tracks, hits, etc.)

AVAILABLE CORES
--.-.-..........
Actwe cores Unused cores
MEMORY SPACE
 AVAILABLE CORES

Actwe cores (C) A. Dotti



General design

s | _oners | [ wonera | [ woers

[ G4Run (100 evts) ]\

[ G4Run (33 evts) ] [ G4Runpi-{34 evts) ] [ G4Run (33 evts) }

[ G4Run::Merge()

Note: The diagram is simplifying a bit: events are distributed
in seemingly random (though optimized) chunks,
not split among workers one-by-one or in equal parts.




Shared and thread-local objects

J The geometry and physics tables are shared

L The event, track, step, trajectory, hits, etc., as well as several Geant4 manager classes
(EventManager, TrackingManager, SteppingManager, TransportationManager,
FieldManager, SensitiveDetectorManager) and Navigator are thread-local

(J Among the user classes, the initialization classes (G4VUserDetectorConstruction,
G4V UserPhysicsList and the new G4V UserActionlnitialization) are shared, whereas
all user action classes and sensitive detector classes are thread-local

» It is not recommended to access a thread-local object from a shared class object, e.g. from
detector construction to stepping action.

»> Please note that thread-local objects are instantiated and initialized at the first BeamOn.

L To avoid potential errors, try to keep in mind which classes are shared and which
classes are thread-local



User classes in MT and thread safety

v’ called in master
X called in workers

(G4vUserphysicsList

Single instance
(read-only for workers)

One instance / worker thread



Sequential mode

main()

\

G4RunManager

G4EventManager

G4TrackingManager -

G4SteppingManager -




main()

Master thread

N\

! G4MTRunManager ;

/

G4WorkerRunManager

nager

G4EventManager

ger

G4TrackingManager -

nager—

G4SteppingManager

Inager—

Worker thread #0 Worker thread #1

Ager

er

ager—

jer

Worker thread #2




Sequential mode

main()
G4RunManager UserRunAction
G4EventManager UserPrimaryGeneratorAction
UserEventAction
UserStackingAction
G4TrackingManager UserTrackingAction

G4SteppingManager UserSteppingAction




Master thread

G4MTRunManager UserRunAction

UserRun UserRun UserRun
G4WorkerRunManager Action anager Action \ger Action
UserPrimary UserPrimary UserPrimary
GeneratorAction GeneratorAction GeneratorAction
G4Event
Manager UserEventAction UserEventAction UserEventAction
UserStackingAction UserStackingAction || UserStackingAction
G4TrackingManager UserTracking | gger UserTracking | |- UserTracking
Action Action Action
: UserStepping UserStepping UserStepping
G4Ste M ager r
AR Action 2 Action Action
Worker thread #0 Worker thread #1 Worker thread #2




G4UserRunAction in MT mode

% This action (unlike the rest) can apply in both worker and master threads:
» To distinguish where you are, use IsMaster() method

» If you have behavior for master, register the instance in
G4VUserActionlnitialization:: BuildForMaster()

void MyActionInitialization::Build() const {
SetUserAction(new MyRunAction());
// ...other actions

}

void MyActionInitialization::BuildForMaster() const {
SetUserAction(new MyRunAction());
// Only run action

Note: This, in principle, can be a different class




Set the number of threads

% Default number of threads: 2
# Change this using:

> Ul command
 /run/numberOfThreads 6

* /run/useMaximumLogicalCores

» C++ code
* runManager->SetNumberOfThreads(4)

» Environment variable (highest priority)
* G4AFORCENUMBEROFTHREADS=4

# G4Threading::G4GetNumberOfCores() tells the actual number
of logical cores

# Note: Must be done in pre-initialize stage



G4cout in MT mode

 G4cout is relatively synchronized and each message is prepended with the thread
number (this is not true for std::cout)

### Run © starts.

G4AWT1 > EventAction: absorber energy/time scorer ID: ©
GAWT1 > EventAction: scintillator energy/time scorer ID: 1
GAWTO > EventAction: absorber energy/time scorer ID: ©

GAWTO > EventAction: scintillator energy/time scorer ID: 1
Run terminated.

Run Summary
Number of events processed : 16000
User=21s Real=11.36s Sys=1.59s

d To buffer the output from each thread at a time, so that the output of each thread is
grouped and printed at the end of the job

»> [control/cout/useBuffer true|false

1 To limit the output from threads to one selected thread only:
» /[control/cout/ignoreThreadsExcept 0

1 To redirect the output from threads in a file:

» /control/cout/setCoutFile coutFileName
> /[control/cout/setCerrFile cerrFileName



