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Geant4'So*ware'

Geant4 is being used in many different fields where simulation of 
radiation passing through and interacting with matter is critical. 
User domains include: high energy and nuclear physics, medical 
physics and space engineering, shielding protection and more. !
Its abstract layers based on robust OO design enables flexibility 
and extendibility of the code, and its open-source code and open 
collaboration have allowed substantial extensions of the code.!
New features are constantly added to the code, while increasing 
attention is paid to improving software performance and 
robustness by employing cutting-edge software engineering 
technologies.!

Introduction!

Investments for the future !

Software quality assurance !
Geant4 uses modern tools to manage the code and improve code 
quality: from handling issues with JIRA to continuous testing 
integration with CTest/CDash, profiler based optimizations, 
Quality/Assurance (Coverity, Valgrind, etc.), and IDE integration 
(Xcode, Eclipse, VisualStudio).!

Geant4 collaboration members are participating in various 
explorations of emerging technologies. These technologies include 
GPU/CUDA, OpenCL, OpenACC, vectorization, DSL, etc. !

Gamma-therapy simulation running on NVIDIA 
GPGPU (Stanford/SLAC/KEK project with 
support of NVIDIA)!

New era - Geant4 version 10 series!
The next release of Geant4 – Version 10.0 (December 2013) will 
include event-level parallelism via multi-threading. To efficiently use 
new computing architectures the workload of a single job will be 
sub-divided to many worker threads each responsible for the 
simulation of one or more events. Current beta release has already 
shown good scalability on a number of different architectures: Intel 
Xeon servers, Intel Xeon Phi co-processors and low-power ARM 
processors!

Intel Xeon L5520 @ 2.27GHz !

HyperThreading!

Number of threads!
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Baseline 200MB!
Additional 40MB/thread!

Exynos 4412 Quad-Core @ 1.7 GHz!

Intel Xeon Phi 7120P @ 1.238GHz !

HyperThreading!

SuperCDMS Cryogenic Dark Matter 
Search seeks to directly detect dark 
matter. Geant4 models the caustic 
pattern in a Ge crystal (left) by 
tracking individual phonons (right)!

Geant4 performs 
mission critical studies 
of radiation and 
charging effects on 
spacecraft electronics.! Impact of Neon 

ion on MOS FET.!

New physics!
The flexibility and extendibility of 
Geant4 design allows it to be applied 
to new physics domains. These include 
the physics of condensed matter 
(phonon transportation in crystals, 
drift of electrons and holes in 
semiconductors) and processes for 
bio-chemical substances and DNA.!

Simulated single 
event upset (SEU)!

Reactions of radicals available in Geant4.!

Geometry!

Energy depositions in DNA structure.!

The flexibility and extendibility of Geant4 
design also enables handling rich 
collection of shapes including CSG 
(Constructed Solid Geometry), BREP 
(Boundary REPresented), Boolean 
operation, Tessellated solid, etc. and the 
user can easily add new shapes. Geant4 
geometry navigation can deal with setups 
up to billions of volumes with automatic 
optimization. In addition, geometry 
models can be ‘dynamic’, i.e. changing the 
setup at run-time, e.g. “moving objects”.!

G4MT''
prototype19.4'

(2011)'

G4MT'
prototype19.5'

(2012)'

G4'10.0.beta'
(current)'

G4'10.0'
(Dec.'2013)'

G4'10'series'
(2014~)'

•  Proof of principle!
•  Identify objects to 

be shared!
•  First testing!

•  MT code integrated 
into G4!

•  API re-design!
•  Example migration!
•  Further testing!
•  First optimizations!

•  Production ready!
•  Public release!

•  Further 
refinements!

Total memory consumption of Intel 
Xeon Phi 7120P @ 1.238GHz !



Version 10.0-p01 

General introduction  
and highlights of multithreading  
in Geant4 version 10 



Geant4 

Geant4	
  version	
  10	
  series	
  
•  The	
  release	
  in	
  2013	
  was	
  a	
  major	
  release.	
  

–  Geant4	
  version	
  10.0	
  –	
  release	
  date	
  :	
  Dec.	
  6,	
  2013	
  
•  The	
  highlight	
  is	
  its	
  mulA-­‐threading	
  capability.	
  

–  A	
  few	
  interfaces	
  need	
  to	
  be	
  changed	
  due	
  to	
  mulA-­‐threading	
  
•  It	
  offers	
  two	
  build	
  opAons.	
  

–  MulA-­‐threaded	
  mode	
  (including	
  single	
  thread)	
  
–  SequenAal	
  mode	
  

•  In	
  case	
  a	
  user	
  depends	
  on	
  thread-­‐unsafe	
  external	
  libraries,	
  (s)he	
  may	
  install	
  
Geant4	
  in	
  sequenAal	
  mode.	
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G4MT	
  	
  
prototype-­‐9.4	
  

(2011)	
  

G4MT	
  
prototype-­‐9.5	
  

(2012)	
  

G4	
  10.0.beta	
  
(June	
  2013)	
  

G4	
  10.0	
  
(Dec.	
  2013)	
  

G4	
  10	
  series	
  
(2014~)	
  

•  Proof of 
principle	



•  Identify 
objects to 
be shared	



•  First testing	



•  MT code 
integrated 
into G4	



•  API re-design	


•  Example 

migration	


•  Further testing	


•  First 

optimizations	



•  API 
refinements	



•  Production 
ready	



•  Public 
release	



•  Further 
refinements ���
and���
optimizations	
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Geant4	
  mulA-­‐threading	
  :	
  event-­‐level	
  parallelism	
  
•  This	
  choice	
  minimizes	
  the	
  changes	
  in	
  user-­‐code	
  

•  Maintain	
  API	
  changes	
  at	
  minimum	
  
•  All	
  Geant4	
  code	
  has	
  been	
  made	
  thread-­‐safe.	
  

–  Thread-­‐safety	
  implemented	
  via	
  Thread	
  Local	
  Storage	
  
•  Most	
  memory-­‐consuming	
  parts	
  of	
  the	
  code	
  (geometry,	
  physics	
  tables)	
  are	
  shared	
  

over	
  threads.	
  
–  “Split-­‐class”	
  mechanism:	
  reduce	
  memory	
  consumpAon	
  

•  Read-­‐only	
  part	
  of	
  most	
  memory	
  consuming	
  classes	
  are	
  shared	
  
•  Enabling	
  threads	
  to	
  write	
  to	
  thread-­‐local	
  part	
  

•  ParAcular	
  a[enAon	
  to	
  create	
  “lock-­‐free”	
  code:	
  linearity	
  (w.r.t.	
  #threads)	
  is	
  the	
  
metrics	
  we	
  concentrated	
  on	
  for	
  the	
  v10.0	
  release.	
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Split	
  class	
  –	
  case	
  of	
  parAcle	
  definiAon	
  	
  
•  In	
  Geant4,	
  each	
  parAcle	
  type	
  has	
  its	
  own	
  dedicated	
  object	
  of	
  

G4ParAcleDefiniAon	
  class.	
  
–  StaAc	
  quanAAes	
  :	
  mass,	
  charge,	
  life	
  Ame,	
  decay	
  channels,	
  etc.,	
  	
  

•  To	
  be	
  shared	
  by	
  all	
  threads.	
  
–  Dedicated	
  object	
  of	
  G4ProcessManager	
  :	
  list	
  of	
  physics	
  processes	
  this	
  

parAcular	
  kind	
  of	
  parAcle	
  undertakes.	
  
•  Physics	
  process	
  object	
  must	
  be	
  thread-­‐local.	
  

G4ParAcleDefiniAon	
  

- G4double mass 
- G4double charge 
- G4double lifetime 
- Decay table 

- G4int 
particleIndex 

G4PartDefSpli[er	
  

- Array of TLS 
pointers of 
G4ProcessManager 

-­‐ TLS	
  pointer	
  
-­‐ TLS	
  pointer	
  
-­‐ TLS	
  pointer	
  
-­‐ TLS	
  pointer	
  
-­‐ TLS	
  pointer	
  
-­‐ TLS	
  pointer	
  

TLS	
  pointer	
   G4ProcessManager	
  

-­‐ Proc	
  man*	
  

-­‐ Proc	
  man*	
  

-­‐ Proc	
  man*	
  

-­‐ Proc	
  man*	
  
-­‐ Proc	
  man*	
  

-­‐ Process	
  A*	
  
-­‐ Process	
  B*	
  
-­‐ Process	
  C*	
  
-­‐ Process	
  D*	
  

<static singleton> <thread local> <shared> 
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Geant4	
  mulA-­‐threading	
  :	
  event-­‐level	
  parallelism	
  
•  This	
  choice	
  minimizes	
  the	
  changes	
  in	
  user-­‐code	
  

•  Maintain	
  API	
  changes	
  at	
  minimum	
  
•  All	
  Geant4	
  code	
  has	
  been	
  made	
  thread-­‐safe.	
  

–  Thread-­‐safety	
  implemented	
  via	
  Thread	
  Local	
  Storage	
  
•  Most	
  memory-­‐consuming	
  parts	
  of	
  the	
  code	
  (geometry,	
  physics	
  tables)	
  are	
  shared	
  

over	
  threads.	
  
–  “Split-­‐class”	
  mechanism:	
  reduce	
  memory	
  consumpAon	
  

•  Read-­‐only	
  part	
  of	
  most	
  memory	
  consuming	
  classes	
  are	
  shared	
  
•  Enabling	
  threads	
  to	
  write	
  to	
  thread-­‐local	
  part	
  

•  ParAcular	
  a[enAon	
  to	
  create	
  “lock-­‐free”	
  code:	
  linearity	
  (w.r.t.	
  #threads)	
  is	
  the	
  
metrics	
  we	
  concentrated	
  on	
  for	
  the	
  v10.0	
  release.	
  	
  

•  IniAal	
  performance	
  penalAes	
  observed	
  in	
  early	
  prototypes	
  have	
  already	
  been	
  
addressed.	
  

•  TesAng	
  on	
  both	
  x86_64	
  and	
  MIC	
  architectures	
  
•  Use	
  of	
  POSIX	
  standards	
  	
  

–  Allowing	
  for	
  integraAon	
  with	
  user-­‐preferred	
  parallelizaAon	
  frameworks	
  (e.g.	
  
MPI,	
  TBB,	
  etc.)	
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SequenAal	
  mode	
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main()	
  

G4RunManager	
  

G4EventManager	
  

G4TrackingManager	
  

G4SteppingManager	
  

G4Run	
  

G4Event	
  

G4Track	
  

G4Step	
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MulA-­‐threaded	
  mode　	
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main()	
  

G4MTRunManager	
   G4Run	
  

G4WorkerRunManager	
  

G4EventManager	
  

G4TrackingManager	
  

G4SteppingManager	
  

G4Run	
  

G4Event	
  

G4Track	
  

G4Step	
  

G4WorkerRunManager	
  

G4EventManager	
  

G4TrackingManager	
  

G4SteppingManager	
  

G4Run	
  

G4Event	
  

G4Track	
  

G4Step	
  

G4WorkerRunManager	
  

G4EventManager	
  

G4TrackingManager	
  

G4SteppingManager	
  

G4Run	
  

G4Event	
  

G4Track	
  

G4Step	
  

Worker thread #0 Worker thread #1 Worker thread #2 

Master thread 
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Shared?	
  Thread-­‐local?	
  

•  In	
  the	
  mulA-­‐threaded	
  mode,	
  generally	
  saying,	
  data	
  that	
  are	
  stable	
  during	
  the	
  event	
  
loop	
  are	
  shared	
  among	
  threads	
  while	
  data	
  that	
  are	
  transient	
  during	
  the	
  event	
  loop	
  are	
  
thread-­‐local.	
  	
  

•  In	
  general,	
  geometry	
  and	
  physics	
  tables	
  are	
  shared,	
  while	
  event,	
  track,	
  step,	
  trajectory,	
  
hits,	
  etc.,	
  as	
  well	
  as	
  several	
  Geant4	
  manager	
  classes	
  such	
  as	
  EventManager,	
  
TrackingManager,	
  SteppingManager,	
  TransportaAonManager,	
  FieldManager,	
  
Navigator,	
  SensiAveDetectorManager,	
  etc.	
  are	
  thread-­‐local.	
  	
  

•  Among	
  the	
  user	
  classes,	
  user	
  iniAalizaAon	
  classes	
  (G4VUserDetectorConstrucAon,	
  
G4VUserPhysicsList	
  and	
  newly	
  introduced	
  G4VUserAcAonIniAalizaAon)	
  are	
  shared,	
  
while	
  all	
  user	
  acAon	
  classes	
  and	
  sensiAve	
  detector	
  classes	
  are	
  thread-­‐local.	
  	
  

–  It	
  is	
  not	
  straighlorward	
  (and	
  thus	
  not	
  recommended)	
  to	
  access	
  from	
  a	
  shared	
  class	
  
object	
  to	
  a	
  thread-­‐local	
  object,	
  e.g.	
  from	
  detector	
  construcAon	
  to	
  stepping	
  acAon.	
  	
  

–  Please	
  note	
  that	
  thread-­‐local	
  objects	
  are	
  instanAated	
  and	
  iniAalized	
  at	
  the	
  first	
  
BeamOn.	
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SequenAal	
  mode	
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main()	
  

G4RunManager	
  

G4EventManager	
  

G4TrackingManager	
  

G4SteppingManager	
  

UserRunAcAon	
  

UserEventAcAon	
  

UserTrackingAcAon	
  

UserSteppingAcAon	
  

UserStackingAcAon	
  

UserPrimaryGeneratorAcAon	
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G4WorkerRunManager	
  

G4Event	
  
Manager	
  

G4TrackingManager	
  

G4SteppingManager	
  

UserRun	
  
AcAon	
  

UserEventAcAon	
  

UserTrackingA
cAon	
  

UserStepping	
  
AcAon	
  

UserPrimary	
  
GeneratorAcAon	
  

UserStackingAcAon	
  

G4WorkerRunManager	
  

G4Event	
  
Manager	
  

G4TrackingManager	
  

G4SteppingManager	
  

UserRun	
  
AcAon	
  

UserEventAcAon	
  

UserTrackingA
cAon	
  

UserStepping	
  
AcAon	
  

UserStackingAcAon	
  

main()	
  

G4MTRunManager	
   UserRunAcAon	
  

Worker thread #1 Worker thread #2 

Master thread 

G4WorkerRunManager	
  

G4Event	
  
Manager	
  

G4TrackingManager	
  

G4SteppingManager	
  

UserRun	
  
AcAon	
  

UserEventAcAon	
  

UserTrackingA
cAon	
  

UserStepping	
  
AcAon	
  

UserStackingAcAon	
  

Worker thread #0 

MulA-­‐threaded	
  mode	
  

UserPrimary	
  
GeneratorAcAon	
  

UserPrimary	
  
GeneratorAcAon	
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User classes 
•  Initialization classes 

–  Use G4RunManager::SetUserInitialization() to define. 
–  Invoked at the initialization 

•  G4VUserDetectorConstruction 
•  G4VUserPhysicsList 
•  G4VUserActionInitialization 

•  Action classes 
–  Instantiate in G4VUserActionInitialization. 
–  Invoked during an event loop 

•  G4VUserPrimaryGeneratorAction 
•  G4UserRunAction 
•  G4UserEventAction 
•  G4UserStackingAction 
•  G4UserTrackingAction 
•  G4UserSteppingAction 
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Note : classes written in red are 
mandatory.	


New	
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Instantiate user action classes 

•  G4VUserActionInitialization has two virtual methods.  

•  Build() 

–  Invoked at the beginning of each worker thread as well as in sequential 

mode 

–  Use SetUserAction() method to register pointers of all user actions. 

–  In multithreaded mode, all user action class objects instantiated in this 
method are thread-local. 

•  User run action instantiated in this method is for thread-local run 

•  BuildForMaster() 

–  Invoked only at the beginning of the master thread in multithreaded mode 

–  Use SetUserAction() method to register pointer of user run action for the 

global run. 
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G4Allocator	
  

•  G4Allocator	
  objects	
  are	
  now	
  thread-­‐local.	
  
•  If	
  the	
  user	
  uses	
  G4Allocator	
  for	
  his/her	
  own	
  class,	
  e.g.	
  hit,	
  trajectory	
  or	
  trajectory	
  point,	
  

G4Allocator	
  object	
  must	
  be	
  thread	
  local	
  and	
  thus	
  must	
  be	
  instanAated	
  within	
  the	
  thread.	
  
The	
  object	
  new-­‐ed	
  and	
  allocated	
  by	
  the	
  thread-­‐local	
  G4Allocator	
  must	
  be	
  deleted	
  within	
  the	
  
same	
  thread.	
  

•  Thread-­‐local	
  G4Allocator	
  objects	
  are	
  automaAcally	
  deleted	
  when	
  the	
  worker	
  thread	
  
terminates.	
  

	
  
•  In	
  MyHit.hh	
  

typedef	
  G4THitsCollecAon<MyHit>	
  MyHitsCollecAon;	
  
extern	
  G4ThreadLocal	
  G4Allocator<MyHit>*	
  MyHitAllocator;	
  
inline	
  void*	
  MyHit::operator	
  new(size_t)	
  
{	
  if(!MyHitAllocator)	
  	
  MyHitAllocator	
  =	
  new	
  G4Allocator<MyHit>;	
  
	
  	
  return	
  (void	
  *)	
  MyHitAllocator-­‐>MallocSingle();	
  }	
  
inline	
  void	
  B2TrackerHit::operator	
  delete(void	
  *hit)	
  
{	
  MyHitAllocator-­‐>FreeSingle((MyHit*)	
  hit);	
  }	
  

•  In	
  MyHit.cc	
  
G4ThreadLocal	
  G4Allocator<MyHit>*	
  MyHitAllocator=0;	
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Geant4 as a state machine 

•  Geant4	
  has	
  six	
  applicaAon	
  states.	
  
–  G4State_PreInit	
  

•  Material,	
  Geometry,	
  ParAcle	
  and/or	
  
Physics	
  Process	
  need	
  to	
  be	
  iniAalized/
defined	
  

–  G4State_Idle	
  
•  Ready	
  to	
  start	
  a	
  run	
  

–  G4State_GeomClosed	
  
•  Geometry	
  is	
  opAmized	
  and	
  ready	
  to	
  
process	
  an	
  event	
  

–  G4State_EventProc	
  
•  An	
  event	
  is	
  processing	
  

–  G4State_Quit	
  
•  (Normal)	
  terminaAon	
  

–  G4State_Abort	
  
•  A	
  fatal	
  excepAon	
  occurred	
  and	
  program	
  is	
  
aborAng	
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PreInit 

Idle 

EventProc 

GeomClosed 

Quit 

Abort 

initialize 

beamOn exit 

R
u
n
 

(
e
v
e
n
t
 
l
o
o
p
)
 

Note: Toggles between GeomClosed and EventProc occur 
for each thread asynchronously in multithreaded mode. 
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Simplified	
  Master	
  /	
  Worker	
  Model	
  

• A G4 (with MT) application can be seen as simple finite state machine	



• Threads do not exists before first /run/beamOn	


• When master starts the first run spawns threads and distribute work	
  

Master 

Worker 
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Event	
  tasking	
  is	
  not	
  round	
  robin	
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•  During	
  the	
  master	
  event	
  loop,	
  an	
  event	
  (or	
  a	
  bunch	
  of	
  events)	
  is	
  tasked	
  to	
  a	
  worker	
  
thread	
  in	
  first-­‐come-­‐first-­‐served	
  basis.	
  
–  To	
  minimize	
  the	
  latency	
  at	
  the	
  end	
  of	
  master	
  event	
  loop	
  
–  Required	
  toward	
  our	
  next	
  goal	
  of	
  complete	
  decoupling	
  between	
  the	
  master	
  event	
  

loop	
  and	
  worker	
  thread	
  iniAalizaAon/terminaAon	
  
•  Desirable	
  for	
  TBB-­‐based	
  simulaAon	
  (see	
  later	
  slides)	
  

•  Master	
  thread	
  generates	
  
all	
  the	
  necessary	
  iniAal	
  
seeds	
  for	
  all	
  events	
  and	
  
dispatch.	
  
–  For	
  the	
  sake	
  of	
  full	
  

reproducibility	
  
regardless	
  of	
  number	
  
of	
  threads.	
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Performance	
  on	
  different	
  architectures	
  	
  
•  Current release has already shown good scalability on a number of different 

architectures: Intel Xeon servers, Intel Xeon Phi co-processors and low-power 
ARM processors. 

–  On Intel architectures, it has shown performance improvements not only up to the 
number of physical cores but in hyper-thread mode as well. 

Intel Xeon L5520 @ 2.27GHz  

HyperThreading 

Exynos 4412 Quad-Core @ 1.7 GHz Intel Xeon Phi 7120P @ 1.238GHz  

HyperThreading 
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Comparison	
  with	
  sequenAal	
  mode	
  (speed)	
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6% 

“CMS-ish” geometry 
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Memory	
  consumpAon	
  

•  Geant4 compiled for 
MIC architecture 

•  Full CMS detector 
without sensitive 
detectors, hits or 
trajectories 

•  No optimization yet 
•  ~40MB /thread 
•  Works in progress to 

reduce the memory 
consumption per 
thread. 

•  For example 
eliminating big 
thread-local 
arrays in physics 
processes 

PRELIMINARY 

21 

Slope 
Intercept 

M
em
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Geant4 

Comparison	
  with	
  sequenAal	
  mode	
  (memory)	
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65% 

“CMS-ish” geometry 



Geant4 

MPI	
  +	
  mulA-­‐threading	
  
•  Geant4	
  version	
  10	
  works	
  with	
  MPI.	
  

–  Many	
  nodes	
  of	
  many	
  cores	
  

23 
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•  4 MPI processes with 2 cores each 
•  Each MPI process owns histogram 
•  Threads merge dose calculation in shared histogram 



Geant4 

Preliminary	
  studies	
  on	
  TBB	
  

•  Intel	
  Threading	
  Building	
  Block	
  is	
  a	
  library	
  for	
  task-­‐based	
  	
  
mulA-­‐threading	
  code.	
  Some	
  LHC	
  experiments	
  show	
  their	
  interest	
  
in	
  the	
  use	
  of	
  TBB	
  in	
  their	
  frameworks.	
  

•  We	
  have	
  verified	
  that	
  the	
  G4	
  v10	
  can	
  be	
  used	
  in	
  a	
  TBB-­‐based	
  applicaAon	
  where	
  	
  	
  	
  	
  
TBB-­‐tasks	
  are	
  responsible	
  for	
  simulaAng	
  events.	
  

–  We	
  didn’t	
  need	
  to	
  modify	
  any	
  concrete	
  G4	
  class/method	
  to	
  adapt	
  to	
  TBB.	
  

•  We	
  provide	
  an	
  example	
  in	
  version	
  10.0	
  	
  release	
  to	
  demonstrate	
  the	
  way	
  of	
  
integraAng	
  Geant4	
  with	
  TBB.	
  

•  We	
  keep	
  invesAgaAng	
  where/how	
  to	
  reduce	
  memory	
  use.	
  

•  We	
  will	
  keep	
  communicaAng	
  with	
  our	
  users	
  to	
  polish	
  our	
  top-­‐level	
  interfaces.	
  

–  Next	
  step	
  includes	
  decoupling	
  of	
  master	
  event	
  loop	
  and	
  worker	
  thread	
  
iniAalizaAon/terminaAon.	
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Version 10.0-p01 

Status	
  of	
  LHC	
  experiments	
  
on	
  shiying	
  to	
  mulAthreading	
  



Geant4 

Status	
  of	
  LHC	
  experiments	
  in	
  shiying	
  to	
  mulAthreading	
  

•  We	
  asked	
  LHC	
  experiments	
  about	
  their	
  status	
  and	
  plan	
  of	
  shiying	
  their	
  simulaAon	
  
code/framework	
  to	
  mulAthreading.	
  Inquiries	
  are:	
  
–  what	
  have	
  been	
  done	
  up	
  to	
  now,	
  
–  problems/issues/difficulAes	
  idenAfied	
  so	
  far,	
  
–  possible	
  soluAons	
  to	
  these	
  problems/issues/difficulAes,	
  
–  plans,	
  including	
  a	
  Ame-­‐table,	
  toward	
  the	
  producAon,	
  and	
  
–  requests	
  to	
  the	
  Geant4	
  CollaboraAon.	
  

•  Following	
  slides	
  are	
  their	
  feedbacks.	
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Geant4 

ALICE	
  

•  what	
  have	
  been	
  done	
  up	
  to	
  now,	
  
–  The	
  migraAon	
  of	
  Geant4	
  VMC	
  which	
  is	
  the	
  framework	
  used	
  in	
  ALICE	
  simulaAon	
  is	
  

close	
  to	
  be	
  finished.	
  The	
  beta	
  release	
  is	
  planned	
  for	
  this	
  week.	
  This	
  will	
  allow	
  to	
  
start	
  tests	
  with	
  ALICE	
  geometry,	
  start	
  of	
  migraAon	
  of	
  the	
  ALICE	
  VMC	
  applicaAon	
  
and	
  tests	
  on	
  limited	
  detector	
  setup.	
  We	
  will	
  present	
  more	
  details	
  at	
  the	
  ALICE	
  talk	
  
at	
  the	
  workshop.	
  

•  problems/issues/difficulAes	
  idenAfied	
  so	
  far,	
  
–  Most	
  of	
  problems	
  encountered	
  during	
  the	
  work	
  on	
  Geant4	
  VMC	
  were	
  already	
  

reported	
  and	
  fixed;	
  the	
  remaining	
  one	
  with	
  opAcal	
  processes	
  is	
  now	
  added	
  in	
  
bugzilla	
  as	
  #1590.	
  There	
  are	
  a	
  few	
  more	
  minor	
  issues	
  which	
  will	
  be	
  reported	
  in	
  our	
  
talk.	
  

•  plans,	
  including	
  a	
  Ame-­‐table,	
  toward	
  the	
  producAon,	
  and	
  
–  Tests	
  with	
  Geant4	
  VMC	
  examples	
  run	
  with	
  ALICE	
  geometry	
  (in	
  1-­‐2	
  months)	
  
–  AliRoot	
  (with	
  a	
  limited	
  detector	
  setup	
  first)	
  migraAon	
  to	
  MT:	
  this	
  means	
  to	
  adapt	
  

VMC	
  applicaAon	
  class	
  for	
  MT	
  and	
  fix	
  thread	
  safety	
  problems	
  in	
  the	
  code	
  which	
  is	
  
used	
  in	
  simulaAon:	
  AliRoot	
  core	
  classes	
  +	
  detector	
  "steering"	
  classes.	
  (in	
  1-­‐2	
  years)	
  

•  requests	
  to	
  the	
  Geant4	
  CollaboraAon.	
  
–  Have	
  a	
  possibility	
  to	
  reduce	
  the	
  output	
  from	
  iniAalizaAon	
  of	
  physics	
  processes	
  as	
  

this	
  makes	
  the	
  output,	
  especially	
  when	
  run	
  in	
  MT	
  mode,	
  very	
  long.	
  

Multithreading in Geant4 version 10 and its integration to experiments' 
simulation frameworks - M. Asai (SLAC) 27 



Geant4 

ATLAS	
  -­‐	
  1	
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Version 10.0-p01 

ProspecAve	
  



Geant4 

Beyond Geant4 version 10.0 
•  Geant4 version 10 series will be evolving. 

•  Performance improvements 
–  Algorithm optimization / local vectorization  

•  without losing code readability / maintainability / flexibility 
–  Optimization of file access 

•  Memory space reduction in particular for per-thread memory 
–  Sharing more physics vectors and other objects among threads 

•  Multithreading leftover 
–  Some visualization, neutron_hp, general particle source, Geant4e, etc. 

•  Completion of decoupling between master event loop and worker thread initialization / 
termination 

–  See later slide 

G4MT	
  	
  
prototype-­‐9.4	
  

(2011)	
  

G4MT	
  
prototype-­‐9.5	
  

(2012)	
  

G4	
  10.0.beta	
  
(June	
  2013)	
  

G4	
  10.0	
  
(Dec.	
  2013)	
  

G4	
  10	
  series	
  
(2014~)	
  

•  Proof of principle	


•  Identify objects to be shared	


•  First testing	



•  MT code integrated 
into G4	



•  API re-design	


•  Example migration	


•  Further testing	


•  First optimizations	



•  API refinements	


•  Production ready	


•  Public release	



•  Further refinements and 
optimizations	
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Geant4 

Soyware	
  quality	
  improvements	
  (h[p://code.google.com/p/gooda/)	
  
•  We	
  are	
  working	
  with	
  Google	
  on	
  performance	
  measurements	
  of	
  Geant4-­‐based	
  

applicaAon	
  using	
  Gooda	
  tool,	
  a	
  PMU-­‐based	
  event	
  data	
  analysis	
  package.	
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Geant4 

Code	
  opAmizaAon	
  for	
  both	
  CPU	
  and	
  coprocessor	
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Geant4 

Decoupling	
  of	
  master	
  event	
  loop	
  and	
  worker	
  thread	
  iniAalizaAon/terminaAon	
  

•  Ensuring	
  a	
  worker	
  thread	
  to	
  join	
  at	
  
any	
  Ame	
  during	
  the	
  event	
  loop	
  of	
  the	
  
master	
  
–  Ayer	
  the	
  master	
  thread	
  finishes	
  

iniAalizaAon	
  for	
  geometry	
  and	
  
cross-­‐secAon	
  tables	
  to	
  be	
  shared	
  

•  Ensuring	
  a	
  worker	
  thread	
  to	
  leave	
  at	
  
any	
  Ame	
  during	
  the	
  event	
  loop	
  of	
  the	
  
master	
  
–  Ayer	
  finishing	
  assigned	
  task	
  (an	
  

event	
  or	
  a	
  bunch	
  of	
  events)	
  
•  We	
  plan	
  to	
  complete	
  this	
  decoupling	
  

with	
  some	
  addiAonal	
  APIs	
  
–  First	
  set	
  of	
  new	
  APIs	
  will	
  come	
  

with	
  v10.1-­‐beta	
  in	
  June.	
  
–  Your	
  feedbacks	
  are	
  essenAal.	
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To	
  sum	
  up	
  

•  Feedbacks	
  are	
  appreciated.	
  Without	
  users’	
  feedbacks	
  to	
  Geant4-­‐MT	
  prototypes,	
  we	
  
couldn’t	
  make	
  Geant4	
  version	
  10.0.	
  

•  Version	
  10.0	
  was	
  a	
  big	
  milestone	
  for	
  us	
  as	
  it	
  was	
  the	
  first	
  producAon	
  version	
  of	
  Geant4	
  
in	
  mulAthreading	
  mode.	
  But	
  it	
  is	
  not	
  our	
  ulAmate	
  goal	
  in	
  terms	
  of	
  making	
  Geant4	
  
mulAthreaded.	
  	
  
–  Our	
  next	
  goal	
  includes	
  complete	
  decoupling	
  of	
  master	
  event	
  loop	
  and	
  worker	
  

iniAalizaAon/terminaAon	
  so	
  that	
  each	
  worker	
  thread	
  may	
  join/leave	
  at	
  any	
  Ame	
  
during	
  the	
  event	
  loop	
  with	
  minimal	
  iniAalizaAon/terminaAon	
  overhead.	
  We	
  plan	
  to	
  
deliver	
  first	
  addiAonal	
  APIs	
  at	
  10.1-­‐beta.	
  	
  

–  Your	
  further	
  feedbacks	
  on	
  version	
  10.0	
  are	
  most	
  valuable.	
  	
  
•  We	
  admit	
  our	
  user’s	
  guide	
  is	
  not	
  perfect,	
  in	
  parAcular	
  for	
  advanced	
  users	
  who	
  need	
  to	
  

extend/alternate	
  kernel	
  funcAonaliAes	
  to	
  control	
  worker	
  thread.	
  
–  We	
  will	
  improve	
  our	
  document.	
  	
  
–  Also,	
  denser	
  communicaAon	
  between	
  experiments	
  and	
  Geant4	
  developers	
  is	
  

mandatory.	
  
•  Proposing	
  a	
  mini-­‐workshop	
  on	
  May	
  12-­‐13	
  

•  Next	
  Geant4	
  Technical	
  Forum	
  is	
  tomorrow	
  at	
  16:00	
  CET.	
  	
  

Multithreading in Geant4 version 10 and its integration to experiments' 
simulation frameworks - M. Asai (SLAC) 42 


