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Version	10.2	
•  Released	on	December	4th,	2015	

–  Patch	release	v10.2-patch01	on	March	2nd,	2016	
•  Further	improvements	in	both	compuBng	speed	and	memory	consumpBon.	

–  Preliminary	benchmarks	show	a	few	%	speedup	with	sizable	memory	reducBon	
•  New	features	include:	

–  C++11	naBve	code	
–  Unified	Solids	Library	is	now	installed	as	an	external	package	
–  Updated	Goudsmit-Sounderson	mulBple	scaTering	model	for	e+/e-	
–  Full	Auger	atomic	de-excitaBon	cascade	simulaBon	
–  AlternaBve	Geant4-DNA	physics	models	for	liquid	water	
–  Improved	simulaBon	of	low-energy,	evaporated	nucleons	by	FriBof	model	coupled	

with	Precompond-de-excitaBon	model	
–  A	new	model	for	nuclear	gamma	de-excitaBon		
–  Neutron_HP	is	extended	to	ParBcle_HP,	which	also	deals	with	proton,	deuteron,	

triton,	3He	and	alpha	
–  SubstanBal	revision	of	the	RadioacBve	Decay	model	
–  “Batch	plo^ng"	facility	in	G4tools	
–  Dedicated	thread	of	VisualizaBon	for	“real-Bme”	event	display	
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Plaaorms	

•  CompilaBon	using	the	C++11	Standard	is	now	mandatory.	
•  Cmake	3.3	or	higher	is	required.	
•  Plaaorms:	

–  Linux,	gcc-4.8.3	on	64	bit	architectures	(Intel	or	AMD)	with	CERN	CentOS	Linux	7	
(CC7)	(based	on	CentOS	Linux	7).	

–  MacOSX	10.11	with	clang-3.7	(Apple	LLVM/Clang-7.0.0)	
–  Windows7	with	Visual	C++	14.0	(Visual	Studio	2015)	

•  More	verified	and	tested	configuraBons	(64	bits):	
–  Linux,	gcc-4.9.3,	gcc-5.2.0,	clang-3.6	
–  Linux,	Intel-icc	15.0,	16.0	
–  MacOSX	10.10	with	clang-3.6	
–  MacOSX	10.9	with	clang-3.5	
–  Windows7	with	Visual	C++	12.0	(Visual	Studio	2013)	
–  Linux	for	Intel	Xeon	Phi	with	Intel-icc	15.0,	16.0	(gcc-4.9	compaBbility	layer)	

•  Note:	Windows	plaaorms	are	supported/verified	only	for	the	sequenBal	mode.	
MulBthreading	capability	is	not	yet	supported	on	Windows.	
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Recent patch releases 
•  Nov 30th, ’12 – Geant4 version 9.6 release 

–  Feb 4th, ’15 - Geant4 9.6-patch04 release 
•  Dec 6th, ’13 – Geant4 version 10.0 release 

–  Mar 6th, ’15 - Geant4 10.0-patch04 release 

•  Dec 5th, ’14 – Geant4 version 10.1 release 

–  Feb 5th, ’16 - Geant4 10.1-patch03 release 

•  Dec 4th, ’15 – Geant4 version 10.2 release 

–  Feb 26th, ’16 - Geant4 10.2-patch01 release 

 

•  Versions 10.0 and 10.1 will be supported with necessary patches at least for 2016. 
–  They are kept compliant with C++98. 

•  We	stop	full	support	of	version	9.6.	
–  Individual cases may be discussed. 
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Memory	consumpBon	on	Intel	Xeon	Phi	

6 
Intel Xeon Phi™ 3120A  



Scalability	on	Intel	Xeon	Phi	
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Throughput	in	sequenBal	mode	
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User’s	code	migraBon	
•  If	you	have	a	running	code	with	version	9.6	and	you	want	to	sBck	to	sequenBal	mode,	

you	do	not	need	to	migrate.	It	should	run	with	version	10	series.	
–  Except	for	a	few	obsolete	interfaces	that	you	had	already	seen	warning	messages	

in	v9.6.	
•  MigraBon	of	user’s	code	to	mulB-threading	mode	of	Geant4	version	10	series	should	

be	fairly	easy	and	straighaorward.	
–  MigraBon	guide	is	available.	
–  Geant4	users	guides	are	updated	with	mulB-threading	features.	
–  Most	of	the	examples	have	been	migrated	to	mulB-threading.	
–  Geant4	tutorials	based	on	version	10	series	have	already	started.	

•  G4MTRunManager	collects	run	objects	from	worker	threads	and	“reduces”.	
•  Toughest	part	of	the	migraBon	is	making	user’s	code	thread-safe.	

–  It	is	always	a	good	idea	to	clearly	idenBfy	which	class	objects	are	thread-local.	
•  Every	file	I/O	for	local	thread	is	a	challenge	

–  Input	:	primary	events	:	examples	are	offered	in	the	migraBon	guide.	
–  Output	:	event-by-event	hits,	trajectories,	histograms	
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New	features	in	geometry	
•  New	command-based	geometry	overlap	checks	

–  Built-in	check	with	random	points	on	surfaces	
–  ResoluBon	and	tolerance	are	tunable	

•  IntroducBon	of	gravity	field	and	magneBc	field		
gradient	

•  OpBonal	new	AIDA	Unified	Solid	library	
–  OpBmized	implementaBon	of	a	large		

number	of	primiBves	and	constructs	
–  For	example,	the	Bme	required	to	compute		

intersecBons	with	the	tessellated	solid	was		
dramaBcally	reduced.	

•  Several	new	shapes	including	extruded	solid	
•  New	mulB-union	structure	

–  Replace	mulBple	use	of	binary	Boolean	
unions	

–  Far	beTer	performance	
for	combining	more		
than	O(10)	unions	
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New	biasing	scheme	
•  Event	biasing	(a.k.a.	variance	reducBon)	scheme	has	been	fully	revised	at	version	10.	
•  It	allows	treaBng	many	biasing	opBons	in	coherent	manner.		
•  Such	opBons	include:	

–  Physics	process	biasing	:	alters	physics	process	
•  Cross-secBon	biasing,	forced	interacBon,	forced	passage,	etc.	
•  Biasing	final	products	of	an	interacBon,	e.g.	distribuBon	

–  Non-physics	biasing	:	alters	the	transportaBon	of	parBcle	
•  Geometrical	importance,	spli^ng	/	Russian	rouleTe,	weight	window,	etc.	

•  Easily	extensible	to	new	(or	user-defined)	opBons	
•  Well-integrated	with	built-in	scoring	funcBonaliBes.	
•  New	examples	are	available.	
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New	features	in	analysis,	GUI	and	visualizaBon	

•  New	built-in	fully-mulBthreaded	histogramming	tool		
–  1-D	and	2-D	histograms	and	scaTer	plots,	n-tuples		
–  Data	format	compaBble	with	ROOT,	XML,	AIDA,	CSV	

•  Extensible	to	other	format	
•  GUI	and	visualizaBon	

–  New	Qt	driver	with	OpenGL	
•  Viewer	properBes	and	picking		
panel,	dock-able	widgets		

•  MulBthread	output	filtering	
–  More	than	30%	faster	drawing	on		

OpenGL	
–  MagneBc	field	lines	
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Geant4	version	10	series	
•  Geant4 version 10 series. 

–  Performance improvements (both in physics and computing) 
•  E.g. Memory size required per thread for full LHC/CMS will be reduced to half 

28MB (v10.0) à < 9MB (v10.2) 
–  Missing functionalities yet to be migrated to multithread are arriving  

•  E.g. Real-time visualization in multithreaded mode with v10.2 
–  Additional APIs  

•  E.g. Better “integratability” with TBB (Intel® Threading Building Blocks), and also 
•  Smoother integration of MPI (Message Passing Interface) and MT, in particular for 

merging results 
–  Additional functionalities 

•  E.g. More biasing options 
–  New physics 

•  E.g. Multi-TeV hadronics, neutrino physics, channeling effects in crystal  
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Coming	events	

•  Releases	
–  Next	release	:	early	December	2016	(date	t.b.c.)	

•  Next	beta	release	:	end	of	June	2016	
–  Patch	releases	for	versions	10.0,	10.1	and	10.2	will	be	made	as	needed	

•  Tutorials	
–  Southern	Methodist	University,	Dallas,	TX,	May	16-19	
–  CNRS	Geant4	tutorial,	LAL	Orsay,	May	23-27	
–  XIII	Seminar	on	Sorware	for	Nuclear,	Subnuclear	and	Applied	Physics,	Alghero,	

Italy,	June	5-10,	2016	
•  [includes	a	Geant4	beginner	course]	

–  MassachuseTs	InsBtute	of	Technology,	Cambridge,	MA,	June	20-23	

14 Introduction to version 10.2 ~ kernel part ~ M. Asai (SLAC) 



Introduction to version 10.2 ~ kernel part ~ M. Asai (SLAC) 15 



Introduction to version 10.2 ~ kernel part ~ M. Asai (SLAC) 16 



Introduction to version 10.2 ~ kernel part ~ M. Asai (SLAC) 17 



Introduction to version 10.2 ~ kernel part ~ M. Asai (SLAC) 18 



Introduction to version 10.2 ~ kernel part ~ M. Asai (SLAC) 19 



Introduction to version 10.2 ~ kernel part ~ M. Asai (SLAC) 20 



Introduction to version 10.2 ~ kernel part ~ M. Asai (SLAC) 21 



Introduction to version 10.2 ~ kernel part ~ M. Asai (SLAC) 22 



Geant4	mulB-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	consumpBon	

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

•  ParBcular	aTenBon	to	create	“lock-free”	code:	linearity	(w.r.t.	#threads)	is	the	
metrics	we	are	concentraBng	on	for	the	v10.0	release.		
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Split	class	–	case	of	parBcle	definiBon		
•  In	Geant4,	each	parBcle	type	has	its	own	dedicated	object	of	G4ParBcleDefiniBon	class.	

–  StaBc	quanBBes	:	mass,	charge,	life	Bme,	decay	channels,	etc.,		
•  To	be	shared	by	all	threads.	

–  Dedicated	object	of	G4ProcessManager	:	list	of	physics	processes	this	parBcular	
kind	of	parBcle	undertakes.	

•  Physics	process	object	must	be	thread-local.	

G4ParBcleDefiniBon	

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

- G4int 
particleIndex 

G4PartDefSpliTer	

- 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	version	10	series	
•  Major	release	of	version	10.0	was	made	on	December	6th,	2013.	
•  One	of	the	highlights	of	10	series	is	its	MulBthreading	capability.	

–  Event-level	parallelism	with	memory	sharing	over	threads	
–  Geant4	became	the	first	HEP	general-purpose	sorware	to	be	fully	mulBthreaded	

•  10.0	also	included	other	developments,	in	parBcular:	
–  IntroducBon	of	isomers	
–  AlternaBve	low	energy	neutron	model	G4LEND		

•  Direct	interface	to	GIDI	(General	InteracBon	Data	Interface)	
–  ConsolidaBon	of	MSC	in	ElectromagneBc	physics	
–  Decommission	of	obsolete	physics	models	such	as	LHEP		
–  Extension	of	event	biasing	capability	to	allow	process	occurrence	and	final	state	

producBon	biasing	
–  IntroducBon	of	phonon	transport	with	a	new	concept	of	crystal	
–  New	GUI/Vis	built	on	Qt	

•  Note:	All	these	features	are	available	with	or	without	mulBthreading.	
•  Next	release	

–  10.3	:	December	2016	(planned)	
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