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GeantV:	modernizing	detector	simulation

• More	than	50%	of	WLCG	power	used	for	
simulations
• The	need	for	simulated	samples	will	increase	with	
luminosity

• Faster	full	simulation	&	more	fast	simulation	!
• GeantV:	path	towards	a	faster	toolkit	using	
more	efficiently	CPU	resources
• SIMD	and	NUMA	topology	aware,	more	cache	
friendly

• More	generic	fast	simulation	integrated	with	full	
simulation

• Alpha	and	beta	releases	(2017	and	2018)
• Deliver	early	a	product	for	the	community	to	
test/adopt
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Aim	for	a	3x-5x	faster	code
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GeantV v3:	A	generic	vector	flow	approach

Stage	buffer
Stage	buffer GeantTrack *

GeantPropagator

GeantTaskData

GeantPropagator

worker	threads

Priority	filterlane0 lane1 laneN…

primaries secondaries…

Processing	flow	
per	thread

Event	
server

NUMA	#0

NUMA	#1



13.9

12.8

12.2 12.4 12.6 12.8 13 13.2 13.4 13.6 13.8 14

SYS

NUMA

2	
pr
op
ag
at
or
s

2	
pr
op
ag
at
or
s
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NUMA	awareness	vs.	OS	policy

• Topology	detection	using	hwloc
• A	propagator	will	use	threads	
bound	to	the	same	NUMA	
node
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~9%	gain
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EM	Physics	models	in	GeantV
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Multi-layered	target
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R&D:	ML	prototype	for	fast	simulation

• Fast	simulation	“hooks”	à la	G4	designed	according	to	v3	
flow
• First	implementation	of	the	user	interfaces

• First	ML	prototype	for	simulation	of	high	granularity	
calorimeters
• Complete	GAN	based	model	for	the	simulation	of	particle	showers	
in	calorimeter	(including	particle	type,	energy,	and	trajectory)

• First	algorithm	meta-optimization	according	to	calorimeter	
geometry

• Integration	of	the	inference	step	as	simulation	stage

• TensorFlow +	KERAS	->	Neon	->	Ngraph

Z
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Single	energy	
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Next	steps

• Deliver	the	alpha	release	in	December	2017
• Vectorization	for	some	components:	geometry,	field	propagation
• Examples	to	demonstrate	GeantV use	and	integration	with	experimental	
frameworks
• Fast	simulation	ML	prototype	and	integration	of	fast	sim	stages	in	GeantV

• Prepare	for	the	beta	release
• Vectorization	of	physics	models
• Hadronic	physics
• Production-ready	geometry
• Examples	demonstrating	ML-based	fast	simulation	usage	for	different	
detector	types
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