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Cosa	hanno	in	comune		queste	figure?		

Entrambe	sono	generate	
grazie	all’HPC…	



Agenda	
•  Premessa:	Chi	sono	/	Chi	siete		
•  Introduzione:	

–  Perchè		il	calcolo	ad	alte	prestazioni		
•  conceE	di	base	dell’HPC		
•  Il	mondo	ddei	supercomputer	
•  HPC	per	tuE:	l’approccio	cloud…		
•  2	casi	di	studio:	

–  deep	learning	per	le	immagini	(HPDA)	
–  Simulazione	CFD	per	le	NAVI	(HPC)	



Chi	sono	io	?		

•  Background	in	fisica	computazionale	
•  Lavoro	al	CNR/IOM	con	il	compito	di	meSere	a	
punto	infrastruSure	di	calcolo	e	daT		per	la	
scienza		

•  Ho	fondato	una	start-up(eXact-lab	srl)	che	si	
occupa	della	stessa	cosa	per	il	mercato	

	



HPC:	
Serve	

davvero?		



Perchè	l’HPC	è	importante	?		

“The	next	10	to	20	years	will	see	computational	
science	firmly	embedded		in	the	fabric	of	science	–	
the	most		profound	development	in	the	scientific		
method	in	over	three	centuries”	(US	Department	
of	Energy).			

	“A	host	of	technologies	are	on	the		horizon	that	
we	cannot	hope	to		understand,	develop,	or	
utilize	without		simulation”	(US	National	Science	
Foundation)	



Dal	sito	della	EU	

												KEY	ENABLING	TECHNOLOGY	
From	hSps://ec.europa.eu/programmes/horizon2020/en/h2020-secTon/high-
performance-compuTng-hpc	



Perchè	HPC	?		

	
		

Image	from	UberCloud	

“Today,	to	Out-Compute	is	to	Out-Compete”.		
	

Il	97%	delle	aziende	che	ha	iniziato	a	uTlizzare	i	
supercomputer	ha	riportato	che	
senza	di	essi	non	potrebbe	più	competere	o	
addiriSura	sopravvivere.	(IDC	survey	2017)	



Un	mercato	ampio	ed	in	crescita..	



HPC:	
definizioni	e	
fondamenT			



  
 

HPC: una definizione 	
Defining HPC (from Intersect survey)  	

-  High Performance Computing (HPC) is the use of 
servers, clusters, and supercomputers – plus 
associated software, tools, components, storage, and 
services – for scientific, engineering, or analytical 
tasks that are particularly intensive in computation, 
memory usage, or data management	

-  HPC is used by scientists and engineers both in 
research and in production across industry, 
government and academia.   
         	



ElemenT	fondanT	dell’HPC..	
•  use of servers, clusters, and 

supercomputers   à    HW		
•  associated software, tools, components, 

storage, and services à SW 
•  scientific, engineering, or analytical tasks 
 à PROBLEMS TO BE SOLVED..	

ALL	THE	ABOVE	DEFINES	A	
COMPUTATIONAL	INFRASTRUCTURE	

aka	E-INFRASTRUCTURE		



Elements	of	e-infrastructures	for	HPC	
E-infrastructure for HPC  includes: 	

-  servers/nodes/accelerators 	
-  High speed Networks 	
-  High end parallel storage  
-  Middleware  
-  Scientific/Technical  Software	
-  Research/Technical data (national and scientificv 

databases, individual data…) 	

IS	ALL	WHAT	WE	NEED	?		



Last	but	not	least:	persone	!			

•  Human	capital	is	by	far	the	most	important	
aspect		

•  Two	important	roles:		
– HPC	providers	(plan/install/manage	HPC	
resources)			

– HPC	user		

MIXING/INTERPLAYING	ROLES	
INCREASES	COMPETENCE	LEVELS			



HPC	Users…	

High	Performance	Technical	CompuTng	(HPTC)	
• ApplicaTons	in	science	and	engineering		
• Top	Market:	Academia/Government	Lab/	Manufacturing/	
Bio	Life/	Oil	gas	exploraTon		

High	Performance	Business	CompuTng	(HPBC)	
• ApplicaTon	included		trading/pricing/	risk	management/	
online	gaming/	analyTcs/fraud	detecTon/	logisTcs	

• Top	Market:	Banks/	Insurance	Companies/	Online	games/	
Financial	services/	Entertainment		



A	corto	di	esperT	in	HPC	?	(1)		
InternaTonal	Master	in	HPC	
-  Master	di	specializzazione	di	un	anno	
-  Promosso	da		Sissa	ICTP	and	CNR	
-  Quarta	edizione	appena	parTta/terza	edizione	in	
fase	di	arrivo		

-  StudenT	delle	prime	2	edizioni	lavorano	tuE	!			

WWW.MHPC.IT		



A	corto	di	esperT	in	HPC	?	(2)		
Master	in	Data	science	and	scien>fic	compu>ng	
Master	di	specializzazione	di	un	anno	
-  Laurea	di	master	di	2	anni	per	studenT	della	
triennale		

-  Promosso	da		UNiTS/UNIUD	Sissa	ICTP	
-  Prima	edizione	parTta	questa	seEmana	

DSSC.UNITS.IT		



Ordini	di	grandezza	per	l’HPC	

			MEGA	=	106	

			GIGA 	=	109	
			TERA		=	1012	
			PETA		=	1015	
			EXA					=	1018	



Unità	di	misura	per	HPC		
•  Velocità	dei	processori: 	 	 	 	 	
	Floats:	floaTng	point	operaTon/	second	

•  Velocità	delle	rete:		 	 	 	 	 	
	 	bits	:	bit	/second	transmiSed	
–  /100Mbit/1Gbit/10Gb/100Gb	

•  QuanTtà	di	spazio:	 	 	 	 	 	
							byte		

•  Gigabite						----->	RAM/hard	disks	
•  Terabyte					----->	Disks/SAN	...		
•  Petabyte				------>	SAN		



HPC:	
supercomuters	

e	dintorni	



Quali	sono	i	computer	più	potenT	?		

–  	TOP500	list	www.top500.org	
– published	twice	a	year	from	1993	

•  ISC	conference	in	Europe	(June)	
•  SupercompuTng	conference	in	USA	(November)	

– List	the	most	powerful	computers		in	the		world		
– YardsTck:	Linpack	benchmark	(LU	–	
decomposiTon)	



And	the		winner	is..		

Numero	di	cores				10,649,600	
Flops													 								93	PETAFLOPS	
Energia	consumata	15	MwaS	



La	prima	macchina	europea..		

Numero	di	cores				10,649,600	
Flops													 								93	PETAFLOPS	
Energia	consumata	15	MwaS	



E	l’Italia	??		



IOPS	vs	FLOPS	
•  HPC	oggi	è	compute-centric	
•  Il	Calcolo	Tecnico	ScienTfico	e	non	solo		ha	
bisogno	di	accedere	ai	daT	piuSosto	che	
velocità	di	calcolo	

	
				

Source:	IDC	DirecTon	2013		



Il	problema	dell’energia..		

•  È	impossibile	pensare	di	raggiungere	
l’exascale	con	le	macchine	aSuali..	

•  I	supercomputers	devono	diventare	più	
green..		



Top500&Green500		

•  Over	the	last	year,	the	
greenest	
supercomputers	more	
than	doubled	their	
energy	efficiency		

•  If	such	a	pace	can	be	
maintained,	exascale	
supercomputers	
operaTng	at	less	than	
20	MW	will	be	possible	
in	as	liSle	as	two	years.		

•  But	that’s	a	big	if.	



Aeronau>cs	
where	the	design	of	airplanes	more	energy	efficient	and	less	noisy	cannot	be	
done	without	simulaTons	involving	very	large	models	of	the	enTre	aircray	and	
analysis	of	physical	phenomena	at	different	scales,	

Automo>ve	industry		
which	wishes	to	reduce	consumpTon	and	CO2	emissions	while	increasing	the	
level	of	comfort	and	security,		

Pharmaceu>cal	industry		
were	the	discovery	of	new	acTve	molecules	and	new	drugs	is	accelerated	by	
numerical	simulaTons,	

Oil	industry		
which	needs	supercomputers	to	discover	new	oil	fields	and	to	opTmize	
producTon	of	exisTng	reservoirs.	

Where	HPC	plays	a	role	in	Industry	?	Some	examples..	



Il	problema/sfida	dei	daT	in	HPC		Il	problema	dei	
DATI…	



Big	Data:	una	definizione		



The	3	V’s		of	big	data..		

•  Velocity		
	Data		are	produced	at	speed	higher	than	the	speed	you	
are	able	to	move/analyze	and	understand		them..	

•  Variety	
– Data	range	from	simulaTon	to	remote	sensing	
informaTon,	from	instruments	to	market	analysis	etc..		

–  datasets	come	in	a	variety	of	data	formats	and	span	a	
variety	of	metadata	standards	

•  Volume	



Infografica	





				 34
Scientific Data Infrastructure


Data-intensive	science	
•  A	“fourth	paradigm”	ayer	experiment,	theory,	and	

computaTon..	

	
	
	It	involves	collecTng,	exploring,	visualizing,	combining,	
subseEng,	analyzing,	and	using	huge	data	collecTons	

4




Big	data	challenges		

•  “BigData”	is	a	growing	trend	affecting	many	HPC	
applications	touching	large	datacenters,	and	
research 

•  Fueled	by	creation	and	availability	of		many	data 
•  Organizations	seek	to	bridge	the	gap	between	

having	better	data	and	making	better	decisions 
•  Application	areas	include:	enterprise	analytics,	

research	analytics,	real-time	analytics,	complex	event	
processing,	data	mining,	visualization	... 

•  	Growth	in	these	application	areas	creates	a	market	
opportunity	for	providers	of	HPC	technologies 



From	HPC	to	HPDA..	



HPC:	
ma	quanto	mi	

cosT?	



How much does it cost a 
computational infrastructure? 	

It is not just a matter of HW… 
	

Total Cost of Ownership is the right way to 
calculate the budget for an HPC infrastructure.. 	



What	should	be	included	in	the	TCO	for	HPC	?		

•  Investment, operation and maintenance costs:	
-  Hardware: servers, storage, networking, cabling, etc.	

-  Electrical equipment: power distribution units, UPS, generators, etc.	

-  Cooling systems: air conditioners, water cooling, etc.	

•  Infrastructure for the data center, power adaptation issues, etc.	

•  Energy consumption of the hardware and cooling systems	

•  Software licenses	

•  Human resources	

•  Maintenance	



HPC	solo	per	
pochi?		



Cloud Computing.. 	



Basic Definition	

•  A	model	of	computaTon	and	data	storage	based	on	
“pay	as	you	go”	access	to	“unlimited”	remote	data	
center	capabiliTes	

•  A	cloud	infrastructure	provides	a	framework	to	
manage	scalable,	reliable,	on-demand	access	to	
applicaTons	

•  Cloud	services	provide	the	“invisible”	backend	to	many	
of	our	mobile	applicaTons	

•  High	level	of	elasTcity	in	consumpTon		
•  Historical	roots	in	today’s	Internet	apps	

–  Search,	email,	social	networks	
–  File	storage	(Live	Mesh,	Mobile	Me,	Flicker,	…)	



How far are from end users?	



Why the CLOUD ? 	



CLOUD	COMPUTING	
PARADIGM	

=	
HPC	RESOURCES	for	

MASSES	



www.c3hpc.com 
	

•  L’infrastruSura	HPC	di	eXact	lab	
•  Basata	su	Eurotech	Aurora	
system		

•  Raffreddata	ad	acqua:	alta	
efficienza	energeTca	
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In	linea	con	Industria	4.0	:	servizi	cloud	
avanzaT	per	favorire	la	compeTTvità	della	
piccola	media	impresa	



HPC	CLOUD	in	eXact	lab:	Openstack	

OpenStack	as	common	Infrastructure	AbstracTon	



2	CASI	DI	STUDIO		

SIMULAZIONI	HPC	per	
la	fluidodinamica	
navale		
	
Riconoscimento	di	
immagini	SEM		di	
nanoscienza		



E	a	Trieste	?	



E	quali	simulazioni	industriali		si	fanno	?		

OEmizzazione	di	queste	carene	porta	ad	evidenT	vantaggi		



La	Mesh	



HPC	System	HO	

PIATTAFORMA	HPC		WORKSTATION	

Worflow	di	simulazione	(originale)	
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Genera	
MESH		
Visualizza		
i	risultaT			

ESEGUE	IL	
CALCOLO	

CFD	

InfrastruSura	OpenViewSHIP		
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Virtual	
workstaTon	

C3HPC	
CLOUD	



Risorse	disco	
CONDIVISE		

IL	SISTEMA	HPC	
•  Linux	based		
•  Nessun	interfaccia	

grafica		

NODO	GRAFICO	
VIZNODE	
•  Cloud	based		
•  Doppia	GPU	

	WorkstaTon	
virtuali	
•  GPU	enabled!		
•  ElasTche	in	

dimensione		
•  Accessibile	da	

remoto	con	ogni	
device		

54	

Virtual	
workstaTon	

C3HPC	
CLOUD	

InfrastruSura	OpenViewSHIP		



VizNode	per	la	visualizzazione	remota	
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•  Sviluppato da eXact in collaborazione 
con Nvidia 

•  Testato dai partner OpenViewSHIP 
•  Disponibile in modalità Cloud su 

C3HPC.com 
•  Intera soluzione open source 
•  La componente a pagamento si limita 

al software di visualizzazione remota 
–  Prodotti commerciali: Nice DCV  e 

RGS (HPE) 

 



Algoritmi	Deep	Learning	per	la	classificazione	di	immagini..		

•  Problema	da	risolvere:	
–  Classificare	le	immagini	di	10	
SEM		del	progeSo	NFFA	

–  Solo	a	Trieste:	150.000	
immagini	!		

–  Salvare	le	immagini	in	un	“data	
repository”	per	permeSerne	
l’uso	e	la	ricerca	da	parte	di	altri	
utenT		

	 SOLUZIONE:	Deep	Learning	su	piaSaforma	HPC	



Classifying	SEM	images	by	hand		
•  We	created	and	manually	annotated	the	first	sample	of	classified	

SEM	images	(for	a	total	of	18,577	images).		
•  The	classified	SEM	image	are	stored	on	the	KITDM	as	a	standalone	

set	

•  We	invesTgated	the	transfer	learning	technique	on	the	above	
dataset	using	different	implementaTons	of	the	most	used	deep	
convoluTonal	networks:	The	average	test	of	the	algorithm	achieved		
90%	accuracy..	

•  This	set	will	be	published	in	order	to	be		used	as	a	reference	set	for	
future	neural	networks	trainings	in	the	nanoscience	domain.	

•  A	full	automated	procedure	has	been	setup	to	automaTcally	
annotate	SEM	images	once	user	load	them	on	the	KTDM&IDRP..	



Then	train	the	computer..		



And	then	make	the		computer	work	
for	us…	



Il	workflow	completo..	



Qualche	considerazione	

•  È	indispensabile	una	infrastruSura	di	calcolo	
HPC	per	gesTre	le	tecniche	di	deep	learning		in	
tempi	ragionevoli.		

•  Tali		tecniche	possono	essere	applicate	a	tanT	
altri	dataset	in	altri	ambiT	

•  In	corso	di	stesura	un	progeSo	per	l’analisi	di	
immagini	in	ambito	medico.		



Conclusioni	

•  HPC	è	strumento	per	gesTre/indagare/capire	la	enorme	mole	di	
daT	prodoE	da	una	societa’	moderna..	

•  HPC	è		strumento	fondamentale	per	l’innovazione	

•  MeSere	a	disposizione	un	ambiente	computazionale	completo	non	
è	semplice..		

•  il	paradigma	cloud	può	aiutare	ad	abbassare	la	barriera	iniziale	per	
SME.	

•  	eXact	lab	sta	lavorando	in	questa	direzione	in	collaborazione	con	
importanT	realtà	regionali		



	
Grazie	per	l’aUenzione	

	
Stefano		Cozzini	
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