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We outline a proposal for a strong and renewed support by INFN to its research groups active
in theoretical computational physics. We argue that theoretical computational physics is important
per se but it is also an important tool to understand in full the results and implications of present
and future experiments. We describe a consistent line of action, review the physics area that would
benefit from this line of support, and assess the level of resources needed to put this proposal in
practice. We discuss several important advantages that this initiative would bring to all of INFN.

I. INTRODUCTION

This document presents the case for a renewed support by INFN of a strong infrastructure for theoretical compu-
tational physics. This includes a large HPC computing system and a variety of support initiatives ensuring that the
computational community at INFN is able to retain in the future its current level of excellence at the international
level;

The ethos behind this proposal is that INFN has consistently had for many years a world class computational
community; this community organized itself and reached its recognized status through a strong support that INFN
o↵ered during the last two decades of the previous century; however this support has faded almost completely for the
last ten years ago and the e↵ects of this lack of support are quickly becoming extremely serious.

Our computational community is obviously dependent on state-of-the-art HPC facilities. It is an established fact
today that no single institution is able to provide all the computing resources – expensive and complex to operate
– needed by the most computer greedy areas of computational physics, such as Lattice Gauge Theories. In order
to find a solution to this problem, collaborations have expanded across national borders in order to pool available
computing resources, and a large HPC-access program supported by the EU – PRACE – has started. This trend is a
viable solution to the problem when “averaged” across all European countries, but it raises serious problems to those
national communities – and this is the case for INFN physicists – that have no access to sizeable “private” resources:
in fact, algorithm development and test, code optimization, exploration of new risky ideas, advanced training of
younger scientists and – at the bottom line – the possibility to influence major decisions within a large collaboration
all depend strongly on flexible, unconstrained access to (not necessarily too large but also not too small) machines.

This proposal aims to reverse this trend and set up an ambitious and far-fetched programme that sinergically
combines scientific excellence with state-of-the-art computing facilities.

As a quick reading guide for this document, read section II to know why we want to do what, read sections III
thorough VIII if you want to learn about the scientific perspective of our initiative, read section VIII for a quick
overview of available techhonoly options, read section X for a detailed discussion of the level of support that we
request; finally, read section XI for the expected direct impact of the project and its extended fallout on other areas
of interest for INFN.

In details, this is the structure of our document: after the introduction, an almost self-contained section discusses
the need for substantial support to computational physics, presents a detailed proposal of the required actions and
sums up the necessary resources. The next 6 sections present the state of the art and the scientific perspective of those
areas of computational physics in which INFN physicists have a leading role and that would strongly benefit from this
initiative; the following section describes technology options that we may consider. This is followed by an assessment
of what this initiative needs and the associated level of funding. We end the paper discussing how this initiative may
bring cross-cutting advantages to INFN physics beyond the CSN4 and adding some concluding remarks.
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Gruppo Teorico e calcolo HPC:  una lunga 
tradizione

~1985-1995:  Cray 1M, Cray X-MP/12-48, Cray Y-MP, Cray T3D/64  
(CINECA)

~1985-2010:  APE, APE100, APEmille, apeNEXT

~2010-…:  cluster locali, cluster CSN4 (Zephiro)

~2012: nuova convenzione CINECA:  BlueGene/Q (FERMI), 
IBM cluster (GALILEO), Lenovo cluster (MARCONI)

…

Le risorse di calcolo:



4http://www.ggi.fi.infn.it//index.php?page=events.inc&id=10

apeNEXT (fino a ~ 2010)

http://www.ggi.fi.infn.it//index.php?page=events.inc&id=10
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I cluster (dal 2007)

I cluster locali (Bari (BA-CS-GE-LE-NA-TO), Catania (CT-PD-LNS-RM1), 
MilanoBicocca (MIB-PR-RM2-TO), Pisa(PI-MI-RM1))  (~  2007-2008) 
~ 500 cores di calcolo    ~  4 Mcorehours

cluster CSN4 “Zefiro”  (~2010)  O(2000) cores 20 TFlops     
 ~16 Mcorehours

“Test FARM per HPC” (24 biprocessori Xeon @3.2GHz, Infiniband)  
—> CNAF   (~2006)    ~100 GFlops di picco
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Il progetto Premiale SUMA e la nuova 
convenzione INFN-CINECA   (~2012)

SUMA  1900 Keuro, BA / FE / MIB / PI / PR / RM1 / RM2 / RM3

Updated proposal and workplan of the SUMA

project

The INFN-SUMA team: R. Alfieri, R. Ammendola,

S. Arezzini, D. Badoni, M. Brambilla, R. Benzi,

L. Biferale, A. Carboni, A. Ciampa, L. Cosmai,

R. Covati, G. De Divitiis M. D’ Elia, R. De Pietri,

C. Destri, F. Di Renzo, A. Feo, R. Frezzotti

P. Giannozzi, L. Giusti, G. La Penna, V. Lubicz,

A. Lonardo, E. Mazzoni, V. Minicozzi, S. Morante,

P. S. Paolucci, A. Papa M. Papinutto, M. Pepe,

R. Petronzio M. Pivanti, S. Piras, F. Rapuano,

D. Rossetti, G. C. Rossi, A. Salamon, G. Salina,

M. Sbragaglia, S. F. Schifano, S. Simula, N. Tantalo

C. Tarantino, R. Tripiccione, E. Vicari, P. Vicini,

A. Vladikas

January 14, 2013

Abstract

This document is a detailed proposal and workplan of the SUMA

project. The main goals of this project are: i) support the currents need

of the theoretical computational community at INFN; ii) perform early

experiments on forthcoming computing architectures in order to prepare

for a smooth and e�cient transition towards exascale computing: iii) fur-

ther support the technological developments in computing architecture

made at INFN and investigate all ways in which these developments can

be exploited for Exascale computing; iv) bring together several institu-

tions and research groups, to help establish a national eco-system in the

area of the computational sciences. This paper first considers the broad

strategic ideas behind the project and then describes in details the struc-

ture of the endeavor, its organization, its break-up in workpackages and

its cost estimate. The document ends with an appendix on the physics

background to the project.
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09/02/2017 Project Meetings and Workshops

https://web.infn.it/SUMA/index.php/project-meetings 1/1

Username  Username

Password  Password

Remember Me 
Log in

Forgot your username?

Forgot your password?

Meetings

April 1­2, 2014 (Ferrara): Agenda

November 8, 2013 (Roma, La Sapienza): Agenda

July 26, 2013 (Roma, La Sapienza): Agenda

December 11, 2012 (CINECA) : Agenda

 

Workshops

February 11­13, 2015 (Trento) : Agenda

~ 22 annualità postdoc
35 journal papers 
38 conference papers

cluster Zefiro

GALILEO
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Il progetto Premiale SUMA e la nuova 
convenzione CINECA   (~2012)

GALILEO

FERMI

ABOUT US RESOURCES SERVICES FOR USERS TRAINING

PROJECTS

Home

FERMI, the largest Italian HPC system

FERMI was taken out of production on Jul 18, 2016.

This largest system, Tier-0 at european level, is based on IBM BlueGene/Q (BGQ)architecture. It replaced the IBM SP6

supercomputer and was installed and became fully operational in summer 2012.

FERMI is composed of 10.240 PowerA2 sockets running at 1.6GHz, with 16 cores each, totaling 163.840 compute cores

and a system peak performance of 2.1 PFlops.

Each processor comes with 16 Gbyte of RAM (1Gbyte per core).

The BG/Q system is equipped  with a performant scratch storage system with a capacity of 2.6 Pbyte  and a bandwidth

in excess of 100 GByte/s.

Access to FERMI is on the basis of national and European calls for proposals. ISCRA (Italian SuperComputing Resources

Allocation) and PRACE manage the access to the Tier-0 supercomputer by the way of international peer-review procedures

ensuring world-class research.

Architecture: IBM BlueGene/Q

Model: 10 racks

Processor Type: IBM PowerA2, 1.6 GHz

Computing Cores:  163840 

Computing Nodes:  10240, 16 core each

RAM: 16 GB/node, 1GB/core 

Internal Network: custom with 11 links -> 5D Torus

Disk Space:  2.6 PB of scratch space 

Peak Performance: 2PFlop/s

BigDFT

cfitsio

CP2K

ESSL

gdb

h5py

iRods

libxc

Octopus

PFFT

zlib

© Copyright 2012 SCAI - SuperComputing Applications and Innovation - CINECA (P.IVA: 00502591209  -  Privacy e Cookies
policy)  

Home Contacts CINECA

Search

FERMI

FERMI | SCAI http://www.hpc.cineca.it/hardware/fermi

1 of 1 09/02/2017, 11:13

(~ Sep 2012 - Jul 2016)

(~ Feb 2015 - 
Oct 2017 (?) )

~ 1300 Mcorehours / anno 
(INFN: ~500 Mcorehours in 4 anni

ABOUT US RESOURCES SERVICES FOR USERS TRAINING

PROJECTS

Home › Resources › Hardware

The Italian Tier-1 cluster  for industrial and public research
This machine is our Tier-1 system, introduced in CINECA on January 2015. It is devoted to
scientific computing on the basis of national and European proposals. On Galileo also special HPC
technical oriented projects are developed in collaboration with our specialists. 

This Tier-1 supercomputer is among  the fastest supercomputer available to Italian industrial
and public  researchers.  It  is  equipped with  up-to  date  Intel  accelerators  (Intel  Phi  7120p),
NVIDIA accelerators (NVIDIA Tesla K80), as well as top level programming environment and a
number of Application Tools required by the projects activated on it.

Galileo  is  mainly  used  to  develop  and  run  applications  targeted  at  hybrid  architectures,
leveraging software applications in the fields of computational fluid dynamics, material and life
science, and geophysics. The computing system is also available to European researchers as a
Tier-1 system of the PRACE infrastructure.

Model: IBM NeXtScale

Architecture: Linux Infiniband Cluster

Nodes: 516 
Processors: 2 8-cores Intel Haswell 2.40 GHz per node
Cores: 16 cores/node, 8256 cores in total
Accelerators: 2 Intel Phi 7120p per node on 384 nodes (768 in total); 2 NVIDIA K80 per node
on 40 nodes (80 in total, 20 available for scientific research)
RAM: 128 GB/node, 8 GB/core
Internal Network: Infiniband with 4x QDR switches
Disk Space: 2.000 TB of local scratch
Peak Performance: 1.000 TFlop/s (to be defined)

Operating system: CentOS 7.0

Abaqus

ADF

ANSYS

Blas

cgal

cp2k

CPMD

crystal14

dl_poly

FFTW

g09

Gaussian

globus

gsl

HDF5

LAPACK

MatPlotLib

MKL

Home Contacts CINECA

Search

GALILEO

GALILEO | SCAI http://www.hpc.cineca.it/hardware/galileo

1 of 2 09/02/2017, 11:19

~ 70 Mcorehours / anno    
(INFN: 15 Mcorehours/anno)
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FIG. 1: Comparison of computing resources directly available at INFN and from other sources; the vertical scale is
in Gflops; the orange line shows the performance of the first entry of the TOP500 rank; the green dots at left are the
integrated performance of the APE systems at the corresponding points in time; the two green dots at right are the
Zefiro cluster at INFN-Pisa and the SUMA Large Prototype installed at CINECA (both systems have been funded
through the SUMA MIUR project); the two blue horizontal lines are the available and forecast performance of the
Tier-0 systems at CINECA, while the horizontal pink line is the forecast performance of the Tier-0 system at the
Jülich Supercomputer Centre in Germany. Finally, the orange dot is the expected performance of the largest HPC

system foreseen in the US in the near future.

II. THE CASE FOR A RENEWED INFN SUPPORT OF COMPUTATIONAL PHYSICS

High Performance Computing started to play an important role for theory at INFN around the year 1980, when a
fairly large group of physicists started to work in the (at the time) all new area of Lattice Gauge Theories (LGT).
INFN groups working in LGT quickly produced excellent scientific results: while a full review is not appropriate
here, one should cite at least: i) the result by Parisi and co-workers that defined a framework for an approximate
but computationally viable computation of the hadron masses, ii) the seminal paper by Cabibbo and Parisi on the
liberation of quarks and gluons in the Quark Gluon Plasma, and iii) the early work on the measurement of the weak
interaction matrix elements on hadron states made by Maiani, Martinelli and collaborators: in short all main areas of
LGT have seen INFN researchers at the forefront of development since the early years. Other areas of computational
physics quickly developed, including a significant contribution to the theoretical/computational aspects of turbulence
in fluid dynamics: in this area, Extended Self Similarity (ESS) - a hitherto unknown scaling property of the correlation
functions of the velocity field in a turbulent fluid - was first derived from numerical work done at INFN and then
experimentally confirmed. Computational physics quickly gathered momentum in several other areas, including
nuclear physics, numerical general relativity, quantitative biology and disordered systems, all areas that we do not
discuss further in this section for lack of space. Today the work of approximately 100 researchers belonging to the
CSN4 is strongly dependent on access to large computing facilities.

From 1980 to the first years of the new millennium, INFN o↵ered a strong support to its theoretical computational
groups, first by making funds available to access supercomputers at Computer Centres and then supporting the APE
projects, that – with their innovative massive parallel architecture – made available to INFN researchers computing
resources equal to those o↵ered by the largest existing machines at a fraction of the cost. INFN support for HPC
access has been in the period 1983 - 2003 consistently at the level of more that 2MEuro/year (rescaled at current
purchase power). The e↵ectiveness of this support is clearly seen in Fig. 1; the graph shows that the computing
power directly available to INFN has been – until 2003 – equivalent to the top entry of the TOP500 computer list,
that ranks the most powerful HPC computers all over the world.

This virtuous cycle, in which a very strong theory community uses top-of-range computing support, had an abrupt
stop in the early years of the new Millennium with the decision to stop further developments along the APE line and
– at the same time – not to fund alternate paths to HPC resources. Consequences are clearly seen again in Fig. 1,
showing that limited and erratic funding of computing facilities for theoretical physics have produced, in less that ten
years, a gap of roughly two orders of magnitude with respect to the larger and larger available top-rank machines.

The computational community at INFN managed somehow to cope with this larger and larger gap thanks to a
combination of circumstances: i) the national computing centre (CINECA) has operated reasonably large systems in
the last ten years and has made them available through an open access system (ISCRA) that grants computer time on
a peer-review basis; ii) a similar (and larger) mechanisms has been established at the European level, thorough the EU-

(*) Fig.1  in “The case for a renewed support of computational theoretical physics at INFN”

Le risorse di calcolo negli ultimi ~20 anni (*)
G

Fl
op

s

Years

APE100

APEmille
apeNEXT Zefiro

GALILEO

MARCONI
FERMI

Jülich

USA
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TOP 500  (Nov 1996)
6 entries found.

Rank Site System Cores
Rmax
(GFlop/s)

Rpeak
(GFlop/s)

Power
(kW)

155 CINECA (/site/47495)
Italy

T3D MC128-8 (/system
/170950)
Cray Inc.

128 12.8 19.2

299 CINECA (/site/47495)
Italy

SP2/32 (/system
/169570)
IBM

32 6.6 8.5

307 Centro Di Calcolo
Interuniversiatrio Dell Italia
(/site/47538)
Italy

T3D MCA64-8 (/system
/170995)
Cray Inc.

64 6.4 9.6

327 CRS4 (/site/47506)
Italy

SP2/30 (/system
/169553)
IBM

30 6.2 8.0

407 CILEA (/site/47494)
Italy

SPP1600/XA-32 (/system
/170723)
HPE

32 5.5 7.7

466 Centro Italiano Ricerche
Aerospaziali (CIRA) (/site
/47540)
Italy

POWER CHALLENGE
10000 (/system/168538)
HPE/SGI

16 4.9 6.2

All

OS Family

All

Rank from

1

Rank to

500

Submit

(/lists/2016/11) (/resources

/top-systems/)

(/statistics/)

 

Sublist Generator | TOP500 Supercomputer Sites https://www.top500.org/statistics/sublist/

2 of 3 08/02/2017, 12:52
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6 entries found.

Rank Site System Cores
Rmax
(TFlop/s)

Rpeak
(TFlop/s)

Power
(kW)

12 CINECA (/site
/47495)
Italy

Marconi Intel Xeon Phi - CINECA
Cluster, Intel Xeon Phi 7250 68C
1.4GHz, Intel Omni-Path (/system
/178937)
Lenovo

241,808 6,223.0 10,833.0

29 Exploration &
Production - Eni
S.p.A. (/site/50489)
Italy

HPC2 - iDataPlex DX360M4, Intel
Xeon E5-2680v2 10C 2.8GHz,
Infiniband FDR, NVIDIA K20x
(/system/178425)
IBM

72,000 3,188.0 4,605.0 1,227

56 CINECA (/site
/47495)
Italy

Fermi - BlueGene/Q, Power BQC
16C 1.60GHz, Custom (/system
/177720)
IBM

163,840 1,788.9 2,097.2 821.9

57 CINECA (/site
/47495)
Italy

Marconi Intel Xeon - Lenovo
NeXtScale nx360M5, Xeon
E5-2697v4 18C 2.3GHz, Omni-Path
(/system/178755)
Lenovo

54,432 1,723.9 2,003.1 1,360.8

212 CINECA (/site
/47495)
Italy

GALILEO - IBM NeXtScale
nx360M4, Xeon E5-2630v3 8C
2.4GHz, Infiniband QDR, Intel Xeon
Phi 7120P (/system/178549)
IBM/Lenovo

50,232 684.3 1,103.1 2,825.6

371 Exploration &
Production - Eni
S.p.A. (/site/50489)
Italy

HPCC1 - iDataPlex DX360M4, Xeon
E5-2670 8C 2.600GHz, Infiniband
FDR14 (/system/178200)
IBM

24,000 454.1 499.2 498.5

All

OS Family

All

Rank from

1

Rank to

500

Submit

Sublist Generator | TOP500 Supercomputer Sites https://www.top500.org/statistics/sublist/

2 of 3 08/02/2017, 11:50

TOP 500  (Nov 2016)
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Sunway TaihuLight  (China)

MARCONI
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La convenzione con il CINECA
FERMI  (SET 2012- JUL 2016)

Area corehours percentuale
Lattice QCD 341,884,550 81.42
General Relativity 39,618,431 9.44
Quantitative Biology 7,513,439 1.79
Fluid Dynamics 23,968,009 5.71
Nuclear Physics 6,898,870 1.64
Totale 419,883,299 100.00

Fabbisogno 2017 dal documento "CIPE" percentuale
Lattice QCD 1020 73.65
General Relativity 170 12.27
Quantitative Biology 15 1.08
Fluid Dynamics 160 11.55
Nuclear Physics 20 1.44
Totale 1385 100.00

i.s. corehours percentuale
FBS 3,909,987 0.93
FTeCP   36,062,944 8.59
biophys 7,513,439 1.79
fldturb 23,968,009 5.71
lqcd123 106,970,718 25.48
manybody 2,988,883 0.71
npqcd   101,896,796 24.27
qcdlat  96,954,092 23.09
teongrav 39,618,431 9.44
TOTALE 419,883,299 100.00

Lattice	QCD
81%

General	
Relativity

9%

Quantitative	
Biology
2%

Fluid	Dynamics
6%

Nuclear	Physics
2%

FBS

1% FTeCP
9% biophys

2%
fldturb
6%

lqcd123
25%

manybody
1%

npqcd

24% 

qcdlat
23%

teongrav
9%
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La convenzione con il CINECA
GALILEO  (FEB 2015-  JAN 2017)

i.s. corehours percentuale
FBS 251,737 0.96
FTeCP 558,171 2.12
biophys 3,184,282 12.09
fldturb 2,338,680 8.88
lqcd123 3,064,944 11.64
manybody 1,001,300 3.80
npqcd 4,736,025 17.99
qcdlat 6,201,524 23.55
teongrav 4,112,987 15.62
LHCb 37,156 0.14
test 91,437 0.35
nemesys 502,815 1.91
fusion 249,980 0.95
TOTALE 26,331,038 100.00

Area corehours percentuale
Lattice QCD 14,560,664 55.30
General Relativity 4,112,987 15.62
Quantitative Biology 3,184,282 12.09
Fluid Dynamics 2,338,680 8.88
Nuclear Physics 1,253,037 4.76
Condensed matter 502,815 1.91
Others 378,573 1.44
TOTALE 26,331,038 100.00

Lattice	QCD
55%

General	Relativity
16%

Quantitative	
Biology
12%

Fluid	Dynamics
9%

Nuclear	Physics
5%

Condensed	
matter
2%

Others
1%

FBS

1% 
FTeCP
2%

biophys
12%

fldturb
9%

lqcd123
12%

manybody
4%

npqcd

18% 

qcdlat
23%

teongrav
16%

LHCb

0% 

test

0% 
nemesys

2%
fusion
1%
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09/02/2017, 11)35Statistics Cineca hardware utilization - 2016 | SCAI

Page 4 of 6http://www.hpc.cineca.it/content/statistics-cineca-hardware-utilization-2016

Figure 2: Core Hours on Cineca HPC infrastructure, Fermi and  Marconi (Tier 0) and Galileo (Tier
1) via call PRACE, ISCRA, LISA and via agreement and contracts/project EU in period January -
December 2016. 

Figure 3: Core hours in December 2016 on Marconi e GALILEO grouped by Research Areas.

Here you can see the graphics of the previous months (January - November 2016):

MARCONI 
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Page 1 of 1http://www.hpc.cineca.it/sites/default/files/u153/FERMI_07_2016_SCIENCE.png

FERMI

MARCONI GALILEO

Un confronto con le altre attività 
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The case for a renewed support of computational theoretical physics at INFN

S. Arezzini, L. Biferale⇤, M. Caselle⇤, A. Cea, A. Ciampa, L. Cosmai, G. de Divitiis, M. D’Elia, R. De Pietri⇤, C.
Destri, P. Dimopoulos, F. Di Renzo, R. Frezzotti, L. Giusti⇤, G. La Penna, M. P. Lombardo⇤, V. Lubicz⇤,
E. Marinari, G. Martinelli, V. Minicozzi, S. Morante⇤, M. Nicodemi⇤, A. Papa⇤, M. Papinutto, G. Parisi,

F. Pederiva⇤, A. Pellissetto⇤, M. Pepe, F. Rapuano, C. Ratti, G. C. Rossi⇤, G. Salina, F. Schifano,
S. Simula, N. Tantalo, C. Tarantino, R. Tripiccione⇤, E. Vicari, P. Vicini⇤, M. Viviani⇤, T. Vladikas

⇤ Conveners

(Dated: February 18, 2015)

We outline a proposal for a strong and renewed support by INFN to its research groups active
in theoretical computational physics. We argue that theoretical computational physics is important
per se but it is also an important tool to understand in full the results and implications of present
and future experiments. We describe a consistent line of action, review the physics area that would
benefit from this line of support, and assess the level of resources needed to put this proposal in
practice. We discuss several important advantages that this initiative would bring to all of INFN.

I. INTRODUCTION

This document presents the case for a renewed support by INFN of a strong infrastructure for theoretical compu-
tational physics. This includes a large HPC computing system and a variety of support initiatives ensuring that the
computational community at INFN is able to retain in the future its current level of excellence at the international
level;

The ethos behind this proposal is that INFN has consistently had for many years a world class computational
community; this community organized itself and reached its recognized status through a strong support that INFN
o↵ered during the last two decades of the previous century; however this support has faded almost completely for the
last ten years ago and the e↵ects of this lack of support are quickly becoming extremely serious.

Our computational community is obviously dependent on state-of-the-art HPC facilities. It is an established fact
today that no single institution is able to provide all the computing resources – expensive and complex to operate
– needed by the most computer greedy areas of computational physics, such as Lattice Gauge Theories. In order
to find a solution to this problem, collaborations have expanded across national borders in order to pool available
computing resources, and a large HPC-access program supported by the EU – PRACE – has started. This trend is a
viable solution to the problem when “averaged” across all European countries, but it raises serious problems to those
national communities – and this is the case for INFN physicists – that have no access to sizeable “private” resources:
in fact, algorithm development and test, code optimization, exploration of new risky ideas, advanced training of
younger scientists and – at the bottom line – the possibility to influence major decisions within a large collaboration
all depend strongly on flexible, unconstrained access to (not necessarily too large but also not too small) machines.

This proposal aims to reverse this trend and set up an ambitious and far-fetched programme that sinergically
combines scientific excellence with state-of-the-art computing facilities.

As a quick reading guide for this document, read section II to know why we want to do what, read sections III
thorough VIII if you want to learn about the scientific perspective of our initiative, read section VIII for a quick
overview of available techhonoly options, read section X for a detailed discussion of the level of support that we
request; finally, read section XI for the expected direct impact of the project and its extended fallout on other areas
of interest for INFN.

In details, this is the structure of our document: after the introduction, an almost self-contained section discusses
the need for substantial support to computational physics, presents a detailed proposal of the required actions and
sums up the necessary resources. The next 6 sections present the state of the art and the scientific perspective of those
areas of computational physics in which INFN physicists have a leading role and that would strongly benefit from this
initiative; the following section describes technology options that we may consider. This is followed by an assessment
of what this initiative needs and the associated level of funding. We end the paper discussing how this initiative may
bring cross-cutting advantages to INFN physics beyond the CSN4 and adding some concluding remarks.
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Ricerca, da Cipe ok a 5 progetti per oltre 30 milioni 
Dall’infrastruttura di calcolo, agli stage internazionali

Oltre  30 milioni  di  euro  per  finanziare  progetti  di  ricerca.  Il  Cipe  (Comitato  interministeriale  di  programmazione
economica)  ha  ammesso  al  finanziamento,  a  valere  sul  Fondo  integrativo  speciale  per  la  ricerca  (Fisr),  cinque
iniziative, dall’infrastruttura di calcolo agli stage per studenti universitari e ricercatori in aziende italiane all’estero. 

“High performance data network”  

Proposto dall’Istituto Nazionale di Fisica Nucleare (INFN), il progetto vuole contribuire a realizzare un’infrastruttura
di calcolo innovativa di punta a livello nazionale, dove fare anche formazione a giovani laureati e dottori di ricerca.
Valore complessivo: € 13.500.000.  

“Go for IT – Italian Talents – global entrepreneurship” 

Proposto  dalla  Fondazione Crui  (Conferenza  dei Rettori  delle Università  Italiane). Obiettivo  del  progetto  è  dare
ogni  semestre  la  possibilità  a  40  tra  studenti  universitari  e  giovani  ricercatori  italiani  di  sviluppare  le  proprie
competenze  e  acquisire  una  mentalità  imprenditoriale  e  internazionale,  puntando  sulla  collaborazione  e
sull’“ospitalità”  delle  comunità  di  imprenditori,  innovatori  e  investitori  italiani  all’estero  (Silicon  Valley,  Tel  Aviv,
Singapore,  Boston).  Gli  attori  coinvolti  sono,  oltre  al  Miur,  il  Maeci,  imprenditori  e  investitori  italiani.  Valore
complessivo: € 3.000.000. 

“Identificazione di agenti bioattivi da prodotti naturali di origine animale e vegetale – PRONAT” 

Proposto  dal  Consiglio  Nazionale  delle  Ricerche  (CNR)  coinvolgendo  primariamente  il  CNCCS  (Consorzio
Collezione Nazionale di Composti Chimici e Centro Screening), di cui è partner, e gli enti pubblici e privati ad esso
connessi con competenze specifiche ed esclusive nelle tematiche del progetto. Obiettivi: costituire una collezione
di  prodotti  naturali  provenienti  dalle  attività  di  ricerca  afferenti  al  CNR  e  altri  partner  accademici  come  fonte  di
molecole attive. Valore complessivo: € 6.500.000.  

“Nazareno Strampelli” per la ricerca e l’innovazione nella filiera Olivicola­Olearia 

Proposto da CREA “Consiglio per  la Ricerca e l’Analisi dell’Economia Agraria”,  in collaborazione con l’Università
degli  studi  della  Tuscia.  Il  progetto  sarà  sviluppato  in  stretta  sinergia  per  fornire,  agli  operatori  ed  al  territorio
nazionale, gli strumenti tecnologici e di ricerca adeguati a supportare il trasferimento e l’applicazione di innovazioni
tecnologiche nella filiera. Valore complessivo: € 2.997.753. 

Centro internazionale di studi avanzati su ambiente ed impatti su ecosistema e salute umana 

Proposto dal Consiglio Nazionale delle Ricerche (CNR) includendo anche altri enti pubblici e privati,  il progetto è
finalizzato alla realizzazione, in seno al CNR, di un Centro internazionale di studi avanzati su ambiente ed impatti
su  ecosistema  e  salute  umana  presso  la  sede  del  Polo  di  eccellenza  del  Mar  Mediterraneo  (ex  complesso
monumentale Roosevelt di Palermo),  recentemente costituito.  Insieme all’Istituto per  l’Ambiente Marino Costiero
del  CNR  di  Capo Granitola,  il  Centro  internazionale  di  studi  avanzati  su  ambiente  ed  impatti  su  ecosistema  e
salute umana intende costituire il polo di riferimento per il Dipartimento DTA del CNR in Sicilia su materie legate
alla salute dell’ambiente e dell’uomo. Valore complessivo: €. 6.500.000.
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2014 2016 2017

LGT: hadron physics 100 200 300

LGT: QGP and BSM 90 300 360

LGT: flavor physics 120 240 360

General relativity 60 140 170

Quantitative Biology 5 12 15

Fluid Dynamics 60 120 160

Nuclear Physics 10 15 20

Grand Total (Mcore-h) 445 1027 1385

Grand Total (Eq. Pflops) 0.640 1.49 2.00

TABLE II: Estimate of the yearly computing requirements of several areas of computational physics; units are
Mcore-hours. In the last line, the grand total is converted to the computing power of an HPC system fully available

to the INFN community.

appropriate corrections in all cases in which this approximation is too crude.
Tab. II shows the figures discussed above for the year 2014 and makes extrapolations for the years 2016 and 2017.

The last line in the table has an estimate of the grand total, that we rescale into equivalent Pflops (a possibly more
familiar unit) for a hypothetical HPC system fully dedicated to INFN projects, using the conversion factor that one
BG/Q core has a peak performance of ' 12.5 Gflops.

One sees from this table that INFN researchers have used in 2014 a computing power equivalent to roughly one
third of that available from Tier-0 systems in Italy, and that the expected grow-rate is of a factor 1.5⇥ per year. One
also sees that the vast majority of the computing resources go to LGT and fluid dynamics (which have roughly similar
architectural requirements) and to general relativity. One must also not forget that – especially in LGT – the results
obtained by INFN researchers have been made possible by pooled access to much larger (3⇥) resources within their
international collaborations

INFN machines today provide a truly negligible fraction of these resources. The Zefiro cluster in Pisa has a peak
performance of some 12 Tflops and the INFN partition of the new Tier-1 machine at CINECA should deliver some 60
Tflops: approximately one quarter of all resources used in 2014 comes from a collaboration agreement between INFN
and CINECA, and all the rest has been obtained by open access peer-reviewed programmes. The situation should
temporarily improve in 2015 with the use of the Tier-1 CINECA machine, but what happens at the end of 2015, when
the BG/Q machine is decommissioned, is fully out of control.

We would like to set the goal of ensuring that at least one third of the computing resources in 2016 should be
supported by INFN. If this goal is reached , a key advantage would be that INFN groups can make long term
programs for their research (algorithm development and production runs) work knowing that a fair fraction of their
computing resources is certainly available. This would almost reduce by a factor 2 (in log scale!) the performance gap
between INFN resources and those available at Tier-0 Computer Centres, reducing the gap itself to “only” slightly
more than one order of magnitude. This satisfactory situation would last for about three years (the typical life time
of an HPC system), and – at the end of this period – new solutions will have to be considered.

Our goal translates into the need for a large HPC installation with a peak performance in the 500 · · · 600 Tflops
bracket. A compute node today (e.g. 2 processors with 16 to 20 cores) has a peak performance in the order of 400
Gflops (note that this is a factor 1.5⇥ larger than the BG/Q node): we can expect an increase to 500 Gflops in the
next 12 months. This immediately translates into a cluster of 1000 · · · 1200 processing nodes.

In order to put the capabilities of this system in the perspective of physics e↵ectiveness,

• for LGT, with the Nf = 2 + 1 O(a)-improved Wilson fermions with pions at the physical value, this system
would be able to handle lattices such as

a = 0.090 ,
V

a4
= 128⇥ 2563 , L = 23 fm ; (4)

a = 0.047 ,
V

a4
= 256⇥ 1283 , L = 6.0 fm , (amc)

2 = 0.08 ; (5)

a = 0.065 ,
V

a4
= 16⇥ 2563 L = 16.6 fm , T =

1

L0
= 190 MeV . (6)

(7)

Supporto alle attività HPC e HTC dell’INFN
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Le risorse di calcolo 2017 (al CINECA)

convenzione INFN-CINECA  
 —>  6% MARCONI + 15 Mcorehours GALILEO

MARCONI “A1”

09/02/2017 MARCONI | Cineca

https://www.cineca.it/en/content/marconi 1/1

MARCONI

Italiano

Cineca's Tier0 system

MARCONI is the Cineca's Tier-0 system, co-
designed by Cineca and Lenovo, and based on
the Lenovo NeXtScale platform.

MARCONI, based on the next-generation of the
Intel® Xeon Phi™ product family alongside with
Intel® Xeon® processor E5-2600 v4 product
family, offers the scientific community a
technologically advanced and energy-efficient
high performance computing system.

The new system will gradually be completed in
about 12 months, between April 2016 and July
2017, according to a plan based on a series of
updates:

A1: a preliminary system going into production in July 2016, based on Intel® Xeon® processor
E5-2600 v4 product family (Broadwell) with a computational power of 2Pflop/s.
A2: by the end of 2016 a new section will be added, equipped with the next-generation of the Intel
Xeon Phi product family (Knights Landing), based on a many-core architecture, enabling an
overall configuration of about 250 thousand cores with expected additional computational power
of approximately 11Pflop/s.
A3: finally, in July 2017, this system is planned to reach a total computational power of about
20Pflop/s utilizing future generation Intel Xeon processors (Sky Lakes).

This supercomputer takes advantage of the new Intel® Omni-Path Architecture, which provides the high
performance interconnectivity required to efficiently scale the system’s thousands of servers. A high-
performance Lenovo GSS storage subsystem, that integrates the IBM Spectrum Scale™ (GPFS) file
system, is connected to the Intel Omni-Path Fabric and provides data storage capacity.

(see here the full press release).

Technical References - MARCONI - A1 (preliminary system into production since July 2016)

Model: Lenovo NeXtScale  
Architecture: Intel OmniPath Cluster 
Nodes: 1.512 
Processors: 2 x 18-cores Intel Xeon E5-2697 v4 (Broadwell) at 2.30 GHz 
Cores: 36 cores/node, 54.432 cores in total 
RAM: 128 GB/node, 3.5 GB/core 
Internal Network: Intel OmniPath 
Disk Space: 17PB (raw) of local storage 
Peak Performance: 2 PFlop/s 

FURTHER INFORMATION

Press release
New Cineca Supercomputer ‘MARCONI’

now available for Italian and European

research

News

New Cineca Supercomputer ‘MARCONI’

now available for Italian and European

research

The Marconi supercomputer joins the

Top500 list

Link
Lenovo
More information on HPC Portal

> >

MARCONI “A2”

09/02/2017 UG3.1: MARCONI UserGuide - SCAI - User Support - CINECA Technical Portal

https://wiki.u-gov.it/confluence/display/SCAIUS/UG3.1%3A+MARCONI+UserGuide 2/13

Cores: 36 cores/node, 54.432 cores in total 
RAM: 128 GB/node, 3.5 GB/core 
Internal Network: Intel OmniPath Architecture 2:1 
Disk Space: 17PB (raw) of local storage 
Peak Performance: 2 PFlop/s

 

System A2

Model: Lenovo Adam Pass  
Architecture: Intel OmniPath Cluster

Nodes: 3.600 
Processors: 1 x 68­cores Intel Xeon Phi 7250 CPU (Knights Landing)
at 1.40 GHz 
Cores: 68 cores/node (272 with HyperThreading),  244.800 cores in
total 
RAM: 16 GB/node of MCDRAM and 96 GB/node of DDR4 
Internal Network: Intel OmniPath Architecture 2:1 
Disk Space: 17PB (raw) of local storage 
Peak Performance: 11 PFlop/s

 

System Architecture
Marconi A1 (Broadwell) 

Racks: 21  
Compute Nodes: There are 1.512 nodes nx360M5. Each one contains 2x Intel Xeon Processor E5­2697 v4, with a clock of 2.30GHz. All the
compute nodes have 128 GB of memory, but only 118 GB can be asked for a job.   
Login and Service nodes: 8 Login (3 available for regular users) & 6 service nodes for cluster management, each one contains 2 x Intel Xeon
Processor E5­2697 v4 with a clock of 2.30GHz and 128 GB of memory.  

Marconi A2 (Knights Landing) 

Racks: 50  
Compute Nodes: There are a total of 244.800 nodes. Each one contains 1x Intel Xeon Phi 7250, with a clock of 1.40 GHz. All the compute nodes
have 128 GB of memory, but only 94 or 109 GB can be asked for a job.   
Login and Service nodes: 8 Login (3 available for regular users) & 6 service nodes for cluster management, each one contains 2 x Intel Xeon
Processor E5­2697 v4 with a clock of 2.30GHz and 128 GB of memory.

Login nodes are shared between A1 and A2. Service nodes are separated (6 for each partition), although they are identically configured.

 

Marconi Network 

Network type: new Intel Omnipath, 100 Gb/s. MARCONI is the largest Omnipath cluster of the world. 
Network topology: Fat­tree 2:1 oversubscription tapering at the level of the core switches only. 
Core Switches: 5 x OPA Core Switch "Sawtooth Forest", 768 ports each. 
Edge Switch: 216 OPA Edge Switch "Eldorado Forest", 48 ports each. 
Maximum system configuration: 5(opa) x 768 (ports) x 2 (tapering) → 7680 servers.

 

 

Questo sito utilizza cookies tecnici per consentire la corretta navigazione. Confermando accetti il loro utilizzo. Se vuoi saperne di più e leggere

come disabilitarne l'uso, consulta l'informativa estesa OK

18 Mcorehours

120 Mcorehours

MARCONI “A3”    (2500 nodi Skylake)

INFN:  ~ 400 nodi Intel Skylake
nodo Skylake:   
2*20 cores @2.3GHz, 192 GB Ram, 
2,950 GFlops

~1.2  PFlops ~ JUL 2017
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(alcune)  CONCLUSIONI
Collaborazione INFN - 

CINECA rende possibile 
affrontare progetti di fisica 
con utilizzo di significative 
risorse hardware.

La comunità scientifica 

INFN ha a disposizione 
una buona base di risorse 
di calcolo con la possibilità 
di accedere con maggiore 

probabilità di successo alle 
risorse ISCRA-PRACE.

Consolidare  e favorire un 

adeguato upgrade nei 
prossimi anni delle risorse 
di calcolo HPC a 
disposizione della  

comunità di fisica teorica 
INFN.  

MARCONI
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