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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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High Performance Computing nell’INFN

~1980   Lattice Gauge Theories,  importanti contributi di teorici italiani

~1983-2003  Progetto APE,  sviluppo di calcolatori paralleli dedicati alle LGT  
(~2 Meuro/anno rivalutati a oggi)

~1986   APE             —>        1 Gflops           (~Cray XMP) 

~1994   APE100     —>  100 GFlops            (~Cray T3D) 

~1998   APEmille   —>       1  TFlops            (~Cray T3E) 

~2003   apeNEXT   —>     10 Tflops             (~ASCI white)

screenshot da N. Cabibbo “The APE experience” , GGI - Firenze, 8 Feb 2007 



9. Quantum chromodynamics 39

They are well within the uncertainty of the overall world average quoted above. Note,
however, that the average excluding the lattice result is no longer as close to the value
obtained from lattice alone as was the case in the 2013 Review, but is now smaller by
almost one standard deviation of its assigned uncertainty.

Notwithstanding the many open issues still present within each of the sub-fields
summarised in this Review, the wealth of available results provides a rather precise and
reasonably stable world average value of αs(M2

Z), as well as a clear signature and proof of
the energy dependence of αs, in full agreement with the QCD prediction of Asymptotic
Freedom. This is demonstrated in Fig. 9.3, where results of αs(Q2) obtained at discrete
energy scales Q, now also including those based just on NLO QCD, are summarized.
Thanks to the results from the Tevatron and from the LHC, the energy scales at which
αs is determined now extend up to more than 1 TeV♦.

QCD αs(Mz) = 0.1181 ± 0.0011

pp –> jets
e.w. precision fits (N3LO)  

0.1

0.2

0.3

αs (Q2)

1 10 100Q [GeV]

Heavy Quarkonia (NLO)
e+e–   jets & shapes (res. NNLO)

DIS jets (NLO)

April 2016

τ decays (N3LO)

1000

 (NLO
pp –> tt (NNLO)

)(–)

Figure 9.3: Summary of measurements of αs as a function of the energy scale Q.
The respective degree of QCD perturbation theory used in the extraction of αs is
indicated in brackets (NLO: next-to-leading order; NNLO: next-to-next-to leading
order; res. NNLO: NNLO matched with resummed next-to-leading logs; N3LO:
next-to-NNLO).

♦ We note, however, that in many such studies, like those based on exclusive states of
jet multiplicities, the relevant energy scale of the measurement is not uniquely defined.
For instance, in studies of the ratio of 3- to 2-jet cross sections at the LHC, the relevant
scale was taken to be the average of the transverse momenta of the two leading jets [381],
but could alternatively have been chosen to be the transverse momentum of the 3rd jet.

October 1, 2016 19:59
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C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016)

Asymptotic 
Freedom

QCD becomes 
strongly coupled at 
the hadronic scale 1 
GeV or 1 fm (10-13 

cm)

Lattice QCD come esempio di intensità 
computazionale

Discretizzazione dello spazio-tempo

Aspetti non perturbativi della QCD L. Cosmai 58
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18. Lattice QCD 3

Figure 18.1: Sketch of a two-dimensional slice through the µ − ν plane of a
lattice, showing gluon fields lying on links and forming either the plaquette product
appearing in the gauge action or a component of the covariant derivative connecting
quark and antiquark fields.

as long as one chooses β = 6/g2
lat for the lattice coupling. In this expression, glat is

the bare coupling constant in the lattice scheme, which can be related (by combining
continuum and lattice perturbation theory) to a more conventional coupling constant
such as that in the MS scheme (see Sec. 18.3.4 below).

In practice, the lattice spacing a is non-zero, leading to discretization errors. In
particular, the lattice breaks Euclidean rotational invariance (which is the Euclidean
version of Lorentz invariance) down to a discrete hypercubic subgroup. One wants to
reduce discretization errors as much as possible. A very useful tool for understanding
and then reducing discretization errors is the Symanzik effective action: the interactions
of quarks and gluons with momenta low compared to the lattice cutoff (|p| ≪ 1/a)
are described by a continuum action consisting of the standard continuum terms (e.g.
the gauge action given in Eq. (18.2)) augmented by higher dimensional operators
suppressed by powers of a [5]. For the Wilson lattice gauge action, the leading

corrections come in at O(a2). They take the form
∑

j a2cjO
(j)
6 , with the sum running

over all dimension-six operators O
(j)
6 allowed by the lattice symmetries, and cj unknown

coefficients. Some of these operators violate Euclidean rotational invariance, and all of
them lead to discretization errors of the form a2Λ2, where Λ is a typical momentum
scale for the quantity being calculated. These errors can, however, be reduced by adding
corresponding operators to the lattice action and tuning their coefficients to eliminate the

October 1, 2016 19:59
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Lattice QCD come esempio di intensità 
computazionale

hO(U, q, q̄)i = (1/Z)

Z
[dU ]

Y

f

[dqf ][dq̄f ]O(U, q, q̄)e�Sg[U ]�
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f q̄f (D[U ]+mf )qf

Z =

Z
[dU ]e�Sg[U ]

Y

f

det(D[U ] + mf)

Numero di variabili di integrazione: N3
s ⇥ Nt ⇥ 4 ⇥ 9

Integrazione numerica diretta non è possibile Metodi Monte Carlo

“Esperimento” numerico Errori statistici (dal Monte Carlo)

Errori sistematici  (dalla discretizzazione)

Il costo computazionale (e.g.  2 flavour)

[A. Ukawa, Lattice 2001 Proceedings]
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The Rational Hybrid Monte Carlo algorithm M. A. Clark
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Figure 9: AsqTad force magnitudes before and
after strange preconditioning (V = 44, Nf = 2+1,
ml = 0.01, ms = 0.05, b = 6.76) [30].

Figure 10: An updated Berlin wall plot comparing the
costs of various fermion formulations.

previous section, here we do the same but with AsqTad fermions,
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1
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1
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2

det(Ms)
3
4 .

With staggered kernels, the mass is simply a multiple of the identity, this leads to a particularly
simple form of fermion action since we can represent the ratio function by a single rational approx-
imation [30]
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In figure 9 we have plotted the breakdown of the force magnitudes before and after the mass precon-
ditioning. The effect from the preconditioning is apparent in the plot: the light quark contribution is
reduced by an order of magnitude and the strange quark increases by a factor of 3, as would be ex-
pected. Again, we can take advantage of this through the use of a multiple timescale integrator. The
mass preconditioning allows for a vast reduction in the CG cost of producing AsqTad ensembles,
but this does not correspond to a likewise reduction in the total operation count: the triple strangle
is the dominant cost as expected but this cost does not come from CG iterations, rather from the
expensive operator derivative calculation that is required with AsqTad fermions [31]. Thus any
further mass preconditioning is detrimental to performance because although it may reduce the CG
count, it introduces more operations since each timescale requires a separate derivative calculation.
The solution to this problem is to use the nth root method the triple strange. This introduces more
pseudofermions all on a single timescale, allowing each field to reuse the same derivative calcula-
tion, greatly reducing the cost, while increasing the stepsize of the triple strange timescale. Thus

12

Lattice QCD come esempio di intensità 
computazionale

M.A. Clark, arXiv:hep-lat/0610048
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✓
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[M.Bruno et al., arXiv:1411:3982]

[A. Ukawa, Lattice 2001 Proceedings]
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APE100

APEmille

apeNEXT

APE sulla scala TOP500



12http://www.ggi.fi.infn.it//index.php?page=events.inc&id=10

http://www.ggi.fi.infn.it//index.php?page=events.inc&id=10
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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    ~1 TFlops 
~  4 Mcorehours

cluster CSN4 
“Zefiro”  (~2013)  O(2000) 
cores ~10 TFlops     
 ~16 Mcorehours

“Test FARM per HPC” (24 
biprocessori Xeon @3.2GHz, 
Infiniband)  
—> CNAF   (~2006)    ~100 GFlops 
di picco

dopo APE:   
i cluster di PC finanziati dalla CSN4

cluster al CNAF

APEmille

apeNEXT

APE100

cluster locali

Zefiro
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~2012:  convenzione INFN-CINECA

~2013:  progetto premiale SUMA

Nuove importanti risorse HPC

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.

1

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

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

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

FERMI

risorse a disposizione della comunità 
di fisica computazionale teorica INFN ~10%
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APE100

APEmille

apeNEXT

FERMI

GALILEO

cluster al CNAF

cluster locali

Zefiro

con FERMI  & GALILEO…
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“The case for a renewed support of 
computational theoretical physics at INFN”

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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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)
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Roma, 23 dicembre 2015

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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Lo stato attuale delle risorse HPC per la comunità di  
Fisica Teorica Computazionale INFN

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”   (cofinanziamento INFN) (*)

~1.4  PFlops ~ JUL 2017

7 

Allegato 1 

Caratteristiche tecniche del sistema di calcolo previso dall' Accordo 

 

1. Potenziamento del sistema di calcolo Marconi – A3 da utilizzare per il calcolo HPC in 

fisica teorica computazionale. 

 

L' intervento di potenziamento relativo al sistema di calcolo Marconi -A3 e' costituito 

da: 

- 428 nodi di calcolo. Ogni nodo di calcolo comprende: 

 Due processori Intel Skylake a 24 core (48 core/nodo) con frequenza di 2.1 GHz; 

 potenza di picco di ~ 3.22 Tflops/nodode 

 Memoria DDR4 @ 2.666 GHz, 192 Gbyte/nodo (4 Gbyte/core) 

- I nodi sopradescritti sono integrati nel sistema Marconi – Partizione A3, costitutito 

globalmente da 2500 nodi di calcolo con le caratteristiche sopraelencate, utilizzanti 

sistema operativo Linux RedHat 

- L' intera partizione A3 e' dotata di una interconnessione ad alta banda e bassa latenza 

Omnipath Fat Tree 2:1 

- L' intera partizione A3 e' connessa ed utilizza in modo non esclusivo il sistema di 

storage  della macchina Marconi, con capacita' di storage raw in eccesso di 15 Pbyte e 

banda passante sostenuta dell' ordine di 100 Gbyte/sec  

 

2. Potenziamento del sistema di calcolo Marconi – A3 da utilizzare per il calcolo HTC 

(*) MARCONI “A3”   (2500 nodi)  ~ 8 PFlops
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Gestione delle risorse HPC dell’INFN al 
CINECA

Commissione risorse INFN al CINECA (*)
FBS  Michele Viviani 
BIOPHYS  Silvia Morante 
FIELDTURB  Alessandra Lanotte 
LQCD123   Silvano Simula 
MANYBODY  Francesco Pederiva 
NEMESYS  Antonello Sindona 
NPQCD   Leonardo Cosmai 
QCDLAT   Michele Pepe 
QFT_HEP   Maria Paola Lombardo 
SFT   Marco Panero 
STRENGTH  Nunzio Itaco 
TEONGRAV   Roberto De Pietri

(*)  riunioni periodiche in fonoconferenza  
       per decidere ripartizione risorse

Stato dei consumi di risorse HPC aggiornato (*) 

(*)  a inizio mese

https://docs.google.com/spreadsheets/d/1saap1WrD1nU9MvMp3mk3Kd9MPJkpZOXqI6pS5E1LRyI/edit?usp=sharing
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screenshot dal google sheet
https://docs.google.com/spreadsheets/d/1saap1WrD1nU9MvMp3mk3Kd9MPJkpZOXqI6pS5E1LRyI/edit?usp=sharing

https://docs.google.com/spreadsheets/d/1saap1WrD1nU9MvMp3mk3Kd9MPJkpZOXqI6pS5E1LRyI/edit?usp=sharing
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Utilizzo storico delle risorse HPC dell’INFN 
al 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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Utilizzo risorse HPC dell’INFN al CINECA da  
Settembre 2012 a  oggi   (*)

LATTICE

GENREL

NUCL-TH

FIELDTURB
BIOPHYS

COND-MAT
OTHERS

FERMI	- GALILEO	- MARCONI		

AREA Mcorehours %

LATTICE 442 76.6

GENREL 59 10.2

NUCL-TH 14 2.4

FIELDTURB 36 6.2

BIOPHYS 22 3.8

COND-MAT 3 0.5

OTHERS 1 0.2

Totale 577 100.0

(*) in unità core BG/Q FERMI
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Le risorse ISCRA e EU-PRACE (stima dal 2012 a 
oggi)

~30 progetti ISCRA (B-C) 

~18 progetti EU-PRACE

~1000 Mcorehours (in unità BG/Q Fermi)
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Fisica Teorica  e  calcolo HPC: 
stato  e  prospettive
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Le attività di fisica computazionale con 
utilizzo di risorse HPC  nella   CSN4

High Energy Physics - Lattice

General Relativity, Cosmology, Astroparticle Physics

Nuclear Physics

Fluid Dynamics Quantitative Biology

Disordered Systems Condensed Matter

LQCD123, NPQCD, QCDLAT, QFT_HEP, SFT

INDARK, NEUMAT, TEONGRAV

FBS, MANYBODY, STRENGTH

FIELDTURB BIOPHYS

DISCOSYNP NEMESYS

16 i.s.  
O(100) FTE

High Energy Physics - Phenomenology

QCD@Colliders
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Roma Tre, 9 Settembre 2014

Roma Sapienza, 13 Febbraio 2017

https://agenda.infn.it/conferenceDisplay.py?confId=12660

https://agenda.infn.it/conferenceDisplay.py?confId=8543

~50 partecipanti, 18 presentazioni, sessione di discussione

https://agenda.infn.it/conferenceDisplay.py?confId=12660
https://agenda.infn.it/conferenceDisplay.py?confId=8543
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Computational theoretical physics at INFN: status and perspectives (2018-2020)

R. Alfieri, B. Alles, S. Arezzini, S. Bernuzzi, L. Biferale, G. Boffetta⇤, C. Bonati, G. Brancato, C.M. Carloni
Calame, M. Caselle, P. Cea, A. Ciampa, M. Colpi, L. Cosmai⇤, L. Coraggio, G. de Divitiis, M. D’Elia⇤, R. De

Pietri⇤, E. De Santis, C. Destri, G. Di Carlo, P. Dimopoulos, F. Di Renzo, A. Drago⇤, P. Faccioli, R. Frezzotti⇤, A.
Gamba, A. Gargano, B. Giacomazzo, L. Giusti⇤, G. Gonnella, N. Itaco⇤, A. Kievsky, G. La Penna, A. Lanotte⇤, W.

Leidemann, M. Liguori⇤, M.P. Lombardo⇤, A. Lovato, V. Lubicz, L.E. Marcucci, E. Marinari, G. Martinelli⇤, A.
Mazzino, E. Meggiolaro, V. Minicozzi, S. Morante⇤, P. Natoli⇤, F. Negro, M. Nicodemi⇤, P. Olla, G. Orlandini, M.

Panero⇤, P.S. Paolucci⇤, A. Papa⇤, G. Parisi⇤, F. Pederiva⇤, A. Pelissetto, M. Pepe, F. Piccinini⇤, F. Rapuano,
G.C. Rossi, G. Salina, F. Sanfilippo, S.F. Schifano⇤, R. Schneider, S. Simula⇤, A. Sindona⇤, F. Stellato, N.

Tantalo, C. Tarantino, G. Tiana, R. Tripiccione⇤, P. Vicini⇤, M. Viel, M. Viviani⇤, T. Vladikas, M. Zamparo

⇤ Conveners

(Dated: April 26, 2017)

We present the status of computational theoretical physics at INFN, the results obtained by its
research groups active in this field and their research programs for the next three years. Computa-
tional theoretical physics, besides its own importance, is a powerful tool in understanding present
and future experiments. A continued support of INFN to computational theoretical physics is crucial
to remain competitive in this sector. We assess the high performance computing resources needed
to undertake the research programs outlined for the next three years.
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Computational theoretical physics at INFN: status and perspectives (2018-2020)
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(Dated: April 26, 2017)

We present the status of computational theoretical physics at INFN, the results obtained by its
research groups active in this field and their research programs for the next three years. Computa-
tional theoretical physics, besides its own importance, is a powerful tool in understanding present
and future experiments. A continued support of INFN to computational theoretical physics is crucial
to remain competitive in this sector. We assess the high performance computing resources needed
to undertake the research programs outlined for the next three years.
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High Energy Physics - Lattice
(LQCD123, NPQCD, QCDLAT, QFT_HEP, SFT)

Cruciale per la comunità italiana di Lattice QCD per conservare gli attuali livelli di competitività è 
poter disporre di una adeguata allocazione di risorse computazionale nel medio-lungo termine. 
In questo campo i progressi sono fortemente “HPC-driven” !

11

Quantity Average � (%)

↵(5)

MS
(MZ) 0.1182(12) 1.0

mud(MeV) 3.373(80) 2.3
ms(MeV) 93.9(1.1) 1.2
fK+/f⇡+ 1.193(3) 0.3
fK⇡
+ (0) 0.9704(33) 0.3
B̂K 0.7625(97) 1.3

fDs(MeV) 248.83(1.27) 0.5
fBs(MeV) 224(5) 2.2

fBs

q
B̂Bs(MeV) 270(16) 5.9
⇠ 1.239(46) 3.7

FIG. 3: table
Lattice averages and relative accuracy for some of the
SM free parameters and hadronic observables in the

flavor sector (after Ref. [8]).
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FIG. 4: figure
Results of the UTA unitarity triangle analysis within
the SM (see the web page of the UTfit collaboration

at http://www.utfit.org).

with the non perturbative effects of the strong interactions, this target becomes particularly challenging. In several
cases, further improvements on the side of the lattice calculations are still required.

In the unitarity triangle analysis (UTA), illustrated in Fig. 4, a crucial information is provided by the constraints
from the neutral B-meson oscillations. For these processes, while the experimental measurements of the B-meson
mass differences �m

d

and �m
s

are accurate at the few per mille level, the relevant hadronic parameters f
BsB̂

1/2
Bs

and ⇠ are known with a precision of about 5% (see Table 3). For this reason, the constraints coming from B0 � B̄0

mixing in the UTA are currently dominated by the theoretical error and further effort should be put, on the lattice
side, in order to increase the precision.

Several interesting excesses with respect to the SM predictions have been recently reported by experiments in
semileptonic B-meson decays, like e.g.: i) the angular observables in the B ! K⇤µ+µ� decays; ii) the branching
fractions R(D) and R(D⇤) corresponding to the semileptonic B-meson decay into D- and D⇤-meson with either light
or heavy leptons in the final state; and iii) the branching fraction R(K) ⌘ Br(B+ ! K+µ+µ�)/Br(B+ ! K+e+e�).
Presently the tension between the experiments and the SM predictions is at the level of 2.5÷ 3.5 standard deviations.
Last, but not least, we should mention also the current tension between the inclusive and the exclusive determinations
of the CKM entries V

ub

and V
cb

[5], which require, on the lattice side, the calculation of the semileptonic scalar and
vector form factors relevant in the B ! ⇡(⇢)`⌫

`

and B ! D(D⇤)`⌫
`

decays. Therefore, in the next years an important
part of the computational effort will be devoted to the precise evaluation of all the form factors relevant in several
semileptonic and rare B-meson decays.

To reach the above goals and to allow to have more and more stringent tests of the SM, dedicated methods for
b-physics observables should be developed. In this context the “ETMC ratio method" has been proposed [12] and
proved to be very beneficial (see, e.g., Ref. [13]). It is also important to emphasize that lattice computations of
hadronic matrix elements of operators appearing in the low-energy effective Hamiltonian of extensions of the SM
allow to set powerful limits on the New Physics model parameters (see, e.g., Ref. [14]).

In the next few years, besides improving the precision calculations of the hadronic parameters discussed above,
more and more intensive theoretical and computational effort will be devoted to lattice studies of the long distance
hadronic corrections to various observables, including rare kaon and B-meson decays and non-local low-energy effective
interactions (like the long distance contributions to the neutral kaon mass difference �m

K

), or concerning the well

Flavor physics

New Physics

Strong interactions under extreme environmental conditions 

Dynamical mass-gap generation and other non-perturbative aspects of QCD

Applications beyond QCD

Computational strategies and theoretical developments

Lattice QCD ed 
esperimenti
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High Energy Physics - Lattice
(LQCD123, NPQCD, QCDLAT, QFT_HEP, SFT)

ATTIVITÀ E NECESSITÀ NEL MEDIO TERMINE

• Diagramma di fase della QCD a temperatura e densità finita in campi di

background (magnetici e cromomagnetici):

Effetto di campi cromomagnetici sulla linea pseudocritica della QCD con (2+1) flavour

Fluttuazioni nel numero di quark e possibile localizzazione del punto critico della QCD

Ordine della transizione di fase della QCD al variare del potenziale chimico e del numero di flavor

Campi magnetici: Chiral Magnetic Effect; effetti sui mesoni pesanti

(∼ 250 Mcorehours - Broadwell)

• Studio della dinamica del confinamento/deconfinamento in QCD:

Tubi di flusso prodotti da sorgenti statiche al variare di T , potenziale chimico, campi esterni

Confinamento/deconfinamento indotto da campi magnetici ed altri agenti esterni

(∼ 130 Mcorehours - Broadwell)

• Suscettività topologica nella QCD ad alta T e fenomenologia degli assioni

Studio accurato degli effetti sistematici dovuti al lattice spacing finito ed al volume finito, incluso

lo sviluppo di algoritmi e strategie per il freezing della carica topologica, fino a T ∼ qualche GeV

(∼ 180 Mcorehours)

                                                               research topic                                                                                         Mcore-hours on
                                                                                                                                                                                  Marconi KNL

production of QCD gauge ensembles at the physical point with Nf = 2+1+1 dynamical quarks                                     200

production of QCD+QED gauge ensembles with Nf = 1+1+1 and C* boundary conditions                                             20

QED corrections to hadron observables for flavor physics studies                                                                                     75

leptonic and semileptonic decays of mesons, neutral meson oscillations                                                                         150

non-perturbative fermion mass generation                                                                                                                          95
                                                                                                                                                                                        -----------
                                                                                                                                                                                           540

multi-year computing resources for LQCD123

in the years 2017-2019 we expect from PRACE projects and INFN-Cineca agreement: ~180 Mcore-hours (~1/3 of the total)

Monday, February 13, 17

LQCD123

NPQCD
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High Energy Physics - Lattice
(LQCD123, NPQCD, QCDLAT, QFT_HEP, SFT)

QCDLAT

The physics

I Theme 1: QCD and flavour physics

↵s , mq , �SB, �F = 2 in SM and beyond,

gA, EDM,. . .

I Theme 2: QCD at high temperature

EoS for Nf = 2 + 1 , transport coefficients,

topology (axions),. . .

I Theme 3: Theoretical developments

NP renormalization (SF), Tµ⌫ , NSPT,

improvement, . . .
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Transport and response properties of strongly interacting systems 

heavy quarkonium in a thermalized medium 

lattice calculation of spectral functions: issue of systematic errors 
                                                               interplay with analytic methods (AdS/QCD)   

Υ(1S) Υ(2S) Υ(3S) 

PbPb 

pp 

1506.03981 CMS 1208.2826 

4 

Transport and response properties of strongly interacting systems 

heavy quarkonium in a thermalized medium 

lattice calculation of spectral functions: issue of systematic errors 
                                                               interplay with analytic methods (AdS/QCD)   

Υ(1S) Υ(2S) Υ(3S) 

PbPb 

pp 

1506.03981 CMS 1208.2826 

QFT_HEP
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High Energy Physics - Lattice
(LQCD123, NPQCD, QCDLAT, QFT_HEP, SFT)

SFT

QCD projects:

Study of the QCD contribution to the photon production rate in the Quark
Gluon Plasma (QGP) following the approach discussed in Phys. Rev. Lett.
112 (2014) 16, 162001: ”Lattice Study of the Jet Quenching Parameter”

Study of the behaviour of QGP in strong external magnetic fields using the
non-equilibrium approach discussed in in Phys. Rev. D94 (2016) no.3,
034503 ”Jarzynskis theorem for lattice gauge theory”.
(Work in collaboration with M. D’Elia and the Pisa group)

Michele Caselle (UniTo) SFT February 11, 2017 4 / 7
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Study of the running of the QCD coupling constant with the Schrödinger
functional approach, using again the Jarzynski’s theorem non-equilibrium
approach

Study of the QCD equation of State

Extension of non-equilibrium methods to finite density QCD, as a way to
overcome the sign problem.
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CFT projects:

Study of the thermodynamic Casimir e↵ect in d = 2 e d = 3 systems near
the critical point, and comparison with existing experimental results.

Study of the lattice discretization of quantum gravity in less than four
dimensions.
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High Energy Physics - Phenomenology
(QFT@Colliders)

Applicazione di tecniche di Teoria Quantistica dei Campi alla fenomenologia di esperimenti 
presenti e futuri collider.

Misure sperimentali alla frontiera di intensità ed energia richiedono di calcolare correzioni di 
QCD next-to-leading-order.

Parallelizzazione di codici per calcolo di ampiezze di loop e integrazione Monte Carlo su stati 
finali.
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General Relativity, Cosmology, Astroparticle Physics
(INDARK, NEUMATT, TEONGRAV)

CMB (Cosmic Microwave Background)

LSS (Large Scale Structure)

Nature of Dark Matter and Dark Energy

2015: rivelazione di onde gravitazionali
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General Relativity, Cosmology, Astroparticle Physics
(INDARK, NEUMATT, TEONGRAV)

Gaussian

NG	(multi-field)

Non-standard	
Kinetic	term

Multi-field Non	Bunch-Davies

PlanckHelical	PMF
(P-odd)

Planck	(P-odd)

Indark.	Activities and	HPC	sides	
• Cosmic	Microwave	Background.	Aim:	tests	of	Inflation,	fundamental	and	astroparticle Physics

ü CMB	simulations:	propagation	of	synthetic	data	and	theoretical	signals	(e.g.	CMB	non	
Gaussianity)

ü Development	of	3-point	and	4-point	function	NG	estimators	studies.
ü Parity	breaking	CMB	spectra,	bispectra and	trispectra
ü Inflationary	parameters,	preparation	and	forecasts	for	B-mode	surveys.	
ü NG	tests	for	CMB	spectral	distortions.
ü Development	of	statistical	methods	for	component	separation
ü Constraints	on	non	standard	neutrino	interactions	
ü CMB	Anomalies	and	connections	to	pre-inflationary	phases	(e.g.	string	theory	motivated	

scenarios)

Indark.	Activities and	HPC	sides	

• Cosmic	Microwave	Background.	Aim:	tests	of	Inflation,	fundamental	and	astroparticle Physics
ü CMB	simulations:	propagation	of	synthetic	data	and	theoretical	signals	(e.g.	CMB	non	

Gaussianity)
ü Development	of	3-point	and	4-point	function	NG	estimators	studies.
ü Parity	breaking	CMB	spectra,	bispectra and	trispectra
ü Inflationary	parameters,	preparation	and	forecasts	for	B-mode	surveys.	
ü NG	tests	for	CMB	spectral	distortions.
ü Development	of	statistical	methods	for	component	separation
ü Constraints	on	non	standard	neutrino	interactions	
ü Anomalies	and	physics	beyond	the	standard	model

• Large	Scale	Structure.	Aims:	DM	and	neutrino	studies,	tests	of	Inflation	and	structure	formation.
ü Production	and	analysis	of	N-body	simulations
ü Development	for	future	(Euclid,	SKA)	analysis	beyond	power	spectrum	.	

• Cross-correlation	of	large	cosmological	and	external	datasets.	Aims:	DM	,	DE/MG	studies,	Inflation
ü CMB-LSS (spectroscopic,	radio)	cross-correlation	tests	for	MG	constraints
ü Development	of	Einstein-Boltzmann	integrators	in	Effective	Field	Theory	of	MG,	for	cross-

correlation	forecasts
ü LSS/CMB-gamma	ray cross	correlation	tests	for	searches	of	DM	annihilation/decay	signal
ü Predictions	of	GW	from	Inflation,	combine	predictions:	interferometers	+	CMB	B-mode.	

Indark participants	are	strongly	involved	in	a	large	amount	of		computationally	intensive	activities.

Ongoing	activities	for	cosmological	and	theoretical	interpretation	of	data,	and	constraints	
on	fundamental	parameters	(not	including	activities	on	data	reduction	and	validation	which	are	
traditionally	bound	to	experiments):INDARK

NEUMATT
What we want to	do/learn

• Prepare detailed templates of	GW	emission by	using realistic EoSs
• Investigate	the	role of:
• high	temperatures,	
• chemical non-equilibrium,	
• production	of	hyperons and	other resonances

• Develop of	way	to	describe the	possible transition from	hadrons to	
deconfined quarks during the	merger
• Study the	formation and	the	stability of	a	very strong	magnetic field
• …
We need to	perform a	large	number of	totally realistic simulations in	
full	GR	(e.g.	temperature	is not well controlled in	post-newtonian
simulations).	
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General Relativity, Cosmology, Astroparticle Physics
(INDARK, NEUMATT, TEONGRAV)

TEONGRAV
Our  goals

❖ TEONGRAV stands for: TEoria delle ONde GRAVitazionali 

❖ Our research is centered on the finding answers to the following questions:

❖ Which are the features of the GW signal emitted by the main expected sources (such as, 
for instance, coalescing compact binaries, rotating non-axisymmetric NSs, oscillating 
BHs and NSs?

❖ Which information on the emitting source could be extracted from a GW detection? For 
instance, what could we learn on the equation of state of the dense matter in the inner 
core of a NS? 

❖ Which information on the nature of gravity could be extracted from a GW detection? For 
instance, which could be the imprint of modifications or extensions of general relativity 
(GR) on the GW signal from astrophysical sources? 

❖ To reach our goals we need to simulate Astrophysical system on High Performance 
Computer

❖  In the era of gravitational observatory…..
Simulazione della fisica delle sorgenti di onde gravitazionali e degli attesi segnali 
di onde gravitazionali.
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Nuclear Physics
(FBS, MANYBODY, STRENGTH)

Scientific cases

Structure and dynamics of few-nucleon systems

Test of nuclear interaction derived from chiral effective field theory (low energy
theory of QCD)

Study of reactions of astrophysical interest

Study of fundamental symmetries (parity & time reversal)

Electroweak reactions (form factors, beta decays,. . .)

Hypernuclei

Pisa: MV, J. Dohet-Eraly (Post-doc), A.
Gnech (Dott.)

Trento: G. Orlandini, W. Leidemann, F.
Ferrari-Ruffino (Dott.), S. Deflorean (Dott.)

M. Viviani (INFN-Pisa) IS FBS Roma, February 13, 2017 2 / 6

FBS

MANYBODY

STRENGTH

Iniziativa specifica STRENGTH

STructure and REactions of Nuclei: towards a Global THeory

Catania
LNS Catania
Milano
Napoli
Padova
Pisa

correlazioni a molti corpi) proprietà spettroscopiche dei
nuclei
dinamica delle eccitazioni nucleari & meccanismi di
reazione

Nunzio Itaco Roma, 13 febbraio 2017

Many-Body theory: projection Monte Carlo
We compute ground state energies of nuclei by means of projection 
Monte Carlo methods. The ground state of a many-body system is 
computed by applying an “imaginary time propagator” to an arbitrary 
state that has to be non-orthogonal to the ground state (power method):

In the limit of “short” ! (let us call it “"!”), the propagator can be broken 
up as follows (Trotter-Suzuki formula):

Kinetic term Potential term (“weight”)

Sample a new point from the 
Gaussian kernel

Create a number of copies 
proportional to the weight

If the weight is small, the 
points are canceled.

2

Projection MC many-nucleon 
systems

Multicomponent wave functions are needed!  
How large is the system space? For a system of A nucleons, Z 
protons, the number of states is

• Very accurate results, possibility 
of using accurate wave 
functions for the evaluation of 
general estimators (e.g. response 
functions 

• Due to the high computational 
cost, application limited so far 
to A≤12:  COMPUTATIONAL 
CHALLENGE!

Number of states in  
many nucleon wave  
functions for a few  
selected nuclei

3

Equation of state of dense matter
The fine tuning of the hyperon-nucleon interaction 
is essential to understand the behaviour of matter 
in extreme conditions.

Example: Neutron stars

> 2.0M�

⇠ 2÷ 3⇢0

31

soft

stiff

⇢th⇤

M

R
12 km

E

⇢b
⇢0

⇠ 2M�

obs:

< 2.0M�

R ⇠ 12 km

M ⇠ 1.4 M�

?⇤ ⌃ ⌅ ⇡c Kc qp

TOV
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Internal composition still 
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Fluid Dynamics

FIELDTURB

Nature of the turbulent cascade 
Role of dimensionality, confinement, rotation, helicity and other 
mechanisms of symmetry breaking 

Turbulent convection and transport 
Rayleigh-Benard and Rayleigh-Taylor paradigms with complex fluids, 
particles and multi-phase. 
Irreversibility of Lagrangian turbulence, transport of inertial and 
complex particles 

Active matter 
Swimming cells, self-propelled “smart” particles. Population dynamics 

Soft-glassy transitions 
Physics of yielding fluids under confinement 

Defect dynamics in liquid crystals 
Droplets in external fields and/or external flow 

Strongly Non-Linear Dynamics in Complex Systems 

Population dynamics in flows 

Droplets & Emulsion dynamics 

2D Turbulence & 
Conformal Invariance 

Turbulent convection 

 
Complex systems far from equilibrium 
with many dof 
 
Wide range of applications 
(from astrophysics to biology) 
 
Theoretically challenging 
 
Computationally and experimentally demanding 
 
Of large impact 
 
 
 

Recent relevant publications 
 
Phys. Rev. Lett. 112, 1 (2014); 112, 18 (2014); 113, 3 (2014); 113, 11 (2014);  
                          113, 25 (2014); 115, 26 (2015) 
 
Phys. Rev. X 4, 041006 (2014), 6 041036 (2016) 
 
Nat. Comm. 4, 2148 (2013); 5 5310 (2014) 
 
PNAS 111, 7558 (2014); 112, 4208 (2015) 
 
SOFT MATTER 10, 4615 (2014); 11, 1271 (2015); 12 514 (2016) 
 
Annu. Rev. Fluid Mech. 49, 119 (2017)  
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Quantitative Biology

BIOPHYS

IS - BIO PHYS

Recent publications: Nature Com.; Nature Sci. Rep.; PNAS; PRL; etc.

We develop quantitative methods to understand living systems at 3 levels of organization,
strongly relying on high-performance computing:

1) The characterization of biomolecules and their interactions (RM, PI,TR)
2) The 3D organization and regulation of genomes (MI,NA,TO)
3) Regulatory networks of molecules, cells and neurons (BA,PG,PR,SA)

-- Structural Biology &	HPC
- Protein aggregation

Neurodegenerative	diseases
- Antibody-protein interactions

Tumour theranostic
- Ab	initio observables calculations

X-ray spectra
Diffraction patterns

-- Computational Requirements
- Challenges &	needs for	2018-2020

Outline

2018-2020							Large	Scale	Computing	@	INFN

Roma,		February 13th ,	2017

Classical MD

Ab	initio calculations
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Disordered Systems

DISCOSYNP

High-Resolution Simulation of
Biological Neural Networks 

Simulations of Cortical Slow Waves and 
Transition toward Awake States and of the 

interplay between sleep and memory 
consolidation and memory homeostasis in the 

HBP (- until 2023)
and

Prototyping of Brain-Inspired Multi-area 
Associative Recurrent Deep-Learning

and
Architecture Benchmark for ExaNest project and 

follow-up EuroExa project (2018-2020)Pier	Stanislao	Paolucci	
for		the	APE	parallel/distributed	computing	lab	- INFN	Roma

Application	used	by		WaveScalES	team	(INFN,	IDIBAPS,	UNIMI,	IBEC,	ISS)
Benchmarks	of	EXANEST	project	(and	of	follow-up	project)

Conclusion

• WaveScalES: models of deep-sleep and transition to 
awakeness
• Single-area non-laminar
• Single-area laminar
• Multi-area
• Neuromodulated STDP, LTP/LTD

• Tight collaboration with NEST and NESTML teams for 
requirements fulfilment
• New models for neurons, probability kernels functions, 

stimulus, observables, etc.

• WaveScalES models initially prototyped using the 
proprietary DPSNN engine, eventually ported to NEST 
and offered to HBP community

3-4	November	2016 NEST	User	Workshop	2016 11

Simulazione a grande scala di 
spin glasses

Hard spheres jamming e vetri a 
b a s s a te m p e r a t u r a ( m e z z i 
granulari, liquidi, cellule viventi, 
vetri…)

High resolution cortical 
simulation nel progetto Human 
Brain
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Condensed Matter

NEMESYS

A.SINDONA Large Scale Computing @ INFN 1

Aims and Scopes
• Main theme. Out-of-equilibrium, non adiabatic and excited-state features 

of interacting many fermion and boson systems confined to low-
dimensions

– electrons in honeycomb-like lattice potentials,
– ensembles of ultra-cold atomic gases,
– magnetic and spin systems.

• Program. Massive simulations of
– spectral features, dielectric screening, conductivity response and electro-mechanical 

properties of graphene-related and beyond-graphene materials, including their 
interfaces and contacts with supporting substrates

– irreversible properties and quantum thermodynamics of ultra cold Fermi and Bose 
gases, following a change of their trapping potentials

• Computational methods.
– Density Functional Theory (DFT) and Time Dependent (TD) extensions
– Many Body Perturbation Theory
– Topological quantum field theory on space-time (2+1) and (1+1) manifolds
– Quantum Montecarlo
– Semi classical Multiscale Approaches
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Le attività di fisica computazionale con utilizzo di superalcolo  
richiedono un  accesso stabile e prevedibile a ingenti risorse di 
calcolo.

Parte delle risorse può essere ottenuta da grant ISCRA e/o EU-PRACE. 
Ma, per competere con successo, è fondamentale accedere a proprie 
(INFN) risorse sicure.

In alcuni casi è necessario anche accedere con priorità a risorse 
relativamente piccole ( O(400) core) per attività di  
sviluppo e test di algoritmi.  

coda dedicata con ~20 nodi di MARCONI “A3” ???

Numero rilevante di progetti con richieste HPC.

Nell’ambito dei finanziamenti CIPE a HPC e HTC, commissione 
sperimentali-teorici per “procurement” hardware sperimentale (non 
per produzione).
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Stima delle necessità per la comunità  HPC

risorse di calcolo

adeguato supporto per postdoc grant e per 
organizzazione di workshop e meeting

4

computational physicists. New agreements established with the Italian National Supercomputing Centre (CINECA)
have made larger computing resources available while two special projects (SUMA first, and then the so-called CIPE-
project) have helped establish a more cohesive computational community, offering Post-Doc positions at the junction
point between theoretical physics, algorithm development and code optimization, as well as a number of venues to
share ideas and expertise in HPC computing. These investments have allowed INFN teams to re-establish a leading
role in many research areas and have produced virtuous side-effects e.g., allowing improved access of Italian theoretical
computational groups to the EU supported PRACE programme [2] and have also increased the possibility to influence
major decisions within international collaborations.

It is crucial that this positive trend be maintained and possibly further enhanced in the foreseeable future. These
issues have been discussed in a meeting held in Rome on February 17th, 2017 [3]. The present document is a follow
up of that meeting and also of a similar paper written in late 2014; it describes in full details the likely evolution of the
theoretical computational community in the next few years and quantifies the investments (financial and otherwise)
needed in the time frame 2018-2020 to ensure that the current level of excellence can be retained or improved.

Computational theoretical physics covers several research areas in the INFN theoretical group:

I High Energy Physics - Lattice;

II High Energy Physics - Phenomenology;

III General Relativity, Cosmology and Astroparticle physics;

IV Nuclear Theory;

V Fluid Dynamics;

VI Quantitative Biology;

VII Disordered Systems;

VIII Condensed matter;

with many research projects and more than 100 researchers involved. Research areas I to IV, clearly of strategic
interest for INFN, have used in the last 5 years approximately 90% of the overall available computing resources,
and research areas V to VIII, while using only 10% of the available resources, offer an invaluable contribution to a
multi-faceted and culturally wide research environment. Moreover, computational theoretical physics in the next few
years has the potentiality to develop synergies and collaborations with experimental areas of interest to INFN, both
as a theoretical support to experiments and in the sharing of computing techniques.

The following sections of this document i) describe in details the scientific perspectives of these research areas in
the time frame of the next three to five years ii) quantify the computational resources that are needed to successfully
pursue the envisaged research programmes in the time window 2018-2020 and iii) present a number of suggestions on
the action that INFN should undertake to support the computational community in this time frame. The rest of this
Executive Summary briefly lists our requests and suggestions.

2018 2019 2020
LGT: hadron physics 54 108 180
LGT: QGP and BSM 207 432 648
LGT: flavor physics 117 234 387
Colliders Phenomenology 1 2 3
General Relativity 142 182 227
Cosmology and Astroparticle Physics 3 4 6
Nuclear Theory 18 27 36
Fluid Dynamics 50 80 110
Quantitative Biology 9 18 27
Disordered systems 4 6 8
Condensed matter 2 4 6
Grand Total (Mcore-h) 607 1097 1638
Grand Total (Eq. Pflops) 4.6 8.4 12.5

TABLE I: Estimate of the yearly computing requirements of several areas of computational physics; units are
Mcorehours. In the last line, the grand total is converted in PFlops, using as reference the core of the Intel SkyLake

processor with a nominal peak performance of 67 GFlops.

HEP-LAT
74%

HEP-PH
0%

GENREL
14%

ASTRO-PH
0%

NUCL-TH
2%

FLUIDS
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DISORDERED
1% COND-MAT

0%



APE100

APEmille

apeNEXT

FERMI

GALILEO

MARCONI
 HPC@INFN 
          (2020)

TH-cluster@CNAF

clusters (BA-CT-MIB-PI)

Zefiro

 HPC@INFN 
          (2017)

 CINECA@2020? 
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… sulla scala TOP500



…verso  Exascale…
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Conclusioni
La comunità di Fisica Teorica Computazionale INFN ha una lunga tradizione a partire da 
~1980. Forte supporto INFN per il progetto APE a sostegno del calcolo HPC 
progressivamente venuto a mancare nella prima decade di questo secolo.

Grazie a un rinnovato supporto dell’INFN (convenzione CINECA, SUMA, CIPE) la 
comunità computazionale INFN ha riconquistato (a partire da ~2013) competitività 
rispetto alla comunità internazionale (anche per accesso a EU-PRACE !!!).

La fisica teorica computazionale dipende in modo cruciale dalla disponibilità di 
risorse HPC allo stato dell’arte.  Per soddisfare queste esigenze e per poter contare su 
risorse stabili e adeguate è opportuno rafforzare le sinergie e la cooperazione 
dell’INFN su HPC a livello nazionale ed europeo. 

Riteniamo interesse dell’INFN mantenere e sviluppare una comunità con esperienze 
di calcolo HPC allo stato dell’arte. Questo obiettivo richiede il coinvolgimento di 
giovani ricercatori.

Importante promuovere la condivisione di esperienze e competenze fra le comunità 
HPC e HTC nell’INFN. 


