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HPC@INFN (The early days)
~1980   Lattice Gauge Theories,  relevant contributions from the INFN community

screenshot from Nicola Cabibbo “The APE experience” , GGI - Firenze, 8 Feb 2007 

~1983-2003  The APE project,  development of parallel computers dedicated to LGT’s  
(~2 Meuro/year  actual value)

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

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

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

~2003   apeNEXT   —>     10 Tflops             (~ASCI white)
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Lattice QCD and HPC

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)  
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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.
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LATTICE QCD

C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016)

space-time discretisation —> lattice regularization of QCD —> non-perturbative 
calculations by numerical evaluation of the path integral that defines the theory

hyper cubic lattice

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
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lattice site

Vlat = N3
s ⇥ Nt
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figure from: http://
www.int.washington.edu/
talks/WorkShops/
int_07_2b/People/Joo_B/
JooLecture1.pdf

Practical LQCD calculations:
Monte Carlo methods to numerically evaluate the functional integrals

limited by the availability of computational resources and the efficiency of algorithms 

LQCD results come with both statistical (Monte Carlo integration)  and systematic 
(from discretization) errors

computational cost of LQCD simulations:  ⇠ (Vlat)
1+� � = 1/4

<latexit sha1_base64="SjvBWL2Hv3ZaBZkT+vQFmayuwUE="></latexit><latexit sha1_base64="SjvBWL2Hv3ZaBZkT+vQFmayuwUE="></latexit><latexit sha1_base64="SjvBWL2Hv3ZaBZkT+vQFmayuwUE="></latexit><latexit sha1_base64="SjvBWL2Hv3ZaBZkT+vQFmayuwUE="></latexit>

typically one aims to create an ensemble of ~ 103  statistically independent gauge 
configurations at each choice of parameters (lattice volume, lattice spacing, quark masses)
Infinite lattice volume limit, continuum limit (lattice spacing —>0)

Lattice QCD 
Simulations 
as an HPC 
Challenge 
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PoS(LAT2006)004

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,

det(Ml)
1
2 det(Ms)

1
4 =

✓
det(Ml)
det(Ms)

◆ 1
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

The computational cost of 
Lattice QCD

M.A. Clark, arXiv:hep-lat/0610048
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numerical simulations can 
increase dramatically as the 
lattice spacing decreases



L. Cosmai -  HPC at INFN: theory
 7

HPC resources for the INFN-TH community 
(2018)

CINECA-INFN agreement

MARCONI “A1” (Broadwell)

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” (KNL)

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

9 Mcorehours

120 Mcorehours

MARCONI “A3” (Skylake)

160 Mcorehours
Model: Lenovo Stark 
Racks: 21 +  
Nodes: 1.512 + 
Processors: 2 x 24-cores Intel Xeon 8160 CPU (Skylake) at 2.10 GHz  
Cores: 48 cores/node, 72.576+ 38.016 cores in total 
RAM: 192 GB/node of  DDR4 
 
Peak Performance: about 7.50 PFlop/s 

ISCRA,  EU-PRACE
since 2012  ~50 projects:   ~1000 Mcorehours (in BG/Q units)
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Scientific Projects @ INFN (Th. Physics)

16 scientific projects  using HPC resources 
~100 researchers   (16  fellowships on HPC for Th. Physics)

Many areas of Theoretical Physics @INFN involved in HPC:

High Energy Physics - Lattice

General Relativity

Nuclear Physics

Fluid Dynamics

Disordered Systems

High Energy Physics - Phenomenology

Cosmology, Astroparticle Physics
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fellowships on HPC for Th. Physics

Scientific activity presented at “SM&FT 2017” (Bari, 13-15 
December 2017) http://www.ba.infn.it/smft2017

ASSEGNI PROGETTO HPC_HTC PER FISICA TEORICA COMPUTAZIONALE
Tutor Sigla Assegnista Area Sezione Durata Cofinanziatore Tipo di contratto Inizio Fine

Alessandro  
Papa NPQCD

Volodymyr 
Chelnokov Lattice QCD Cosenza/LNF 24 mesi Assegno di ricerca

15 Febbraio 
2018

14 Febbraio 
2020

Raffaele 
Tripiccione FIELDTURB Enrico Calore Fluids Ferrara 24 mesi Univ. Ferrara

Contributo di 23K a Dip. Fisica 
Ferrara

1 Gennaio 
2017

31 Dicembre 
2018

Luca Del 
Zanna TEONGRAV

Antonio 
Graziano Pili

Numerical 
Relativity Firenze 24 mesi Univ. Firenze

Contributo di 40K a Dip. 
Fisica/Astronomia FI

1 Febbraio 
2017

31 Gennaio 
2019

Alessandra 
Lanotte FIELDTURB

Gabriella 
Schirinzi Fluids Lecce 12 mesi INFN – Lecce Assegno di ricerca

2 Ottobre 
2017

30 Settembre 
2018

Leonardo 
Giusti QCDLAT

Mattia Dalla 
Brida Lattice QCD

Milano 
Bicocca 36 mesi

Univ. Milano 
Bicocca RTDA

1 Novembre 
2017

31 Ottobre 
2020

Leonardo 
Giusti QCDLAT Tim Harris Lattice QCD

Milano 
Bicocca 24 mesi

Univ. Milano 
Bicocca Assegno di ricerca

1 Novembre 
2017

31 Ottobre 
2019

Nunzio Itaco STRENGTH
concorso in 
svolgimento

Nuclear 
Physics Napoli 24 mesi 2a Univ. Napoli

Contributo di 30K a Dip. Fisica 
2a Univ. Na

Sebastiano 
Bernuzzi TEONGRAV

Albino 
Perego

Numerical 
Relativity

Parma/Milan
o Bicocca 24 mesi Assegno di ricerca 1 Luglio 2017

30 Giugno 
2019

Alberto 
Ciampa Zefiro Cluster

Zefiro Cluster 
(Pisa) Pisa 12 mesi

Rinnovo Assegno in corso INFN 
Pisa Ottobre 2016

Massimo  
D'Elia NPQCD

Davide 
Vadacchino Lattice QCD Pisa 24 mesi Assegno di ricerca

1 Dicembre 
2017

30 Novembre 
2019

Massimo  
D'Elia NPQCD

Francesco 
Negro Lattice QCD Pisa 24 mesi Assegno di ricerca

2 Dicembre 
2016

1 Dicembre 
2018

Giorgio Parisi DISCOSYNP
concorso in 
svolgimento

Disordered 
Systems

Roma 
Sapienza 36 mesi Contributo di 96K per art. 29 Gennaio 2017

Mauro 
Sbragaglia FIELDTURB Matteo Lulli Fluids Roma TOV 12 mesi

Univ. Roma Tor 
Vergata

Assegno di Ricerca 
Universitario bandito 

dall'Università degli studi di 
Roma "Tor Vergata"

1 Febbraio 
2017

31 Gennaio 
2018

Roberto 
Frezzotti LQCD123

Marco 
Garofalo Lattice QCD Roma ToV 24 mesi Assegno di ricerca

1 Ottobre 
2017

30 Settembre 
2019

Silvia 
Morante BIOPHYS

Francesco 
Stellato

Quantitative 
Biology Roma ToV 24 mesi Assegno di ricerca

1 Gennaio 
2017

31 Dicembre 
2018

Anastassios 
Vladikas LQCD123

Andrew 
Thompson 

Lytle
Lattice QCD Roma ToV 24 mesi Assegno di ricerca

Giugno 2018 
(?)

Maggio 2020 
(?)

Silvano 
Simula LQCD123

Lorenzo 
Riggio Lattice QCD Roma Tre 24 mesi Assegno di ricerca 1 Marzo 2017

28 Febbraio 
2019

Bruno 
Giacomazzo TEONGRAV

Federico 
Cipolletta

Numerical 
Relativity TIFPA 24 mesi

Nuovo assegno bandito da 
TIFPA 3 Aprile 2018 2 Aprile 2020

Guido 
Boffetta FIELDTURB

Alessandro 
Sozza Fluids Torino 12 mesi Univ. Torino

Assegno di ricerca annuale 
(costo totale 240599.77 euro)

1 Gennaio 
2017

31 Dicembre 
2017

Marco Panero SFT David Preti Lattice QCD Torino 24 mesi Assegno di ricerca
1 Dicembre 

2017
30 Novembre 

2019

http://www.ba.infn.it/smft2017
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High Energy Physics - Lattice
Scientific Projects:   LQCD123, NPQCD, 
QCDLAT, QFT_HEP, SFT

Flavour physics and Standard Model 
precision tests

New Physics beyond the Standard Model

Strong interactions under extreme 
environmental conditions (QCD at high 
temperature and density) 

Computational strategies and theoretical 
developments

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]).

ρ
-1 -0.5 0 0.5 1

η

-1

-0.5

0

0.5

1
γ

β

α

smΔ
dmΔ dmΔ

Kε

cbV
ubV

)ντ→BR(B

summer16

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 �md and �ms are accurate at the few per mille level, the relevant hadronic parameters fBsB̂

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 Vub and Vcb [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 �mK), or concerning the well

In the next  years a series of experiments will collect new 
data that may shed light on the Standard Model and 
BSM.

The theoretical interpretation of all these data will need 
non-perturbative calculations with accuracies far 
beyond the state of the art .
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High Energy Physics - Phenomenology
Scientific Projects:   QCD@Colliders

Monte Carlo event generators to allow a 
systematic comparison between data and 
theory at LHC

Higher order QCD corrections and future 
colliders
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General Relativity, 
Cosmology, Astroparticle 
Physics

Scientific Projects:   INDARK, NEUMATT, TEONGRAV

Numerical simulation of Binary  
Neutron Stars, Equation of State  
effects on the gravitational wave signal. 

Cosmic Microwave Background: tests of  
Inflation, fundamental and  astroparticle 
Physics 

Large Scale Structure of the Universe: Dark Matter, 
Dark Energy, formation, growth and clustering of 
cosmic structures

 Binary Neutron Star Mergers are known source for gravitational wave observatory. In our 
Galaxy there are six know systems of this kind that will collapse emitting  GW signal.  
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The simulated GW signal

Modeling Mergers of known Galactic Binary Neutron Stars,  
A. Feo, R. De Pietri, F. Maione and F. Loeffler, 

Classical and Quantum Gravity 34 (3), 034001 arXiv 1608.02810(2016) 

Analysed with 4-EOS
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Nuclear Physics
Scientific Projects:   FBS, MANYBODY, STRENGTH

Electron and neutrino interactions 
with nuclei, Equation of state of dense 
nuclear matter and neutrino propagation 
in nuclear matter, Monte Carlo techniques 
to compute ground- and excited-state 
properties of many-body systems.

Development of accurate methods to 
study the bound and continuum states of 
few-body systems using realistic 
interactions.

Development and application of models 
for nuclear structure studies: Shell Model, 
Density Functional Theory, Microscopic 
and algebraic cluster models.
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Fluid Dynamics
Scientific Projects:   FIELDTURB

FIELDTURB: PARTICLES AND FIELDS 
IN TURBULENCE AND IN COMPLEX FLOWS 

Guido Boffetta - Torino
Andrea Mazzino - Genova + Piero Olla - Cagliari

Luca Biferale - Roma 2
Giuseppe Gonnella - Bari

Alessandra Lanotte - Lecce

5 units
~ 35 people

G. Boffetta @ SM&FT 2017, Bari 15 December 2017
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Quantitative Biology
Scientific Projects:   BIOPHYS

Quantitative Biology: quantitative 
approaches and numerical methods to gain 
a deeper understanding in life sciences.

Characterization of biomolecules and 
their interaction

3D organization and regulation of 
genome

Regulatory networks of 
molecules,  cells and neurons
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Condensed Matter
Scientific Projects:   NEMESYS Condensed matter phenomena in low dimensional 

systems

NEMESYS
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: graphene, 
graphene related and 

beyond graphene 
nanostructures

ensembles of ultra-cold 
atomic gases [atomic 

gases in mono(bi)-
chromatic traps]; 

magnetic and spin 
systems

Computational 
methods: Density 
Functional Theory 

(DFT), Time Dependent 
(TD) DFT, Many Body 
Perturbation Theory 

(MBPT)

spectral features, 
dielectric screening, 

conductivity and electro-
mechanical properties of 

charge-carriers

irreversible properties 
and quantum 

thermodynamics of 
ultra cold Fermi and 

Bose gases, following a 
change of their trapping 

potentials

topological quantum 
field theory on space-
time (2+1) and (1+1) 
manifolds; quantum 
Montecarlo; semi-
classical multiscale 

approaches

technological 
Interests
(from nano-
electronics

To health-care)

fundamental 
properties 
(High energy 
physics in solid-
state setting!)

Huge 
Computatio

nal Costs
(106 Coreh

per simulation)

Huge 
Investments
(H2020 flagships 

for graphene 
and quantum 
information)

A. Sindona @ SM&FT 2017, Bari 15 December 2017
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Disordered Systems
Scientific Projects:   DISCOSYNP

Large scale simulations of spin glasses 

Hard spheres jamming and low-
temperature glasses 

High resolution cortical 
simulations in the Human 
Brain Project 
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HPC resources for the INFN-TH community 
(2018 sharing)

LATTICE QCD
70%

ASTRO-PH
17%

QCD PHENOM
0%

NUCL PHYS
2%

FLUIDS
7%

BIOPHYSICS
2%

DISORDERED
0%

COND-MAT
1%

OTHERS
1%

Area
A1+A2+A3 
(corehours)

LATTICE QCD 204,800,000
ASTRO-PH 51,000,000
QCD PHENOM 400,800
NUCL PHYS 7,050,000
FLUIDS 20,700,000
BIOPHYSICS 5,100,000
DISORDERED 1,150,000
COND-MAT 1,500,000
OTHERS 1,300,000
TOTAL 293,000,800

~ 2 PFlops
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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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HPC requirements for Th.Physics@INFN

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.

HPC@INFN-Th (2018-2020) - cont’d
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HPC@INFN-Th (2020–> …)

APE100

APEmille

apeNEXT

FERMI

GALILEO

MARCONI

TH-cluster@CNAF

clusters (BA-CT-MIB-PI)

 HPC@INFN 
          (2017)

500X

i=1

#1

#500

2025

HPC@INFN-Th 
~200 PFlops



L. Cosmai -  HPC at INFN: theory
 22

Conclusions: List of recommendation to 
INFN  (*)

(*) from “Computational theoretical physics at INFN: status and perspectives (2018-2020)”

Ensure that the needed computing resources are made available to the community. 
This is best done by renewing the current agreements with the National 
Supercomputer Centre (CINECA) that allow to use their HPC resources.

Establish stronger scientific and institutional links with CINECA, with the goal of 
playing an active role in the definition of the computational requirements of the 
future HPC systems that CINECA plans to install.

Make sure that the HPC computational skills needed to efficiently use current and 
future supercomputers are mastered by the community. This is best done 
encouraging young researchers to enter the computational arena;  to this effect, we 
propose to support a specific programme of post-doc grants at the crosspoint 
between computational physics, algorithm development, code development and 
optimization.

Support at every appropriate political level the continued operation of national (e.g., 
ISCRA) and international (e.g., PRACE) competitive access programs to HPC resources.
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THANK YOU !


