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Abstract
Low-Power architectures are subject of much interest also as viable alternatives to
traditional HPC platform. In this talk we will focus on
the performance that can now be obtained porting a large simulation toolkit (The
EinsteinToolkit), widely used in Numerical Astrophysics to simulated matter
coupled to the Einstein’s equations, to Low Power Architectures.
We considered multicores / multi node cluster based on ARM and Intel low power
processors and we compared results with a traditional HPC cluster, the Galileo
system at CINECA. The work has been performed using the resources actually
available for the INFN-COSA project.

WE NEED TO BE READY WHEN LOW-POWER SYSTEM WILL BE THE
STANDARD HIGH PERFORMANCE ARCHITECTURE

Plan of the talk
➡ The scientific case: high resolution simulation of inspiral and merger phase of
binary neutron stars system ( one of source of the gravitational waves that are
the observational target of the LIGO/VIRGO experiment )
➡ Computation performed using the The Einstein ToolKit
➡ Description of the code.
➡ Performance of the code on Tier-1 system: Galileo at CINECA
➡ COSA low power systems
➡ Basic performance analysis
➡ Porting of the application
➡ Comparative results analysis

More on scientifical motivations
In the eve of Gravitational Wave physics the characterization of the gravitational wave
signal emitted by compact binary source will be a prominent role.
We present results for three-dimensional simulations of the dynamics of binary neutron
star (BNS) mergers from the late inspiral stage and the post-merger up to ∼20 ms after
the system has merged, either to form a hyper-massive neutron star (NS) or a rotating
black hole (BH). We report here results for equal and un-equal-mass models and on the
strength of the Gravitational Signal and its dependence on the EOS, the total ADM
mass and the mass ratio of the two stars.
We use a semi-realistic descriptions of the equation of state (EOS) where the EOS is
described by a seven-segment piece-wise polytropic with a thermal component given
by Γth=1.8. One of the important characteristics of the present investigation is that it is
entirely performed using only publicly available open source software, the Einstein
Toolkit for the evolution and the LORENE code for the generation of the initial models.

Gravitational Wave Astronomy just begun!
❖

The gravitational waves were detected
on September 14, 2015 at 5:51 a.m.
Eastern Daylight Time (09:51 UTC) by
both of the twin Laser Interferometer
Gravitational-wave Observatory (LIGO)
detectors, located in Livingston,
Louisiana, and Hanford, Washington,
USA.

❖

The signal was observed with a matchedfilter signal-to-noise ratio of 24 and a
false alarm rate estimated to be less than
1 event per 203 000 years, equivalent to a
significance greater than 5.1σ. The source
lies at a luminosity distance of 410(18)
Mpc corresponding to a redshift
z=0.09(4). In the source frame, the initial
black hole masses are 36(5)M⊙ and
29(4)M⊙, and the final black hole mass is
62(4)M⊙, with 3.0(5) M⊙c2 radiated in
gravitational waves. All uncertainties
define 90% credible intervals.

Observation of Gravitational Waves from a Binary Black Hole Merger B. P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration)
Phys. Rev. Lett. 116, 061102 – Published 11 February 2016

Numerical Relativity in a nutshell
1
Rµ⇥
gµ⇥ R = 8 G Tµ⇥ Einstein Equations
2
µ⇥
T
=0
µ
Conservation of energy momentum
Conservation of baryon density

p = p(⇥, )

Equation of state

❖

Introduce a foliation of space-time

❖

write as a 3+1 evolution equation

❖

solve them on a computer !

Ideal Fluid Matter

T µ⇥ = (⇥(1 + ) + p)uµ u⇥ + pg µ⇥

Why Numerical Relativity is hard!
❖

❖

No obviously “better” formulation of Einstein's equations
❖

ADM,

❖

conformal decomposition,

❖

first-order hyperbolic form,.... ???

Coordinates (spatial and time) do not have a special meaning
❖

this gauge freedom need to be carefully handled

❖

gauge conditions must avoid singularities

❖

gauge conditions must counteract “grid-stretching”

❖

Einstein’s Field equations are highly non-linear

❖

Physical singularity are difficult to deal with

3+1 formulations of the metric.
:: lapse

:: shift vector

:: 3-metric

%
%
$ $
# #
The original ADM 1formulation
casts the Einstein equations
1
γ−ij S γij−S4πρ−ADM
γijADM γij
−8π−8π
Sij −
4πρ
S
ij
into a first-order (in 2time)2 quasi-linear [33] system of equations. The m
dependent variables m
are the three-metric
γij and
m
mmj ∇i β .
m
+β +β
∇m
Kij K
+ Kim
∇
m∇
j β ∇+βK
+
K
+
K
∇
β
.equathe extrinsic curvature
Kij , with
evolution
m ij
im first-order
j
mj i
(2.2)
tions given by
(2.2)

ADM evolutions

, ∇i denotes
the
covariant +
derivative
with
respect
to the
6 equations
∂
γ
=
−2αK
∇
β
+
∇
β
,
(2.1)
t ij
ij
i j
j i
ere,
∇i γdenotes
the covariant "derivative
respect to the
-metric
of the with
three-metric,
ij , Rij is the Ricci curvature
for the metric
ij
, Rtrace
Ricci
curvature
of the three-metric,
≡ee-metric
γ Kij isγijthe
of the
extrinsic
curvature,
Sij is m
ij is the
∂ijt Kij = −∇i ∇j α + α Rij + K Kij − 2Kim Kj
rojection
onto thecurvature,
space-like Sij is +6 equations for the
≡ γ Kofij the
is stress-energy
the trace of tensor
the extrinsic
andofSthe
≡ stress-energy
γ ij
discus%
time-coordinate
er-surfaces
projection
tensor
onto the
space-like
$ detailed
#Sij (for a more
ijthe 1evolution equations, the
see [34]). Inand
addition
to
derivative of the
per-surfaces
S
≡
γ
Sij γ(for
a
more
detailed
discusS
−
4πρ
γ
−8π Sij −
ij
ADM ij
ein
equations
also
provide
four
constraint
equations
to
on, see [34]). In addition to2 the evolution equations,
the metric (extrinsic
tisfied on each space-like
hyper-surface. These
are the m
m
m
nstein equations+β
also∇provide
four
constraint
equations
to curvature)
K
+
K
∇
β
+
K
∇
β
.
m
ij
im
j
mj
i
iltonian constraint equation
satisfied on each space-like hyper-surface. These are (2.2)
the
(3) Hamiltonian
amiltonian
+ ijequation
Momentum
R +constraint
K2 − K
K ij − 16πρconstraints
=0,
(2.3)
ADM
Here, ∇i denotes the covariant derivative with respect to the
(3)
2
ij
hethree-metric
momentum
equations
γconstraint
,
R
is
the
Ricci
R+
K
−
K
K
− curvature
16πρADMof=the
0 ,three-metric,
(2.3)
ij
ij
ij
+1 constrain equation
ij
K ≡ γ Kijij is the
trace of the
extrinsic curvature, Sij is
ij
i
∇j K of
−constraint
γthe∇stress-energy
8πj =tensor
0 . onto the
(2.4)
j K −equations
space-like
d the
the projection
momentum
+3 constrain equation
ij
hyper-surfaces
and
S
≡
γ
S (for a more detailed discusuations (2.1)–(2.4),ijρADMijand j iijare theienergy density
see [34]).
addition
evolution
the
∇density
γ measured
∇j Kto−the
8πj
= 0 . equations,
j K In−as
hesion,
momentum
by
an
observer
mov- (2.4)

No better formulations……
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Shinka,
Formulations of the Einstein equations for numerical simulations, arXiv:0805.0068-

The Einstein EQUATIONS
ds 2 = −α 2 dt 2 + g ij (dx i + β i dt )(dx j + β j dt )

❖

❖

1
Rµν − g µν R = 0
2

BSSN version of the
Einstein’s equations
that introduce additional
conformal variables:
Matter evolution
(B set to zero)
using shock capturing
methods based on the
GRHydro code
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[4] M. Shibata, T. Nakamura: “Evolution of three dimensional gravitational ..”, Phys. Rev. D52(1995)5429
[5] T.W. Baumgarte, S.L. Shapiro: “On the numerical integration of Einstein..”, Phys. Rev. D59(1999)024007

+17 additional grid variables to evolves

The code: Einstein TOOLKIT + LORENE
•

Cactus framework for parallel high performance computing (Grid
computing, parallel I/O)

•

Einstein Toolkit open set of over 100 Cactus thorns for

computational relativity along with associated tools for simulation
management and visualization
•

Mesh refinement with Carpet

•

Matter Evolution with GRHydro:
(Magnetic+CT evolution of Magnetic Field)
HLLE Riemann Solver
WENO Reconstruction methods (*)
PPM Reconstruction methods

•

Metric evolution MacClacan:
BSSN gravitational evolutions (*)
Z4 gravitational evolutions

•

Initial data computed using di LORENE CODE

How big is the code size
❖

The ET_2015_05 distribution (just counting the files):
❖

F77 source file: 91 (25483 lines)

❖

F90 source file: 508 (154515 lines)

❖

C99 source file: 870 (419132 lines)

❖

C++ source file: 391 (219645 lines)

❖

Plus the personalization and extra codes.

❖

Impossible to rewrite the code for any new architecture !

❖

We do have to relay on COMPILER !

❖

The code must run in a machine neutral way (you can’t know on which machine
you will obtain an allocation)

The computational challenge: minimal requirement.
❖

Cartesian grid with at-least 6 refinement
levels.

❖

Standard Resolution in the finest
grid 0.25 CU and up to 0.125 CU.
=> from 5,337,100 grid points and up
to 42,696,800 for each refinement level.

❖

Outer grid extends to 720M (1063Km) to
waves far from the source.

Level min(x/y) max(x/y) min(z) max(z) (Nx , Ny , Nz )
(CU)
(CU)
(CU) (CU)
dx = 0.25
1 ≠720
720
0
720
(185,185,96)
2 ≠360
360
0
360 (205,205,106)
3 ≠180
180
0
180 (205,205,106)
4
≠90
90
0
90
(205,205,106)
5
≠60
60
0
30
(265,265,76)
6
≠30
30
0
15
(265,265,76)
(7
≠15
15
0
7.5) (265,265,76)

TABLE V. Simulation grid boundaries of refinement levels.
Level 7 is only used for simulations forming a BH, once the
extract
gravitational
minimum
of the lapse – < 0.5. Resolutions as reported in
this paper always refer to grid 6.

0.75 0.50 0.375 0.25 0.185 0.125
16 64 128 256 512 2048
2
8
16 32
64 256
Memory (GBytes)
3.8 19
40 108 237 768
(CU/h)
252 160 124 53
36
16
❖ 17 spacetime variables + 4 gauge variables +speed
5
base
speed (ms/h)
1.24 0.78 0.61 0.26 0.18 0.08
cost (SU/ms)
13 81 209 974 2915 26053
variables evolved in each point + all the additional
and
total cost (kSU, 50 ms) 0.65
4 10.5 49 146 1300
❖

(CU)
One extra refinement level added just before —x
collapse
to
# threads
# MPI
black hole.

derived variable needed to formulate the problem.

❖

MPI+OpenMP code parallelization

TABLE VI. Computational cost of the simulations, for the exof using BSSN-NOK, with WENO reconstruction for
alreadyample
in place.
the hydrodynamics. SU stands for service unit: one hour on
one CPU core. The reported values refers to the “GALILEO”

tions, namely “LORENE” and the “Einstein Toolkit”.
We express our gratitude the many people that contributed to their realization.
This work would have not been possible without the
support of the SUMA INFN project that provided the
financial support of the work of AF and the computer
resources of the CINECA “GALILEO” HPC Machine,
where most of the simulations were performed. Other
rect form of the low density-section of the EOS should
computational resources were provided by he Louisiana
be important for the description of the disk and matter
Optical Network Initiative (QB2, allocations loni_hyrel,
2
❖ Project
developed
almost
entirely
surrounding
the
remnant
BH.
loni_numrel and loni_cactus), and
by the LSU HPC
1
facilities (SuperMike II, allocations
hpc_hyrel15 and
using computational
We studied the resource
convergence properties of the numeri0
0.08
hpc_numrel). FL is directly supported
by, and this
cal evolution
in the inspiral phase, focusing on the value
provided
by INFN:
0.04
project heavily used infrastructure
developed using supof the merger time computed for simulations with dif0.00
from
the National Science Foundation
in the USA
0.3
❖ Development:
ferent resolutions
and(INFN-PI)
different numerical methods. We 50port
ZEFIRO
ms in
a week
(Grants No. 1212401, No. 1212426,
No. 1212433, No.
0.2
tried three different methods for the reconstruction of
1212460). Partial support from INFN
“Iniziativa Speci❖ Production:
0.1
GALILEO
(SUMA)
hydrodynamical
variables
(WENO, PPM and MP5) and
fica TEONGRAV” and by the “NewCompStar”,
COST
0.0
two different evolution schemes for the gravitational sec1.0
Action MP1304, are kindly acknowledged.
G = 3.00, dx=0.25
(BSSN-NOK
CCZ4).
The merger time showed
Zefiro is ator
cluster
of the SUMA and
project
SUMA Project,
We max(z)
also graciously
0.5 Castleberry for proofLevel
max(x/y) min(z)
(Nx , Ny , Nz )thank Dennis
order convergence,
formin(x/y)
the differIt's made second
up of 32 computer
each with 512and
GB our results
To quantify
these needs, the resolution and t
(CU)
(CU)
(CU)
(CU)
dx
=
0.25
reading
the
manuscript.
4 processors
(each
with
16
cores).
the computational grid are most important.
ent methods, for resolution dx = 0.25 CU and better, do
0.0
1 ≠720
720
0
720
(185,185,96)
Total of 2048
computing
cores
shows the
characteristics of the grid we used
agree. We have explicitly shown that we achieve
second2 ≠360
360
0
360 (205,205,106)
AMD Opteron 6380 (2,5GHz)
present work. In particular we use a fixed str
3 ≠180
180
0
180 (205,205,106)
convergence
in the inspiral phase when
PPM or
0.5
Infinibandorder
connection
QDR
mesh-refined, centered grids, with the exception
4
≠90
90
0
90 Appendix
(205,205,106)A: Computational
Cost t = 10.55 (ms)
WENO
reconstruction
(switch: 36
ports Mellanox
IS5025). is combined with the5 BSSN-NOK
ditional
refinement
level for merger
simulations result
≠60
60
0
30
(265,265,76)
1.0
apparent horizon, and then only starting short
methods. In the other two cases we find 6that≠30a much30
0
15
(265,265,76)
10
5
0
5
10
15
the merger
(when the minimum
of the
(7 that
≠15 a sim15
0The implementation
7.5) (265,265,76) of any
higher resolution is needed to explicitly show
computational
intensive
re- lapse – o
t (ms)
dropped below 0.5). In the last column of Ta
Model: IBM NeXtScale (Lenovo)
ilar
order-two
convergence
is
present.
Our
result
seems
search
program
like
the
one
developed in the present work
TABLE V. Simulation grid boundaries of refinement levels.
Architecture: Linux Infiniband Cluster
show the actual grid-size in computation-point
MARC
indicate
that
to achieve reliable results
lower
resneedsforming
a careful
the computational
ofCU.
theClearly t
Nodes: 516 to
RAM:
128 GB/node,
8 GB/core
Level 7at
is only
used
for simulations
a BH,analysis
once the of level,
for resolution dx cost
= 0.25
Processors: 2 8-cores Intel Haswell 2.40 GHz per node
minimum
of the
lapse – < 0.5.
Resolutions (the
as reported
in
gridCPU
size (including
ghost-zones
and to
buffer-zones
olutions the combined use of BSSN-NOK
and
WENO
simulations
number
of
core hours
needed
Cores: 16 cores/node, 8256 cores in total
this paper always refer to grid 6.
resolution,
and is not explicitly
sh
Accelerators:
seems the best setup, out of the ones we tested. This
perform each simulation) varying
and a with
careful
management
of
2 Intel Phi 7120p per node on 384 nodes (768 in total);
that reason.
analysis
resources. In that, speed, for
and
with that total runtime,
2 NVIDIA K80
per node onallowed
40 nodes us to extrapolate the merger time for all
With the computational domain completely
from emitted GW, plotted in retarded time with regard to
the position of the detector, assuming emission from the origin. The bottom-most, black, solid line indicates the angular
momentum and mass of the BH. For both models, the sum
of these three contributions remains close during the entire
evolution.

)

r · h22 (km)

Ėgw (1049 W)

Egw (M c2 )

Jgw (M2 G/c)

Computational environment (

Internal Network: Infiniband with 4x QDR switches
Disk Space: 2.000 TB of local scratch
Peak Performance: 1.000 TFlop/s (to be defined)

Modeling Equal and Unequal Mass Binary Neutron Star Mergers Using Public Codes
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We present three-dimensional simulations of the dynamics of binary neutron star (BNS) mergers
from the late stage of the inspiral process up to ≥ 20 ms after the system has merged, either to
form a hyper-massive neutron star (NS) or a rotating black hole (BH). We investigate five equalmass models of total gravitational mass 2.207, 2.373, 2.537, 2.697 and 2.854 M§ , respectively;

—x (CU)
# threads
# MPI
Memory (GBytes)
speed (CU/h)
speed (ms/h)
cost (SU/ms)
total cost (kSU, 50 ms)

0.75 0.50 0.375 0.25 0.185 0.125
16 64 128 256 512 2048
2
8
16 32
64 256
3.8 19
40 108 237 768
252 160 124 53
36
16
1.24 0.78 0.61 0.26 0.18 0.08
13 81 209 974 2915 26053
0.65
4 10.5 49 146 1300

TABLE VI. Computational cost of the simulations, for the example of using BSSN-NOK, with WENO reconstruction for

the next step of an analysis of the computati
is to asses the cost for a full simulation of a p
model at the desired resolution. Table VI show
tual simulation cost as function of resolution, for
ular High-Performance-Computer (HPC) system
the present research program, namely the “GA
system installed at the Italian CINECA super
center. As it was discussed in the conclusion, o
show that the combined use of BSSN-NOK an

Computational Costs (2)
Typical
run
requires
at
least
(CU)
(CU)
(CU) (CU)
dx = 0.25
1 ≠720
720 of allocated
0
720
(185,185,96)
108
GByte
RAM
2 ≠360
360
0
360 (205,205,106)
3 ≠180
180
0
180 (205,205,106)
(dx=0.25)
4
≠90
90
0
90
(205,205,106)

❖Level min(x/y) max(x/y) min(z) max(z) (Nx , Ny , Nz )

5
6
(7

≠60
≠30
≠15

60
30
15

0
0
0

30
15
7.5)

(265,265,76)
(265,265,76)
(265,265,76)

Even the coarser resolution
TABLE
V. Simulation
grid boundaries
of refinement
levels.
would
require
4
GByte
of
Level 7 is only used for simulations forming a BH, once the
minimum of the lapse – < 0.5. Resolutions as reported in
allocated
this paper
always refer RAM
to grid 6. (dx=0.75)
❖

—x (CU)
# threads
# MPI
Memory (GBytes)
speed (CU/h)
speed (ms/h)
cost (SU/ms)
total cost (kSU, 50 ms)

0.75 0.50 0.375 0.25 0.185 0.125
16 64 128 256 512 2048
2
8
16 32
64 256
3.8 19
40 108 237 768
252 160 124 53
36
16
1.24 0.78 0.61 0.26 0.18 0.08
13 81 209 974 2915 26053
0.65
4 10.5 49 146 1300

To quantify these needs, the resolution and the size
the computational grid are most important. Table
shows the characteristics of the grid we used for
present work. In particular we use a fixed structure
mesh-refined, centered grids, with the exception of an
ditional refinement level for simulations resulting in
apparent horizon, and then only starting shortly bef
the merger (when the minimum of the lapse – on the g
dropped below 0.5). In the last column of Table V
show the actual grid-size in computation-points of e
level, for resolution dx = 0.25 CU. Clearly the act
grid size (including ghost-zones and buffer-zones) chan
varying with resolution, and is not explicitly shown h
for that reason.
With the computational domain completely specifi
the next step of an analysis of the computational c
is to asses the cost for a full simulation of a particu
model at the desired resolution. Table VI shows the
tual simulation cost as function of resolution, for a par
ular High-Performance-Computer (HPC) system used
the present research program, namely the “GALILE
system installed at the Italian CINECA supercompu
center. As it was discussed in the conclusion, our res

Delayed Black-Hole Formation

Production configuration used on COSA systems
❖

The same code, grid structure, initial data … used to perform
the production runs on HPC computers (Fermi,GALILEO,
queenbee, super mike, stampede,…) but additional symmetry
imposed and use of of a very course resolution of dx=0.75 (not
0.25) to have a memory configuration below 2-GBytes.

❖

Performance on GALILEO:
statistics from CarpetLib:
Current allocated memory: 1715.999 MB
Maximum number of objects: 1146
Maximum allocated memory: 1722.232 MB
SPEED AT ITERATION 256 ——->
(1 CORE) 68.1962289 CU/hours
(2 CORE) 112.825
(4 CORE) 178.3600
(8 CORE) 241.6999574

❖

50 ms in a week

Not a test code … but the actual code used in research !

Galileo and COSA architectures
System

Node

HS06

GPU

Network

359 (ht)

Nvidia K80

278 (ht off)

4992 Cuda cores
24GB GDDR5

Infiniband

3.5 HS06/W (ht)

8740 GFlops SP
2900 GFlops DP

(thanks to D.Cesini)

Galileo

XEON-D

2 XEON E5-2630, 64 bit, 2.4 GHz
Cores: 16 cores (32 threads)
Ram: 128GB
TDP= 100 W x 2
XEON D-1540, 64 bit, 2.0 GHz
Cores: 8 (16 threads)
Ram: 16 GB
90 W

151 (ht)
133 (ht off)

QDR 4x
(16 Gb/s)

Infiniband
FDR

1.68 HS06/W (ht)
Avoton

Atom C2750, 64 bit, 2.4 GHz
Cores: 8 (no threads)
Ram: 16 GB
24 W

Jetson TK1 ARM-A15, 32bit, 2.3 GHz
Cores: 4
Ram: 2 GB
14 W

Jetson TX1 ARM A57/A53, 64 bit, 2 GHz
(future) Cores: 4 A57 + 4 A53
Ram 4 GB

GbE

55 (ht)
2.2 HS06/W (ht)

28

Nvidia Kepler SoC

GbE

192 Cuda cores

326 Gflops SP

2 HS06/W
?

Nvidia Maxwell SoC
256 Cuda cores

512 GFlops SP

GbE

Basic performance analysis (MPI)
❖

Memory and Network Bandwidth (experimental) of the systems.

Memory and Network performance determined with the

IMB-MPI intel’s benchmark

Node Performance
System

Node

HS06

GPU

Network

ET Speed
(maximal on a node)

359 (ht)

Nvidia K80

278 (ht off)

4992 Cuda cores
24GB GDDR5

3.5 HS06/W (ht)

8740 GFlops SP
2900 GFlops DP

Infiniband
QDR 4x
(16 Gb/s)

518 [261] (1x2x8=16 thread)
769 [427] (2x2x8=32 thread)
734 [665] (4x2x8=64 thread)

Infiniband
FDR

96,12 (1x2x4=8thread)
114.97 (2x2x4=8thread)

GbE

62.86 (1x2x4=8 thread )
81.86 (2x4x2=16 thread )
79.07 (4x2x4=16 thread )

GbE

41,22 (2x1x4=8 thread)
49,72 (4x1x4=16 thread)

GbE

?

(thanks to D.Cesini)

Galileo

XEON-D

Avoton

2 XEON E5-2630, 64 bit, 2.4
GHz
Cores: 16 cores (32 threads)
Ram: 128GB
TDP= 100 W x 2
(?- solo processore)
XEON D-1540, 64 bit, 2.0
GHz
Cores: 8 (16 threads)
Ram: 16 GB
90 W
Atom C2750, 64 bit, 2.4 GHz
Cores: 8 (no threads)
Ram: 16 GB
24 W

Jetson TK1 ARM-A15, 32bit, 2.3 GHz
Cores: 4
Ram: 2 GB
14 W
Jetson TX1 ARM A57/A53, 64 bit, 2 GHz
(future)
Cores: 4 A57 + 4 A53
Ram 4 GB

151 (ht)

133 (ht off)
1.68 HS06/W (ht)

55 (ht)
2.2 HS06/W (ht)

28

Nvidia Kepler SoC
192 Cuda cores

326 Gflops SP
2 HS06/W
?

Nvidia Maxwell SoC
256 Cuda cores

512 GFlops SP

Speed-up
HS06

Conclusions
❖

GOOD NEWS: the framework works on LOW-POWER ARCHITECTURE.

❖

BAD NEWS: performance not up to the par of traditional High-End Processor.
Memory limitation would require an even higher number of nodes interconnected
with a high speed network.

❖

FUTURE HARDWARE REQUIREMENTS: In order to run our application on Low
Power architectures at production level we need to exploit the accelerator present
on the system (GPU) in order to speed up the computation; moreover we need
nodes with larger amount of memory and a high speed network interconnection.

❖

FUTURE PROGRAMMING REQUIREMENTS: Hardware HPC architectures
evolve too fast with respect the capacity of a large scientific collaboration to modify
the code to support new features. We needs new programming paradigms able to
transparently support new hardware features and to guarantee the portability of the
code. Exploration of the OpenMP 4.0 framework just started.
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The research activity in numerical relativity in ITALY benefit from the support of INFN to its
computational efforts.

❖

Nel 2001 la commissione IV finanzia un cluster per ricerche di gravita numerica: il cluster
Albert100. Installato presso il gruppo collegato di Parma.

❖

2005 PRIN on numerical relativity by member of INFN-IS OG51 (now TEONGRAV).
Realizzazione del cluster Albert2 (a Parma).

❖

2009 Cluster GRID-enabled TRAMONTANA (iniziativa di commissione IV)

❖

2013 Cluster ZEFIRO (Commissione IV e SUMA).Our development platform.

❖

2015 INFN Large prototype and Tier-1 Galileo system (Progetto Premiale SUMA)

❖

LOW POWER system research. Testing the code on the COSA system

❖

Our thanks to INFN !

