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Hardware  in  the  ENEA Research  Cen t re Casacc ia (2/3)

H a r d w a r e

• 16 SMP vector processors (1.2 GFlops each) with vector cache memory 

• 300 Mhz o f cpu clock 

• 8 GBytes RAM 

• 220 GBytes Disk 

S o f t w a r e

Fortran 90, C

Message Passing Interface (MPI)

Tools forvectorization and parallelization

UNICOS operative system

CRAY  SV1

LAN/WAN

AFS/LSF

Feronia 
(master)

Switch 
QsNet

Switch
FastEthernet

QsNet N e t .

FastEth Net. .

Hub

Service Network

WS Sun

Hardware  in  the  ENEA Research  Cen t re Casacc ia (3/3)

S P A Z I O  S . p . A .

A  F i n m e c c a n i c a  C o m p a n y www.quadrics.com
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N o d e  Archi tecture:  U P 2 0 0 0

• Two Alpha 21264 processors running at 667MHz, each with integrated 4Mb, L2 Cache 

• 3.2GB/s L2 Cache bandwidth 

• 2.65GB/s memory bandwidth 

• 1GB RAM with ECC; 256-bit wide memory bus 

• 6 PCI slots: Two 64-bit and four 32-bit 

• One shared ISA expansion slot 

• Two serial ports with modem control

• Dual USB ports 

• Thermal sensor 

www. alpha-processor.com

Feronia computing power exploits 40 API UP2000 nodes, where each node is made up by 

2 Alpha 21264 CPUs (667 M h z), 1 GB RAM memory and 4 MB L2 Cache. 

System peakperformance is higher than 100 GFLOPS. In addition to the 40 nodes, Feronia has also a

single CPU controller node, 

which acts as the system interface 

with respect to the external world.

Feronia nodes are linked by means 

of 2 Fast Ethernet networks, 

one dedicated to general  system 

services, while the other one is 

reserved for Message Passing 

data exchange in parallel 

applications. QSW proprietary 

interconnection technology, 

fat- tree QsNet is now available. 

Each node runs Linux Red Hat

ver. 6.1 operating system with 

kernel 2.2.19.1qsw

Netwo rk  peak  pe r fo rmance :  340  MB/S / rail
Q s N e t  s u b s t a i n e d  p e r f o r m a c e:  200 MB/S (75 %)

Mp i  La tency 5 µs
QsNet
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Q s N e t  Ne twork  so f tware  

R e s o u r c e  M a n a g e m e n t  S y s t e m  ( R M S) m a n a g e s the  access  to the  
Q s N e t ne two rk .

R M S  d i v i des  mach ine  in mult ip le v i r tual  par t i t ion

R M S  m a n a g e s  u s e r  p o l i c e o f  the  ne twork

R M S  s t a r t s and s tops the  use r ’ s  p rog rams .

P a n d o r a is  an  admin is t ra t ive  too l.  

I t  prov ide an h igh leve l  v is ion of  Q s N e t  ne twork  s ta tus  and  
funct ional i t ies .  Pandora  is  ab le  to  prov ide s ta t is t ics  in fo  on para l le l  
jobs .

F e r o n i a S W  Archi tecture
Opera t ing S y s t e m

• L inux  Red Hat  6.1 
• Kerne l 2 .2 .13

C o m p i l e r s
• Compi le r g n u  g c c /  f77 
• C o m p a q  C o m p i l e r f90,  C,  C++
• H P F  Adap to r 7 . 0

Librar ies
• C o m p a q  L i b C X M L ,  
• S c a l a p a c k , B lacs , Pblas

Para l le l  env i ronment
• Mp iCh ,  M P I _ Q S W

Too ls M a n a g e m e n t
• N F S
• Nis

Too ls  Mon i to r ing
• Q s w M o n
• Para l l e l  debugger  To ta l v iew

He lp  desk

• h e l p d e s k @casacc i a . enea .it
N e w s g r o u p

• news.casacc ia . enea . it :  ca lco lo
W e b

• feron ia . casacc ia . e n e a.i t

F e r o n i a i s  i n teg ra ted  in  ENEA 
env i r onmen t  :

A F S in tegra t ion  w i th  NFS t rans la to r  

L S F jobs  schedu le  p roduc t
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- Local mode
- N o  c o n c u r r e n c y  w i t h

o t h e r  m e s s a g e  p a s s i n g

ac t iv i ty   

- Only  run  wi th  2  ac t ive

processes

PingPong
PingPing

- … i n M P I  j a r g o n

- m e a s u r e  t h e  q u a l i t y  o f   

t h e  i m p l e m e n t a t i o n

Bcast

Allgather
Allgatherv
Alltoall
Reduce
Reduce_scatter
Allreduce
Barrier

Single  transfer Paral le l  transfer Collective. . .
- Global mode
- I n  c o n c u r r e n c y  w i t h

o t h e r  m e s s a g e  p a s s i n g

ac t iv i ty   

Sendrecv
Exchange

MPI Benchmarks - T h e Pallas  S u i t e  ( P M B 2 . 2 )
h t t p : / / w w w . p a l l a s. d e / p a g e s / p m b d . h t m

I t  provides  a  concise  se t  of  benchmarks  targeted  

a t  measur ing the  MPI funct ions  performance

MPI Benchmarks - T h e Pal las Ins ta l la t ion

MPI_HOME = / usr/lib/ mpi

QsNet  mode FastEthernet mode

MPI_HOME = / usr/local/ mpich_1.2.1/

Makef i l e

i n c l u d e   m a k e _ A l p h a L i n u x Q s N e t i n c l u d e  m a k e _ A l p h a L i n u x S t d

make

O P T F L A G S : - fas t  -a r c h  e v 6 7  -t u n e  e v 6 7  - O5
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MPI Benchmarks - T h e Pal las R u n

prun -N n -n p P M B-MPI1

QsNet  mode FastEthernet mode

P M B - MPI1

With:

n number of nodes
p number of processes

mpirun -np p PMB- MPI1
( -machinefile filename )

“Compaq Alpha QSNet vs. IBM SP”
h t t p : / / w w w . c c s.ornl . gov / ~d u n i g a n / a l p h a /

h t tp : / /www.d l . ac . uk / C F S / b e n c h m a r k s / p m b

“Communications Benchmarks on 
High-End and Commodity-type 
Computers”

MPI Benchmarks - Rela ted  works
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Pallas MPI Benchmarks Suite (PMB2.2)

PingPong

Measure  the  

s tar tup and 

th roughput

Pallas Benchmarks - QsNet  Resul ts

Latency:  ∼∼ 5 µµ s

B a n d w i d t h : ∼∼ 200 MByte / s

PingPong
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P i n g P o n g
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Pallas Benchmarks - QsNet vs .  Fas tEthernet  Pallas MPI Benchmarks Suite (PMB2.2)

∼∼ 2 0 0  
M b y t e / s
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Pallas Benchmark Suite (PMB2.2)

Sendrecv

The processes  

form a  per iodic  

communica t i on  

chain.  

Each process  

sends to  the  r ight  

and  rece ives  

from the lef t  

ne ighbor  in  the  

chain

Sendrecv
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Pallas MPI Benchmarks Suite (PMB2.2)

∼∼ 1 5 0  
M b y t e / s

Bcast
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Bcast
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Pallas Benchmarks - FastEthernet  Resul ts The Car - Parr inel lo M o l e c u l a r  D y n a m i c s

T h e  C a r -P a r r i n e l l o c o d e  a l l o w s  t o  c o m p u t e  t h e  e v o l u t i o n  i n  

t i m e  ( M o l e c u l a r  D y n a m i c s  s i m u l a t i o n  a t  a  g i v e n  t e m p e r a t u r e )  o f  a s e t  o f  a t o m s  

( c o n s t i t u t i n g  f o r  e x a m p l e  m o l e c u l e s ,  p o l y m e r s  o r  m a t e r i a l s )  t a k i n g  i n t o  a c c o u n t  

e x p l i c i t l y  t h e  e l e c t r o n i c  s t r u c t u r e .  

Charge density distribution

of the monomer C8 H8,  bui lding

block of the phenilene-vinylene polymer, 

organic material used as light emitter 

(O L E D s ) (for example

in flat color displays).
C

CC

CC

C

C C

HH
H

H

H H

H

H
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C P  m e t h o d  d e s c r i b e s  t h e  q u a n t u m  d y n a m i c-b a s e d  b e h a v i o r  o f  a  s y s t e m  o f  N  

a t o m s ,  i n  t h e  B o r n-O p p e n h e i m e r a p p r o x i m a t i o n .  T h e  C P  m e t h o d  e v a l u a t e s  t h e  

s y s t e m  e n e r g y  i n  t h e  f r a m e  o f  t h e  D e n s i t y  F u n c t i o n a l  T h e o r y  ( K o hn -S h a m )  a n d  

t a k e s  t h e  m o v e  f r o m  t h e  L a g r a n g i a n

L = Σi µ ∫dr |ψ i|
2 + 1/2 ΣI MI V I

2 - E[ψ i, RI ] + ΣijΛ ij (< ψ i|ψ j > - δ ij)

w h e r e  E  t a k e s  i n t o  a c c o u n t e x p l i c i t l y t h e  i o n -i o n ,  e l e c t r o n - e l e c t r o n  a n d  i o n-e l e c t r o n  

i n t e r a c t i o n s .

S o m e  t e r m s  o f  t h e  t o t a l  e n e r g y  a r e  d i a g o n a l  i n  r e a l  s p a c e  ,  o t h e r s

i n  r e c i p r o c a l  s p a c e ,  t h u s  t h e  e l e c t r o n i c  w a v e  f u n c t i o n s  ψ i(r ) a r e  d e v e l o p e d  i n  

F o u r i e r  s e r i e s :

                                       ψ j (r ) = 1 /Ω1/2 Σ
g

cj (g )e i g⋅⋅ r

The Car - Parr inel lo a p p r o a c h

C

H

Molecular dynamics evolution 

of an hydrogen atom on a plane 
of graphite

Analysis of the electronic properties of the 

chemical bond between the plane and the 

hydrogen atom

A p p l i c a t i o n  i n  t h e  f i e l d  o f  h y d r o g e n  s t o r a g e  i n  

l o w  d e n s i t y  c a r b o n  n a n o-s t r u c t u r e s

A d s o r p t i o n  o f  h y d r o g e n  i n  d e f e c t i v e  g r a p h i t e

The Car - Parr inel lo a p p r o a c h

Lautrec code (courtesy of A. De Vita)
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T h e  S t o n e - W a l e s  d e f e c t  i n  g r a p h i t e

n T h e  S t o n e- W a l e s  ( o r  5 -7 )  defect  i s  
i n t r o d u c e d  b y  s w i t c h i n g  o n e  C - C  b o n d  b y  9 0 ° ,  
a n d  t h e n  r e l a x e d .

n The  f o r m a t i o n  e n e r g y o f  t h e  S - W  d e f e c t  i s
E s w= 5 .39  e V.  

(  t i ght- b ind ing g i ves  E s w=  5 .8  e V a n d  E sw =  5 . 5 5  
e V  f o r  a  ( 6 , 6 )  n a n o t u b e ) .  

n W e  o b s e r v e  a  s i z e a b l e  d i s p l a c e m e n t  o f  t h e  C  
a t o m s  u p  t o  3 r d  a n d  4 t h  n e i g h b o u r s  a r o u n d  
t h e  s w i t c h e d  b o n d  ( i n d i c a t e d  w i t h  B , C , D ) .  

n The  A- A  b o n d  i s  c o n t r a c t e d  t o  d= 1 . 3 1  Å , 
wh i ch  i s  c ons i s tent  w i th  the  format i on  of  a  
double  C -C  b o n d ,  a s  c o r r o b o r a t e d  b y  t h e  
e lectron ic - dens ity  p lot .

BEFORE  RELAX

AFTER  RELAX

F F T  r o u t i n e s ,  l a r g e  s c a l a r  p r o d u c t s ,  

m a t r i x  m o l t i p l i c a t i o n s ,  m a t r i x  d i a g o n a l i z a t i o n s  

D a t a  a r e  s t o r e d  i n  l a r g e  3 D  a n d  1 D  a r r a y s  d e s c r i b i n g  p h y s i c a l  q u a n t i t i e s  o n  b o t h  

g r i d s ,  t h i s  i m p l i e s  a  l a r g e  u s e  o f  :

P r o d u c t i o n  r u n s  a r e  m e m o r y  a n d  c p u b o u n d e d  ! !

P a r a l l e l  c o m p u t e r  w i t h  l a r g e  m e m o r y

a n d  v e r y  f a s t  i n t e r -n o d e  n e t w o r k

N=120 Carbon atoms (1s2 2s2 2p2)
Cell dim = 13Å x 12.5Å x 6.65Å

FFT grid = 100 x 96 x 32 points
E cut -off = 40 Rydberg (15600 plane waves)

N=32 H2 O molecules(H=1s, O=1s2 2s2 2p4 )
Cell dim = 9.88Å x 9.88Å x 9.88Å
FFT grid = 120 x 120 x 120 points

E cut -off = 90 Rydberg (46700 plane waves)

I n  t h e s e  s i m p l e  c a s e s

s o m e  G i g a b y t e s  o f  m e m o r y

a r e  u s e d  a n d  m i n u t e s  o f  

s i m u l a t i o n s  a r e  n e e d e d  f o r  

o n e  t i m e  s t e p

The Car - Parr inel lo a p p r o a c h
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The  para l le l i za t ion strategy 

Because the most time consuming routine are the 

FFT and the orthogonal izat ion (essentially solvable by 

scalar products of wave functions) ones, and 

because there is the need to have access to great quantity of memory:

The parallel ization is obtained distributing among the 

PE grid all  arrays (domain decomposition) storing quantities tha t are 

function of real and reciprocal space coordinates r and g (wave 

functions, charge density and all their related quantities).  

Positions and forces on ions are not distributed and are present on all 

the PE.

In this way scalar products within orbitals and all the real space quantities are efficiently 

computed, since they correspond to integrals whose domain is distributed among processors:  

only the integration subtotals  have to be communicated between computing nodes.  

At the same time, the three-dimensional FFT is implemented by using optimal 

communication routines "dedicated" to the specific problem

(for example, FFT is not computed on columns of elements equal to zero). 

The data matrices required by the algorithm were also distributed (above all ,  for memory 

reasons),  and specif ic  communication routines were coded to perform the necessary 

distributed matrix algebra. 

Finally, the electronic orbitals can be chosen to be real functions, so that two of them can be 

packed into a complex -t o -complex FFT, while only half of the memory allocation which 

would be necessary for complex orbitals is actually needed. This technique does not 

introduce any extra communicat ions between computing nodes,  i f  the data distribution is 

properly handled. Code Performance 

The  para l le l i za t ion strategy
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Per fo rmance   t es ts

S p e e d u p  S

I n  ( a )  t w o  p r o c e s s e s  p e r  n o d e

I n  ( b )  o n e  p r o c e s s  p e r  n o d e

In (a): at 16 processes the speedup seems lower

Because the data grid used is not optimally 

distributed

In (b) the lower of the speedup at 16 processes

Is due to the same reason as in Fig.(a). 

Tcpu (N p = 2 )

Tcpu (N p =2
p

)

S =

Lautrec code (courtesy of A. De Vita)

C r y s t a l l i n e  S i S e 2

St ruc tu re  charac te r i zed

b y  p a r a l l e l  c h a i n s  o f  

d i s to r t ed  edge-s h a r i n g

te t rahedra . Si

Si

Se

SeAppl icat ions  in  the  
f ield of  batteries
because  when used  

as  matr ices  for  

sol id electrolytes 

they  show high  ionic  

mob i l i t y  (Ag ,  

L i  and  Na)
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E q u i l i b r a t e d  c o n f i g u r a t i o n :

• a few Si- S i  homopo la r  bonds

• most  Si  a toms te t rahedral ly  

coord ina ted

S t a r t i n g  c o n f i g u r a t i o n:

• homopo la r  bonds  bo th  

Si-Si  and Se- Se

• no Si  te t rahedral ly

coordina ted  

T o t a l  s t r u c t u r e  f a c t o r  S ( k )

C o m p a r i s o n  b e t w e e n  e x p e r i m e n t a l

S(k)  o f  a- SiSe 2 a t  r o o m  t e m p e r a t u r e

a n d  a b - in i t io S(k)  o f  l- SiSe 2 a t

T  =  1 0 0 0  K .

k (Å-1)
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Building a molecular bio-diode : 
design and modeling

The design and the synthesis of organic -
biological structures have recently received a
growing interest. These structures mimic 
behaviour and properties of complex biological 
systems and can be purposely designed to
display specific properties (e.g. large                                 
conductivity, photoluminescence, specific 
catalytic properties etc.). Our aim is to build a
synthetic system based on a proteic scaffold 
able to accomplish a fast electron transfer after 
light irradiation. This molecule can thus 
constitute the basic element of a miniaturized 
bio-electronical device: a bio-diode.  The system
is designed to be immobil ized on a lipid
membrane that, in turn, can be mounted on a
rigid (glass ) substrate.  

GROMACS

G R O M A C S is a genera l - pu rpose  mo l e cu l a r  dynam i c s c o m p u t e r

s imu la t ion pa c kage f o r t he s t u d y o f b i omo lecu l a r  sys tems . I t s  pu rpose  

is  threefo ld:

• S imu l a t i on o f a rb i t ra ry  mo lecu les in so l u t i on o r crysta l l ine s t a t e

by t h e me thod o f mo l e cu l a r  d ynam i c s (MD) , s t o chas t i c  dynam i c s ( S D )  

o r  t h e p a t h- i n t eg r a l  me thod.

• Ene rgy  m in im i sa t i on o f a rb i t ra ry  mo lecu les .

• Ana l y s i s o f c on f o rma t i o n s  o b t a i n ed  b y  e xpe r imen t o r b y

c o m p u t e r s imu la t i on .  

Berendsen, H.J.C., van der Spoel, D. and van Drunen, R., 
GROMACS: A message-passing parallel molecular dynamics 
implementation, Comp. Phys. Comm. 91 (1995), 43-56.

Lindahl, E., Hess, B. and van der Spoel, D., GROMACS 3.0: A 
package for molecular simulation a n d trajectory analysis J . Mol.

Mod. 7 (2001) 306 -317.
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GROMACS  BENCHMARK

A phospholipid membrane, consisting of 1024 DPPC lipids in a bilayer configuration with
23 water molecules per l ipid, for a total of 121,856 atoms. It was simulated with a  tw in-
range group based cut-off of 1.8 nm for electrostatics and 1.0 nm for Van der Waals 
interactions . The long-range Coulomb forces between 1 .0 nm and 1.8 nm were updated 
every tenth integration step during neighborlist generation. The force field described by 
Berger et al (1997) was used for the lipids while the water was simulated with the SPC 
model. 

Parallel Computations for Turbomachinery

Paolo Giangiacomo, Vittorio Michelassi
University of Roma Tre , Department of Mechanical and Industrial Engineering

michelas @uniroma3.it

Axia l  tu rb ine  s ta to r

I n c o m p r e s s i b l e  3 D E u l e r a n d

N a v i e r -S t o k e s  e q u a t i o n s
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Surface Pressure Dist r ibut ions

Details of the tip flow

Distributed implementation 
of a particle-based cloth 
simulator.

KAEMaRT Group 

Industrial Engineering 

Department

Parma University

A .  G a l i m b e r t i
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Particles

n A piece of fabric is modeled 
with a squared grid with a 

particle at each intersection

par t ic le  j

n The grid is 
aligned with 

warp and weft 
directions

Non rigid bodies

n A non r igid body is a set of part ic les 

connected by forces (at  least  spr ings) 

with external  forces act ing on i t

g

Particle set

+

Internal forces

External 
forces

n Simulat ion is  per formed by an ODE 

so lver  and is  based on Newton’s  laws
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Execution on Feronia cluster

n 1 second o f  s imu la t ion

n 1 master  + n s laves  runn ing  on  m d i f fe rent  nodes

9 9 , 6 3 9 9 , 4 5 9 8 , 6 5

7 5 , 3 3

3 5 , 4 3 3

0

20

40

60

80

100

Time (hours)
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B. T o m a s s e t t i (1,2),  G. V i s c o n t i ( 1 ), F. Valent inot t i (3),  
G.  Giu l ian i (2),  and L.  B e r n a r d i n i (2)

( 1 )  C E T E M P S ,  U n i v e r s i t y  o f  L’Aqui la  ( I t a l y )

( 2 )  S c i e n t i f i c  a n d  T e c h n o l o g y  P a r k  o f  A b r u z z o  ( I ta ly )

( 3 )  Q u a d r i c s  S u p e r c o m p u t e r s  W o r l d  L t d .

Barbara.Tomassetti@aquila.infn.it

franco.valentinotti@roma.quadrics.com

The Distributed Memory MM5
on QSW Alpha Linux Beowulf @ ENEA
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The  Meteoro log ica l  MM5 Mode lThe  Meteoro log ica l  MM5 Mode l

Fifth-Generation NCAR/Penn State Mesoscale Model

• A 3D pr imi t ive  equa t ions  (equa t ions  o f  momentum,  mass  

cont inui ty ,  and   energy  conserva t ion)  model

• Prognost ic  var iables :  wind,  tempera ture ,  spec i f ic  humidi ty ,  and

pressure (  (U,  V),  T,  Q,  P)

• n o n -hydros ta t ic  dynamics  

• f in i te  d i f ference  technique  in  t ime and space

• a mult iple-nest  capabi l i ty  (one or  two way)  

• more  phys ics  op t ions

• severa l  fea tures  impor tant  for  c l imate  regional  predic t ion  

The The Cl imato logica lCl imato logica l run  on  the  run  on  the  FucinoFucino lakelake

V e r y  h i g h g r i d  r e s o l u t i o n :  i n  o r d e r  t o  “ s e e ”  t h e  p r e s e n c e  o f  t h e  l a k e  ( 1 5 0  

k m2 )

Mult ip l e n e s t e d  d o m a i n s  ( 3  d o m a i n s :  2 7  k m ,  9  k m ,  a n d  3  k m )

V e r y  l o n g  s imu la t i on  t ime ,  a  s e a s o n , t o  b e  r e p e a t  twice i n  o r d e r  t o  i s o l a t e  

t h e  d i f f e r e n c e s  b e t w e e n  t h e  c u r r e n t  v s .  o l d  ( l a k e )  s i t u a t i o n .



24

h t t p : / / w w w . m m m.u c a r. e d u / m m 5 / m m 5 - h o m e . h t m l

M M 5  P e r f o r m a n c e :  N C A R / t 3 a  b e n c h m a r kM M 5  P e r f o r m a n c e :  N C A R / t 3 a  b e n c h m a r k

t3at3a b e n c h m a r k  b e n c h m a r k  
f e a t u r e sf e a t u r e s

R e s . 3 6  k m

∆∆ t 91  s

N X 1 3 6  c e l l s

N Y  1 1 2  c e l l s

N z 3 3  l a y e r s

Tota l 503000  
ce l l s

R a d i a t . 1 / 2 2  s t e p

G f l o p 2 .398

N a t i o n a l  C e n t r e  f o r  A t m o s p h e r i c  R e s e a r c h  ( N C A R )
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HPCN in Internet:

 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

ENEA- HPCN  
Lungotevere G.A. Thaon di Revel, 76  
00196 ROMA -  (Italy)  
Phone: +39 -063627-2570      Fax: +39- 063627- 2683  

Disc la imer  

Al l  comments,  error reports  and requests  for  alterations etc.,  should g o  t o Paolo Novel l i  or  Mass imo 
Celino   

 

General  Info

Research

HPC Resources

P e o p l e

Publ icat ions

Opportunit ies

Events  

Other  Webs i tes  

 

 

 

Webs i te  

" Calcolo e Reti ad Alte Prestazioni in ENEA", Internal Note, 25.09.2000 (in Italian)  

Cur ren t  News 

>> Welcome to  the  ENEA-H P C N  W e b s i t e  < <  Related l inks  HPCN at ENEA

h t t p : / / w w w . enea .i t/ hpcn Software Conceptual Structure

AFS Geographica l  cross  p la t form & Fi l e  Sys tem

A I X S G I S U N Compaq N T L i n u x Quadrics …

Load  Leve l er L S F

G r a p h i c  U s e r  I n t e r f a c e

LSF mul t i - c luster  as  integrator

T e l n e t

U s e r  p r o g r a m s  &  c o m m e r c i a l  c o d e  
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Graphics

Single processor units

SIMD platform

Front end

Dual processor units

Dedicated HW boards

Qsnet

switch

PQE1 is a ‘heterogeneous’ parallel system composed by a general purpose MIMD platform (Meiko/QSW CS-2) 
coupled to 7 SISAMD (single instruction single address multiple data) platforms (APE100/Quadrics).

The APE100/Quadrics SIMD section has 1664 nodes, 83.2 Gigaflops of aggregate computational speed, 20.8 
Gigabytes/sec of bandwidth and 6.5 Gigabytes of RAM.  

The CS-2 MIMD section has 8 twin  nodes, 1Gigaflops of peak speed, 1 Gigabyte of RAM and 800 
Megabytes/sec of aggregate bandwidth.  The SIMD systems communic ate through 7 HiPPI channels with the 
MIMD section, so the communication bandwidth between the two sys tems is 140 Megabytes/sec. 

Hardware in the ENEA Research Centre Casaccia (1/3)


