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e Misidon del BSC-CNS:

e Investigar, desarrollar, yadmlnlstrar Ia tecnologla para faC|I|tar
el avance de la ciencia A

e Objetivos del BSC-CNS:

e |+D en Ciencias de la Computacion, ClenC|as de la Vlda y
Ciencias de la Tierra.

e Soporte de supercomputacion para investigacion externa.

e BSC-CNS es un consorcio formado por :

e Ministerio de Ciencia e Innovacion — 51% [ &iome nm..
e Generalitat de Catalunya (DIUE) — 37% E==Es
e Universitat Politecnica de Catalunya — 12% @ v
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e MareNostrum 5.,

e 4812 PowerPC 970 cores
e 2406 JS20 2.2 GHz
e 10 TB of Memory
e 4 GB per node

e 270 TB Storage Capacity

e 3 networks
e Myrinet
e Gigabit
e 10/100 Ethernet
e Operating System
e Linux 2.6 (SUSE)

Barcelona
. . Supercomputing
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e MareNostrum 5,4

« 10240 PowerPC 970 cores
e 2560 JS21 2.3 GHz
e 20 TB of Memory
e 3 GB per node

. 480 TB Storage Capacity

« 3 networks
e Myrinet
e Gigabit
e 10/100 Ethernet
« Operating System
e Linux 2.6 (SUSE)

Barcelona
. . Supercomputing
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Evolucion de MareNostrum

®

500

ESUPERCOMPUTER SITES

Listado Posicién Posicién
mundial europea
Noviembre 2004 4 1
Junio 2005 8 1
Noviembre 2005 5 1
Junio 2006 11 3
Noviembre 2006 3 1
Junio 2007 9 1
Noviembre 2007 13 3
Junio 2008 26 8

Barcelona
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e MareNostrum

Memoria:
Disco:
Redes:
Sistema:

e UPM

Memoria:
Disco:
Redes:
Sistema:

Y™ VNIVERSITAT =~ *
, B VALENCIA = " Procesadores:
Memoria:
Disco:
Redes:
Sistema:

RED ESPANDOLA DE
SUPERCOMPUTACION

Procesadores:

Procesadores:

10240 PowerPC 970
20 Tbytes

390 + 90 Tbytes
Myrinet, Gigabit, 10/100
Linux

2744 PowerPC 970

5.4 Tbytes

187 + 46 Tbytes
Myrinet, Gigabit, 10/100
Linux

IAC, UMA, UC, UZ, UV

512 PowerPC 970

1 Thyte

14 + 10 Tbytes

Myrinet, Gigabit, 10/100
Linux

20 Aniversario de RedIRIS 8
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o SGI Altix e Sistema de

e 256 procesadores almacenamiento
e 128 dual core Montecito e 6 Pbytes sin compresion
e 2.5 Tbytes de memoria e Tecnologia LTOA4
compartida e HSM y backup

e Sistema: Linux

2 20 Aniversario de RedIRIS




e 44 cientificos espanoles, renovacion cada dos afnos
e Aprobado por el MEC y la ANEP

e Core Team
e MEC: Ramoén Lopez de Arenosa
e ANEP: Victoria Ley
e Experto Supercomputacién externo BSC: Pedro de Miguel (UPM)
e Experto Supercomputacién interno BSC: José Maria Cela
e 4 paneles
e Astronomia, Espacio y Ciencias de la Tierra
e José Maria Ibafiez, UV
e Biomedicina y Ciencias de las Vida
e Alfonso Valencia, CNIO
e Fisica e Ingenieria
e Pablo Ordejon, CSIC
e Quimica y Ciencia y Tecnologia de los Materiales
e Agusti Lledos, UB
e Acceso cuatrimestral

e Gestion técnica de la Red conjunta,coordinada por el BSC-CNS.

. . Barcelona
B 20aniversario de RedRIS 10 (=
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Actividades en la RES

“ peticiones

" Accesos

2008 P2

2006 P2 2006 P3 2006 P4 2007 P1 2007 P2 2007 P3 2008 P1
Miles de horas en la RES
2006 P2 2006 P3 2006 P4 2007 P1 2007 P2 200793 2008 P1 2008 P2

s Horas asignadas
Horas usadas

~——Horas pedidas

Lspy IMTU

S0t

[ ——

1March 2007 | www.nature.com/nature

NAME
THAT
ATOM

Individual surface
atoms identified
by atomic force
microscopy

GRAPHENE

What makes this hot

new material tick?
EXTREME LASERS
Letting rip in space-time
CYPAVIRUS POLYHEDRA
Small but perfectly formed

NATUREJOBS
Focus on physics
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T
Dissociation of SO, on Au/TiC(001): Effects of Au-C Interactions and
Charge Polarization®*

José A. Rodriguez,* Ping Liu, Francesc Vifies, Francese llas, Yoshiro Takahashi, and
Kenichi Nakamura

Recently. gold has becarme the subject of mach
1o it umasual catalytic propers

many sspect, chermical behavior s
metats ! A recent aticle indicate that Au parices (e 2

i

E

surfaces wing synchr

aton is  much more demanding seaction than the axidation &4
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5 x TiC(001) can be clasificd 31 & poor DeSOx
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e HPC-Europa is a consortium that

aims to provide advanced

computational services in an

integrated manner to the S ]
European research community. ; - MT
e It enables researchers working | : « 7| Tre
in any eligible country in Europe | £ —
to visit a participating research -
institute to carry out a
collaborative visit of up to 3
months’ duration and to gain
access to some of the most .
powerful High Performance i%@ﬁ;gpc-gupopa
Computing (HPC) facilities in
Europe.
2 20 Aniversario de RedIRIS 12 (( Supercamputing
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e Consortium of leading
national supercomputing
centres that currently deploys
and operates a persistent,
production quality, distributed
supercomputing environment
with continental scope

e Objectives:

e To deploy and operate a
persistent, production quality,
distributed supercomputing
environment with continental
scope

e To enable scientific discovery
across a broad spectrum of
science and technology.
Scientific impact is the only
criterion for success

J
- "J

7
1Gbis GRE tunnel =
10 Gbis wavelength
] 10 Gb/s routed

g;___)l 10 Gbis switched

Barcel
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Computer architecture: Benchmarking, analysis and prediction tools:

« Highly 0-0-0 architectures * Tracing scalability
- Hardware multithreading . Pgtterp ar_wd structure |de_nt|f|cat|on
» Design space exploration for multicore * Visualization and analysis
chips and Hw accelerators * Processor, memory, network, system

* Transactional memory (Hw, Hw-assisted)
* SIMD and vector extensions/units

Programming models:

* Scalability of MPI and UPC

* OpenMP for multicore, SMP
and ccNUMA =

« DSM for clusters ‘

* CellSs

* Transactional Memory

* Embedded architectures

Future Petaflop
systems

(]
Grid and cluster computing: ., ..ccar
* Programming models ¢ o o ‘o
« Resource management /% *

* 1/0O for Grid
Operating environments: ENANOS
» Autonomic application servers
» Resource management for (\

heterogeneous workloads

 Coordinated scheduling and Self «
resource management

* Parallel file system scalability

. o Barcelona
2D 20 Aniversario de RedIRIS 15 (( Supercomputing
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Gauss Centre for Supercomputing == S I I E:

woa)sAsoo]

. Principal Partners

VM

G e n e ra I Pa rtn e rS Swiss National Supercomputing Centre
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4 relevant apps: SIESTA, RTM, ALYA, TORB
General kernels

StarSs: CellSs, SMPSs
OpenMP@Cell
MPI+ OpenMP/StarSs

Programming
Applications models

Coordinated scheduling:

Automatic analysis Perf R;rf;élef?:,
[ i icti errormance ,
Coarsef/fine grain prediction Models and Load o

Sampling
Clustering
Integration with Peekperf

analysis Power efficiency

prototype balancing

tools

Processor

Interconnect
and node

Contention
Collectives
Overlap computation/
communication

Contribution to new Cell design
Support for programming model
Support for load balancing
Issues for future processors

Center
Centro Nacional de Supercomputacion

Y Barcelona
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® 21 grupos

Application scope

e 119 investigadores senior “Life Sciences”

Compilers and

tuning of application RIS EET

e 5 Grand Challenges kernels “Earth Sciences”

e 5.000.000 €/ 5 arfios

Programming

models and Application scope
performance “Astrophysics”
tuning tools

v

Architectures
and hardware
technologies

Application scope
“Engineering”

Application scope

“Physics”

<+—» Strong interaction
«---- Interaction to be created

ﬁﬂniversario de RedIRIS
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Chip Multiprocessors:
Number of cores on chip could double at most every 18 months

T BT ATe BT S S e ol
“It is better for Intel to get iiii*ﬁi’"

Marenostrum

s first Tera-scale Research Prototype are a

d sighostitSB ettifkddsespencermsuter
Fortune magazine, Sept. 2008e: Intel

oL L L LLLLS,
o LLLLLLLS,
2 LLLLLLLS
L L L L L LLLL
X AL AA

)

'ﬂmb'g?rngmg 10.000 Pentium
nat W dllOw usS IO?GI mne TU | Denam or aill in

and m th{%qg% gr%(p]g ﬂf&? %p&gﬁ%%gaé“g'caﬁmets occupying 200 square meters ©
Bill Gatd )8 i r&ﬁﬁagﬁ%b&, years from now

——




e Project started in April 2006 - 2 years initial duration
e BSC - Microsoft Research Centre inaugurated

January 2008

The Collaboration

e Barcelona
Supercomputing Center
(BSC)

e Computer
Architecture

e Microsoft Research
Cambridge (MSRC)

e Programming Systems

Initial topic: Transactional
Memory

» Advent of multicore chips

* Parallel programming
commonplace

* Simplicity vs. wide

applicability

* Full performance not the

initial driving force, but the

final objective

Transactional Memory
I

/

v

Appllcatlons
Programming model

v v
STM
©
c
)
©
c
>
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©
)
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| 9 many-core
programming

| 9 multi-core

programming

Weall ‘9 massive
parallel prog.

| @ games

Multicore-based pacifier

Barcelona
m Supercomputing
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Ciencias de la Vida

Atomic (and electronic) modeling
of protein biochemistry and
biophysics

Micro and mesoscopic modeling
of macromolecules. Drug Design

|dentification of the structural
bases of protein-protein
interaction

Protein-protein interaction
networks
Systems biology

Web services, applications,
databases

Analysis of genomes and networks
to model diseases, systems and
evolution of organisms

2 20 Aniversario de RedIRIS 99 @ Supercamputing
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Life Sciences Departmen

EL

Library of protein MD simulations
1400 at the moment
>900 CPU years.
10 Tb of data

Time (ns )

B T TP

TimeSlce
feas CP,CE1 [ analysisld.
ersn can allowto havs more ', |init ERUN(CATEGORY,
1 one smlaon wih e some Cp /| izstSnapshot A2 FILEVFLOAT
ot flld o the s prten Analyeis STRING)
exampe reason P [name The web wilowa e
iBERS) ¥ CP.CE3 | pasefiame | |t oftre anayse rom
and al posise combinatons of s s Time (ns )
Forcerieds e~ ] | SmulationAnalysis N o= —
& - e —t
CP_[analysisld anaiyshel tom s
A maysisld oerpon || et o
Smulatipn means ALL CH
P | simulatipnld CEY| name p 5
-« 2\ parentiam ‘AnalysisFragment Fragment ol 3 bonds of 1lacf
v GV | Ch e |anlyaisld | [CP | roamentid - H
CE1([ pabCode UNIGUE resrain g CP.CE1 | fragmentld. ; i
pdbCode
date rest rmarybey) | chain
status
statusCamment v
Status alves
simulaf? s
stz i s s | g
boxType 1 seup sned, readytobe || CPLCE1
Pt B e [tagnantd
boxY 2 @Warerosnm infiaRasidue
boiZ 3 smuston s eiRaside) | [@mews ‘
e ' Ve I
watars ~5:anayss shec o J
totalAtoms & anayss fiishedt no ok X Secondary structure of 1ACF
temperature ontiss : e
et |G Ty n’ = -
samglingTime (W] CP_ |idCads. p— —— o l l “ l | J .
s comment 1 b defne L
SenChar ‘ Sm et e e RS i} T 71 AT Y Il ! | YV L
T m l
shake anyteesing conme 4
Sy =40
e || SimulationForceField CP,CE1 [ ragmentid
CP.CET | fareeFietaid | | EmeCodsFragmert p—
CP,CE2 |3 :P,l:n‘mymm\m evidence.
desciption
SetupOption |
YT " ForceField S M. e e ——— s — ]
CP/CE2 | idMon CP [forcafiaaia | [ CPCE! [tragmenua PSS E A 0
cP CP.CE [tagmentd
cp name scopld
desgription domain [name ]
3
3 o
L CathFragment PlamFragment . @
Monomer CP.CET [ tragmentd | | cP.CE [ £
CP | tdon cathld accession :
o domain
sourcadata .
numberAtoms OtherFragment
Al CP.CE1 [ragmentid
molecularWeight ‘
reason
E
1 (S B R B T e |

s e

Time (ns)
[0 Coil Il B-Sheet i B-Bridge Il Bend (] Turn [l A-Helix [l 3-Helix
s >

m WP COIIa LY
= Rueda et al., PNAS 2007 23 W e



THE ENCODE THE EARTH
PROJECT PROTEOME

o e

Genome all organisms + all
metagenomes

_ e 1.4x10° sequences
% e e 32Tbof RAM used
Rkt T
e e 4000 processors
Vo bent oty e
— e e 38 CPU years
P b b b
e 9 Tb of output data
~= ' e G-Superscalar
o g e 3.5 daysjob!
DECODING .
11
THE BLUEPRINT e 5 DAYS lagtime!!!
The ENCODE pilot st EMBL-EBI
v an g * e b
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Identification and classification of
new and known proteins from
known genomes and metagenomic data Molecular

Biology 3
Providing new functional associations

and hypothesis for basic research

IMPACT
FIELDS FP7 European
\ project
BioMedicine

Identification of new microorganisms,
pathways, proteins and molecules. New
therapeutic molecules (antibiotics, protein

targets)

G apee

Evolution

_ . Ecology
Understanding the mechanisms
of evolution of proteins and organisms Identification of new pathways and organisms
for new possibilities in biodegradation.

Barcelona
Supercomputing
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Air Quality and Meteorological Modelling:

v" The group offers a pan-European (12 km) and Spain (4 km) Air Quality forecasting and assessment
service to end-users that takes advantage of the high spatial and temporal resolution of the air quality
modelling system.

(http://www.bsc.es/caliope).

v'Development of the HERMES high-resolution emission model for Spain (1 km and 1 hr).




Efectos en la calidad del aire por la
infroduccidn de la limitacion de
velocidad a 80 km/h en las vias de
acceso a Barcelona

Evaluacion preliminar
1° seis meses 2008

Vol ey 6o Ba ame Bevde Chapew We o s g o apreis o g Be ol avane Wt del e was o PN

Barcelona
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Mineral Dust:

v’ Daily operational forecasts of mineral dust for the Euro-
Mediterranean and the East Asia region based DREAM Model (
http://www.bsc.es/projects/earthscience/DREAM).

v Leading initiative: World Meteorological Organization initiative to
create a Regional Centre for Sand and Dust Storm Warning System.
v’ Initial steps for the development of a global-to-regional /
hydrostatic-non hydrostatic dust model based on the UMO.

s EE VR HERENE
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o *‘z’ﬁ e
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SARRRARNET

— Climate Modelling:

T O ——— ——— ——

S v Global Climate Modelling with NASA GISS ModelE and NCAR
' WACCM in MareNostrum supercomputer with a resolution of 2°x2.5°.
v’ Implementation of a regional climate model (RCM) based on the
WRF/CMAQ/DREAM system for the Mediterranean Sea and Europe
(20 km resolution) in order to simulations to ascertain the regional
impact of climate change in the trends of extreme events.

m Barcelona
Supercomputing
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Computational Fluid Dynamics Geophysics

REPJOL

Ab-initio Molecular
Dynamics

Bio-mechanics

z U Barcelona
Supercomputing
Redi 2 9 Center
Centro Nacional de Supercomputacion



Imagen Sismica: Proyecto Calidoscopio

REPJOL

YPF"

Seleccionado por
"IEEE Spectrum"
como una de las 5
iniciativas mas
innovadoras en
tecnologia del ano
2007

REAS
R

¢ IDGED DEVELOPMENT INC.

—

S Barcelona
- Supercomputing
Center
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