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CESGA Finis Terrae Computational Science Conference.

CONTIDOS Mais de oitenta investigadores usuarios dos servizos do Centro de Supercomputacion de
Galicia (CESGA), xunto con outros investigadores e xestores de infraestruturas de toda

2-15 CESGA-Finis Terrae Computational Science Espafia e Europa, asistiron a FinisTerrae Computational Science Conference, a xornada
Conference 2008. intensiva de traballo que tivo lugar o 12 de xufo, con anterioridade aos actos de pre-

sentacion do novo supercomputador FINIS TERRAE. Técnicos do CESGA, usuarios que
participaron nos retos lanzados contra o ordenador no seu periodo de probas e expertos
internacionais, presentaron diversos relatorios en torno & ciencia computacional e as posi-
bilidades do novo supercomputador.

16-22 Actos de presentacion do Finis Terrae.

23-46 Papers on Computational Science.

Durante a sesion, responsables do CESGA explicaron o plan estratéxico do centro para
o periodo 2008-2012, centrado na sua evolucion cara ao futuro “Computational Science
Research Centre”, cofiecido tamén como C2SRC.

Os obxectivos do plan estratéxico son continuar mellorando a resolucién das necesidades

diarias de supercomputacion dos usuarios; contar con diferentes sistemas operativos ba-
seados en software aberto que poidan correr tanto cos cddigos novos como cos antigos
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que seguen sendo eficientes; complementar a oferta existente, en
lugar de duplicala; facer simulacion numérica aplicada a industria; re-
ducir o tempo de espera dos usuarios e optimizar tanto a “capability”
como a “capacity” da instalacion.

En definitiva, as actuacions previstas para os proximos catro anos di-
rixense a mellorar a competitividade da comunidade cientifica; captar
investimentos do sector privado; atraer talento do exterior e reter o
local; e contribuir & excelencia na ciencia computacional.

O futuro C2SRC

O CESGA afronta este mesmo ano o seu proceso de evolucion ao
C2SRC, para o que esta prevista a incorporacion de ata 140 investi-
gadores e tecndlogos ate 2012. Para captar estes expertos contase
coa colaboracion das universidades galegas e do CSIC e aproveita-
rase o programa IMAN da Xunta de Galicia, dirixido & captacion de in-
vestigadores de prestixio, ademais de lanzar convocatorias abertas.

A creacidon do novo centro de excelencia ten a sua orixe na combi-
nacion de varios factores: a decision do Goberno galego de facer
fincapé en cinco areas determinadas de investigacion entre as que se
atopa a ciencia computacional, a decision do Ministerio de Ciencia e
Innovacion de instalar en Galicia unha nova infraestrutura cientifico-
técnica singular e a decision do Consejo Superior de Investigaciones
Cientificas (CSIC) de crear unha infraestrutura de célculo avanzada
para a comunidade investigadora aproveitando os quince anos de
experiencia do CESGA.

En materia de ciencia computacional, priorizaranse catro areas de in-
terese estratéxica para Galicia, que presentan unha grande demanda
de calculo e son singulares: Ciencias da Vida, Nanotecnoloxia, Cien-
cias do Mar e Novas Enerxias, s que se suman a Supercomputacion
e a Simulaciéon Numérica como dreas propias.

Presidente da Xunta de Galicia, Fernando Blanco, Conselleiro de Industria, autoridades e invitados durante a visita s instalacions do Finis Terrae no CESGA.

SCIENCE

putador Finis Terrae. Autoridades, xestores, usuarios e publico xeral participaron nas xornadas cientificas e actos que se

“CONSTELACION”, A NOVA SEDE
DO CESGA, SAE A CONCURSO

A data limite para presentar as propostas é
0 26 de setembro de 2008.

O concurso seleccionard a mellor idea para posteriormen-
te elaborar o Proxecto Técnico-Basico e de Execucion, e a
Direccion de Obra para o novo edificio do CESGA, cun or-
zamento de 22 milléns de euros, e unha superficie superior
a 16.000 m? no Parque Empresarial de Santiago de Com-
postela “A Sionlla”.

Sera un complexo arquitectonico, con todas as instalacions e
infraestruturas necesarias para as duas areas de traballo do
CESGA: O Centro de Investigacion en Ciencia Computacio-
nal e o Centro de Servizos, Innovacion e Xestion.

No primeiro desenvolverase a actividade cientifica do per-
soal investigador, con 70 postos de traballo para investiga-
dores, 40 para investigadores sénior e 12 visitantes. O Cen-
tro de Servizos aloxara e xestionara as infraestruturas de
supercomputacion e comunicacions e outros servizos, con
mais de 100 postos de traballo e 800 m? de sala de super-
computadores.

Toda a informacion referente ao concurso na paxina
web do Colexio de Arquitectos de Galicia:
www.coag.es
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by Ignacio Lépez Cabido, Technical Deputy Director, CESGA

Finis Terrae is a complete solution intended to solve the problems of
the community of researchers using CESGA. One fundamental as-
pect has been taken into account in its design, the coexistence of
great computational challenges with other kinds of simulation, per-
haps more common, but important as well. On the one hand, the sys-
tem allows solving huge problems that require thousands of proces-
sors and enormous amounts of memory of up to 20 TeraBytes. On the
other hand, many times the user’s application does not allow a scaling
to a significant number of processors, no more than 4 or 8 in many
cases, but it is necessary to deal with a large amount of data under
the paradigm of shared memory.

Finis Terrae is made up of the following blocks:
- rx7640 Computing Nodes

- Superdome Computing Nodes

- Infiniband Interconnection Network

- HP-SFS Storage System

- Login nodes/file servers

- Tape Library
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FINISTERRAE's ARCHITECTURE

The computing nodes are the elements intended to solve the ma-
thematical operations of the simulations and there are two kinds of
them in Finis Terrae: Rx7640 and Superdomes.Both kinds of nodes
have the same architecture and from the user’s point of view, the only
difference between them is the size of the node. The HP Rx7640 are
servers with 16 processor cores and 128 GB memory, while the main
HP Superdome node has 128 processor cores and 1TB memory.The
system also includes other two 64-processor Superdomes, which pro-
vide an additional 384 GB of main memory.

Internally, each of the nodes is constituted by the union of cells as
shown on the image. In the case of the Rx7640 nodes there are two
cells, while the Superdome has 16. Each cell has 4 last-generation
1.6 GHz Itanium Montvale processors, each of which incorporates
two processor cores and 18 MB cache. The cell also provides a 64 GB
memory block. One-cell processors access the local memory of their
cell through the ‘cell controller’ and there exists an interconnection
of the different cell controllers that allows each processor to access
directly the remote cell memory as well, practically at the same speed,
but with a slightly greater latency. The architecture of the system is
thus ccNUMA: within each computing node, each processor accesses




directly all the memory, although the access time is slightly different
depending on whether we are inside the local cell or we are accessing
a remote one. The operating system is in charge of arranging each
processor’s affinity to its cell’s memory, trying to put the data acces-
sed by each processor in their local cell.
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The cells are linked by three different pathways. In the case of the
Superdome, the 16 cells are interconnected by means of a network of
Crossbar type switches in a two-level architecture.
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The different computing nodes can work with independent users’ pro-
blems, that is, each user work is executed within one single node, but
of course for work requiring the utilisation of more processors or more
memory than that available in one node, therefore the system has an
Infinibband communications network. This network has as its most im-
portant characteristics the 16 Gbps high interconnection band width,

as well as a very low latency, that for the user is 6 microseconds.
Each of the computing and storage nodes is connected directly to
a large central switch, so every pair of system elements can always
communicate at the same speed.

Another important element in the Finis Terrae solution is the HP-SFS
storage system. It is a parallel storage system, made up of a total
amount of 20 servers that have 72 cabins connected to 864 SATA
type disks. The system acts as a great 216 Terabytes hard disk, sha-
red by all the computing nodes, in a way that the information of this
system can be accessed from any of them and at a high speed. Pa-
rallel supercomputing systems need to treat and store great amounts
of information, and it is only possible to do this at a high speed with
parallel storage systems such as this one, based on Lustre free/libre
software.

The computing nodes are reserved for the users’ problems execution,
so the system has some login nodes, which are the servers to which
users connect and from which they can send and check the state of
their works, etc. There exists a redunded configuration that also provi-
des access to the rest of CESGA’s storage cabins, where users’ per-
manent data are normally located, available in the home directory.

The system has, at the same time, a tape library that provides a stora-
ge capacity of 2,2 Petabytes of information, in its 1424 slots of LTO4
type tapes. The library has 12 reading units that allow a high transfe-
rence speed, of almost 3 Gigabytes/seg.

Finally, we have to say that all the system components work using
Linux operating system, in its SuSe version.
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FINISTERRAEUSER’S GUIDE

by Carlos Fernandez Sanchez, Systems Administrator, CESGA.

The new user’s guide of the supercomputer Finis Terrae is at the
users’ disposal on CESGA’s web page (www.cesga.es, under the
Computing section). In this article we will try to present some basic
concepts for the optimum use of Finis Terrae as an introduction for
users.

Users with an account at CESGA have access to the new server Fi-
nis Terrae at the moment. Given the complementarity between this
system and the SVG cluster, users can choose which one to utilise
depending on the computational requirements, as image 2 shows.

When users connect to the system, they access the login servers,
from which they can send jobs to the queue system, check the sta-
te of their jobs and do file moving operations. In order to be able to
compile applications and run tests with few computational demands,
it is necessary to use the command compute in order to access the
computing nodes in interactive mode.

In order to store and process information, there are different storage
spaces (filesystems) available for users, not only to store data, but
also to use as temporal directory during the execution of jobs (scrat-
ch). The home directory should be used only to store critical informa-
tion, for its storage capacity per user is very limited, while the HP-SFS
system allows storing a great amount of information (Terabytes per
user) and it is accessible with a large bandwidth from all the nodes.
Therefore, it is the storage system that should be used for parallel
computing simulations.

The way to send and check the state of the jobs in Finis Terrae uses
the same commands and parameters as in the other computing ser-
vers available at CESGA, except for the new way of sending parallel
jobs, depending on the parallelization scheme they use (MPI, Op-
enMP or hybrid). Specifically, to send purely MPI jobs, the option —pe
mpi number_of_processors must be used, and for OpenMP parallel
jobs the option num_proc=number_processors should be used. If the
parallelization scheme is hybrid (OpenMP and MPI), both options
should be combined and the total number of processors dedicated
to the job will be the result of multiplying the values introduced in
the fields num_proc and —pe mpi. In image 1 and in the user’s guide
more information is provided about how the queue system places the
parallel processes depending on the combination of options used. In
the processes layout default scheme (mpi option), the system tries
to place the greatest number of processes in the same node. If the
option mpi_rr is used, the processes are distributed in all the nodes
available, placing the smallest number of processes per node.

The queue system automatically assigns the priority of the jobs, de-
pending on the previous utilization of the system by the user and of
the resources required. The execution of parallel jobs with a great
number of processors and high memory demands are also priorized,
given that for those simulations with low parallelization levels that do
not require more than 4GB of memory, the SVG server can be used.
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Regarding the maximum resource limits that can be applied for
through the queue system, it is important to highlight that they can be
surpassed through the special resource application form, available on
the web (in the Special Resources section), with which the prioriza-
tion of those jobs that require an immediate ending period for special
circumstances is also possible.

Regarding future improvements, we could emphasize the upgrade of
the HP-SFS software, planned for July 15, as well as verification tests
of the nodes where the jobs are going to be executed, in order to
guarantee that they do not show any problem and that the performan-
ce obtained will be correct. Another planned improvement consists
in completely isolating the jobs of the different users by means of
processing environments closed in a way that we could guarantee
that there are no interferences among them and that the resources

FINIS TERRAE SVGD

Capability computing
Parallel jobs (>4 ... 2528 cores)
Huge memory (>4... 19TB)
Huge parallel scratch (>50... 390,000GB)

Throughput and Capacity computing
Sequential jobs (up to 8 cores)
Low-medium memory (<8GB)

Low-single node scratch (<100GB)

Shared storage: /COMPARTIDO /sfs
Linux O. S.
Grid Engine Batch Scheduler

Fig 1: Complementarity of Systems SVG and Finis Terrae
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Fig 2: Distribution of MPI processes on the nodes of Finis Terrae depending on the queue
system options




FILNISTERRAE TOOLS AND APPLICATIONS

by Andrés Gémez Tato, Applications and Projects Dept. Manager, CESGA

The installation of Finis Terrae meant a change in the way of executing applications at CESGA. When Finis Terrae came into operation, the modu-
les system was incorporated for the configuration of the user’s scope according to the application or applications that are to be used. This system
automatically configures the field variables needed for a proper execution of the application, facilitating the management of the great number of
applications installed. Other important changes were the choice of the ELMER free/libre software as the partial substitute of ANSYS multiphysics
simulation software and the change to Intel’s compilers and development and analysis tools. Among these tools, we can find CMKL Math libraries
that include BLAS, LAPACK or ScalLapack.

The performance of these libraries as well as that of general use applications was analysed during the tests run previous to bringing FT into opera-
tion. In the CMKL libraries tests, the substantial improvement of the output obtained was confirmed (see image 1), practically doubling the number
of operations per second in relation to what was obtained in the same test with the HP Superdome, despite the fact that the clock frequency was
increased only by 0,1 GHz. This improvement in the output is also noticeable in the applications that were tested, such as Gaussian 03, where the
execution times for the tested methods are substantially lower to those obtained with the HP Superdome (see image 2). This improvement is also
substantial when models that need a great amount of disk are executed thanks to the SFS storage system (see image 3).

The Applications and Projects Dept. run these tests within the scope of their work to support CESGA'’s users. This task includes, among other

services, the installation, adaptation and compilation of scientific applications; the help in the parallelization of users’ programmes, in the selection
of scientific libraries or in the utilization of development tools; and the development of small scientific computing or data analysis applications.
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Img 1: Comparison between the output of the Finis Terrae and the HP Superdome for the DDOT function. The significant increase in the output between both systems can be noticed.
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Img 2: Comparison between the execution times for different Gaussian 03 calculus Img 3: Comparison of the execution times when the SFS or the local storage are used.
methods in HP Superdome and Finis Terrae. It can be clearly noticed that the Finis Terrae
notably improves the execution times in all cases.
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PRACE e TER@TRC
o futuro esta en cgmpartir recugsos

A Computational Science Conference 2008 contou coa presenza de
representantes dos proxectos PRACE e Ter@tec, duas iniciativas
europeas baseadas na colaboracion e o compartimento de recursos
de HPC para mellorar as capacidades e a competitividade da comu-
nidade investigadora e a industria.

O Partnership for Advanced Computing in Europe (PRACE) foi pre-
sentado polo Director de Colaboracion do CSC Finlandés (Finnish IT
Centre por Science), Leif Laaksonen, que explicou que o proxecto ten
como obxectivo crear un servizo paneuropeo de High Performance
Computing ao servizo da comunidade cientifica da UE.

Segundo Laaksonen, a supercomputacion implicou un cambio impor-
tante na ciencia e a enxefiaria ao longo da ultima década e os retos
médicos, o cambio climatico e outros desafios de futuro precisan de
importantes recursos de simulacién. Dado que Europa esta por de-
tras dos Estados Unidos en capacidade de calculo e que a folla de
ruta da European Strategy Forum on Research infraestrutures (ES-
PRI) xa reconecia en 2006 a necesidade de mellorar a potencialida-
de da UE en HPC, a iniciativa para pofer en marcha o PRACE foi
recofecida como un proxecto estratéxico do 7° Programa Marco na
sua fase preparatoria, que durara ata 2010, e que comezou cun “call
for projects”.

PRACE parte da base de que a estreita cooperacion entre os centros
de supercomputacion locais, rexionais e estatais facilitara o acceso
a recursos computacionais de grande envergadura para cientificos e
enxefeiros das universidades e da industria. Por agora adherironse
a este consorcio de HPC 16 paises europeos, entre os que se atopa
Espana.

Laaksonen expuxo que a clave do éxito do proxecto son os desenvol-
vementos técnicos necesarios para permitir a funcionalidade dunha
infraestrutura de supercomputacion distribuida, a escalabilidade e
optimizacion do software de aplicacions e a avaliacion de prototipos
dos futuros computadores.

O obxectivo de PRACE para o ano 2010 € instalar un sistema peta-

flop/s, € dicir, con capacidade para realizar mil billéns de operacions
por segundo. A nivel xuridico, os seus promotores propuxéronse
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constituir a infraestrutura de investigacion baixo unha unica entidade
xuridica, segundo explicou o representante do consorcio. “Estamos
a falar dunha comunidade de colaboracion virtual, que é ao que todo
indica que nos diriximos no futuro en todos os ambitos”.

Cooperacion ciencia-industria

O presidente de Ter@tec, Christian Saguez, analizou as lihas xerais
do que os seus promotores denominaron ‘Ecosistema Europeo da
HPC”, explicando que Ter@tec foi creado para promover o uso da
simulacion numérica e do calculo de alto rendemento a través da
cooperacion cientifica entre investigadores e industria.

Saguez coincidiu en que a simulacién numeérica € estratéxica para os
retos cientificos, pero tamén para a creacion e o desenvolvemento
de novos produtos e servizos por parte da industria. Neste contexto
naceu Ter@tec en 2005, coa intencion de contribuir ao desenvol-
vemento do cofecemento, “pero tamén ao desenvolvemento eco-
ndmico”, puntualizou o seu presidente para sublifiar o compofiente
empresarial do cluster, no que se inxectaron 50 milléns de euros nos
ultimos anos.

Actualmente, Ter@tec é unha organizacion sen animo de lucro con
53 membros, entre empresas de informatica, industrias usuarias e
universidades e centros de investigacion. A sia capacidade actual &
de 50 teraflops e esta previsto aumentala a 300 en 2009, co obxec-
tivo de 1 petaflop/s para 2010. Ademais, esta asociado as principais
iniciativas internacionais para a creacion de consorcios de supercom-
putacion, como PRACE e outras de Xapon e os Estados Unidos.

No futuro de Ter@atec, segundo expuxo Saguez, aparece un grande
complexo dedicado a supercomputacion de 15.000 metros cadrados
preparado para acoller un millar de investigadores e enxeneiros en
2010. No centro situarase un Very Large Computer Center de 2.600
metros cadrados, arredor do que esta previsto configurar un auténti-
co campus cunha incubadora para empresas start-up, un instituto de
formacion e dous laboratorios dedicados a Arquitectura e Sistema e
ao Desefio de Sistemas Complexos.

Mais informacion en
www.prace-project.eu e en www.teractec.eu



Necesidades Computacionais
para a Ciencia de Materiais

A simulaciéon en materiais aumenta
as demandas de supercomputacién

As necesidades de supercomputacion na area da Ciencia de Ma-
teriais estanse incrementando de forma moi notoria, sobre todo no
ambito da simulacion de tipo atomistico. As principais demandas
dos investigadores deste campo de cofnecemento foron expostas na
Finisterrae Computational Science Conference por Pablo Ordejon,
profesor de investigacion e group leader de Teoria e Simulacion do
Centro de Nanociencia e Nanotecnoloxia (CIN2) do CSIC, que expli-
cou que estas necesidades son importantes desde o punto de vista
do equipamento de HPC, pero tamén do soporte de programacion,
cada vez mais relevante para sacar partido aos supercomputadores
masivamente paralelos.

Os elementos basicos da simulacidon no campo dos novos materiais son,
desde o punto de vista deste investigador e desenvolvedor, un modelo
de interaccion, un algoritmo de simulacion e ferramentas de analises.

Ordejon expuxo que na sua drea € importante contar con infraestruturas
de calculo cada vez mais rapidas e potentes, pero puxo ao mesmo nivel
contar con soporte profesional para que o investigador poida centrarse
nos aspectos cientificos do proxecto en lugar de nos computacionais.

Cada vez mais presentes

O group leader do CIN2 xustificou a sua afirmacion de que os novos
materiais son un tema de investigacion moi importante sinalando que
a sua presenza en todas as facetas das nosas vidas vai en aumento.
“Estan desde nos nosos computadores portatiles ata nos protectores

solares”, asegurou. Neste sentido, indicou que o 26% das horas de
céalculo da Rede Espanola de Supercomputacion (RES) consumidas
polos investigadores das areas de Quimica e de Fisica e Enxeferia
estan relacionadas con materiais, o que supon 15,6 milléns de horas
ao ano.

A stia vez, destacou o imprescindible papel que a simulacién cumpre
no desenvolvemento da Ciencia de Materiais indicando que a experi-
mentacion non permite chegar a todos os aspectos basicos. Segundo
Ordejon, a simulacién é un virtual lab que chega onde a experimen-
tacién non pode, permite recrear condicions impensables a escala
real e, o mais importante, fai posible crear materiais con propiedades
predefinidas mediante a predicion e o desefno. En todo caso, quixo
deixar claro que a simulacion non substitie en ningin caso a experi-
mentacion, sendn que é un complemento.

O representante do CIN2 considera que os principais retos da simula-
cion orientada ao campo dos materiais son a integracion das escalas
de tempo e lonxitude e as simulacions mecanico-cuanticas.

A nivel de necesidades, destacou os avances metodoldxicos, inter-
faces graficas para input/output, ferramentas de visualizacion para
analises, infraestruturas GRID, a mellora da eficiencia dos cédigos
de paralelizaciéon para o hardware existente e, para rematar, ferra-
mentas de programacion e paralelizacion que resulten eficientes nas
novas maquinas e accesibles para investigadores non especializados
en computacion.

Fig. 1: METODOS MULTIESCALA. Propagacidn de gretas en Silicio,
(Prof. E. Kaxiras, Harvard).

Fig. 2: POTENCIAIS INTERATOMICOS. Nanoindentation.
Priya Vashishta et ao. (U. Southern California)
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Rede Galega de HPC

Ramdn Doallo, Coordinador da Rede Galega de Computacion de
Altas Prestacions (Rede GHPC) presentou aos participantes na con-
ferencia os obxectivos e proxectos en marcha desta rede tematica
fundada en 2007 a través dun proxecto financiado pola Xunta de
Galicia. Constituida na actualidade por once grupos de investiga-
cion do Sistema Universitario Galego, co CESGA como provedor de
infraestruturas HPC e de soporte técnico, nun futuro pretende am-
pliarse cara a outros grupos de investigacion, centros tecnoldxicos e
empresas de sectores estratéxicos de Galicia que sexan potenciais
usuarios de HPC.

O obxectivo fundamental é establecer colaboracions interdisciplinares
en ciencia computacional con requirimentos de supercomputacion e
difundir as tecnoloxias para o aproveitamento eficiente dos recursos
de HPC disponibles polos grupos de investigacion que integran a

rede golkega de computacion de ohkos presbocions

rede. A finalidade ultima destas colaboracidons é acadar producion
cientifica conxunta, e o establecemento dunha base sélida de colabo-
racion para concorrer a convocatorias de proxectos de investigacion
ou redes de excelencia, principalmente da UE.

A formacion de persoal investigador predoutoral e/ou postdoutoral
para especializalo na aplicacion de tecnoloxias HPC ao seu campo
de investigacion € outra das prioridades establecidas, asi como o for-
talecemento da base de usuarios de diferentes dreas cientificas con
requirimentos de tecnoloxias HPC e recursos proporcionados polo
CESGA (e en particular o FinisTerrae).

Ver: “Dixitos”, Febreiro 2008, paxina 10.
http:/ghpc.cesga.es

Rede de e-Ciencia de Espana

O Coordinador Cientifico da Rede de e-Ciencia de Espana, Vicente
Hernandez, presentou esta rede como unha iniciativa para fomentar
a e-Ciencia desde a perspectiva do Grid e da computacion. O primei-
ro paso que se deu foi a elaboracion dun libro branco para detectar
necesidades e intereses neste ambito en Espana. O resultado foi moi
amplo, xa que o estudo englobou desde a Astronomia, a Biomedi-
cina, a Enxeferia de Materiais e a Ciencia da Terra ata a Fisica, a
Quimica Computacional e un longo etcétera.

A creacion dun Programa Nacional de e-Ciencia vén motivada pola ne-
cesidade de coordinacion global das actividades que xa estaban levan-
do a cabo os investigadores espanois en colaboracion con proxectos
internacionais a través de Redlris e GEANT. Tivose en consideracion
asi mesmo a demanda de desenvolvemento de ferramentas comuns e
a necesidade de facil acceso aos recursos de investigacion.

A iniciativa foi aprobada en decembro de 2007 e na actualidade a
rede integra mais de 700 investigadores de 68 grupos corresponden-
tes a mais de 40 institucions.

Os obxectivos da rede son a promocion e o desenvolvemento da e-
Ciencia en Espana e a coordinacion das infraestruturas espafolas
desde o punto de vista dos investimentos necesarios, a xestion e o
soporte a usuarios. Como fins complementarios Hernandez sinalou
a intencion de que a rede convértase no interlocutor espafiol da e-
Ciencia na Rede europea, promover a colaboracion con Portugal e
Latino América a través do IberGrid, e con outros paises e transferir
os resultados da Rede espanola.
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Catro areas

A Rede consta de catro areas operativas: aplicacions, infraestruturas
Grid, infraestruturas de supercomputacion e middleware. Ao redor
destas areas pivota a sua estrutura, cun grupo de traballo por cada
unha delas.

Polo que respecta a area de infraestruturas Grid, Hernandez explicou
que se esta traballando en establecer unha iniciativa estatal no con-
texto do Grid europeo coa contribucidon dos grupos participantes dis-
postos a compartir os seus recursos de computacion. Ata o momento,
asegurou, xa mostraron o seu interese en participar 18 centros.

Na area de infraestruturas de supercomputacion estase tratando de
lograr unha maior cooperacion entre a Rede Esparola de Supercom-
putacion e os centros autondmicos, co obxectivo de que esta colabo-
racion se traslade tamén a area Grid.

O grupo de traballo da drea de middleware esta centrado en definir proxec-
tos estratéxicos para desenvolver novas aplicacions e infraestruturas.

Finalmente, na area de aplicacions a prioridade € consolidar as orga-
nizacions virtuais que existen e achegarlles novos socios.



Catro éxitos
para catro grandes retos

A mellor demostracion de que o Finis Terrae € unha infraestrutura de calculo a grande escala preparada para facer fronte a importantes requi-
rimentos quedou patente nos seus primeiros meses de operatividade no CESGA, cando durante a sua posta a punto conseguiu dar soporte a
resolucion de catro grandes retos cientificos.

A relevancia destes fitos e a sua representatividade acerca da capacidade do Finis Terrae xustificaron a sua importante presenza na Computa-
tional Science Conference 2008. A segunda parte da xornada correu a cargo dos responsables destes catro proxectos, aos que precedeu Aurelio
Rodriguez, técnico senior de Aplicacions do CESGA, encargado de presentalos explicando por que foron seleccionados e en qué aspectos
representaron un reto para o novo supercomputador.

Os criterios de seleccidn que se seguiron para elixir estas catro iniciativas foron que procedian de campos cientificos distintos e de grupos de ins-
titucidns diferentes e que implicaban unha elevada demanda computacional. Como conclusion, Rodriguez puxo de manifesto que neste momento
estan a correr novos retos no Finis Terrae. Sobre os xa realizados, explicou que demostraron que a maquina é usable dende o primeiro momento
e que apenas se requiriron adaptacions de cddigo nin de reprogramacion. Por ultimo, destacou que estes traballos puxeron de manifesto que se
logrou reducir o tempo de solucién nun amplo espectro de problemas.

Hn™ 8 Hn
RETO 1 “SE_PARAC'O’N DE FASES” RETO 2: “DISTRIBUCION'DE

0 4 PUNTOS NA ESFERA BIDIMENSIONAL”

- Fisica Q Estado Sélido: Deseno de Materiais: &
- Departamento dé“@uimica Fisiéa, Instituidrde La

Investigaciéns Tecnoloxicas, USC - |-MATH: Matematica Aplicada (Teoria Potencial e Métodos

Numeéricos)

- GRUPO VARIDIS: Universidad Politécnica de Cataluina
- Estimacion de puntos de Fekete

- Varios paradigmas de paralelizacion:

- Wien2k: calcuIOﬁ dEestrutura electtonidh cﬁ solidos utilizan-
do a teoria da ﬁensndade (DFT)

L]
- Dous pniveisde pﬁ;qlellsmo: La Hn 0 - MPI - MPVOpenMP

-“Coarse,grain’: k puifios - OpenMP - Alto Rendemento

- “Fine grain”: Scaj_apack ‘0 Reto interesante porque permitia practicamente todos
Reto'interesante'porque presentaba,dous niveis de paralélismo ps paradigings iEhe ISt o QIS C P SIBIAE K Open MP

e requlrla bastant%rﬂemorla de proceso. nr‘l ' € High Throughput)

- RETO 4: “COMPRENDER A MAIORIA .
DAS ESTRELAS MASIVAS DO UNIVERSO
CON ALGORlT.IVIOﬁ*XENETICOS”

RETO 3' “COMPATIBILIDADE
ELECTROMAGNETICA”

- Deseno de Estruturas Complexas
- GRUPO HEMCUVE, UVIGO, Universidad de Extremadura
{ \ Al Xi
- HEmCUVE++: calculos electromagneﬂcos sobre a base de | milzgc;g:] /o; Ase;vﬁﬁoai -PI
metodos FAST MULTIPOLE \ \ LU Y - Esquema MPI Master
- Varios paradigmas de paralelizacio AV \ "

- “Master Task”
relaciona

L ) { ! . “Slave Task”.paf@ realizar 10S modelos de calculo
Reto interesante porque implicaba varios paradigmas de parale- 7. 00; modelog p snble: s

lizacién e unha alta demanda (o[} memorla por proceso que puxo
a proba ao Finis Terrae no balanoe entre o tempo requmdo de
CPU e a demanda de memoria I

-M - MPI/OpenMP | ' |

Reto |nteresante porque supuxq un.Nnovo esquema de
paralelizacion :
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A separacion de fases é o cuarto problema fisico mais importante
da década segundo a American Physical Society (APS). Nos ultimos
meses, un equipo de investigadores do Departamento de Fisica da
Universidade de Santiago de Compostela (USC) logrou acadar unha
conclusion de grande relevancia que achega luz a este problema.
Grazas a unha investigacion soportada nos calculos realizados no
Finis Terrae, concluese que a separacion de fases magnética por si
soa non basta para explicar o problema, sendn que para que exista
necesaria unha transicion de fases quimica.

Unha fase (estado da materia) posue caracteristicas fisicas e quimi-
cas relativamente homoxéneas e pode constar dun ou varios com-
postos. Non obstante, cando as propiedades doutro ou mais com-
postos difiren en tal grao que deixan de ser compatibles, enton hai
separacion de fases.

O fendmeno concreto que estes investigadores estan a estudar consis-
te na aparicion de distintas fases magnéticas e electronicas coexisten-
tes nun mesmo material sdlido cristalino que se produce por estar este
nas proximidades dunha ‘transicion’ magnética. En particular, centran
0s seus traballos nas manganitas (6xidos magnéticos), co obxectivo de
dar cunha explicacion ao feito de que nelas a separacion de fases se
produza en condicidns de presion e temperatura constantes.

Aplicacions tecnoloxicas

Segundo expuxo o representante deste grupo, o investigador Al-
berto Pifieiro, durante a sua intervencion na Computational Science
Conference, este problema cobrou importancia a partir do descubri-
mento da magnetorresistencia xigante ou colosal, efecto mecanico-
cuantico descuberto por Peter Griinberg e Albert Fert hai vinte anos
e que lles valeu o Premio Nobel de Fisica en 2007. A sua aplicacion
a informatica doméstica en 1997 como base de novos discos duros
espertou o interese por resolver esta incognita, coa vista posta en
abrir as portas a unha maior condutividade e, polo tanto, eficiencia,
destes dispositivos.
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En xeral, as aplicacions tecnoldxicas dos materiais estudados neste
reto son o almacenamento de carga eléctrica, o transporte electronico,
0s sensores magnéticos e a optimizacion da tecnoloxia das baterias de
dispositivos como os teléfonos mdbiles e os ordenadores portétiles.

Tras realizar os primeiros calculos, o equipo comprobou que a sepa-
racion de fases por si soa con isomagnetismos non € estable. A con-
tinuacion, probouse coa inhomoxeneidade quimica a través de varias
configuracions quimicas e puidose observar que tampouco era esta-
ble. Asi pois, concluiuse que un estado intermedio logrado a través dun
fendmeno quimico consistente en concentracions locais de dopado si
explicaba a separacion de fases nestes materiais e que isto implica a
creacion de zonas ricas en ocos e en electrons dentro do cristal.

Alta demanda de computacion

O representante do equipo de investigadores que realizou
o reto cientifico co apoio do Finis Terrae explicou que para
realizar este traballo necesitarian un cluster tipico formado
por 20 maquinas durante mais dun ano, pero que co Su-
percomputador do CESGA conseguiron darlle solucion en
pouco mais dun mes.

Como método computacional, por ser necesaria unha alta
precision, utilizouse a Teoria funcional da densidade, des-
envolvida polo Premio Nobel Walter Kohn. Segundo pre-
cisou Pifieiro, o programa ao que se recorreu ten mais de
1.200 usuarios en todo o mundo, incluindo empresas, € é
aplicable a multitude de sistemas diferentes, entre os que
se atopan os sdlidos cristalinos.



No ano 2000 o matematico Steve Smale elaborou unha lista dos 18 enigmas mais im-
portantes da sua disciplina que foran quedando sen resolver ao longo da Historia e
expuxoos como os grandes retos das Matematicas cara ao século XXI. O sétimo é o
problema dos puntos Fekete aplicado a unha 2-esfera, que fai referencia a distribucion
de puntos nunha esfera bidimensional.

O reto, que foi executado no Finis Terrae durante a segunda quin-
cena de febreiro de 2008, foi exposto na Computational Science
Conference por José Manuel Gesto, que explicou que este traballo
contribuiu decisivamente a establecer a plausibilidad dunha solucion
probabilistica positiva ao sétimo problema de Smale.

O caélculo realizado no CESGA grazas ao Finis Terrae abre asi a
porta a resolucion efectiva dun enigma exposto desde fai un século e
que tera aplicacions na industria a partir do seu desenvolvemento en
Fisica, Nanotecnoloxia, Bioloxia e Métodos numéricos, entre outras,
segundo explicou Gesto.

Segundo Gesto, a cantidade de informacion recompilada durante as
duas semanas de traballo no CESGA permitiu desefar modelos ted-
ricos compatibles coas hipdteses do custo polindmico previsto, o que
senta as bases para unha resposta ao problema.

O problema dos puntos de Fekete busca determinar a posicion dun
certo numero de puntos sobre un obxecto, de maneira que a enerxia
potencial producida pola interaccion dos devanditos puntos sexa mi-
nima. Cantas mais particulas ou puntos se inclian, mais complexo
faise o equilibrio.

En termos precisos, o problema consiste en minimizar, baixo restri-
cidns xerais, funcionais de enerxia potencial dependentes das dis-
tancias relativas entre N puntos ou particulas. En particular, os in-
vestigadores do equipo que se desprazou a Galicia centraronse en
desenvolver un algoritmo capaz de obter en tempo polinédmico en N
unha boa estimacion do minimo absoluto asociado & enerxia logarit-

mica de N puntos na 2-esfera -0 tipo de obxecto concreto ao que fai
referencia o problema de Smale-, formula que puxeron a proba no
Finis Terrae.

Pero o seu algoritmo vai mais ald, dando soluciéns para unha am-
pla gama de xeometrias e diferentes tipos de interaccion entre as
particulas. Para demostralo, aplicarono a obxectos como platanos,
mazas ou poliedros. Ademais, puideron comprobar que a sua formula
posibilita que os tempos de calculo para obter estas configuracions
non sexan moi elevados. Os matematicos da Universidade Politécni-
ca de Catalufia, consumiron 350.000 horas de calculo durante a sua
estancia no CESGA.

Experimentos a gran escala

“Chegamos ao CESGA con case 9 milléns de datos recom-
pilados nun ano enteiro grazas a un cluster e saimos con 60
milléns ao cabo de quince dias”. Con estas palabras resumiu
José Manuel Gesto o aproveitamento de calculo que obtive-
ron do Finis Terrae durante a sua intervencion.

O seu traballo no novo supercomputador centrouse, segundo
0 representante do equipo investigador, en aproveitar o seu
potencial para facer experimentos a gran escala para deter-
minar a complexidade computacional do problema de Fekete
(concretamente o custo computacional dun minimo local e a
robustez do seu algoritmo) e conseguir a maior cantidade de
datos para resolver o 7° problema de Smale.
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Electromagnética computaci
O grupe HEMCUVE ++de electromagneti
resolver 30 millons de inCognitas durante a fase |
Terrae cunha marca de resposta asociada aHiilizacion dun algorit-

mo alternativo mais eficiente a nivel de escalabilidade.

prébas do Finis

Luis Landesa (Universidad de Extremadura) e Fernando Obelleiro (Universidade de Vigo) nas instalaciéns de Finis Terrae no CESGA

A marca mundial de resolucion de incognitas esta situado en 42 millons
e con anterioridade a marca correspondia & mesma cifra alcanzada
polo grupo de investigadores que o conseguiron no Cesga, ainda que
neste caso acadaronse nunha semana, moito menos tempo que o
investido polos seus predecesores.

Fernando Obelleiro, da Universidade de Vigo, durante o seu relatorio
na C.S.C. sinalou que o seu obxectivo non era romper a marca mun-
dial, senén comprobar que a sua férmula permitia mellorar o time-to-
solution. Con algunhas melloras realizadas xa desde a culminacion
do seu reto no Finis Terrae, aseguran que poderian acadar, agora si,
unha nova marca con 150 milldns de incognitas resoltas.

Fast Multipole Method

Este equipo mixto de investigadores Universidade de Vigo-Universi-
dad de Extremadura desenvolveu unha ferramenta de supercompu-
tacion electromagnética que permite a resolucion de problemas de
compatibilidade electromagnética en grandes estruturas dotadas de
sistemas de radio, como buques, avions ou vehiculos terrestres.

Obelleiro explicou, que de entre todos os métodos de analise elec-
tromagnética o dos momentos (MM) é o mais empregado pola co-
munidade cientifica en electromagnetismo computacional, xa que
posibilita o calculo rigoroso das correntes eléctricas e/ou magnéticas
inducidas sobre as superficies da estrutura.

Tradicionalmente, a excesiva complexidade computacional do méto-
do dos momentos impediu a sua aplicacion & resolucion de proble-
mas de gran tamano eléctrico. Con todo, o desenvolvemento do al-
goritmo denominado Fast Multipole Method (FMM) permitiu rebaixar
o tempo e, xa que logo, o custo de computacion, o que permitiu a
aplicacion do método dos momentos & resolucion de problemas de
gran envergadura.
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Segundo Obelleiro, nos ultimos tempos a comunidade cientifica vén
utilizando preferentemente a variante multinivel do FMM porque pre-
senta vantaxes computacionais fronte & mononivel. Con todo, no
seu grupo decidiron centrarse nesta ultima en vista dos problemas
de escalabilidade que tifia a mais xeralizada. “O algoritmo mononivel
compensa a suia menor eficiencia computacional cunha mellor esca-
labilidade, caracteristica que permitiu aproveitar mellor a arquitectura
do Finis Terrae. Rompemos o limite do multinivel, establecido en 32
procesadores, chegando a usar 1.024”, explicou o representante do
HEMCUVE ++.

A utilizacion intensiva das capacidades de memoria e de comunica-
cions do Finis Terrae permitiu ao cddigo desenvolvido polo equipo en
base ao algoritmo FMM mononivel acadar os 30 milldns de incégnitas
nun tempo moi baixo.

Acento nas Comunicacions:

As caracteristicas do reto eran, por unha banda, o uso intensi-
vo de recursos (memoria, comunicacions e CPU), e, por outro, a
necesidade de centos de GB e de centos de procesadores. Os
obxectivos que se propuxeron foron probar o cédigo que desen-
volveran, avaliar as capacidades do Finis Terrae, analizar un pro-
blema electromagnético formado por milléns de incdgnitas e esta-
blecer as condicions adecuadas para alcanzar a marca mundial.

Os investigadores do HEMCUVE ++ esforzaronse por sacar o
maximo rendemento ao Finis Terrae adaptando o seu método
de traballo as especificacions técnicas do supercomputador. Se-
gundo Obelleiro, “esta € unha maquina estupenda para este tipo
de retos. demostrou que ten unha arquitectura perfecta porque a
escalabilidade non presenta desfasamentos”. A clave esta na in-
terconexion dos nodos, € dicir, nas comunicacions, que permiten
que o tempo de solucion sexa moi eficiente.



Estrelas masivas:

entendelas usando algoritmos xenéticos

Pddense estudar fenom

5 tan complexos e afastados como as

estrelas aplicando a loxica da seleccion natural?

Un grupo do Instituto de Estrutura da Materia do CSIC, en colabo-

racion con varies investigadores tinerfefios, alemans e holandeses,
abordou o estudo das estrelas masivas utilizando'a I6xica dos xenes
no que foi o cuarto reto cientifico realizado ata agora con cargo &
'capa'cidade de calculo do Finis Terrae, o unico desenvolvido na sta
_ fase de producién efectiva. ? ;

O astrofisico Francisco Najarro explicou o proxecto en relacién ao
que cualificou como “enorme potencial” dun computador como o Finis
. Terrae para a andlise de grandes mostras de estrelas masivas na
nosa _Gaiaxia e noutras do universo local. O reto realizado no CES-
GA estd vinculado a un proxecto do Gran Telescopio de Canarias
_‘para observar cumulos deste tipo de estrelas e analizalas mediante
algoritmos xenéticos co obxectivo de -poder xerar modelos que as
caractericen. ;

Dez veces mais grandes que o Sol
Najarro explicou que as estrelas masivas son as que-ao formarse

tefien unha masa dez veces maior que d do Sol -e, polo tanto, unha
temperatura moito mais elevada- e unha luminosidade 100.000 veces

superior & do Sol. Son moi escasas e viven moi pouco tempo (ires °
ou catro milldns de anos fronte aos mais de 1.000 milléns que vivira

o Sol), pero considéranse moi importantes polo seu papel na evolu-
cion das galaxias, 0 nacemento das supef'novas, .as explosions de
raios gamma, a orixe dos buratos négros e a recente re-ionizacion
do Universo. ' ; :

Ata hai pouco o método mais seguido para o estudo deste tipo de
estrelas era a observacion directa a través da espectroscopia' cuan-
titativa, que achega datos sobre o estado, a evolucién, a masa, etc.
coas limitacidns asociadas que iso leva, xa que é moi laborioso e non

permite tratar con grandes mostras. O grupo coordinado por Najarro *

abordou a andlise deste tipo'de estrelas mediante“algoritmos ‘xenéti-
cos, técnicas informéticas que imitan ‘o funcionamento da evolucion
bioloxica para resolver problemas en disciplinas moi variadas.: -

_ Evolucion das poboaciéns

Os algoritmos xenéticos naceron nos-anos 70 como unha.das lifias
mais prometedoras da intelixencia artificial. Operan mediante simula-
cion por computador, por iso € polo que se*recorreu.a capacidade de
célculo do Finis Terrae para lograr resultados moi fiables en canto &
xeracion de modelos de analise. T

Najarro expuxo o esquema polo que se abordou o estudo, combi-

* nando aleatoriamente solucions posibles para producir diversidade e,

seleccionando as solucions mais aptas, que se volven a recombinar
¢ avaliar sucesivamente a modo de xeracions ata que se consegue
a mellor solucion. .

CASE DESCRIPTION

About 10 parameters coded on 2 digits each: gene length = 20
Model running in 30 min, 50 processors: population size = 100

Random search would take <1.E8 generations> for 1 digit accuracy
Need a high selection pressure to be “fast”

Initial population: each gene value present <pop/base=10 times>
Without mutation all genes are the same after = 50 generations

Mutation needs to be high enough to keep gene diversity
Mutation rate needs to be low enough to allow gene convergence

Uniform mutation --> genetic based adaptative mutation

Mutation rate needs to be low enough to maintain evolution
Full generation replacement --> Steady state replace worst

Fgn= Fgn-1 x Psel x (1-Pmut)+Pmut x pop/base

-

-

u;
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0 de Innovacion e Industria;
Espana, Rafael Rodrigo,
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De esq. a drtaliid®sé Mal erna’ndez‘ Labastida, Secretario Gral. de Politica Cientifica dggMinista#o d fa e Innovacion, ando Blanco;,
Salustiano Mato, Director | de 1+D e Presidente do CESGA; Carlos Martinez, Secretari Estado de Investigacion; Santiagoortés, Presidente

residente do CSIC; e Javier G. Tobio, Director Xerente do CESGA, durante a visita institucionalge Finis Terrae.

presenta

Superada a fase de probas e coas expectativas do seu periodo de
arranque e axustes amplamente cumpridas, o supercomputador Finis
Terrae presentouse en sociedade cunha apertada axenda que duran-
te dous dias concentrou xornadas de traballo e actos institucionais.
Tras o CESGA Finis Terrae Computational Science Conference 2008,
celebrada na mafa do 12 de xufio, a tarde dedicouse integramente
aos actos institucionais, nos que medios de comunicacion, usuarios,
investigadores e autoridades tiveron a oportunidade de cofiecer as
novas instalacions e os proxectos inmediatos.

Unha vez que os usuarios e demais investigadores chegados de toda
Espana terminaron a visita as instalacions do Finis Terrae coa que
se puxo fin & Conference, chegou a quenda das autoridades. A dele-
gacion institucional estaba encabezada polo presidente da Xunta de
Galicia, Emilio Pérez Tourifio; e contou coa presenza do secretario
de Estado de Investigacion, Carlos Martinez; os conselleiros de In-
novacion e Industria e de Educacion da Xunta de Galicia, Fernan-
do X. Blanco e Laura Sanchez Pifidn; o secretario xeral de Politica
Cientifica e Tecnoloxia do Ministerio de Ciencia e Innovacion, José
Manuel Fernandez de Labastida; o presidente do Consello Superior
de Investigacions Cientificas (CSIC), Rafael Rodrigo; o presidente do
CESGA, e Director Xeral de |+D+i da Xunta, Salustiano Mato de la
Iglesia, o Director Xeral de Planificacion e Coordinacion do Ministe-
rio de Ciencia e Innovacion, Juan José Moreno, o presidente de HP
Espafia, Santiago Cortés e o director do Area Sector Publico de Intel-
Espafia, Norberto Mateos, entre outros.
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Tras unha breve explicacion sobre as capacidades e a estrutura do
Finis Terrae a cargo de Salustiano Mato, o grupo fixo un percorrido
pola sala de 300 metros cadrados que ocupan 0 hovo supercomputa-
dor e os equipos anteriores que se conservaron. O director do CES-
GA, Javier Garcia Tobio, foi o encargado de mostrar as instalacions
a delegacion e responder as preguntas dos asistentes.
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De esq. a drta.: Martinez, Blanco, Rodrigo, Tobio e Mato co Presidente da Xunta de Galicia, Emilio Pérez Tourief noutro momento da visita institucional ao Finis Terrae.
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Os medios de comunicacion tiveroffocasion de participar tameén na visita.
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Salustiano Mato, Director Xer_al- de |+D+i da Xunta de Galicia e Presidente do Consello de Administracion e

da Fundacion CESGA:

“O Finis Terrae € unha gran achega ao potencial que Espafa pode demostrar no campo da supercomputacion e ese € un xeito

fantastico de colocar a Galicia no mapa do Mundo”.

“Contar con infraestruturas cientifico-tecnoléxicas como Finis Terrae é fundamental para obter un crecemento econdmico estru-
tural que pona a sociedade a salvo das crises e que so vira da man da investigacion e a innovacion”. i
“O CESGA foi unha gran iniciativa desde os seus inicios e agora é o momento de recofiecer o labor de todos os que iniciaron esa
aventura. Hoxe, co Finis Terrae, gafia o Sistema de Ciencia e Tecnoloxia, gana GaliCia e gafiamos todos”. -

-

Presentacion Oficial do

Na tarde do 12 de xufio, tivo lugar no Centro Galego de Arte Con-
temporanea (CGAC), o acto oficial de presentacion do Finis Terrae
ao que acudiron mais de 200 invitados. Logo dos discursos oficiais,
nos que todos coincidiron en sinalar a nova infraestrutura de célculo
como un fito na potencia de supercomputacion espanola e europea,
celebrouse un cdctel na terraza do edificio.

Ademais de parte da delegacion da Xunta de Galicia e o Goberno
central que previamente visitara o CESGA, estiveron presentes os
reitores das tres Universidades galegas -Senén Barro (Santiago de
Compostela), José Maria Barja (A Corufia) e Alberto Gago (Vigo)- e
vicerreitores das Universidades de Ledn ou Valencia; a conselleira
de Economia e vicepresidenta segunda da Xunta de Estremadura,
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Francisca Chavez; o director xeral do Centro de Supercomputacion
de Castela e Ledn, Luis Mufioz; o director do Centro Informético
Cientifico de Andalucia, Juan Antonio Ortega; a directora do Centro
de Supercomputacion do Parque Cientifico de Murcia, Maria Eugenia
Requena; a Fundacion para o Fomento en Asturias da Investigacion
Cientifica Aplicada e a Tecnoloxia, Angeles Alvarez; o director de
Informatica do Corpo Nacional de Policia, José Luis Diez Aguado; o
director de Informatica da Direccion Xeral da Garda Civil, Ricardo Llo-
rente; e outros representantes de Universidades, Centros de Super-
computacion e Tecnoldxicos, empresas e Administracions, ademais
de numerosos directivos de HP e Intel. As firmas de todos os presen-
tes recolléronse nunha lona xigante na que se solicitou un desexo de
futuro para o Finis Terrae.




Carlos Martinez, Secretario de Estado do Ministerio de
Ciencia e Innovacion:

“Finis Terrae abre unha nova etapa para a ciencia, a comunidade
cientifica, Galicia e Espana. Tratase dunha infraestrutura unica e sin-
gular que supdn un fito en Europa pola sua capacidade de célculo e
de computacién compartida”.

“Esta novidade tecnoldxica vai permitir dar solucion a problemas de
diferentes dreas que necesitaban da capacidade do novo supercom-
putador para resolvelos e emprender outros novos ainda mais am-
biciosos”.

“Quero anunciar hoxe aqui a nova conexion entre a Rede Iris espafio-
la e a rede portuguesa a través de fibra escura no marco de IberGrid,
que terd o seu primeiro tramo entre Tui e Santiago a finais de ano e
que co tempo estenderase tamén a Francia”.

Rafael Rodrigo, Presidente do CSIC:

“Poucos casos hai tan paradigmaticos de contribucion a vertebracion do
Sistema Espariol de 1+D+i como o CESGA, no que a colaboracion entre
diferentes administracions mantivose no tempo ainda sendo de diferentes
cores politicas”.

“Finisterrae abre unha nova etapa para os investigadores do CSIC e das
Universidades, & vez que supén unha oportunidade para pér a disposicion
de moitos outros en Espana recursos unicos en toda Europa”.

Santiago Cortés, Presidente HP Espafia:
“Debemos aseguramos de que as autoestradas globais da innovacion pasen
polo noso pais. Por iso é tan importante a infraestrutura que hoxe presentamos”.

o
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. a drta.: Norberto Mateos, Director Area Sector Publico de Intel; Rafael Rodrigo, Presidente do CSIC; Carlos Martinez, Secretario de Estado do Ministerio de Ciencia e Innovacion;
tiano Mato, Director Xeral de |+D+i da Xunta de Galicia e Presidente do CESGA, e Santiago Cortés, Presidente de HP Espania.
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“As redes globais da innovacion han de aproveitar o potencial de to-
dos os investigadores e profesionais. Por iso HP esta promovendo
proxectos nos que os expertos da empresa traballan cos expertos
da Universidade e de centros como o CESGA, co obxectivo de crear
valor engadido”.

Norberto Mateos, Director Area Sector Publico de Intel:
“Este proxecto é estratéxico para Intel, que demostra unha vez mais
0 seu compromiso co avance da I+D+i en Galicia coa suia achega a
unha infraestrutura nacida da colaboracion entre o ambito publico e
o privado, condiciéon fundamental para o avance da Sociedade da
Informacion”.

“O Finisterrae é un claro exemplo da filosofia de accesibilidade para
moitos investigadores a recursos de computacion antes restrinxidos
a uns poucos”.

Javier Garcia Tobio, Director Xerente do CESGA:

“Hoxe o CESGA ten, grazas ao Finisterrae, unha capacidade 10.000
veces superior & do seu primeiro supercomputador, o que nos permi-
tiu que os 100 grupos de investigacion que foron os usuarios iniciais
convertéronse en 645”.

“O CESGA apostou polo desenvolvemento da e-ciencia, por iso a
colaboracion e a cooperacion estan enraizadas a nosa filosofia de
actuacion. O desenvolvemento da ciencia, como motor do benestar
social, non debe ter fronteiras”.
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HP e Intel
revelan o seu roadmap

Medio centenar de representantes de empresas, centros tecnoldxi-
cos, universidades e administracions de toda Espafa asistiron o 13
de xufio & xornada de presentacion dos plans estratéxicos do CESGA
e dos seus dous socios tecnoldxicos no Finisterrae: HP e Intel. Con
esta sesion, celebrada no salén de actos do Instituto de Investigacio-
nes Agrobioldgicas do CSIC, e unha visita guiada para os asistentes
pechouse o programa de traballo organizado ao redor da inaugura-
cion oficial da nova infraestrutura de calculo galega.

O director do CESGA, Javier Garcia Tobio, presentou o plan estra-
téxico do centro para o periodo 2008-2012 precisando que 0 novo
supercomputador foi un fito, ?pero nds xa estamos traballando no
futuro?, en referencia a que xa se estan definindo as linas mestras do
plan estratéxico que se pora en marcha logo de 2012.

Asegurou que a pesar de multiplicar a capacidade de calculo do
centro por 10.000 desde a sua creacion ata a actualidade, “sempre
imos por detras do que a comunidade investigadora demanda, de
ai 0 noso compromiso coa mellora continua e sempre pensando en
clave de futuro”.

O reto do Finisterrae

A posta en marcha do novo supercomputador do CESGA supuxo un
reto para HP, segundo explicou o seu director da area HPC, Isidro
Cano. Concretamente, implicou desefiar novos produtos en exclusi-
va; ampliar a corrente eléctrica da sua fabrica en Alemana; coordinar
equipos de enxeferia, supply chain, fabrica, preventa, etc; e “ser os
primeiros no mundo en moitas cousas e crer niso”.

Sobre o TOP500, (ranking semestral dos supercomputadores mais po-
tentes do mundo) Cano asegurou que HP conta co maior nimero de
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rexistros en total e xustificou a sua aposta por esta drea afirmando que o
mercado de HPC xa supdn 0 9% do mercado mundial en informatica.

Segundo Cano, os retos da supercomputacion son: o crecemento,
“porque non hai suficientes recursos para atender aos usuarios”; os
custos, xa que “as novas tecnoloxias prometen aforros ligados ao
retorno do investimento”; e os riscos, “polo que é importante contar
con equipos que tefian experiencia”.

Hewlett-Packard inviste 3.600 milldns de euros en |+D cada ano.
Actualmente estan investigando en chips de 256 cores, arquitectu-
ras avanzadas con mellores interconexions, programas de software
para optimizar os multinucleos, dense computing (maior rendemen-
to a menor prezo e en menos espazo), aceleradores matematicos
aplicados ao mercado do calculo, reducion do cableado en instala-
cions grandes e eficiencia en consumo e refrixeracion. Un dos seus
principais obxectivos é potenciar os instrumentos que crearon para
fomentar a colaboracién entre os seus clientes, como a HP-CAST
IBERIA, asociacion de usuarios de supercomputacion de HP de Es-
pafna. Ademais, puxeron en marcha a Fundacion I+E para empresas
estranxeiras que tefien centros de [+D en Espafia co obxectivo de
que cada vez sexan mais. Tamén recordou que tefien aberto o seu
programa Innovation Research, a través do que o HP Lab propdn
temas de investigacion que lle interesan, convoca unha seleccion de
ideas e financia as que mais se achegan aos seus obxectivos.

Do Itanium ao Kittson

O director de tecnoloxia de Intel, Antonino Albarran, quixo destacar
0 compromiso da stia empresa coa supercomputacion e co [+D. Os
principais fitos aos que fixo referencia no ambito da investigacion e o
desenvolvemento en High Performance Computing (HPC) por parte



De esq. a drta.: Norberto Mateos, Director Area Sector Puiblico de Intel-Espafia; Santiago Cortés, Presidente HP Es|
Director Xerente do CESGA, durante a rolda de prensa para medios internacionais celebrada ao comezo da.xornada.

de Intel foron a reducién do consumo, o investimento en novas in- =
terconexions, a localizacion de centros e plataformas de referencia '

en supercomputacion en todo o mundo e o aumento do numero de
expertos neste campo no seu persoal.

Albarran precisou que o 70% dos sistemas presentes no TOP500 levan
procesadores Intel e que este indice vai en aumento. “A supercompu-
tacion € un drea estratéxica para Intel na que seguiremos investindo”.

O representante de Intel recordou que tras os petaflops viran os exa-
flops, os zetaflops e a continuacion os yotaflops, deixando claro que
“isto non se para e nds tampouco imos facelo porque hai disciplinas
como a Xendmica e a Medicina que o van a necesitar”.

Sobre o futuro dos seus procesadores, Albarran explicou que a xera-
cion actual de sistemas para supercomputadores, os Itanium (implan-
tado no Finisterrae), estan sendo mellorados para lograr un maior
rendemento, mais robustez e mellor eficiencia enerxética. Estas
optimizacidons materializaranse a finais deste ano nunha actualiza-
cion que se chamara Tukwilla, & que en 2011 seguira Poulson, con
mais procesadores por nucleo. Ainda sen data prevista de saida ao
mercado as melloras continuaran con Kittson, a novena xeracion de
procesadores Itanium.

Os investimentos de Intel no campo da HPC estanse centrando en
aumentar a capacidade de fabricacion; en seguir avanzando na Lei
de Moore (cofundador de Intel, que formulou unha lei segundo a cal
aproximadamente cada dous anos duplicase o numero de transisto-
res nun circuito integrado); en integrar o prototipo de 1 teraflop nun
s0 chip; en terabytes de ancho de banda; e en comunicacidns dpticas
dentro do propio procesador.

Salustiano Mato, Presidente do CESGA e Santiago Cortés, Presidente de HP Espana,
durante a xornada.
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O CESGA crea grupos

de traballo para atender
as suxestions dos usuarios

Grupos de traballo de usuarios e membros do equipo técnico de
CESGA comezaran a traballar en breve para dar solucidons as pro-
postas de mellora xurdidas da ultima enquisa de satisfaccion elabora-
da a partir das consultas realizadas aos responsables dos grupos de
investigacion que efectuan operacions de calculo e almacenamento
no CESGA.

A posta en marcha destes grupos mixtos foi a principal decisién adop-
tada no marco da xornada de traballo celebrada a finais do mes de
xufo para que os coordinadores de drea cofiecesen e analizasen en
equipo os resultados da enquisa e propuxesen melloras operativas
baseandose nos problemas identificados. Unha vez presentadas as
conclusiéns do estudo de satisfaccion ao equipo técnico do CESGA,
analizaronse os problemas identificados e se estableceron priorida-
des en torno as cuestions mais significativas.

A celebracion da sesion e a decision de crear estes catro grupos ini-
ciais de traballo inscribense no marco da politica de mellora continua
e a vocacion de priorizar o servizo ao usuario do CESGA e responden
ao compromiso coa calidade derivado da obtencion, hai tres anos, da
1ISO 9001:2000.

A conclusion xeral do estudo de satisfaccion dos usuarios, é a per-
cepcion moi positiva da calidade e do servizo. A taxa de resposta foi
moi elevada, o que se interpretou polos expertos encargados da en-
quisa, como un indicador do vinculo de confianza que se estableceu
entre o centro e 0s seus usuarios.
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A valoracion positiva das canles de comunicacion revela un peso
elevado do factor persoal, principal via de contacto entre os usua-
rios e os técnicos do centro. Esta valoracion baséase no esforzo de
atencion personalizada que realiza o centro. Non obstante, os usua-
rios mais intensivos demandan avanzar en servizos electronicos de
comunicacion que superen as demoras de resposta asociadas ao e-
mail, como por exemplo sistemas de mensaxeria instantanea, posibi-
lidade que sera estudada.

Sistema de colas

A percepcion xeral dos usuarios sobre a informacion e a xestion do
sistema de colas € de transparencia por parte do centro. As deman-
das de mellora dirixense a optimizar o sistema de xestion nos puntos
nos que se poida evitar a variabilidade no ritmo e a saturacion de
colas. Os usuarios perciben ademais unha boa capacidade e tempo
de resposta ante incidencias, ainda que demandan maior formacion
e que o centro fomente as colaboracidns entre eles.

Diversas areas tematicas centraran o traballo dos grupos mixtos téc-
nicos-usuarios, adiantandose xa na sesion durante a que se decidiu
crealos, posibles actuacions estratéxicas por parte dos técnicos que
maior capacidade de actuacion tefien en cada un dos ambitos de re-
ferencia. No futuro, constituiranse os grupos dende unha perspectiva
que transcenda os muros do centro para ter a posibilidade de atopar
solucidns dentro e féra.
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TER@TEC:
an European Eco-System For High Performance Computing
by Christian Saguez, President of TER@TEC

High Performance Computing is one of the most important areas for
Science and Industry in terms of capacity of innovation and competi-
tiveness. In order to federate the main industrial and academic actors
and to be at the best worldwide level in terms of scientific and techno-
logical research and economical development, the European initiative
TERATEC was launched in mid 2005. After two years of development,
TERATEC is now able to propose all the infrastructures for the future
European Petascale Systems and to welcome research laboratories
and companies in a new campus located in the south of Paris. Large
collaborative research projects, especially with the French Cluster for
Competitiveness System@tic, in the area of Architecture, Networking
and Application Software have been launched. In this paper, we pre-
sent the motivation and the objectives of TERATEC.

1 — High Performance Computing: a European priority

Developing capacities of innovation and increasing competitiveness
are for Europe two main strategic challenges both for Science and
Technology and for Industry and Services. Two characteristics of the
new environment of this century are: firstly, that we have to control
larger and larger amounts of numerical information; and secondly,
that the systems that we have to analyse, design, manage, are more
and more complex. In this context, modelling as well as simulation
technologies and tools, and high performance computing systems are
the key components to address to these challenges.

The following examples illustrate these general considerations:

i) The design and the life cycle management of new products,
systems or services

The objective is now to design new planes or new cars, using only
virtual prototypes in a collaborative way, as it was been done for the
new Falcon 7X plane of Dassault Aviation. The situation is similar for
global systems such as transportation systems, retail systems, multi-
media networks or financial or insurance products.

ii) The study of interaction problems in Biology and the design of
new molecules. The objective is to build C.A.D software for new mo-
lecules and medicines by using data mining techniques and dynamic
simulation of large amounts of information.

iii) The study of new innovative materials. Materials science is one
of the major challenges for research and industry. We have to perform
large multi-scale and multi physics simulation from ab initio simulation
to continuous mechanics simulation.

iv) The indexation and spreading of large multimedia databases,
including texts, images, videos... Domains such as virtual libraries,
access to multimedia documents... are challenges for our society and
also a crucial instrument for the promotion of our artistic, scientific and
technological cultures.

24 dixitos special edition: computational science monograph, july 2008

v) Sustainable growth, environmental simulation, global change study
in climatology, risk analysis and management... are other important
examples for which HPC Simulations are fundamental in order to un-
derstand, propose and validate original solutions.

In order to address these problems and many others, the availability
of High Performance Computing facilities (Hardware and Software) is
fundamental. New innovative capacities, technological breakthroug-
hs, decrease of financial costs and design time, or differentiation from
competitors are some of the advantages immediately reachable with
HPC. Therefore, HPC is probably the most important element for in-
dustry and services competitiveness. It strongly impacts all the cha-
llenges for the 21st century society, such as Energy, Environment,
Sustainable Growth, Health, Risk analysis, etc.

HPC must be, as in USA and in Japan, one of the priorities of
Europe. If not, our economical and scientific development and our
independence will be surely compromised.

2 - TERATEC - Objectives and present situation

Taking into account the previous analysis, the TERATEC association,
following an idea of CEA, was founded in 2005 as an European clus-
ter dedicated to high-performance computing, in order to:

+ create, in a single location, all necessary infrastructures for opera-
ting petascale computers and for welcoming laboratories and indus-
trial companies.

+ give access to the most powerful HPC Systems (Hardwares —
Softwares — Networks) to a large community of users, in particular
SMEs.

+ federate the major HPC actors, academic institutions and industry
companies, technology and service providers, end-users ...

+ initiate and coordinate important collaborative R&D projects in order
to gather all the competences to build and manage HPC Systems and
related software.

+ promote HPC technologies, especially for SMEs, and to incubate
new start-up companies.

+ participate in learning activities for future engineers and long life
education courses.

After two years of activities, the first results are extremely positive,
prove the efficiency of the model and confirm the needs of the HPC
communities:

1 — The available computing power is now more than 100 Teraflops
(150 Teraflops in 2008) and we expect at least 2 Petaflops with a 10
Petaflops forecast by the end of 2009.



2 —The number of members of the association is rapidly growing with participation of providers and end-users, of research institutions and industry
and services companies.

3 — We started building all the infrastructures for petascale systems (building of 6500 m2) and new office buildings (~ 15 000 m2) for laboratories
and companies. All these infrastructures will be available before the end of 2009.

4 — We launched numerous large collaborative R&D projects, especially in strong connection with the cluster competitiveness System@tic and
with important financial support from national and local administrations for a global budget of more than 50M<€
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“TERATEC has proved to be,
two years after its creation,
the success of its eco-system model”

5 — We participate in the European Project PRACE under GENCI (Grand Equipement National de Calcul Intensif ) coordination.
6 — We are associated with three master degrees specialised in HPC, in cooperation with the most prestigious education institutions in Paris.

7 — Every year, we organise a European HPC forum (conferences — symposia and exhibition). The next one will be held June 3-4 near Paris at
Evry (France) and we participate in a lot of dedicated forums or congresses.

8 — We had important discussions with our colleagues from USA and Japan, and with the major European initiatives.

We expect to contribute actively to the HPC activities in Europe with such activities, creating an ecosystem strongly involved in the Research and
Economical challenges.

Europe’s background in Applied Mathematics and Computer Sciences is worldwide recognized. HPC is one of the key areas for competitiveness
and innovation, both for scientific challenges and for industry and services. We need to transform these facts into successes. HPC is now of
a strategic importance, but it should turn to be a high priority in Europe, as it is in USA and in Japan, for it is fundamental in all the major
challenges of the 21st century. In order to achieve that, important R&D activities with adequate financial support are necessary, both for basic
technologies (hardware — software) and for applications. We also need to have access to the most powerful systems in terms of computing power,
storage capacities and networking.

TERATEC has proved to be, two years after its creation, the success of its eco-system model. It is ready to contribute actively with other European
initiatives to achieve the necessary success of HPC in Europe. It will propose the best computing facilities, it will continue launching initiatives for

studying major scientific and industrial challenges and it will participate to the development of the HPC economy.

HPC is a need and a chance for Europe.
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A Forward Look exercise
on computational sciences infrastructures

by Simone Meloni, Scientific Officer of the ESF Forward Look on “European
Computational Science: The “Lincei Initiative”: from computers to scientific excellence”.

In the past decades, most of the European countries have established
an infrastructure for computational sciences, that is scientific research
conducted by means of computers. So far, these infrastructures con-
sisted of large computer facilities with some limited technical support
for porting scientific codes on a specific machine. The situation is qui-
te similar outside Europe. Scientists and funding agencies of these
countries are now reflecting on the adequacy of such a kind of infras-
tructure for supporting computational sciences of the next decade.
The European Science Foundation, in collaboration with several na-
tional institutions and European networks, has promoted and funded
a foresight study named “Forward Look on European Computational
Science: “the Lincei Initiative”: from Computers to Scientific Excellen-
ce”. The aim of this Forward Look is to analyse the current state of
the computational infrastructures in European countries and propose
recommendations for its evolution in the coming 10 to 20 years on the
basis of the foreseen scientific and technological evolution.

Seven workshops involving European top researchers in materials
sciences, nanotechnology, astrophysics, chemistry, engineering, cli-
matology, biology, physics, meteorology and other disciplines have
been organised. Representatives of supercomputer centres and major
ICT companies have also participated to these workshops. It emerged
that multi-disciplinary multi-scale simulations will be the major scien-
tific challenge of the next decade. In multi-disciplinary multi-scale si-
mulations, techniques developed in several disciplines and models
at different scales in space and time are combined for simulating real
complex systems at an affordable computational cost. A typical pers-
pective offered by multi-disciplinary multi-scale approach is that of the
simulation of a living cell. In this case, very accurate atomistic simu-
lations are needed to simulate chemical reactions, like production of
proteins in ribosomes. At the same time, continuum models can be
used to simulate the effect of solvent (water) in regulatory processes,
like in proton diffusion across cell membranes. All these information
can be combined into a model of the life cycle of cells under different
condition without carrying out any real (expensive and, sometimes,
ethically problematic) experiment. It is also expected that experimen-
tal data will be directly used in computer simulations in the future.
Indeed, this is already done, for example, in climatology, meteorology
and astrophysics. At the same time, since computational sciences
are still rather young, new methods and algorithms will also continue
to emerge within each single discipline and time/space scale.

On the same foot, experimental and simulation data need to be made
accessible to the scientific community at large, not only to the mem-
bers of the scientific institution were data have been produced. For
example, the Virtual Observatory is a first attempt to make theoretical
and experimental astrophysics data available worldwide using stan-
dard metadata, data and file format. This will help interoperability with
simulation codes.

Unfortunately, current scientific application software and archives
seem not adequate to meet these challenges. The main reason of this
inadequacy is the model of development, maintenance and support.
In fact, these tasks are actually carried out by scientists themselves.
This often results in software that is not flexible and unable to intero-

perate with codes other codes. At the same time, often this software is
not able to exploit the performances of best-in-class supercomputers.
The result is that typically scientific codes have a short life cycle. In
addition, the time invested for developing and maintaining scientific
codes and archives is not rewarding for the scientific career and this
makes this task, and the hard work of acquiring the needed IT exper-
tise, little appealing.

In addition, scientific codes are not able to exploit performance of mo-
dern supercomputers, which are expected to reach petaflops in few
years. The situation is expected to become even more complex with
the advent of “exotic” architectures, such as GPU (Graphic Proces-
sing Unit), for scientific and technical computing.

On the basis of this analysis, this Forward Look proposes to make
management of scientific codes and data archives part of the (future)
European Computational Infrastructure. Of course, the initial stage of
software development has to remain part of research activity. So, whi-
le implementing the initial version of an algorithm for demonstrating
its accuracy or effectiveness is still a research duty, the inclusion of
its generalised version into community codes is a technical task that
should be accomplished by professionals.

In order to achieve these objectives, this Forward Look envisages an
extension of the current infrastructure based on three pillars:

- standardisation
- development and maintenance of codes and archives
- training and support

Some standardisation is needed as it is the lack of standards that
makes difficult code interoperability among them and with experimen-
tal data. Design and development of well engineered scientific codes
should be zcarried out by software engineers and IT experts. This will
improve flexibility by improving modularity, a key factor as scientific
codes are in continuous evolution with new algorithms and models
being inserted every week. Thanks to a modular design, scientists
could easily insert the initial version of their novel algorithm into co-
des that already provide the other modules needed for the complete
simulation. Modularity will also improve performance. For example,
it would be possible to optimize an algorithm for specific computer
architecture, adopting new programming languages if needed. Ana-
logous considerations hold true also for data. A proper use of such
complex software and archives requires regular courses and day-by-
day support. So far, the scientists, sometimes receiving some support
from scientific networks, have provided these services voluntarily.
However, this is insufficient and, in practice, the presence of a proper
support structure will be one of the major promoting factors in the
adoption of computational tools by the scientific community at large,
including experimentalists, and by industrial partners.

Of course, all this should be coordinated at a European level, as
science is already organised at this level.

In conclusion, European scientists feel that the computational infras-
tructures need some restructuring, complementing the current infras-
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“.. standardisation is needed as

it is the lack of standards that Computer -Aided Drug Discove
makes difficult code interoperability” Efficiency Requirements in the
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Abstract

A brief survey of the Computer—Aided Molecular Design applied to
drug discovery (CADD), with specific consideration on the efficiency
requirements in the use of software tools, is reported.

The focal point in CADD, also implying the prediction of Absorption,
Distribution, Metabolism, Excretion and Toxicity (ADMET) of a drug
candidate, is approached by a combination of structure-based and
ligand-based (QSAR) methodologies.

1. Introduction

Computer-aided molecular design is being currently exploited for the
A picture “summarizing” Computational Sciences. discovery of new drugs. It starts now being used for handling a wide
range of other biomedical issues. One of the most challenging fields,
where it finds valuable applications, is represented by the prediction
of absorption, distribution, metabolism, excretion and toxicity (AD-
MET) properties, that is gaining more and more place as a crucial
branch of drug design. Indeed, R&D costs are increasing together
with high failure rates of clinical candidates, which makes clear that
undesirable drug properties and toxicity strongly contribute to pipeline
attrition. Costly failure may be solely prevented by early identifying
and removing undesirable leads. That can be achieved by enriching
discovery programs with computational tools for ADMET prediction.

2. Computational tools most commonly exploited in Computer-
Aided Drug Discovery (CADD)

Several different approaches, both of structure-based and ligand-ba-
sed type, are being currently used with the aim of getting a direct
insight on ligand-macromolecule interactions or developing Quanti-
tative Structure-Activity Relationship (QSAR) studies of ligands. It is
worth to briefly recall here that the so-called structure-based appro-
aches make use of the three-dimensional (3D) structure of the ma-
cromolecular target, which has to be known with sufficient accuracy.
Molecular modelling (1) and molecular docking (2) techniques com-
bined with geometry optimization methods enable direct analysis of
interactions between ligands and their target proteins with details at
a molecular level. Such a type of approach allows predicting binding
affinities between partners but doesn’t account for most of the com-
plex pharmacological profiles of biologically active molecules. The
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so-called ligand-based (QSAR) approaches work by correlating many
different molecular descriptors, which reflect chemical and structural
properties of compounds, to the already known biological activity indi-
cators of interest (both affinities or ADMET properties). QSAR appro-
aches can make use of classical mathematical equations (3), solved
by various regression methods, or can use Artificial Intelligence tools
(4). A physical meaning may be only attributed to the simplest mole-
cular descriptors, but often a QSAR model may be seen as a “black
box” enabling the prediction of molecular properties arising from a
sum of many different contributions, which are not directly amenable
to molecular structures. That happens mostly when the model refers
to in vivo properties.

On the side of resources optimization, computational techniques of
particular interest seem to be provided by classification methods.
They started being developed in the late seventies/early eighties, but
only recently they started finding quite a wide application in QSAR (5).
They work by associating molecular features to few nominal classes
related to a biological indicator of interest (for example, Yes/Not or
Yes/Uncertain/Not, with regard to a wanted or unwanted property).
The search for optimal compromises between fastness and accuracy,
among different approaches, is required by the drug discovery pro-
cess, when developing predictive models, as optimal choices strongly
impact on the use of financial and human resources.

3. Problems encountered in CADD and possible solutions

Optimally performing predictive QSAR models must obviously be hig-
hly reliable, but, at the same time, they must be as less demanding as
possible in terms of computational effort. Indeed the number of virtual
molecules to be screened for each project may be over thousands and
thousands. The preliminary selection of molecular descriptors exploited
for building QSAR models turns out to be crucial. Taking into account
their statistical significance is just one of the many issues to be consi-
dered. Very fast QSAR models are obtained by only using the so-called
2D type molecular descriptors, to which atom types and atom connec-
tivities mostly contribute, while very accurate models are obtained by
the so-called 3D-type descriptors, to which properties, depending upon
the 3D molecular arrangement, do mostly contribute. Based on previo-
usly acquired experience, the ratio between CPU times required by a
medium performance personal computer (MPPC) for calculating a ten
of descriptors, referring to a molecule of about 50 atoms, is expected
to be a few tens of seconds.

According to some of the above considerations, one would expect
that QSAR models, based on 3D type structural information about the
known ligands, were always more successful that the ones obtained
by only using 2D type information. However, this concept may be de-
ceptive, as handling 3D structural information requires that molecular
structures are optimized, so that biologically active conformations are
properly simulated. The most commonly followed protocol, which im-
plies a simple search for low-energy conformations, did not appear to
lead to reliable results in many cases; at the same time it may also be
quite demanding in terms of computer time (the CPU time required by
a MPPC for quantum-chemical optimization of a molecules comprising
about 50 atoms is of the order of minutes or a few tens of minutes).

The problem of optimizing structures of molecules interacting with
a given macromolecular target may be solved, instead, by docking
the molecules of interest within a proper 3D model of the active site
of such a target. Docking a pool of ligands into the proper macro-
molecular target requires that the target (3D) structure is known with
good accuracy from experimental data (usually x-ray) or from mole-
cular modelling. When the target 3D structure is obtained by means
of molecular modelling, the computational effort may be significant,
as Molecular Dynamics (MD) simulations are often required. Just for
giving an idea of it, the CPU time required when performing a 100 ps
MD simulation on a protein comprising about 5000 atoms, computed
by of the AMBER (6) software with implicit solvent, is a few tens of
hours, when running on a IBM SP Cluster 1600 (512 processors, 64
nodes). Moreover the target active-site structure may be affected by
the interaction with each single ligand (induced-fit phenomena), that
makes the required calculations even more complex and demanding
in terms of computer time. Indeed most of the docking software cu-
rrently available doesn’t allow automated flexible docking of the target
macromolecule (with the exception of some prototypes of computer
programs), so time-consuming MD runs, for each ligand-macromole-
cule complex, need to be performed.

As a last consideration, it may be worth mentioning that, due to the
wide diversity shown by many molecular libraries involved in the AD-
MET predictions, the combination of different strategies, summarized
below, appears to lead to a successful use of tools developed “in si-
lico”. The whole QSAR problem should be split into a classification
problem with a limited use of resources, and a series of sub-problems
more accurately analyzed, with larger use of resources. The classifi-
cation task enables rapid screening of wide diverse libraries just on
the basis of a few nominal classes (see paragraph 2), while the sub-
problems are subsequently afforded by highly accurate local QSAR
models only used for screening focused libraries.

4. Use of a combined (structure- and ligand-based) approach: an
example of ADMET study

An example of combined approach (of structure- and ligand-based
type), which has been successfully applied to ADMET studies, con-
cerns the search for optimal QSAR models enabling the prediction
of CYP2D6 inhibition properties of New Chemical Entities. CYP2D6
is one of the most relevant isoforms of Cytochrome P450, which is
responsible for the metabolism of a huge number of drugs. The initial
work was planned with the aim of estimating the predictive power of
QSAR models obtained by using 2D only, or both 2D and 3D mole-
cular descriptors, for estimating CYP2D6 inhibition properties of drug
candidates. The ultimate target was to find the best compromise bet-
ween accuracy and required computational effort (7).

In the specific case of CYP2D6, previous structure-based studies had
shown that induced-fit phenomena arise during the interaction bet-
ween the enzyme isoform and its ligands (8) (See Figure 1) . The
conformations of few tens of known (structurally diverse) inhibitors,
selected for building predictive QSAR models, were optimized into
slightly different arrangements of the enzyme active site, previously
fitted with a few structurally representative compounds.
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“Molecular modelling and molecular docking techniques combined
with geometry optimization methods enable direct analysis of interactions
between ligands and their target proteins with details at a molecular level”

Then 2D and 3D molecular descriptors, including the quantum-che-
mical and thermodynamic ones, were computed and processed by a
classical equation-based approach which exploits multi-linear regres-
sion. Several QSAR models were obtained and validated by applying
rigorous statistical criteria (9) (See Figure 2). The comparison among
different models, developed at different level of accuracy, showed
that, while the QSAR models only based on 2D molecular descrip-
tors appeared to be quite poor in treating the system of interest, the
models based on 3D descriptors turned out to possess a quite good
predictive power (10).

Figure 1. An example of ligand-induced fit. Superimposition of
CYP2D6 binding site optimized in two different conditions: (a) (ye-
llow) unliganded form and (b) (red) in the presence of an inhibitor. The
inhibitor is colored by atom type.

5. Conclusions

In order to be able of giving a valuable contribution to Drug Discovery,
the “in silico” tools must be very efficient, i.e. they must be, at the
same time, very fast and very accurate. In view of achieving high effi-
ciency in performing CADD (including the development of computa-
tional models for ADMET predictions), a combination of structure- and
ligand-based approaches may need to be exploited, at least when the
3D structure of the target macromolecule is known from experimental
data or may be modelled with sufficient accuracy. Moreover, when
widely diverse molecular libraries are involved in the project at hand,
the winning strategy may arise from splitting the whole problem into a
preliminary classification task and other tasks implying data analysis,
made through very accurate local QSAR models.
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Figure 2. Plot of calculated versus experimental values of the selected
biological indicator (-Log IC50 of CYP2D6 inhibition) obtained by a
well performing QSAR model.
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In the last couple of decades numerical modeling has become one
of the main tools for the study of climate. The phenomenon of global
warming and the implicit need of knowing how it will evolve in the next
several decades makes climate models an indispensable tool to deal
with this subject and to obtain responses for the questions formulated
by researchers, policymakers and the general public.

Climate models are conceptually straightforward from a theoretical
point of view. In essence, a climate model is a description of the clima-
te system in terms of basic physical laws. The system is represented
by a set of coupled equations corresponding to the laws that govern
atmospheric dynamics and thermodynamics, which in turn are solved
by means of a suitable computer code. Climate models can be very
simple or very complicated, depending on how much detail about the
climate system they include, and the computational resources requi-
red for solution can be extremely high for comprehensive models.
However, even in this case, a climate model remains a simplification
of the real world. Here we discuss a project developed at CESGA
during the past year: the implementation and use of a state-of-the-art
climate model which encompasses the entire atmosphere up to an
altitude greater than 100 km. The implementation discussed is rele-
vant for research on the tropopause and the stratosphere, two of the
main topics in current climate research. This model in question is the
Whole Atmosphere Community Climate Model (WACCM), developed
by the National Center for Atmospheric Research (NCAR) of the USA.
WACCM has been developed and improved since 1999 and the first
results from interactive calculations were published in 2003.

What makes WACCM different from most of the climate models are
mainly two features: first, WACCM has a deep vertical domain, with 66
vertical levels from the ground to the model top, around 140 km above
the Earth’s surface. The code is flexible in that it allows the number
of vertical levels to be adjusted according to the research application.
Second, WACCM includes a detailed chemical mechanism, adapted
from NCAR’s Model of Ozone and Related Chemical Tracers (MO-
ZART). In contrast, most climate models have their top around 30-40
km, covering only the troposphere and part of the lower stratosphere,
and include only basic chemistry. The inclusion of detailed, interactive
chemistry in a climate model requires unusually

large computational resources, but it is very desirable feature when
one wants to study the upper atmosphere and obtain the most repre-
sentative results. In general terms the current standard configuration
of WACCM is:

« horizontal grid : A@ x AA =1.90 x 2.50 (Ag = latitude; AA = longitude);
* 66 vertical levels;

This configuration has variable vertical resolution of about 1.2 km in
the troposphere and lower stratosphere, decreasing to about 3 km
in the thermosphere. This standard configuration is normally imple-
mented on the Blueice supercomputer at NCAR, which has among

its main characteristics a propietary AIX system (IBM Unix) on Power
5+ processors with a 1.9-GHz clock cycle. Running on 128 Blueice
cpus (8 x 16 cpu nodes), the computational performance is about
2.7 years of simulated climate per wallclock day. That is, 24 hours of
continuous calculation produces 2.7 years of simulated climate. The
volume of data output is approximately 25 GB per simulated year for
this standard configuration. For testing purposes, WACCM version 3
was installed in CESGA's SuperDome HP-UX system (propietary HP
Unix, running on ltanium2 processors with a 1.5-GHz clock cycle).
The implementation was carried out in collaboration with the person-
nel from CESGA and NCAR. The configuration of WACCM used in
the SuperDome tests was constrained by the computational limita-
tions of this machine both as regards cpu clock rate and number of
processors available. Under these conditions the configuration of the
model was:

« horizontal grid : A@ x A\ =4° x 5° ;

* 66 vertical levels (configured as in the 1.9° x 2.5° version);
Diagnostic simulations performed with this implementation of WAC-
CM on the SuperDome produced realistic climate results. Moreover, a
simulation of five complete years was carried out in order to obtain a
small subset of climatic statistics. Obviously, the complete results can-
not be reproduced here, but Figure 1 is an example from one of the
diagnostic simulations. The computational performance obtained with
the above implementation of WACCM on SuperDome was 1.6 years
of simulation per wallclock day using 32 cpu’s. If we had run WACCM
at high resolution (A@ x AA =1.90 x 2.50) on the SuperDome

using the same number of cpus (32), we would have obtained perfor-
mance no better than 0.4 years of simulation per wallclock day. Wor-
king with 64 cpu’s a scaling in the performance not larger that about
85% was expected. Aditionally, from the computational point of view,
WACCM can take advantage of symmetric multi-processing (SMP)
and simultaneous multithreading (SMT), as well as hybrid paralleli-
zation techniques using shared memory with Open Multi-Processing
(OpenMP) within a node and distributed memory across nodes with
Message Passing Interface (MPI). These techniques allow a substan-
tial improvement in computational performance.

Our projected research using WACCM at CESGA includes plans to:

* build WACCM at the new CESGA's supecomputing facilities, na-
mely to migrate the model to Finis Terrae (free GNU/Linux system
on ltanium2 processors). A similar configuration has been tested at
the Columbia supercomputer of the National Aeronautics and Space
Administration (NASA), Ames Research Center;

« obtain a basic subset of climate statistics and diagnostic simulatio-
ns in order to evaluate whether WACCM on Finis Terrae produces a
realistic climate;

» work with two different configurations of WACCM, the standard and
a new one with high vertical resolution around the tropopause;

» compare the trend of different tropopause variables with observatio-
ns and simulate their evolution under future climate change scenarios;
» compute climate scenarios for 50-100 years with doubled CO2 con-
centrations;

« study possible variations in the stratospheric polar vortex and model
its vertical structure.
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Cyclodextrins (CD) are cyclic oligosaccharides with the shape of a
hollow truncated cone (see Fig. 1) that have a hydrophobic cavity able
to host non-polar molecular groups. Aside from their well-known utility
for encapsulation and transport purposes (http://en.wikipedia.org/wiki/
Cyclodextrin), their structural features make them suitable as mobile
pieces of molecular machines amongst other supramolecular assem-
blies. Our main goal is to design CD-based supramolecular systems
with special properties that could be controlled by external variables
such as temperature and electric fields, by pH changes, or by the
presence of co-solutes. That kind of systems could be employed to
design new materials or to build biological sensors, among other po-
tential applications. Experimental results like thermodynamic or me-
chanical parameters, as well as microscopy observations at different
resolutions, are complemented and better understood by means of
molecular dynamics simulations at atomic level.

Recently we have discovered that short time molecular dynamics
simulations suffice to observe reversible and spontaneous rupture-
formation processes of supramolecular complexes consisting of one
or two cyclodextrins and one or two surfactant molecules (see Fig.
2). Using specific algorithms, the same technique can be employed
to determine the dependence of Gibbs energy change on some gi-
ven reaction coordinate such as an angle or a distance, which entails
getting a map of reaction probabilities as a function of the coordinate
values. Up to now, we have considered complexes involving native
CDs as hosts and either sodium dodecyl sulfate (SDS) or octyl-B-D-
glucopyranoside as illustrative cases of ionic and non-ionic guests,
respectively. Thus, the populations of the different feasible stoichio-
metries were assessed, the structures of the corresponding cyclodex-
trin-surfactant complexes were investigated, and the energy of these
systems is being characterized. These computational results comple-
ment very well those obtained by our collaborators from experimental
techniques like calorimetry or surface tension measurements.

Experimental results suggested that taking the abovementioned com-
plexes as building blocks, films are spontaneously formed at aqueous
solution/air interfaces. By combining Brewster angle and atomic force
microscopy with molecular dynamics simulations of these systems, it
was proved that those films consist of nanotubular structures formed
either by self-assembled empty cyclodextrin dimers (CD2) or by CD2
with an ionic surfactant molecule in the cavity of the structure. It was
proved that the mechanical properties of such films can be controlled
by several external parameters and, thus, new cyclodextrin-based
materials with specific properties could be designed.

Some of the previous results have already been published (see be-
low) but much work is still in progress. Other projects are also being
considered. For instance, modified CDs have been employed to bind
proteins to gold electrodes although no much information at atomic
level has been obtained from these systems. Molecular dynamics si-
mulations could help to understand how this binding process affects
the folding state of proteins. Besides, interaction between proteins (or
polypeptides) and lipid molecules in solution or at aqueous solution-
air interfaces has also been studied by several experimental techni-
ques. In this context, we are starting a project to study the adsorption
of apolipoproteins (proteins involved in the transport of cholesterol
through the bloodstream) to solution-air interfaces in the presence of
several lipids and other co-solutes.

Our computational work is always designed under the principle that it
should complement or/and help to understand experimental results.
This is possible in many cases because classical simulations at ato-
mic level can manage several thousands of particles at time scales
of up to microseconds with the current computational facilities. Tra-
jectories are generated using the GROMACS package and they are
analyzed with molecular viewers such as RasMol, VMD, and PyMOL,
with tools from the GROMACS package and with programs specifi-
cally developed in C, perl, awk, and UNIX code. Parallelization of the
processes is usually needed to obtain long trajectories and high-end
computing is required for this purpose. Currently, computer clusters of
thousands of processors with architecture designed for efficient pa-
rallelization are maintained by many institutions and, in some cases,
even some groups have clusters of these characteristics for their in-
dividual use. In our case, the HP Superdome and the SVG clusters,
maintained by the Centro de Supercomputacion de Galicia (CESGA),
were employed.
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“New cyclodextrin-based materials with
specific properties could be designed”

A couple of atomistic studies
on the Cementitious Calcium Si
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Figure 1.- Two views of the 3-CD structure.

Figure 2.- Proposed initial conformation for a a-CD2SDS1 (left-top)
and a B-CD1SDS2 complex (left-bottom), together with the structures
obtained after 10 ns of molecular dynamics simulation.
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Abstract

This work aims to highlight the importance of atomistic computational
approaches to describe the structure and properties of most important
hydration product present in cementitious materials, the C-S-H gel.
To this end two recent studies will be presented, along with a brief
discussion about the future goals and perspectives on this topic.

I. Introduction

Cement-based materials, such as mortars, fibre-reinforced cementi-
tious composites, and concrete are the most widely used construction
materials in the world. They are indeed complex composite materials
with truly multi-scale internal structures that evolve over centuries:
Just by pouring cement powder to water, a myriad of chemical reac-
tions take place to form a rigid, complex and porous structure that
is called cement paste. This cement paste is a multiphase material
which evolves over time. Basically it can be viewed as a composite
in which calcium hydroxide crystals (portlandite), (sulpho)aluminate
hydrates, and non-reacted cement powders are embedded into an
amorphous nanostructured hydration product, the so-called C-S-H gel
(Calcium silicate hydrate) [1].

Calcium silicate hydrate (C-S-H) gel is definitely the most important
hydration product of cement based materials. It constitutes about 60-
70% of the fully hydrated cement paste and is responsible for most
of the properties of cement-based materials. From a compositional
point of view, C-S-H gel is often characterized by its Ca/Si ratio, which
typically ranges from 0.7 to 2.3. This variability in composition ex-
plains why, though intensively studied by techniques like XRD, SEM,
TEM, NMR, etc [2], many features of C-S-H gel remain unknown. Our
incomplete picture of C-S-H gel relies on two complementary visions,
each one oriented to explain different sizes and phenomena (see Fig.
1): On the one hand, we count with the works that have centred their
analysis on the recognition of the structural features of C-S-H gel at
the molecular level. Much of our knowledge at this level has been
gained from structural comparisons with crystalline calcium silicate
hydrates. In fact, several models [3-8] have been proposed so far that
draw structural analogies with distorted tobermorite (T) and jennite
(J) crystals. From these models, C-S-H gels can be approximately



icate Hydrate (C-S-H) Gel

viewed as layered structures, in which calcium oxide sheets are ri-
bbed on either side with silicate chains, and free calcium ions and
water molecules are present in the interlayer space (Figure 1(a)). On
the other hand, other segment of works has paid attention to the re-
cognition of the colloidal properties of C-S-H gel [9,10] .These models
basically consider that the C-S-H gel is composed of approximately
5nm-sized rounded particles, which, in turn, aggregate to form High-
density (HD) C-S-H or Low-density (LD) C-S-H depending on a pac-
king factor (Fig.1 (b)).
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The existence of two varieties of C-S-H gel (the LD- and HD-ones), is
of paramount importance from a technological point of view. Thanks
to nanoindentation experiments [11, 12] we know that both varieties of
C-S-H exhibit a dissimilar mechanical/bearing capacity, which is even
more pronounced in their resistance to degradation processes [13].
Akin to what happens with the cholesterol we can speak about “good”
and and “bad” C-S-H gels. In our case the “good” one is HD C-S-H,
being the LD-C-S-H the “bad”one.

This said, the question that arises is straightforward: Can we promo-
te the appearance of HD-varieties over the LD-ones? To the best of
our knowledge the answer to this question doubtlessly represents the
most important technological challenge for cementitious materials.
Unfortunately, our knowledge on C-S-H gel is too vague at present
so as to realistically face such a challenge. Prior to everything, we
need to bridge the gap between the structural and colloidal models of
C-S-H gel. To this end, it is clear that an ineludible prerequisite is to
obtain further knowledge on the short-range ordering of C-S-H parti-
cles from which the colloidal models start; namely we need to change
our current picture of these basic C-S-H bricks (based on ~5-nm sized
particles) by an improved version which accurately accounts for their
actual morphology and chemistry.

In this scenario, it is clear that any hint on the structure of C-S-H gels
that can be given by modelling and numerical simulations would be
tremendously beneficial. Although atomistic simulations have been
barely applied to deal with C-S-H gel [14-21] there is lately a great
agreement that they represent an unmatched opportunity to unravel
the smallest features of C-S-H gel [17]. This paper aims precisely to
explain two recent studies of our computational research program in
this direction, as well as to highlight the most promising possibilities
and challenges of the computational schemes for the near future.

Il. Two examples of our activity in this area
Example 1: Formation of small T-like and J-like pieces

Our first example is the work made by Manzano et al. [22] where the
underlying mechanisms that govern the formation of small pieces of
C-S-H gel were analyzed by means of ab-initio calculations at the
Hartree-Fock level (this is, solving Schrddinger equation). Different-
ly to previous studies which rested on perfect tobermorite or jennite
structures [14, 15, 17, 20, 21], in this ab-initio approach we did not
impose any structural model. By taking as starting point an adequate
guess for a precursor (P) of tobermorite-like and jennite-like pieces
(see Fig 2a) composed of two silicate dimers and a single calcium
oxide layer, we studied the self-assembly process of these basic pre-
cursors under different Ca/Si ratios.

Interestingly, the formation of T-like and J-like structures turned to be
a natural self-assembly process of these basic precursors under diffe-
rent Ca/Si ratios. Two dissimilar and competing growth mechanisms
were identified to rule the mentioned self-assembly processes, dipole-
dipole interactions and bond formation. The first one dominates at low
Ca/Si ratios and leads to the formation of T2-like units, whereas the
second one is the leading mechanism at high Ca/Si ratios, and gives
rise to the appearance of J2-like units (see Fig 2b).
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Example 2: A Molecular Dynamic study on the formation of C-S-H structures.

Our second example is a recent work [23] in which we studied the
formation of C-S-H structures by means of a Molecular Dynamic study
of the polymerization of silicic acids (Si(OH)4) in presence of solvated
calcium ions (Ca(OH)2 4 H20). By changing the number of the solva-
ted calcium ions present in our simulation unit cell, we have analyzed
the number and types of siloxane bonds (Si-O-Si) (i.e. the connectivity
of the silicate chains) along with the number of Si-OH and Ca-OH
bonds as a function of the Ca/Si ratio.

We have found that the appearance of three-dimensional networks
clearly decreases when the amount of calcium ions is raised (see Fig.
3a). This result is in clear agreement with the experimental evidence
[5, 24] that shows that the linear forms are dominant. We also analy-
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“The appearance of three-dimensional networks clearly
decreases when the amount of calcium ions is raised”

zed the main chain length (MCL) of the silicate chains as a function
of the Ca/Si ratio. We compared our results (solid squares) with the
experimental data obtained by Cong and Kirkpatrick [5] through 29Si
NMR experiments (open circles). As can be seen from Fig 3b, our
results are in reasonable agreement with the experimental values and
the trend is reproduced that shorter chains are formed when the Ca/Si
ratio increases [5, 24]. Finally we counted the amount of Si-OH and
Ca-OH bonds. These bonds are important fingerprints for assessing
the presence of both tobermorite and jennite-like features. No Ca-
OH bond is present in perfect tobermorite crystals, whereas no Si-OH
exists in perfect jennite crystals [25, 26]. The results obtained from
our simulations are in Fig 3c. Basically our simulations suggest that
tobermorite and jennite features are appropriate structural models at
low and high Ca/Si ratios respectively.
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According to our Molecular Dynamic study, we can suggest the follo-
wing structural explanation of C-S-H gel: At low Ca/Si ratios cementi-
tious C-S-H gel could be seen as mixtures of long polymerized (pen-
tamers and longer chains) 1.4-nm tobermorite and jennite structures,
whereas at high Ca/Si ratios they seem to be composed of short (di-
mers) 1.4-nm tobermorite and jennite pieces. In between there is a
gradual evolution from long to short chains, and from tobermorite-like
to jennite-like features.

lll. Computational methods and resources

The above studies intend to illustrate how the atomistic simulations are
nowadays providing an unmatched description of cementitious nanos-
tructure. We must say, however, that the prize to pay for this accurate
picture is the high cost in terms of computational resources. The atomis-
tic simulations are very high demanding computer-wise. Consequently,
their description would be clearly unattainable without counting with
efficient computation codes along with superb computational infrastruc-
tures. A brief description of the methods and resources employed in the
two examples shown above is summarized in the following:

When searching for the mechanisms that lead the formation of Tobe-
morite and Jennite pieces (Example 1) the computational approach
rested on Hartree-Fock calculations. They were performed under the
GAMESS [27] and GAUSSIAN [28] codes on the HPC 320 and Su-
perdome clusters at the Supercomputing Center of Galicia (CESGA).
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The Molecular Dynamic study of C-S-H gel (Example 2) was carried
out with help of the molecular dynamic software package TREMOLO
[29, 30], which is a load-balance distributed memory parallel code.
All the MD simulations of this study were performed on the Himalaya
cluster at the University of Bonn.

IV. Conclusions and future challenges

Thanks to the ever-growing current computational resources we are
obtaining an unprecedented description of the smallest bricks which
make up cementitious structures by employing very high demanding
(computational-wise) atomistic simulations. Our feeling is that we are
on the verge of identifying the basic C-S-H bricks and bridging the
existing gap between the structural and colloidal vision of C-S-H gel.
Some works are already pointing toward such a direction.

To obtain a comprehensive computational (and not computational)
description of the aggregation and self-assembly of the C-S-H bricks
to form C-S-H gel (either the LD or HD variety) is our following cha-
llenge. The employment of computational techniques based on “brute
force”, such as the atomistic simulations, is hardly a wise strategy to
deal with so big systems. It is known that the C-S-H gel assemblages
occupy large spatial regions (above 100nm3) [1], so any realistic com-
putational description should employ unit cells of at least the same
dimensions. The volume of the unit cells and the number of atoms
(about 1000 times larger than those we are currently employing to
study the basic C-S-H brick) make suck kind of calculations be clearly
unfeasible nowadays. Since it is a piece of evidence that any impro-
vement of our computational resources & capacities would enable a
faster achievement of our technological dream (i.e. the promotion of
HD-C-S-H varieties over the LD-ones!), any action in such a direction
would be strongly beneficial.

Nevertheless, the development of more efficient computational al-
gorithms and schemes is something that is also mandatory. In this
sense, it is clear that our ultimate computational challenge is, in fact,
to provide smooth handshakes and relationships between existing
computational methods, to cross over different spatial and tempora-
ry scales and eventually lead to truly multi-scale descriptions. Only
by this procedure, together with a close feedback with experimental
data, will our technological dream (i.e. the promotion of cementious
structures mainly made of HD C-S-H varieties) be accomplished. It is
worth mentioning that this strategy is indeed the one recently followed
by the CODICE project (COmputationally Driven design of Innovati-
ve CEment-based materials), a collaborative initiative that has been
recently successful in the FP7 program [31]. This challenging project
aims to develop efficient multi-scale computational schemes to guide
the design of new, stronger and much more durable cementitious ma-
terials, and represents an excellent framework so that our “cement-
based dreams” come really true.
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Project goals and objective

The main objective of the project is to understand the structure and
properties of peptide derivatives and aromatic compounds (arenes)

Project description

Our group investigates the synthesis, structure, biological activity and
properties of peptides, arene, and derivatives. Our work combines
experimental and computational approaches. The computational re-
search is done with two purposes: to help to understand experimental
findings and to predict future results. Some computational aspects we
investigate are:

1) Toxicology.

2) Conformational analysis of peptide-scaffold hybrids and intermole-
cular interactions.

3) Structure and biological activity of inhibitors of proteases.

The relevance of this research topic arises from the fact that, separa-
tely, both peptides and arenes constitute some of the most important
kinds of compounds in organic chemistry. The combination of both
structural features in the same molecules (peptide-arene hybrids, a
kind of peptide-scaffold hybrids: compounds having peptides chains
linked to a non-peptidic scaffold) have provide compounds with inter-
esting properties.

Methods

The computational methods can be divided in three classes.

1) Methods based on molecular mechanics. They include conforma-
tional searches using a variety of strategies (random search, syste-
matic search, simulated annealing) and molecular dynamics simula-
tions. Thee results are useful in the field of conformational analysis
and provide reliable starting structures for ab initio calculations.

2) Methods based on quantum chemistry. They include ab initio calcu-
lations at both Hartree-Fock (HF) and density functional theory (DFT)
levels. These results provide geometrical data and their correspon-
ding accurate energies. Additionally, we can compute a variety of pro-
perties, including electronic, electrostatic, magnetic, and chemical.
Overall, these properties can help to rationalize biological activity and
technological properties.

3) Statistical analysis of data. We used neural networks, especially
self-organizing maps (SOMs). This methodology allows us to manage
a huge amount of data and represent them in a two-dimensional gra-
phic, which permits a straightforward identification of patterns.



Computing Resources Used

The calculations at CESGA have been carried out in the COMPAQ
HPC 320 supercomputer using GAUSSIAN 03 suite of programs.

Results
A summary of results in the three topics is indicated below.

1) Computational toxicology.

We study organic compounds with toxic effects, especially on activa-
tors of aryl hydrocarbon receptor (AhR), estrogen receptor (ER), and
P450 cytochromes. The studied compounds are polycyclic arenes,
polychlorinated biphenyls (PCBs), polychlorinated dibenzo-p-dioxins
(PCDDs), polychlorinated dibenzofurans (PCDFs), flavonoids, aro-
matic heterocycles, imidazoles, and related compounds.

Pollutants

The objective of this research is to deepen on the factors responsible
of the toxicity of organic compounds; which, in turn, can serve as re-
mediation of their toxicity and to advance in the design of compounds
with pharmacological activity.

2) Conformational analysis of peptide-scaffold hybrids and intermole-
cular interactions.

Research in this area deals with static and dynamical aspects of
aromatic compounds, carbocycles, heterocycles, and peptides. To
achieve this objective, we use complementarily computational and
experimental approaches. Some issues we are investigating compu-
tationally are:

- Influence of the interactions of aromatic rings and hydrogen bonds
on the crystal packing and other supramolecular structures.

- Computational studies on aromatic compounds, including electrosta-
tic and electronic properties and aromaticity; as well as their relations-
hips with biological properties (toxicological and protease inhibition).

Computational Chemistry

- Conformational analysis of peptides, carbocycles, and carbohydrates.
- Application of neural networks in organic chemistry, with a special
attention to the classification of aromatic compounds and quantifica-
tion of aromaticity.

Neural Networks

3) Inhibitors of proteases: Calpain.

Proteases or peptidases catalyze the hydrolysis of peptide bonds.
They are classified in five classes based on their mechanism for ca-
talysis: serine, threonine, cysteine, aspartate and metallo proteasas.
The proteolytic reactions are essential in diverse biological processes
and, accordingly, they require a strict regulation. Calpains are a fami-
ly of Ca2+-activated cysteine protease with an active metabolic role.
These enzymes catalyze the hydrolysis of a wide variety of proteins
involved in signal transduction, apoptosis, cell cycle regulation, cell
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motility, and so on. Overactivation of calpain is implicated in several
degenerative diseases.

Our contribution to the area of calpain inhibition can be summarized
by the fact that we have synthesized and evaluated over 500 inhi-
bitors, some of them having IC50 in the nanomolar and picomolar
ranges. The structure of the inhibitors is diverse: biaryls, heterocycles,
and peptide-scaffold hybrids having aromatic fragments. The experi-
mental results are complemented by computational modelling which
provide data on the structural features responsible of the biological
activity and help in the design of future generations of inhibitors.

Future work

The future work will continue the current research, and some aspects
we are going to be engaged include:

1) To assess the role of intermolecular interaction in the supramolecu-
lar structure of arenes, peptides and peptide-scaffold hybrids.

2) To establish structure-activity relationships for calpain inhibition

3) To learn on the mechanism of activation of the aryl hydrocarbon
receptor.

4) To model dynamical properties of peptide-scaffold hybrids, inclu-
ding the crystallization process.
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Project description.

The protein glycoslylation process is one of the principal co-trans-
lational and post-translational modification steps in the synthesis of
membrane and secreted proteins, and the majority of proteins syn-
thesized in the rough endoplasmatic reticulum undergo glycosylation.
The resulting molecules of this biological reaction, i.e. glycoproteins,
are involved in fundamental biological processes such as inflamma-
tion, immune response, cell-cell communication, cell growth, cell ad-
hesion, and antifreeze activity, among others. In this context, mucins
—a particular class of glycoproteins— have attracted a great interest
in therapeutic approaches, especially for the development of vacci-
nes for cancer treatment. On the other hand, it has been described
that in Nature, glycosylation has a profound organizational effect on
the structure of the underlying peptide backbone, forcing it to adopt
unusual conformations. Logically, to discern how glycoproteins inte-
ract with their biological targets it is essential to improve our unders-
tanding of the mechanisms that allow the carbohydrate to modify the
conformational equilibrium of the peptide backbone.

Therefore, a large number of attempts have been made to elucidate
the active forms of these systems by using a wide range of experi-
mental and theoretical methodologies. A common mistake in these
approaches is the dedication of a huge experimental and computatio-
nal effort to analyze the conformational space of the isolated biomo-
lecules, neglecting other important factors that could play a key role
to define the true structure. Undoubtedly, one of these factors is the
solvent, and particularly water, to simulate the physiological condi-
tions. However, how does water interact with glycoproteins? How far
does it do? These are some of the main questions that we have been
trying to elucidate in the last years.

Methods.

In the course of our borderline investigations we have been required
to apply a number of multidisciplinary techniques such as fine organic
synthesis, multidimensional NMR, X-ray diffraction, molecular dyna-
mics (MD) simulations, and quantum mechanics (QM) calculations. A
plethora of new organic compounds have been prepared and charac-
terized to build useful models of small glycopeptides, being our main
targets the glycosylated amino acids serine and threonine (Ser/Thr).
The core of our research is, therefore, to analyze the changes that
take place in the structure of these compounds in aqueous solution
when carbohydrates like a-D-N-acetylgalactosamine (a-D-GalNAc)
and B-D-glucose (B-D-Gilc) are attached to their hydroxyl groups.

Computational methods and resources. Once the target compounds
are synthesized and purified, NOE and multidimensional NMR experi-
ments provide a large amount of structural information that has to be
adequately interpreted with the assistance of diverse computational
tools such as MD and QM calculations. In many cases, experimental
data can be reproduced only if water is explicitly introduced in the
simulations, so the computational cost of the calculations grows ex-
ponentially. As an example, a typical model for the MD simulations
contains more than 3000 atoms including explicit solvation, being the
standard runtime at the nanosecond scale. On the other hand, model
glycopeptides together with their first hydration shell model include
over 100 atoms for routine QM calculations. The extremely high flexi-
bility of these systems adds an unavoidable extra complication to the
conformational analysis and very often leads to an overflow on the
available computational resources.

Results.

In contrast to common belief, the structural study of the mucin-type
simplest model glycopeptide, a-O-GalNAc-L-Ser diamide, reveals that
intramolecular hydrogen bonds involving sugar and peptide residues
are very weak, and consequently, they cannot determine the defined
geometry of this type of molecule. Our experimental and theoretical
results point toward the existence of water pockets/bridges between
the sugar and the peptide moieties and indicate that the surrounding
water molecules are essential to keep the defined conformation (Fi-
gure 1). Interestingly, a different behavior has been observed for the
glycosidic linkages of p-GalNAc-Ser and p-GalNAc-Thr motifs, allo-
wing the carbohydrate moiety to adopt a completely different orien-
tation. In addition, the water pockets found in a-D-GalNAc-Thr differ
from those obtained for its serine analogue. This fact could be related
to the different capability that the two model glycopeptides have to
structure the surrounding water, which could explain the loss of activi-
ty of antifreeze glycopeptides when the Thr is replaced by the Ser.
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“.. results point toward the existence of
water pockets/bridges between
the sugar and the peptide moieties...”

Environment and Roles
of the Active Site of Heme Pero

Future work.

Once we have analyzed the conformational preferences of small
glycopeptides and the influence of the surrounding water on them, we
plan to extend these studies to more complex models in order to get
closer to those biosystems present in Nature. In a parallel way, we are
interested in testing the influence that slight structural modifications
made on the amino acid moieties could have in the global structure
of synthetic unnatural glycopeptides. The in-deep study of the confor-
mational preferences in water of these compounds will require a great
experimental effort and highly demanding computational resources
to accurately carry out MD and QM simulations. Therefore, high-end
computing would be a very valuable tool to explore new frontiers in
our investigations.
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Project Description

Peroxidases are heme-containing enzymes that reduce H202 to
water and oxidize a wide range of substrates. The neutrophil protein
myeloperoxidase has been implicated in promoting tissue damage in
numerous inflammatory diseases, and plays a central role in the anti-
microbial activity of the human innate immune system. However, their
oxidative mechanisms are not fully understood. We have recently ini-
tiated this project to extensively investigate the processes undergo-
ne by these enzymes, and namely human myeloperoxidase. Among
other techniques, electronic structure calculations have revealed
essential to obtain more precise molecular information to establish
reaction mechanisms.

Empirical studies (structural and geometrical elucidation, kinetics,
identification of intermediates, etc) on peroxidase catalysis yield very
important but incomplete information about the processes involving
their reactivity. Combination of experimental and computational tools
are systematically applied in order to support the existence of possi-
ble intermediates or transition structures and the nature of some elusi-
ve reaction products, reveal the effect of the precise peptide structure
—particularly the interaction of the protein with the heme and the en-
vironment of the active site— on the specific oxidative reactions taking
place, and finally determine their detailed reaction mechanisms.

The proper elucidation of the concerned mechanisms is of great im-
portance to understand the multiple processes and diseases related
to peroxidase activity, opening the door to additional relevant resear-
ch either in biochemistry or in the more applied medical and pharma-
ceutical fields.

Computational Details

All peroxidases share the same prosthetic group (ferriprotoporphyrin IX) and
the same proximal ligand (the imidazole side chain of a His residue). The-
refore, their active site was modelled by using only porphine and imidazole
adjacent to the core iron atom (Fig. 1).

Density functional calculations were performed with the Gaussian 98 suite of
programs, while the latest 03 version was used to compute PCM solvation.
Structures were optimized using the DFT/UB3LYP/6-31G* computational
level. Other basis sets successfully employed to similar systems, such as
LANL2DZ associated to an effective core potential for Fe and heavier triple-¢
6-311G, were applied to previously optimized geometries and their suitability
was also tested. Different spin multiplicities were considered in all calculatio-
ns carried out.

The effect of the protein on heme stabilization was roughly modelled simula-
ting bulk water with a polarisable continuum model (PCM). Despite the fact
that this method reproduces neither the bulk protein interaction on the active
site nor the direct covalent bonding between peptide and heme, it adequate-
ly accounts for the effect of the water molecules, placed nearby in the distal
cavity, on the highly reactive Fe center where the study is focused.



“..electronic structure calculations have revealed essential to obtain
more precise molecular information to establish reaction mechanisms”

All calculations were performed in a cluster HP Integrity Superdome.
Resources consumed by every single calculation were as follows: 7
Gb of memory, 50 Gb of disk space, by using two parallel 1.5 GHz
Itanium 2 processors.

It should be taken into account that the particular reaction taking place
depends very much on the specific nature of enzyme and substrate
when dealing with peroxidase reactivity. The origin of these differen-
ces could be related to subtle changes in the protein structure; mos-
tly, the direct interaction between peptide and heme through some
covalent linkages.

The use of all-electron computational levels seems essential to co-
rrectly reproduce these effects, then requiring a noticeable amount
of resources, which increase exponentially with further considered
atoms. Thus, the use of improved, closer to reality, models demands
resources not yet available at CESGA supercomputing center.

Results

Some important conclusions have already emerged, like the detailed
molecular structures of several known intermediates, the assignation
of compound-I observed pKa to the oxoferryl protonation —whereas in
other cases it must be ascribed to distal His— or the presence of pro-
posed complex compound-I-Cl. Preliminary data also confirm that the
latter represents a critical intermediate for the chlorination process; its
fragmentation yields the oxidizing agent HOCI.

Observed effect of [CI-] on chlorination rate was explained with calcu-
lated thermodynamic and kinetic values for the chlorination reaction
of Fe(lll)-native and compounds | and Il. Computational data support
the existence of the postulated complex with hydroperoxyl radical
compound-II-HO2; besides, they showed that superoxide radical
can be released upon deprotonation, which can be attributed to the
compound-1l conversion observed at pH =~ 9 by resonance Raman
spectroscopy.

Current research focus on testing the validity of a direct chlorination
mechanism, via an oxidizing enzymatic complex, and studying the
effect of molecular structure on the redox potential of different peroxi-
dases, or even different complexes of a particular enzyme.
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Figure 1. Model of the active site of heme peroxidases. Fe atom is
surrounded by porphine and the imidazole of proximal His.
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Introduction

Numerical simulation tools are essential in semiconductor device re-
search, allowing the study, explanation or even prediction of some
phenomena arising in semiconductor devices due to the shrinking of
characteristic dimensions. Their impact on the industry is also very
important due to the reduction in the trial and error iterations required
to obtain the final device design.

The accuracy of the simulation results is proportional to the com-
plexity of the simulation technique and therefore to its computational
cost. Two of the most popular simulation approaches describing the
behaviour of semiconductor devices are the drift-diffusion (D-D) me-
thod and the Monte Carlo (MC) technique to solve the full Boltzmann
transport equation.

The main objectives of our research group are related to the 3D pa-
rallel simulation of several kinds of semiconductor devices currently
under development and research, such as HEMTs[1], IF heterostruc-
ture MOSFETs[2], Si MOSFETSs[3] (bulk, double gate, TriGate, na-
nowire ...) and HBTs among others. One of our main research topics
is the study of the impact of several sources of intrinsic parameter
fluctuations on the performance and reliability of the devices [1, 2].
To accomplish these objectives we use different simulation methodo-
logies including D-D and MC simulations based on 3D finite element
solvers [4, 5].

Simulation methodology

Regardless of the chosen simulation technique, the problem can be
reduced to the resolution of a set of equations that describe the phy-
sical process. These equations are discretised and solved numeri-
cally throughout an iterative process. Initially, the Poisson equation
is solved to obtain the electrostatic potential. After that, this value is
used to obtain the concentrations of charge carriers, either solving
the carrier continuity equations in the D-D method or the Boltzmann
transport equation (BTE) with a MC method. The Poisson equation
and the carrier continuity equations are discretised using a finite ele-
ment method on unstructured tetrahedral meshes. In the D-D method,
this results in coupled non-linear systems of equations, which are first
decoupled, using a Gummel iterative method, and then linearised,
using the Newton-Raphson procedure. So, basically, the computatio-
nal kernel of the simulation process is the solution of linear systems
of equations. In three-dimensional self-consistent MC simulations, the
solution of the linear systems associated to the Poisson equation are
also the most demanding part of the whole process.

Depending on the size of the problem and the device characteristics,
a MC simulation may take several days. On the other hand, to study
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the impact of different sources of intrinsic parameter fluctuations in
the device behaviour it is necessary to carry out statistical studies.
Therefore, the cost of the 3D simulation increase by the size of the
statistical sample. These problems call for the use of high performan-
ce computing. Hence, both the 3D D-D and the MC simulators are
fully parallelised using the MPI standard library.

To solve in parallel the linear systems, domain decomposition me-
thods have been employed, assigning a fraction of the system to each
processor. The local linear systems in each subdomain are solved
using iterative methods, combining preconditioners, such as incom-
plete LU factorisations, with Krylov solvers, such as the BICGSTAB or
the FGMRES methods.

Results

Numerical results presented in this work have been obtained in an
HP Superdome Cluster [6] formed by two HP Integrity Superdome
servers, each with 64 Itanium2 1.5 GHz, 6 MB cache processors.
Using the 3D D-D simulator, to analyse the impact of several sources
of intrinsic parameter fluctuations in the behaviour of a semiconduc-
tor device a proper calibration of the simulator is required. Therefore,
simulated Ip-Vg characteristics are compared to the measured data
from real devices as well as to simulation results obtained from a
Monte Carlo device simulator H2F/MC. For instance, Figure 1 compa-
res the Ip-Vg characteristics at a drain bias of 0.1 and 1.0 V, for a 120
nm gate length PHEMT, and Figure 2 shows an example of the 3D
electron concentration in equilibrium for the same device.

The tetrahedral mesh of a HEMT device divided in three subdomains
is shown in Figure 3.

Using a 10 nm gate length DG thin body Si MOSFET the impact of
random dopants on the Ip-Vg characteristics has been studied. Each
random dopant distribution produces a unique potential profile, an
example of which is shown in Figure 4.

Using the superdome cluster, the parallel performance of the 3D MC
device code has been analysed. This study has been carried out by
simulating a DG MOSFET over a small period of 20 fs. Figure 5 repre-
sents the parallel efficiency (circles) and speed-up (crosses) of the MC
simulator. The ideal values of linear scaling are also shown for compa-
rison (dashed lines). Results show that the obtained values are over
the linear scaling limit. This effect is due to the efficiency of the Poisson
solver and it starts to vanish for a high number of processors.
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