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EDITORIAL

Brussels, 19 April 2012

Dear PRACErs,

I am delighted to present you the very first edition of the 
PRACE Scientific Annual Report. This report puts the 
spotlight on the work carried out up until PRACE’s 2nd 
anniversary, which was celebrated on 23 April 2012.

Since my appointment as Managing Director of 
PRACE, I have strived to ensure that the infrastruc-
ture puts ‘users in the driver’s seat’. The PRACE 
Scientific Steering Committee became active in No-
vember 2010 with the goal of advising PRACE’s gov-
erning bodies on scientific policy. More recently, the 
User Forum was established to represent the inter-
ests and opinions of those who use PRACE resourc-
es and to constructively recommend improvements 
to the PRACE management.

Representatives of the Scientific Steering Commit-
tee, the User Forum and the scientific community at 
large are collaborating to update the PRACE Science 
Case. In 2012 the second cycle of this exercise will 
be concluded. The PRACE Science Case is specifi-
cally aimed at putting more emphasis on socio-eco-
nomic challenges, business and innovation. It also 
addresses the next computing performance chal-
lenge: the Exa-scale and its associated requirements 
in terms of maintaining applications and providing 
suitable training and education to users.

Such a document reflects what the scientific com-
munity requires from the Research Infrastructure 
and makes suggestions regarding resources and 
services to be provided by PRACE from 2012 to 
2020. You will find highlights from this process in 
the News section; the full document will be avail-
able from June 19, 2012 on the PRACE website: 
http://www.prace-ri.eu

I recommend you take a look at the Success Stories, 
where you will find the very first results of scientific 
advances achieved thanks to the computing power 
made available via PRACE. The section includes a 
detailed look at the research conducted by Yves In-
eichen from the Paul Scherrer Institute “A Fast and 
Scalable Low Dimensional Solver for Charged Parti-
cle Dynamics in Large Particle Accelerators” which 
received the PRACE Award at ISC’12 in Hamburg.

The testimonial by Dr. Anne Glover, Chief Scientific 
Advisor to the President of the European Commis-
sion, shows the European Commission’s strong in-
terest in and support for PRACE. This support has 
been vital to the PRACE Preparatory Phase and 
Implementation Projects and will continue to be 
a key element in the development of the research 
infrastructure.



EDITORIAL

Turn to the section on the PRACE Calls for Propos-
als to learn about the PRACE Calls, the Peer Re-
view process, as well as the latest update: access to 
PRACE resources for research projects led by private 
companies using the PRACE Open R&D model.

The report also lists several best practices from the 
field, including the PRACE Advanced Training Cen-
tres (PATCs) – hosted by six PRACE members. They 
provide world-class training to PRACE users.

Prof. A. Bachem, Chair of the PRACE Council, clos-
es the first PRACE Annual Report with his views on 
PRACE: its accomplishments, its mandate and its 
future challenges.

For those who want to be kept informed about 
the PRACE Calls for Proposals, the calendar of 
training, events and conferences sponsored by 
PRACE, and developments in resources and serv-
ices available, please register on the PRACE web-
site (http://www.prace-ri.eu) or send an email to: 
info@prace-ri.eu.

I trust you will enjoy reading this first edition of the 
PRACE Scientific Annual Report.

Dr. Maria Ramalho
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PRACE Highlight news

New Members
In Early January 2012 three new members joined 
the PRACE Research Infrastructure: Denmark, Israel 
and Slovenia. The overall number of partners in the 
PRACE Research Infrastructure has now increased 
to 24 countries. Many European Member States and 
Associated States in the Framework Programme for 
Research and Technological Development in Europe have 
displayed a great deal of interest in High-Performance 
Computing (HPC). PRACE will advance the successful 
use of HPC as a tool for innovation in Research and 
Industry in Europe, says Dr. Maria Ramalho, 
Chair of the Board of Directors of the PRACE 
Research Infrastructure.
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PRACE award winner 
The PRACE Award 2012 will be announced annually at 
ISC in Hamburg in June. This year the PRACE award will 
be given to: “A Fast and Scalable Low Dimensional Solver 
for Beam Dynamics”. 

The authors of the winning paper are Yves Ineichen, 
Andreas Adelmann, Costas Bekas, Alessandro Curioni 
& Peter Arbenz from IBM Research, the Paul Scherrer 
Institute and ETH Zürich.

This paper demonstrates how HPC can be used in 
real time to tune the operation of particle accelerators. 
These accelerators are invaluable tools for research 
in basic and applied sciences, in fields such as 
materials science, chemistry, the biosciences, particle 

physics, nuclear physics and medicine. The design, 
commissioning, and operation of accelerator facilities 
is no trivial task, due to the large number of control 
parameters and the complex interplay of several 
conflicting design goals. 

The team from IBM Research, the Paul Scherrer Institute 
and ETH Zürich achieved strong and weak scalability 
improvement on Blue Gene/P of two orders of magnitude 
for the most heavily used component of the optimisation 
framework, which computes the evolving shape of 
the bunches of particles in the beam. This enables 
thousands of such calculations to be performed in a 
matter of minutes, creating close to on-line optimisation 
capability.
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CURIE opened for  
PRACE researchers on  
1st of March, 2012

The Research Infrastructure PRACE (Partnership for 
Advanced Computing in Europe) welcomed the full 
installation of the French Tier-0 supercomputer system 
CURIE for PRACE, which was completely opened 
to scientists on 1st of March, 2012. CURIE is a new 
supercomputer of GENCI, located in France at the Très 
Grand Centre de Calcul (TGCC) operated by CEA near 
Paris. It was installed in two phases, starting at the end 
of 2010, and is now fully operational. During this period, 
CURIE has gradually been made accessible for research 
purposes through the PRACE Regular and Preparatory 
Access Calls. CURIE is a BULL x86 system based on a 
modular and balanced architecture of thin (5040 blades, 
each with 2 sockets based on the latest Intel SandyBridge 
processor), large (90 servers, each with 128 cores and 512 
GB of memory) and hybrid (144 blades, each with 288 
nVIDIA M2090 GPUs) nodes with more than 360 TB of 
distributed memory and 15 PB of shared disk. Altogether, 
CURIE delivers a peak performance of 2 petaflops 
(2 million billion operations a second).1 “This capacity 
will help Europe to lead the world in the quest for suitable 
solutions to societal challenges such as population ageing, 
climate change and energy efficiency”, said Neelie Kroes, 
Vice-President of the European Commission for Digital 
Agenda. It is crucial for PRACE to continuously expand its 

1  To put the performance of such a computer in perspective, we can 
imagine a scenario in which all six billion people on earth used hand‐held 
calculators and performed calculations 24 hours a day and seven days a 
week: it would take those 46 years to do what a petaflop machine can do 
in one day!

facilities and services in order to provide the best resources 
for researchers who use computing science to solve Grand 
Challenges that can help improve our society and our 
life on this Earth. Through CURIE the PRACE Research 
infrastructure has become even better with this new, 
unique and highly efficient computing architecture.

HERMIT

Cray XE6 HERMIT inaugurated in Stuttgart/Germany

On February 24, 2012 the High Performance Computing 
Center Stuttgart (HLRS) inaugurated its Cray XE6 system 
code named HERMIT, the fastest supercomputer in 
Germany. With a performance of more than 1 petaflops 
this ‘industrial supercomputer’ will also be used for 
health, energy, environment and mobility research.

HERMIT ranks number 12 on the renowned TOP500 lists 
of the world’s fastest supercomputers (issue Nov. 2011). 
In the ranking of industrially used supercomputers, 
HERMIT is number 1 worldwide.

HERMIT is designed for sustained application performance 
and highly scalable applications. It is composed of 
3552 dual socket nodes equipped with AMD Interlagos 
Processors leading to 113664 processing cores overall. 
Nodes are equipped with 32GB or 64GB main memory. 
The pre- and post- processing infrastructure aims to 
support users with complex workflows and with advanced 
access methods including remote graphics rendering and 
simulation steering. 

Highlights of HPC systems

CURIE, GENCI HPC system 
at CEA, France
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FERMI – Italian supercomputer 
systems complement the 
PRACE infrastructure from 
spring 2012.

FERMI, the new supercomputing system at CINECA in 
Italy, complements the PRACE Tier-0 supercomputer 
systems infrastructure. This new system, based on IBM 
BG/Q architecture, is being installed in spring 2012 
and will become fully operational in August. FERMI was 
already available for regular calls for awardees and also 
for subsequent PRACE calls for access. 

This impressively large Italian supercomputer will be an 
effective reply to the growing demand from national and 
European academia, research institutions and industries 
for petascale computing capabilities. “It will strengthen 
the position of the PRACE consortium and reinforce 
Europe’s competitiveness in the race to exa-scale”, said 
Marco Lanzarini, Director of CINECA.

SuperMUC 

SuperMUC is the new supercomputer of the Leibniz 
Supercomputing Centre in Garching, Germany. 
It provides petascale computing power. With the 
operation of SuperMUC, LRZ will act as a European 
Centre for Supercomputing and for the new Tier-0 
centres for PRACE.

SuperMUC becomes fully operational in 2012. Starting in 
August 2011 a migration system (nicknamed SuperMIG) 
was made available to port applications to the new 
programming environment. The SuperMUC is an IBM 
System x iDataPlex system which is based on the Intel Xeon-
Architecture and will consist of more than 150,000 cores, 
providing a peak performance of about 3 petaflops 
(= 3 x 10^15 Floating Point Operations per second).

HERMIT, 
GSC HPC system 

at HLRS, Germany

SuperMUC, GSC HPC 
system at LRZ, Germany

FERMI, CINECA HPC 
system, Italy
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PRACE Industrial Award
PRACE Award for Most Innovative 
Industrial HPC in Europe goes to Xcelerit

BOLOGNA, 16th April 2012 - Xcelerit, a Dublin-based 
software company specialising in cross-platform 
acceleration tools, was awarded First Prize in the 
competition for the Most Innovative Industrial HPC 
Solution in Europe. The award was presented at the 4th 
PRACE Industrial Seminar, the annual PRACE event 
aimed at developing relationships with industry.

The objective of the competition was to recognise the 
boldest industrial HPC application and illustrate how far 
this technology can be taken to change the present best 
practice of European industry.

The event attracted 96 attendees from 15 countries, 
including 67 companies and research organizations not 
affiliated to PRACE. The event lasted two half-days and it 
included 20 talks, 4 workshops and a networking event, 
putting 30 speakers on the podium. The main purpose 
of the seminar was to announce the Open R&D Access 
Model that PRACE has developed to allow companies 
to conduct open research using the organization’s 
resources. 

The selection of the overall winner was carried out by 
a jury consisting of members of the PRACE Scientific 
Steering Committee. At the Seminar, the award was 
presented by Dr. Maria Ramalho, PRACE Director, and 
Prof. Richard Kenway representing PRACE’s Scientific 
Steering Committee.

“HPC is playing a vital role in driving economic recovery. 
This award signals PRACE’s commitment to encourage 
innovation and coincides with our first call for industry-led 
proposals to exploit our world-leading HPC infrastructure. 
Together they announce to the world that PRACE is for 
science and industry!” said Prof. Richard Kenway. 

According to PRACE, Xcelerit’s solution addresses 
the key obstacles to adopting HPC by businesses as 
identified in a number of studies, including PRACE’s own 
report ‘The Requirements of Industrial Users’. Among 
these obstacles are: a lack of knowledge about HPC, 
the cost of adopting and maintaining new technologies 
and lack of easy-to-use application tools. The learning 
curve for developing HPC applications is steep and 
companies that recognize the potential of using HPC 
usually face the challenge of having to pay for expensive 
software licenses, or fees for engineering or consultancy 

companies, or having to hire specialized, hard-to-find 
staff in order to develop on-site products. The Xcelerit 
SDK (software development kit) addresses this problem 
by providing a framework that enables engineers with no 
knowledge of parallel computing to produce results taking 
advantage of HPC machines. The solution presented by 
Xcelerit will thus help to broaden the use of HPC within 
European industry.

PRACE is looking forward to next year’s contestants, 
knowing that Xcelerit has set the standard high.

About PRACE: The Partnership for Advanced Computing 
in Europe (PRACE) is an international non-profit 
association with its seat in Brussels. The PRACE 
Research Infrastructure (RI) provides a persistent 
world-class High Performance Computing (HPC) service 
for scientists and researchers from academia and 
industry. The Implementation Phase of PRACE receives 
funding from the EU’s Seventh Framework Programme 
(FP7/2007-2013) under grant agreements n° RI-261557 
and n° RI-283493.

Do you want more information? Do you want to subscribe 
to our mailing lists?    
Please visit the PRACE website: http://www.prace-ri.eu

Or contact Industrial Seminar Programme Committee  
E-mail: is2012-info@prace-ri.eu
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PRACE opens  
head office in Brussels
At the start of 2012, PRACE opened its head office in 
Brussels (Rue de Trône 98).

The office will be home to the PRACE aisbl staff – currently 
a team of 7, and growing – who will co-ordinate the 
activities of PRACE, execute the technical peer reviews of 
the applications, reach out to the scientific communities in 
Europe and beyond, promote the results from the research 
carried out on the PRACE Research Infrastructure, and 
continuously underline the importance of a consistent 
European strategy for high-performance computing.

The location of the office - just a stone’s throw from the 
European Parliament and European Commission (an 
important supporter of PRACE) - will ensure that contacts 
with key decision makers within the European institutions 
can be quickly and easily established and maintained.

PRACE members are welcome to use the office facilities, 
such as a large, fully equipped meeting room, and are 
invited to visit frequently and share their stories with the 
PRACE aisbl staff.
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Scientific Steering 
Committee Report 
The SSC first met on 25 November 2010 and has 
continued to meet twice yearly. It advises PRACE on 
all matters of a scientific and technical nature which 
may influence the scientific work carried out by the 
association. The primary issue for the SSC during its 
first year was to establish the processes and policies 
governing major allocations of computer time on PRACE’s 
Tier-0 resources. Initially, the only mechanism available 
was Project Access, which provides one-year allocations 
following Regular Calls for proposals every six months, 
typically in May and November. Recently, the Council 
agreed to the SSC recommendation that there should also 
be multi-year access, permitting proposals for a period of 
up to three years’, and a trial call for two-year proposals 
has been included in the 5th Regular Call.

The overriding criterion for a major award of time is the 
scientific excellence of the proposal, particularly when it 
is likely to achieve a significant step forward in knowledge 
through the use of Tier-0 resources. All proposals must 
also meet technical criteria for efficient implementation on 
the target machine and there is a variety of Preparatory 
Access mechanisms whereby small amounts of Tier-0 time 
and software effort can be obtained to enable this. The 
competition for major awards has been fierce. In the Early 
Access Call and subsequent three Regular Calls, a total of 

60 projects involving researchers from over 20 countries 
received almost 2 billion core hours, while applications 
received were at four times this level.

The SSC strategy for the success of PRACE is to 
only support world-leaders in science. There are 
three elements to this: a competition that is open to 
all researchers worldwide, no limit to the size of the 
allocation that may be requested (within the resources 
available), and best practice in peer review. The PRACE 
Council supported the SSC in implementing all three for 
academic researchers applying through Project Access. 
There is a limit to the resources that may be requested 
via Multi-year Access and a restriction that industry-only 
proposals must come from companies with a substantial 
research base or who have their HQ in Europe and be for 
research that is in the public domain.

It’s too early to assess how well this strategy is working 
– results from the first projects are only now being 
interpreted and a few are presented in this Annual Report. 
With PRACE doubling its Tier-0 capabilities year on year, 
its scientific reach is expanding fast. If it really is providing 
leading projects on a global level with unprecedented 
computing capabilities, it must only be a matter of time 
before major scientific breakthroughs are achieved.
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PRACE User 
Forum 
The Programme Committee of the PRACE User Forum 
was established at a meeting in the PRACE offices in 
Brussels in December 2011 to which all PI’s of projects 
awarded PRACE resources were invited. Dr Turlough 
Downes is the Chair, Dr Gustavo Yepes is the Vice-
Chair and there are a total of 14 committee members 
based throughout a large number of EU countries 
and representing a diverse range of scientific and 
engineering disciplines. The Programme Committee has 
met approximately monthly since its formation in order 
to make progress with the establishment of a vibrant 
User Forum. The first full User Forum meeting since the 
formation of the Programme Committee was held at a 
workshop on the update of the scientific case for PRACE 
in Dublin in March, 2012. The most recent User Forum 
meeting was held during the PRACE Scientific Day in 
Hamburg on 17th June, 2012.

The fundamental purpose of the User Forum is to provide 
a means of delivering coherent, powerful feedback to 
PRACE from its users in the research community. This 
feedback will help to ensure that PRACE delivers its 
services in a way which optimises the usability of these 
services by the community and, therefore, the impact of 
the research carried out on PRACE resources.

The main focus of the Programme Committee to 
date has been the establishment of appropriate lines 
of communication with PRACE itself, as well as the 
establishment of the procedures for the User Forum. 
A website at prace-userforum.eu is currently being 
constructed and will be used to help the formation of 
a PRACE user community through the provision of, for 
example, discussion boards and wikis. Work on the 
organisation of a User Forum conference during 2013 
has just begun and it is hoped that this will become an 
annual event. 

The User Forum is still in its early stages of development 
but with support from the research community it will, in 
time, become a major force in the development of the top 
tiers of the HPC ecosystem in Europe.

Members of the Programme Committee of the User 
Forum are: Dr Turlough Downes (Chair), Dr Gustavo 
Yepes (Vice-Chair), Dr Derek Groen, Prof Ricardo 
Fonseca, Prof Federico Toschi, Dr Jeremie Bec, Prof 
Aake Nordlund, Prof Philipp Schlatter, Dr Stefano Fabris, 
Dr Gabriel Staffelbach, Prof Elisabetta Pallante, Dr Koen 
Hillewaert, Dr Karl Jansen and Prof Pier Luigi Vidale.
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The first projects to receive large 
allocations of Tier-0 time from PRACE 

completed their production runs in 
October 2011. Since then, work has 

been ongoing to analyse and interpret 
the data generated. Here we present 
some of the early results from these 

projects. They have been selected 
because they already represent 

significant steps forward in knowledge. 
As PRACE’s resources continue to grow 
and many more projects are underway, 

these early success stories give us a 
taste of the exciting science to come.

SUCCESS 
STORIES
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Nina Garlo, Otavamedia Customer Communication (Finland)

Nature’s subway: 
Do enzymes use tunnelling 
to take a shortcut?
Enzymes are complex, highly efficient natural catalysts – i.e. substances 
that are able to greatly accelerate the rate of a chemical reaction. 
Understanding how they have evolved and the features they possess to 
do so has wide-ranging beneficial implications for different activities in 
modern chemistry, such as pharmaceutical development, the prediction of 
drug metabolism, or the design of new synthetic or biomimetic catalysts.

For the past 12 months, Professor Dominik Marx, together 
with his research team led by Dr. Ian Grant at the Chair 
of Theoretical Chemistry of the Ruhr-University Bochum, 
Germany, have sought to understand the complex nature 
and role of the so-called quantum tunnelling phenomena 
in the catalytic cycles of enzymatic processes. By doing 

so, the group hopes to find out if there are special 
cases where this non-classical promotion effect 

increases the catalytic power of enzymes.

The research work carried out by Professor 
Marx’s team focuses on understanding 
the structure, dynamics and chemical 

reactions of complex molecular systems 
in a broad sense. Utilising advanced ab 

initio simulation methods and algorithms in 
conjunction with capability computing, the team seeks to 
understand these processes via computational means, 
capturing and understanding complex (bio)chemical 
processes by examining them at the nanoscopic level – 
i.e. in terms of the motion of individual atoms consisting 
of nuclei and electrons.

The progress made in computing power in recent years 
and the development of hybrid simulation methods such 
as QM/MM (quantum mechanics/molecular mechanics) 
techniques have enabled researchers to investigate very 
large and highly complex biological systems such as 
proteins, which were hitherto largely inaccessible due to 
their size and structural, as well as dynamical, complexity. 

– In some ways, then, it was a natural progression for us 
to accept the challenge of investigating these esoteric 
quantum tunnelling effects in such overly complex 
biomolecular systems as enzymes, thus bridging the gap 
between physics, chemistry and biology, says Marx.

The active site lies in one sub-unit of MADH, buried 
towards the centre of the whole enzyme.
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And, as Marx continues, this was only possible after significant 
method development and implementation into the so-
called CPMD code was carried out in order to marry QM/
MM methodology with the ab initio path integral technique 
completed by Dr. Gerald Mathias and Dr. Sergei Ivanov in this 
research group.

Investigating the role of quantum 
nuclear motion

Quantum tunnelling refers to the general physical phenomenon 
where a particle tunnels through a barrier that it classically 
could not surmount, i.e. it takes a shortcut. Tunnelling plays 
an essential role in several physical, chemical and biological 
phenomena, such as radioactive decay or the manifestation 
of exceedingly large kinetic isotope effects in chemical or 
enzymatic reactions. It also has important applications in 
modern devices such as the semiconductor tunnel diode or the 
scanning tunnelling microscope (STM), which is an instrument 
for imaging surfaces at the atomic level. 

– Quantum tunnelling occurs most easily when light atoms such 
as hydrogen are involved; hydrogen transfer reactions and the 
manipulation of carbon–hydrogen bonds feature prominently in 
a wide range of biomolecular systems, in particular in enzymatic 
hydrogen transfer reactions, explains Dr. Ian Grant.

According to Grant, there are still many fundamental questions 
regarding the feature of hydrogen tunnelling that the scientific 
community would like to probe, such as: what is the catalytic 
effect – if any – of tunnelling? 

– According to Theo Zelleke, MSc, this is a core issue currently 
being addressed in his PhD thesis. The results of the study will 
eventually help us to understand the mechanism of tunnelling 
in enzymes and, based on these insights, to find out if certain 
enzymes incorporate such subtle nuclear quantum effects into 
their catalytic cycle. 

– The sum of the knowledge we have regarding our 
comprehension of fundamental processes in biology is great, 
but far from complete, despite it having, in principle, wider 
implications in a range of applications, including pharmaceutical 
drug development, drug metabolism in predictive medicine, as 
well as in artificial protein synthesis and biomimicry – i.e. a new 
discipline that focuses on “innovation inspired by nature.” 

– Clearly, many biological processes involve proton transfer 
where, in principle, quantum tunnelling could be important. This 
phenomenon, however, is very subtle in the sense that small 
changes make big effects. It remains to be seen if nature has 
exploited tunnelling in evolution and, if so, if similar mechanisms 
could be used in pharmaceutical drug development. But our 
research is really about increasing our basic knowledge of how 
enzymes work. Consideration of nuclear quantum effects can 
play a part in this, complementing the classic barrier model 
we’re used to working with, says Grant.

Link: www.cpmd.org

Cartoon illustration of methylamine dehydrogenase 
(MADH) suspended in water, showing the active site 
of the enzyme in the midst of the protein as spheres.
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At the transition state in the proton transfer reaction 
in MADH, the quantum delocalisation of the proton 
is the most profound.

In the active site, the path integral method shows 
how individual atoms are modelled by clusters of 
beads, indicating that light atoms like hydrogen have 
larger quantum spreads.

Utilising state-of-
the-art computing 

technology

Biomolecular simulation is able to answer 
detailed, mechanistic questions that are difficult or 

impossible to resolve experimentally, thus, the use of 
computer resources is central to the Marx group’s work. 

– Our project would almost certainly not have been 
possible without the resources that PRACE provides. 

The calculations push the envelope of what 
is possible with detailed biomolecular 

simulation in all directions: An accurate 
electronic structure method, applied 
to a large number of atoms, further 
compounded by the inclusion of 
quantum nuclear motion and the 
necessity to simulate the dynamics of 
the entire system, not just its static 
structure. These kinds of calculations 
require the types of massively parallel 
supercomputing power that only 
High Performance Computing (HPC) 
resources accessed via PRACE, 
like the IBM Blue Gene/Platform 

JUGENE at Forschungszentrum 
Jülich, can provide, says 
Professor Marx.

– The budget allocated 
for this sort of fundamental 

research during this project 
allowed it to run for one year, 

during which 8,000,000 core 
hours of computing power were used: that is, 2 ‘racks’ 
of the JUGENE Blue Gene/P supercomputer were used 
for a total of around 166 days. Leaving aside the high-
performance, optimised aspects of a supercomputer 
like JUGENE, if these calculations could be performed 
on a common dual-core desktop or laptop computer, 

they would require over 400 years to produce the same 
amount of data and thus insight. 

According to Professor Marx, it is mandatory that PRACE 
continue to provide sustained support to large-scale HPC 
resources for basic research. This will not only generate 
impact beyond the immediate time scale of application-
driven research, but also provide the well-trained 
scientists, the computational tools, and the detailed 
knowledge required to master tomorrow’s challenges in 
an innovation-driven society, such as Europe.
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Turbulence research 
helping to reduce energy 
consumption
Research conducted at the department of Aeronautics at the Universidad Politécnica 
Madrid has simulated the effect of roughness on turbulent boundary layers. Improving 
our knowledge about turbulence is essential, as up to 10 % of total global energy 
consumption is spent on overcoming turbulent friction. Roughness clearly increases 
turbulence and dirt increases surface roughness. Cleaner airplanes and ships would 
reduce energy consumption by 2 %. 

Professor Javier Jiménez from the department of 
Aeronautics at the Universidad Politécnica Madrid was in 
charge of the PRACE project called “Entrainment Effects 
in Rough-wall Boundary Layers”. The project was part 
of a bigger, ongoing EU-funded programme. Boundary 
layers refer to the layers of fluid closest to the surface of 
moving objects, such as aeroplanes or ships, where the 
effects of viscosity are most significant. All flows faster 
than a few metres per second and thicker than a few 
centimetres are turbulent. 

– My background is in fluid mechanics. I think 
engineers who end up in the field of aeronautics tend 
to like mathematics more than the others. We are still 
engineers, however, and we are always trying to answer 
practical questions. Keeping a big airplane in the air is 
a complicated process and different kinds of expertise 
are needed. Aeronautics is, by nature, multidisciplinary, 
Jiménez explains.

Turbulence can also be beneficial, for instance, when a 
plane is landing. Turbulence assists the plane in reducing 
speed and losing altitude. Aircraft engines and other 
engines also use turbulence in order to function, and 
power plants require turbulent mixing for combustion to 
proceed. 

– Turbulence is one of the most important unsolved 
problems in classical mechanics and turbulent drag is 
responsible for as much as 30 % of energy consumption 
in transportation. Turbulence is also the main contributor 
to aircraft noise; there are many night-time no-fly zones 
because of this noise. These are the main reasons why 
there are many research groups in the world studying 
boundary layers, Jiménez says. 

Velocity structures in the simulated high-entrainment 
turbulent boundary layer. The flow is from bottom 
to top. The yellow features are high-speed regions 
and the blue features are low-speed regions. The 
domain shown extends over 14 by 11 boundary layer 
thicknesses, at a Reynolds number Reθ ≈ 3000, and 
represents about 1/3 of the simulation domain.

Classic theory vs. new research

The goal of the PRACE project was to clarify a controversy 
regarding the effect of roughness on turbulent boundary 
layers, which has been puzzling physicists since the 
1980s. According to classic theory, if wall roughness 
influences overall friction, it only affects a thin layer of the 
boundary layer. Recent research has, however, suggested 
that roughness influences the entire thickness of the 
boundary layer. This is called the global influence of 
roughness.

– Our main goal was to test the hypothesis that the 
principal reason for the global influence of roughness 
is that friction enhances entrainment. That roughness 
increases drag is well known. We are trying to understand 
how it happens and whether something can be done 
about it, Jiménez says. 
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Entrainment refers to a process by which the fluid 
beyond the boundary layer is entrapped in the turbulent 
boundary layer. 

– This is also the cause of the differences between 
external and internal flows. There is no entrainment in 
internal flows, since there is no external medium that can 
be entrained. An external boundary layer is the interface 
between a moving object, or fluid, and a stationary 
surface. Internal turbulent flows develop from the 
interaction between a moving fluid and a solid boundary, 
such as a pipe or a canal. 

The group found a way to test the effects of roughness 
with the help of a supercomputer. 

– We collected information from about 20 billion points 
throughout the flow, which brought us closer to studying 
the real boundary layer and the actual wind, Jiménez 
indicates. 

The results have clear practical 
applications

Europe’s largest supercomputer in Jülich was used on 
the project from November 2010 to October 2011. The 
project used 40 million core hours on the JUGENE Blue 
Gene/P supercomputer.

– We now have an enormous amount of information to 
analyse. Computers have become powerful enough to 
study the reality of turbulence and we are gathering truly 
relevant information. 

The data analysis will take about two years, but some 
results are already clear.

– We found out that even roughness of 1/10 mm on a 
wing surface changes the entire boundary layer. This 
is an important piece of information for aeronautical 

engineers as a change in the boundary layer influences 
the whole design. The changes seem to be linked to the 
entrainment of irrotational fluid from the outer free stream 
into the turbulent layer. After the analysis has been 
completed, we expect to be able to clearly distinguish 
the effects resulting directly from a particular roughness 
geometry, from those resulting indirectly from enhanced 
entrainment, Jiménez explains. 

The results of the study have clear practical applications 
in aeronautics. 

– Planes can’t really be made any smoother, but they 
can be made cleaner, or their surface can be patterned 
correctly to optimise turbulence. Planes are constantly 
washed, but take-offs and landings make them dirty. 
Several groups are looking at possibilities to produce 
dirt-repellent paint and we are looking at how it should 
be applied. We have to be careful, however, to maintain 
a thin paint layer, because the weight of excessively thick 
paint will offset the benefits gained, Jiménez observes.

Cleaner planes and ships should, nevertheless, save up 
to 2 % of the transport energy required.

– We want to control turbulence, but we need to 
understand it much better to achieve this goal. We now 
have supercomputers that are powerful enough to answer 
most of our questions, but we need to decide which 
questions are important to ask. Collaboration with other 
groups will be important in this regard. The data will be 
released for the use of any group that can manage such a 
large dataset, Jiménez concludes. 

The actual computations were carried out by Guillem 
Borrell and Ayse Gungor and were funded by the Spanish 
Plan Nacional de Investigación and the European 
Research Council’s Multiflow project.

Vorticity map of a streamwise section of the boundary 
layer. The flow is from left to right and the wall is at 
the bottom.

A turbulent/non-turbulent interface of a boundary 
layer. The flow is from left to right. The figure 
contains the full length of the simulation, but only 
1/3 of its width. The thickness of the layers grows by 
a factor of 2.7 from the inlet to the outflow.
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Fast ignition boosts 
fusion energy
Fusion energy may be the solution to the current energy crisis. Research on the topic 
is very heated and competitive, while results are eagerly anticipated. A PRACE project 
from Portugal has studied fast ignition, which could pave the way for more practical and 
efficient use of lasers in fusion energy generation. The project involved simulating fast 
ignition with realistic target properties. The results provide information about the energy 
deposited in the target which, unlike previous studies, demonstrates a higher probability 
of achieving a successful configuration for fast ignition with ultra intense lasers.  

The PRACE project named “Predictive full-scale fast 
ignition with PW plasma amplified laser pulses” was, for 
the first time, able to model a full-scale interaction of an 
ignition laser with compressed fuel for inertial fusion. 
Inertial fusion energy refers to fusion energy with the use 
of lasers. Luís Silva is a professor at the Department of 
Physics of the Instituto Superior Técnico (IST) in Lisbon 
and the head of the Lasers and Plasma Group, also 
located at IST.

– When an intense laser interacts with matter, the matter 
is transformed into plasma. Our group studies how lasers 
interact with plasma. The group members are physicists, 
but they contribute expertise from a wide range of 
methodologies, from theory to computational methods, 
says Silva.

The PRACE project is a co-operation between post-
doctorate and doctorate researchers at IST in Portugal, 
UCLA in the USA, and the Rutherford Appleton 
Laboratory in the UK. There were about 10 researchers 
that participated in the project.

Possible breakthrough  
in the near future

In the USA, scientists are on the verge of demonstrating 
nuclear fusion with lasers at the National Ignition Facility 
in Livermore. The main aim is to get more energy out of 
the process than what is put in. 

– Fast ignition is potentially a way of making fusion 
energy with lasers a practical and efficient energy 
source. Fast ignition and conventional ignition can be 
compared to different kinds of car engines. A diesel 
engine ignites only after full compression of the fuel. 
Conventional ignition with lasers works in the same 
way. Gasoline engines work differently: a spark is 
used to ignite fuel that is only partly compressed. Fast 

ignition works on the same principle. We compress 
the fuel a little and then we shoot an intense laser 
into the slightly compressed target. This intense laser 
generates a beam of electrons that can then ignite the 
fuel in the target, acting like a spark in a car engine, 
Silva explains. 

The centre of the target is highly compressed and very 
dense. As a result the laser cannot propagate in that 
region; the laser interacts with the outer regions of 
the target and accelerates the electrons there. These 
accelerated electrons penetrate the target, heating up the 
core and creating the hot spot that ignites the target. This 
releases the energy in the target core. 

– We were pleasantly surprised when we performed the 
simulations. We had previously carried out smaller scale 
simulations with smaller targets and in those cases the 
beam of electrons was not optimal. There were electrons 
all over the place, but when we simulated a bigger target, 
with a realistic size, the electrons went in a straighter and 
much narrower path. The scale difference and the effects 
at the target boundary accounted for the result. This 
means that fast ignition actually works better in targets of 
a realistic size, Silva points out. 

The main application area of the research will be in the 
production of energy with lasers.

– Our study shows that very high energy fluxes can be 
generated by the laser and that these energy fluxes 
can be deposited in the core of the fusion target. The 
breakthrough is that we are not modelling an idealised 
situation, but rather a real fast ignition scenario. Our 
results show that the interaction of intense laser pulses 
with plasma targets can generate electrostatic shocks 
capable of accelerating ions to high-energies with low 
energy spread. These ion beams can be used in the 
near future for medical applications, such as ion cancer 
therapy, Silva explains.
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Accelerated ions  
for proton therapy

Scientists often find out things they were not looking for. 
This happened to Luís Silva’s group as well. When the 
laser was interacting with the target, the researchers 
realised that strong shock waves were being generated 
and that these shock waves were effectively accelerating 
the ions. There is a constant demand for ions with high 
levels of energy. They are used in so-called “proton 
therapy” to target tumours that are deep inside the tissue.

– The standard technology used in this treatment is 
very expensive, so scientists are trying to find cheaper 
techniques using lasers. By optimising the acceleration 
of ions, it is possible to produce beams with the energy 
needed for this kind of treatment. We have now found an 
alternate way to accelerate ions to energies relevant for 
therapy. This is one of the topics that we will be working 
with medical experts on in order to conduct a more in-
depth study. Sometimes spinoffs of the main research 
activities can also be very important, says Silva, and this 
seems to be the case here.

OSIRIS framework and  
JUGENE supercomputer

The project used 30 million core hours on the JUGENE 
Blue Gene/P supercomputer from November 2010 to 
October 2011, in the Jülich Supercomputing Centre. 

– The difference between our group and others is that we 
have a unique numerical code, OSIRIS, that can be used 
to take advantage of the tremendous PRACE resources 
available for studying laser-plasma interactions at ultra 
high intensities. We also had the JUGENE supercomputer, 
the largest machine in Europe, at our disposal. We 
simulated the evolution of hundreds of millions of particles 
and therefore we needed a lot of computing time. The 
size of the problems, as measured by the amount of 
particles simulated and the dimensions of the simulation 
domain, made this project challenging. We needed a 
supercomputer to completely understand the collective 
dynamics of such a large particle system, explains Silva.

The research can offer physicists a great deal more than 
its practical applications. It enables them, for example, to 
study the generation of shockwaves in plasma, which are 
associated with cosmic rays, the most energetic particles 
in the universe. 

– These shockwaves are high amplitude nonlinear 
waves generated when a perturbation moves at 
supersonic velocities in a given medium. For instance, 
when an airplane moves faster than the speed of 
sound, it generates a shockwave, as evidenced by the 
corresponding blast. Shockwaves in plasma can now be 
simulated and the acceleration of particles in these waves 
can be explored, says Silva.

Electron Heat flux (violet–green–red) driven by 
the interaction between the ignition laser (orange) 
and a compressed fast ignition target. The kinetic 
interaction in the low-density region is modelled with 
a full-PIC algorithm, whereas the resistive transport 
in the high-density plasma is modelled with a MHD 
algorithm.

Magnetic field (blue–red) out of 
the simulation plane from the 
interaction between an intense 
laser and a compressed target. 
The fast particle transport along 
the target surface leads to the 
onset of shear instabilities.

Further studies carried out by the group involved the 
exploration of these shockwaves, the acceleration of 
cosmic rays and expanding the group’s simulation models.

– The opportunity to use European supercomputers 
through PRACE is invaluable for small countries 
such as Portugal, since we don’t have our own Tier-0 
supercomputers. If we didn’t have European support, 
it would not be possible for us to do this kind of 
research with cutting edge computational resources. 
Silva emphasises that European co-operation is highly 
appreciated by his group.

The work presented here relates to a collaboration 
between IST, UCLA and RAL. Special thanks to all the 
members participating in the project. The key participants 
in each institution were: at IST, Prof. Luís Silva (PI), Prof. 
Ricardo Fonseca (Chief Developer 
of Osiris), Dr. Frederico Fiúz, at 
UCLA, Prof. Warren Mori, and at 
RAL, Dr. Raoul Trines. Some of 
the research carried out in this 
project is financed by the European 
Research Council through the 
Advanced Grant ACCELERATES 
(PI: Luís Silva). – Luís Silva
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Modelling flow and 
fluctuations in blood
The numerical modelling and the statistical properties of blood have been 
the focus of a PRACE project at the Eindhoven University of Technology. The 
project’s aim was to link phenomena at the scale of red blood cells with large 
scale flows. The researchers looked closely at the transport properties of blood 
and studied, for example, how molecules are transported by this complex fluid. 
The research results may be helpful in understanding drug delivery and why 
blood cells clog and cause thrombosis and other illnesses. 

Federico Toschi is a Professor of Computational Physics 
of Multi-scale Transport Phenomena at the Eindhoven 
University of Technology. The Department of Applied 
Physics is participating in a multidisciplinary high-
potential project called “Blood in motion”, based at 
and funded by the TU Eindhoven. The Blood in motion 
project focuses on blood at micro, meso and macroscopic 
levels. Blood is, to a good approximation, a dense 
suspension (40–50 % volume fraction) of deformable red 
blood cells in a Newtonian fluid (plasma). Blood flow is a 
truly multiscale phenomenon. 

– One of the aims of the Blood in motion project is 
to bridge the gap between descriptions of blood at 
the different scales and to enhance co-operation 
between researchers investigating blood from different 
perspectives, remarks Toschi.

Professor Toschi, in co-operation 
with Professor Jens Harting, led the 
PRACE project called “Large scale 
high resolution blood flow simulations 
in realistic vessel geometries”. The 
project ran large-scale simulations in 
order to investigate the statistics of 
cell motion, when subject to external 
flows, and in model geometries. 
They also investigated the rheological 
properties of blood.

– Most numerical models tend to 
either treat blood as a homogeneous fluid, or describe 
a relatively small number of red blood cells with a very 
high resolution. The first approach has difficulty capturing 
the effects induced by the presence of cells, whilst the 
latter cannot achieve relevant time and length scales. 
Toschi explains that they have developed a highly efficient 
numerical model that allows for a simulation of millions 
of cells to be created, while also properly describing the 
plasma flow field.

Red blood cells vs. ellipsoids

The PRACE project researchers conducted a numerical 
study of the fundamental physical properties of blood.

– Our project focused on several research issues, since 
blood is indeed a very complex fluid. Its flow in large 
arteries is very different to small capillaries. We wanted to 
study the role of red blood cells (RBCs) and in particular 
their deformability and interaction with blood vessels. 
We also wanted to learn which microscopic physical 
properties of red blood cells are important for the 
macroscopic flow of blood. 

The method employed describes RBCs in three 
dimensions as simple ellipsoids, instead of deformable 
cells, which are computationally expensive to study. 

– In reality red blood cells are more complex, but, 
nevertheless, with ellipsoids we could mimic their effects. 
Our method combines a Lattice Boltzmann solver to 
account for hydrodynamic interactions and flow of plasma 
and a model for the cell-cell interaction. This method 
provides us with accurate results at the macroscopic and 
mesoscopic level, says Toschi.

“We would like to thank PRACE and the Jülich 
Supercomputing Centre for the computing time and 
technical support and the TU/e for support with the 
“Blood in motion” project. We acknowledge key 
contributions from the following colleagues from 
our group: Stefan Frijters, Prasad Perlekar, Florian 
Janoschek, Badr Kaoui, Timm Krüger as well as from all 
colleagues in the “Blood in motion” collaboration.” 

Federico Toschi
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Transport in blood

The focus of the project was on the fundamental 
statistical properties of blood.

– The results that we obtained may shed light on the 
phenomena responsible for cell clogging and blocking of 
vessel branches, both of which are relevant phenomena 
in diseases such as hypoxic ischemia or thrombosis. The 
results also help us achieve a better understanding of 
molecular transport in blood. 

In many situations detailed knowledge of blood 
biochemistry in itself is not enough. More research about 
the complex transport properties of blood is needed in 
order to completely understand blood behaviour. 

– The flow of blood is a very interesting and challenging 
topic and there is room for studies looking at the same 
data from different angles. We plan to make the raw data 
freely available for other groups. The numerical model 
itself can also be used by other researchers to investigate 
different geometries or flow conditions, concludes Toschi.

The researchers used the JUGENE supercomputer in 
Jülich, Germany, from November 2010 until October 
2011. The study required about 39 million core hours 
and it is expected that the data analysis will last about 
two years. The JUGENE computer was perfectly suited for 
this kind of numerical scheme. Federico Toschi will also 
lead another PRACE project that will continue studying 
blood with the same computer. The second project will 
also focus on the role of red blood cell deformability.

Model red blood cells (from top to bottom) at 10 %, 20 %, and 40 % hematocrit (the volume percentage of red blood 
cells in blood) flowing through a channel with a sinusoidal constriction. The system is periodic in the direction 
perpendicular to the drawing plane comprising up to about 27,000 cells at 40 % volume concentration.

The model makes system sizes up to fractions of 
1mm accessible, enabling us to record high quality 
statistical data and study the flow through complex 
geometries.
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Dislocation dynamics form 
light-year-long math
Understanding and utilising the optimal properties of metallic materials 
can save lives in more situations than we may realise. A tiny metal stent 
that supports a human artery must withstand the conditions inside the body 
and remain undamaged, and parts used in plane turbines have to tolerate 
extremely high temperatures to save fuel. The road to understanding the 
physics behind metal’s behaviour starts at the nanoscopic level.

Metals can be moulded into nearly any shape by applying 
moderate forces. This quality is called plasticity. Such 
deformation is possible because of tiny defects called 
dislocations in the metal’s otherwise regular molecular 
structure. The interfaces between crystals of different 
orientation are called grain boundaries, and they also 
have a major influence on a metal’s properties.

A project led by Professor Dierk Raabe from the 
Department of Microstructure Physics and Alloy Design 
as well as chief executive of the Max-Planck-Institut 
für Eisenforschung reveals the nano-structural physics 
behind these intricate dislocation phenomena, and more 

specifically the interactions that lead to alloy hardening. 
Understanding the qualities of metal is essential for 
countless different industries in, for example, the fields of 
energy, safety, mobility, and health.

By knowing the optimal way to deform a certain metal we 
can, for instance, determine the best tools to use when 
making car parts from it. Bending qualities also play a 
crucial role in ensuring better crash safety for parts in all 
types of vehicles.

It is not only heavy industries that benefit from this kind 
of research. In biomedicine, inserting small metal parts 

The positions of the dislocations during a nano-beam bending simulation, presented in subsequent steps.
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The figure shows the hierarchy inherent in modern forming operations. The understanding of macroscopic 
manufacturing or crash processes requires an understanding of the underlying physical plasticity phenomena, all 
the way down to the electronic level. This hierarchy, that shows both the experimental and theoretical scales, is 
referred to as a multiscale problem, and the field of plasticity is a multiscale phenomenon.

into the human body – hips, teeth, even artery stents – is 
part of routine operations. Such metal parts have to be 
absolutely safe against plastic deformation under any 
conditions inside the body.

The connection to saving lives does not get more obvious 
than that. So what more is there to find out about metals 
that science has not figured out yet?

Two directions of results

The results of Professor Raabe’s research are taking two 
main directions. Firstly, dislocations are not changing the 
metal in a homogenous way; the complexity of the form 
resulting in dislocation patterns is similar to the structures 
that can be seen in large rocks but at a much smaller 
scale. The second finding deals with the significance of 
how the grain boundaries interact with dislocations and, 
in doing so, harden the metal.

– The grain boundaries can cause positive or negative 
behaviour: When there are many grain boundaries, the 
dislocations cannot spread further which makes the metal 
harder. On the other hand, the dislocations can pile up at 

such obstacles. In that case they behave like people in a 
crowded bus, exerting a high degree of local stress on each 
other, which can make metals more brittle, explains Raabe.

Gaining an understanding of these patterns can also lead 
to innovative ideas in technology.

– We want to enhance our knowledge on developing 
technology beyond the current usage. For example, 
people do not think of a computer or a cell phone 
as something you should be able to bend. But if we 
make the components inside smaller and stronger, the 
next generation of cell phones may be bendable. The 
freedom of plasticity is not yet associated with this kind of 
technology, Raabe says.

Supercomputers required

The dislocations in a deformed metal form extremely 
long and complex interconnected lines, which Dr. Raabe 
describes as looking like a plate of spaghetti.

– The total length of this defect line in one cubic metre 
of heavily deformed metal amounts to one light-year. 
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An overview of all the lattice defects that occur in metals.

In order to simulate the interaction between the 
dislocations we need the absolutely biggest computer 
we can get, he says.

The project was awarded 15,600,000 core hours of 
PRACE supercomputing resources. Some experiments 
have already been completed using two computers – 
Thunder and Blue Gene/L – at the Lawrence Livermore 
National Laboratory. A well designed simulation takes 

about two days, two parallel computers and thousands 
of processors, and it explicitly simulates the motion, 
multiplication, and interaction of dislocation lines in 
response to an applied load.

While the main responsibility of the research lies with 
Professor Raabe, it also involves one PhD student who 
prepares the simulations, and two senior scientists who 
give their input on the results. In practice, the final 
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numerical experiment can be submitted to the computing 
staff through the internet, once all the prerequisites for 
the assignment are fulfilled.

– Prior to the actual simulation, we have to show 
scalability through smaller calculations to make sure that 
the individual processors are able to communicate the 
information. That ensures that the simulation will run 
efficiently, says Raabe, while describing the preparations.

Raising the heat

Although the computers put the pedal to the metal, 
analysing the data is a time-consuming job. This 
important stage of the process can take six months per 
simulation, and the goal is to find the governing rules 
within the calculation and put them in fundamental 
scientific perspective.

– Completing a simulation does not necessarily mean 
that you have achieved an understanding of the matter. 
After the simulations we have a great deal of information 
in our hands, and it is only then that we can begin the 
most complex part of the research, explains Raabe, who 
has been studying the properties of metals for twenty-five 
years.

Thanks to the advances in computer science and 
technology, only lately has completing such massive 
calculations even been possible. The opportunities and 
applications that arise from the increased knowledge 
are innumerable, and we will see the effects in future 
innovations in multiple fields.

In the next phase of Professor Raabe’s research, the 
focus will be on plasticity at high temperatures. 

– Dislocations behave differently at high temperatures 
and that kind of knowledge is needed, for instance, in 
designing safer aeroplane and stationary turbines, he says.

Two distinct types of dislocations: on the left is 
an edge dislocation, and on the right is a screw 
dislocation.
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Your connection  
with/interest in HPC

 Î Professor Glover, could you 
tell PRACE more about your 
recent appointment (Dec. 2011) 
as Chief Scientific Advisor to 
Commission President Barroso 
and how important you see 
High-Performance Computing 
(HPC) in the policy agenda of the 
President?

Commission President Barroso is 
committed to putting science on 
the main stage in European policy 
and activity, and appointed a Chief 
Scientific Advisor to give impetus 
and importance to this commitment. 
Research and Innovation are crucial 
to meeting the goals of the Europe 
2020 Strategy for creating jobs 
and growth. In policy terms, the 
country that wants to ‘out-compete’ 
must ‘out-compute’. Europe wants 
to play a role of major competitive 
importance at global level, and HPC 
is key to this. HPC is indispensable 
for Science and Technology 
advances in a wide range of areas, 
such as biosciences, climate and 
health.

 Î What is your main interest in 
HPC technology in the context of 
your current appointment?

HPC is of prime importance when 
addressing great scientific and 
societal challenges like management 
of scarce resources (water, energy 
fuels, materials), weather predictions, 
earth sciences, material sciences, 
life sciences (e.g. data mining), and 
endeavours in astrophysics and 
nuclear fusion (see ITER). HPC 
will drive the innovation process for 
industry to develop new products and 
services, which will lead to growth 
and jobs in Europe.

 Î How valuable do you perceive 
the synergies between scientific 
HPC ‘use’ and HPC technological 
‘push & pull’ effects to be in 
European research policy on 
HPC?

Advances in HPC technology have 
a ‘boosting effect’: the time required 
to bring innovation to market is 
significantly reduced, giving European 
scientists and companies an added 
competitive advantage. But the 
capacity of HPC services needs to be 
adapted to market needs: we need 
to create an excellent state-of-the-art 
HPC ecosystem integrating use and 
supply. In this way, applications pull 
the HPC technology developments, 
and the resulting technology is not 
only used for the HPC market, but 
also diffused to the whole value chain 
in computing, from the largest HPC 
systems down to embedded and 
mobile devices.

Reached and 
Needed

 Î PRACE, the Partnership for 
Advanced Computing in Europe, 
is the name of the European 
Research Infrastructure on 
HPC. How important has PRACE 
become in terms of access to 
HPC resources for scientific 
purposes?

The European Commission (EC) 
fully supports the pioneering 
work of PRACE and recognises its 
achievements as an open entry 
point for scientific excellence to 
HPC facilities. Member States 
are recognising that for Europe to 
compete and excel in HPC, only 
joint action together with the EC will 
be effective. Today, four EU hosting 
countries together provide computing 
performance on several computing 
architectures, something that an 
EU Member State, acting alone, 
could not. The EC urges PRACE 
to go a step further and realise its 
potential for EU-wide governance 
that integrates European resources 
so that all European talents - no 
matter how big or small - will find 
their place.

Testimonial of  
Prof. Anne Glover
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 Î China, India, Japan, Russia and 
the US all have a national policy 
on HPC. Where is the EU in this 
state of affairs? Does Europe 
have a national policy on HPC 
that reflects the panoply of the 
policies of the different Member 
States in this regard?

The recent Communication of 
the EC entitled: High-Performance 
Computing: Europe’s place in a Global 
Race (COM(2012) 45) highlights the 
strategic nature of High-Performance 
Computing as a crucial asset for 
the EU’s innovation capacity, and 
calls on Member States, industry 
and the scientific communities, in 
cooperation with the Commission, 
to step up joint efforts to ensure 
European leadership in the supply 
and use of HPC systems and 
services by 2020.

 Î Why is it important for the 
European Union to be seen 
internally and externally 
supporting HPC technology?

From the title of the Communication, 
it is clear that the EC wants Europe 
to be recognised as a world player, 
and to be on the same level as the 
other supercomputing powers in 
the world. This is not just a question 
of visibility, but of the strategic 
importance of HPC to keep ahead in 
the global economy.

It is a European 
challenge

 Î PRACE needs a sustainable 
public financing model from 
2015. Is this issue visible enough 
in the political agenda of the 
preparations for Horizon 2020 
investments? 

The European Commission 
fully agrees that HPC research 
infrastructure in Europe needs 
a sustainable model. We can all 
be very proud of what has been 
achieved by PRACE so far. Now we 
need a clear statement of the vision 
for HPC in Europe and how PRACE 
members can support and develop 
the vision. The EC envisages going 
further by proposing to double the 
investments in HPC to EUR 1.2 
billion, with support from the Union, 
the Member States and the industry. 
Most of the Union’s contribution 
would come from the Horizon 2020 
programme.

 Î What is your opinion on the 
impact of a leadership strategy 
such as ‘Europe is world-leader 
in the design and manufacturing 
of HPC technology’ versus 
‘Europe owns world-leading HPC 
technology resources?’

The current strategy is based on 
ownership of HPC technology. The 
European Commission wants to 
step up to a strategy-based design 
and manufacturing of world-leading 
HPC systems, and this is currently 
under discussion among European 
policy makers. To excel in HPC 
and to maintain and improve 
the competitiveness of European 
industries in many areas, Europe 
needs to master the use and supply 
of extreme-performance technologies. 
Take for example the new computing 
frontier of “exascale” (1018). The 
transition from “peta” (1015) to 
exascale computing will bring a 
revolution in computing technologies 
that will affect the whole value chain 
from hardware, programming, 
algorithms, etc. to applications. 
These are highly relevant strengths 
that can and must be exploited 

to get European 
industry back on 
the computing 
scene as a leading-
edge technology 
supplier for the 
next generation of 
computing. Currently 
we have some 

HPC system suppliers and several 
subsystem suppliers. But overall, 
the strength of Europe lies within 
dedicated software developments. In 
such an eco-system, both aspects – 
development and supply – need to be 
strengthened.

“Advances in HPC technology 
have a ‘boosting effect’: 
shorter time to market 
innovations and a competitive 
advantage for Europeans”



PRACE - Scientific Annual Report 2012 | 29 

“We need to ask ourselves where we will 
be in Europe in the next 20 years with 
and without PRACE.” 

What will HPC do 
for ‘me’?

 Î Is the return on investment in 
HPC technology justifiable from a 
tax-payers point of view? 

Supplying systems, technologies 
and software services for HPC and 
using HPC to innovate in products, 
processes and services will make 
Europe more competitive, including 
our SMEs. The availability of value-
added products in the European 
market, thanks to advances in 
knowledge and competence by 
European industry, safeguards jobs 
in EU countries and is a source 
of revenue for public spending 
(taxes) and stability of the European 
economy. Addressing societal 
challenges like meteorological 
predictions are a first visible side of 
HPC. We have all seen how such 
predictions have become more 
and more accurate, thanks to the 
European Centre for Medium-range 
Weather Forecasts and its in-house 
HPC resources. The planning for 
rescue mechanisms in case of 
natural disasters is another civil 
protection example of how the 
prediction calculations done with 
HPC systems can contribute to the 
welfare of European citizens.

 Î On an average day, how does the 
European citizen depend on HPC 
technology?

One example is the daily weather 
predictions made by nationally 
owned Met offices with the help 
of HPC resources. A second 
example is the stability and security 
of electrical appliances and 
transport technologies (automobile, 
aeronautics, space shuttles) which 
can now be manufactured without 
the need for limited use of physical 
prototypes. This reduces costs, 
reduces waste and disposal of 
precious materials, and enables 
better energy efficiency. Another 
important example is nuclear tests, 
which can now be simulated in HPC 
labs (instead of tested live) reducing 
the impact of nuclear radiation on 
life on the blue planet.

 Î Finally, what would be your main 
message to our readers?

The European Commission feels that 
it is of utmost importance to support 
the pioneering work of PRACE and 
recognise its achievements; the 
Annual Report has plenty of good 
examples of the excellent work done 
by PRACE members and scientific 
users working with HPC.

The challenge we need to face now 
is that of PRACE sustainability! For 
this, we need to ask ourselves where 
we will be in Europe in the next 20 
years with and without PRACE as 
a valuable tool for research in view 
of important economic, social and 
political targets. I am convinced we 
can achieve a great deal for Europe 
by working together to deliver the 
vision. This will require exploring 
new ways of working and being 
bold about the future of PRACE in 
ensuring that Europe is a global 
leader in HPC.



Established on the 23rd April 2010 
as a not-for-profit association, 
PRACE, the Partnership for 
Advanced Computing in Europe, 
provides access to world-class 
computing resources. The resources 
are accessible to the applicants 
of successful proposals submitted 
in response to periodic Calls for 
Proposals.

Supercomputers are an invaluable 
tool used to calculate changes in 
systems simulated with computer 
models and are used in both 
theoretical and applied sciences 
and engineering. In addition, 
high-tech industries (e.g. petro-
chemical or pharmaceutical) use 
supercomputers to analyse data 
obtained on-site or to predict 
the evolution of a physical/
chemical reaction (e.g. nuclear 
experimentation and testing). 
Until the creation of PRACE, 
access to supercomputer resources 
for research purposes had to be 
requested separately for every 
supercomputing centre and there 
was no coordination in the provision 
of supercomputing resources 
in Europe. PRACE is there to 
overcome the fragmentation of 
the service provision and to share 
best practices amongst centres 
to support researchers in the 
development and maintenance of 
simulation codes.

Today PRACE is one of the 
world’s leading providers of High 
Performance Computing (HPC) 
to the research community. Out 
of 24 European participating 
countries, 4 “Hosting Members” 
are in-kind contributors, providing 
access to 6 supercomputers 
located in different hosting sites: 
JUQUEEN (GCS@Jülich, Germany), 
CURIE (GENCI@CEA, France) 
HERMIT (GCS@HLRS, Germany), 
SuperMUC (GCS@LRZ, Germany), 
MareNostrum (BSC, Spain), 
FERMI (CINECA, Italy). By pooling 
national computing resources, 
PRACE is able to award access to 
supercomputing resources through 
a robust and fair peer review 
process.

Calls for proposals

Two types of calls for proposals are 
proposed to cover the needs 
expressed by the research 
community and to enable the 
participating hosting members 
to synchronise access to the 
resources: the Preparatory Access 
Call and the Regular Call for Project 
Access (one-year or multi-year). The 
number of available core hours per 
system and the list of available 
systems are included in the Terms 
of Reference specific to each Call. 
Detailed information on the systems 
can be found here: 
http://prace-ri.eu/PRACE-Resources

A. Preparatory Access

Preparatory Access allows 
applicants to test and/or adapt 
computer codes on PRACE systems. 
Support is offered by the staff 
of the supercomputing centre to 
overcome specific computational 
hurdles.

Production runs are not allowed in 
Preparatory Access projects. The 
features of the proposal’s work plan 
are evaluated by the technology 
experts of the centres that are 
addressed in the proposal; there 
is no assessment of the scientific 
merit of the proposal.

CALLS 

30 | PRACE - Scientific Annual Report 2012



Preparatory Access gives researchers 
the possibility to apply for:

• access to perform code 
scalability tests and code 
optimisations for 2 or 6 months 
(type A and B, respectively);

• access and support for code 
development, optimisation and 
testing with the help of PRACE 
science experts for 6 months 
(type C).

Preparatory Access is managed 
through a permanent ongoing call, 
open all year round. There are 
no closing dates but evaluations 
are organised every 3 months at 
defined cut-off dates. 

See all open PRACE Calls at 
www.prace-ri.eu/Call-Announcements

Preparatory Access may also 
constitute a step prior to the 
potential submission of a new 
proposal to a subsequent Project 
Access Call for Proposals.

B. Project Access

Project Access is intended for large-
scale projects of excellent scientific 
merit and for which significant 
European added-value and major 
impact at international level is 
anticipated. Access to PRACE Tier-
0 computing resources is given to 
projects which use codes that must 
have been previously tested and 
can thus demonstrate significant 
computing scalability and code 
optimisation.

1. One-year Project Access

Proposals for one-year Project 
Access must demonstrate scientific 
excellence and include elements of 
novelty and transformative aspects. 
They should have a recognised 
scientific impact validated in a 
coherent dissemination plan. The 
proposal should demonstrate the 
likelihood of achieving results 
which will be published in high-
impact, scientific peer-reviewed 
journals.

2. Multi-year Project Access

The first 2012 PRACE Regular Call 
for Project Access (5th Call) is also 
the first call which is open to multi-
year proposals, inviting applications 
for resource allocation for up to 
2 years.

The proposals will have to 
demonstrate the need for resource 
allocation with a duration of more 
than a year. They are subject to the 
same eligibility and assessment 
criteria as applications for one-year 
Project Access.

Resources will be allocated for one 
year at a time, with provisional 
allocations granted for the next 
year. All multi-year projects are 
subject to annual peer review, 
based on progress reports. 
Allocation of resources might have 
to be adjusted accordingly.

The total resources allocated to 
multi-year projects cannot exceed 
20% of the total resources available 
for the relevant call. The first call 
for multi-year access is considered 
as a pilot, and its renewal will be 
subject to evaluation.
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Medicine and Life Sciences 8%
Mathematics and Computer Science 1%

Fundamental  
Physics 21%

Engineering and  
Energy 17%

Earth Sciences and 
Environment 10%

Chemistry and  
Materials 17%

Astrophysics 26%

Distribution of the PRACE resources awarded 
per scientific field (up to project call number 4). 

Peer review

The PRACE peer review process is 
based on the following principles:

• Transparency: The peer review 
process is transparent and clear 
to all stakeholders in PRACE 
including funding agencies of all 
member countries and users from 
research institutions and industry.

• Fairness: Proposals are evaluated 
on merit and potentially high impact 
on European and international 
science and economy.

• No parallel assessment: The 
PRACE peer review process 
builds on the experiences and 
best practices of national and 
international institutions and 
constitutes a centralised peer 
review exercise recognised by 

all PRACE partner countries and 
scientific communities.

• Reviews are done by experts in 
the scientific field of the proposal, 
with no declared conflict of 
interest, based on criteria 
published in the call and with a 
periodic reshuffling of reviewer’s 
appointments.

• Confidentiality: Proposals will be 
treated in confidence by PRACE 
staff and reviewers. The identities 
of the peer reviewers shall not be 
disclosed.

• Right to reply to technical and 
scientific evaluations.

Calls are open to participants from 
academia and public research 
organisations as well as, since 
17th January 2012, to commercial 
companies for open R&D activities.

A. Eligibility criteria for 
academia

• The project leader is a senior 
researcher employed in a 
research organisation.

• His/her employment contract 
should be valid for at least 3 
months after the end of the 
allocation period.

B. Eligibility criteria for 
commercial companies

• The company has its head office 
and/or substantial R&D activity in 
Europe. The project leader has 
an employment contract valid for 
at least 3 months after the end of 
the allocation period.

• The access is requested for open 
R&D purposes only.



PRACE - Scientific Annual Report 2012 | 33 

• Commercial companies may 
apply on their own (as principle 
investigator: limited to a maximum 
of 5% of the total resources of 
a single PRACE system) or in 
collaboration with academia 
(as principle investigator or 
collaborators). PRACE hosting 
sites may put further restrictions 
on eligibility for use of the 
machines (for example, due 
to export rules or security 
measures). It is the responsibility 
of the applicant to ensure that 
they comply with the specific 
access criteria of each system.

For commercial companies, access 
can only be granted provided that 
the company commits to publishing 
the results obtained in publicly 
available media.

All applicants (academia as well as 
commercial companies) agree to 
provide PRACE with a final report 
containing details on the results of the 
project as well as qualitative feedback 
on the use of the Tier-0 Resources.

C. Assessment

The PRACE Peer review includes 
two types of assessment: technical 

and scientific. The two assessments 
are carried out separately by 
different groups of experts with the 
applicant having the right to reply to 
the evaluation outcome of both the 
technical and the scientific reviewers.

Technical review: The technical 
review precedes the scientific 
review and seeks to ensure that the 
proposal is technically feasible for 
the intended platform requested. All 
proposals will undergo a technical 
assessment performed directly by 
the centres hosting the system to 
which access is requested. The 
technical review can have three 
possible outcomes: 1) strongly 
recommended; 2) recommended; 3) 
proposed for rejection.

Scientific review: Only Project Access 
(one-year and multi-year) proposals 
are submitted to a scientific review 
performed by internationally 
recognised experts from the relevant 
field of research.

After this first assessment, the 
proposals are submitted to the 
Access Committee that meets to 
define the ranking order of the 
successful projects. The Access 

Committee then submits its work to 
the PRACE Board of Directors for a 
final decision on the allocation of the 
resources to the successful projects.

Reporting and 
acknowledgements

All projects (from both Project and 
Preparatory Access Calls) require a 
final report submitted to PRACE using 
the PRACE template provided. A final 
report for Project Access projects 
must be submitted within 2 months 
after the end of the project period. 
Final reports for Preparatory Access 
projects must be submitted by the 
end of the allocation period. Failure 
to submit a final report may penalise 
future proposal submissions by any 
member of the research group. The 
final report may be published on the 
PRACE website or used in PRACE 
publications unless the applicants 
have declared that their proposal 
includes confidential information. 
Finally, applicants must acknowledge 
PRACE in all publications that include 
results that have been obtained using 
PRACE resources.
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Best Practice
Training sessions

The PRACE Research Infrastructure (PRACE RI) is open 
to all European researchers affiliated with recognised 
European academic institutions and industries. The aim 
of PRACE RI Training is to provide a continuous, high-
quality training and education service for the European 
HPC community through seasonal schools, workshops, 
and scientific and industrial seminars, in order to 
effectively exploit the unprecedented capabilities of the 
HPC resources within the RI. The guiding principle in 
developing the training and educational programmes 
is to meet the educational needs of the researchers 
and to thoroughly understand their existing skills and 
competences.

PRACE seasonal schools

PRACE RI organised several seasonal schools in 
different countries around Europe, with more than 600 
people attending courses. These training sessions were 
successful in promoting HPC in different areas in which 
European scientists stand to gain benefits.

In February 2012, PRACE organised the 2nd Scientific 
Workshop in Sofia (Bulgaria), one of the new PRACE 
countries. During two full-day sessions, 15 highly 
qualified specialists from various PRACE Project 

groups presented their results and plans for further 
research as well as their success stories in the use 
of supercomputers for Life Sciences and Chemistry. 
Prominent researchers gave lectures, discussed their 
achievements and gave their opinions on the current 
and future trends in HPC. More than 65 specialists from 
academia and IT companies from Bulgaria, Slovenia and 
Turkey participated in this event. Many useful discussions 
were held and new collaboration in PRACE’s activities 
established. The workshop concluded with a panel 
discussion that saw PRACE’s HPC experts, together 
with researchers, discuss possible improvements to the 
services that the current HPC ecosystem provides. 

Another example of a seasonal school is the PRACE 
Winter School at CINECA held from 6 to 10 February 
2012. The school was focused on hybrid programming 
for the best exploitation of massively parallel 
architectures. The facility available at CINECA for 
exercises is called PLX and it is the largest public GPU 
(Graphics Processing Unit) cluster in Europe. It is made 
of 274 computer nodes, each containing 2 NVIDIA® 
Tesla® M2070 processors and 2 Intel(R) Xeon(R) 
Westmere six-core E5645 processors. 

The school was aimed at PRACE users, final year master 
students, PhD students and young researchers in 
computational sciences and engineering, from different 
backgrounds and interested in applying the emerging 



PRACE - Scientific Annual Report 2012 | 35 

technologies in high-performance computing to their 
research. The number of participants was limited to 
40 students, selected according to their experience and 
qualifications from 100 applications. In the final list of 
participants, 50% were from Italy, the remaining 50% from 
other European countries. The lectures were streamed and 
experts from several PRACE partners were involved.

The complete list of all seasonal schools can be found at: 
http://www.prace-ri.eu/PRACE-Training-Events 

Training portal

All training materials from the PRACE seasonal schools 
can be downloaded from the PRACE training portal: 
www.training.prace-ri.eu. The training portal provides 
access to course materials, videos and white papers on 
various topics in HPC, including hardware architecture, 
performance analysis and programming environments. 
Individuals can register themselves, allowing them to 
rate or comment on specific training materials and 
news items. These features, coupled with a fully-fledged 
discussion forum, provide a dynamic framework 

for increasing knowledge dissemination and social 
interaction.

Dr Tim Robinson, an HPC Applications Analyst at 
the Swiss National Supercomputing Centre (CSCS), 
was part of the team responsible for designing and 
implementing the training portal. The training portal 
will be further developed over the coming years, with 
several enhancements already in the pipeline. One 
of these, Dr Robinson told us, is a streamlining of the 
registration processes for face-to-face training events 
such as seasonal schools. At the moment, users who 
wish to register for a specific PRACE course need to 
do so through the corresponding hosting site. ‘We are 
implementing a mechanism that will allow users to 
register for any PRACE event through a central location’, 
he said. ‘Ultimately, users will be able to register for a 
course, get access to the course materials, and provide 
feedback on the course, all from the same location. In the 
longer term, we hope to offer remote access to training 
events via webcasting. We appreciate that it is not 
always possible to attend events in person, and remote 
learning has the added advantage of reducing our carbon 
footprint’, says Dr Robinson. 
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PRACE Advanced Training 
Centres (PATCs)

The huge success of the PRACE seasonal schools 
saw it formalised beyond the training portal. In 2012, 
the PRACE Advanced Training Centres (PATCs), 
coordinated by Martti Louhivuori, were announced. 
The PATCs coordinate and carry out training activities 
to ensure that the European research community 
makes the best use of the unprecedented computing 
power provided through PRACE. In the long term, 
these centres are the key drivers of European high-
performance computing education. The first six 
PATCs, which will operate initially for two years (from 
2012 to 2014), are being established at the following 
centres: Barcelona Supercomputing Centre, CINECA 
- Consorzio Interuniversitario, CSC - IT Centre for 
Science Ltd, EPCC at the University of Edinburgh, the 
Gauss Centre for Supercomputing, and the Maison de 
la Simulation. 

‘The establishment of the PRACE Advanced Training 
Centres is one of the most visible achievements of PRACE 
to European researchers’, says Dr Pekka Manninen, co-
leader of the PRACE Training and Dissemination Pillar. 
‘Competitiveness means being skilled. The PATC network 
enables us to synergise European HPC training activities 
for the benefit of the whole of Europe’.

‘The PATC network offers unique, exciting opportunities 
for collaboration, both in training as well as in science’, 
adds Martti Louhivuori, coordinator of the PATCs. ‘We are 
all eagerly looking forward to their impact on fostering the 
European HPC eco-system by training its driving force – 
the researchers’. 

There will be at least one PRACE PATC in operation at 
any one time, but the geographical locations of centres, 
assessed every two years, may and will vary over time. 
Training events may also be organised at locations 
external to PATC hosting sites.
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WHAT’S NEXT
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Interview  
with Professor  
Dr. Achim Bachem
Professor Dr. Achim Bachem is Chair 
of the Council of the Partnership 
for Advanced Computing in Europe 
(PRACE) and Chairman of the Board 
of Directors of Germany’s Jülich 
Research Centre.

 Î Please tell us about PRACE. 
What is PRACE and what are 
your goals for high-performance 
computing (HPC) in Europe? 
What will PRACE add that did 
not exist before?

The Partnership for Advanced 
Computing in Europe (PRACE) 
started in 2007 and has since then 
grown to 24 countries. The mission 
of PRACE is to create a leading, long-
term, high-end HPC infrastructure 
for European public and private 
research and development, 
contributing to the advancement 
of European competitiveness in 
industry and research.

In 2010 we set up pan-European 
HPC services provided by a small 
number (currently 6) of leading 
(Tier-0) centres. The HPC services 
are provided under a common peer 
review system. These services do 
not solely comprise cycles but also 
include user support and training. 
The European Commission (EC) 
continues to fund the PRACE 
project – we are currently running 
2IP and are preparing for 3IP - with 
the goal being to complete the legal, 
administrative, and technical work 
to make this happen. In January 
2012 we opened our headquarters 
in Brussels, which cements the 
existence of PRACE.

PRACE represents a strong element 
of cooperation and coordination 
which adds value in many aspects. 
We expect at least one large system 
to be deployed each year in Europe 
within PRACE. This guarantees 
that European users will always 
have access to a top-level system. 
One country alone is not able to 
fund a continuous provision at the 
highest level. These systems will 
be open to researchers from all 
European countries, including those 
with smaller HPC budgets. The 
motto “the best systems for the 
best scientists” will no longer be 
restricted to some richer European 
countries. When acting as a whole, 
Europe can play a more active role 
and better contribute to international 
co-operation addressing future 
challenges, such as the International 
Exascale Initiative. One way in which 
PRACE is already yielding fruit is the 
fact that political awareness for HPC 
has increased in many European 
countries, which are, as a result, now 
boosting and better structuring their 
HPC activities.

 Î You once said that PRACE 
supports not only systems, but 
also people. Can you elaborate 
on this idea?

What we are aiming for in Europe 
is independent access to HPC, 
which is considered one of the key 
technologies of the 21st century. In a 
globalised world, this does not mean 
that Europe has to manufacture all 
system components, but it needs 
sufficient capability to set its own 
agenda, such as putting a focus on 
green IT. To support this, PRACE 
has formed STRATOS, a group 
including PRACE partners and 
industry consortia. Its goal is to 
stimulate joint technology projects 
and developments to revitalise the 
European HPC industry in the long 
run. For me, supercomputing is a 
key technology and I want us to have 
supercomputing competence in 
Europe.

The challenge is to configure these 
machines so that they can be used 
for science, which is becoming 
much more complex in terms of 
models, algorithms, and codes. For 
PRACE, the bigger task is to support 
thinking in terms of new models and 
new algorithms. We are now at a 
paradigm for solving new problems, 
and for these bigger problems we 
need a new way of modelling them. 
We need to think of new physical 
models that take into account, from 
the very beginning, that they shall 
be simulated on massively parallel 
computers. This will only work if 
physicists, chemists, and biologists 
work closely with mathematicians 
and computer scientists.
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Part of PRACE’s mission is to provide 
a horizontal research infrastructure 
that serves the scientific community 
at large. Therefore, we will not set 
the priorities ourselves. There will 
be a scientific steering committee 
involving scientific communities, 
while funding agencies will also 
have a say. Early on in the project 
we conducted a survey of resource 
usage on more than 20 of the largest 
HPC systems in Europe. We found 
that the largest consumers today are 
particle physics and computational 
chemistry, followed by condensed 
matter physics, computational fluid 
dynamics (CFD), earth and climate 
research, astronomy and cosmology, 
and life sciences, in that order. We 
expect to also see the same areas 
in the future PRACE systems. With 
its resources, PRACE will also 
contribute to solving the major 
European societal challenges - such 
as energy, health, environment, 
transportation - but will be open to 
any kind of research.

We reserve PRACE allocations at 
the Tier-0 centres for the very, very 
big problems. We will ask the top 
scientists and they will decide who 
gets the cycles. We won’t take into 
account which country a researcher 
is from, just the quality of the 
science. The goal is to support the 
best science. One thing we would 
like to change as we build up the 
infrastructure is to put the user - and 
not the provider - in the driver’s seat.

 Î International competition or 
collaboration in HPC — how do 
you see this choice evolving in the 
near future?

It has always been a mixture of both 
and I expect and hope that this will 
continue to be the case. Most HPC 
centres of international relevance 
have long-standing bi- or multi-
lateral co-operation agreements on 
specific topics. On the other hand, 
the competition between these 
centres, even on a national level, is 
a major driving force for progress. 
The increasing importance of HPC 
for science and the economy is, of 
course, pushing towards stronger 
international competition. On the 
other hand, the unprecedented 
challenges of exascale computing 
require worldwide coordination 
and cooperation. This may not 
necessarily be a dilemma: for 
example, in the automotive sector, 
one can find competitors combining 
their development efforts in fuel cell 
or battery developments, all without 
compromising competition.  

Funding will undoubtedly be 
reduced in the future, but so far 
the German government has put 
increasing amounts of money into 
research despite the economic crisis. 
If at some point we stop receiving 
money, it will be easier to survive 
in a collaborative mode than in a 
competitive environment. This is 
true not only on a national scale, but 
also at the European level. But still, 
the competition should be there in 
science. Otherwise, we will not be 
pushing ourselves to achieve more.

What we experience in many 
European projects - and in PRACE in 
particular - is that there is no rivalry 
at the working level, but rather a 
spirit of learning and benefiting from 
one other. On the political level, the 
expected added value for science 
and economy in each country and 
in Europe at large is the main driver 
for PRACE. Besides that, those Tier-0 
centres that will participate in the 
future will also benefit, by gaining 
visibility as national representatives 
in a European success story.

 Î What is your vision for PRACE for 
the coming years? What will be 
the next steps to be taken? How 
do you see the future of PRACE?

PRACE shall be renowned for 
enabling high-impact European 
scientific discovery and engineering 
research and development to 
take place across all disciplines to 
enhance European competitiveness 
for the benefit of society. Another 
important field of activity of this 
infrastructure is that it promotes 
the organisation of the European 
Research and Innovation area 
in which HPC is involved and 
contributes to its achievements. 
PRACE thus also allows industry 
access to European leading-edge 
HPC systems. Furthermore it 
helps to develop IT equipment 
and components (hardware and 
software) for future HPC systems, in 
collaboration with the HPC industry in 
Europe.

“PRACE shall be renowned for enabling high-impact European 
scientific discovery and engineering research and development to take 
place across all disciplines to enhance European competitiveness for 
the benefit of society.”
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The European HPC scene has 
changed drastically over the past 
five years. The PRACE Research 
Infrastructure is now providing Tier-0 
HPC services to Europe and there is 
an increased global effort aiming to 
achieve exascale HPC by the end of 
this decade. 

Therefore, PRACE has started an 
initiative to update the Scientific 
Case in order to define the current 
and expected future needs of the 
scientific communities. In this 
respect, we would like, among 
others, to identify the scientific areas 
for which PRACE is an important 
Research Infrastructure and the key 
challenges within these areas as well 
as the potential outcomes in science 
and engineering to be addressed 
through the PRACE petascale 
resources. As the results from the 
scientific case will presumably 
be available in mid-2012, we will 
define a roadmap of expected 
achievements for the next 5-8 years 
based on the results gained. 

PRACE will therefore develop 
according to the needs of the mostly 
scientific users. If the Scientific 
Case indicates that there will be 
huge demand for Exascale HPC we 
will need to take into consideration 
that Exascale software needs to be 
available at the same time as the 
hardware in order to leverage the 
huge hardware investments. This will 
be possible in a global coordinated 
effort and with the involvement of 
“heroic” scientific and industrial user 
communities.

 Î What would you say to the next 
generation Chair of the PRACE 
Council?

With its two instruments, PRACE and 
ETP4HPC, Europe is well prepared 
for fostering its HPC competence. 

Let member states and governments 
know about the maturity of the HPC 
community and how worthwhile it 
is to invest in its structure for the 
benefit of science as well as for 
industry.

Thank you for taking the time to 
answer our questions.

“Development towards Exa-scale according to the 
needs of the users will be possible in a global 
coordinated effort and with the involvement of ‘heroic’ 
science and industry”
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