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FOREWORD 
High performance computing now underpins top class science 
across all disciplines and is an essential tool for industry, 
shortening development cycles whilst at the same time 
improving the reliability and quality of products.

As a result, access to supercomputers is a key enabler for 
catalysing innovation and boosting Europe’s competitiveness in 
science and in industry.

In a global race with countries like USA, Japan, or China, PRACE 
– the Partnership for Advanced Computing in Europe – is 
dedicated to providing world-class high performance computing 

resources and services. PRACE and its members own 80 per cent of the continent’s 
research supercomputer capacity, with a single point of access for scientists and industry 
alike.

As you will read here, this processing power is transforming R&D in academe and 
industry, and generating insights that are feeding into the development of new energy 
sources, new catalysts, new materials, and new pharmaceuticals.

Realising the full potential from high performance computing requires more than access 
to processing power. It also involves building a global ecosystem that is capable of 
developing the next generation of supercomputers and developing their usages, training 
and providing the skills and services that European industry needs. 

It also requires industry – from large companies to SMEs – to understand the value 
that high performance computing offers and how it can be applied to their individual 
businesses – removing barriers to adoption, catalysing innovation and promoting 
economic growth.

PRACE has made significant progress since its formation in 2010 and the move in 2012 
to open up supercomputing resources and services to industry for open research. It now 
supports a resilient, pan-European infrastructure that is an exemplar for how pooling 
resources can make European research and industry stronger. However, much remains 
to be done to bolster Europe’s position in the supercomputer league, to increase the 
adoption of high performance computing across all scientific and industrial communities, 
and to ensure sustainability of the infrastructure for the future. 

If - as set out in the EU’s Horizon 2020 R&D programme - we are going to take a 
collaborative approach to tackling Grand Challenges such as climate change, sustainable 
energy and personalised medicine, we will have ever-greater need of high performance 
computing - to cope with big data, develop models and simulations, and manage multi-
disciplinary research projects. PRACE will be the backbone of this effort.

Catherine Rivière
Chair of the PRACE Council
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It’s time to open up access to supercomputers

In the past decade high performance 
computing has transformed the practice 
– and the productivity - of science. Now 
this analytical power must be opened 
up to industry, to improve decision-
making, spur innovation and boost 
competitiveness.

Supercomputers may date back to the 
1960s, but it is only recently that their 
vast processing power has begun to be 
harnessed by industry and commerce, 
to design safer cars, build quieter 
aeroplanes, speed up drug discovery, 
and subdue the volatility of the financial 
markets. 

The need for powerful computers is 
growing, says Catherine Rivière Chair of 
the PRACE Council, the Partnership for 
Advanced Computing in Europe. “If we 
are going to tackle modern challenges 
- personalised medicines, sustainable 
energy supply and climate change - and 
improve industrial processes, we will need 
new tools to cope with big data; new 
working processes to take into account 
multi-disciplinary problems; and new 
physical models,” she said.

Access to supercomputers is essential 

for industrial competitiveness and top-
class science, and Europe’s international 
competitors are well aware of this. “For 
the US administration, to out-compute is 
to out-compete,” Rivière noted. 
While some sectors have made forays 
into high performance computing 
(HPC), Rivière and other experts 
at a Science|Business debate, 
“Supercomputers for all: The next 
frontier for Europe’s high performance 
computing”, held in Brussels on 9 
September, say the full potential of the 
technology has yet to be explored, either 
by science or industry.  

“Scientific research is a trip into the 
unknown,” said Modesto Orozco, 
Director of the Life Sciences Department, 
Barcelona Supercomputing Center. “I 
don’t have any idea what computational 
scientists and biologists are going to do in 
the future, but I’m completely sure they 
are going to do it together.” 

League table 

Much of the focus in high performance 
computing is on status symbol hardware, 
with China’s Tianhe-2 currently top of the 
supercomputer top500 list. Developed by 

the government-run National University of 
Defence Technology, Tianhe-2 is twice as 
fast as the next computer on the list. The 
US takes second and third place, followed 
by Japan. Europe enters the ranking in 
seventh place with JUQUEEN at the Jülich 
Supercomputing Centre in Germany.

The EU has all the necessary know-
how and skills to hold its own in 
the supercomputing race, believes 
Konstantinos Glinos, Head of the 
eInfrastructure Unit at DG Connect in the 
European Commission, “but [Europe] 
needs to increase its investments in HPC 
in order to be in a leading position. The 
challenge of ‘big data’ and the transition 
to [the next generation of] ‘exascale’ 
computing provide an opportunity,” Glinos 
said. 

However, it will require more than 
hardware alone to exploit the 
scientific and economic potential of 
supercomputers. “We don’t just need 
hard cash, we need to address the full 
HPC ecosystem, said Glinos. “We need to 
develop next-generation technology and 
applications, provide the HPC services 
that EU industry and scientists need, and 
ensure availability of computational skills.” 

The MareNostrum supercomputer at the Barcelona Supercomputing Center
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One objective of the Commission is to 
develop centres of excellence in HPC in 
different application areas, with the first 
centres due to be launched by 2015. 

At present, PRACE, an international 
not-for-profit association backed by 25 
countries, and its partners own 80 per 
cent of Europe’s research supercomputing 
capacity. Six supercomputers operating 
in France, Germany, Italy and Spain are 
accessible to European scientists from 
academia and industry on the basis of 
scientific excellence. 

“In three years, some real breakthroughs 
have been realised because of the 
possibility to have access to big 
computers,” said Rivière. But with the 
US, China, and Japan making continuous 
strides, “It is essential for European 
countries to keep access to such capability 
and to make the best use of HPC in the 
upcoming years,” she said. 
 
Helping to design and plan

In industry, the automotive and aviation 
sectors are amongst the most practiced 
users, deploying HPC to improve the 
design and safety of their products. As a 
case in point, the French manufacturer 
Renault recently took part in a PRACE 
project to evaluate new methods for 
understanding how vehicles respond to 
the impact of a crash, in order to improve 
the safety of its cars. “This was world-first 
research in the automotive domain,” said 
Rivière. 

A less glamorous, but equally practical 
application, could be in the area of flight 
scheduling, said Peter Hotham, Deputy 
Director, Operations & Programme at the 
SESAR Joint Undertaking, a public-private 

partnership between the EU, Eurocontrol 
(the body that supervises European 
airspace) and industry. 

Hotham said HPC could help in 
“eliminating or understanding 
uncertainty”, both through improved 
weather forecasting and the simulation of 
alternative scenarios.  

For example, during the Icelandic ash 
cloud saga, the authorities were largely 
unaware of the density of the ash, at 
what altitude it was, and what effect it 
would have on aircraft engines. “Perhaps 
HPC could have played a very interesting 
role in processing this data and creating 
models to assess whether flying was safe 
at various altitudes, potentially allowing a 
more rapid recovery from this disruptive 
event,” Hotham said.  

Facing a data deluge

Big data has become the buzzword of 
2013, with reports and analysts extolling 
the benefits for industry, research and 
public policy. Making sense of mountains 
of data may be supercomputers’ biggest 
role yet – and may spur vital investment. 

“You can now have your genotype for less 
than one hundred dollars,” said Orozco. 
“The courier that is used to send the 
sample can often be more expensive than 
the test itself.” A huge amount of data is 
generated through genome sequencing. 
“Now the problem is to analyse such data; 
to manage it; to get predictive models and 
to use them to predict the behaviour of 
living organisms. And this is why we use 
computers,” he said. 

Elisabetta Vaudano, Principle Scientific 
Officer at the Innovative Medicines 
Initiative (IMI), said contributions from 

HPC experts to the Strategic Research 
Agenda for IMI 2, a public-private 
partnership in pharmaceutical research, 
could be very valuable. IMI 2 will see a 
push towards personalised medicine, 
driven by a shift from diagnosing 
diseases by symptoms, to molecular-
based medicine, in which the underlying 
molecular and genetic characteristics 
of diseases are identified by objective 
diagnostics. “This means handling big 
data and the challenge of its proper 
exploitation,” said Vaudano. 

Similarly, Gilles Ollier, Head of the Earth 
Observation Team, at DG Research, 
said the community is facing “a deluge 
of observational data from a variety of 
sources”. With the next generation of 
satellites set to generate ten or fifteen 
times more data than their predecessors, 
the challenge is not only to analyse this 
information, but to store and access it, he 
said.  

Moving forward 

The importance of HPC to the 
competitiveness of European industry was 
illustrated by Andrea Beccari, Manager of 
the Drug Discovery Platform at the Italian 
biopharmaceutical company Dompé. The 
company recently uncovered a potential 
new use for an existing drug using HPC.
“We virtually screen all market-ready 
drugs for new indications,” said Beccari. 
The screen indicated that a molecule 
which has been on the market since 
1981 for treating hypertension (high 
blood pressure), could be a potential new 
treatment for prostate cancer. “Nobody 
knew that it also acts on the target of 
interest,” Beccari said. “This gives us an 
advantage from a competitive point of 
view.”  
 
As the power of supercomputers increases 
and their ability to exactly model the 
real world is enhanced, the need to 
experiment and test products at pilot 
scale will be reduced. In aeronautics, for 
example, it has been estimated that by 
2070 testing will be done by simulation, 
rather than in wind tunnels. However, Tiit 
Jurimae, Head of the Aeronautics Unit 
at DG Research, cautioned that physical 
testing facilities must be maintained in the 
meantime. “Before that day arrives, we 
need to have both systems up and running 
with world-class quality in Europe,” he 
said.  

Peter Hotham, Deputy Director, Operations & 
Programme, SESAR Joint Undertaking

Andrea Beccari, Manager of the Drug 
Discovery Platform, Dompé



6| SUPERCOMPUTERS FOR ALL

Finding new uses for marketed drugs – or re-positioning as it is 
known – has a number of advantages. For a start, it is a smart 
way of capitalising on huge advances in understanding of disease 
biology to deliver new treatments. At the same time, taking a 
product that has already passed regulatory scrutiny and been 
on the market, often for years, provides confidence in its safety. 
Companies looking to re-position a drug have to demonstrate 
efficacy in the new indication, but they can skip much preclinical 
work and abbreviate the programme of clinical studies.

Overall, it is estimated that development can be cut from 10 
to 15 years down to 3 to 5 years, with significant cost savings. 
And unlike generics that are developed for treating the same 
indication as the marketed product, re-positioned drugs can be 
patent protected in their new use.

One of the first industrial/academic projects supported by 
PRACE set out to systematically explore the potential for drug 
re-positioning, with the ultimate aim of creating a database of 
possible protein targets for every drug available.

The project ‘Strategies for drug repositioning through molecular 
docking in the entire druggable Protein Data Bank (PDB) 
database’ brought together leading Italian biopharmaceutical 
company, Dompé, with the Pharmaceuticals Department of the 
University of Parma and the SuperComputing Applications and 
Innovation Department of Italy’s national supercomputing centre 
at CINECA. 

From the academic perspective, this allowed the researchers 
to test new methodologies and to run novel experiments on 
a supercomputer, said Carlo Cavazzoni of CINECA, who was 
responsible for writing the application code and taking care of 
user support and system administration. 

Using supercomputers to discover new therapies

On the other hand, this was an opportunity for Dompé to 
understand how supercomputers could be used to create new 
drugs. “A supercomputer has a huge impact on speeding up the 
drug discovery process, because it can relatively quickly scan a 
large database, test chemical compounds and match drugs with 
their targets”, Cavazzoni said.
 
“Small companies like Dompé do not have the in-house high 
performance computing (HPC) competences required, so it’s 
impossible to address these problems without collaboration,” 
said Andrea Beccari, Drug Discovery Platform Manager at 
Dompé. “An outstanding HPC infrastructure is fundamental and 
high-level academic competences are necessary to produce 
reliable results.” 

The aim of the project was to systematically investigate 
protein-drug interactions through massive docking studies. The 
researchers matched a compound library containing all marketed 
drugs, with the structures of 1,300 proteins in the Protein 
Databank, a single worldwide repository of information on the 
3D structures of biological proteins and nucleic acids. 

The high cost of developing novel pharmaceuticals is well-documented. Now supercomputers are being 
used to identify new disease targets for marketed drugs, reducing the cost, the time and the risks – and 
filling unmet medical needs. In one PRACE project, a treatment for high blood pressure approved in 1981 
was identified as working on a prostate cancer target.

Case study: Finding new uses for drugs

Example of ligand growing process. A) and B) placement of the 
fragments inside the binding site in order to match the features of 
the pharmacophore; C) different fragments shown together in the 
binding site, matching different pharmacophore features; D) The 
final generated ligand is minimized inside the binding site in order to 
catch the most favourable interactions (the generated ligand is 
represented in orange, the co-crystallize ligand pose in blue). The 
PDBcode of the example complex: 1kv1. The figures were prepared 
with Pymol.
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Identification of protein binding sites. A) LiGenPass maps the protein 
surface filling cavities with probes (violet); probes are clustered in 
ASP, representing the centre of mass of the cavity. B) According to the 
tri-dimensional coordinates of ASP, the cavity surface is mapped 
in order to identify hydrophobic regions (yellow), H-bind donor (blue) 
and H-bond acceptor (red) regions (key sites). C) The key sites 
previously identified are clustered into a pharmacophore model (the 
hydrophobic features are represented in orange, the H-bond donor 
features in blue, the H-bond acceptor features in red). D) The 
pharmacophore model of the binding site is presented. Protein PDB 
code: 1dfh. The figures were prepared with Pymol.
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PRACE - Partnership for Advanced Computing in Europe 

PRACE began life in 2010, building on EU-funded high performance computing 
(HPC) initiatives dating back to 2004. 

The international, not-for-profit association aims to provide leading HPC and 
data management resources and services to European academia and industry, 
contributing to advances in science and boosting Europe’s competitiveness.  

At present 80 per cent of HPC capacity in Europe is provided by PRACE, with 
six supercomputers funded and operated by four hosting countries - France, Germany, Italy and Spain. The commitment of the 
supercomputer centers adds up to €400 million over a five year period from 2010 to 2015, while the European Commission has 
invested €67 million in three PRACE Projects. 

In addition, PRACE is backed by 25 member countries, each of which pays an annual fee. Several more governments are now 
showing an interest. These resources are accessible to European scientists from academia and industry on the basis of scientific 
excellence, selected through a rigorous peer review process. Industrial users, can apply if they have their head offices or 
substantial R&D activity in Europe. The PRACE Access Committee, composed of leading European scientists and engineers, is 
responsible for ranking the project proposals.  

PRACE acts as a single point of access to the supercomputing power of the six main centres, giving researchers across the 
continent access to a pan-European supercomputing structure.

Of course, the identification of off-target activity is not only of 
interest in re-positioning existing drugs, but also in terms of drug 
safety, with off-target activities being the cause of side effects 
and potential safety concerns.

However, if a safe and novel use of a marketed drug can be 
identified, the 10 to 15 years development process can be 
reduced to 3 to 5 years, Beccari said. “Patients benefit by 
receiving drugs that were previously unavailable and the 
company’s risks and costs are significantly decreased.”

As a case in point, the simulation showed that a drug registered 
in 1981 for the treatment of hypertension, or high blood 
pressure, was active against a target related to prostate cancer. 
“This activity had never been reported before,” Beccari said. 

Following identification of possible activity in the supercomputer 
simulation of the drug compound locking with the protein target, 
the interaction can be tested in physical experiments.

Solving real medical problems

The project was not just looking for straightforward ‘hits’ 
in which a drug locked onto a protein structure, but also to 
understand the precise nature of the interaction, and from this, 
the likely potency of the drug against that particular protein 
target. 

“We found that there are chemical compounds that have more 
binding possibilities [.....] than expected. We have never had the 
ability before to analyse so many compounds simultaneously,” 
Cavazzoni said.

The main achievement of the pilot study was testing and 
validating LiGen, a drug re-purposing tool developed in a 
cooperation between Dompé and CINECA, in a supercomputer 
environment. “We were able to migrate and parallelise the 
application easily,” said Cavazzoni, adding, “When the algorithm 
is used on a supercomputer, only a fraction of the time is needed, 
compared to [running it on] smaller computers.”

For Dompé, this means the company now has “a validated tool 
designed for an HPC application, for a real world problem that 
can’t be [managed] without massive computer simulations,” said 
Beccari.

Catherine Rivière, chair of the PRACE Council

Exemplification of the ligand conformation generation inside the binding 
pocket. A) The starting conformation for a given ligand is 
represented in violet and its optimized conformation in bright orange. To 
produce the flexible pose, once two pharmacophore features are 
matched, the dihedral angles are allowed to rotate to match the other 
pharmacophore features. B) The optimized pose is superimposed 
on the crystallographic ligand conformation (green). The figures were 
prepared with Pymol.
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Europe can catch up - if it acts now

Investments in high performance computing under Horizon 2020 are based on the 
premise that this is a technology Europe cannot do without, says Konstantinos 
Glinos

“Investing in high performance computing is necessary to 
stay at the frontline of innovation and competitiveness,” said 
Konstantinos Glinos, Head of Unit for eInfrastructure, DG 
Connect. While other nations have declared this an area of 
strategic priority and massively increased their efforts, “Europe 
spends substantially less than other regions.”

But the race is not over yet, and Europe can catch up quickly 
if it is willing to invest in a clear and common strategy, said 
Glinos. “China started off well behind Europe in terms of know-
how and expertise, and it has produced spectacular results in 
a short space of time. If we want to be leaders in this race, the 
Commission will play its role to the maximum extent”, he said. 
“But it also depends on whether industry is willing to take risks 
and invest, and also the extent to which member states are 
willing to engage.”

Pooling efforts and resources around a joint strategy is key to 
the Commission’s approach. “The challenges and costs involved 
exceed the capabilities of any one country. No single member 
state has the resources and know-how to develop exascale 
computing on its own - the next generation of high performance 
computing – so it’s very important to act now and put Europe’s 
long term common interest in the driving seat,” Glinos said.

Supercomputing in Europe to date

In recent years, the EU has supported the Partnership for 
Advanced Computing in Europe (PRACE), as well as a number of 
smaller R&D projects, and the Commission is pleased with the 
progress to date. “PRACE has done an excellent job in bringing 
together Europe’s high performance computing capabilities 
and making the best European machines available to the best 
scientists,” said Glinos. 

Other projects have addressed the next computing frontier 
– developing exascale computers capable of a million trillion 
calculations per second. This includes the Mont Blanc project, 
coordinated by the Barcelona Supercomputing Center, which 

uses low-power mobile chips to develop energy-efficient exascale 
technology. 

But despite progress, Europe lags behind in high performance 
computing investments. “In the future, we need a more 
integrated, holistic approach. To excel in supercomputing, we 
need to address all aspects in one strategy,” Glinos said. 
This involves three main elements: ensuring Europe has a state-
of-the-art infrastructure to provide access to high performance 
capabilities for science and industry, ensuring excellence in 
computing applications – existing or emerging - of societal or 
industrial importance and developing next-generation exascale 
computing. “We also need to master the applications of high 
performance computing, as this is the driving force behind the 
technology.”

Konstantinos Glinos, Head of Unit for eInfrastructure, DG Connect, 
European Commission
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In support of this, in February 2012, the Commission published 
a ‘Plan to make the EU the world leader in high performance 
computing,’ as part of the overall Digital Agenda, calling on 
national governments, industry and the scientific community to 
step up efforts. The plan said EU investment in high performance 
computing would need to increase from €630 million per year in 
2009 to €1.2 billion per year by 2020.  

High performance computing in Horizon 2020 

The Commission’s support for supercomputing in the coming 
years will be embedded in Horizon 2020 – the flagship R&D 
programme for 2014-2020. 

The draft Horizon 2020 programme includes the development of 
centres of excellence in high performance computing in different 
application areas, with the first centres due to be launched by 
2015. While the topics have not been pre-selected and will be 
open to competition, Glinos said proposals should be, “multi-
disciplinary, of a serious scale and level of ambition, and with a 
sustainable business model.” 

The centres will provide services to help industry and academia 
use high performance computing. In addition they will work 
on parallelising and maintaining software to optimise the 
performance of applications.

One of the key obstacles Europe needs to overcome is the 

scarcity of skills in fields such as parallel programming and 
algorithmic mathematics. Through the Centres of Excellence and 
other initiatives, the Commission hopes to provide training and 
increase the supply of skilled people. 

SMEs are the darlings of Horizon 2020, set to receive a large 
chunk of the €70 billion budget. Glinos said small companies 
will also be a focus of efforts to extend the adoption of high 
performance computing. There will be various initiatives to 
increase awareness of the technology amongst SMEs, in addition 
to the provision of know-how and infrastructure. Regional and 
national centres of competence will be promoted as a vehicle for 
reaching out to SMEs, and the Commission hopes to develop a 
Europe-wide platform for these centres to exchange ideas and 
best practices.

All-round effort

In another initiative, the European Technology platform for 
High Performance Computing (ETP4HPC), an industry-led forum 
consisting of SMEs, R&D centres and multinational companies 
with a research base in Europe, is defining research priorities 
for the development of a globally competitive high performance 
computing ecosystem in Europe. In June 2013, the group sent a 
proposal to the Commission proposing to establish a contractual 
public private partnership under Horizon 2020 that would 
address the challenges facing HPC technologies and this is 
currently under consideration by the Commission, Glinos said.
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Polymers share many common attributes, but at the molecular 
level their structures are extremely diverse. Mastering the subtle 
differences between their structures is a pre-requisite to devising 
new applications for these versatile materials. 

Common forms of polymer structures include stars, combs and 
dumbbell arrangements. These formations arise during synthesis, 
when the small molecules, or monomers, that are building blocks 
of polymers, are bonded into long chains and networks, forming 
an interconnected mesh of macromolecules. The way in which 
individual units link up and intersect to form repeating patterns 
determines the overall properties, such as strength, density and 
flexibility, of a polymer.

Most polymers are solids at room temperatures, but during 
processing when they are liquid, a complex dynamic is in play, 
which determines how polymer chains move around and 
interact with each other, and what the eventual qualities of the 
manufactured product will be.

“We need to know how to manipulate these qualities” said Angel 
Moreno, a senior researcher at the Spanish Scientific Research 
Council (CSIC). The key to this is understanding the viscoelastic 
properties at an atomic level.

As Moreno explains, atoms in solid materials exhibit an elastic 
response to deformation, returning to their initial positions when 
the pressure is removed. Conversely, simple liquids, like water, 
will flow. In their melted state, polymers exhibit a hybrid and far 
more complex behaviour, known as viscoelastic response. “In this 
phase, polymers are essentially viscous liquids,” Moreno said. 

To investigate the molecular basis of this characteristic, the 
Centre of Materials Physics (Centro de Física de Materiales) in 
San Sebastian and University of the Basque Country collaborated 
on a recent project supported by the PRACE infrastructure. 
Between January and November 2012 the research team was 
able to access three million core hours of high performance 
computing  resource via PRACE, to study the atomic-level basis of 
viscoelasticity. Using detailed simulations, the group was able to 
test the validity of several theories.

Non-linear polymers

One current hypothesis attributes polymer viscoelasticity 
to a process called ‘reptation’. This term, derived from the 
word reptile, is intended to convey the suggestion that in the 
liquid state entangled polymer chains move around with a snake-
like motion. 

However, as Moreno notes, this does not accommodate non-

linear polymers, such as star forms. “Many polymer types exhibit 
‘branches’,” he said. “They possess complex architectures, and 
may even be ‘hyperbranched’ laterally.”

Although, new mechanisms have been proposed to explain 
the motion of such polymers, the relationship between 
viscoelasticity and polymer architecture is still not well 
understood. 

Synthetic polymers are woven into the fabric of modern life, with polystyrene, polyethylene, and PVC 
among the many incarnations. The exact properties of each depend on their unique, microscopic structures. 
By using PRACE’s resources to map the precise chemistry, researchers are paving the way for manufacturers 
to develop bespoke new materials.

Snapshot of a simulated three-arm star (for the sake of clarity,
surrounding stars in the melt are not shown).

The team used the ESPResSo (Extensible Simulation Package 
for Research on Soft matter) software to build models and test 
a number of different theories. “PRACE’s contribution has been 
vital. It would have been impossible to conduct this dedicated 
study without supercomputers,” said Moreno. “We undertook 
a very systematic investigation, which incorporated various 
polymers forms, including stars, H- and Y-shaped, and comb-like 
polymers.” 

“We’ve been able to observe specific polymer motions which, 
until now, had only been suggested at a theoretical level,” 
Moreno said. This is not only important science, it also shows 
how supercomputing can lead to commercial advantages. “If 
accurate predictive models can be [developed as a result], they 
will offer an invaluable aid to chemical engineers,” Moreno said. 
“Such tools would make it possible for manufacturers to create 
new types of bespoke synthetics for countless new applications.”

Case study: Designing new polymer materials
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High Performance Computing - an essential 
tool for Horizon 2020  

Horizon 2020 calls for an unprecedented level of collaboration - between disciplines, 
across sectors and among member states. As Europe prepares to launch a concerted 
attempt to tackle the Grand Challenges and so spark innovation and boost economic 
growth, HPC will be a key enabling technology, says MEP Teresa Riera Madurell

After two years of intense negotiations, the new EU Framework 
Programme for Research and Innovation, Horizon 2020, is due 
to begin in January 2014. The €70 billion programme, “comes at 
the right moment,” said Teresa Riera Madurell, Member of the 
European Parliament and Rapporteur for Horizon 2020. The new 
programme is getting underway at a time when, “Europe needs 
more than ever to take the necessary measures to create the 
economic opportunities for the future,” she said. 

“Smart investment aimed at advancing towards a knowledge-
based economy arises as the only feasible way out for Europe,” 
she said. To achieve this, Horizon 2020 has been crafted to 
address the whole innovation cycle, from basic research to 
market uptake. Investment in enabling technologies such as 
high performance computing (HPC) underpins this approach, 
providing the means to collaborate in scientific projects at a 
distance, to analyse the huge data sets that will be generated in 
research related to the Grand Challenges, to develop models and 
simulations, and to manage multi-disciplinary research projects.  

Madurell believes it is important for HPC to be supported at a 
European level. “It will enable our scientists and industrial users 
to continue to access world-class HPC systems. This support 
should promote subsidiarity and coordination of national 
initiatives,” she says. 

The EU has been steadily falling behind in terms of HPC capacity 
compared to the US, China and Japan. “Not adequately 
supporting HPC may mean that scientists relocate to regions with 
better environments for HPC, and European science and industry 
becomes less competitive,” Madurell said. 

Small share of a growing market 

At present EU suppliers hold a very small share of a growing 
global HPC market. However, the field is currently undergoing a 
major change, with the next generation of computing systems, 

operating at exascale or 1018 operations per second, due to 
arrive by 2020. Madurell noted that radical innovation will be 
required to meet the challenges of building exascale machines. 
“This offers Europe a window of opportunity to develop its own 
technology and gain a higher market share,” she said. 

Such European-level support will fuel the development of 
the European IT industry, the extension of HPC services, and 
continued European leadership in applications.  

Since its formation in 2010, PRACE has made important 
progress, motivating four national governments to make 
significant investments in HPC systems, and to pool these leading 
computing systems as a single infrastructure and make the 
resource available to the best researchers in the EU regardless 
of the country they work in. “This has led to important scientific 
advances in fields such as health, transport, climate and energy,” 
Madurell said. “We need to take action to ensure that PRACE 
continues to offer support to the best European scientists and 
engineers, both in academia and industry.”  

HPC and Horizon 2020 

The EU’s backing for HPC will be intensified under Horizon 2020, 
with three separate strands of support: 

• PRACE – will continue to provide access to best HPC for 
industry and academia, with a plan under discussion 
that may see actions to cover operational costs in the 
infrastructure. These actions will be framed as part of the 
Excellence in Science pillar of the H2020 programme.  

• ETP4HPC- will drive the autonomous EU development of 
exascale technologies with relevance for European industry. 

• Centres of Excellence – Horizon 2020 will support the 
formation of several centres to promote the application of 
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HPC and to support a network of SME 
Competence Centres.  

In addition, the European Commission is 
backing various projects in which HPC is the 
enabling tool. One particular case in point is 
the Human Brain Project, a multidisciplinary 
scientific challenge with unprecedented 
computing requirements. 
 
HPC and the Grand Challenges 

In addition, HPC will play a significant 
role in supporting research on the Grand 
Challenges that are being tackled in Horizon 
2020, says Madurell, citing these examples: 

• Prevention and early detection and 
treatment of diseases, using HPC for 
gene analysis, molecular dynamics, 
design of personalised medicines, 
modelling of drug compounds, viruses and 
more complex organisms, and simulations 
of human organs, like the brain and the heart. 

• Understanding climate change and preventing and managing 
large-scale catastrophes, using supercomputers to make 
more precise and reliable climate models. 

• Producing cleaner and cheaper energy, with supercomputers 
being used to simulate both the process and the 
infrastructure. 

• Improving transport technologies, by cutting emissions and 
reducing noise, for example.

HPC and industry 

In parallel, there need to be initiatives to stimulate the use of 
HPC by industry, for example: 

• Raising awareness - especially of 
SMEs - as they are often not aware of the 
potential that HPC has for increasing their 
competitiveness. 

• Education and coaching - to assist 
SMEs in understanding how HPC solutions 
can be implemented. 

• Providing HPC tools and applications 
that do not require large investment, to 
lower the entry cost. 

• Maintain open R&D access to HPC, so 
that technology transfer from academia to 
industry can be enabled by industrial use 
of publicly-funded research infrastructures 
like PRACE. 

• Provide commercial on-demand 
access to HPC resources.

In addition, Madurell says it is necessary to 
develop appropriate training and education programmes, to 
ensure there are enough available HPC-trained personnel in 
Europe, working in research and industry.

It will also be important to promote the development of 
supporting infrastructures and parallelised software and 
applications. “Without support for infrastructures like PRACE, 
Europe will be limited by the investment capabilities of individual 
member states,” Madurell said. Moreover, without the necessary 
funding to develop an HPC industry, Europe will remain 
dependent on foreign technology and software.  

Support for parallelised software and applications is essential in 
order for Europe to maintain leadership in the software area, and 
this requires initiatives like the Centres of Excellence, in order to 
progress and focus the efforts of various stakeholders, Madurell 
concluded.

Teresa Riera Madurell, Member of the 
European Parliament
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The European Union has pledged to generate 20 per cent of its 
energy from renewable sources by 2020. To date, there has been 
some significant headway, and in the case of solar energy Europe 
now boasts over 75 per cent of total global capacity. 

While further improvements can be expected in the photovoltaic 
technology that is used to convert sunlight into electricity, solar 
energy has the huge drawback of intermittent supply. It’s not 
available at night when electric lights are being turned on, and is 
in limited supply in winter when it is needed for heating.

One proposed answer is artificial photosynthesis, which aims to 
produce a solar fuel that can be stored and used as an energy 
source when sunlight is not available. Generating such a fuel 
involves converting light to chemical energy and requires the 
development of low-cost, environmentally-friendly catalysts.

If catalysts can be developed with the capacity to reproduce the 
key steps of photosynthesis, water and sunlight would be the 
only resources needed for clean energy production, with oxygen 
as the only by-product. 

Searching for catalysts

“Finding suitable materials to catalyse the reaction is a big 
challenge, however,” says Simone Piccinin of the Istituto Officina 
dei Materiali of the National Research Council (CNR-IOM) and 
International School for Advanced Studies (SISSA) in Trieste.  

Piccinin has recently concluded a successful research project 
using PRACE resources to investigate such catalysts at an atomic 
level, in a collaboration with Stefano Fabris, also of CNR-IOM, 
Andrea Sartorel and Marcella Bonchio of the University of 
Padova, and Giuliana Aquilanti and Andrea Goldoni of ELETTRA 
Synchrotron in Trieste, Italy.

For the study, which has been published in the leading US 
scientific journal PNAS, Piccinin concentrated on water 
oxidisation, as a key component in photosynthesis. “This process 
is important because it’s one way solar energy can be stored,” he 
said. Sunlight is shone on a photoelectric cell, initiating a reaction 
that begins to transform water into fuel by oxidising it.

“Oxidising environments may be quite harsh – so the catalyst 
may dissolve in the water,” says Piccinin. The same situation 
arises in plants, but here the catalyst is repeatedly regenerated. 
“If a self-repairing catalyst is not feasible, we must instead 
develop one which is extremely robust,” Piccinin said.

The materials also pose a challenge. While catalysts based on 
iridium and platinum could do the trick they are expensive, 
polluting and in short supply. Scientists are keen to discover 
‘earth abundant’ replacements, such as the manganese found 
in plants. “Recently, there has been a lot of progress – catalysts 
based on cobalt and nickel have been proposed, and are 
undergoing testing. There’s optimism that catalysts based on 

these readily available substances could enter the marketplace 
relatively soon,” said Piccinin. 

Atom-scale modelling

After identifying some plentiful, inorganic compounds as 
potential novel catalysts, the Italian researchers used PRACE 
supercomputing resources to run simulations. “Using atom-scale 
modelling, we have identified the mechanism by which water is 
oxidised into molecular oxygen,” Piccinin said.

Solar power may be one of the most abundant sources of renewable energy, but currently it is only available 
when the sun shines. New methods are needed to store solar-generated electricity and to make it available 
when and where it is needed. One suggestion is artificial photosynthesis, mimicking the process by which 
plants convert sunlight, water and carbon, into a storable fuel source – glucose.

To achieve this breakthrough, the researchers conducted 
high performance computer simulations to model reaction 
mechanisms, zooming in on the reaction, and scrutinising how 
chemical bonds are formed and broken. The PRACE collaboration 
was vital, Piccinin said. “Carrying out these types of exercises, 
from a computational point of view, is very demanding. They 
require several million CPU hours, and we couldn’t have 
completed our study without the facilities allocated by PRACE.”

The researchers also sought to establish the suitability of their 
compounds as catalysts, and compare them with alternatives. 

Although this particular aspect of their research has concluded, 
the group has committed itself to a long-term involvement in the 
field. “The kind of information we’ve been able to extract from 
our recent study can be exploited to consider whether other 
catalysts work in a similar fashion,” said Piccinin. This could be 
used in devising ways of making less-expensive catalysts and to 
ensure they are as efficient as catalysts made from expensive 
materials.

Structure of the Ru4POM catalyst investigated in this study. Red, big 
white, small white and blue spheres represent Oxygen (O), Tungsten 
(W), Hydrogen (H) and Ruthenium (Ru) atoms, respectively. The 
isosurface around Ru atoms shows that the HOMO (highest occupied 
molecular orbital) is indeed localized around Ru atoms. The green 
and white areas represent regions where the HOMO wavefunction is 
positive and negative.

Case study: Developing new catalysts for 
storing solar energy The pow

er of supercom
puting
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Supercomputers are a necessity, not a luxury

Europe is gradually losing more 
and more battles in its efforts 
to stay at the forefront of global 
science and technology. 

Supercomputers are not some 
kind of fringe luxury item, or 
mere scientific tools. These 
days they are indispensable, 
considering the way research 
and technological development 
are being conducted. 

High performance computing 
allows our researchers to 
tackle scientific questions of 
such scale and scope that were 
inaccessible in the past. From 
research on subatomic particles 
taking place in CERN, to climate 
change models, to the design of 
silent jet engines and innovative 
drugs, supercomputers are the 
modern science labs. 

Europe cannot afford to stay behind in this field simply because 
we cannot afford to stay behind in science and technology. It 
seems to me that those countries that by the end of this decade 
will lead in supercomputers, artificial intelligence and robotics 
will have a huge head start in controlling the evolution of 
technology and production for the rest of the century. 

Yet, in order to develop HPC we need huge investments. When 
it comes to supercomputers we are dealing with super projects 
that need a lot of coordination, standardisation, development of 
new architectures, new software, new hardware, etc. No single 
member state could afford making these investments on its own.

When we check the latest top500 list of supercomputers, we only 
find a couple of installations in Germany in the top-10 while the 
rest is dominated by installations in China and the US. In total 
numbers, Europe comes now after the US and China. US and 
China are speedily pursuing the development of exascale systems 
that are going to be game changers. Europe cannot afford to stay 
behind. 

In this context, PRACE is extremely important for Europe as it 
allows for pooling of our investments in HPC and pooling our 

valuable human resources. PRACE 
helps develop a common European 
approach, not only for HPC but for 
other relevant e-Infrastructures. 
Furthermore PRACE functions as 
a platform that will enable even 
more sharing of these crucial 
computational resources with 
industrial partners in applied 
research projects. Bringing in the 
industrial partners and allowing 
them to work together with 
our scientists will soon produce 
results that will further fuel the 
development of HPC. 

Of course, for this to happen we 
also need the super high-speed 
networks that will allow us to share 
resources with all the centres of 
excellence around Europe. At the 
same time it is of big importance 

for Europe that we develop the 
necessary skills of our young scientists that will enable them to 
take advantage of these investments: open scientific data and big 
data analysis are a safe bet for advancement in science. 

Horizon 2020 embraces PRACE and builds on top of what we 
already have. Yet I can’t really say that I am satisfied with the 
available funding, in the same way that I am not satisfied with 
the overall funding of Horizon 2020. Unfortunately member 
states seem to be treating research as an expense and not as 
an investment. We have long abandoned the Lisbon Agenda 
objective of 3 per cent GDP investments in R&D. Yet, I would 
argue that underinvestment in research and innovation is a 
root cause and not an effect of this crisis. It’s not research 
that brought us into this crisis and it is for sure not going to 
be banks that are going to get us out of it. We have to bear in 
mind that, historically scientific research and its transformation 
to innovative services and products is not some kind of 
marginal activity but it lies on the core of European economic 
development and competitiveness. 

The mantra of growth and jobs cannot be fulfilled without 
research and development, and those cannot happen without 
significant public investment in research infrastructure. High 
performance computing is the safest bet a politician can make for 
investing in the future. 

An MEP’s perspective on HPC

Ioannis Tsoukalas, Member of the European Parliament
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Observe, theorise, test. These 
three old and established phases of 
scientific discovery are now frequently 
compromised by the scale of the problem 
and/or an inability to conduct meaningful 
tests or experiments in real life.

For this reason, high performance 
computing “is now critical to science 
itself”, says Thomas Lippert, Director of 
the Institute for Advanced Simulation 
and Head of the Jülich Supercomputing 
Centre. “It is needed to bridge between  
experimentation and theory,” he says.

High performance computing makes it 
possible to deal with complex systems 
that are influenced by a huge number 
of factors, with multiple feedback loops, 
synergies and connections, such as the 
weather and the human brain. 

“In fields like these you can only fill 
the gaps between observation, theory 
and experiment with supercomputers, 
because you need very high compute 
power and huge data storage capacity,” 
Lippert said.

It’s also the case that testing and 
experimenting takes time and uses 
expensive resources. This means that 
supercomputers can make R&D budgets 
stretch further, and is also where high 
performance computing offers real value 
to industry. The ability to model a product 
on a computer and simulate how it will 
operate allows for refinements to be 
made in silico. This reduces the need for 
physical prototypes, whilst at the same 
time improving design.  

The recognition that supercomputers 
are now critical to the practice of science 
– and that Europe was falling behind in 
their provision – provided the spur for the 
formation of PRACE in 2010, to invest in 
high performance computing and provide 
pan-European access to this resource.

“The situation has improved at a 
European level through PRACE,” Lippert 
believes. Through the PRACE peer review 
system, all European scientists now 
have the opportunity to access high-end 
computing infrastructure. As a result, 
there is also more interest in utilising high 
performance computing at a national 

level. “The support that PRACE offers to 
science is very important and should be 
reinforced in the future,” said Lippert.

Pooling resources under the PRACE 
banner has improved the quality of 
Europe’s supercomputing facilities. 
“Leading machines have been installed 
and Europe has been in the top ten [of the 
world’s most powerful supercomputers] 
several times now,” Lippert observes.

These supercomputers are much more 
than status symbols: having the most 
advanced machines is central to the 
overall development of Europe’s high 
performance computing ecosystem. 
“You need to have experience and 
understanding of the hardware to build 
innovative and leading-edge systems, and 
to enable the co-evolution of hardware 
and software,” said Lippert.

One of the ambitions set out by the 
European Commission in its plan to make 
the EU the leader in high performance 
computing is for Europe to become home 
to the next generation exaflop computers, 
which will perform 1018 operations per 
second.

Such supercomputers will be essential 
for dealing with the complexities of the 
multidisciplinary ‘Grand Challenges’ 
that the EU aims to tackle its €70 billion 
Horizon 2020 R&D programme, in fields 
including biomedicine, climate and 
neuroscience. “You will need special 

‘A laboratory in a computer’
Computers have long been an important tool for recording, storing and manipulating 
the outputs of scientific experiments. Now supercomputers are playing an increasingly 
central role in generating data and in the practice of science, says Thomas Lippert.

Thomas Lippert, Director of the Institute for 
Advanced Simulation and Head of the Jülich 
Supercomputing Centre

varieties of these machines to address 
these challenges,” Lippert said.

As a case in point, the Jülich 
Supercomputer Centre is a partner in 
the Future and Emerging Technologies 
flagship, the Human Brain Project, headed 
by Henry Markram at École polytechnique 
fédérale de Lausanne. The aim of the ten-
year programme is to build a simulation 
of the living human brain. “Modelling the 
brain and how it operates will require fast 
computers with huge memories,” said 
Lippert.

Similarly, exaflop capacity machines 
are needed to build more sophisticated 
climate models that can project forward 
in time to investigate how future weather 
patterns will be influenced by global 
warming.

The ambition is to develop systems that 
are in effect “a laboratory in a computer”, 
allowing scientists to continuously vary 
the parameters and refine the models. 
“They would use them interactively, like 
a games console, so you could play the 
game of world climate control or the game 
of understanding our brain,” Lippert said.

Advances in high performance computing 
that arise from to tackling the Grand 
Challenges, will feed into new applications 
of supercomputers in industry. These will 
be relevant to existing users of computer-
aided engineering, such as aeronautic 
and automotive companies, and will also 
support the emergence of new sectors, 
such as digital media and personalised 
medicine.

“It is evident it has become decisive 
to have access to high performance 
computing, because you can do things 
you can’t do in reality, or because it is 
cheaper and faster to create computer 
visualisations than to do things in reality,” 
said Lippert.

This means the impact of high 
performance computing on the economy 
can only become more significant. “High 
performance computing is a complex area, 
but a critical one. Only those sectors that 
apply it will have a chance to grow and to 
win. I hope policy makers and politicians 
can see the potential,” Lippert concluded.  
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It is no secret that the global financial services industry has an 
ever growing appetite for computer power; it feeds everything 
from its enthusiasm for big data applications such as the real-
time analysis of social media “noise”, through the complex 
computation it uses to calculate risk and manage derivative 
products.

But the application of supercomputing in the retail and 
investment banking and insurance industries has an Achilles 
heel. Buying the power – often in arrays of processors working in 
parallel – is one thing, building or adapting software applications 
to exploit that power is quite another.

The software firm Xcelerit, a campus-spin out from Trinity College 
Dublin in 2010, has developed tools to square this circle, and 
the significance of its approach was recognised last year (April 
2012) when it was the first winner of PRACE’s “Most innovative 
Industrial HPC Solution in Europe” prize.

In essence its product, Xcelerit SDK, is a software toolkit to 
boost the performance of compute-intensive applications while 
preserving programmer productivity. The technology allows 
computer scientists to harness high performance computing with 
only minor modifications to their existing source code.

So far, Xcelerit has been targeting the financial services area, 
where quantitative analysts are devising new compute-hungry 
ways of doing risk analysis and pricing of financial instruments, 
but the techniques have far wider applicability. “There are many 
different application areas out there where huge compute power 
is needed,” said Hicham Lahlou, CEO of Xcelerit, “but the domain 
specialists don’t have the time to learn about the technicalities 
of hardware accelerators. Our system lets them focus on the 
problem, while we take care of the performance.”

Winning the PRACE prize has been important for Xcelerit. “It 
gives us to opportunity to reach beyond our traditional customer 
base in financial services to seek out new application areas 
where our technology can be applied,” says Lahlou. 

Highly optimised code

The simple sequential source code in which many financial 
applications are written can be transformed by Xcelerit 
SDK to generate highly optimised code for a variety of high 
performance, often highly parallel, computing environments.
Lahlou has watched the evolution of new many-core high 
performance systems for several years. “We saw that great 
increases in performance were possible, but the complex multi-
core architectures forced programmers to retrain, acquiring 
new skills and requiring major re-work of their software to take 
advantage of these new architectures.”

He points, for example, to the paradox of exploiting Graphic 
Processing Units or GPUs. These devices have evolved out 
of chips designed to deliver blazingly fast computer games 
performance, but can be applied equally well to many 
mathematically-demanding applications. NVIDIA’s new Kepler 
series, for example, packages hundreds of cores onto a single 
chip delivering more than a TeraFLOP of raw performance at a 
very affordable price. 

While this opens up supercomputing performance to many, it 
comes at a price in terms of programmer effort. GPU vendors 
have designed new languages to program their devices and this 
requires a programmer to be aware of parallelism and handle 
complex synchronisation and load balancing. 

Using Xcelerit SDK, users can retain the vast majority of their 
existing code. The same code can then be compiled and can run 
across multiple conventional CPU cores or make use of GPU grids. 
A single codebase works for different hardware configurations.

A single codebase

“We found that for many customers, this was a very compelling 
advantage for our product,” says Lahlou, “Users simply did not 
want the trouble and effort associated with simultaneously 
maintaining one codebase for conventional hardware and a 
separate one for GPU hardware,” he said.

“The beauty of SDK is that users need only one codebase 
and Xcelerit will make sure that it runs on all supported HPC 
platforms today and tomorrow,” comments Lahlou. “This is a 
completely future-proof solution.”

Case study: Software tools to exploit HPC in 
novel application areas
Software tools that allow organisations to harness the raw power of parallel computer processing without 
the need for expert programming skills offer an important missing link in the application of supercomputers, 
as demonstrated in financial services.
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Monte-Carlo Methods in Finance using the Xcelerit platform: the figure 
shows the performance of Xcelerit-enabled code
running on multi-core CPUs and GPUs compared to a sequential 
implementation. A speedup of up to 175X is achieved using NVIDIA 
Tesla M2050 GPU”
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Supercomputing and the economy
If Europe can catch up in the high performance computing stakes, it could add as much as 2 
to 3 per cent to its GDP by 2020.

There’s no question that access to 
supercomputing is essential for driving 
science forward, but it is now increasingly 
seen as critical for industry.

To give one example, high performance 
computing has enabled car makers 
to develop vehicle platforms in two 
years rather than five years, saving the 
European automotive industry up to €40 
billion.

This figure, cited by the European 
Commission on 15 February 2012, 
when it set out a plan to make the 
European Union the world leader in high 
performance computing, points to big 
cost savings that arise when products are 
designed and tested in computer models 
rather than in physical prototypes. 

But it does not speak to the refinement 
and improvement of these products, 
and the subsequent boost to the 
competitiveness of the companies that 
manufacture them.

The market analysts IDC say a number of 
studies it has carried out worldwide have 
consistently shown that high performance 
computing is indispensable for economic 
competitiveness. While it is required to 
stay in the race with peers in advanced 
economies, supercomputer modelling 
and simulation also provide a means 
for manufacturers to compete against 
companies based in countries that have 
lower labour costs. 

It’s not just a case of speeding up 
processes – though that is important, 
since tasks that take weeks on a 
conventional computer can be 
done in hours, by splitting them 
into chunks (parallelising) and using 
supercomputers to analyse all these 
chunks simultaneously. In industry, high 
performance computing can be used 
to develop and redesign products; to 
analyse large customer datasets and do 
consumer trend monitoring and profiling; 
to optimise production and delivery 
methods; and carry out simulations.

A survey carried out by IDC of large 
companies worldwide which have 
adopted high performance computing 
found that 97 per cent now consider it 
indispensable to their ability to innovate 
and compete.

Building a high performance 
computing ecosystem

Under the Commission’s plan, the 
EU’s investment in high performance 
computing is to be doubled from €630 
million to €1.2 billion. Part of this will be 
devoted to hardware, with a pledge that 
Europe will be home to a next-generation 
supercomputer running at exascale (1018 
operations per second) before 2020.

Half of the money will be used to help 
build the ecosystem that is needed 
for companies large and small to use 
high performance computers in their 
businesses, through strengthening 
PRACE as the leading pan-European 
high performance computing resource; 
by promoting the development of 
parallelised software that can run 
efficiently on supercomputers; investing 
in education and training to provide the 
skills required; and the opening up of new 
centres of excellence for software in fields 
including life sciences, energy and climate 
modelling.

Software to run on supercomputers 
presents a particular opportunity for 
Europe to develop a high value business, 
according to IDC, in research carried out 
on behalf of the Commission. This found 
that contrary to the perceived wisdom 
that Europe is reliant on US-developed 
software, 83 per cent of the most 
important parallel software applications 
in use at European high performance 
computing sites were coded in Europe. 

Intellectual property rights for 66 per cent 
of this code were owned by European 
institutions.

Pursuing global leadership

According to IDC, the transition from the 
current generation of petascale machines 
operating at 1015 operations per second, 
to exascale computing, presents Europe 
with an opportunity to catch up on ground 
lost between 2005 – 2009, when its share 
of worldwide supercomputers systems 
revenue declined by almost 10 per cent, 
from 34.4 per cent to 24.8 per cent.

The most important high performance 
computing-related opportunities for 
Europe are in clean and sustainable 
energy, automotive and aerospace design 
and engineering, life sciences, particle 
physics, cloud computing, new materials 
and weather and climate change. “These 
are all scientific and economically 
important areas in which Europe has 
substantial strengths that provide the 
basis for pursuing global leadership by 
2020,” IDC says.

The case studies in this report provide 
real-life demonstrations of how the 
supercomputing facilities that sit 
under the PRACE umbrella can directly 
improve products and processes, driving 
competitiveness in pharmaceuticals, 
chemicals, financial services and solar 
energy.

Discussants during the dinner debate “Supercomputers for all: The next frontier for Europe’s high 
performance computing”, held in Brussels on 9 September 2013.



18| SUPERCOMPUTERS FOR ALL

High performance computing is proving its worth in 
strengthening established European industries. But it can also 
foster the rise of new champions in emerging sectors such 
as renewable energy and personalised medicine, and help 
small companies to grow. PRACE is engaging with industry and 
working to make this happen.

While a number of leading technology and engineering 
companies in sectors including oil and gas, life sciences, 
aerospace and automotive are applying high performance 
computing today, most of Europe’s businesses do not have the 
awareness or expertise to capitalise on this resource.

To address this divide, and in tandem with providing 
supercomputing power for scientists in countries and disciplines 
that do not have access currently, PRACE is putting in place 
structures and programmes to open up high performance 
computing to industrial users, large and small.

One important element of this is the PRACE Industrial Advisory 
Committee (IAC) set up to gather strategic insights from leading 
executives on how PRACE should tailor its services and access 
policy to suit the needs of industry. 

Speaking at the inaugural meeting in September, chair of the 
IAC, Jürgen Kohler of Daimler AG endorsed the initiative, saying, 
“High performance computing resources are vital for sustaining - 
and growing – European competitiveness in large scale industries 
as well as in SMEs.”

PRACE expects to benefit greatly from the advice of the IAC, said 
Catherine Rivière, chair of the PRACE Council. “We will in return 
support Open R&D projects with world class high performance 
computing resources,” she said. 

Fostering technology transfer

PRACE launched its Open R&D programme, through which it 
provides industry with access to supercomputing resources, in 
January 2012. In the first year, more than ten companies used 
the facilities. Industry is given 12 months free access on the same 
terms as academic users, submitting proposals to calls that are 
opened twice a year, and being required to pass the same level of 
peer review scrutiny.

Companies must be based in Europe or have significant R&D 
operations in Europe, and are required to publish some of their 
results. PRACE is also providing incentives for joint industry/
academic proposals, as a means to foster technology transfer 
and provide industry with new skills and an appreciation of the 
potential of using supercomputer power. 

To spread the message, PRACE runs Industrial Seminars, 
providing an opportunity for delegates to share experiences of 
using high performance computing. In addition, the Partnership 
is providing training services through six PRACE Advanced 
Training Centres, covering topics including programming 
languages, code optimisation, visualisation of large volumes of 
data and the use of Open Source software by industry. Training 
materials are also available through an online portal.

Supporting emerging champions

PRACE’s programme of industry engagement is not limited to 
strengthening established industries, but also to fostering the 
development of new European champions in emerging sectors, 
such as digital media, personalised medicine and renewable 
energy.

Kohler says there are many companies that are not users 
currently and which could benefit from access to this resource. 
“If they could be made aware of the benefits they could gain 
from high performance computing, this would be an important 
first step to helping more companies realise the benefits,” he 
said.  

In recognition of the difficulties faced by SMEs, PRACE has set 
up a specially-tailored programme to engage small companies 
and help them over the barriers to adoption. SHAPE (SME 
HPC Adoption Process in Europe) will provide SMEs access to 
technical experts to assist them in framing projects, running 
them on a supercomputer and subsequently assessing the return 
on investment. 

This is intended to give SMEs a sense of how high performance 
computing can create new business opportunities and provide 
the confidence to make future investments. The pilot of SHAPE 
was launched in July, with the first awards due to be announced 
in the autumn.

Science and industry join hands in 
supercomputing
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Case study: Building better global climate 
models
Analysing extreme weather events in detail requires complex high-resolution climate models that are 
computationally very demanding and need sustainable high-performance computing facilities. Using PRACE 
resources, UK researchers have produced a global climate model of unprecedented detail.

The science of climate modelling has taken a significant step 
forward with the UPSCALE project, in which a team at Reading 
University and the UK Meteorological Office used time on the 
HERMIT supercomputer in Stuttgart to conduct a series of 27-
year simulations under both current climate conditions and a 
climate change scenario.

UPSCALE (UK on PRACE: weather-resolving Simulations of 
Climate for globAL Environmental risk) used a 12-kilometre 
resolution in its modelling. The high level of computing power 
need to perform 27-year simulations at this resolution has not 
been available previously, and the successful completion of 
UPSCALE has provided a hugely valuable resource for the study of 
current and future climate, complementing previous simulations 
at coarser resolutions. The year-long venture, led by Pier Luigi 
Vidale of Reading University, was allocated 144 million core 
hours at the HERMIT supercomputer, enabling the researchers 
to generate several long-term simulations of present and future 
climates. The resolution makes it possible to discern local and 
regional weather patterns over this time frame.

Distinguishing regional differences

“Standard global climate models are often unable to distinguish 
regional differences, beneath a certain scale” said Vidale. “They 
also omit, or miscompute certain weather and environmental 
phenomena.” These include critical features such as clouds, 
their interactions with radiation, and accurate rainfall times. The 
UK Met Office’s global weather forecast model currently runs 
at 17km resolution, for 15-day weather forecasts, making the 
UPSCALE team’s 12km resolution climate model a trailblazer. 
“Typically, you take the weather forecast model to its maximum 
resolution, as it only needs to be run for a few days,” notes 
Vidale. “A global climate model is invariably more complex and 
needs to be run for tens to hundreds of years, and thus would 
tend to be executed with less detail.”

Another aim of the project was to determine what effective 
resolution is required for each simulated phenomenon, 
and decide at which resolution extra information becomes 
superfluous. Beyond a certain resolution, the fidelity of 
simulated phenomena will ultimately cease to increase, so 
that the high cost of the computing power required will not 
be justified by the scientific benefits. Going from a climate 
modelling resolution of 25km to one of 12km requires a tenfold 
increase in supercomputing power and data storage usage and, 
correspondingly, cost. 

Setting benchmarks is consequently a key concern for the global 
climate modelling community, which is seeking to unify its 
standards. Operating at the 12km resolution, the Reading-Met 
Office team found it could disable one particular function, called 
convective parameterisation, which is used to forecast rainfall.  

Studying cloud formation at a global scale

Another shortfall in current models is how they portray what 
happens to the rain when it falls. “Water from rainfall eventually 
seeps into the soil, which plants use for growth and survival. 
If rain hits the ground at noon, it would tend to re-evaporate 
immediately. The amounts of evaporation, run-off into rivers and 
the water transpired by plants, are miscalculated by orthodox 
models, which use coarse grid resolution. “They over-emphasise 
instant evaporation from the land surface, at the expense of 
other mechanisms,” Vidale said. 

Another advantage of the 12km resolution is that it makes it 
possible to study convection and cloud formation on a global 
scale, revealing intriguing patterns. It turns out that clouds move 
together, “like a herd of sheep” said Vidale. This is particularly 
the case over Africa and the tropics. The 12km resolution 
model shows that on occasion, such organised cloud formations 
intensify and, over the ocean, may become the catalyst for 
hurricanes. “We have started to see evidence of interaction with 

the large-scale environment, which 
strengthens our understanding of 
key processes in the global climate 
system,” said Vidale. 

The pow
er of supercom

puting

Snapshot of a tropical cyclone making 
landfall in Louisiana and a “companion” 
extra-tropical cyclone in the West Atlantic 
ocean, moving to the N-NW. Both storms 
were simulated by a Global Climate Model 
(HadGEM3-A) at a resolution of N512 
(~25 km) and had originally developed in 
the tropical Atlantic ocean. Colours show 
humidity with winds shown as vectors, 
coloured by local temperature at 500 
mb (top left), 200 mb (top right), 925 mb 
(bottom left) and 850 mb (bottom right).
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