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Welcome

W
hat more is there to say about the year 2020 that has not already been 

said? A year unlike any in recent history, a year in which we saw a 

pandemic sweep the globe that has irrevocably changed the way we live 

and work. It was a year which may have seemed more like science fiction 

than reality, but in the end it was redeemed by science very much rooted in the real world.

As the severity of the COVID-19 pandemic became apparent in March, those working 

behind the scenes at PRACE understood that they had a duty to offer up the high-

performance computing resources of Europe to any who could help to fight the disease. 

The life-saving science that PRACE enabled in the following months is a huge credit to us 

all, with over half a billion core hours allocated towards the cause, so it is a year that we 

can look back on and be proud of our actions in a time of great need.

Inside this publication is one example of a research project on COVID-19 led by Jazmín 

Aguado-Sierra of the Barcelona Supercomputing Centre, which examined the effects of 

prominent candidate drugs on the heart. As well as this, we highlight another project 

about the heart (although not COVID-19 related) led by Alfonso Bueno-Orovio, which 

aimed to harness the power of the UK Biobank datasets to gain a better understanding of 

heart disease.

For many, 2020 was defined by the social restrictions and physical barriers that were put 

in place to slow the spread of COVID-19. But, despite these obstacles, people continued 

to find ways to connect with each other and build bridges with other communities. For our 

part, PRACE was able to form a pioneering collaboration with three of Europe’s leading 

research organisations – CERN, SKAO and GÉANT – that will help to bring the power of 

high-performance computing to the next generation of large, data-intensive science 

projects (page 6).

Strengthening ties within the European HPC ecosystem has always been a priority for 

PRACE, providing services and expertise where needed to enable better science and wider 

use of high-performance computing resources. Read all about PRACE’s involvement in 

various projects and activities across Europe in the PRACE activity section (page 46).

As usual, this annual report reserves a space for our Scientific Steering Committee (page 

5), our Industrial Advisory Committee (page 11), and our User Forum (page 40), groups 

that consist of highly dedicated people who provide invaluable advice to improve our 

services. We also include some facts and figures about PRACE’s contributions towards the 

HPC-based research landscape (page 14).

I would like to give special thanks to all of you who have contributed your time, 

knowledge, effort, and support to PRACE in 2020. We should all look forward to making 

2021 a year we can remember for more positive reasons.

Serge Bogaerts, Managing Director PRACE aisbl

Serge Bogaerts
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F
ollowing my participation in the PRACE 

Strategy Working Group meeting in 

Montserrat in January 2020, it had 

looked like my tenure as chair of the 

Scientific Steering Committee (SSC) would 

be mostly devoted to advising PRACE from a 

scientific perspective in finding its role in the 

era of EuroHPC. 

This is a challenging task, as PRACE needs to 

reinvent itself to a certain extent to properly 

operate in the new emerging European HPC 

ecosystem. In this regard, we have been 

busy setting up new access modes and 

collaborations between PRACE and EuroHPC 

as the first new systems come into operation, 

including VEGA in Slovenia – my home 

country! But, as I started my term in March, 

the COVID-19 pandemic began and the focus 

of our main activity changed.

We moved quickly to organise a fast-track 

call for research on COVID-19 and define the 

scientific topics of the call. We then selected 

the projects that we felt fitted the call and sent 

each of them to at least two scientific external 

reviewers, after which we made a final 

decision to accept or reject projects within one 

week of receiving their applications.

We have welcomed a huge range of projects 

connected to COVID-19 research. These have 

included biomolecular research that helps to 

understand the mechanism of the disease, 

bioinformatics research that studies how 

different mutations affect the behaviour of 

the virus, research into developing medicines 

and vaccines, epidemiological studies that 

examine how the disease spreads among the 

A large characteristic 
of science in more 

normal times is one of 
competition between 

research groups,  
but here we gathered 

forces to solve a  
global problem

Matej Praprotnik, Chair of the  

PRACE Scientific Steering Committeee

From the desk of

The Scientific Steering Committee
population, and computational fluid dynamics 

studies of how the virus is transmitted 

through the air in droplets released when we 

speak or cough.

Overall, we have awarded half a billion core 

hours to over 80 projects. It has been a lot 

of work for us and the scientific community 

at large, including the researchers and the 

computing centres. Along with XSEDE, our 

counterparts in the USA, we also organised 

monthly webinars with PIs from both sides in 

which updates from their respective projects 

were given, creating an environment for free 

exchange of information and ideas. A large 

characteristic of science in more normal 

times is one of competition between research 

groups, but here we gathered forces to solve a 

global problem.

Despite the huge upheaval caused by the 

pandemic, regular SSC activity has still been 

happening. We held two virtual meetings 

in 2020 and have been supervising PRACE 

Project Access Calls for Proposals 21 and 22. 

As well as this, we supported the organisation 

of EHPCSW 2020/PRACEdays20 in Porto, 

which was of course then cancelled, after 

which we helped to move the conference to a 

digital edition in 2021.  

Looking to the future, new exciting challenges 

await PRACE, and it has been an honour and a 

privilege to serve as chair of the SSC. We  

now have a new competent team of Chair 

– Laura Grigori of INRIA – and Vice-Chair –

Natalie Reuter of the University of Bergen,

both excellent scientists who will help lead

PRACE into a bright future.

PRACE Bodies
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O
n 22 July 2020, four of Europe’s leading research 

organisations formed a pioneering collaboration 

that will work to overcome challenges related to 

the use of high-performance computing (HPC) to 

support large, data-intensive science projects. The members 

of the collaboration are CERN, the European Organisation for 

Nuclear Research; the SKAO, the international observatory 

for radio astronomy; GÉANT, the pan-European network and 

services provider for research and education; and PRACE, the 

Partnership for Advanced Computing in Europe.

The agreement was signed in an online meeting by Eckhard 

Elsen, Director for Research and Computing at CERN from 

2016 to 2020; Philip Diamond, SKAO Director-General; 

Erik Huizer, Chief Executive Officer of GÉANT; and Philippe 

Lavocat, PRACE Council Vice-Chair.

The next generation of HPC technology offers great promise 

for supporting scientific research. Exascale supercomputers 

– machines capable of performing a quintillion, or a billion

billion, calculations per second – are expected to become a

reality in the next few years. The EuroHPC Joint Undertaking

is planning to open the first exascale computer in 2022.

This change in the power of HPC technology, coupled with 

growing use of machine learning, will be vital in ensuring the 

success of big science projects scheduled to come online 

this decade, such as the SKA Project and CERN’s High-

Luminosity Large Hadron Collider (HL-LHC). “Heterogeneous 

architectures hold the promise of delivering significantly 

more computing power which we have to harness to address 

the computing challenges of the HL-LHC”, says Eckhard 

Elsen, CERN Director for Research and Computing (January 

2016 - December 2020). “The smooth integration of these 

resources typically available at high-performance computers 

into the globally distributed Worldwide LHC Computing Grid 

[WLCG], will be essential for the computing model of the 

future,” adds Maria Girone, CERN openlab’s CTO.

The collaboration between CERN, the SKAO, GÉANT and 

PRACE will see the organisations work together to help 

realise the full potential of the coming new generation of 

HPC technology. During an initial period of 18 months, the 

collaboration will develop a benchmarking test suite and a 

series of common pilot ‘demonstrator’ systems.

A first joint workshop was organised on 29 September 2020, 

hosted online by CERN with the support of CERN openlab. 

The participants discussed the needs of each organisation 

and the services each of them can provide to meet those 

needs. Topics such as Cloud IAM, urgent computing support, 

in-site processing support, virtualisation and data analytics 

services were on the agenda. 

Establishing a common benchmark suite will help the 

organisations to measure and compare the performance 

of different types of computing resources for data-analysis 

workflows from astronomy and particle physics. The 

suite will include applications representatives of both 

communities reflecting today’s needs, as well as those of the 

future. It will be for running on both HPC resources and high-

throughput computing (HTC) resources, like the WLCG.

“With the sheer quantity of data that will flow from the 

SKA antennas towards two supercomputing centres, one in 

Australia and one in South Africa, developments in high-

performance computing and high-speed networks will be key 

for the SKA Observatory,” says Professor Philip Diamond, 

SKAO Director-General. “The value of this collaboration was 

demonstrated by the recently concluded H2020 AENEAS 

PRACE, CERN, SKAO and GÉANT 
collaborate on high-performance computing
The next generation of high-performance computers holds significant promise for both particle physics 
and astronomy but key challenges remain to be addressed. A collaboration between PRACE, CERN, SKAO 
and GÉANT aims to go some way to solving these.
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project,” adds Chiara Ferrari, SKA-France Director and 

Chair of the AENEAS General Assembly. “Working with such 

leading organisations is of paramount importance to identify 

optimised solutions for the future world-wide network of SKA 

regional centres.”

The series of pilot ‘demonstrators’ developed will also 

include systems for data access and authenticated 

workflows. It is indeed vital that data can be delivered and 

accessed quickly and in a secure manner. “GÉANT exists to 

serve research and education and, together with Europe’s 

National Research and Education Networks, we provide 

networking and access services that are vital to large-scale, 

highly data-intensive projects such as the HL-LHC and the 

SKA,” says Erik Huizer, Chief Executive Officer of GÉANT. 

“We look forward to further strengthening our long-standing 

relationship with CERN, SKAO and PRACE and ensuring 

next-generation HPC technology is easily accessible for all 

scientific communities”. 

Enzo Capone, Head of Research Engagement and Support 

at GÉANT adds, “GÉANT is extremely proud to be part of 

this agreement, alongside partners and communities with 

which we have a long-standing relationship already, but now 

specifically focusing on a number of innovative activities that 

aim to scale the synergies between big data production, data 

movement, AAI services and high performance computing 

to the next level”. In addition, the four organisations 

will work together to establish a training programme to 

help researchers make the most of the new computing 

architectures that are becoming available. The PRACE 

Training Portal is already a well-known source of high-quality 

HPC training courses.

“Big science needs deep and intense collaboration across 

disciplines, organisations and borders. PRACE is very proud 

to see four large European and international infrastructures 

come together in this historic collaboration. Now that the 

paperwork is done, the real work can start, mixing numerical 

simulation, scientific theories and data even more intimately, 

and we are looking forward to it,” explains Philippe Lavocat, 

PRACE Council Vice-Chair. “One of the central aspects 

of this collaboration that PRACE will lead is training and 

education: creating and supporting the next generation 

of supercomputing experts, and filling the gaps that we 

currently see in the skills available in the HPC ecosystem,” 

adds Florian Berberich, Member of the PRACE Board of 

Directors.
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T
he European 

Commission 

recognised the 

need for an EU-level 

policy in HPC to optimise 

national and European 

investments, addressing 

the entire HPC ecosystem and 

it adopted its HPC Strategy on 15 

February 2012 when it published the 

communication ‘High Performance 

Computing: Europe’s place in a Global 

Race’ [1]. Since then, the European 

Commission has increased investment in 

HPC significantly and has supported the three 

HPC pillars: Technology, Infrastructure and 

Applications with various projects and initiatives. 

The EC strategy took shape with the creation 

of the EuroHPC Joint Undertaking (JU) [2]. The 

EuroHPC JU was founded to enable the EU and participating 

countries to coordinate their efforts and share resources 

with the objective of deploying in Europe a world-class 

supercomputing infrastructure and a competitive innovation 

ecosystem in supercomputing technologies, applications 

and skills.

Moreover, a strong HPC ecosystem has been identified as 

essential to leveraging the full potential of data in Europe, 

along with the need for providing more open data, coping 

with interoperability issues and the fragmentation of access 

to data and digital services. PRACE has been organising a 

series of ecosystem coordination meetings (some together 

with EuroHPC JU) to facilitate the creation of a coherent 

The European

HPC ecosystem
Florian Berberich, Janina Liebmann, Veronica Teodor, Jean-Philippe Nominé, Oriol Pineda and Philippe 
Segers outline the ongoing development of the European HPC ecosystem and the EU’s increasing 
investment that supports the three HPC pillars of technology, infrastructure and applications

HPC landscape, which includes 

access to HPC resources, 

services for users and research 

[3].

The three pillars of 
the European HPC 

Ecosystem 
The European HPC Strategy is 

based on three pillars - Technologies, 

Infrastructure and Applications, which 

are there to serve the European HPC user 

community through a user-driven approach, 

with the relevant European HPC communities 

and user groups adequately represented 

in each of the pillars. Actors are constantly 

interacting between these pillars, with some of 

them playing active roles in more than one pillar. 

An example of this approach is how technologies 

are evaluated through benchmarks of applications, 

representing typical workloads of HPC infrastructure, 

with co-design being part of HPC culture, with overlaps and 

complementarity among the pillars. 

The EuroHPC JU is a joint initiative between the EU, 

European countries and private partners to develop a world-

class supercomputing ecosystem in Europe. It allows the EU 

and participating countries to coordinate their efforts and 

pool their resources with the objective of deploying world-

class exascale supercomputers in Europe and developing 

innovative supercomputing technologies and applications. 

Infrastructure
The development of the European HPC ecosystem was 

Technologies
European 
Exascale 

development

Applications
Excellence 

in HPC 
applications

Pan-European 
Coordination

Widening usage and skills, 
International cooperation, 

Federation of  
supercomputing services

Infrastructure
Best HPC for 

Science 
and Industry
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initiated and then pursued by the Partnership for Advanced 

Computing in Europe (PRACE) and its 26 partners over the 

past 10 years. PRACE is supported by the PRACE Member 

States and by the EU through a series of Implementation 

Phase (IP) projects. Over the last decade, PRACE and its 

partners have given national HPC ecosystems a common 

European umbrella which has been recognised as an ESFRI 

Landmark since 2016. 

GÉANT develops, delivers and promotes advanced network 

and associated e-infrastructure services for research and 

education, supporting open collaboration and knowledge-

sharing amongst its members and the wider research and 

education community.

Applications
The importance of a strong HPC applications ecosystem 

has been periodically highlighted by the PRACE SSC [5] and 

PRACE User Forum. This has been acknowledged by the EC 

[1] through the high level of funding allocated to this pillar.

Applications are the core intellectual properties of many

communities and a strong asset for European research

organisations, academia and industry for which Europe

is often in a leading position worldwide. To coordinate

the effort needed, Centres of Excellence in Computing

Applications (CoEs) have been designed to address the

specific needs of communities (weather and climate, 

material science and medicine, etc) or transverse needs 

(industry, algorithm, etc.).

Technologies 
The ETP4HPC Association [5] was created in 2012, to be the 

voice of the HPC suppliers and to promote HPC technologies 

development and, in particular, to prepare input and 

R&D recommendations to the EC in this area. In 2014 a 

‘contractual Public Private Partnership’ in HPC (cPPP) was 

signed between the EC and the ETP4HPC association [6]. A 

significant fraction of the funding provisioned under this 

cPPP was assigned to a series of calls on HPC technology 

R&D [7], the so-called FETHPC calls (part of the “Future and 

Emerging Technologies” branch of the successive H2020 

work programmes). Between 2014 and 2018, 32 FETHPC 

projects were selected with a total funding of approximately 

€ 175 million. These projects were meant to develop HPC 

systems hardware and software building blocks in the 

areas of HPC node architecture, system and middleware, 

programming environment and tools, and they have already 

produced a number of innovations and prototypes [8], co-

developed between technology suppliers (large companies 

or SMEs), research organisations and end users, sometimes 

leveraging other innovations dedicated to the wider market 

of data centres as a whole. 



In the spotlight

12

The EPI consortium was selected to co-design, develop and 

bring to the market a European low-power microprocessor, 

one of the core elements needed for the development of 

European supercomputers with Exascale capacity [9][10]. The 

co-design aspect of EPI is a key factor in providing a next-

generation of processors that fully harvest the benefits of 

energy efficiency for relevant European applications

Conclusion 
After an analysis of the services provided by the different 

actors in the European HPC ecosystem, it became clear that 

further coordination is needed at European level to leverage 

the strong, but scattered, skills of European players to 

compete with united efforts from the USA, China or Japan 

in the race to Exascale. To that end, the following high-level 

service architecture is proposed:

•  European HPC technologies will be developed by the

FETHPC projects and EPI. CoEs, national Competence

Centres (nCCs) and PRACE will collaborate by

providing user requirements and by code signing the

new technologies. In addition, PRACE will support

the provision of access to the FETHPC prototypes

and give the related infrastructure feedback while

CoEs and other users will provide end-user feedback.

•  Access to the HPC and AI resources of EuroHPC JU

will be provided by PRACE through a peer-review

process, while network connectivity will be provided

by GÉANT. Other, more specific computing services,

such as interactive computing, scalable computing

or virtual machine and data services, along with

authentication and authorisation services will be

provided in a federated way using FENIX.

•  The wide offer of training in HPC will be provided by

many actors. PRACE will focus on the general and

cross-disciplinary training, leaving topical training to 

the specialised communities and CoEs.

•  Application enabling will be provided by PRACE as

a first contact point, along with high-level support

to implementation through PRACE HLSTs. Long-term

support and specific support for codes of general

interest will be provided by the relevant CoEs.

The POP CoE will provide transverse performance

analysis services. PRACE also has the experience and

the expertise to support and co-ordinate software

development for exascale and beyond.

This high-level provision of HPC services by PRACE, GÉANT, 

CoEs, EPI and FETHPC projects will be complemented by the 

pool of national HPC services, to be integrated within this 

architecture. With EuroCC and CASTIEL, a European network 

of 33 national HPC Competence Centres will be built. 

The two projects will bridge the existing HPC skills gaps 

while promoting cooperation and the implementation of best 

practices across Europe. Each of the 33 nCCs, which will be 

part of the EuroCC network, will act locally to map available 

HPC competencies and identify existing knowledge gaps [11].

HPC Portal 
In order to facilitate the access to HPC resources and other 

linked services, the conclusions from the analysis of the HPC 

landscape have been used to shape a new European HPC 

services portal. This portal serves as a central HPC services 

database, gathering the offers and services of all European 

HPC actors with a special emphasis on computing, training 

and support services. Following a user-driven approach, this 

will significantly increase the awareness for European HPC 

resources and services, and strongly facilitate their access 

by all European audiences.
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I
oh}l% been a member of the IAC since it was founded in 2013 

and perhaps I can be forgiven for indulging in some reflection. 

I have made many friends during this time, entrepreneurs and 

business leaders who have shared their insights, directors of 

supercomputing centres who have successfully established a world-

leading infrastructure for scientific research, inspiring researchers 

using HPC systems to create new knowledge and colleagues in 

the PRACE office who ensure the whole endeavour keeps running 

smoothly.

We’ve had countless conversations, meetings and debates. How 

can we improve the industrial uptake of HPC? What do firms want? 

What services should we offer? If I had to choose one word to sum 

up the advice given to PRACE over the past eight years, it would be 

the C-word. No, not COVID-19, but collaboration. When engaging 

with academic HPC centres, firms are not interested in buying 

cycles, they are looking for opportunities to collaborate with world 

leading scientists who can help them solve challenging problems.

Collaboration has been one of the core values of PRACE since its 

inception. Back in the day, when we started to realise exascale 

was on the horizon, the PRACE collaboration gene gave rise to 

the concept of co-design; scientists, programmers and hardware 

experts working together. We now have a network of competence 

centres (and centres of excellence) across Europe funded by 

H2020 and Horizon Europe, national research councils and 

industrial partners. Intel neatly wraps up these C-words into one 

phrase “collaborative competence centres for enabling software 

co-design”. These centres would not exist without many years of 

collaboration between HPC centres across Europe, i.e. they would 

not exist without PRACE.  

The time of COVID-19 teaches us an important lesson. The fabric 

of society must be made of graphene or dark matter. It did not 

tear or disintegrate leading to chaos, rioting and the breakdown 

of law and disorder. We are more resilient and adaptable than 

American disaster movies have us believe. Through the power of 

From the desk of

The Industrial Advisory Committee
Dr Lee Margetts, chair of the PRACE 

Industrial Advisory Committee

collaboration, we must use these newly discovered 

societal strengths to deal with other global challenges; 

reducing our CO2 emissions to zero and tackling climate change.

My term as Chair of the PRACE Industrial Advisory Committee 

ends in 2021. I wish the new Chair and Vice-Chair every success 

in supporting PRACE in the coming years. I will be moving on 

to a new challenge. Contracts are not yet in place, but I hope to 

be building a new research group at Manchester that will work 

towards ending our reliance on fossil fuels. 

The C-word
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Bioengineer Jazmín Aguado-Sierra has spent the last nine years using high-performance computers to 
explore problems related to the cardiovascular system, creating highly detailed models of the heart and 
blood vessels to accurately replicate blood flow and other cardiac behaviour. Last year, this work took 
an unexpected turn as she used her expertise to help understand how best to treat COVID-19

Jazmín Aguado-Sierra is one of the many researchers who 

last year found themselves being drawn into the world 

of COVID-19 research. One of her collaborators – an 

interventional cardiologist from the University of Minnesota – 

had been using machines to oxygenate the blood of COVID-19 

patients who were struggling to bring enough oxygen in through 

their lungs. These machines take blood out of the body and 

return it via the leg in the opposite direction to normal flow. 

Often, to begin with the patient’s heart will be in a state of 

myocarditis, meaning it is not really pumping, but as the patient 

starts to recover, their heart begins to pump. 

This can cause problems. With two jets of blood within the 

arterial system and with lungs still incapable of oxygenating 

blood, deoxygenated blood can end up being pumped into the 

brain. “To understand the conditions in which this situation can 

occur, we have been simulating a situation with two opposing 

jets of blood to try and see where they mix and how much blood 

is going into each artery,” says Aguado-Sierra.

Using an MRI of a cadaver, the team extracted and segmented 

details of the aorta, and solved this anatomy in different 

conditions. “We had to parameterise all of the blood vessels to 

reproduce the normal haemodynamics, after which we looked at 

different levels of flow from the heart contractions and different 

levels of functioning of the oxygenator. We used particle 

tracking through the blood vessels to quantify the changes of 

perfusion of blood in the heart.”

As well as this line of work, the researcher has also been looking 

into the cardiotoxicity of two of the more prominent drugs that 

have been put forward as candidates for helping COVID-19 

Fighting the pandemic
Simulations for COVID-19 treatments

Jazmín Aguado-Sierra

Right (page 13): Extracorporeal membrane oxygenation 

(ECMO) simulation under a variety of heart contractile stages.  

Blue particles track deoxygenated blood. Red particles track 

oxygenated blood being injected into the arterial system via 

the ECMO. Mixed blood will flow to the brain at this stage. 
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patients – hydroxychloroquine and 

azithromycin. Some of her clinical 

collaborators had seen arrythmias 

occur in patients given these drugs, 

so she began investigations in 

to why this might be happening. 

“Not only was this an investigation 

of great importance, but it also 

provided the perfect opportunity to put 

the models I had been developing to 

the test,” she adds. “We aimed to 

see whether the models were able to 

reproduce the complexity of the arrythmias, and 

also how differences in people’s hearts might affect 

their response to the two drugs.”

The models used are based on high-resolution scans 

of real donor hearts. “When looking at resonance 

imaging of live patients, the heart is always 

moving, making it very difficult to capture the exact 

anatomical detail of the muscles and connections 

inside,” she says. “What becomes apparent very 

quickly when looking at our scans of donor hearts 

is that each one is very different, and we are able 

to capture this complexity at a resolution of 1mm. 

On top of this, we solve a cell model that describes 

approximately 16 different currents using 44 state 

variables being generated by the heart cells.” 

In order to replicate the differences found within 

the population, Aguado-Sierra had to make an 

assumption – that the same level of variability 

seen in heart cells in the laboratory is seen in 

hearts in the whole population. “A previous study 

had successfully applied some of the different 

parameters in a single cell model to experimental 

data, so we made the assumption that a similar level 

of variability would be seen at a larger scale across 

the whole population. It was a big leap to make, but 

there was no other methodology to work with so we 

had to take this chance.”

As it turns out, this assumption proved to be a good 

one. The results obtained were very much similar 

to the ranges seen in experimental data of human 

heart behaviour. From this platform, the team were 

then able to begin investigating the effect 

of drugs on the heart, again making a large 

assumption – that the drug effects seen in 

animal models would be similar to those seen 

in humans.

“To our surprise, after applying this to our 

simulations, the results both from creating the 

population and from applying the approximate 

drug effect that happens in the animals to 

humans, we were able to reproduce some of the 

clinical data that was shown from the response 

to those two drugs,” says Aguado-Sierra. “We also 

replicated some cases of hypokalaemia [low blood 

potassium], a symptom often seen in COVID-19 

patients, and showed that using the two drugs 

in combination in these cases raised the risk of 

arrhythmia by 64%.”

Next steps for the researcher will involve replicating 

other clinical trials from drugs using a variety of 

heart anatomies. In this way, the model can be 

validated and used in the future for providing 

guidance to doctors on dosage of drugs and 

whether they might be high risk for specific patients. 

Computational assessments like these takes around 

two days to complete using high-performance 

computers, so they already represent a feasible 

option for analysing drugs in this way in the near 

future. 

Aguado-Sierra is now working to establish her 

methodology at different supercomputing sites to 

enable others to benefit from it, and it is thanks to 

PRACE that she was able to develop it so rapidly 

over the last year or so. “I was so happy that PRACE 

awarded us this computing time,” she says. “I have 

been working on these models for a long time, but 

the actual methodology was only developed very 

recently due to this urgent situation. For me, I felt 

that I needed to prove that everything I had been 

working on for the last eight years could actually be 

useful, and what we have achieved has gone beyond 

our wildest dreams. But without the support from 

PRACE, we would never have had the opportunity to 

try any of these ideas out.”
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PRACE

Key Performance Indicators
Given the evolution of computational power in the PRACE portfolio, PRACE-related statistics are 
essential to highlight the impact of PRACE on HPC-based research, HPC know-how in Europe, and 
European industry engagement in HPC.

PRACE’s impact on evolving research
Offer and demand of resources
Figure 1 shows the evolution of PRACE resources offered and 

requested in Project Access Calls. PRACE first provided HPC services 

in 2010 with contributions from German Tier-0 systems. France, 

Italy and Spain added their contributions gradually. This is reflected 

in the constant increase of HPC resources offered by PRACE to 

the scientific community until the 6th Project Access Call, where a 

stable regime was reached. The phasing out of the initial phase of 

PRACE (known as PRACE 1) started in the 10th Call, while the second 

phase of PRACE (known as PRACE 2) only started in Call 14. This is 

reflected in the valley from the 10th to the 13th Call.

With PRACE 2, a substantial increase in the amount of available 

resources can be seen, thanks to the renewed contributions of all 

the original PRACE Hosting Members and Switzerland as a new 

Hosting Member. The stable regime has been reached quickly, 

and starting with the 14th Call an average of 2 billion core hours 

has been offered to the HPC scientific community. This has been 

increased to 2.5 billion core hours with the 19th Call, due to the 

inclusion of novel, denser architectures into PRACE’s standard offer.

The demand for HPC resources has always exceeded the capacity 

of PRACE to provide them. The average oversubscription of PRACE 

Project Access Calls is 2:1, reaching a 5:1 ratio during the phasing-

out of PRACE 1. This constant interest in PRACE resources has been 

driving the periodic upgrades of and additions to new systems that 

PRACE offers, specifically concerning the PRACE 2 programme.

Figure 1
Core hours offered 

and requested in 
each PRACE call
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Number of projects

During the initial phase of PRACE (known as PRACE 1), the number 

of project applications received via PRACE Calls for Proposals for 

Project Access exhibited a clear overall upward trend. The phasing-

in of PRACE 1 naturally incited an increase in demand for Tier-0 

resources. This is particularly evident up to the 8th Call, with a large, 

sustained increase between the 6th and 8th Call, followed by a slight 

decrease (Figure 2).

A downward trend of rejected projects below the scientific 

excellence threshold is noted, displaying maturity of submitted 

proposals, in which researchers put more effort into the quality of 

their proposals as a reaction to increased competition. Moreover, 

the evolution reflects the positive outcomes of PRACE Preparatory 

Access Calls (including access type C) that enable prior technical 

support for application and scalability tests. Figure 2 also highlights 

an increase in rejected projects above the scientific threshold, 

particularly after the 6th Call. This is correlated with the increase in 

total applications.

During the phasing-out of PRACE 1, the number of available core 

hours dropped (Figure 1), and this decreased the demand, as 

researchers anticipated an even stronger competition for the 

remaining resources. This trend was mitigated in the 12th and 13th 

Call, when PRACE Hosting Members made additional core hours 

available during the preparation of the PRACE 2 programme, which 

started in the 14th Call.

With the start of PRACE 2, there has been an increase in the 

number of projects awarded, which, combined with the increase 

of resources that started in the 14th Call (Figure 1), shows the clear 

success of the second phase of PRACE. In this second phase, the 

scientific objectives of PRACE were updated to increase the scope 

and excellence of the projects awarded. 

The minimum size of an allocation and the scientific threshold was 

increased. The decrease in proposals submitted and the apparent 

decrease in their quality in call 15 is a positive sign of the success 

of this scientific update. Its positive effect is also reflected in the 

subsequent narrowing of the gap between received proposals and 

proposals meeting the scientific excellence requirements starting 

from Call 18, a development that points to the overall increased 

quality of the applications.

Figure 2
Total number of applications received, proposals ranked above the scientific excellence threshold, and projects awarded

l  Despite the competition, demand for PRACE resources remains high and all PRACE calls are oversubscribed (Figure 1),
indicating that scientists consider Tier-0 access an essential asset to their work.
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Recurring users
PRACE also keeps track of the submission of Project Access 

proposals by recurrent principal investigators (PIs) (Figure 3).  

This KPI is created by checking for each call if a PI is new to PRACE.

The ratio of first-time applicants is relatively high – less than 50% 

of the PIs who submitted to the two Project Access Calls in 2020 

were recurrent applicants to a PRACE Call for Proposals for Project 

Access. This means that more than half of project proposals are 

submitted by new users. This indicates that PRACE is continuously 

attracting new PIs, while remaining an essential support for existing 

users. Globally, a certain downward trend in the number of new 

applicants can be observed until the 13th Call, moving to an upward 

trend with the onset of PRACE 2.

Figure 3
Ratio of new 

applicants  
and new 

awardees in 
each PRACE 

call

International transnational co-operation 

Nearly two-thirds (62%) of PRACE resources are awarded to “foreign projects”. Foreign projects are defined as projects with 

principal investigators (PIs) from a different country (recorded as the country of the PI’s primary institution) than the HPC system 

on which the research is executed.

The ratio of awarded foreign projects has remained rather stable over time (Figure 4). This shows that the nationality of the 

PI’s institution does not influence the chances of a project being awarded. It also demonstrates PRACE’s impact on enhancing 

European and international collaboration.

Figure 4
Ratios of awarded ‘foreign’ projects and resources for awarded ‘foreign’ projects
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Co-funding
PRACE awards are normally developed within larger scientific 

initiatives, where HPC resources are part of the needs of the 

project. PRACE asks Project Access awardees to declare such 

synergies.

On average, 75% of PRACE users have declared that their awards 

are complemented with EC, national or international 

funds (Figure 5). The major fraction corresponds to national 

projects, which has shown a slight downward trend after the 

10th Call and has since stabilised from the 16th Call onwards. EC 

funding shows a slowly increasing trend, coinciding with the 

implementation of the H2020 programme. International funding 

remains low, with 8% being the average contribution.

Figure 5
Ratios of 
awarded 
projects 
with EC, 

national, and 
international 

support
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PRACE’s impact on growing know-how in Europe
Since 2008, PRACE has been engaged in providing top-class 

education and training for computational scientists in Europe 

through the PRACE Training Centres (PTCs), the International HPC 

Summer School, and PRACE Seasonal Schools, with a clear increase 

in participants registered (Figure 6).

Six PTCs were first established, and these are located at:

• Barcelona Supercomputing Centre (Spain)

• CINECA – Consortio Interuniversitario (Italy)

• CSC – IT Center for Science Ltd. (Finland)

• EPCC at the University of Edinburgh (UK)

• Gauss Centre for Supercomputing (Germany)

• Maison de la Simulation (France)

After the rapid increase between 2010 and 2012, a plateau 

was evident between 2012 and 2017. As this indicated that the 

maximum capacity of PRACE training offerings had been reached, 

four new PRACE Training Centres were opened in 2017. 

The new training centres are located at:

• IT4Innovations (Czech Republic)

• GRNET (Greece)

• ICHEC (Ireland)

• SURFSara (The Netherlands)

This second layer of training and education facilities has led to a 

further increase in training attendees since 2018.

PTC training events, Seasonal Schools and the International HPC 

Summer School are offered free of charge to eligible participants.

Figure 6
Number of person-days 

registered at PRACE 
training days between 

2008 and 2020

Between August 2008 and December 2020, PRACE provided close 

to 62 000 participant-days of training through attendance-based 

(in-person and remote) courses, with an upward attendance 

trend. PRACE courses were attended by over 13 800 individuals. 

This shows the effectiveness of PRACE in attracting, training and 

retaining competences.

In 2020 the number of participants attending PTC courses was 2361 

(492 with non-academia affiliation). 80% of participants attending 

PTC trainings days have an academic affiliation, illustrating the 

impact of such events on research and scientific communities, in 

particular for early stage researchers and PhD students.

A clear difference of attendance is observed throughout the year 

2020. As shown in Figure 7, the total number of attendances 

registered in the first two quarters (Q1 and Q2) is higher than during 

the third quarter (Q3) with attendance rising to a peak in the fourth 

quarter (Q4). This indicates that the bulk of the training offered 

occurs in the first semester, with a notable drop in attendance during 

Q3 which corresponds with the summer and winter vacation periods.
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Figure 7
Number of person-days 

registered at PRACE training 
days in 2020

Figure 8 
Industry participation 
in PRACE

PRACE’s impact on attracting the industrial sector
Non-academic use of PRACE HPC resources
PRACE opened its calls for proposals to non-academic 

applications in mid-2012. This can take the form of a project 

led by a principal investigator coming from a private company, 

or a researcher from industry collaborating in an academia-

led project. The number of applications with non-academic 

participation can be seen in Figure 8. 

Up to Call 18, applications with a non-academic PI competed for 

PRACE resources with applications with an academic PI. This was 

changed in Call 19 with the introduction of an “Industry Access 

Pilot” that offered principal investigators from industry the 

possibility to apply for single-year access to a special industry 

track which prioritised 10% of the total resources available. This 

will continue in future calls. The positive effect of this measure 

is apparent in the Calls 19 to 21, which show an increase of 

non-academic use of PRACE HPC resources. We expect a further 

increase in future Calls.

•  Through the SHAPE

programme, started in

2013, PRACE has received

99 applications so far, of

which a total of 71 have

been awarded both PRACE

HPC resources and, more

importantly, support and

know-how of in the PRACE

centres.
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PRACE has allocated more than half a billion core hours towards 

computer simulations that help fight the COVID-19 pandemic. 

Alongside experiments, these simulations are a pillar of research 

to assess the risks of different scenarios and investigate mitigation 

strategies. 

A new PRACE Fast Track was opened at the end of March 2020. 

By the end of 2020, PRACE had received 89 proposals from 22 

different countries. The top six were Italy (26), Spain (19), France 

(8), Germany (5), UK (4), Switzerland (3), and Bulgaria (3). 30 of 

these proposals were awarded. They addressed biomolecular 

research, docking/screening, fluid dynamics, transmission, and 

epidemiology. 

Fight against the COVID-19 pandemic – Fast Track

Figure 9 Proposals submitted by week to PRACE to help in the fight against COVID-19

Facts & figures

Submissions by weeks

More details can be found in an article on 

the Fast Track which was published in PNAS. 

https://doi.org/10.1073/pnas.2024891118
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PRACE aisbl structure
This article lists the members of 
each body of PRACE aisbl. Our 
thanks goes out to all those who 
have supported our organisation 
during 2020. More information 
on the bodies of PRACE aisbl can 
be found on our website:  

Janne Ignatius

Philippe Lavocat

Florian Berberich

Serge Bogaerts

Council Chair

Council Vice-Chair

Council Secretary

Managing Director

Board of the PRACE Council

Christoph Dellago

Philippe Geuzaine

Angelova Galia

Constantia 
Alexandrou

Vit Vondrák

Delegate

Delegate

Delegate

Delegate

Delegate

ACOnet Association

Direction générale opérationnelle de 
l’Économie, de l’Emploi et de la Recherche – 
Service Public de Wallonie (DGO6-SPW)

Institute of Information and Communication 
Technologies at the Bulgarian Academy of 
Sciences (IICT - BAS) 

The Cyprus Institute

Technical University of Ostrava (VSB)

Austria

Belgium

Bulgaria

Cyprus

Czech 
Republic

Delegates

PRACE Member Organisations and delegates to the PRACE Council
The Council is the deliberative body of PRACE aisbl and decides on all matters of the association. It is composed 
of one representative from each member. The Board of the Council is elected by the Council from the delegates 
representing the Members.

PRACE Council (Board of Council)

Strategy Working 
Group (SWG)

Board of Directors 
(BOD)

Scientific Steering 
Committee (SSC)

Industrial Advisory 
Committee (IAC)

Access Committee 
(AC)

Resource Allocation 
Session (RAS)prace-ri.eu/about/organisation/

Organisation & Governance
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René Belsø

Sebastian Von Alfthan

Philippe Lavocat

Thomas Lippert

Ognjen Prnjat

Tamas Maray

Jean-Christophe 
Desplat

Eyal Yaniv

Gabriella Scipione

Pascal Bouvry

Gunnar Bøe

Norbert  Meyer

Pedro Alberto 

Jozef Noga

Marko Bonač

Sergi Girona

Mikael Borg

Thomas  Schulthess

Peter Michielse

Ertugrul Karacuha

Richard Gunn

Josip Knezovi 

Uldis Berkisš

Delegate

Delegate

Delegate

Delegate

Delegate

Delegate

Delegate

Delegate

Delegate

Delegate

Delegate

Delegate

Delegate

Delegate

Delegate

Delegate

Delegate

Delegate

Delegate

Delegate

Delegate

Observer

Observer

Danish e-Infrastructure Cooperation (DeIC)

IT Center for Science Ltd. (CSC)

Grand Equipement National De Calcul Intensif (GENCI)

GAUSS Centre for Supercomputing eV (GSC)

Greek Research and Technology Network SA (GRNET)

Governmental Information Technology 
Development Agency (KIFU)

Irish Centre for HighEnd Computing (ICHEC)

InterUniversity Computation Center (IUCC)

Consorzio Interuniversitario (CINECA) 

Université du Luxembourg

UNINETT Sigma2 AS

Poznan Supercomputing and 
Networking Center (PSNC)

University of Coimbra

Computing Centre of the Slovak 
Academy of Sciences

ARNES 

Barcelona Supercomputing Center (BSC) -  
Centro Nacional de Supercomputacion (CNS)

Swedish Research Council - Vetenskapsrådet

ETH Zurich/CSCS

SURFSara 

National Center for High Performance Computing 
of Turkey - Ulusal Yüksek Başarımlı Hesaplama 
Merkezi (UYBHM)

The Engineering and Physical Sciences 
Research Council (EPSRC)

University of Zagreb 

Ministry of Education and Science

Denmark

Finland

France

Germany

Greece

Hungary

Ireland

Israel

Italy

Luxembourg

Norway

Poland

Portugal

Slovakia

Slovenia

Spain

Sweden

Switzerland

The Netherlands

Turkey

United Kingdom

Croatia

Latvia

Observers
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PRACE Strategy Working Group (SWG) 
The Strategy Working Group (SWG) is a sub-committee of the PRACE Council. It has 14 seats, including one for 
each hosting member, and three for representatives of the general partners.

Janne Ignatius

Philippe Lavocat

Florian Berberich

Serge Bogaerts

Thomas Lippert

Gabriella Scipione

Sergi Girona

Thomas  Schulthess

René Belsø

Peter Michielse

Richard Gunn

Lee Margetts

Matej Praprotnik

PRACE Council Chair

PRACE Council Vice-Chair and delegate of France

PRACE Council Secretary 

PRACE Managing Director

Delegate of Germany

Delegate of Italy

Delegate of Spain

Delegate of Switzerland

Delegate of Denmark

Delegate of the Netherlands

Delegate of United Kingdom

Chair of Industrial Advisory Committee (IAC)

Chair of the Scientific Steering Committee (SSC)

PRACE Board of Directors (BoD)
The Board of Directors (BoD) is the executive body of the association and is generally responsible for 
managing and representing the association.

Florian Berberich       Member for Germany

Serge Bogaerts       Chair and Managing Director

Maria Grazia Giuffreda       Member for Switzerland

Oriol Pineda       Member for Spain

Matej Praprotnik       Chair of the Scientific Steering Committee (SSC)

Philippe Segers        Member for France

Debora Testi       Member for Italy
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Marina Bécoulet Plasma physics, fusion France

Luigi Del Debbio AC Chair Particle physics United Kingdom

Eleni Chatzi Structural engineering Switzerland

Alice-Agnès Gabriel Seismology Germany

Laura Grigori Vice-Chair Numerical mathematics, HPC France

Roderic Guigo Genome Spain

Christian Holm Statistical physcics Germany

Heiner Igel Signal processing in Earth observation Germany

Núria López Computational chemistry Spain

Mathieu Luisier Electrical engineering, nanotechnology Switzerland

Michela Milano Informatics Italy

Tim Palmer Climate physics United Kingdom

Mike Payne Computational physics United Kingdom

Silvia Picozzi Materials Italy

Jean Philip Piquemal Chemistry, materials science France

Matej Praprotnik Chair Chemistry, multiscale modelling Slovenia

Nathalie Reuter Biology Norway

Sinéad Ryan Particle physics, mathematics Ireland

Mathieu Salanne Electrolytes France

Doros Theodorou Computational physics Greece

Xiaoxiang Zhu Signal processing in Earth observation Germany

Scientific Steering Committee (SSC)
The Scientific Steering Committee (SSC) is composed of leading researchers from Europe. They provide advice 
and guidance on all matters of a scientific and technical nature that may influence the scientific work carried 
out using the association’s resources.
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Henri Calandra Oil, gas France

Enric Gibert IAC Vice-Chair Life sciences, pharma Spain

Tomi Ilijas Engineering, Manufacturing, SMEs Slovenia

Eric Landel Automotice, transport France

Lee Margetts IAC Chair ISV United Kingdom

Alejandro Martí Environmental services (SME) Spain

Marc Morere Aeronautics, aerospace France

Vivi Filippousi Materials, chemistry Greece

Maike Gilliot  HPC vendors France

Industrial Advisory Committee (IAC)
The Industrial Advisory Committee (IAC) is composed of European industry representatives (both from 
multi-nationals and SMEs) representing 11 industrial sectors.

Observer (with no voting rights)

User Forum (UF)
The PRACE User Forum was set up in December 2011 through an initiative of PRACE itself. It is not a body of the 
association, but an independent entity where PRACE users can discuss their experiences and express their future 
needs as well as provide feedback on the current services and resources of the PRACE HPC Research Infrastructure.

Marc Baaden CNRS France

Carmen Domene King’s College London United Kingdom

Turlough Downes Dublin City University Ireland

Stefano Fabris CNR-IOM DEMOCRITOS Italy

Derek Groen Vice-Chair Brunel University London United Kingdom

Troels Haugbølle Chair University of Copenhagen Denmark

Koen Hillewaert Centre de recherche en Aéronautique (Cenaero) Belgium

William  Sellers University of Manchester United Kingdom

Gabriel Staffelbach Cerfacs France

Maria-Teresa Parra University of Valladolid Spain

Jorge Vieira Instituto Superior Técnico Spain

Gustavo Yepes Universidad Autonoma de Madrid (UAM) Spain
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Access Committee (AC)
The Access Committee is responsible for the scientific assessment of PRACE proposals. They produce a final 
ranked list of proposals and suggested allocations. The AC is composed of researchers experienced in areas of 
science, engineering and supercomputing. Members are proposed by the SSC and approved by the Council.

Marino Arroyo Balaguer Biomechanics Spain

Edouard Audit Universe France

Marc Baaden Vice-Chair Biology, chemistry France

George Biros Computational engineering USA

Hans-Joachim Bungartz Mathematics, computer science Germany

Giovanni Bussi Biophysics, molecular dynamics Italy

Jackie Chen Engineering USA

Giovanni Ciccotti
Structure of matter, biological systems, 
molecular dynamics

Italy

Josep de la Puente Geosciences Spain

Luigi Del Debbio Chair Particle physics United Kingdom

Stefan Goedecker Chemical sciences, materials Switzerland

Raphael Guerois Biology France

Konrad Hinsen Biology France

Simone Hochgreb Engineering United Kingdom

Thomas Jung Climate science Germany

Elena Khomenko Astrophysics Spain

Maria Paola Lombardo High-energy physics Italy

Fernando Martín Garcia Chemistry, biology Spain

Victor Milman Materials (with industry applications) United Kingdom

Sílvia Osuna Computational chemistry Spain

Nadia Pinardi Atmospheric physics, oceanography Italy
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Financial Oversight & Risk Assessment Committee (FORAC)
FORAC provides a high-level and visible forum for monitoring standards of internal control and propriety, economy, 
effectiveness. It also evaluates the extent to which systems and procedures help PRACE objectives to be met.

Mark Parsons Chair United Kingdom

Edouard Brunel France

Claus-Axel Müller Germany

Alberto Ramos Fundamental constituents of matter Spain

Ulrich Rüde Computer science Germany

Eleonore Riber Engineering, fluid dynamics France

Luciano Rezzolla Astrophysics Germany

Sauro Succi Computational physics Italy

Pier Luigi Vidale Climate atmosphere United Kingdom

Aurore Voldoire Climate atmosphere France

Jost von Hardenberg Climate atmosphere Italy

Gregoire Winckelmans Aeronautics Belgium

Dietrich Wolf Computational, statistical physics Germany

Organisation & Governance
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NORWAY

SWEDEN

IRELAND

FRANCE
HUNGARY

SLOVAKIA

BULGARIA

TURKEY

CYPRUS

ISRAEL

GREECE

ITALY
PORTUGAL

SPAIN

BELGIUM

CZECH 
REPUBLIC

POLANDGERMANY

DENMARK

THE 
NETHERLANDS

UNITED
KINGDOM

FINLAND

SWITZERLAND AUSTRIA

SLOVENIA

LUXEMBOURG

PRACE Members
Membership of PRACE 
on 31 December 2020

AUSTRIA
ACONET Association – Austrian Academic Computer Network 
www.aco.net

BELGIUM
DGO6-SPW – Direction générale opérationnelle de l’Économie, de l’Emploi et de la 
Recherche – Service Public de Wallonie  www.recherche-technologie.wallonie.be

BULGARIA
IICT-BAS – Institute of Information and Communication Technologies at the 
Bulgarian Academy of Sciences www.iict.bas.bg

CYPRUS
The Cyprus Institute www.cyi.ac.cy See also (CaSToRC) Computation-based Science 
and Technology Research Center castorc.cyi.ac.cy 

CZECH REPUBLIC VŠB – Technical University of Ostrava www.cyi.ac.cy

DENMARK
DeIC – Danish e-Infrastructure Cooperation
www.deic.dk
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FINLAND
CSC – IT Center for Science Ltd.
www.csc.fi 

FRANCE
GENCI – Grand Equipement National de Calcul Intensif
www.genci.fr 

GERMANY
GCS – GAUSS Centre for Supercomputing e.V
www.gauss-centre.eu 

GREECE
GRNET – Greek Research and Technology Network S.A. 
grnet.gr 

HUNGARY
KIFÜ – Governmental Agency for IT Development
kifu.gov.hu 

IRELAND
ICHEC – National University of Ireland - Irish Centre for High-End Computing
www.nuigalway.ie and www.ichec.ie 

ISRAEL
IUCC – Inter-University Computation Center
www.iucc.ac.il 

ITALY
CINECA – Consorzio Interuniversitario
www.cineca.it 

LUXEMBOURG
University of Luxembourg
wwwen.uni.lu 

THE NETHERLANDS
SURF 
www.surf.nl 

NORWAY
UNINETT Sigma2 AS
www.sigma2.no 

POLAND
Instytut Chemii Bioorganicznej PAN - Institute of Bioorganic Chemistry www.ibch.
poznan.pl See also PSNC – Poznań Supercomputing and Networking Center www.psnc.pl

PORTUGAL
Universidade de Coimbra
www.uc.pt

SLOVAKIA
CC-SAS – Computing Center of the Slovak Academy of Science
vs.sav.sk

SLOVENIA
ARNES – Academic and Research Network of Slovenia
arnes.splet.arnes.si 

SPAIN
BSC – Barcelona Supercomputing Center
www.bsc.es

SWEDEN
Swedish Research Council – Vetenskapsrådet
www.vr.se 

SWITZERLAND
ETH Zürich ethz.ch 
See also CSCS – Swiss National Supercomputing Centre www.cscs.ch

TURKEY
UYBHM – National Center for High Performance Computing of Turkey 
en.uhem.itu.edu.tr

UNITED KINGDOM
EPSRC-UKRI – The Engineering and Physical Sciences Research Council 
epsrc.ukri.org
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This article lists the systems that PRACE provides access to. The systems are listed in alphabetical order, 
and the information reflects their status on 31 December 2020. Updates and upgrades of these systems 
are published here: www.prace-ri.eu/prace-resources/

PRACE

Systems

HAWK, GCS@HLRS, 
Germany
The High-Performance 

Computing Center Stuttgart 

(HLRS) hosts an HPE Apollo 

system named Hawk. The 

system officially came online 

in 2020. The machine features 5632 nodes, each one equipped 

with 2nd generation AMD EPYC 7742 processors (Rome), offering 

128 cores and 256 GByte of main memory per node.  The system 

has a theoretical peak performance of 26 petaflops.  The nodes are 

connected with an Infiniband HDR network (200 Gb/s per node). 

Disk storage is a DDN IME boosted Lustre system with 25 PB 

capacity. For pre- and post-processing there several nodes with high 

memory capacity available.

The system is designed to serve a wide range of sciences, including 

the life sciences, energy and environmental sciences, high-

energy physics, and astrophysics, but places a special emphasis 

on supporting the computational and scientific engineering 

communities in academia and industry.

Joliot-Curie, 
GENCI@CEA, France
JOLIOT CURIE of GENCI, 

located in France at the Très 

Grand Centre de Calcul 

(TGCC) operated by CEA 

near Paris. JOLIOT CURIE 

is an Atos/BULL Sequana system X1000 based on a balanced 

architecture (compute, memory, network and I/O) with three 

partitions:

SKL (standard x86)
•  1 656 compute nodes, each with Intel Skylake 8168 24-core

2.7 GHz dual processors, for a total of 79 488 cores and 6.86 

petaflops peak performance

• 192 GB of DDR4 memory per node – (4GB/core)

• InfiniBand EDR interconnect

KNL (manycore x86)
•  828 Intel KNL 7250 nodes each with a 1.4 GHz 68-core processor

and 16 GB of MCDRAM for total peak performance of 2.52 PFlops

• 96 GB of DDR4 memory / node

• BULL BXI high speed interconnect

The system also features several additional nodes for post 

processing and remote visualisation. These resources are federated 

across a multi-layer shared Lustre parallel filesystem with a first 

level (/scratch) of more than 5 PB at 300 GB/s.

JUWELS, GCS@FZJ, 
Germany
JUWELS, Jülich Wizard 

for European Leadership 

Science, is a milestone on 

the road to a new generation 

of ultraflexible modular 

supercomputers targeting a broader range of tasks – from big data 

applications right up to compute-intensive simulations.

The Cluster module, which was supplied in spring 2018 by Atos 

in cooperation with software specialists ParTec, based on Atos’ 

Sequana architecture, consists of about 2500 compute nodes, 

each with two Intel Xeon 24-core Skylake CPUs and 96 GiB of main 

memory. The peak performance of this CPU based partition is 10.4 

petaflops.

In 2020 a so-called Booster module designed for extreme 

computing power and artificial intelligence tasks extended JUWELS. 

Again, Atos designed the booster in cooperation with ParTec, 

involving NVIDIA and Mellanox using a co-design process. With the 

launch of the booster in 2020 it was the fastest system in Europe 

and position seven amongst all systems listed in the November 
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2020 Top500 list, having a theoretical peak performance of 70 

petaflops. The booster includes 936 nodes with AMD EPYC host 

CPUs and the latest generation on NVIDIA Ampere A100 GPUs.

Both modules, cluster and booster, can be utilized individually but 

are also tightly integrated in the same InfiniBand fabric to form a 

modular supercomputer system.

MARCONI100, 
CINECA, Italy
CINECA’s new Tier-0 system 

Marconi100 is equipped 

with the new IBM Power9 

processors and NVIDIA V100 

GPUs. The system features 

980 compute nodes, each containing 2 IBM POWER9 AC922 at 3.1 

GHz (32 cores per node), 4 NVIDIA Volta V100 GPUs and 256 GB 

RAM.
l  The entire system is connected via the Mellanox InfiniBand EDR

with DragonFly+ topology.
l  The global peak performance of the Marconi100 system is about

32 petaflops.

MareNostrum, 
BSC, Spain
MareNostrum is based on 

Intel’s general purpose Xeon 

E5 processors with 2.1 GHz 

(two CPUs with 24 cores each 

per node), 2 GB/core and 240 

GB of local SSD disk acting 

as local/tmp. There are 48 racks, each with 72 compute nodes, 

giving a total of 3 456 nodes. Just over 200 of the nodes have 8GB/

core. All nodes are interconnected through an Intel Omni-Path 

100Gbits/s network, with a non-blocking fat tree network topology. 

MareNostrum has a peak performance of 11.14 petaflops. 

Piz Daint, ETH Zurich/
CSCS, Switzerland
The Piz Daint supercomputer 

is a Cray XC50 system 

and the flagship system 

at CSCS – Swiss National 

Supercomputing Centre, 

Lugano.

Piz Daint is a hybrid Cray XC50 system with 4 400 nodes. The 

compute nodes are equipped with an Intel® Xeon® E5-2690 v3 

processors with 2.60GHz (12 cores, 64GB RAM) and NVIDIA® 

Tesla® P100 16GB. The nodes are connected by the “Aries” 

proprietary interconnect from Cray, with a dragonfly network 

topology.

SuperMUC, 
GCS@LRZ, Germany
SuperMUC-NG is the  

Tier-O supercomputer 

at the Leibniz 

Supercomputing Centre 

(Leibniz-Rechenzentrum, 

LRZ) of the Bavarian Academy of Sciences and Humanities in 

Garching near Munich, Germany.

SuperMUC-NG consists of 6 336 thin nodes (96 GB each) and 144 

fat nodes (768 GB each), equipped with Intel Skylake processors. 

Each node has 48 cores. All 311 040 compute cores together, 

connected by an Intel Omni-Path Interconnect Network with a 

fat tree network topology, deliver a peak performance of 26.9 

petaflops.

The parallel filesystem (IBM Spectrum Scale, GPFS) has a capacity 

of 50 PByte with 500 GByte/s I/O bandwidth.

For long term data storage, 20 PByte capacity with 70 GByte/s 

bandwidth is available. The programming environment is Linux 

(SLES12 SP3), Intel Parallel Studio and OpenHPC. An OpenStack 

Compute Cloud is attached to SuperMUC-NG.

SuperMUC-NG is cooled with hot water at temperatures up to 50 

centigrade. The heat removal efficiency is 97%.

An energy aware scheduling system further assists in saving energy. 

Adsorption chillers reuse the waste heat to generate cooling for 

other components.

The LINPACK performance of SuperMUC-NG was measured to be 

19.5 petaflops, positioning SuperMUC-NG at number eight on the  

world’s TOP500 list of supercomputers, compiled in November 

2018.
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PRACE is striving to establish an 
HPC ecosystem at European and 
international level. Part of this work 
involves cooperating with other 
EU-funded scientific, research, 
industrial and HPC-related projects. 
The following is a list of projects 
PRACE participated in during 2020.

PRACE

Participation in projects

CASTIEL 
CASTIEL´s mission is to contribute to the success of the activities 

of the National Competence Centres (nCCs) by maintaining and 

strengthening their excellence, while identifying and closing 

gaps caused by differing levels of maturity between nations. 

CASTIEL has brought together a core consortium to set up a 

framework of activities that supports the evolution of each 

single nCC and enables them to get closer together in terms of 

capabilities and expertise.

The greatest challenge here is the integration of single nations 

into the overall strategy at European level while preserving their 

autonomy and without interfering with their national strategy. 

This addresses the challenge of maximising existing European 

HPC knowledge and expertise across Europe and CASTIEL takes 

the role of a single and central reference point at European Level 

to coordinate and support the nCCs.

Project duration: 24 months, from 1 September 2020 through 31 

August 2022

Funding from the EC: €1 999 881.25

Budget for PRACE – Funded: €124 375.00

Role of PRACE aisbl: Project Partner

www.eurocc-access.eu

Project Consortium
Beneficiaries 

•  Universität Stuttgart (USTUTT) – the coordinator

•  Gauss Centre for Supercomputing (GCS)

•  Cineca Consorzio Interuniversitario (CINECA)

•  Barcelona Supercomputing Center- Centro Nacional de 
Supercomputacion (BSC)

•  Teratec 

•  Partnership for Advance Computing in Europe (PRACE)

CINECA third parties

•  Associazione Big Data (ABD)

•  BI-REX- Big Data Innovation Reseach Eexcellence (BI-REX)

Universität 
Stuttgart - 
Data Centre
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HPC-GIG
The European Cloud Initiative implementation encompasses different elements and will require a solid governance setup. A cornerstone 

of this governance is the EuroHPC Joint Undertaking (JU), which started its activities in 2019. HPC-GIG proposes intelligence gathering 

services from the European HPC stakeholders. HPC-GIG aims to facilitate a timely start of its operations, transparently and non-

intrusively leveraging the HPC community’s know-how, organised with enough flexibility to align project activities with the programme 

schedule and needs during its ramp-up phase, and deliver timely and useful input to the EuroHPC JU.

FocusCoE
FocusCoE contributes to the success of the EU HPC ecosystem and the 

EuroHPC Initiative by helping the EU HPC Centres of Excellence to more 

effectively fulfil their role within the ecosystem, ensuring that extreme-

scale applications result in tangible benefits for addressing scientific, 

industrial and societal challenges. FocusCoE does this by creating an 

effective platform for the centres to coordinate strategic directions 

and collaboration, and will provide support services for the centres in 

relation to both industrial outreach and promotion of their services and 

competences. 

Project duration: 36 months from 01 December 2018 through 30 

November 2021

Funding from the EC: €1 997 921.25 (100%)

Budget for PRACE – Funded: €16 437.50 (100%)

Role of PRACE aisbl: Project partner

www.focus-coe.eu

Beneficiaries

•  Partnership for Advance Computing in Europe (PRACE)

•  European Technology Platform for High Performance Computing
(ETP4HPC)

•  Geant Verening (GEANT)

PRACE third parties

•  Grand Equipement National de Calcul Intensif (GENCI)

•  Cineca Consorzio Interuniversitario (CINECA)

•  Barcelona Supercomputing Center- Centro Nacional de
Supercomputacion (BSC)

•  SURFsara

•  CSC- Tieteen Tietotekniikan Keskus Oy (CSC)

•  Eidgenössische Technische Hochschule Zürich (ETH Zürich)

•  Neovia Innovation (NEOVIA)

ETP4HPC third parties

•  Commissariat à l’énergie atomique et aux énergies 
alternatives (CEA)

•  Forschungszentrum Jülich (JÜLICH)

•  Scapos 

•  Bull

Project duration: 44 months from 1 September 2018 through 30 

April 2022

Funding from the EC: €900 000.00

Budget for PRACE – Funded: €730 614.50

Role of PRACE aisbl: Coordinator

Project Consortium

Beneficiaries

•  Scapos 

•  Commissariat à l’énergie atomique et aux énergies 
alternatives (CEA)

•  Kungliga Tekniska Högskolan (KTH)

•  Universität Stuttgart (USTUTT)

•  Barcelona Supercomputing Center- Centro Nacional de
Supercomputacion (BSC)

•  University College of London (UCL)

•  Agenzia Nazionale per le Nuove tecnologie, l’Energia e lo
Sviluppo economico sostenibile (ENEA) 

•  National University of Ireland, Galway (NUI Galway)

•  Teratec 

•  Forschungszentrum Jülich (JÜLICH)

•  Partnership for Advance Computing in Europe (PRACE)

•  Max-Planck-Gesellschaft zur Förderung der
Wissenschaften (MPG)

Project Consortium
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EXDCI-2
The main objective of the European Extreme Data & Computing Initiative 2 (EXDCI-2) project (March 2017 – December 2020, building 

on the work done within an analogous previous project called ‘EXDCI’) is to support the development and implementation of a 

common European high-performance computing (HPC) strategy by coordinating the operation of the European HPC ecosystem in 

order to achieve exascale capabilities. The emphasis of the project is on road-mapping and analytical activities, tasks that support 

SMEs, facilitating innovation, cross-domain and international collaboration, and the organisation of events (e.g. conferences, 

seminars, etc.) 

Project duration:34 months from 01 March 2018 through 31 December 2020

Funding from the EC: €2 440 000.00 (94%)

Budget for PRACE – Funded: €634 599,24 (100%)

Role of PRACE aisbl: Coordinator

www.exdci.eu

Beneficiaries

•  Partnership for Advance Computing in Europe (PRACE)

•  European Technology Platform for High Performance Computing
(ETP4HPC)

•  Université de Rennes 1 (UR1)

•  Université de Picardie Jules Verne (UPJV)

PRACE third parties

•  Barcelona Supercomputing Center- Centro Nacional de
Supercomputacion (BSC)

•  The Cyprus Institute (CaSToRC)

•  Commissariat à l’énergie atomique et aux énergies alternatives (CEA)

•  Fondazione Centro Euro-Mediterraneo sui Cambiamenti Climatici
(CMCC)

•  The University of Edinburgh (EPCC)

•  Grand Equipement National de Calcul Intensif (GENCI)

•  Institut national de recherche en informatique et en automatique
(INRIA) 

•  Forschungszentrum Jülich (JÜLICH)

•  Kungliga Tekniska Högskolan (KTH)

•  Neovia Innovation (NEOVIA)

•  Rheinisch-Westfälische Technische Hochschule Aachen (RWTH)

•  University College London (UCL)

•  Univerza V Ljubljani (UL) 

•  University of Manchester (UoM)

ETP4HPC third parties

•  Fraunhofer-Gesellschaft zur Förderung der angewandten Forschung 
(FRAUNHOFER)

•  Scapos 

•  ParTec Cluster Competence Center (PARTEC)

•  HPC Now Consulting (HPCnow)

•  ESI Group (ESI)

•  Technology & Strategy (TS-JFL)

Project Consortium
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PRACE-6IP
The PRACE-6IP project continues and extends the scope of the PRACE-5IP project. The main objectives are: preparing for 

exascale computing through the development of forward-looking software solutions; assisting the development of PRACE 2; 

increasing Europe’s research and innovation through seamless and efficient Tier-0 services and a pan-European HPC ecosystem 

including national capabilities; promoting take-up by industry and special offers to SMEs; and collaborating with other 

stakeholders at European and international level on future architectures, training, application, support and policies.

Project duration: 32 months from 01 May 2019 until 31 December 2021

Funding from the EC: €24 000 000.00 (81.36%)

Budget for PRACE – Funded: €2 033 199.00 (87.17%)

Role of PRACE aisbl: Project partner

www.prace-ri.eu/about/ip-projects/#PRACE6IP

Beneficiaries

•  Forschungszentrum Jülich (JÜLICH)

•  Gauss Centre for Supercomputing (GCS)

•  Grand Equipement National de Calcul Intensif (GENCI)

•  The University of Edinburgh (UEDIN)

•  Barcelona Supercomputing Center- Centro Nacional de
Supercomputacion (BSC)

•  CSC- Tieteen Tietotekniikan Keskus Oy (CSC)

•  Eidgenössische Technische Hochschule Zürich (ETH Zürich)

•  SURF (SURF)

•  Uppsala Universitet (SNIC-UU)

•  Cineca Consorzio Interuniversitario (CINECA)

•  Instytut Chemii Bioorganicznej Polskiej Akademii Nauk (PSNC)

•  UNINETT Sigma2 (SIGMA2)

•  National Infrastructures for Research and Technology (GRNET)

•  Université de Coimbra (UC-LCA)

•  National University of Ireland, Galway (NUI Galway)

•  Istanbul Teknik Üniversitesi (UHEM)

•  The Cyprus Institute (CaSToRC)

•  National Center for Supercomputing Applications (NCSA)

•  Vysoká škola bášská – Technická univerzita Ostrava (IT4I)

•  Kormányzati Informatikai Fejlesztési Ügynökség (KIFU)

•  Københavns Universitet (UCPH)

•  Inter-University Computation Cente (IUCC)

•  Partnership for Advance Computing in Europe (PRACE)

•  Univerza V Ljubljani (UL) 

•  Centrum spološnšch šinností Slovenskej akadémie vied (CCSAS)

•  Universiteit Antwerpen (UANTWERPEN)

•  Université du Luxembourg (UdL)

•  Technische Universtiaet Wien (TU Wien)

•  Geant Verening (GEANT)

•  EUDAT OY (EUDAT)

With the support of 28 third parties.

Project Consortium
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F
or PRACE, as for many other 

organisations, the year 2020 was 

dominated by the outbreak of 

COVID-19. However, for PRACE, our 

response was far beyond just working out how 

to continue as normal. As early as March 2020, 

we were discussing and acting upon how we 

as an organisation could help in the face of 

this crisis.This quickly led to the opening of 

our fast-track call for proposals for research 

related to COVID-19. 

Despite all of the difficulties we faced, there 

was a really wonderful working atmosphere at 

that time, created by a number of key people 

working more or less full time on a voluntary 

basis to make our computing resources 

available in a time of need. Providing fast-

track access, in which the time between 

application and acceptance was reduced from 

five months to one week, was really labour 

intensive, but we all shared the feeling that it 

needed to be done. 

The impact high-performance computing has 

had on society through COVID-19 research 

over the past year has been immeasurable, 

and I think the excellent results and outcomes 

of this research are testament to the fact that 

we never let the rigour of our peer review 

process drop below our very high standards. 

All of this work has now been published on 

our website in a really accessible way, which I 

think is also an excellent outcome in terms of 

the dissemination of our work. 

The transition from PRACE 2 to PRACE 3 was 

the biggest priority of our Strategy Working 

Group in 2020. With EuroHPC now the 

I think the excellent 
results and outcomes 
of this research are 

testament to the fact 
that we never let the 

rigour of our peer 
review process drop 
below our very high 

standards. 

From the desk of

The PRACE Council Chair
dominant player in top-level computing in 

Europe, we have been meeting with its leaders 

as well the European Commission to discuss 

the many challenges and opportunities that 

exist within the developing HPC ecosystem. 

There are still a number of open issues and 

topics that need to be resolved, but we have 

made good progress this year, and I would like 

to thank the Vice-Chair of the PRACE Council 

Philippe Lavocat for his work in this area, as 

well as the previous Chair Thomas Lippert.

Until recently, PRACE’s internal management 

consisted of one full time employee – our 

Managing Director Serge Bogaerts – and a 

Board of Directors who had been seconded 

from their institutes to give some time to 

help with the management of PRACE. I am 

happy to say that we have now installed 

Florian Berberich in another full-time role 

as our Operations Director, which I think 

has significantly helped in terms of our 

organisation’s operational efficiency. The 

valuable knowledge brought by the members 

of the Board of Directors will be maintained, 

but their positions will be transitioned into a 

less legally binding form known as the Liaison 

and Support Group.

Looking forwards to 2021 and beyond, a big 

part of our work will be working with EuroHPC. 

PRACE will be using its well-renowned peer 

review process to allocate computing time to 

researchers on the forthcoming pre-exascale 

and petascale systems of EuroHPC, and we 

have already managed to agree most of the 

technical arrangements for this process this 

year. 

Janne Ignatius

Chair of the PRACE Council

PRACE Bodies
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Alfonso Bueno-Orovio uses mathematical modelling to investigate the human heart. This  
involves carrying out simulations to examine how diseases or pharmacological action can  
affect the electrical activity of the heart and lead to arrythmias, as well as identifying potential 
methods for treating these issues.

A recent project funded by PRACE aimed 

to tackle the challenge of big data in this 

domain, in particular how to make the most 

of extensive datasets such as those found in the 

UK Biobank, a large-scale biomedical database and 

research resource that contains in-depth genetic 

and health information from half a million UK 

participants. 

“We wanted to incorporate the variability that we 

see in different patients in terms of the anatomy 

of their hearts and the specific regions that are 

affected by their disease, as well as the way that 

these relate to other factors such as lifestyle 

and gender differences, in order to develop 

computational pipelines that help us gain a better 

understanding of heart disease,” says Bueno-

Orovio. 

The project has focused on two main clinical 

conditions. The first is myocardial infarction of 

the heart, otherwise known as heart attacks, 

where compromised blood flow leads to damage 

to the heart. This involved looking at the different 

stages of infarction, from the acute effects in the 

first minutes to hours, all the way to the chronic 

stages after years. The second condition being 

examined was hypertrophic cardiomyopathy, the 

most common inherited disease and leading cause 

of sudden cardiac death among younger people and 

athletes.

“We use machine learning to automatically segment 

the chambers of the hearts of the different patients, 

allowing us to reconstruct the geometries not only 

of the ventricles and atria but also of the torso of 

the patients,” says Bueno-Orovio. “This is then 

put together with other information from the UK 

Biobank to allow for subject-specific simulations of 

the heart function of these patients.”

In collaboration with the Oxford’s Institute of 

Biomedical Engineering, the two dimensional 

images of cross sections of the heart are aligned 

using machine-learning technology to automatically 

reconstruct the three-dimensional shape of the 

hearts of patients within the UK Biobank cohort. 

Then, other variables contained within the data 

such as age, gender and body mass index can be 

examined alongside subsequent simulations of the 

heart. Access to interactive computing resources 

with GPUs provided by PRACE was crucial at this 

stage.

The three-dimensional reconstructions of the hearts 

of patients within the UK Biobank has allowed 

the researchers to investigate the difference in 

the recordings of electrocardiograms that are 

performed on the chests of patients in relation 

to heart anatomy at a population level. “Thanks 

to the resources provided by PRACE, we are able 

to consider both the electrical activity and the 

mechanical contractions of the human heart.”

One of the main outputs of the project is the ability 

to generate predictive models of human disease. 

“We are not just reconstructing data from the UK 

Biobank – thanks to the multiscale approach that 

Alfonso Bueno-Orovio

The big data challenge
A better understanding of the heart

Resources used

Main contact: 
Alfonso Bueno-Orovio

Core Hours awarded: 
2,973,600

Computer used: 
Piz Daint

Institute: 
Department of 
Computer Science, 
University of Oxford

Web Link:  
www.cs.ox.ac.uk/ccs
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Interview

we take from the electrical activity of the heart 

up to the clinical manifestation of the disease, we 

are building predictive models of cardiac disease 

that can provide a better understanding of the 

mechanisms of underlying arrhythmic risk in these 

patients, as well as better technologies for risk 

stratification in these cohorts of patients.”

For example, in terms of myocardial infarction, the 

models being developed by the group can take into 

account the time evolution of the infarct over time 

and replicate the electrocardiographic characteristic 

ECGs of the patients, not only a few minutes after 

the infarction, but months and years after it has 

happened.

“We have also done an analysis in a very large 

cohort of infarcted patients to actually correlate how 

changes in the contraction of the hearts of these 

patients immediately after the infarction can predict 

whether these patients are going to have any major 

cardiac event up to a year later,” says Bueno-Orovio. 

“These outperform the current clinical metrics in 

terms of predictions of whether these patients are at 

risk of any major cardiac event.”

With hypertrophic cardiomyopathy, the group 

is investigating the role of physical exercise 

in promoting episodes of cardiac arrhythmias. 

Intensive exercise is not recommended in these 

patients, but the mechanisms on how the 

arrhythmias are facilitated by physical activities are 

not well known. 

We are 
building 

predictive 
models of 
cardiac 

disease that 
can provide 

a better 
understanding 

of the 
mechanisms 
of underlying 
arrhythmic 

risk

From big data to personalised simulation of human heart function. (Left) Deep learning segmentation and alignment of cardiac 

magnetic resonance imaging datasets from the UK Biobank. (Centre) Automatic generation of personalised heart geometries to each 

individual, embedded into the reconstructed torsos of the patients. (Right) Electrical and/or electromechanical simulations of human 

atrial and ventricular function, exploiting the interactive and multiscale HPC resources of PRACE-ICEI.

The group are now in the position of being able 

to use their models to predict the outcome of 

therapies. “Our research group has a very long 

record in the computational modelling of drug 

action for different cardiomyopathies,” says Bueno-

Orovio. 

“Now, with this large cohort of patients, we 

can address studies on the efficacy of drugs 

and electrical therapy at the population level, 

understanding how the electrical function and the 

mechanical function of these patients will improve 

under specific treatments.”

The diseases being investigated often have different 

manifestations and different mechanisms that 

are behind the manifestations of the disease in 

each specific patient. One group of patients may 

therefore benefit from one specific therapy, while 

others may not. Identifying the patients who will 

benefit the most from specific therapies, as well as 

those who might be at risk from secondary effects of 

those therapies, is an important area of research for 

the future of precision medicine.

“We are really grateful for the resources we have 

been awarded, because they have not only helped 

us with the research that we proposed, but also 

helped to consolidate and establish new clinical 

collaborations,” says Bueno-Orovio. “We have also 

been able to go further than our initial proposal 

to make progress with questions related to atrial 

fibrillation, the most common type of arrhythmia 

diagnosed worldwide.”
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T
he PRACE User Forum represents the users of PRACE 

computational resources and provides a communication 

channel between the users of the PRACE research 

infrastructure and the computational centres. We aim to 

raise issues that affect the PRACE userbase as a whole and to give a 

voice to high-performance computing users in the debate about the 

development of HPC in Europe. This debate is particularly pertinent 

given the current transition to exascale and the advent of EuroHPC.

Urgent computing
During 2020 our activities were impacted, like so many other 

things, by the ongoing COVID-19 crisis. With the cancellation of 

PRACEdays20, we did not get a chance to hold our eighth open 

session in Porto. At the same time, 2020 was marked by the quick 

pace of development of EuroHPC and the creation of a fast-track 

call for COVID-19 research. It showcased the value of a central 

hub for HPC resources in Europe that is able to provide computing 

resources in an agile way to support time-critical research. It also 

highlighted the societal value of high-performance computing. 

In the User Forum we believe this success is not only applicable 

to the current crisis. Future natural, human, or health crises such 

as earthquakes, volcano eruptions, extreme weather and major 

conflicts may also call for a fast turnaround and access to HPC, and 

we hope that the option for urgent computing will be preserved 

going forward.

A new larger European 
HPC user community
Several petascale and next generation pre-exascale systems are 

being installed across Europe under the umbrella of EuroHPC. 

It heralds a much larger amount of European high-performance 

computing allocated to “regular access”, corresponding to the 

current DECI Tier-1 class calls, mostly going to the petascale 

machines. “Extreme scale access” will match the current Tier-0 

PRACE calls. We foresee many new users for the regular access 

calls, leading to an increased democratisation and broadening of 

the user base of supercomputing in Europe. But the main users 

of EuroHPC, in terms of allocated core hours, will be the current 

The creation of a fast-track call for 
COVID-19 research showcased the value of a 
central hub for HPC resources in Europe that 
is able to provide computing resources in an 
agile way to support time-critical research

From the desk of

The PRACE User Forum
Dr Troels Haugbølle 

PRACE User Forum
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Tier-0 PRACE users. They include both some 

of the best European scientists and the 

groups who have applications that can run 

efficiently on the largest machines currently 

available. The pre-exascale installations 

that are currently going online will obtain 

the majority of the performance using 

accelerators such as GPUs. This reflects a 

general paradigm shift in high-performance 

computing internationally towards a greener, 

accelerated, HPC infrastructure.

Running efficiently on a pre-exascale 

machine is a formidable challenge, and 

many user groups across Europe are right 

now developing new codes and rewriting old 

ones, to meet the challenge of a 100 million-

level concurrency. 

The user survey we carried out in 2019 

showed that even at the upper echelon of 

computational science in Europe a minority 

of the user groups are ready to efficiently 

exploit accelerators. Improving this situation 

will become increasingly urgent now that 

the EU has approved the next period for the 

EuroHPC Joint Undertaking (until 2027), and 

that several exascale machines in Europe are 

slated to arrive in 2023.

Europe has a long tradition of international 

leadership in HPC applications. In the user 

forum we believe it is critical that support 

programmes and EU calls by PRACE and 

EuroHPC supercharge the development 

of scalable parallel applications, with 

a particular emphasis on accelerated 

computing. As also shown by our 2019 

survey, most of the leading computational 

scientists in Europe use in-house developed 

codes - the Formula 1 race cars of the HPC 

race tracks. 

Europe needs to allocate resources for 

smaller groups to optimise and modernise 

existing applications. Looking at the new 

peta-scale and pre-exascale facilities, this 

does not only apply to the current Tier-0 

users, but also the larger Tier-1 users that 

will be onboarded to the European HPC 

infrastructure with the “regular access” calls.

A stronger emphasis on application 

development, similar to what is done in 

the US Exascale Computing Project (ECP), 

will stimulate the creation of a diverse 

ecosystem of exascale-ready applications. It 

is also a critically effective way to maintain 

our European leadership in applications and 

a requisite for having a sufficiently large user 

base for the upcoming European exascale 

machines.

EuroHPC and green  
accelerated computing
PRACE User Forum was set up in 2011, and 

has had a strong benefit in providing an 

independent platform for HPC users, and 

solidifying connections with a wide range of 

existing application communities. A need for 

similar user community support for EuroHPC 

has been recognised and mandated by the 

EU parliament in June 2021. 

Going forward, there will be a large overlap 

between the users of PRACE and EuroHPC, 

and our current position within the European 

HPC community in light of this major 

transition is changing. In the user forum we 

believe a single European forum for HPC 

users is the most natural step  

forward, and we will look forward to 

engaging in this discussion and adapting to 

best serve PRACE, EuroHPC, and European 

HPC users.

A stronger 
emphasis on 
application 

development, 
similar to what 
is done in the 
US Exascale 
Computing 

Project (ECP), 
will stimulate 
the creation 
of a diverse 
ecosystem of 

exascale-ready 
applications



During 2020, the 6th PRACE Implementation Phase 
(PRACE-6IP) project was active, supporting the 
implementation of PRACE aisbl and continuing new 
innovative and collaborative activities, such as: 

•  Preparing for exascale computing by
developing forward-looking software solutions

•  Assisting the development of PRACE 2 to
improve Europe’s research and innovation
capabilities

•  Seamless and efficient Tier-0 services and a
pan-European HPC ecosystem which includes
national capabilities

•  Promoting take-up of HPC by industry and
providing special offers to SMEs

•  Collaborating with other stakeholders at
European and international level on future
architectures, training, application, support and
policies

The PRACE-6IP project is a joint effort, where the 26 
PRACE member countries contribute and work together 
to deliver the best support for PRACE users and for the 
implementation of the PRACE research infrastructure. 
So far, the PRACE-IP projects have received a combined 
funding of €121m from the EC, while the project 
partners have supported the projects with €161m.

PRACE-6IP
Supporting research infrastructure

On the following pages, we present  
highlights of the PRACE-6IP project from 2020

PRACE Activities
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Supporting research infrastructure

D
uring 2020, PRACE-6IP has continued the analysis and 

structuring of the European HPC ecosystem by means of 

networking events throughout the year. Due to COVID-19 

restrictions, this was limited to a dedicated session 

during the dates of the cancelled EuroHPC Summit Week 2020 and 

a highly successful online Birds of a Feather session during SC20, 

which had more than 560 attendees. The outcome of these events 

has been a mapping of the European HPC stakeholders and their 

position in relation to the six service pillars identified by PRACE: 

HPC access; training and events; support; applications; technology; 

and documentation. 

All these efforts have been implemented in the definition of the 

HPC in Europe portal (www.hpc-portal.eu), with the objective 

of collecting all the HPC services offered in Europe in a single 

database that can be easily accessed by researchers, beginners, 

industry, policymakers, administrations, and the general public. 

After a generous initial service population from a few Centres 

of Excellence and FETHPC projects, the portal has expanded 

its capacities to collaborate tightly with large coordination 

initiatives like FocusCoE and Castiel/EuroCC. The objective of this 

collaboration has been to achieve a convenient channel to share 

data on HPC services across all these initiatives.

By the end of 2020, the first collaboration pilot furnished its results 

with the embedding of the HPC in Europe portal under the EuroCC 

access portal (www.eurocc-access.eu/training), allowing the Castiel 

coordination project to use the HPC in Europe portal to manage 

all their training events. This promising pilot has paved the way to 

collaborations with further initiatives and also raised the awareness 

of and interest in the portal, leading to a number of communities to 

consider using the portal as platform for their specific needs, with 

the appropriate filters. 

In summary, the stakeholder coordination efforts started in 2018 

have reached a key milestone during 2020, with a defined shape of 

the European HPC ecosystem and the development of the HPC in 

Europe portal. Far from ending here, the results have opened up a 

number of interesting collaborations with important coordination 

initiatives that have secured the interest in this activity, which will 

continue and expand over the next months with renewed effort and 

objectives.

PRACE Activities

The European HPC ecosystem and the HPC in Europe portal
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SHAPE
Increasing participation via industrial 
liaison and the SHAPE+ initiative

T
he SHAPE (SME HPC Adoption Programme in Europe) 

was set up in 2013 to help SMEs try out HPC within 

their existing business model. There are many ways 

in which SMEs can benefit from HPC but the costs 

and risks of doing so without easy access to the necessary 

expertise are such that many SMEs never get to try out HPC. 

SHAPE calls offer HPC expertise from PRACE experts located 

close to the SME. For the previous few years, calls have run 

at six-monthly intervals receiving an average of around six 

proposals. More recently, PRACE has sought to increase the 

number of proposals received and to widen the range of 

countries from which proposals origi-nate. To assist with the 

first task, PRACE employed an Industrial Liaison Officer to 

engage with SMEs regarding the possibilities of SHAPE as well 

as assisting them with the application process. To assist with 

the second task, in 2019 the SHAPE+ initiative was launched 

where an allocation of SHAPE person months was made 

available for PRACE to work with SMEs from countries where 

PRACE had so far received few proposals.

Both of these initiatives have been successful. During 2020, 

the June and December calls re-ceived 10 and 16 proposals 

respectively. Since the introduction of the SHAPE+ initiative, 

seven SMEs have benefitted, with proposals having been 

received from SMEs within 22 of the 26 eligible countries. 

Projects have been awarded to SMEs from within 19 of these 

countries. Overall, SHAPE has now received 99 proposals with 

71 projects awarded.

2020 has been a good year for SHAPE with strong interest 

from SMEs across an ever wider spread of countries, allowing 

more SMEs to benefit from the HPC expertise available within 

PRACE.

The European Workshop on HPC 

Infrastructures is an annual event 

that brings together world-wide 

specialists in HPC centre design 

and operation to discuss the 

latest trends in infrastructure and 

supported technological solutions for 

supercomputing centres.

The 11th European Workshop on 

HPC Infrastructures was originally 

planned to be held at the Leibniz 

Supercomputing Centre of the 

Bavarian Academy of Sciences and 

Humanities (LRZ) from 25 to 27 May 

2020, combined with a PRACE session 

on 28 May. Due to COVID-19, the 

programme committee decided to 

offer a short online replacement with 

an overview of the Euro-HPC Joint 

Undertaking (JU) and updates from 

the three EuroHPC JU pre-exascale 

consortia and their systems: Leonardo 

(hosted at CINECA), LUMI (hosted at 

CSC), and MareNostrum 5 (hosted at 

BSC) on 14 October 2020. The event 

attracted more than 100 participants 

from 40 different HPC sites and was 

held in conjunction with an online 

PRACE Topical Session “Exascale 

for European Datacentres” on 15 

October 2020 and a PRACE Session 

on Infrastructures with technical 

presentations from PRACE sites on 16 

October 2020.

European infrastructures and exascale
l  Presentations: https://www.euhpcinfrastructureworkshop.org/?page_id=656

and https://events.prace-ri.eu/event/1000/

l  Proceedings: https://prace-ri.eu/infrastructure-support/european-
workshops-on-hpc-infrastructures/



45

PRACE Activities

SHAPE+ case study from Portugal – Tooling4G – Minimise the Air-
flow Generated Noise on Automotive HVAC Systems at the exascale

U
ntil the start of the SHAPE+ 

initiative, PRACE had received 

no proposals from SMEs in 

Portugal. Encouraged by the 

possibility of getting assistance from 

SHAPE+, CENTIMFE, the Technological 

Centre for Mouldmaking, Special Tooling 

and Plastics, applied to SHAPE in June 

2020 and was awarded three person 

months of effort from the Laboratory 

of Advanced Computing (LCA) at the 

University of Coimbra. 

With the evolution of vehicular 

motorisation, and in particular the use of electric motors, the 

noise related to the working engine has been significantly 

reduced. Consequently, noise sources that might have been 

considered as minor are now more relevant. In particular, 

the heat, ventilation and air conditioning (HVAC) system of 

an automobile has a significant impact in the perception of 

acoustic comfort of the users.

Numerical simulation using computational fluid dynamics 

(CFD), of the airflow in an automotive HVAC system allows 

for the assessment of noise generated by the airflow by 

means of computational aero-acoustic models. However, 

these models require the use of scale resolving strategies 

which must be combined with very fine meshes and small 

time steps. These conditions give rise to complex numerical 

models that may require several weeks of execution time. 

This time can be significantly reduced by employing HPC 

resources.

Using 64 cores distributed between two nodes of the 

navigator cluster from the Laboratory of Advanced 

Computing (University of Coimbra), it was possible to obtain 

a reduction factor of 12.3 in runtime when compared with 

a four-core research workstation. The complete numerical 

simulation, which compares well with experimental results, 

required a total of about 144 h on the navigator. That 

simulation would take approximately 74 days if run on the 

local research workstation.

It can be concluded that there are significant benefits from 

using HPC for realistic simulations needed to develop 

new products in the mould making and plastic industries. 

This result is especially relevant in the context of SMEs 

that do not have available in-house the processing 

hardware required to solve complex and time-consuming 

computational models. These companies are the ones 

which would gain the most from using HPC, by optimising 

their processes, increasing productivity, and reducing costs 

related to new product development.

CENTIMFE and the team at LCA have produced a white paper, 
which describes the project in more detail. Read More: 
https://prace-ri.eu/wp-content/uploads/WP302.pdf

Airvent interior 

discretized by 1.7 

million cells.

Flow velocity for (left) steady-state RANS and (right) flow time 0.25s with DES model.
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NB-LIB Bringing cutting-edge performance of 
GROMACs to non-bonded force kernals

P
article-in-cell (PIC) codes have now 

become an essential part of the 

modelling toolkit for many areas 

of plasma physics, whether for 

modelling particle acceleration with high-

power lasers, or to understand detailed 

dynamics near the edge of magnetised 

plasma confinement vessels. The PicKeX 

project focuses on two important PIC codes: 

EPOCH, a fully relativistic electromagnetic 

model that is heavily used in the laser-

plasma community, and BIT1, a sophisticated 

PIC/Monte Carlo model that is prominent in 

the magnetic fusion community.

2020 represented a successful year for 

the project, with a number of notable 

achievements. These include a 20% 

improvement in performance obtained 

between 1 000 and 10 000 cores on the 

Jülich JUWELS supercomputer after the first 

refactoring of EPOCH. 

In addition, benchmarking was integrated 

with the Jülich JUBE benchmarking 

environment, allowing easily reproducible 

comparisons of different versions, and 

evaluation of performance metrics developed 

by the POP Centre of Excellence.

T
he goal of the NonBonded-LIBrary (NB-

LIB) project is to make the cutting-edge 

performance of the widely used molecular 

dynamics package GROMACS available 

through a high-level C++ API to its non-bonded 

force kernels. In combination with the system setup 

functionality that NB-LIB offers, users will be able to 

implement arbitrary workflows that might be required 

for their special use case, while leveraging the 

performance of GROMACS for force calculations.

Significant progress has been made in the project 

during 2020. Close interaction with the developers 

of GROMACS has enabled the inclusion of the NB-LIB 

non-bonded and listed forces API in the 2021 release 

of GROMACS, meaning that NB-LIB will be available 

on most HPC systems in the near future, as GROMACS 

is a standard package for HPC systems.

10 “Forward-looking Software Solutions” projects 

PiCKeX A successful year for EPOCH and BIT1 PIC codes

50
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N
umerical simulations are 

essential in order to address 

central open questions 

in plasma physics, from 

fusion energy to space weather. The 

understanding of the fundamental 

physical processes involved in plasma 

turbulence is of key importance, but 

simulations that provide such insights 

require enormous computational 

efforts. Therefore, the aim of MoPHA is 

to refactor and modernise the plasma simulation codes ELMFIRE, GENE, and 

Vlasiator, to prepare for the upcoming European pre-exascale systems.

One of the key areas of work during 2020 has been the development of 

prototype mini-apps to facilitate testing and comparison. These include 

StrugePIC: a structure preserving particle-in-cell mini-app built using AMReX, 

and sympife-vmax: a symplectic particle-in-FEM Vlasov-Maxwell mini-app 

built using MFEM. For the StrugePIC mini-app, good GPU performance was 

observed on CSC’s Puhti supercomputer at the 2020 CSC GPU hackathon. In 

addition, parallelisation of the plasma simulation code GENE has been carried 

out using a task-based approach.

MoPHA Plasma simulation codes

S
cientific applications are often 

defined on computational grids. 

Depending on the problem, the grids 

can be Cartesian, with and without 

regular spacing or curvilinear, they can 

represent true 2D and 3D geometries, or they 

can be block-structured, in which each block 

exhibits regularities but their connections 

are general or fully unstructured meshes. To 

run at scale, these grids must be partitioned 

and distributed across address spaces, and 

to guarantee correctness, some information 

at the boundaries of the partitions, usually 

referred to as halos, need to be exchanged 

at the appropriate time during the execution. 

GHEX aims to provide high-level, per-

formance-portable communication primitives 

to perform halo-exchanges for massively 

parallel applications that use grids and 

meshes.

Important advances have been made 

in the last 12 months, and extensive 

benchmarking has been carried out on 

different architectures, including Intel and 

AMD CPU architectures, and Nvidia GPU-based 

architectures. In addition, GHEX has been 

integrated into a number of codes, including 

DISPATCH and BIFROST. For the atmosphere 

simulation BIFROST, this resulted in an 8% 

improvement in performance on the CSCS Piz 

Daint supercomputer.

GHEX Improving 
performance in 
grids and meshes

T
he LoSync project aims to improve the scalability of applications 

by removing unnecessary synchronisation and serialisation, and 

by fully exploiting the potential for overlapping computations and 

communications. To do this, it makes use of modern features of 

well-standardised APIs, to ensure portability and relevance. The efficient 

implementation of pure task-based pro-gramming on distributed memory 

systems is very challenging. Instead, the project proposes a hybrid model 

which uses task-based programming inside a node and traditional message-

passing between nodes.

2020 represented a successful year for the project, with a number of notable 

advances. These include the porting and evaluation of the HPCCG, miniAMR 

and Lulesh mini-apps, and the resulting publication of a paper at IEEE 

Cluster 2020 about HPCCG and Lulesh. In addition, the porting of a number 

of mini-apps from OmpSs + TAMPI to OmpSs + TAGASPI resulted in improved 

performance, most likely due to finer-grained locking in the underlying 

communication library.

LoSync Making use of APIs
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L
inear algebra algorithms play a central role in scientific 

applications. In materials science, for example, many 

applications rely heavily on linear algebra to solve 

complex tasks. This project aims to implement a 

distributed eigenvalue solver for dense matrices, with two main 

contributions. The first of these is the implementation of a  

direct eigensolver, DLA-Future (DLAF), based on MPI and 

HPX libraries. The second main contribution is performance 

improvement of the iterative eigensolver implemented in the 

ChASE library.

Strong progress has been made by the project in the 

last 12 months in a number of areas, in-cluding MPI/HPX 

interoperability, eigensolver algorithms, and CUDA/HPX 

interoperability for the DLAF direct eigensolver. Early access 

was granted to the JUWELS Booster, JUSUF, and JU-RECA DC 

machines at JSC which are using AMD CPUs, enabling the 

benchmarking of a number of numerical linear algebra libraries 

used by ChASE. As a result of these benchmarks, a number of 

notable observations were made that will aid in guiding future 

development.

Performance Portable Linear Algebra Benchmarking  
numerical linear algebra libraries used by ChASE

The QuantEx project aims to develop 

a scalable, extensible framework for 

quantum circuit simulation on large 

distributed clusters using tensor 

network methods. These methods 

provide a complementary approach, 

which can enable the simulation 

of circuits with more qubits than 

is possible with full wave-function 

simulators. This approach is particularly 

effective for low depth quantum circuits 

making them highly relevant for the 

simulation of Noisy Intermediate-Scale 

Quantum (NISQ) inspired circuits.

During 2020, a number of activities were 

successfully completed. These included 

the completion of a working prototype 

demonstrating the QFT, Grover search 

and RQC use cases. A prototype GPU 

version was developed using the NVIDIA 

CUTENSOR and CUBLAS libraries, which 

showed speedup over the CPU version. 

Tensor slicing was implemented to 

support distributed execution, and 

work was carried out on partitioning 

algorithms to ensure appropriate load 

bal-ancing. Finally, a series of notebooks 

was created to introduce users to the 

developed prototype and the concepts.

O
ne of the key capabilities required for computational 

fluid dynamics (CFD) codes to take advantage 

of leading-edge computational systems is the 

automation of mesh generation and adaptation 

processes. However, manual mesh generation and tuning is 

not conceivable in an exascale simulation workflow. Adaptive 

mesh refinement (AMR) eliminates these bottlenecks, providing 

higher efficiency and robustness to codes. The ParSec project 

brings together well-known CFD practitioners with the aim of 

collaboratively modernising the AMR implementation of the 

leading-edge CFD community codes Alya, Nek5000, and Argo.

Encouraging progress in the AMR implementation has been 

made during 2020 across all of the codes. In particular, the 

completion of the upgrade of the Nek 5000 AMR branch 

resulted in promising improved GPU performance, with 

around a two-times improvement compared with the OpenACC 

baseline obtained on the CSCS Piz Daint supercomputer. Other 

significant developments have included the integration of 

MAdLib into Alya as a local mesh adaptation tool, and the first 

steps in the coupling between Gmsh and MAdLib.

ParSec Modernising AMR  

QuantEx Quantum circuit simulation  



49

PRACE Activities

FEM/BEM based domain decomposition solvers

T
he LyNcs project is 

addressing challenges for 

iterative solvers with large 

sparse matrices which are 

arising on modern and upcoming 

architectures due to massive 

parallelisation. LyNcs is targeting 

efficient solutions for linear systems 

based on large sparse matrices 

by pooling together software 

development efforts across Europe, 

and will provide the European 

research communities with the next 

generation of parallel libraries for 

solving sparse linear systems at the 

exascale.

Promising results have been achieved 

in the project in the last year, 

including excellent scala-bility for the 

iterative solver library DDalphaAMG 

on the SuperMUC-NG supercomputer 

at LRZ. Furthermore, DDalphaAMG 

was presented at the major lattice 

community conference APLAT 2020 

and at an invited virtual seminar for 

RIKEN, as well as participating in the 

BSC ARM Hacka-thon.

LyNcs Iterative solvers with large sparse matrices

T
he aim of the project is to extend the existing 

domain decomposition library ESPRESO to sup-port 

the highly-scalable efficient solution of harmonic 

analysis and sound scattering problems. The 

distributed memory parallelisation of the code is 

based on the FETI method and its variants. In 

order to achieve this, a number of activities 

are ongoing. These include the development 

of suitable preconditioners for the parallel 

harmonic analysis solver, GPU acceleration of 

computa-tionally intensive parts of the code, 

and improvements to the harmonic analysis solver.

A major accomplishment in 2020 has been the 

successful GPU acceleration of the most time-

consuming parts of the code, which has been 

tested using the Nvidia V100 and A100 architec-tures. In 

addition, for the distributed memory parallelisation, the 

combination of parallelisation in spatial and frequency 

domain has enabled the scalability to be further extended. 

More con-cretely, the code has been tested on up to 450 

nodes (10 800 cores) of the Salomon cluster, solving a 

problem with 15 million spatial degrees of freedom and 60 

frequencies.
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T
he operational services of the ecosystem of Tier-0 and 

Tier-1 HPC machines in Europe are maintained daily 

and regularly updated to provide the best solutions for 

scientific and industrial communities.

PRACE provides day-to-day operational support for eight Tier-0 

and 21 Tier-1 systems with a helpdesk and persistent monitoring 

of resources and services. The HPC ecosystem is continuously 

evolving with the integration of new systems and the natural 

decommissioning of obsolete systems, reaching a total Rpeak close 

to 240 petaflops at the end of 2020.

The operational services offered by PRACE are divided into several 

categories:

• Network services

• Data services

• Compute services

• AAA (authentication, authorisation, and accounting)

• Operational security services

• User services

• Monitoring services

In 2020, PRACE completed its review of the PRACE AAI 

(Authentication Authorisation Infrastructure) and started its 

implementation, with the aim of providing easier access to 

resources and services hosted by the Tier-0 sites. 

Progress was achieved in the definition of a new service called 

’lightweight virtualisation’, identified by PRACE as important for 

the modern usage of HPC resources. A study to determine which 

technologies have most usage potential as well as support by 

PRACE staff for a daily operations implementation was done.

In the second half of 2020, PRACE was tasked, based on its 

expertise in this field, with providing support to the operation of the 

new EuroHPC petascale systems hosting entities. After the initial 

meetings defining the scope of support, a plan of activities with 

priorities was finalised and its implementation started.

Collaborations with other e-infrastructures and Centres of 

Excellence focused on the data life cycle, easy access to 

HPC resources and data analytics services. In particular, the 

collaboration with CERN, SKA and GÉANT explored innovative 

technical solutions for data access, and authentication and 

authorisation mechanisms, to allow efficient intercontinental 

movement of exabytes of data.

HPC ecosystem
Operational and new services
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PRACE training offers a rich and varied annual training portfolio to the HPC community in  
European research and industry. The training events have traditionally been held mostly  
face-to-face and complemented with a MOOC course,  seasonal schools in different parts of 
Europe, the International HPC Summer School, on-demand events, and the Summer of HPC 
internship programme for HPC students. 

Pandemic fallout and recovery of training
The past year has been exceptional due to the COVID-19 

pandemic which engulfed the world in early 2020. This had a 

huge impact on how HPC training is practised, with the various 

courses being quickly adapted to online training. This “new 

normal” in PRACE training started in March 2020 and still 

continues.

The planning and organisation of seasonal schools in 2020 

was severely affected by the pandemic, with only the Autumn 

2020 school in Ljubljana taking place, albeit in hybrid mode. 

The others were postponed, including the International HPC 

Summer School, and participants were offered automatic 

enrolment in the 2021 schools. The Summer of HPC 2020 

took place in virtual mode with fifty students and their tutors 

meeting via Slack channels and Zoom sessions. This online 

event was hosted by TU Wien, Austria.

The year was also exceptional due to the active international 

training collaboration initiatives that were started with various 

partners including CERN, GÉANT, EuroHPC, Castiel, RedCLARA 

and SCALAC. The activities included co-organising and sharing 

information and best training practises.

The network of PRACE Training Centres (PTCs) across 

14 countries collectively delivered 90 courses for 3 

382 participants in 2020, giving a total of 9 688 days 

of training. Thanks to the major efforts invested by the 

trainers to optimise, adapt and digitalise their teaching 

methods and technical tools, the training year was 

HPC training
PRACE Training Centres update

completed. Participants were grateful for the online 

offering, which has now raised expectations for the coming 

years. This year brought the trainers closer together as 

they shared their valuable experiences and best practices 

not just among PRACE partners but also with external 

partners such as the Centres of Excellence. 

The trainers recorded an increase in the number of 

participants as well a wider geographical scope, prompted 

by increased online training. The number of participants 

from non-PTC host countries increased by about 20%. The 

majority of participants came from European institutions.

The five PRACE MOOCs were hosted on FutureLearn and 

their participant numbers reflected the same increase 

of active learners as in the online training sessions. The 

number of active learners in PRACE MOOCs was 5 729.

The significance of the PRACE Training Portal as a more 

collective display of HPC training was enhanced by the new 

look and feel of the portal, which was instigated in winter 

2020 and integrated with the PRACE events portal that 

manages all PRACE related events, as well as the PRACE 

material portal that stores the materials.

PRACE Training Centres’ online courses 
and MOOCs breakthrough

Operational and new services
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T
he EXDCI-2 project’s recommendations can be 

classified as either ecosystem-level recommendations 

– those whose implementation would call for an

ecosystem-wide action, such as through tasks

included in an ecosystem coordination project – or technology-

level recommendations – those which affect selected, isolated 

technology areas and do not call for broader coordination. 

The most crucial ecosystem-level recommendations are: 

l  There is a clear need to continue roadmapping activities

in the areas of technology (e.g. the Strategic Research 

Agenda (SRA)) and applications due to the sheer volume 

of the recommendations produced by either activity and 

their role in the subsequent work programme definition 

process.

l  The coordination of the ecosystem should take place on

an ongoing basis, including the technological work of the

TransContinuum Initiative (TCI), as a way to orchestrate

the development of the most advanced European digital

technologies and collaboration between

the projects.

l  There is a need to verify

the progress and quality of

the work done within the

ecosystem – this applies to the

results of the projects and the structure of the funding or 

roadmapping framework.

l  There are some areas in which Europe could attain

leadership (upcoming technologies – electronics and

photonics), or which should be addressed because of

Europe’s apparent weakness in the given field, or which

need to be addressed as a critical factor enabling future

progress (standardisation).

l  In general, any future coordination work should stem from

a carefully carried out strategic analysis identifying the

main strengths, weaknesses, opportunities, and threats

present in the ecosystem.

l  The investment needed to accompany the disruption in the

HPC domains is enormous and underestimated in many

aspects, such as legacy codes value preservations.

l  The use of HPC resources is also fundamentally

questioned in order to integrate data streams from large

scientific instruments, IoT, etc. Large-scale “digital twins”

are still to be implemented and there 

is a lack of tools and coherency in the 

HPC and data infrastructures to allow 

for the development and deployment 

of efficient complex workflow 

application.

Recommendations
The Extreme Data and Computing 
Initiative 2 (EXDCI-2) project
The European Extreme Data and Computing Initiative 2 (EXDCI-2) project took place between March 
2017 and December 2020, building on the work done within a previous analogous project called EXDCI. 
The main objective of the project was to support the development and implementation of a common 
European high-performance computing (HPC) strategy by coordinating the operation of the European 
HPC ecosystem in order to achieve exascale capabilities. The emphasis of the project was on road-
mapping and analytical activities, tasks aiming to support SMEs, facilitating innovation, cross-domain 
and international collaboration, and the organisation of events.
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The areas with the most significant technology-level 

recommendations are: 

l  HPC technology research and development – the provision 

of the European HPC research and development priorities

l  HPC applications and usages – advocating the 

development of hybrid approaches combining “traditional” 

HPC and machine learning

l  Transversal cooperation – addressing the drastic impact 

of data on the design of applications, adjusting the role of 

the European Research Council, reflecting the importance 

of legacy code and software modernisation report, 

solutions to promote HPC/scientific related careers

l  Coordination of the technology research action in Europe 

– adjusting the Technology Readiness Level (TRL) and the 

scope, as well as promoting the user-centric character of 

future projects and maintaining a central project result 

repository

l  Synergies between electronics, photonics and HPC – taking 

advantage of the opportunity to achieve global leadership 

in selected technologies

l  Standardisation – addressing the lack of European 

presence in the global standardisation effort

A final recommendation concerns international-level actions.

l  The presence of Europe in international strategic actions, 

regarding the future of HPC and Big Data convergence, 

is essential and must continue to be supported. This is 

particularly important in the context of a future, federated 

data ecosystem that will enable international collaboration 

on major societal challenges (pandemics, natural 

disasters, food and water, etc.) and HPC-data intensive 

applications (SKA, LHC, Copernicus, LIGO, etc.).

l  Support European presence in international standards 

organisations on software and hardware for HPC and 

HPDA.

The EXDCI-2 project was deployed in a highly evolving 

landscape, marked by the establishment of the EuroHPC 

Joint Undertaking as a permanent mechanism for a sustained 

development of all pillars of European HPC. The main 

paradigm change over the duration of the project was the 

way the production and use of data have reshaped the 

scientific activities and the applications that rely on HPC 

technologies. As a consequence, the project put forward the 

TransContinuum Initiative in order to analyse the nature of 

the complex workflow supporting new scientific applications. 

EXDCI-2 also contributed to applications and technology 

roadmaps and identified numerous recommendations in the 

areas of software, hardware technologies and infrastructure. 

The recommendations stemming from the work of the project 

confirm that the European HPC ecosystem needs continuous 

coordination (the main task performed by EDXCI-2 and its 

predecessor EXDCI), roadmapping activities, and to address 

selected areas which affect its competitiveness.
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