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Editorial

T
he PRACE Annual Report 2016 is not only the 5th edition of this series, it is also 

a special edition, as it not only looks back to what we achieved in 2016 – as an 

Annual Report should – but it also includes an article on the PRACE 2 Programme  

which was ratified in 2017, just a few months before this edition was published.

PRACE 2 is such a pivotal development in the life of PRACE – which would not have been 

possible without the hard work and dedication to a common goal of all PRACE Members 

– that we could not bring you the highly popular PRACE Annual Report without at least 

mentioning it. You can find an in-depth article by PRACE Council Chair Prof Dr Anwar 

Osseyran, CEO of SURFsara, on page 24 to 27.

Hard work and dedication is what we also find in abundance among our researchers and 

scientists, and PRACE is proud to be able to support such a wide variety of excellent ideas. 

In this edition we highlight excellent projects dealing with the challenges of Earth System 

Sciences, Chemical Sciences and Materials, Engineering, Biochemistry, Bioinformatics and 

Life sciences, Universe Sciences, and Fundamental Constituents of Matter. Have a look on 

pages 6 to 23 to get inspired by these ambitious projects.

Hard work and dedication yield excellent results, but the conditions to achieve great things 

have to be properly established and supported. This is where we turn to our funders and 

political partners. Gustav Kalbe, head of the new HPC & Quantum Technologies Unit at 

the European Commission speaks about the importance of HPC to the people of Europe, 

PRACE’s role in the European HPC ecosystem, and how this ecosystem will develop over the 

coming years, on pages 28 to 29.

Last but not least, some fixed features of the PRACE Annual Report – that we would not 

want to miss – are included: an overview of the activities of the PRACE IP Projects (pages 

41 to 44), of the events PRACE was present at (pages 45 to 47), of the PRACE Training 

and Outreach activities (pages 36 to 39), and an update of the PRACE Key Performance 

Indicators (pages 30 to 35).

This Annual Report will be available at PRACEdays17, which will be held from 16 to 18 May 

2017 in Barcelona, Spain. This year’s conference will be held for the second time under the 

umbrella of the European HPC Summit Week. Next to PRACEdays17, an interesting line-up of 

speakers and sessions complete a week-long high-level event. And I do not have to tell you 

that a lot of hard work and dedication went into that as well.

Serge Bogaerts 
Managing Director of PRACE aisbl

Serge Bogaerts
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fRom thE dEsk of

Prof Erik Lindahl, kth Royal Institute of technology, sweden

P
RACE has made tremendous progress 

in 2016, and as we prepare for 

taking the PRACE 2 programme 

live we are very pleased to see a 

substantial increase in the amount 

of computational resources available. However, 

it is also a good point in time to look back at 

all the amazing science that has already been 

enabled by PRACE, ranging from deep insight into 

fundamental physics to applications in medicine, 

not to mention important industrial applications. 

Our goal for PRACE is to provide world-class 

resources on a level that is not possible in our 

individual countries. More importantly, PRACE 

should enable researchers to think about the 

problems we could solve if we were not limited by 

computational resources. This is a role we have 

reinforced during 2016. It will not – and should not 

– be straightforward to get PRACE allocations. The 

requirements on the applications are higher than 

in most national systems, and applicants need 

to make a convincing case both for the science 

and the computational readiness. However, the 

top-ranking projects get access both to large 

amounts of computing time and skilled staff to 

help advance the project, and we are convinced 

that thorough evaluations help advance science 

by challenging all of us to formulate daring and 

creative project proposals. 

Computational research and scientific computing 

are ubiquitous in modern society. Many of 

the techniques we now carry in our pockets 

(e.g. speech and image recognition) were 

supercomputing research projects just 10-20 years 

ago. PRACE aims to advance the best possible 

science in Europe and the world, which we are 

convinced will help break boundaries and find new 

applications in industry and society that we will all 

take for granted a decade from now. This annual 

report is a wonderful example of a number of such 

projects. Supercomputing is not mainly a matter 

of FLOPS or bandwidth rates, but rather using 

state-of-the-art in computing to advance science 

and society. We are very happy to see such strong 

support for PRACE 2 from the member states, 

which we expect will translate into equally strong 

commitments to increase the available resources. 

The role of the SSC is to be the (occasionally 

unreasonable) voice of scientists. I would like to 

thank Prof Petros Koumoutsakos for an outstanding 

job as SSC chair in 2016, and as I take on the chair 

mandate for 2017 I’m delighted to be joined by 

Prof Christof Schütte (Numerical Mathematics 

and Scientific Computing) as vice chair. The newly 

elected PRACE SSC has a diverse representation of 

nationalities, subjects and gender – please do not 

hesitate to get in contact with me or my colleagues 

to express your opinion. The SSC has taken on a 

more active role in advancing the scientific agenda 

of PRACE, and I hope we will continue this. Over 

the last year, we have designed a new, more 

thorough peer review process that should guarantee 

resources for the strongest projects and help 

advance science. PRACE 2 will also be supporting 

the Tier-0 resources by providing skilled high-level 

support teams at the PRACE hosting centres as well 

as collaborations with the H2020 computational 

Centres of Excellence to help researchers solve 

questions where the necessary computational tools 

require more development prior to starting projects. 

PRACE is critical for European science, industrial 

competitiveness, and to create a community 

where we educate future generations of European 

computational experts. The best way you can 

support this pan-European community and our 

agenda is to formulate even higher-risk and 

higher-gain proposals in science and industry and 

submit them.

The Scientific Steering Committee

Prof Erik Lindahl

Chair of the PRACE SSC
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Gravitational waves from the  
early universe
In around fifteen years, three satellites will be sent into space with the task of detecting gravitational 
waves – ripples in space-time generated by major astronomical events such as supernovae and 
colliding black holes. to make sense of the data that will be collected from this pioneering mission, 
researchers from the university of helsinki have carried out simulations of violent events following 
the Big Bang that may have produced some of these waves.

I
n September 2015, the first observation 

of gravitational waves was made by the 

LIGO observatories in the US.  Hailed 

as one of the greatest scientific and 

technological achievements of the century, 

the observations confirmed the existence of 

distortions in space-time first predicted almost a 

century earlier by Albert Einstein. 

But, the fact that the LIGO observatories are 

built on Earth means that they are limited in their 

sensitivity. Earth-based sources of noise such as 

seismic vibrations are difficult to escape, and the 

length of the interferometers needed to measure 

the waves is so big that it is limited by the curvature of the Earth. These 

limitations have led scientists to the conclusion that the best place to 

detect gravitational waves is not on Earth at all, but in space. 

The Laser Interferometer Space Antenna (LISA) project, with a current 

projected launch date of 2034, will consist of three satellites arranged in a 

The three LISA spacecraft will be placed in orbits that form a triangular formation with centre 20° behind the Earth and side length 1 million

km (the figure showing the formation is not to scale.) Each spacecraft will be in an individual Earth-like orbit around the Sun.

“What we have achieved on the 
supercomputing resources provided 
by PRACE is at the very limit of our 
technological capabilities today”
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giant equilateral triangle, each one 2.5 million 

kilometres apart from the other. Powerful lasers 

will be fired from one to the other, creating a 

giant interferometer that will allow scientists 

to measure the distance between the satellites 

with accuracy in the range of the diameter of a 

helium atom. If a gravitational wave were to pass 

through this star-sized device, the distortion in 

space-time would alter the distance between the 

satellites just enough to be detectable.

Detecting nearby phenomena such as 

supernovae and binary star systems will be 

the main objective of the project, but many 

are also hoping that it will provide glimpses of 

events from very early on in the universe, in the 

hope of discovering more about new, unknown 

physics. “50 years after the Standard Model 

of particle physics was first devised, its final 

essential component was detected at the LHC 

in the form of the Higgs boson,” says David 

Weir of the University of Helsinki. “Many had 

hoped that the giant collider would also provide 

glimpses of physics beyond this theory, but 

so far this has not happened. So now we are 

looking elsewhere.”

One way to look for new physics is to look to 

the very first moments of the universe – one 

tenth of a nanosecond after the Big Bang, to be 

precise, when according to the Standard Model 

the Higgs field first appeared. The Higgs field 

permeates the entire universe – an invisible 

“cosmic treacle” that gives particles mass. Some particles find it harder to 

move through the field and as a result are heavier. Without it, everything 

would move and behave in the same way that light does, and matter as we 

know it would not exist. 

According the Standard Model, the Higgs field appeared in a gentle 

process called a crossover. But, according to theories that look beyond 

the Standard Model, this is not the case. Instead, it bubbled violently 

into existence, leaving ripples in the fabric of space-time. “When one of 

these bubbles appeared and began to expand, everything within it would 

suddenly have mass,” says Weir. “And when the walls of two of these 

bubbles collided, it would have been a catastrophic event violent enough 

to produce ripples in the fabric of space-time, known as gravitational 

waves, as well as sound waves in the plasma that makes up all of the 

matter in the universe. ”

Both the collision of the bubbles, and the interaction of the sound waves 

afterwards, would be very violent processes. They would involve rapidly 

time-varying distributions of mass and energy, precisely the conditions 

that Einstein’s equations predicted would produce gravitational waves. 

If the phase transition was violent enough, it will be detectable by future 

gravitational wave detectors such as LISA.

Artist’s impression of the LISA “mother” 

spacecraft showing the two laser arms. 

Credit: AEI/MM/exozet/NASA/Henze

“Unknown properties of the bubbles, 
such as how fast they were expanding, 
or how many of them there were, would 
give rise to different power spectrums of 
the gravitational waves produced”

LISA with the sun. 

Credit: AEI/MM/exozet
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Weir and his colleagues have been carrying out 

simulations of this early-universe event to try and 

gain some understanding of the processes that 

occurred. Using a simplified model of the universe 

at the time when these Higgs bubbles appeared, 

they are looking to see how certain parameters 

would affect the properties of the gravitational 

waves produced. “Unknown properties of the 

bubbles, such as how fast they were expanding, 

or how many of them there were, would give rise 

to different power spectrums of the gravitational 

waves produced. Our simulations will allow us to 

make some sense of the data if the LISA satellites 

are able to detect some of these waves.”

Simulating such events is not easy. The sound 

waves are propagating in a plasma with fluid 

velocities that can be a substantial fraction of 

the speed of light. In addition, there are many 

length scales that need to be separated. In the 

real universe, there would be many orders of 

magnitude between the width of the bubble walls 

and the size of the universe, but even on the 

largest supercomputers today these can only be 

separated by a factor of a hundred. Running the 

code on the Hazel Hen supercomputer, in some 

of the largest simulations of the dynamics of the 

early universe ever attempted, has yielded the best 

understanding yet of the underlying processes. 

“What we have achieved on the supercomputing 

resources provided by PRACE is at the very limit of 

our technological capabilities today,” says Weir.

suCCEss stoRIEs

The simulations have given the researchers a huge amount of data to work 

with. Numerous papers have already been published, with several more 

to come, which will all feed into the knowledge-base that will be needed 

to make sense of the data gathered by the LISA satellites. Weir and his 

colleagues are now trying to distil what they have found into a formula that 

can be used by others.

Gravitational waves are a brand new tool for exploring astrophysics and 

cosmology. As LISA moves towards final approval and then launch, it is 

important that we understand what cosmological processes could be 

detected and which design of mission represents the best prospects for 

scientific discovery. The results of Weir’s work will provide a basis for 

understanding what the waves can tell us about the universe and physics 

beyond the Standard Model.

Project title: GWEUPT - Gravitational waves from early universe 

phase transitions

Project leader: David J. Weir, University of Helsinki

Project details: Awarded 17.6 million core hours on Hazel Hen hosted 

by GCS at HLRS

“50 years after the Standard Model  
of particle physics was first devised,  
its final essential component was 
detected at the LHC in the form of  
the Higgs boson”

Slice through a simulation of a first-order thermal phase transition, similar to those carried out as part of the project. The shock 

waves surrounding some bubbles have already collided, leaving behind travelling sound waves. Both the initial collisions and the 

later overlapping sound waves are sources of gravitational waves.
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Neutrinos: dark matter or  
something else?
Recent experiments have shown that the neutrino, previously thought to be without mass, does 
in fact have mass. A recent PRACE project has been investigating this discovery and seeing how 
it might be related to the elusive “dark matter” of the universe.

P
inpointing the mass of the neutrino is one of the greatest challenges in 

science today, at the crossroads between particle physics, astrophysics 

and cosmology. The Standard Model of particle physics assumed that 

neutrinos, like photons, are massless, but recent developments have 

shown that they do in fact have mass. The challenge lies in the fact 

that the neutrino’s mass is very small, making it difficult to measure directly using 

particle physics techniques. However, cosmology may offer a solution.

Due to their abundance, the mass of neutrinos plays a major role in the formation 

of structures such as galaxies and clusters of galaxies. Therefore, by studying these 

structures, it is possible to put certain limits on what the mass of a neutrino might be. 

This has been the approach taken in a PRACE project coordinated by Nathalie Palanque-

Delabrouille of CEA-Saclay. “There are almost as many neutrinos in the universe as 

there are photons,” she explains. “From this alone we know that their mass cannot be 

that high, or we would not see the structures that we do in the universe.” Following the realisation that neutrinos have mass, 

many scientists thought they had stumbled across 

the source of “dark matter” – hypothetical, invisible 

matter that is used to explain the discrepancy between 

the amount of observable matter in the universe and 

the gravitational effects it has on the movement of 

structures such as galaxies. However, it has been 

shown that the total mass of active neutrinos in the 

universe cannot be large enough to account for all 

dark matter. “Part of our project is to look at the 

details of this by simulating the universe as precisely 

as possible in order to narrow down exactly what the 

mass of the neutrino might be.”

The project’s work has involved simulating small 

areas of the universe, varying the mass of neutrinos 

and other parameters describing the cosmos. These 

simulations are then compared with data from the 

Sloan Digital Sky Survey (SDSS), a US project tasked 

with creating the most detailed three-dimensional 

maps of the universe ever made. “We carried out 

hydrodynamical simulations of the neutral hydrogen 

in the universe,” says Palanque-Delabrouille. “Most 

of the gas in the universe is not actually in galaxies or 

stars, but rather in large hydrogen clouds which are 

detectable via the Lyman-alpha forest, a distinctive 

absorption pattern produced in the spectra of distant 

ultra-luminous galaxies called quasars. We compared 

the Lyman-alpha forest from SDSS with the ones 

Visualisations of baryonic gas for simulations run with identical parameters 

Each has identical statistical properties of the intergalactic medium, but used 

different random seeds to compute the initial conditions. Colour represents gas 

temperature (blue is cold, red is hot) and density is mapped to intensity.

“This limit is an order  
of magnitude more 
accurate than can be 
achieved using particle 
physics techniques that 
look directly at neutrinos”
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Palanque-Delabrouille believes that to identify the real nature of dark matter, much 

greater detail will be needed than is possible at present. “We have set stringent 

bounds that are at the limit of what we can do with our current datasets. We will 

have to improve the quality of data by another order of magnitude if we want to 

pinpoint the nature of dark matter more precisely than we have now. So we are 

currently in the process of designing future surveys with that in mind.”

In terms of dark matter, the team has now excluded some models of sterile neutrinos, 

so more complex models of dark matter need to be investigated now to figure out 

which one fits the data best. “The sterile neutrinos in the original allocation were of 

a particular type called non-resonantly produced sterile neutrinos, so now we know 

that these are excluded, we have to look into more complex theories.”

“We have shown the limit of what we can do with one probe of the universe. What 

we can do now is use additional probes with different approaches to lift some of 

the degeneracy that we have between parameters. Our simulations don’t just vary 

the properties of neutrinos; we also change the amount of baryons, the amount 

of cold dark matter, the way the universe expands, the speedup rate at which it 

expands, and more. All these parameters are interconnected with one another, and 

to break these degeneracies we have to introduce different probes into the data. 

For instance, data from the Planck satellite, which is a satellite that looks at the 

universe in microwave light, has a different story to tell. Massive clusters of galaxies, 

by bending the path of light, can also give us hints at where most of the dark matter 

lies, and thus help us in our quest to understand its nature. By putting these various 

stories together we can improve the constraints that we have. So that’s a way of 

going beyond what has been done today.”

Project title: NuMass - neutrino masses in cosmological large scale structures

Project leader: Nathalie Palanque-Delabrouille at CEA-Saclay

Project details: Awarded 7.9 million core hours on Curie hosted by GENCI  

at CEA, France

Two differing visualisations of a slice of the Universe. In the left panel, the dark matter of the Universe is assumed to be cold, as expected 

from weakly interacting massive particles (for instance). In the right panel, the dark matter is assumed to be warm, as expected from sterile 

neutrinos with mass of about 1keV. The small structures are smoothed out in the presence of large amounts of warm dark matter.

generated in our simulations to see which were the 

closest match.”

The project’s simulations have helped to show that 

the mass of active neutrinos is very small, in the realm 

of 0.12 electron volts. “While we haven’t been able 

to determine the mass exactly, we have managed 

to put a stringent upper limit on it,” says Palanque-

Delabrouille. “This limit is an order of magnitude more 

accurate than can be achieved using particle physics 

techniques that look directly at neutrinos.” 

As well as investigating the mass of standard active 

neutrinos, the project has been addressing extensions 

to the Standard Model, particularly focusing on 

hypothetical particles called sterile neutrinos. These 

are much heavier and less abundant than active 

neutrinos, but could hypothetically be responsible 

for all dark matter rather than a fraction of it. So, in 

another series of simulations, the researchers added 

these particles into the equation in order to try to 

determine something about the nature of dark matter.

What was found was that the sterile neutrinos had 

the effect of “smoothing” out the smaller structures 

in the simulations. “Our data has told us that several 

scenarios of warm dark matter in the form of sterile 

neutrinos could not be consistent with what is 

observed. So we can’t yet tell what dark matter is, but 

our work at least gives us some of its properties and 

characteristics, in particular that it has to be fairly cold 

to produce the universe that we see today.”
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Superhydrophobic coatings  
inspired by nature
superhydrophobic coatings show great promise for underwater applications. surfaces with drag 
reducing, anti-fouling, and anti-corrosion properties can have a huge impact in naval and marine 
engineering. Alberto Giacomello has been harnessing the power of supercomputers to study a new 
generation of such coatings based on the structure of the floating fern salvinia.

I
f you’ve ever had the chance to take a close 

look at a lotus plant, you may have noticed 

that the leaves of the plant display a curious 

property. Rather than get wet, water scuttles 

off the surface of the leaves in perfect silvery 

droplets, leaving the plant completely dry. Known as 

the “lotus effect”, this property is imbued through a 

combination of hydrophobic chemistry and surface 

roughness, and has inspired scientists to develop 

synthetic superhydrophobic materials based on the 

same principles.

While the first theoretical and experimental 

investigations into superhydrophobicity focused 

on the properties of drops on surfaces, a growing 

body of literature is concerned with the properties 

of submerged surfaces. The main reason for this 

increasing interest is that superhydrophobic coatings 

show great promise for underwater drag-reduction, 

and could potentially improve the fuel efficiency of 

boats and other vessels that move through water.

To study such applications, researchers have turned 

to another plant for inspiration. The floating fern 

Salvinia molesta is able to repel water incredibly 

efficiently, using a topographically and chemically 

complex network of hairs to maintain a thin layer 

of air on its surface. The structures of these hairs 

Salvinia molesta 
© W. Barthlott, 
Lotus-Salvinia.de
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“It is this robustness that we want 
to emulate in coatings for ships, so 
that rather than moving through 
water, they are actually slipping 
over a cushion of air” 

Atomistic simulation of a submerged nanotextured surface mimicking the 
main characteristics of Salvinia leaves: a re-entrant geometry combined 
with a heterogeneous surface chemistry with hydrophobic body (olive/
brown) and hydrophilic tops (green). The particles in the liquid phase are 
shown in dark blue while those in the vapour state are light blue.

the surfaces in their simulations, Giacomello and 

his colleagues have been looking for ways to make 

the superhydrophobic properties more robust under 

different ranges of pressures. “In particular, we are 

interested in clarifying whether interconnected gas 

domains are more stable than independent ones. In 

these simulations, the nano-patterned surfaces are 

subject to very low to large hydrostatic pressures 

and the stability of the gas pockets is assessed.”

A number of materials used in energy applications 

are also able to maintain a layer of air due to their 

structure. “We are studying theoretical versions of 

these materials that reduce these structures down 

to the nanometre scale, trying to establish what 

can be achieved in terms of their properties,”  

says Giacomello.

One of the main difficulties of studying these 

materials is that the molecular events that trigger 

resemble an egg-beater and are covered with 

a hydrophobic wax apart from on their tip, 

where a small hydrophilic patch is present. This 

combination of hydrophobic and hydrophilic areas 

allows the plant to effectively pin a layer of air to 

its surface, and stabilises this superhydrophobic 

cushion against extreme pressure variations.

The PRACE project SLIP has been investigating the 

stability of the gaseous layer entrapped by Salvinia-

like surfaces via massively parallel molecular 

dynamic simulations. “The capillary forces that 

hold air at the surface are extremely robust,” says 

project coordinator Alberto Giacomello. “It is this 

robustness that we want to emulate in coatings for 

ships, so that rather than moving through water, 

they are actually slipping over a cushion of air. 

These coatings also prevent fouling by chemical 

and biological agents, which could be used in 

applications such as oil pipelines to prevent 

corrosion or formation of deposits.”

In a previous PRACE project, Giacomello and 

his colleagues demonstrated that the special 

geometrical and chemical properties of Salvinia 

enhance the durability of entrapped gas pockets 

over a broad range of pressures. They now want 

to use this biological example to inspire a new 

generation of superhydrophobic surfaces for 

submerged use, where the resistance to liquid 

penetration is guaranteed by engineering the 

geometry and chemistry of surface roughness.

By manipulating the chemistry and geometries of 
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the breakdown of the superhydrophobic air layer 

happen very rarely. “If we were simply to observe 

our system of submerged material, we would have 

to wait for a very long time before we observed the 

rapid fluctuations that we want to study by chance,” 

explains Giacomello. “This would make it very time-

consuming to gain enough information on these 

breakdown events to make it statistically relevant. 

To get around this, we use “rare event” techniques in 

which we essentially manipulate the system to extract 

statistics on these low-probability events and thus 

characterise the stability of the air layer.”

In a second part of the project, the frictional properties 

of the Salvinia-inspired surfaces have been studied by 

subjecting them to shear flow of liquid. The presence 

of the liquid-gas interface reduces the wall friction 

compared to a simple liquid-solid one. The final 

outcome of the project is to identify the engineering 

criteria needed to build durable superhydrophobic 

coatings for submerged applications.

At present, it is technically possible to meticulously 

create such nano-structured materials, but the 

methods are expensive. However, chemical methods 

could be used to coat a surface with the same general 

properties at a fraction of the price. “By dispersing 

special nanoparticles in a coating, we could derive 

similarly useful properties without having to control 

the fine details,” says Giacomello. “This technique is 

probably preferable for the extended surfaces needed 

in shipping, but more structured surfaces could 

be created at a greater cost for other specialised 

applications such as textiles.”

Giacomello and his colleagues are experienced 

in using HPC resources, but working with PRACE 

has allowed them to explore systems at a level of 

complexity that they had not studied before. “We 

were able to simulate a broad range of pressures, 

geometries and chemistries, which has allowed us to 

extrapolate excellent design criteria for submerged 

superhydrophobic surfaces,” he says. “The staff at 

the facilities supported us brilliantly throughout our 

project and were a great help in helping us to get 

everything done within our time limits.”

Project title: SLIP - Salvinia-inspired surfaces in 

action: slip, cavitation, and drag reduction

Project leader: Alberto Giacomello, Sapienza 

University of Rome

Project details: Awarded 50 million core hours 

on FERMI hosted at CINECA, Italy. Salvinia © W. Barthlott, Lotus-Salvinia.de, (10-1990)

An up-close look at the “egg-beater” hairs that allow the plant to effectively pin 
a layer of air to its surface © W. Barthlott, Lotus-Salvinia.de, (SEM leaf )
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Understanding the molecules  
that drive endocytosis
the millions of cells that make up a human body must communicate with each other in order 
to perform the bodily processes necessary to make a functioning organism. Frank Noé and his 
colleagues have been carrying out molecular dynamics simulations of dynamin and other proteins 
that play a crucial role in a cellular function called endocytosis, which allows for the transmission 
of neurotransmitters between nerve cells.

F
rank Noé, a computational bio-physicist 

from the Free University of Berlin, has 

been investigating the dynamics of bio-

molecules in cells and trying to understand 

how they contribute to cellular signalling 

mechanisms. One process that he and his colleagues 

have been looking at in detail is called endocytosis, 

the process by which cells absorb things from their 

environment. “Cells are surrounded by a thin skin 

called a membrane. This membrane can form what are 

essentially little bubbles, which can enclose things that 

are outside of the cell and transport them inside. This 

process is called endocytosis” 

Noé and his colleagues are investigating this process 

in neurons. “Neurons send messages to other neurons 

by releasing neuro transmitters, which are enclosed 

in things called vesicles. Vesicles are essentially little 

messaging packages – they can fuse to the membrane 

and release the neurotransmitter, which is then received 

by other cells. This is how neurotransmission works. 

After that, of course, these vesicles need to be restored 

and that, again, happens by endocytosis.”

Endocytosis is a complicated mechanism – in order to have 

a functional vesicle you first have to collect molecules 

that will be part of the vesicle’s membrane. For example, 

certain proteins are required that can dock to the cell 

membrane so that the vesicle can eventually fuse and 

send neurotransmitters. “You also have to overcome 

the stress of the membrane and the resistance of the 

membrane to form vesicles, because the membrane likes 

to stay flat. Think of a surface made of rubber; if you are 

trying to deform it, you have to exert some force. There 

are several proteins that contribute to this process of 

curvature formation.”

PRACE awarded Noé and his team 50 million core hours 

on the Curie supercomputer to computationally simulate 

some of the steps of this process, focusing on an A basic visualisation of vesicle formation
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enzyme called dynamin. Dynamin works within 

a large system, meaning that the researchers 

needed to simulate very large, multi-particle 

systems. “In the PRACE project, we have 

developed a computational platform that allows 

us to solve this large scale problem. One of 

the technological problems here is that these 

simulations are not arbitrarily parallelisable, so 

it is not trivial to scale them up to the thousands 

of nodes that you have in a high performance 

computer.”

Dynamin forms helical structures around the 

neck of budding vesicles through a process 

called oligomerisation, which mediates the 

vesicle scission (cutting) from the cell membrane. 

Understanding the oligomerisation of dynamin is 

crucial for understanding its function and the role 

of disease-related dynamin mutants. Noé and his 

colleagues have been using molecular dynamics 

simulations and Markov state models in order to 

study the oligomerisation process. 

The team employed what is basically a divide 

and conquer approach, dividing the space of all 

possible protein structures into compartments that 

are sampled on separate computing nodes. With 

this trick, they were then able to parallelise their 

simulations into the Curie supercomputer on up 

to 5 000 cores. “We have developed an adaptive 

sampling method based on the Markov state 

model” says Noé. “Based on this method we have 

been able to generate multiple milliseconds of 

simulation time for several proteins that have high 

biological relevance. A key result from this line of 

research was that we could construct an atomistic 

model for dynamin oligomerisation.”

The PRACE allocation has allowed the researchers 

to gain a better understanding of the process 

of deforming the membrane into a spherical 

vesicle. Firstly the flat membrane is pushed into 

a dome structure, after which it is squeezed 

and constricted and, finally, cut from the 

membrane. “We have generated a greater 

understanding of how the constriction and 

fission stages work in molecular detail,” says 

Noé. “Our models make predictions that our 

cell biologist colleagues were able to validate 

experimentally. They have also demonstrated 

that the particular interactions identified by 

our models are really important, because if you 

grow cells that lack these interactions, they are 

simply unable to do endocytosis.”

Endocytosis and its inverse process, 

exocytosis, are fundamental processes in 

eukaryotic organisms. All cells, not just 

neurons, must communicate with each other, 

and as such this work is helping to improve 

our basic understanding of how biology works. 

But as well as this, Noé believes that there 

may be some technological relevance to the 

research. “There is great potential for the 

pharmaceutical industry to exploit our findings, 

because a lot of neuronal and muscular 

diseases are related to mutations or failures 

in dynamin and the other proteins we have 

been exploring. Our work has improved the 

understanding of the molecular mechanisms 

behind endocytosis, and by identifying key 

components in the process, pharmaceutical 

companies can then target these components 

for developing new drugs.” 

Project title: Understanding the 

oligomerization of dynamin on the 

atomistic level

Project leader: Frank Noé, Department of 

Mathematics and Computer Science

Freie Universität Berlin, Germany

Project details: Awarded 50 million core hours  

on Curie hosted by GENCI at CEA , France

“In the PRACE project, we have developed a 
computational platform that allows us to solve this large 
scale problem. One of the technological problems here is 
that these simulations are not arbitrarily parallelisable, so 
it is not trivial to scale them up to thousands of nodes”
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Submesoscale ocean modelling  
for climate research
the Earth’s climate is intrinsically linked to the behaviour of the ocean. Climate modelling has reached a 
point where some of its current deficiencies may only be resolved through the resolution of submesoscale 
ocean turbulence, which has been the main objective of a PRACE project run by Xavier Capet.

T
he ocean is a hugely complex system. 

Understanding how it works is a 

fundamental scientific challenge, with 

important debates on the subject 

continuing to be held between experts. 

The energy the ocean receives from 

the wind, the tides and exchanges of heat with the 

atmosphere all lead to different consequences in 

terms of its behaviour. 

Gaining a better understanding of how the ocean 

(particularly the Southern Ocean) dissipates the 

energy that it receives has been the focus of the SMOC 

(Submesoscale Ocean Modelling for Climate) project. 

“The Earth’s climate is strongly dependant on the 

ocean’s behaviour,” says project coordinator Xavier 

Capet. “The dissipation of ocean currents is intimately 

tied to how substances such as anthropogenic 

carbon and heat get transferred into the ocean 

interior, thereby naturally reducing the impact of our 

carbon emissions. Our project has been investigating 

submesoscale motions, which are currently 

unrepresented in IPCC climate systems.”

The fate of anthropogenic carbon emissions is 

complex. Some remain in the atmosphere, but the 

ocean also absorbs part of it. Carbon is absorbed at 

the ocean surface, but if it stays at the surface, the 

water will become saturated and will no longer be 

able to absorb more carbon. “The ocean is essentially 

a carbon and heat pump,” says Capet. “It brings heat 

and carbon into the ocean interior away from the 

ocean surface. We are not completely clear on how it 

does this, and even less clear on how this is going to 

change in the future as our climate changes.”

As the ocean warms and becomes saturated, it will 

likely become less effective at taking up the heat and 

carbon dioxide produced by human activity. How this 

will happen and how fast this saturation will take 

place is not clear. By investigating the present state of 

the ocean, Capet hopes that it will be possible to make 

better predictions of what might happen in the future. 

Over a north south distance of around 1000 km, ocean surface temperatures change 

on average by around 10°C or more. But this is an average. In some places, called 

submesoscale fronts, the contrasts reach several degrees over a few kilometres. 

Near the ocean surface, most flows spontaneously produce submesoscale density 

fronts. These fronts are transient features that can move, change form, or rapidly 

disappear. This is because the ocean is turbulent, with many transient motions that 

enhance the efficacy of thermal transfers and reduce the temperature contrasts 

produced by atmospheric forcings. 

Submesoscales are flows which are smaller (1-10 km) than the mesoscale flows 

(10-200 km). If the mesoscales are the ocean equivalent of high and low pressure 

Polar view of the sea surface temperature as simulated by a global ocean 
model. The Antarctic continent is surrounded by cold waters with progressively 
warmer water at lower latitude (toward the outer edge of the image). This 
contrast of temperature is accompanied by a major oceanic current, the Antarctic 
circumpolar current (ACC), which circumnavigates around the Antarctic in a 
clockwise manner. Temperature is not smoothly distributed along the ACC due to 
its turbulent, meandering nature. In the vicinity of some meanders temperature 
contrasts (fronts) can be very intense, typically a few degrees per kilometre. In 
such places, ocean dynamics are complex and can lead to important exchanges 
between the ocean surface and deeper parts of the ocean.
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postdoctoral modeller Julien Jouanno was hired to help conduct state-of-the art model 

experiments. “After the first 6 months of the proposal, which was spent defining the 

numerical protocol, it became clear that we needed too many hours of calculation to 

make it work with standard computer resources. We thus turned to PRACE.”

To make sure the work would have real impact on the climate community, Capet 

and his colleagues decided to carry out numerical experiments with the same 

ocean platform that is employed in most European Earth climate systems: the 

NEMO community model. NEMO is frequently run in massively parallel mode, 

meaning that no major technical hurdles were encountered when using the 

allocated computing resources. But the researchers have pushed NEMO into 

physical regimes where it is not commonly used. “Fortunately, we had strong links 

with several NEMO developers, including Gurvan Madec, who founded the code 

and was part of the SMOC team. This was very useful to SMOC science and, in turn, 

made the project very beneficial in terms of code development and testing.”

 

Two important publications regarding the results of the SMOC project have 

been released. These results have also been presented during keynotes at two 

international venues in 2015 and 2016. “Our main results are on ocean energetics 

and the interaction between two very different classes of oceanic motions – 

submesoscales and wave-like motions excited by southern ocean storms. These 

classes had historically been studied in isolation. Our work has contributed to the 

growing realisation that they need to be studied in combination.”

The results of SMOC will be used to inform climate systems about what they are 

missing and thus improve climate predictions. This is part of a community-wide 

effort to quantify and artificially account for the effects of submesoscale and other 

fine-scale motions. 

Project title: SMOC - Submesoscale ocean MOdeling for Climate

Project leader: Xavier Capet, CNRS, France 

Project details: Awarded 11 million core hours on HERMIT hosted by GCS at 

HLRS, Germany
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weather systems, then submesoscales can be 

compared to the warm and cold fronts often associated 

with the most dramatic weather. 

Submesoscale fronts and the flow they are associated 

with impact the ocean state in many different ways, 

including its dynamics, biogeochemistry, and even the 

feeding strategy of marine species such as seabirds, 

elephant seals and many other top predators. 

In particular, these fronts induce substantial energy 

dissipation and mixing. “The main SMOC research 

questions we wanted to answer were: how deep do 

submesoscale fronts penetrate and can they be a 

significant source of dissipation for the ocean circulation 

away from the surface? And, to what extent do 

submesoscale fronts participate in the transfer of energy, 

heat and chemical substances into the deep ocean? In 

SMOC we were looking at the way submesoscale fronts 

affect the vertical exchanges of properties between the 

ocean surface and the ocean interior.”

Submesoscales are uniquely difficult to observe in 

the real ocean. Most satellite observations do not 

have enough resolution to represent submesoscale 

features. Those that do only provide a superficial view 

of submesoscales whereas the vertical dimension is 

essential. They are also very difficult to observe in situ 

(that is, with instruments deployed in the ocean) as they 

are small, and evolve too quickly and unpredictably to 

be easily tracked from ships. Several instruments must 

also be deployed close together to be able to observe 

their small-scale structure. Given the cost and difficulty 

of observing submesoscales, the project aimed to 

advance knowledge on the subject through the design, 

computation and analysis of a suite of ocean numerical 

experiments at very high numerical resolution. 

After having a proposal funded at the French Agence 

Nationale de la Recherche to study these questions, 

3D view of the simplified SMOC configuration. An Antarctic circumpolar current-like 
flow is produced by realistic climatological winds. This is accompanied by intrinsic 
mesoscale/submesoscale turbulence. Atmospheric forcings can also include 
storm activity (grey arrows). Storms produce other forms of oceanic motion near 
the surface that interact with the mesoscale/submesoscale, and penetrate the 
ocean interior. These motions as well as the mesoscale/submesoscale turbulence 
contribute to the vertical transfer of substances such as anthropogenic carbon.

“Our main results are on 
ocean energetics and the 
interaction between two very 
different classes of oceanic 
motions – submesoscales and  
wave-like motions excited by 
southern ocean storms”
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iTesla: Securing the grid
As more and more sources of renewable energy are introduced, the intermittent nature of those 
sources challenges the operation of the transmission grid. Nicolas Omont has been carrying out 
hPC simulations as part of the itesla project, a PRACE-supported industrial project, which aims 
to create a new toolbox for assessing security in this increasingly complex system.

A
t any given time, power systems must 

produce exactly the amount of power 

that we consume. Not everyone uses 

their electricity at the same time, 

meaning that there are always peaks 

and troughs in the use of this energy throughout the 

days and nights. The difficulty lies in the fact that 

electricity cannot be easily stored. If it could then we 

would simply keep the capacity stored up to meet 

any demand, meaning production could be kept 

predictable and even. As it is, the only way electricity 

demand can always be met is by controlling the rate at 

which we generate or, sometimes, consume electricity. 

This trick of balancing energy demand with energy 

production is now done at a European level through 

transmission grids. Although this sounds difficult, it 

has worked for more than 100 years, using forecasts 

given by each country that predict the amount of 

electricity that will be used the next day. But the 

system must always be ready for any contingencies; 

power lines can trip at any time, so the system must 

be able to continue if any given line is removed. 

Up until recently, this was done using computers 

that carried out quick equilibrium computations 

to calculate the static state of the grid. However, 

the grid has become more complex through the 

years and simulations have necessarily had to 

become equally more complex. Dynamic simulations 

are needed to ensure both that the equilibrium 

state is satisfactory and that all the intermediate 

states required to reach the equilibrium are also 

satisfactory. As well as this, the introduction of 

more and more renewables into the grid has made 

the prediction of power levels less precise – only 

rough forecasts can be made on how much wind 

or sun there will be at a given time in the future. 

This means that several alternative scenarios need 

to be explored in advance in order to prepare for 

deviations from these forecasts. 

The increased complexity of the grid means that 

it will have to work closer to its operational limits, 

requiring a major revision of operational rules and 

18
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procedures. Coordinated operation initiatives have 

already emerged for different regions of the pan-

European transmission system but they will require 

a new generation of tools allowing the different 

transmission system operators (TSOs) to increase 

coordination. The iTesla project has developed such 

a toolbox tool to cope with such uncertainty in the 

grid in order to help TSOs assess network security 

in real time and aid decision-making. The prototype 

was designed for network operation from two days 

ahead to real-time. Developed for the European 

coordination centre CORESO, an organisation 

consisting of transmission grid operators from 

across Europe, it is designed to carry out security 

analysis of the pan-European grid to ensure that it 

runs safely.

To take into account the different sources of 

uncertainties as well as the different contingencies 

that could affect the transmission system, it is 

necessary to simulate a very large number of 

system operating conditions and to check for 

each one of them that no operational constraint is 

violated. However, there is a limit to the number of 

simulations that can run in real time. The 20 partners 

of the 4-year EU funded FP7 project have developed 

an innovative methodology that allows splitting the 

simulations into complementary offline and online 

computation platforms.

iTesla’s offline platform consists of a database 

of historical and simulated network states from 

which security rules are computed, which can 

serve to characterise future network situations 

as secure or unsecure. Relying only on historical 

data is insufficient to properly evaluate the safety 

of future network situations, since rare events 

must be carefully taken into account. A large 

number of additional plausible network states has 

therefore been sampled based on historical data 

and introducing modelled uncertainties such as 

demand or wind power production. Machine learning 

algorithms are then used to compress the huge set 

of simulations into a set of security rules – threshold 

values that say whether a network state is secure or 

unsecure. These can then be used online to quickly 

classify any given network state as safe or unsafe. 

The online workflow of iTesla performs a fast 

and accurate security assessment within the 

margins of uncertainty calculated offline. Plausible 

network states are sampled within the margin of 

uncertainty of forecasts, which are then checked 

against the security rules computed offline. For 

the potentially unsecure network situations, a 

detailed security assessment is performed, with a 

limited number of real-time simulations required. 

If needed, remedial actions can be investigated in 

order to assist the dispatcher. 

The platform is still in the process of being tested 

and developed as the iTesla Power System Tools 

consortium work through various issues such as 

reliability and cyber security, but it will likely be put 

in place and active within the next five to ten years. 

“Before the project we had no experience in using 

HPC, so we have learnt a lot about how to use the 

technology with help from the PRACE staff,” says 

project coordinator Nicolas Omont, power system 

engineer at RTE, the French Transmission System 

Operator (TSO). “We now know that the tools we were 

using before can successfully be implemented using 

an HPC platform. Our tests have shown that what we 

have developed in the iTesla project is more powerful 

and useful than what we are able to do at present”.

Since the end of the iTesla project in March 

2016, the French transmission system operator 

RTE has continued to work on experiments with 

its own operators. “We should be starting new 

experimentation with CORESO soon,” says Omont. 

“We have developed an open source project where 

we look back at the code that we used during the 

project and especially the HPC code that we used 

on the HPC platform. There is now an open source 

platform to do the HPC computation dedicated to 

power grid analysis, and so we and other partners 

are continuing to develop it.”

Project title: Innovative Tools for Electrical 

System Security within Large Areas

Project leader: Nicolas Omont, RTE, France 

Project details: Awarded 9.7 million core hours 

on Curie hosted by GENCI at CEA, France

“Before the project we had 
no experience in using 
HPC, so we have learnt a 
lot about how to use the 
technology with help from 
the PRACE staff ”
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IMAGINE_IT: The Earth beneath Italy
Protecting society from the effects of earthquakes requires improving our knowledge of geo-
physical processes and of the structure of the interior of the Earth. the ImAGINE_It project has 
developed a model of the lithosphere below the entirety of Italy based on highly accurate seismic 
wave imaging, providing a greater understanding of earthquakes in the region.

T
he power of earthquakes is a reminder 

of the massive forces that lie within the 

depths of our planet. Italy is unfortunately 

no stranger to these destructive 

phenomena, with quakes being reported 

as far back as AD436 by Roman historian Titus Livius, 

and more recent events in L’Aquila and Central Italy 

having caused damage and loss of life that remain 

raw in the minds of the Italian people.

Protecting society from the effects of earthquakes is a 

crucial societal goal, and was the focus of the recently 

completed IMAGINE_IT project. Analysing how the 

ground can move during seismic events, as well as 

understanding the crucial mechanisms that can lead 

to earthquakes, are difficult tasks that rely both on 

accurate images of the geological structure of the 

interior of the Earth at multiple scales and on the use 

of information buried in seismic “big data” records. 

The IMAGINE_IT project has addressed this using an 

intriguing method.

“You cannot open the Earth to see what it looks like 

on the inside,” says Dimitri Komatitsch of the 

University of Marseille / CNRS. “So, if you 

want to create an image of the geological 

structures that lie beneath us, you 

need some sort of signal that 

has travelled through 

them. Our method 

uses seismic 

waves as the 

signal.” Komatitsch, together with his colleagues from Italy (National Institute 

of Geophysics and Volcanology - INGV) and the USA (Princeton University 

and University of Alaska Fairbanks), are developing a model of the entire 

lithosphere – the hard, outer layer of the Earth – underneath Italy, using 

data gathered from 163 seismic events that have occurred across the Italian 

peninsula from 2005 to 2014.

No model of this type has been created for an entire country at such resolution 

before. The model now provides an accurate way of calculating where a seismic 

event has happened in the Earth and how big it was. Alongside other projects 

such as the USArray in the USA, the IBERARRAY in the Pyrenees, and the INCITE 

project, which is currently imaging the interior geological structure of the entire 

Earth (at a significantly lower resolution), the IMAGINE_IT project is pushing the 

boundaries of 3D seismic velocity modelling.

Italy, positioned at the meeting point of the Eurasian and African tectonic plates, 

is an area of high seismic activity, and as such has invested heavily in recording 

instruments that have generated huge amounts of high-resolution data. To 

properly analyse this data, the only feasible option was to apply to use one of 

the Tier-0 supercomputers offered by PRACE, with the team eventually being 

allocated 40 million core hours on the Curie supercomputer due to its architectural 

suitability to the computational techniques involved.

Measuring the speed at which seismic waves move through the Earth has 

revealed a surprising amount of information about the subterranean structures 
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plant – can both learn from our project. The main 

difference is the scale and the source of the 

vibration being used.”

All of the conclusions and software generated by the 

project are available to the general public, in line with 

the European Union’s efforts to create an environment 

in which open-access is the norm, providing benefits 

to the wider community inside and outside of 

academia.  “It is good to see that our results are 

already proving useful,” says Emanuele Casarotti of 

INGV. “The model has given a better picture of the 

volcanic regions of the southern part of Italy, including 

Vesuvius and the Tyrrhenian volcanic islands. This will 

help improve the monitoring of events and imaging of 

what is happening in near real time.”

“We have also used our model to rapidly create 

simulations and animations of the most recent 

earthquakes to hit Italy,” says Federica Magnoni, 

also of INGV. “These have been used on Italian 

television and on news websites, allowing them 

to precisely visualise what has occurred when an 

earthquake has hit.”

Project title: IMAGINE_IT - 3D full-wave 

tomographic IMAGINg of the Entire ITalian 

lithosphere

Project leader: Dimitri Komatitsch, CNRS, France, 

and Emanuele Casarotti, INGV, Italy

Project details: Awarded 40 million core hours on 

Curie hosted by GENCI at CEA, France

Three-dimensional 
view from SSW of 
the seismic velocity 
structure beneath the 
Tyrrhenian magmatic 
province. 

hidden beneath Italy. The characteristics of rocks can be seen, revealing features 

such as the geological roots that lie beneath the mountain belts – the Alps and 

the Apennines – and how they influence the propagation of waves generated by 

earthquakes. Other types of structures can amplify the ground motion caused by 

seismic events, which is of great interest when considering the effects on people 

living within high-risk regions.

“What we cannot do is predict when an earthquake is going to happen; this is 

not possible with current techniques,” says Komatitsch. “But, by having more 

detailed information about the geological structures beneath the Earth and 

how they affect the movement of seismic waves, we can identify with greater 

precision the areas where seismic energy can be trapped and cause problems. 

This information can be used by anyone, from scientists and engineers to rescue 

workers and industries. Our conclusions provide the starting point for others.”

The project has used big data heavily, and the techniques used could provide 

benefits in some surprising areas. Komatitsch works in the Laboratory for 

Mechanics and Acoustics at the University of Marseille, which specialises in 

industrial and medical uses of acoustic imaging. “The concept we used to 

map Italy’s lithosphere is similar to that used in medical tomography in which 

ultrasound is used to create an image of the inside of the body. We use the 

same kind of data, but in the context of geological tomography.” Komatitsch 

believes that the methods they have used to handle big data in the project 

are easily transferrable to the lab’s other areas of work. “The fields of medical 

imaging and non-destructive acoustic testing of materials – for instance, 

measuring the structural integrity of a bridge or the walls of a nuclear power 

“What we cannot do is predict when an 
earthquake is going to happen; this is 
not possible with current techniques”
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Anharmonic effects on  
superconductivity 
state of the art calculations of the vibrational properties of materials rely on a technique called 
harmonic approximation. however, in many materials of great technological interest, such as 
superconductors, the harmonic approximation completely breaks down. A PRACE project led by 
Matteo Calandra has been applying a new technique to various systems that gets around these 
shortcomings, with astounding results.

A
ccurately describing the vibrations of 

atoms is of paramount importance 

in understanding the physical 

properties of materials. Phonons – the 

“quasiparticles” of atomic vibrations 

– are routinely calculated using a technique called 

the harmonic approximation. In the past, software 

such as Quantum-ESPRESSO and ABINIT have 

implemented this approximation very efficiently, 

but more recently it has been shown that for some 

systems, these types of calculations are insufficient.

Some vibrational properties of solids can be 

described assuming that each atom has a 

parabolic potential. This is known as the harmonic 

approximation. In this approximation, the atoms 

vibrate independently. But in reality, the vibrations 

of the atoms are not independent one from the 

other and the potential can be non-parabolic. The 

deviation from the harmonic behavior is called 

“anharmonicity” and it is responsible for many 

important phenomena in everyday life, such as 

thermal expansion of materials or heat conduction. 

In simple metals like copper, anharmonicity is 

marginal, but in superconductors it can be crucial to 

the understanding the basic physical properties.

Matteo Calandra and his team from CNRS, 

in collaboration with the University of 

Basc Country and the University of Rome 

“La Sapienza”, have developed a method 

called Stochastic Self-Consistent Harmonic 

Approximation (SSCHA), which can calculate 

the vibrational properties of atoms from first-

principles when the harmonic approximation 

breaks down. “We want to push our knowledge 

of vibration beyond what we know from the 

harmonic approximation,” says Calandra. 

Breaking with 
convention: the 
Fermi surface of 
hydrogen sulfide

“Through resources 
provided by PRACE we 
have been able to verify 
many of our calculations 
and explore many 
different systems for 
which they are relevant” 



23

suCCEss stoRIEs

“Through resources provided by PRACE we have 

been able to verify many of our calculations and 

explore many different systems for which they are 

relevant.”

Superconductivity is one of the most spectacular 

properties of materials. When a material becomes 

a superconductor at low temperatures it looses 

all electrical resistivity. This makes them very 

appealing materials for a number of applications, 

and the race is on to develop materials which act 

as superconductors at room temperature.

One of the most important results that 

Calandra and his colleagues have obtained 

concerns the compound hydrogen sulfide. This 

intriguing compound is a relatively normal 

gas at room temperature and pressure. But 

when put under extremely high pressure of 

around 150 gigapascals it becomes a metallic, 

superconducting solid. “The highest known 

temperature at which superconductivity has been 

observed is seen in hydrogen sulfide, but until 

now, no one knew how the mechanism worked,” 

says Calandra. “Our simulations have finally been 

able to show how it works.”

Calandra’s calculations of the effect of 

anharmonicity in the superconductivity of 

hydrogen sulfide have shown that the previous 

calculations on the subject have been wrong. 

“Usually when you do simulations of this kind, you 

treat electrons in a quantum mechanical way, but 

treat ions in a classical way, as their large mass 

usually negates any significant quantum effects,” 

explains Calandra. “However, this is not a true 

simulation of what is happening in reality. So, for 

the first time, we treated the hydrogen in these 

sytems as a quantum particle.”

This small change in method turned out to have 

a large effect on the results. At these very high 

pressures, there is competition between structures 

of the hydrogen sulfide compound, namely between 

rhombohedral and cubic structures. First principle 

calculations done in the past that neglected the 

fact that hydrogen is a quantum particle showed 

that the rhombohedral structure was more stable. 

This was assumed to be correct by many and has 

been used as the basis for other calculations. 

However, Calandra and his colleagues have shown 

that the cubic structure is in fact more stable and is 

therefore the superconducting structure. Since the 

publication of this result in Nature in 2015, it has 

been confirmed experimentally a number of times.

Calandra is appreciative of the role that PRACE has 

played in the advancement of this exciting area 

of research. “The only possible way to apply our 

method in reality at present is through the power 

of supercomputers. Our simulations are a lot more 

complicated than standard harmonic calculations, 

so we have been reliant on PRACE to help us 

advance our understanding of atomic vibrations into 

the unknown.”

In the future, the group plans to centre its activity 

on hydrogen disulfide and other superconducting 

hydrides, the systems that are most likely to lead 

to new discoveries concerning superconductivity. 

This is a rapidly emerging field, and due to the fact 

that calculating the effects of anharmonicity relies 

heavily on computing power, the group has now 

applied for a new project with PRACE to take the 

research beyond the state-of-the-art.

Project title: AESFT

Project leader: Matteo Calandra, CNRS 

Project details: Awarded 9 million core hours 

on Curie hosted by GENCI at CEA, France

Crystal structures of 
the competing phases. 
Blue and pink atoms 
represent S and H 
atoms, respectively.

“The only possible way to 
apply our method in reality 
at present is through the 
power of supercomputers 
– they are a lot more 
complicated than standard 
harmonic calculations” 



Professor Dr Anwar Osseyran, Chair of the PRACE Council

It’s great that we have reached a breakthrough in terms of talks between those 

involved in PRACE. We have been able to find a common understanding of how 

we are going to proceed in Europe, a common understanding that resolves certain 

issues that were very important to resolve. 

One of those issues is the fact that we wanted to have equal commitment within 

Europe among the various countries for our common future in HPC. This is not only 

a matter of all being committed but also a matter of sharing the costs of providing 

PRACE resources. Finding a way of doing this in a manner that every country felt 

was fair was challenging, but important. 

On one side we have the countries that are willing to provide the capital 

investment, which provides access to Tier-0. Then you have other countries that are 

willing to contribute to the cost of operation, and this contribution is related to the 

GDP of those countries. 
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PRACE 2, the new access programme embodying the 
second phase of PRACE, has just been ratified. Here, 
we find out more about how things will be changing 
for the better, hear from Chair of the PRACE Council 
Prof Dr Anwar Osseyran, and answer some of the 
questions you may have about the new phase.

PRACE 2
Q&A: Anwar Osseyran explains PRACE 2

T
he overarching goal of PRACE – the Partnership for Advanced 

Computing in Europe – is to provide a federated European 

supercomputing infrastructure that is science-driven and globally 

competitive. It builds on the strengths of European science providing 

high-end computing and data analysis resources to drive discoveries and new 

developments in all areas of science and industry, from fundamental research to 

applied sciences including: mathematics and computer sciences, medicine, and 

engineering, as well as digital humanities and social sciences.

At the 25th PRACE Council Meeting in Amsterdam, the PRACE Members ratified 

a resolution to proceed with the second phase of their Partnership: PRACE 2. 

The PRACE 2 programme defines the second period of PRACE from 2017 to 

2020. With this agreement, PRACE will strengthen Europe’s position as world-

class scientific supercomputing provider, a technology considered a key enabler 

for knowledge development, scientific research, big data analytics, solving 

global and societal challenges, and European industrial competitiveness.

For the PRACE 2 programme, the PRACE Members have thoroughly discussed and 

defined the underlying funding model of the Research Infrastructure, based on 

the contribution of the five hosting members and the 

general partners. The European Commission supports 

specific PRACE activities via project funding. 

The new PRACE 2 programme will help create 

a fertile basis for the sustainability of the 

infrastructure, in order to continue fostering world 

leading science as well as enabling technology 

development and industrial competitiveness in 

Europe through supercomputing. 

This will be accomplished through:

1.  Providing a federated world-class Tier-0 

supercomputing infrastructure that is 

architecturally diverse and allows for capability 

allocations that are competitive with comparable 

programmes in the USA and in Asia.

2.  A single, thorough peer review process for 

resource allocation, based exclusively on scientific 

excellence of the highest standard.

3.  Coordinated High-Level Support Teams (HLST) 

that provide users with support for code enabling 

and scaling out of scientific applications/

methods, as well as for R&D on code refactoring 

on the Tier-0 systems.

4.  Implementation actions in the areas of 

dissemination, industry collaboration, and 

training, as well as the exploration of future 

supercomputing technologies that will include 

additional application-enabling investments 

coordinated with the support team efforts.

Professor Dr Anwar Osseyran



Then there are some countries that are not able to 

contribute, but have provided the membership fee. 

They will not be able to lead research work but can still 

contribute and participate in projects led by others. So 

we are offering everyone access PRACE resources in 

some way.

Our goal with PRACE 2 is to open possibilities 

for scientific excellence. The peer review process 

stimulates scientists in all of the European countries 

through healthy competition to try and excel in the 

work they are doing. 

PRACE will continue to work with industry in a number 

of ways. First there is industry that supplies HPC 

equipment. Then there is industry that is using HPC. 

PRACE is collaborating with both. However, PRACE is 

being funded by public money, so it is important that it does not interfere 

with competitiveness. So, work in this area is pre-competitive, meaning that 

all results derived from such work are in the public domain.

Also, collaboration with the European supplier industry does not mean that 

it will be favoured when it comes to the acquisition of new HPC infrastructure 

in Europe. This will be open to suppliers from around the world, to ensure 

that our scientists in Europe get the best supercomputers for their work.

Finally, we have SHAPE, a special programme for SMEs that helps 

them benefit from HPC. SMEs are focused on their core business, and 

their business models are based on short-term revenues. This gives 

them little room for investments. Therefore, it is very important for 

the knowledge economy of countries that some bodies offer SMEs the 

possibility of providing investments in science and technology. This 

can help bring products over the frontier of state-of-the-art and into 

pioneering territory.
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PRACE 2: Q&A
▶ PRACE 2? What about PRACE 1?
         The initial agreement between the PRACE 

Members that federated the European 

supercomputing resources was called 

“PRACE 1”. The commitments that the 

PRACE Hosting Members made at the 

start of PRACE 1 (in 2010) will be fulfilled 

at the end of 2018. PRACE 2 will run from 

2017 through 2020.

▶ PRACE 1 ends in 2018, but PRACE 2 
already starts now, in 2017.  
How does that work?

        There will indeed be an overlap between 

PRACE 1 and PRACE 2. This is what we call 

the sliding window. It is meant to make 

sure the PRACE Hosting Members who are 

contributing to PRACE 1 have enough time to 

provide all the core hours they promised to 

provide. Germany, for instance, has already 

completed its commitment under PRACE 1, 

but Spain will continue to provide core hours 

under their PRACE 1 commitment until the 

end of 2018.

▶ Does that mean the German 
supercomputers are not available 
anymore?

        Yes, the three German supercomputers 

(Hazel Hen at HLRS, SuperMUC at LRZ, 

and Juqueen at JSC) remain available 

via the PRACE Calls for Proposals, under 

PRACE 2.

▶ So what is the difference between PRACE 1 and PRACE 2?
        The PRACE 2 programme is based on a fair and balanced contribution of 

all the partners to the systems and the services provided by the research 

infrastructure. PRACE 2 Hosting Members will provide access to their Tier-0 

systems as in-kind participation to the infrastructures, the PRACE 2 General 

Partners will fund up to 5 high-level support teams (HLST) providing 

tailored user support on PRACE systems, while all the PRACE 2 Partners 

(HMs and GPs) will contribute to high-value services including peer review 

and communication. Eligible PIs on PRACE 2 systems must come from a 

PRACE 2 partner and researchers from any country can apply to PRACE 2 

systems as collaborators in eligible projects.

▶ Does this mean that researchers from other countries can never benefit 
from PRACE allocations at all?

        Researchers from any country around the world can still benefit from 

PRACE allocations. The difference is that only researchers from countries 

contributing to PRACE 2 can lead projects. Researchers from other countries 

can be collaborators in such projects.

        For example:

        •   A project led by a researcher from Italy is eligible, because Italy is a Hosting 

Member in PRACE 2.

        •   A project led by a researcher from Israel is not eligible, because even though 

Israel is a Member of PRACE aisbl (the legal entity that is PRACE – the 

Association), it is not contributing to PRACE 2. An Israeli researcher can still be 

a collaborator in an eligible project.

        •   A project led by a researcher from New Zealand is not eligible, because New 

Zealand is not a member of PRACE aisbl and so not contributing to PRACE 2. A 

researcher from New Zealand can still be a collaborator in an eligible project.

        It is therefore possible that a country is a Member of PRACE, but not contributing 

to PRACE 2 and so limiting the eligibility of its researchers as PIs. It is never 

possible to contribute to PRACE 2 without being a member of PRACE first.

INtERVIEW
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▶ But these rules apply to PRACE 2, and PRACE 1 hasn’t ended yet. So 
everyone can still apply and receive an allocation?

        For those resources that still fall under PRACE 1, the rules haven’t changed. 

Any researcher from any country can apply as a principal investigator 

and be awarded, provided that the project passes the PRACE peer review 

process with a good result.

▶ Have there been any changes to the PRACE peer review process under 
PRACE 2?

           If anything, the PRACE peer review process has become even more stringent. 

Scientific excellence is still the only criterion, but the allocations will be larger 

to those projects that can prove that they go beyond “mere” excellence.

        PRACE 2 will award substantially more core hours to larger projects than 

before, boosting scientific and industrial advancement in Europe. With 

five Hosting Members (France, Germany, Italy, Spain, and Switzerland) the 

capacity being offered is planned to grow to 75 million node hours per year. 

Resources remain free of charge at the point of usage.

▶ What does PRACE aim to reach with this more stringent process?
        PRACE wants to do much more than just provide the best resources to the 

best science.

        PRACE 2, defined by the PRACE Council as the continuation of PRACE’s 

activities for the second phase of its development (2015-2020), focuses on 

“meeting Europe’s ambitions with HPC.” The PRACE Council has outlined 

four goals in order to meet these ambitions:

      

PRACE will:

        1. Provide an infrastructure for science and industry

           •  To maintain Europe as an agenda-setting science 

contributor

           •  By offering access to leading edge HPC platforms

           •  Being open to all disciplines and countries  

in Europe

         

2. Attract, train and retain competences

            • To attract, train and retain a highly-skilled and 

innovative workforce

          • In science and engineering

         • To share knowledge and expertise

        3. Provide a high-quality service

            •  With at least one supercomputer in each major 

architectural class

            • To support world-leading science

        4.  Lead the integration of a highly effective HPC 

ecosystem, including:

            • Scientific and industrial communities

            •  National HPC centres and their support for the 

PRACE systems

            •  Training and software development efforts

        Inherent to the four goals of PRACE 2, the 

following nine principles must be adhered to 

diligently in all that PRACE does:

        • To serve scientific excellence

        •  To serve economic and technological 

competitiveness

        •  To reinforce partnership between users  

and PRACE

        • To develop a persistent e-infrastructure

        • To aim at subsidiarity

        • To take a fair account of past contributions

        •  To ensure transparency on information,  

access, etc.

        • To pursue solidarity among members

        • To strive for openness

▶ High-Level Support Teams: what are they? What 
do they do?

        Coordinated High-Level Support Teams (HLST) will 

provide users with support for code enabling and 

scaling out of scientific applications/methods, as 

well as for R&D on code refactoring on the Tier-0 

systems. This is what we call level 2 (code enabling) 

and level 3 (code refactoring) support.

▶ What is a Tier-0 system?
        In PRACE 2 a system is considered to be Tier-0  

if it has:

List of PRACE aisbl Members and their involvement in PRACE 2

Country		 									Status	 	 											PRACE	2
Belgium
Bulgaria
Cyprus
Czech Republic
Denmark
Finland
France
Germany
Greece
Hungary
Ireland
Israel
Italy
Netherlands
Norway
Poland
Portugal
Slovakia
Slovenia
Spain
Sweden
Switzerland
Turkey
United Kingdom

General Partner
General Partner
General Partner
General Partner
General Partner
General Partner
Hosting Member
Hosting Member
General Partner
General Partner
General Partner
General Partner
Hosting Member
General Partner
General Partner
General Partner
General Partner
General Partner
General Partner
Hosting Member
General Partner
Hosting Member
General Partner
General Partner

Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
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        •  A capability comparable to a system of 5 000 

nodes with two Intel-Xeon processors of the 

latest generation (at procurement time for 

existing Tier-0 systems or at the latest at the 

ratification of the PRACE 2 Resolution) and an 

anticipated total availability of approximately 

37.5 million node-hours (85%) per year. For the 

purpose of inclusiveness, any Tier-0 system will 

consist of at least 2 500 nodes, in order to be 

able to provide enough capability.

        •  The baseline capacity for Tier-0 systems for 

PRACE 2 is a minimal contribution of 40% of 

the total available node-hours per year on a 

Tier-0 reference system, i.e. approximately 

15 million node-hours per year. Each Hosting 

Member is expected to provide the equivalent 

capacity of at least one Tier-0 system while 

always fulfilling the minimal capability 

requirement of 2 500 nodes.

        You can imagine the HPC ecosystem as a 

pyramid, with HM-operated Tier-0 systems on the 

top, Tier-1 systems that are operated by hosting 

and non-hosting members at national level in the 

middle, and Tier-2 systems operated at the level 

of individual research institutions at the bottom.

        You can also imagine the pyramid to reflect the 

type of projects:

        •  Tier-0 projects receive large allocations 

(typically 1 million node-hours or more ) 

on a particular HM-operated system. The 

corresponding proposals are reviewed centrally 

by PRACE, and allocation recommendations are made by the PRACE 

Access Committee.

      •  Tier-1 projects receive smaller allocations (typically less than 1 million 

node-hours) on national systems of PRACE members. The corresponding 

proposals are reviewed in the respective Member States, following the 

national calls and procedures, and allocation recommendations are made 

by national panels.

     •  Tier-2 projects are allocated at the level of individual research institutions.

▶ Does all this also apply to researchers coming from industry?
        Yes, the rules for industry have not changed. Both large companies 

and SMEs can apply for PRACE resources. PRACE resources are open to 

industrial users for Open R&D with publication of results at the end of 

the grant period, and under the single criterion of scientific excellence. 

For SMEs we also have SHAPE (SME HPC Adoption Programme in 

Europe), which aims to raise awareness and equip European SMEs with 

the expertise necessary to take advantage of the innovation possibilities 

opened up by HPC, increasing their competitiveness.

▶ PRACE 2 will end in 2020. Will there be a PRACE 3?
        Right now, PRACE is the only e-infrastructure in both the project and 

landmarks list of the new ESFRI Roadmap 2016: http://www.esfri.eu/

esfri_roadmap2016/roadmap-2016.php. Of course, PRACE will definitely 

continue to federate the European supercomputing resources and make 

them available to excellent science. Right now we cannot say much about 

the period after PRACE 2, but this phase is expected to consolidate the 

pan-European collaboration. Talks with the EC about a major role for PRACE 

3 in the future Exascale infrastructure of the EU have already started. On 

19 April 2016, the European Commission announced the European Cloud 

Initiative with its 2 components: a European Data Infrastructure federating 

HPC, data and network European operators, and a European Open Science 

Cloud (EOSC) offering interoperable Cloud data services for science, 

industry and society. Of course PRACE wants to play a role in this vision and 

is working already with the EC on these topics.

The positioning of the High-
Level Support Teams in the 
HPC ecosystem
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Q&A: Gustav Kalbe

▶ Why is HPC important for the citizens of Europe?
Gustav Kalbe: HPC is essential for science and 

research in Europe. It leads to better products 

and keeps innovation up and running, ultimately 

providing the citizens of Europe with better 

solutions for everything. Areas of research such as 

biomedicine, personalised medicine and design of 

drugs are beneficial to all of us. As well as this, HPC 

has improved the quality, performance and safety 

levels of cars and aeroplanes, and is continually 

working on creating more and more energy efficient 

combustion engines that can contribute to a lower 

carbon society. HPC research into materials science 

provides environmental benefits in many areas, and 

climate change simulations provide us with crucial 

predictions of how our planet might be changing in 

the near future.  

▶ The European Commission has said it wants to lead the world in 
the supply and use of HPC systems by 2020. What has it done to 
meet this objective so far?
GK: It’s a complex and difficult challenge, with a number of issues 

that need addressing. We have started to financially support a 

number of development activities around HPC. This has been a 

political priority for more than a year now, with a number of policy 

communications coming from the EC and from the European 

Council. Last year we published a long-term strategy of where we 

want to go in this field, and we are aligning all of our activities to 

reach that goal. A number of instruments in the EC are designed 

to support the development, procurement, maintenance and 

operation of supercomputers. At the same time there are other 

programs and instruments which not only concentrate on the 

machines and what they do, but also on how we can make them 

available to the users, the scientists and industry in Europe. 

We need adequate methods for storing the data created by the 

INtERVIEW

Gustav Kalbe is the head of the new hPC & Quantum technologies unit at the European 
Commission. We spoke to him about the importance of hPC to the people of Europe, PRACE’s role in 
the European hPC ecosystem, and how this ecosystem will develop over the coming years.

Europe’s HPC strategy
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Gustav Kalbe

experiments on these machines, as well as methods for transporting this 

data between the computing centres and the users that need the results. 

So we have a number of instruments we can use at the European level 

to support HPC, but we cannot do this without the involvement of the 

member states. So we are also talking extensively at a political level to 

align the different national priorities and strategies and create a joint 

effort, with each country’s efforts complementing the others. In the long 

term this will help us to create a unified European HPC ecosystem through 

shared infrastructure.

▶ What is the role of PRACE in supporting industry and academia?
GK: PRACE plays a very prominent role in European HPC strategy. It 

represents the first coming together of a number of countries that host 

supercomputing facilities and competencies. This method of shared 

infrastructure helps provide a service to Europe at large and beyond. It 

was not straightforward to get there, but PRACE has been running well in 

federating the communities and providing services and computing power 

to the European community. This is a stepping-stone for what we want in 

the future, which is to build on the core model of PRACE and enlarge it. 

We will have a different funding model, with less volunteer contributions 

but including contributions from the countries that don’t own a machine. 

PRACE will play a critical role in shaping the future HPC ecosystem in 

Europe due to its experience and the role that it plays. For example, if 

we are cofounding the acquisition of an exascale machine, that will be 

hosted by a country. The EC cannot host or operate machines so it has to 

go to one of the host countries.  That means we need a certain structure 

that is capable of procuring and maintaining those machines. This is 

where PRACE has the experience and the people with the technological 

competencies. So we are counting strongly on PRACE to be influential and 

to participate actively in creating the future structures that will run the 

European federated ecosystem.

▶ What role do the Centres of Excellence play in the European HPC 
ecosystem? 
GK: The Centres of Excellence are complementary to PRACE. Simply put, 

PRACE is the conglomerate of the computing centres that provide machines 

and HPC competencies. The Centres for Excellence pull together different 

scientific communities to work in specific areas, including engineering, 

materials science, climate change, and more. 

This involves assistance in defining the codes 

and algorithms that are then run on the 

supercomputers, which are not straightforward 

to use. If a user has particular problem that they 

want to run but doesn’t know how to transport 

the problem there, the centres can help them out. 

Another role they play is to make sure that the 

codes currently in production are future proof and 

can run on the next generation of machines. 

▶ What will the EC be doing in the future to 
support HPC and quantum computing? 
GK: We are bringing together decision makers at 

the political level to get a joint position on co-

funding and a commitment to create a federated 

European ecosystem where the member states 

give part of their infrastructure to Europe in 

exchange for some return. We are complementing 

this with some funding instruments where we 

cover a number of objectives. We want to help 

European researchers and industry gain the 

lead in developing the technology, the services, 

the codes, the applications and everything else 

that is needed to run on the machine. We are 

also providing support to the infrastructure, and 

putting funding towards improving connectivity, 

public procurement of machines, updating the 

machines, and data storage.

“...PRACE has the experience and 
the people with the technological 
competencies. So we are counting 
strongly on PRACE to be influential 
and to participate actively in creating 
the future structures that will run the 
European federated ecosystem”
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Key performance indicators
PEER REVIEW PRoCEss

Given the scale of the computational power in the PRACE portfolio, PRACE related statistics are 
becoming increasingly important to highlight the impact of PRACE on hPC based research, hPC 
know-how in Europe, and European Industry engagement in hPC.

In 2014, the PRACE Council approved a set of key Performance Indicators (kPI) that facilitate 
the analysis and evaluation of PRACE achievements and successes.

Number of projects
During the initial phase of PRACE (dubbed 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 1).

A downward trend of rejected projects below the technical quality 

threshold is noted, displaying the maturation process of proposal 

submissions, 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 1 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, and this decreased the demand, as researchers 

anticipated an even stronger competition for the remaining 

resources. This trend was mitigated in Call 12 and 13, when PRACE 

Hosting Members made additional core hours available while 

preparing the PRACE 2 programme (see pages 24 to 27 for more 

information on PRACE 2).

Despite the tough competition, demand for PRACE resources 

remains high, indicating that scientists consider Tier-0 access 

an essential asset to their work. This was also underlined by the 

PRACE Scientific Steering Committee (SSC) during the preparation 

of PRACE 2 (see page 24 for the article by the Chair of the SSC)

2. PRACE’s impact on evolving research

Figure 1 –Total number of Projects awarded and rejected
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Figure 2 – Ratio of Principal Investigator inter-Call recurrence and related trend line

Figure 3 – Ratios of awarded ‘foreign’ projects (blue) and resources for awarded ‘foreign’ projects (orange)

2.2 Project resubmission
PRACE also keeps track of the submission of Project proposals by 

recurrent Principal Investigators (PIs) (Figure 2). This KPI is created by 

checking for each call if a PI is new to PRACE, and if not, verifying how 

many times he / she has submitted in previous calls.

The ratio of first-time users is relatively high: only about 41% of PIs 

who submitted the most recent proposals were recurrent applicants 

to a PRACE Call for Proposals for Project Access, meaning that more 

than half of the project proposals are submitted by new users. 

This indicates that PRACE is attracting new PIs continuously, while 

remaining an essential support for existing users. The upward 

trend of the ratio of recurrence is visible, particularly from the 6th 

Call onwards (reaching 57% at the 11th Call), influenced by the 

downward trend on awarded projects.

PRACE is implementing, under the PRACE 2 programme, measures 

to push proposals improvement with resubmission: proposals not 

reaching a minimum scientific excellence threshold according to PRACE 

peer-review will not be allowed to re-submit the proposal for a year.

2.3 International cooperation
Two-thirds (63%) of the resources awarded under the Early 

Access Call through the 13th Call, are awarded to “foreign 

projects” (i.e. projects with PIs from a different country 

(recorded as the primary institution of the PI) than the machine 

on which the research is executed). The ratio of awarded 

foreign projects remains rather stable over time (Figure 3). This 

suggests that the nationality of the PIs institution does not 

impact the chances of a project being awarded and reflects that 

the PRACE Peer Review Process works with scientific excellence 

as its main criterion.

It also demonstrates PRACE’s impact in the enhancement of 

European and International collaboration.
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3. PRACE’s impact on scientific production
Since 2008 PRACE has engaged to provide top-class education 

and training for computational scientists in Europe through 

the PRACE Advanced Training Centres (PATC), the International 

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

increase of participants registered (Figure 5).

An overall increase can be seen, plateauing in 2016. As this 

indicates that the maximum capacity of the current PRACE 

training offering has been reached, preparations are underway to 

open PRACE Training Centres in 4 PRACE Member Countries, as a 

second layer of training and education, below the PATCs.

PATC courses, Seasonal Schools and the International HPC 

Summer School are offered free of charge to eligible participants

2.4 Co-funding
National and international co-funding for PRACE-awarded 

projects show a downward trend (Figure 4), despite the clear 

increase in the 10th Call for national co-funding. National co-

funding represents the most prevalent form of self-support for 

the projects awarded by PRACE, overlapped only by EC co-

funding in the 9th Call. EC co-funding exhibits a gentle overall 

upward trend. 

The increase of EC support for the projects awarded by PRACE 

illustrates the outcomes of EC funding policies, aligned with the 

support to HPC, as key enabler technology.

Figure 4 – Ratios of awarded projects with National, EC and International support; and related trend lines

Figure 5 – Number of person-days registered at PRACE Training days between 2008 and 2016



33

PEER REVIEW PRoCEss

Between August 2008 and December 2016, PRACE has provided 

29 595 participant-days of training through attendance-based 

courses, with an upward attendance trend. PRACE courses 

were attended by 7 350 unique individuals. This shows the 

effectiveness of PRACE in attracting, training and retaining 

competences.

The six PRACE Advanced Training Centres are 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) and Maison de la 

Simulation (France).

The average rate of recurring participation in training is of 

30%. This excellent ratio proves that PRACE trainings are not 

a closed circuit where the majority of attendees are the same 

people attending repeatedly. It also shows enough recurrence 

to indicate the attractiveness of PRACE training courses.

In 2016 the number of participants attending PATCs courses 

was 1670 (1317 from academia and 353 from non-academia 

affiliation). More than 78% of participants attending PATCs 

trainings days have academic affiliation (1317), illustrating the 

impact of such event on research and scientific communities, in 

particular for early stage researchers and PhD students.

A clear difference of attendance is observed between the first 

and second semester of 2016. As observed in Figure 6, the total 

number of attendances registered in the first semester (first and 

second quarters) is significantly higher than during the second 

semester (third and fourth quarters). This indicates that the bulk 

of the training offering occurs in the first semester, but the rate 

of attendance remains high throughout the year.

Figure 6 – Number of person-days registered at PRACE Training days in 2016
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Figure 7 – Number of industrial attendees that made contact with the PRACE booth at ISC and SC; and related trend line

More than half of the companies that visited the PRACE booth 

at ISC’16 and SC16 were first-time visitors. This indicates that 

industrial interest in PRACE is growing on both sides of the Atlantic.

4.2 Industrial participants in PATCs
The average participation of industry in PATC trainings is 14.24% 

between 2012 and 2016 (22% in 2016). The increasing interest 

from industry in participating in HPC training is visible in Figure 8. 

Over 260 industrial participants were trained by PRACE. Eligible 

industrial participants enjoy the same service as academic 

trainees and can attend PATC courses free of charge.  

4.3 Industrial use of PRACE HPC resources
PRACE opened its Calls for Proposals to industrial applicants 

in mid-2012. Industrial participation can take the form of a 

project led by a principal investigator coming from an industrial 

enterprise, or a researcher from industry collaborating in an 

academia-led project. The reduction and stabilisation of projects 

awarded after the 7th Call has a strong impact on the number of 

projects awarded with industrial participants (Figure 9). In other 

words: industry suffers more from the increased competition for 

PRACE resources than academia.

4. PRACE’s impact on attracting the industrial sector

4.1 Industrial visitors of the PRACE booth at ISC and SC

The interest of industry in PRACE at high-level international 

events has increased steadily over the past years (Figure 7). The 

total number of industrial participants showing interest in PRACE 

during the two main HPC events (Supercomputing (SC) in the 

USA, and the International Supercomputing Conference (ISC) in 

Germany) between 2008 and 2016 was 1 243 unique individuals.
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Figure 8 – Industrial participation in PATCs training days; and related trend line

Figure 9 – Industry participation in PRACE

Regarding SHAPE pilot, PRACE can report 10 success stories of 

SMEs from 6 different countries benefitting not only from PRACE 

HPC resources but more importantly, from the know-how in the 

PRACE centres. The Second SHAPE Call awarded 11 more projects 

and the Third SHAPE Call awarded another 8, and the SHAPE Fourth 

Call an additional 4. The SHAPE Fifth Call opens on 31 March 2017.
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Expertise through high-class training
As the performance and the complexity of supercomputers keeps increasing, fully exploiting their capacity 
is becoming more and more non-trivial. PRACE continues to provide a comprehensive, high-quality 
training programme in order to help researchers gain a competitive edge from high-end computing.

PATCs
The six Prace Advanced Training Centres at BSC – Barcelona 

Supercomputing Center (Spain), CINECA - Consorzio 

Interuniversitario (Italy), CSC – IT Center for Science Ltd 

(Finland), EPCC at the University of Edinburgh (UK), Gauss 

Centre for Supercomputing (Germany) and Maison de la 

Simulation (France) have been operational since 2012, and have 

significantly boosted the PRACE training programme.

In 2016, PATCs have offered 80 courses in the PRACE 

coordinated curriculum (together in the 2015-2016 and 

2016-2017 programmes). The PATC curriculum covers 

a wide range of topics in HPC and scientific computing 

including basic parallel programming, advanced accelerator 

utilisation, large scale data analysis and scientific domain 

based techniques. The table below shows some key 

statistics about the PATC curriculum.

Specific PATC highlights in 2016 include:

•  New courses on data science

•  Collaboration with CoEs

•  Number of non-academic participants keeps increasing

 
2013-14 
programme 

2014-15 
programme 

2015-16
 

programme 
 

2015-16 
programme 
(partial) 

Duration August 2013 – 
July 2014  

August 2014 – 
July 2015  

August 2015 –
July 2016  

August 2016 –
January 2017  

Number of courses 81 77 73 28 
Total duration (days) 233 219 203  82 
Number of participants 1 682 1 786  1 561 596 
     
Female (%)  14.4% 16.3% 17.4%  
Non-academic (%) 12.3% 15.6% 20.8%  
Average overall rating (0-10) 8.4 8.4 -  

PRACE Seasonal Schools in 2016
Three PRACE Seasonal Schools were organised in 2016, taking place 

in Slovakia, Ireland, and Austria. 

The topic of the 2016 Winter School in Slovakia was “Density 

functional theory from the perspective of HPC”, and it was 

organised in Bratislava by the Slovak Academy of Sciences 

in collaboration with VSB-Technical University of Ostrava / 

IT4Innovations. 38 people participated.

The 2016 Spring School in Dublin, Ireland was organised in 

collaboration with e-CAM Centre of Excellence. The title of the Spring 

School was “Tutorial on Molecular & Atomic Modelling” and it 

gathered 32 students from all over the Europe.

The third PRACE Seasonal School in 2016, which brought together 

38 participants, was held in autumn in Hagenberg im Mühlkreis, 

Austria with the topic of “Modern HPC Development for Scientists 

and Engineers”. The school was organised by the Research Institute 

for Symbolic Computation (RISC), Johannes Kepler University Linz 

(JKU, Austria), RISC Software GmbH (RISCSW), VŠB - Technical 

University of Ostrava / IT4Innovations.

H
igh-performance computing (HPC) has become an 

essential tool for scientists and engineers both in 

research and industry, and well-trained staff are as 

important as cutting edge hardware. PRACE provides 

world-class training in HPC and in computational science via the 

PRACE Advanced Training Centres (PATCs), Seasonal Schools, and 

training workshops in collaboration with the recently launched 

EU Centres of Excellence (CoEs) for computing applications.  

During 2016, PRACE has also started to extend online training 

opportunities by development of massive open on-line courses 

(MooCs), to be launched in early 2017, and by piloting a CodeVault 

repository for HPC code samples.
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In 2017, three more Seasonal Schools will be organised. 

On-demand events 2016
In order to better support the recently selected EU Centres of 

Excellence (CoEs) for computing applications, PRACE has run 

training workshops specifically tailored for the needs of CoEs. 

During 2016, four such workshops have been run by NCSA 

(Bulgaria), HLRS (Germany), VŠB (Czech Republic), and CINECA 

(Italy), in collaboration with CoeGSS, POP, and MAX CoEs. In 

total, over 120 students participated in these events. At the 

moment, three more events are planned for 2017. 

International HPC Summer School 2016
For a few years, PRACE has been collaborating with the USA’s 

National Science Foundation’s eXtreme Science and Engineering 

Discovery Environment (XSEDE) project, Canada’s Compute 

Canada and Japan’s RIKEN Advanced Institute for Computational 

Sciences (RIKEN) in organising international summer schools.

The International HPC Summer School 2016 was held from June 

26th to July 1st, in Ljubljana, Slovenia. 80 students and post-

docs from Europe, US, Canada and Japan participated in the 

school. Topics included HPC challenges by discipline (e.g. 

earth, life and materials sciences, physics), HPC programming 

proficiencies, performance analysis and profiling, algorithmic 

approaches and numerical libraries, data-intensive computing, 

scientific visualisation, and Canadian, EU, Japanese and US 

HPC-infrastructures. 

In 2017 International HPC Summer School will take place in 

Boulder, USA.

Online training
The main online facility in PRACE training is the PRACE 

Training Portal which serves as a single hub for the PRACE 

training events as well as for training material and tutorials. 

Training material includes recorded lectures, lecture slides 

as well as material and model solutions for hands-on 

exercises when appropriate. 

The figure on the next page shows the visitor statistics for the 

portal for the whole year of 2016. In comparison to year 2015, 

The International HPC Summer School 2016 
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there has been some decrease in the number of visitors and page 

views, however, the traffic remains high. 

As a new online-training activity, in 2016 PRACE has been developing 

two massively open on-line Courses (MooCs). The topics of the 

MooCs are “Supercomputing” and “Managing Big Data with R and 

Hadoop”. The MooCs, the first ones available in Europe in the field of 

HPC, will start in March 2017 and can be accessed at https://www.

futurelearn.com/partners/prace

In early 2016, PRACE piloted a CodeVault repository. The CodeVault 

contains various code examples and model solutions of common 

HPC programming tasks. The code samples are released under open 

source licenses and they can be used both in HPC training as well as 

in building blocks of real-world computing applications. Anonymous 

read-access is possible for everyone, and registered users can also 

contribute to the repository. 

PRACE Training Portal: http://www.training.prace-ri.eu

Visitor statistics for the PRACE Training Portal over 2016
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PRACE Summer of HPC 2016
the PRACE summer of hPC (sohPC) is an intensive annual summer placement programme. Now entering 
its fifth year, the PRACE sohPC takes students from across Europe and gives them the opportunity to 
undertake research projects in prestigious European high Performance Computing institutions. 

I
n 2016, 21 students representing 12 

countries took part in the PRACE Summer 

of HPC (SoHPC). Beginning in July 2016, 

the participants travelled to Jülich 

Supercomputing Centre, Germany, to undertake 

an intensive training course which provided 

them with the skills they needed to take on 

the challenges of their placement. The training 

included courses on how to make use of HPC 

systems and visualisation. After a whirlwind 

week of learning and team building, participants 

departed to ten HPC centres around Europe to 

begin their projects. Over two months, each 

participant worked with a project mentor to 

complete a project, present their results in a 

popular science type article and in a video or 

visualisation. While completing their projects,  

participants also reach out through the Summer 

of HPC blog, with the aim of informing and 

engaging the general public and their peers on 

HPC topics.

During the programme, participants competed for two 

awards, which were presented to the winners during 

an awards ceremony held in December 2016 in CINECA, 

Bologna, Italy. Anurag Dogra was the winner of the 

PRACE SoHPC Best Visualisation Award, awarded to 

the best project of the year for his highly impressive in 

situ  visualisation of tornado effects. Marta Cudova was 

awarded the PRACE SoHPC Ambassador Award for her 

strong motivation and commitment to promoting HPC 

and successful communication of the importance of the 

objectives of her project through her blog posts and video. 

In 2016, SoHPC was once again successful in engaging 

and inspiring the next generation of HPC experts and 

users. The summer of HPC 2017 is in full preparation. 

Find out more at:

Summer of HPC blog: www.summerofhpc-prace-ri.eu

Summer of HPC Twitter:  

https://twitter.com/SummerOfHPC

Summer of HPC Facebook:  

https://www.facebook.com/SummerOfHPC

2016 PRACE Summer 

of HPC students
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T
he user forum (UF) is an independent 

group of people, who aim to represent 

the users within the PRACE community. 

This typically involves intervening in 

the resolution of generic issues such 

as problems in the review process or during the 

actual allocation, as well as identifying new use 

cases and specific needs which are currently not 

catered for. 

2016 was a particularly eventful year, of which 

I would like to highlight some important points 

from our perspective.

PRACEdays16
The Prague edition of PRACEdays again featured an 

open call for contributions, both for presentations 

as well as for posters. Together with the SSC, the 

UF proposed to reinstate this tradition- in order to 

increase user participation and to provide a more 

widely open forum for the excellent research that 

has been performed using PRACE resources. We 

hope that this call further gathers momentum and 

strongly encourage any researcher to propose a 

contribution for upcoming editions of PRACEdays. It 

is an excellent opportunity to showcase research and 

at the same time help PRACE to illustrate the very 

useful role that it fulfills, in particular with respect to 

the policy makers who also attend the event.

Evolution of the peer review process. 
Over the last few years, PRACE has been steadily 

working to make the peer review process more 

transparent and objective, often integrating 

suggestions made by users. For two years- we 

have been grateful to have the peer review 

officer, Dr Richard Tavares, at the activities of the 

user forum. His presence is always an excellent 

opportunity for users to learn about the process 

and propose suggestions. There are obviously 

still a number of points that can be improved. 

In particular, the UF would like to see a more a 

detailed feedback on the final assessment by 

the Access Committee, as well as further stricter 

guidelines for reviewers as we feel that the 

outcome is still to some extent determined by 

the “grading” culture. Overall the interaction with 

the review team is very useful and we greatly 

appreciate its proactive attitude.

Resources 
Last but certainly not least, we are happy to 

see that, following three consecutive calls with 

reduced resources, the 14th call has again reached 

the regular allocation levels. This difficult period 

has made us realise that access to large-scale 

computational resources is not to be taken 

for granted. As users, we also have a unique 

responsibility in this: we are the only ones who 

can make people truly aware of how important 

these resources are for research, and therefore we 

should take any opportunity to do so. We gratefully 

acknowledge the centres that have provided and 

continue to provide the resources, in particular 

BSC and Cineca who allocated a large share of their 

machines to PRACE in order to maintain reasonable 

resource levels during call 11 through 13. 

On a more personal note, as a former colleague, I 

would like to take the opportunity to welcome Serge 

Bogaerts as the new Managing Director of PRACE 

and wish him the very best for the task ahead.

Dr Koen Hillewaert 

Chair of the User Forum

The PRACE User Forum

“Over the last few years, PRACE has 
been steadily working to make the peer 
review process more transparent and 
objective, often integrating suggestions 
made by users”

dr koen hillewaert, Cenaero, Belgium
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PRACE projects support the  
research infrastructure

D
uring 2016, two EC-funded projects, the third and fourth 

implementation phases of the PRACE project (PRACE-

3IP and PRACE-4IP), were active and supported the 

implementation of PRACE aisbl. The PRACE projects 

are joint efforts, where 25 PRACE members contribute and work 

together in order to deliver the best support for PRACE users and 

for the implementation of the PRACE Research Infrastructure. Some 

highlights of the work of the PRACE projects are reported in detail in 

other parts of this annual report, particularly the extensive training 

activities of the PRACE Advanced Training Centres, the SHAPE 

programme and dissemination actions such as organisation of the 

PRACEdays16 conference or the PRACE presence at numerous high-

profile HPC exhibitions and events.

The following presents some highlights of the project work in 2016:

Operational services for the HPC Ecosystem
Operational Services

The common PRACE operational services aim to set-up a coordinated 

inter-operation activity among different PRACE HPC systems, 

presenting a common interface to the PRACE Tier-0 and the Tier-1 

systems involved in services for Tier-0.

In 2016 operational support was provided to six Tier-0 systems and 

26 national Tier-1 systems, allowing their integration in the PRACE 

HPC ecosystem. The on-duty activities (gathering both the operation 

and the help desk support) have been conducted day by day to 

assure a persistent monitoring of the resources and the services 

provided. The operational procedures continue to successfully 

maintain a reliable and available set of services. 

The services are divided into seven categories: Network Services, 

Data Services, Compute Services, AAA and Operational Security 

Services, User Services, Monitoring Services and Generic Services. 

The services are described in the Service Catalogue, which is a 

living document, reflecting the evolution of available services, 

and a set of KPIs has been defined to start to monitor the 

efficiency of the different services.

Important activities have been undertaken to monitor and maintain 

the availability of the common services and to prepare and discuss 

changes in the operational status of these services, including the 

addition of new services.

The PRACE Security Forum steadily coordinates all the security related 

issues and manages efficiently potential security vulnerabilities. 

 

In 2016, in collaboration with GÉANT, a new PRACE network 

infrastructure was designed, based on new technologies allowing 

much more flexibility for the configuration, faster setup and 

cheaper connectivity costs. The PRACE sites have started to 

move to the new network infrastructure, based on MD-VPN (Multi 

Domain Virtual Private network), i.e. separate VLANs on the 

existing PRACE partner’s NREN connections.

The evaluation of new monitoring tools, to replace the almost 

obsolete INCA, was completed with the selection and adoption of 

the ICINGA2 monitoring framework (www.icinga.org). PSNC took 

over the responsibility for establishing the new monitoring site, 

deploying and testing the new ICINGA2 framework. Currently, the 

PRACE Tier-0 and Tier-1 sites have been fully integrated and the 

monitoring activity is progressing in a stable way. 

New Prototypal Services

The analysis of new services and the investigation of the prototypal 

implementations of these services at the pre-production level 

to assess the functionality is progressing well. The new services 

investigated are: urgent computing services, links with large-scale 

scientific instruments, smart post processing tools including in situ 

visualisation, provision of repositories for European open source 

scientific libraries and applications. The prototypal implementations 

will be completed at the end of PRACE 4IP and after that a decision 

on the adoption of these services as standard service or to further 

continue the prototypal tests will be taken. 

Links with e-Infrastructures

Links with complementary e-Infrastructures and CoEs have been 

reinforced, to identify commonalities and foster the technical 

interoperability across their services for the benefit of the users. 

We mention here the collaboration with EGI, on security topics, with 

GÉANT on networking and security, with EUDAT, on data, to identify 

interoperability to guarantee the long term preservation and sharing 

“In 2016, in collaboration with 
GÉANT, a new PRACE network 
infrastructure was designed, based 
on new technologies allowing 
much more flexibility for the 
configuration, faster setup and 
cheaper connectivity costs”
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of data produced on the PRACE systems. Currently, five data pilots are 

in progress between PRACE (DECI Call 13) and EUDAT to demonstrate 

interoperability and experiment seamless file transfer between the two 

e-Infrastructures. 

The WISE (WISE Information Security for collaborating 

E-infrastructures) series of workshops sees the steady participation 

of PRACE people involved in operational services and represents a 

strong way to strengthen the cooperation between EGI, EUDAT, GÉANT, 

NRENS, PRACE and XSEDE at US level, on the main topics of security. 

Finally, at SC16, a meeting was organised between PRACE, XSEDE and 

RIST (the Japan Research Organization for Information Science and 

Technology) and now, as a result, a memorandum of understanding is 

in preparation to enhance cooperation between these infrastructures.

Other ongoing discussions with research organisations in South 

America, South Africa, and Australia could lead to more collaborations 

with PRACE in the near future.

PRACE training
Harnessing the extreme parallelism of supercomputers of today is 

highly non-trivial, but unavoidable for researchers who wish to gain a 

competitive edge from high-end computing. A comprehensive training 

and education programme is thus essential for the effectiveness of 

the PRACE research infrastructure. 

PRACE has been providing training from the very beginning, and 

state-of-the-art training in HPC and scientific computing has continued 

also during 2016. The PRACE Advanced Training Centres in Finland, 

France, Germany, Italy, UK, and Spain provided 80 training events 

with over 1700 participants. PRACE Seasonal Schools were organised 

in Slovakia, Ireland and Austria with over 100 participants in total, 

and the International HPC Summer school, which was organised this 

year in Slovenia gathered 80 students from all over the world. PRACE 

has also organised four training events in collaboration with the EU 

Centres of Excellence for computing applications.

Material of PRACE training events is available in the PRACE Training 

Portal. In 2016 PRACE launched the CodeVault repository which 

provides code examples, model solutions and other tips in HPC 

programming. The code samples are provided with open source 

licenses and they can be utilised in training as well as in real 

scientific applications. 

During 2016 PRACE has been - for the first time in Europe in the 

field of HPC - developing Massively Open Online Courses (MOOCs) 

on topics of “Supercomputing” and “Management of massive 

UCNS3D is a computational-fluid-dynamics code for 

the simulation of viscous flows on arbitrary unstructured 

meshes. It employs very high-order numerical schemes 

that are inherently easier to scale than lower-order 

numerical schemes due to the higher ratio of computation 

versus communication. The application was optimised 

as part of a PRACE Preparatory Access (Type C) project 

Case study for preparatory access: Optimising UCNS3D, a high-order finite-volume WENO scheme code 
for arbitrary unstructured meshes

in 2016 through the optimisation of dense linear algebra 

operations, in particular matrix-vector products, by 

formula rewriting, pre-computation and the usage of the 

BLAS library. Significant speedups of the code by factors 

of 2 to 6 have been achieved for representative benchmark 

cases. Moreover, very good scalability up to the order of 

10,000 CPU cores has been demonstrated.

Improvement on a Taylor Green Vortex (TGV) benchmark input case. The TGV has been used as fundamental prototype for vortex 

stretching and consequent production of small-scale eddies, to address the basic dynamics of transition to turbulence based on 

DNS, as well as on ILES and classical LES (based on subgrid scale models).
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data”. These MOOCs will start in the second quartile of 2017 on the 

FutureLearn platform. At the time of this writing, 950 people had 

already registered for the “Supercomputing” MOOC.

Applications enabling services for academic and 
industrial research
PRACE provides a wide variety of valuable and useful material for 

users of European HPC: best open practice guides, white papers, 

benchmarks, etc. During 2016, we also put a significant amount of effort 

into enhancing our existing benchmark suite to include accelerated 

versions that are able to use novel architectures including Xeon Phi 

many core processors and GPGPUs. However, the core elements of 

PRACE’s applications support activities are our applications enabling 

services. Preparatory Access helps academic users exploit PRACE Tier-

0 systems; SHAPE (SME HPC Adoption Programme in Europe) provides 

similar support for SMEs throughout Europe.

Preparatory Access
For many years, Preparatory Access including support from PRACE 

experts (Preparatory Access Type C) has allowed applicants to port 

their applications to the PRACE Tier-0 infrastructure. In 2016, six 

projects were supported by PRACE-4IP. In addition a new type of call 

was designed in 2016: Preparatory Access Type D. The target of this 

new call type is to allow applicants to start the enabling work on a 

PRACE Tier-1 national infrastructure to reach Tier-0 scalability. This way 

the Preparatory Access support activity closes the gap between the 

local university-level clusters and the PRACE Tier-0 infrastructure. A first 

call will be held early 2017. 

 

SHAPE - SME HPC Adoption Programme for Europe
This activity has continued to be productive in the last year, with to 

date over thirty SMEs being assisted in making use of HPC for their 

business. In 2016, most of the second call SHAPE projects concluded 

and produced white papers (now available publicly on the SHAPE 

website: http://www.prace-ri.eu/hpc-access/shape-programme/), 

and the remaining three will report with the third call projects. Two 

new calls for applications to SHAPE were also conducted in 2016, 

resulting in 12 new projects starting. 

All of PRACE’s applications enabling services, along with our other 

applications support activities, will be continued through PRACE-5IP 

for at least the next two years. During recent years, we have had an 

increasing focus on supporting European HPC researchers on the 

path to exascale. The European applications landscape is changing 

with the advent of the Applications Centres of Excellence, and PRACE 

has an important cross-disciplinary role to ensure that knowledge 

about the key tools and techniques for exascale is well disseminated 

throughout the European HPC research community.

SHAPE Case Study: Ergolines s.r.l - Electro-magnetic stirring of steel in an arc furnace

Ergolines is an Italian SME with expertise in the design and 

development of advanced technologies for process control in 

metal casting and foundry. This SHAPE project was concerned 

with using HPC-based numerical simulations to study the fluid 

dynamics of liquid steel under the effect of electromagnetic 

stirring in an electric arc furnace. The simulations 

Ergolines uses as part of these investigations are complex, 

coupling electro-magnetism with fluid dynamics, and are 

computationally demanding as a very fine discretisation 

is required in both geometry and time. In collaboration 

with PRACE via SHAPE, Ergolines  ported their solver 

to the CINECA Fermi HPC system, which has enabled 

them to perform simulations in 20 minutes that would 

have taken them 15 hours on their local systems - thus 

enabling them to carry out many more extensive and 

detailed analyses to feed in to the design processes.

Fluid-dynamic simulation of electromagnetic stirring of liquid steel in an 

electric arc furnace: velocity field displayed as flux lines
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PRACE-3IP Pre-Commercial Procurement
The second execution phase of the Pre-Commercial Procurement 

(PCP, a three phases process) on “Whole System Design for Energy 

Efficient HPC”, took place from March 2015 to April 2016, with the 

following companies:

• BULL SAS, France

• E4 Computer Engineering SpA, Italy

• Maxeler Technologies Limited, United-Kingdom

This phase was focused on the design of a detailed specification 

of the overall architecture, on the setup of prototypes in their 

premises, on work on performance and energy consumption 

models, and on the porting of the real production applications 

codes in use by PRACE in the EUABS (European Unified 

Application Benchmark Suite) that will be used as a benchmark for 

assessing improvements in energy efficiency:

•  BQCD: a quantum physics code that simulates lattice quantum 

chromodynamics

•  NEMO: a climate modelling code for oceanographic research and 

seasonal forecast

•  Quantum ESPRESSO: a material electronic-structure code

•  SPECFEM3D: a geodynamic code that simulates 3D seismic wave 

propagation

After assessment of their results, and visits to their facilities, all 

companies have been invited to submit a bid for Phase III of the 

PCP. This third call for tender was issued in April 2016. The three 

remaining contractors submitted a bid, and all of them received a 

high ranking from the assessment committee, with very different 

and complementary solutions (without any overlap), which led the 

Group of Procurer (GoP) Committee to award a Phase III contract 

to each bidder.

The following sites will host a pilot system:

•  BULL-ATOS, with Intel many core KNL integrated in Sequana with 

enhanced energy monitoring features, will be hosted by CINES 

in Montpellier, France

•  E4 Computer Engineering, with OpenPOWER technology 

embedding IBM Power 8 tightly coupled with nVIDIA P100, will 

be hosted by CINECA, Italy

•  Maxeler Technologies Limited, with a small FPGA system, will be 

hosted by JSC, Germany

The Phase III is expected to end on 31 December 2017 and will be 

focused on the deployment and testing of these dedicated pilot 

systems, which will integrate high frequency and high precision 

monitoring tools allowing the assessment of the research and 

development described in their bid, and of their commitment in 

terms of time to solution and energy to solution results. These 

pilots will be used with priority by the technical team of the PCP, to 

assess their performance, but will be also open to other partners 

of the PRACE-3IP Project.

PRACE-4IP Outreach
PRACE wishes to inspire the next generation of HPC users and to 

inform both students and the general public about the benefits 

of HPC. As a part of that mission PRACE engages in two outreach 

programmes, the PRACE Summer of HPC (SoHPC) and PRACE 

presence at Science Fairs and Science Museums.

The PRACE Summer of HPC is a summer placement programme, 

which targets early stage postgraduates and late stage 

undergraduate university students. Participants complete projects 

over two months at top HPC centres in Europe and produce 

visualisations, which can be used in further dissemination and 

outreach efforts. In 2016, twenty-one students from twelve countries 

participated in a very successful programme. You can find out more 

about SoHPC 2016 on https://summerofhpc.prace-ri.eu/

PRACE also engages younger students, through presence at 

science fairs and science museums. Focused around presenting 

appealing, appealing, hands-on demonstrations, exhibits and 

games which highlight the benefits and applications of HPC, each 

event has differing elements, but hold the common theme of 

inspiring school-age children in the field of science and technology.

In 2016 PRACE was represented at one science museum, in 

Helsinki, Finland, (Heureka Science Park, 5 – 6 March) and at 

seven science fairs: in Dublin, Ireland (BTYSTE, 6-9 January 2016), 

in Birmingham, UK (Big Bang Fair, 16-19 March), in Hagenberg, 

Austria (Long Night of Science, 22 April) and three in Ostrava, 

Czech Republic (Colours of Ostrava, 14-18 July, Researchers’ Night 

30 September, University Open Night, 10 November).  

PRACE was also a partner of the EU Competition for Young 

Scientists held in Brussels 16-19 September. PRACE presented HPC 

and the research infrastructure to the participants, who each won 

their national science competitions, as well as visitors from the 

general public and schools at a booth. PRACE supported the event 

by sponsoring a PRACE Award. The winners of the award were 

invited to the IT4Innovations National Supercomputing Center for 

a week-long visit. 

Student Winners at the EU Young Scientist Competition
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PRACE Events

F
or the first time ever, PRACEdays16 this year became 

the centre point of the European HPC Summit Week, 

which started with a workshop organised by EXDCI on 

Monday 9 May, following by a EuroLab4HPC workshop 

on Tuesday 10 May, and ending with an ETP4HPC workshop 

on Thursday 12 May.

The PRACEdays16 programme itself included eight keynote 

presentations and 18 session talks that covered a range of 

HPC related topics from science and industry. 

PRACE presented awards:
•   The PRACEdays16 Best Poster Award was awarded to 

Samet Demir of Istanbul Technical University for his 

poster entitled “Computational design of hydrogen 

storage materials”

•    Niels Aage from the Technical University of Denmark 

received the PRACEdays16 Award for Best Industrial 

PRACEdays16 participants

PRACE is dedicated in making its results visible and transparent to its existing and prospective 
users and target audiences. As part of this effort, PRACE was present at the most influential hPC 
focused exhibitions in Europe and the united states in 2016.

PRACEdays16 concludes with ambitions met and raised
PRACEdays16 was held from 10-12 may 2016 in Prague, Czech Republic. more than 
220 participants joined the plenary and parallel sessions for keynote presentations and 
discussions about and between science, industry and hPC.

Presentation for his talk on “Ultra large scale structural 

optimisation-topology optimized wing structure”

•    Matthieu Chavent of Oxford University took home the 

PRACEdays16 Award for Best Scientific Presentation. His 

talk was entitled “Membrane Protein Crowding: filling the 

gap between computations and experiments”

•    The PRACE Ada Lovelace Award for HPC was officially 

presented to Zoe Cournia of the Biomedical Research 

Foundation, Academy of Athens (BRFAA), Greece 

(see official press release here: www.prace-ri.

eu/2016praceadalovelaceaward/)

“PRACEdays16 has been a great success this year, with more 

participants, more interactions, and more awards. We clearly 

see the need for this conference and the entire European HPC 

Summit Week to be developed into the signature event for 

HPC in science and industry in Europe,” said Alison Kennedy, 

former Chair of the PRACE Board of Directors.
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International Supercomputing Conference 
(ISC) 2016
The ISC High Performance exhibition brings together the 

major stakeholders of the HPC community in Europe. In 2016, 

ISC was held in Frankfurt, Germany from 19-23 July.

The PRACE booth at ISC focused on demonstrating the various 

activities of PRACE by offering numerous short presentations 

during the ISC week. More than 245 people visited the PRACE 

booth to engage in interesting conversations about HPC and 

to gather more information about PRACE.

PRACE organised a half-day workshop aiming at initiating 

an open dialogue with the HPC ecosystem stakeholders 

on addressing the challenges and tackling the skills gap in 

HPC and computational science by providing a platform to 

discuss various current issues. PRACE aims to intensify online 

training with its own massive open online courses (MOOCs) – 

futurelearn.com/partners/prace

During the ISC Research Paper session, Alison Kennedy was 

delighted to give the PRACE ISC Award 2016 to James Sokhum 

King on behalf of his team, including Thomas Gilray, Robert M 

Kirby and Matthew Might of the University of Utah, for their 

paper entitled “Dynamic Sparse-Matrix Allocation on GPUs”.

International Conference on Research 
Infrastructures (ICRI) 2016: PRACE 
strengthens its international connections
The International Conference on Research Infrastructures 

ICRI 2016 gathered policy makers and researchers from 

around the world to discuss the progress and developments 

of research infrastructures. PRACE had the pleasure of 

being part of the well-established international forum with 

a presentation by Florian Berberich (Member of the Board of 

Directors of PRACE) and a booth in the exhibition. Over 600 

delegates from 60 countries attended ICRI 2016 at Cape Town, 

South Africa from 3-5 October 2016.

The ICRI plenary session opened with a welcome talk by 

the Minister of Science and Technology (SA), Naledi Pandor, 

and by Robert-Jan Smits, Director-General of DG Research 

and Innovation, European Commission on 3 October 2016. 

PRACE was represented by Florian Berberich (Member of the 

Board of Directors of PRACE) in Session 4, “Inclusive research 

infrastructures for development and capacity building”.

The ICRI 2016 exhibition opened with a visit from Minister 

Naledi Pandor and Robert-Jan Smits on the morning of 

3 October 2016. The PRACE booth team had interesting 

discussions with international visitors about PRACE project 

access, training and education possibilities in PRACE, and the 

role of PRACE as the e-Infrastructure Landmark in the European 

Research Area (ESFRI Roadmap 2016).

PRACE booth at ICRI 2016 in Cape Town, South Africa

PRACE booth staff at ISC16 in Frankfurt, Germany

ICT Proposers’ Day 2016

The ICT Proposers’ Day 2016 was held in Bratislava, Slovakia on 26 

and 27 September. It was a networking event promoting European 

ICT Research and Innovations and focusing on Horizon 2020.

PRACE had a shared booth with the other research infrastructures 

in the Excellence Village at the event. Participants in this event 

were interested in PRACE’s work and visited the booth to get 

more information.

Shared booth at the ICT Proposers’ Day in 
Bratislava, Slovakia
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Supercomputing Conference 2016

The annual Supercomputing Conference (SC) is the most 

anticipated HPC event of the year, bringing together the 

international supercomputing community on a global 

level. The program of the conference is internationally 

recognised and the number and wide range of exhibitors 

guarantees a high number of visitors from all over 

the world. In 2016, SC was held in Salt Lake City, Utah 

in the United States. PRACE was there as an exhibitor, 

promoting the European HPC infrastructure. Several 

mini-presentations were held at the PRACE booth to 

highlight interesting topics such as training, women in 

HPC, SHAPE and its peer review process. Visitors had the 

chance to engage with on-site experts and widen their 

knowledge about PRACE’s activities and the European 

HPC infrastructure. PRACE registered more than 500 

visitors at the booth.

Project Information and Dissemination Event 
(PRIDE) 2016

MIPRO is the largest non-commercial IT convention in Croatia, 

consisting of several conferences and exhibitions that attract 

more than 700 participants each year. PRIDE is a supporting event 

of MIPRO that enables further dissemination of projects. In 2016, 

PRIDE was organised in Opatija, Croatia from 31 May to 3 June.

PRACE was present with a booth at the PRIDE exhibition, 

where other HPC-oriented projects (Fortissimo, Cloudflow, 

SESAME Net, etc.) promoted their activities. This year’s HPC 

forum highlighted the topic of HPC for SME advancement.

Max Lemke, European Commission Head of Unit for Complex 

Systems and Advanced Computing, presented the vision of ICT 

for manufacturing innovation in Europe. During the four day 

PRIDE exhibition the PRACE booth received many visitors who 

were interested in HPC systems access and the general activities 

undertaken by PRACE.

PRACE booth at PRIDE 2016 in Opatija, Croatia

PRACE booth staff at SC in Salt Lake City, USA
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