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editorial

Forward looking science

The theme of this edition of the PRACE Digest is 
“Forward-looking Science” which in itself is something 
of a pleonasm: of course all science is forward-
looking in terms of the discoveries anticipated and the 
developments expected. Even science like astrophysics, 
which often looks to the past – the long-distant past 
where stars were born whose light only reaches us eons 
later – is focused on the future in terms of the wealth 
of knowledge to be gained and the discoveries and 
inventions to be built upon that knowledge.

PRACE, as the pan-European Research Infrastructure, is 
also looking forward by continuously trying to improve 
the access provided and tailoring it to the needs of the 
existing scientific and industrial communities and to 
enable emerging communities to take advantage of HPC.

One of PRACE’s most recent pioneering initiatives 
was the adding of multi-year access to the 5th Call for 
Proposals for Project Access. This access was provided 
to a selection of 7 excellent scientific proposals who 
were awarded one year of Project Access with the 
opportunity to be awarded a second year of Project 
Access by filing a satisfactory mid-term report. Such 
access was an innovation by PRACE to improve upon 
current awarding durations, thus enabling projects 
to plan long-term (2 years) execution on the same 
HPC system through a single peer review process and 
a mid-term review. The multi-year access in the 5th 
PRACE Call was a pilot project of which the first results 
are becoming known at the time of publication of this 
PRACE Digest.

All 7 multi-year projects coming from academia and 
industry were confirmed for their second year of 
access and the articles in this edition outline the results 
obtained in the first year, ranging from turbulence 
modelling (both for electrically conducting fluids as 
well as for noise-reduction in turbo machineries and jet 
engines) and exploring biomimetics, to particle physics, 

to climate modelling, to ion channels in the human 
brain, and the molecular structure of metals. Over 
the course of two years those 7 projects are allocated 
millions of core hours on one or more of PRACE leading-
edge resources: 50 million on Fermi @ CINECA, 40 
million on MareNostrum @ BSC, 90.5 million on CURIE 
@ GENCI@CEA, 88.25 on JUQUEEN @ GCS@FZJ, and 89 
million on SuperMUC @ GCS@LRZ

PRACE also supports the building of a European eco-
system of world-leading HPC facilities and services. 
Access to national systems – a small fraction of Tier-1 
allocations - with different architectures serves as a 
stepping-stone towards future Tier-0 access. DECI-
supported projects are achieving outstanding results in 
a wide range of scientific domains, such as improving 
OLEDs; fighting the flu; using hydrogen for clean 
energy in power cells and propulsion systems; protein-
DNA recognition; quark-gluon plasma, medical image 
simulation; and regional climate research. The articles 
about the DECI projects in this edition clearly show the 
advancements that have been made in these fields.

With the PRACE, DECI and national allocations 
continuously available, scientists and researchers 
from academia and industry can now have access to 
a seamless and coherent European ecosystem of HPC 
systems, user support and training services most suited 
to help achieve their goals: goals that sometimes lie 
further ahead, but the path to which is being cleared 
by PRACE and its members, to reinforce European 
scientific and industrial competitiveness.

I hope you will enjoy reading this edition of the PRACE 
Digest as much as I did.

Catherine Rivière
Chair of the PRACE Council
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Powering Up the 
Turbulence of 
Magnetic Fields
Under the watchful eye of Principal investigator Dr. Alexandros Alexakis, 

the project ‘Non-universal statistics in Magnetohydrodynamic turbulence’ is 

fully underway. Studying the behaviour of turbulent flow coupled with magnetic 

fields, Alexakis is focused on Magnetohydrodynamic (MHD) turbulence.

This type of coupling occurs when matter is in an 
ionised state, such as in plasmas and liquid metals. 
Research into hydrodynamic (HD) turbulence, without 
the magnetic fields, has been conducted extensively 
over the years, offering substantial results and progress. 
Advancement in MHD, by comparison, has been limited 
by the absence of experimental data. This is mainly as a 
result of the difficulty in handling systems where MHD 
applies, such as liquid metals and plasma. In order to 
overcome this, researchers have created highly resolved 
numerical simulations to provide another way of 
analysing such turbulence.

According to the Greek researcher, 
“magnetohydrodynamic turbulence is a multi-scale 
phenomenon, abundant in plasma physics and 
astrophysics. The main goal of this project is to attack 
the important unsolved problem of universality in 
turbulence of electrically conducting fluids.”

increasing simulation Duration

In order to do this, the French-based team will take 
these earlier simulation-based studies to a higher 
level by using PRACE access to run longer and 
more significant simulations. While there are some 
parallels with HD, those computational models are not 
sufficiently complex to model the behaviour in plasma, a 
significantly more complicated system.

Figure 1
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The next step is not to increase the resolution of the 
system, but to push it to its limits, and by using a 
different forcing mechanism to gain greater insight into 
the turbulent states in MHD. This will allow the team to 
establish if it has actually observed true turbulent flow, 
or simply transient behaviour before the simulation 
reaches a steady state. 

Alexakis admits: “Our work through PRACE allows us 
to study MHD turbulence and study the dependence 
of the statistical properties of MHD turbulence on the 
initial conditions. In HD such a dependence is very 
weak, and initial conditions are expected to be forgotten 
at sufficiently strong turbulence, where a universal 
behaviour is observed. This is not as clear in the MHD 
case, since dependence on initial conditions have been 
observed in the past.”

“This translates to highly resolved numerical 
simulations, which require substantial computational 
power. The research would not have been possible 
without computational resources equivalent to PRACE.”

access that makes sense

Alexakis highlights the benefits of the multi-year 
programme that PRACE are now operating: “I think it 
is crucial to have a multi-year access for studies that 
require a series of runs rather than one big one.  It is 
also very important when Post-doc and PhD students 
are involved, whose research projects last for more than 
one year.” 

“This translates to highly resolved 
numerical simulations, which 
require substantial computational 
power. The research would not 
have been possible without 
computational resources 
equivalent to PRACE.”

Most post-doc contracts are granted for two years, so 
this access to the PRACE network ties in well with 

that structure, allowing some appropriate 
results to be achieved. Often models 
require a significant amount of time to 
setup before they can begin to produce 

results. Alexakis emphasises the iterative 
nature of the research using the high-

performance computing resources. Following 
the initial establishment of the simulations, 

the results are observed and the researchers 
can then change parameters in the simulation 

to produce more accurate results. This process 
is being facilitated well by multi-year access.

Speaking of the results so far, Alexakis reveals: 
“Our work seems to indicate that the answer lies 

on how strong the turbulence under study is. We 
have shown that in MHD at the achieved “strength” 

of turbulence, different behaviours can be observed 
depending on initial conditions. These behaviours 

are due to structures that are formed. However, as 
the strength of turbulence is increased a transition to 
a possible universal behaviour can happen, as in HD 
turbulence.”

The figures represent the distribution of current density in the computational box -in 3D (Figure 1,2 & 3) and for a slice 
running through the computational box (Figure 4). These thin (a few pixels wide) but otherwise large scale structures (the 
structure runs through the whole computational box) can alter the distribution of energy among the different scales.

Figure 2
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spectra observations

Only 12 months into the project, the team have almost 
completed the elements addressing the freely decaying 
flows, with very clear results on the origin of the 
different spectra observed. Furthermore, the results 
have revealed a number of MHD characteristics. It is 
seen that topological properties (e.g. QR plots) are 
a good indication of non-universal behaviour. It was 
discovered that in the absence of any perturbation, the 
symmetries will be preserved at the examined Reynolds 
numbers. Conversely, in the presence of a small 
perturbation the symmetries will be broken on a finite 
time, provided the Reynolds number is high enough. 
One final discovery is that the certain spectra appear 
for flows with random initial conditions as transient 
spectra, provided there is strong enough correlation 
between the velocity and the current. 

While more work is to be done, Alexakis believes: “I 
think the take home message of our work is that in MHD 
‘one run does not solve all’ (at least at the achieved 
strength of turbulence in simulations today) and a 
systematic study and analysis of a set of runs is needed.” 

“The second message is we need to be careful in 
claiming that fully developed turbulence has been 
achieved. In MHD such a state is truly achieved at much 
higher level than HD turbulence.”
Having used 8,500,000 hours of supercomputer access 

Figure 3 Figure 4

For More information

http://www.prace-ri.eu/PRACE-5thRegular-Call
http://www.lps.ens.fr/~alexakis/Research.html

Core Hours

The project was awarded 14.25 million hours on 
JUQUEEN @GCS @FZJ, Germany in year 1 and 12 
million in year 2.

Publications

Dallas, V. & Alexakis, A., ``Structures and dynamics of small 

scales in decaying magnetohydrodynamic turbulence”, 
submitted in Phys. Fluids (2013) (arXiv:1304.0695 )

Dallas, V. & Alexakis, A., ``The origins of the k^{-2} spectrum and 

dynamics of small scales in decaying magnetohydrodynamic 

turbulence”, submitted in Phys. Rev. E (2013)  
(arXiv:1306.1380)

thus far, Alexakis and his fellow researcher Vassilios 
Dallas have scaled substantial depths into the field of 
MHD turbulence. Equipped with their multi-year access 
to Europe’s most powerful computers, the team are set 
to ignite the experimental nature of the field.

Text Mark Dunleavy
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For the past two years, Dr. David Beljonne from the 
University of Mons, in Belgium, has worked with six co-
workers to understand more precisely the mechanisms 
behind organic electronic devices such as OLEDs. With 
this, the team seeks to find new materials which can be 
used in the manufacturing of new and improved high-
tech displays used in a number of electronic products, 
including mobile devices, cameras and televisions.

OLEDs are solid-state devices composed of thin films of 
organic molecules that create light with the application 
of electricity. Among various benefits, they can provide 
brighter displays for electronic devices and consume 
less power than conventional light-emitting diodes 
(LEDs) or liquid crystal displays (LCDs) used today.

“A typical OLED is composed of a layer of organic 
materials situated between two electrodes, the 
anode and cathode, all deposited on a substrate. The 
organic molecules are electrically conductive and their 
conductivity is influenced by, among other factors, the 
choice of materials used in the OLED”, Beljonne explains.

One of the most basic polymer OLEDs consists of a 
single-layer conjugated polymer. However, multilayer 
OLEDs can also be made with two or more conducting 
material layers to improve the efficiency of the device. 

Beljonne admits that the working principle of an 
OLED is quite complicated and thus there is a high 
call for conducting the PRACE study that focuses on 
understanding the core principles of the technology.

“How about having a high-definition television 80 
inches wide and less than a quarter-inch thick that 
consumes less power than most televisions on the 
market today and can be rolled up for storage when you 
are not using it? Even this may be possible in the near 
future with enhanced OLED technology.”

OLeD vs. LCD technology?

An OLED display requires less energy than a LCD 
screen because OLED pixel sites use organic materials 
that produce their own light, removing the need for 
a backlight. They can also be manufactured thinner 
and lighter than an LCD display and achieve a higher 
contrast ratio than an LCD, thus resulting in improved 
picture quality.

Despite the growing commercial success of OLEDs, 
Beljonne admits that existing knowledge of many 
aspects of their functioning is still fragmental.

Building Better 
Performing Organic 
electronic Devices

Organic light-emitting diode (OLED) is a relatively new technology, which provides a low-

cost and potentially highly efficient alternative to present inorganic lighting and display 

technologies. The goal of the DECI MOLED project (Multi-scale Modelling of Organic LEDs) is 

to simulate working OLEDs at the atomistic level to help find even better performing materials 

for electronic devices in the future.
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“The numerical modelling of the basic process involved 
in organic light-emitting diodes is still to be approached 
by researchers at the atomistic level. In order to 
increase our theoretical understanding of the working 
principle of OLEDs, we integrate in our MOLED study 
several different simulation methods accounting for the 
elementary processes that spread multiple length and/
or time scales (e.g. charge injection, charge transport 
and recombination).”

Beljonne says that the core goal of the MOLED project 
was to set up a minimal but realistic full atomistic multi-
scale modelling scheme, by following three consecutive 
steps:

“First of all our researchers generated the morphology 
of polymer and molecular materials by means of 
Monte Carlo simulations and atomic force field 
parameterizations. Secondly, we calculated charge 
transfer integrals mediating charge transport at the 
Density Functional Theory (DFT) level.  And finally, 
our team performed Kinetic Monte Carlo simulations 
of charge carrier mobility and electron-hole 
recombination based on the predicted morphologies 
and the results of the associated DFT electronic 
structure calculations.”

So far, the group has applied the scheme to a few 
representative molecular systems as proof of principle, 
but the final goal of the project is to be able to use the 
modelling scheme as a predictive tool for the design of 
new organic materials for OLED applications.

invaluable PraCe resources

Beljonne admits that the project has required 
considerable and varied computational resources in 
terms of CPU times, disk space and dynamic memory 
allocation, making supercomputing resources provided 
by PRACE extremely valuable.

“The calculations that are involved in our modelling 
protocol require extensive and diverse computational 
resources. While there is a need for parallel architectures 
for force field simulations, the quantum-chemical 
calculations use large dynamic memory and the Monte 
Carlo simulations require high-speed processors. 
PRACE offered us a unique access to a combination of 
architectures fulfilling the requested needs.”

A number of high-performance computing systems 
were utilized in order to complete the study. For 
instance, access to the STOKES supercomputing 
system was provided by the Irish Centre for High-End 
Computing (ICHEC), while LOUHI and SISU (CRAY XT4/
XT5, CSC, Finland) systems were also used for a total of 
about 1.5 million hours.

“Extensive computational resources allowed us to 
use state of the art modelling tools, namely for the 
quantum-chemical calculation of the energetics of 
the charge carriers in amorphous films. Particularly 
advantageous was the possibility to process a large 
number of calculations in a short time, which is quite 
important when dealing with several inputs.”

Figure 1. Schematic 
representation of the 
three different steps in 
the modelling of charge 
transport in an OLED.

sTeP 1 MOrpHOLOgy
• Molecular Modelling

LOCaL eLeCTrONiC sTrUCTUre
• Quantum Chemistry
• BigDFT

CHArgE TrAnSpOrT
• Kinetic Monte Carlo

sTeP 2

sTeP 3

MaCrOsCOPiC PrOPerTies
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Looking ahead with new ideas

Beljonne says that although his research team is pleased 
to have now built more robust approach to tackle some 
of the elementary processes going on in OLEDs, the 
study is certainly not complete. Further effort must 
be made to enable, for instance, the integration of the 
codes developed and tested during the PRACE research 
into workflows, which would automatize the whole 
procedure in a user-friendly way. 

“The integration of the newly developed and sometimes 
quite complex modelling tools into a versatile and user-
friendly toolkit is indeed a key stepping stone for the wide 
use of multi-scale modelling in the academic and industrial 
worlds, and we are currently working along that line.”
The general modelling protocol developed during the 
MOLED-study will be made available to academic and 
industrial partners through joint collaborations and 
consultancy agreements.

“In the meantime, we will continue developing the 
existing functionalities including a more realistic 
model for energetic disorder, while also implementing 
new ones, such as quenching processes. We hope that 
this will contribute to the emergence of multi-scale 
modelling as a robust predictive tool for the engineering 
of the future generation of OLED materials”, Beljonne 
concludes.

Text Nina Garlo-Melkas

For More information

http://morris.umons.ac.be/
http://www.prace-ri.eu/DECI-8th-Call

Core Hours

MOLED used resources (3.2 million core hours) at 
CSC, Finland and ICHEC, Ireland.

Figure 2. Amorphous morphology generated for a pure host molecular material (left) and the same host 8% doped with 
a triplet light emitter (right). Blue spheres denote centers of mass for the host molecules and orange spheres are for the 
dopants.



Pushing the 
Boundaries of Matter 
One Quark at a Time

The data for quark-gluon 
plasma research was 
gathered using the ATLAS 
detector system in CERN’s 
Large Hadron Collider  
© CERN 2012
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Of the four fundamental forces – gravitation, 
electromagnetism, weak interaction and strong interaction 
– that describe all physical interactions in the universe, 
the last one remains the least understood. Hypothesized 
in 1970s and accepted quickly after, the theory of strong 
interaction was developed to explain how protons and 
neutrons that form atomic nuclei stay intact even though 
the identical positive charge of protons should repel them 
apart, breaking up the nucleus in the process.

What is quark-gluon plasma?

As its name implies, the strong interaction is... well, 
strong. At an atomic level, it is a hundred times more 
potent than electromagnetism, binding quarks together 
to form elementary particles such as the well-known 
protons and neutrons, and to additionally bind them 
together to form atomic nuclei, which account for 99% 
of known matter in the universe. The force between 
quarks inside a proton is equal to the weight of three 
elephants. If there were no strong interaction, these 
quarks would fly apart and there would be nothing to 
build any matter from: no atoms, no molecules, no DNA, 
no humankind, no planets. The universe would be a 
lonely and pointless place.

However, even the strong interaction has its limits. 
In conditions of extreme density and temperature, 
the binding force of strong interaction weakens and 
individual quarks can be released. This new phase of 
matter where gluons exist outside atomic structures 
is called quark-gluon plasma (QCP). The prerequisite 
temperature for formation of quark-gluon plasma goes 
up to 10 trillion degrees Celsius, and such conditions 
have not occurred naturally since Big Bang outside 
neutron star cores.

These conditions can be temporarily replicated in 
modern particle accelerators, such as the Large Hadron 
Collider in CERN. When nuclei collide together at close 
to the speed of light, the result is an infinitesimally 
tiny area of quark-gluon plasma that also expands and 
cools incredibly rapidly, retuning to the normal state of 
matter where quarks are again tightly bound.

Direct goals, indirect benefits

A research group led by Prof. Chris Allton from 
University of Swansea is currently gathering new 
insights into strong interaction by developing reliable 
simulations of how matter behaves in the elusive quark-
gluon plasma phase.

No matter how much progress we’ve 

seen over the centuries, there still 

remain a number of unsolved problems 

in physics, ranging from astronomical 

puzzles to subatomic mysteries. On 

the subatomic side, one group of 

researchers has been chipping away at 

the intricacies of physical matter itself.

11
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”There’s a dozen of us working on this in here, Ireland, 
Korea, America and Italy. What we’re doing is trying 
to design computer simulations for particle physics,” 
Allton begins. ”Strong interaction is much more 
complicated than gravitation, for example, and that 
requires us to make simulation models. You can’t just 
calculate what you need on pen and paper.”

”One particular area of physics we’re focusing on is 
particle physics in extreme conditions, in very high 
temperature and very high density. Matter in that case 
is compressed so that the atoms – which are mostly 
empty space beyond the electron orbits – are crushed 
together.”

Allton describes his group’s motivating factors: ”We’re 
trying to understand the world that surrounds us, 
that’s the main motivation. I can quote Robert R. 

Wilson who was involved with launching Fermilab – the 
American equicalent of CERN – when he was asked in a 
congressional review whether his findings were likely 
to help the national defense of the United States. His 
answer was ”no, but it will help make the country worth 
defending”. I think that’s a fantastic quote. It shows that 
there’s inherent value in this kind of research.”

“Now, that answer may not satisfy politicians but 
there are lots of other reasons to do it as well. There 
are always all kinds of spin-offs that come from our 
research, which we cannot foresee. And those spin-offs 
have a direct impact on our wellbeing, our economy, our 
way of life. CERN, for instance, originally developed the 
World Wide Web. So the benefit to the world economy 
from just that is enormous. It has well paid for itself.”

Artist’s rendering of topological charge densities in quark-gluon plasma lattice. Every cube in the torus represents a moment 
in time, of a space 100,000 times smaller than an atom, and every ‘reflection’ beneath it is a cooling step of that moment in 
time, creating a ring-like shape. Cooling the system removes excess noise from the model, allowing us to visualize the physics 
of interest within.” © Ed Bennett 2013
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reverse-engineering the variables

The project is computationally intensive as the physical 
properties of matter in plasma phase are so extreme. 
There is no direct way to measure what is happening 
at the time of collision and in the quark-gluon plasma 
phase as the temperature is too high for conventional 
measuring instruments, the volume and is so tiny, and 
the duration the matter stays in the plasma phase is so 
minimal that direct detection is next to impossible with 
current technology.

Chris Allton explains how the problem is solved: ”What 
happens is that you get this smoking gun effect. The 
particles that are detected are in the normal phase 
of matter. You have to rely on determining the right 
particles to reverse-engineer the situation and calculate 
where they came from by studying the ‘shrapnel’. It’s a 
step where you’ve got to have theoretical guidance to 
help you go back in time and infer what happened to 
cause these particles coming out.”

The project has seen a back-and-forth between theory 
and practice. Supercollider experiments have then been 
used to tune the parameters in the simulation models. 
After the calculations in the simulation have been 
improved, experiences from simulations are used to get 
more precise data in further supercollider experiments.

”What we’re doing is a bit like how weather simulations 
break up the atmosphere into cubes of a certain 
volume and do sets of simulations on the cubes,” Allton 
compares. ”The smaller the researchers can make the 
cubes, the more accurate their simulations will be, 
but that requires more computer time. In our case it’s 
exactly the same thing. We break up space and time 
into four-dimensional cubes where time is the fourth 
dimension. And again, the smaller you make those 
cubes, the more accurate the answers.”

...and that again requires computer time. Strong 
interactions and quark-gluon plasma calculations 
are usually modeled as quantum chromodynamics 
(QCD) lattice simulations, which are among the most 
CPU-intensive fields in science. Coupled with the 
need for constant optimization, the project had very 
high demands for PRACE grade hardware, as Allton 
concludes:

”We do calculations with certain approximations and we 
get a result. Then we think about ways to remove some 
of those approximations to get more accurate results. 
We have been refining our calculations continuously.”

No CPU cycles were harmed making this 
announcement

At the end of the first year, Chris Allton is satisfied with 
the group’s progress and the resources they had: ”We 
have achieved our first goals, especially on the front of  
electrical conductivity at near-plasma temperatures on 
which we recently released an important paper. This 
is an ongoing research program, and PRACE is very 
much at the heart of it. Without the computing time, we 
certainly wouldn’t have been able to start at all.”

Text Ilkka Klang

For More information

http://www.prace-ri.eu/PRACE-5thRegular-Call
http://pyweb.swan.ac.uk/~allton/web/index.html

Core Hours

Allton - The project was awarded 17.5 million hours 
on Fermi @ CINECA, Italy in year 1 and 17.5 million 
in year 2.

Publications

P.W.M. Evans, C.R. Allton, J. -I. Skullerud. Mar 
21, 2013. 5 pp. “Ab Initio Calculation of Finite 
Temperature Charmonium Potentials”. Submitted for 
publication; arXiv:1303.5331

Chris Allton (Swansea U.), Seyong Kim (Sejong U.), 
Maria Paola Lombardo (Frascati), Mehmet B. Oktay 
(Utah U.), Sinead M. Ryan (Trinity Coll., Dublin), 
D.K. Sinclair (Argonne), Jon-Ivar Skullerud (NUIM, 
Maynooth). Oct 2012. 17 pp. “S wave bottomonium 
states moving in a quark-gluon plasma from lattice 
NRQCD Gert Aarts”, Published in JHEP 1303 (2013) 
084; arXiv:1210.2903
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revving Up  
a Quieter engine
The development of counter-rotating open rotor (CrOr) engines is just one area that may benefit greatly 

from the advanced modelling of turbulence currently employed by the argo research team in Cenaero, 

Belgium. Despite first appearing in the 1980’s, the adoption of these highly efficient engines has been 

hindered by the excessive noise that they generate. In these times, when engine efficiency is at a premium, 

there has been renewed interest in CrOr engines, and the developments in engine design made possible 

by the research of the team lead by Dr. Koen Hillewaert, may go a long way to making this a reality.

The ambitious project underway at Cenaero focuses 
on the development of new computational methods 
for industrial applications, with special emphasis on 
jet engines and propulsion, but with further potential 
uses in wind turbine and machine design. The team 
are attempting to build on existing models, which were 
forced to sacrifice precision for cost, to create high-
resolution, high-performance simulations with the help 
of the supercomputer facilities provided by PRACE. And 
with 14,250,000 core hours ordered on JUQUEEN in their 
first year alone, the team are more than making up it.

Hillewaert reveals: “The developed technology should 
be capable of providing high-accuracy, scale-resolving 
computations of large-scale turbulent flows in complex 
geometry. In this type of modelling, the (larger) 

turbulent structures are directly computed in an 
unsteady fashion.” 

“Currently, aeronautic industry mostly relies on finite 
volume methods (FVM) and statistically averaged 
turbulence models. Such models replace unsteady 
turbulent flow structures by their average impact of 
the flow. Since this allows for steady or frequential 
computations, the computational cost is moderate.” 
However, this approach, while it is more economical, 
is not appropriate for a number of phenomena that 
occur in these systems e.g. machine instabilities, noise 
generation, partial speed regimes and transition to 
turbulence.
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“The longer duration of such 
a project means that we can 
more easily plan longer term 
developments and hence pursue 
more ambitious goals.”

importance of scalability

“The application of FVM to scale-resolving models has 
proved unsuccessful up to now. This can be attributed 
largely to the low order of accuracy of these techniques. 
New high-resolution discretisation techniques, such 
as the discontinuous Galerkin method, but also high-
order extensions of classical codes, could provide a 
combination of the geometric flexibility to the precision 
of academic codes, and are therefore a topic of intense 
research on a global scale.”

Given the computational cost of scale-resolving 
simulations, strong scalability of the code is of utmost 
importance to make restitution time compatible with 
the design cycle. During the project, Hillewaert has 

been able to advance significantly this aspect and 
demonstrate excellent parallel capability on machine 
architectures that would otherwise be not accessible.

“Scale-resolving computations consume large 
computational resources, even during the development 
of the tools. The access to PRACE resources has 
helped us to advance more rapidly in the research and 
development and allowed us to tackle more difficult 
and hence more realistic problems at high, industry-
relevant, Reynolds numbers (increased Reynolds 
number signifies increased turbulence in the system). 
Thereby from an academic point of view, we are able to 
prove the viability of the implicit large eddy simulation 
(LES) method on non-trivial cases,” states Dr Hillewaert.
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Proof-of-concept computations

“PRACE has provided us with the possibility of 
proof-of-concept computations, which have already 
and will continue to allow us to convince industry, 
as well as academic partners. The longer duration of 
such a project means that we can more easily plan 
longer term developments and hence pursue more 
ambitious goals.”

“That would be on the one hand the validation of the 
implicit LES approach, which is rather controversial at 
the moment, and the proof of concept of variable order 
computations.”

The discretisation method, due to its concentration of 
dissipation on short-length scale structures, provides 
a behaviour that is at least compatible with the ideal 
behaviour of the turbulence models that are envisaged, 
and for that reason would not interfere with the 
resolution of the larger scales, which are aimed to be 
represented exactly. What was not expected was that, at 
least for the benchmarks that have been performed, the 
dissipation also proved adequate, thereby dispensing 
the need for an explicit model. This will have to be 
further assessed on ever more complex benchmarks 
and hopefully theoretically proved.

The capability of performing reliable scale-resolving 
computations on complex geometry and in a reasonable 
amount of time would provide a major complement to 
the aeronautics and propulsion industry’s design tools. 
This would further reduce design safety margins, allow 
for more advanced concepts and provide much better 
quantitative predictions of noise or even performance 
for a number of flow regimes.

Other domains could also profit from this technology. 
For instance, studies with adequate precision could 
be completed during the design of wind turbines, 
the impact of technological effects for stall avoidance 
(“vortex generators”) and noise reduction (trailing 
edge serrations), as well as off-design regimes, such as 
emergency brakes. 

Heading: Auto-adaptive computational 
strategies

More importantly, the development of auto-adaptive 
computational strategies will be started.  A first step 
will already be undertaken in this project, where proof-
of-concept computations will vary the order of accuracy 
on the domain, thereby benefitting complex areas of 

the flow, such as the transition regions and reducing 
computational cost elsewhere.

Further steps include the development of scalable 
adaptation routines and load-balancing, as well as 
the theoretical analysis concerning the assessment of 
resolution and the subsequent derivation of appropriate 
criteria. This is not only very interesting from an 
academic, but also from an industrial viewpoint. Being 
adaptable would not only further reduce computational 
cost, but more importantly increase the computational 
reliability of scale-resolving computations, due to a 
reduced dependence of initial mesh specifications, and 
the educational level of the engineer – who is often at 
the doctoral level for the moment. 

Interestingly, Hillewaert highlights the potential role 
for biomimetics, where biological function and systems 
are used in engineering and machine design, on future 
rotor design. Humpbacked whales have long been 
noted for their ability to move with agility that defies 
their size. Studies have now attributed this capability 
to the large unique bumps that appear on the leading 
edge of the mammal’s fin. These “tubercules” have been 
shown to create a myriad of eddy currents on the fin, 
allowing it to perform with improved lift, less drag and 
an increased angle of attack before stalling, compared 
to fins with the conventional smooth leading edge. It is 
principles such as these that the Argo team may try to 
exploit for the future design of safer, quieter and more 
efficient engines and wind turbines.

Text Elaine O’Neill

For More information

http://www.prace-ri.eu/PRACE-5thRegular-Call
http://www.cenaero.be/

Core Hours

Hilewaert - The project was awarded 14.25 million 
hours on JUQUEEN @GCS @FZJ, Germany in year 
1 and 12 million hours in year 2.
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super Brain 
Computing

Collated simulations through the Virtual physiological Human (VpH) network have done wonders for 

the advancement of medically trained staff and the machines they manage. gathering descriptive, 

integrative and predictive data of human body investigation, the framework using computer models to 

simulate not just physiological anomalies, but those of the machines used to monitor such.

Core Values

“We didn’t select HECToR, we were assigned it. In fact, 
we had very little experience with supercomputers 
before this project. We had experience with grid/
distributed computing, but not really with this kind of 
supercomputer with a range of cores at the same place,” 
reveals team member Tristan Glatard.

“IDRIS was very accommodating in helping us. They 
explained how to connect and their support was very 
reactive. If I was to mention a bottleneck of the project, 
it was the scalability of our own code, rather than the 
infrastructure.” 

“We could test up to 2048 cores on HECToR. But we 
couldn’t scale further because of memory limitations 
that we hadn’t expected on our own system.”

Explaining the basics of the project, Glatard reveals: 
“What we were trying to do with the simulation was 
reproduce the behaviour of a real MRI (Magnetic 
Resonance Imaging) exam. We started from digital 
models of the human brain and investigated the 
parameters of the MRI scanners and how these 
parameters influence the quality of the image.”

The team comprising Prof Denis Friboulet, Tristan 
Glatard and William A. Romero took the opportunity 
of the DECI-8 call to test their work on MRI imaging. 
‘VIP for VPH: Execution of medical image simulation 
workflows on HPC resources through workflow 
interoperability between the Virtual Imaging Platform 
(VIP) and the VPH toolkit’ began once access to a Cray 
XE6 supercomputer was granted.

The aim of “VIP for VPH” was to provide imaging 
scientists with a suitable mechanism to access the 
PRACE High-Performance Computing resources and to 
ensure the sustainability of image simulation workflows 
beyond a particular computing infrastructure and 
workflow technology.

The project had access to a Tier-1 supercomputer 
provided through DECI-8. This included 1,670,670 
standardized PRACE core-hours for MRI simulations. 
The back-end resource was a Cray XE6 supercomputer 
called HECToR, located at the Edinburgh Parallel 
Computing Centre (EPCC). At the front-end, the team 
had the support of the locally based Institute for 
Development and Resources in Intensive Scientific 
Computing (IDRIS) in France. 
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Full Execution

MR imaging involves the physics events and interactions 
with an object to be scanned to generate an image. 
The MRI simulation includes the computing of an MRI 
sequence for every single voxel of the virtual object and 
its result in the MRI simulated image. 

Three types of execution were defined through the 
research in order to release a full service for the VPH 
community on the VIP portal. Firstly, to verify and 
validate simulations performed by SIMRI, it is necessary 
to run executions for application testing. Secondly, the 
SIMRI features and limits were tested in this type of 
execution. The results obtained from these executions, 
were used to identify issues within the software 
architecture and programming of SIMRI running on a 
supercomputer. At the same time, this could highlight 
new trends for image simulation applications. And 
finally, these executions are performed by users on the 
Virtual Imaging Platform. Depending on the user needs, 
data sets could be 2D or 3D objects for at least one 
instance in time.

Speaking of the team’s intentions, Glatard states, “this 
was a particular study that we conducted to compare 

two MRI imaging simulators. One is fast to run, but 
returns non-detailed results, it’s called SIMUBLOCH. 
The other is slow and heavy to run, but provides much 
more realistic imaging, and that’s SIMRI.”

“The strength of the DECI 
programme is the importance 
and the quality of the computing 
resources.”

Platform Management

“VIP is a web platform that we developed in France. 
It gathers several different medical simulators; it is 
basically software as a service. We provide services to 
people who want to use these simulators on distributed 
computing platforms. We were able to clarify that 
the faster simulator worked, along with providing 
clear guidelines of when to move to the more realistic 
imaging on SIMRI.”

Figure 1 – Brain model based on relaxation time maps.
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As mentioned earlier, limitations were found to exist 
within the VIP embedded application SIMRI. The results 
of the benchmarking execution highlight a problem 
within its memory management scheme. A model of size 
2563, requires about 832 MB of memory per CPU-Core. 
Consequently, using 32 jobs per node requires 26624 
MB, 26GB of memory (HECToR supports a maximum of 
32 jobs per node). Therefore, the simulation breakpoint 
comes from a memory allocation request (malloc). 
The solution required reducing the jobs per node, 
but this has an impact in the simulation performance 
increasing the computing time. The walltime limit was 
24 hours, therefore simulations that exceeded the limit 
were killed. Overall, the simulation was performed 
using eight volumes of 256x256x32 in order to get a 
successful execution and a complete simulation result.

The results of the project demonstrate that the 
integration of the Virtual Imaging Platform, Moteur, 
the Application Hosting Environment and a PRACE 
computing resource, is an effective solution for MPI-
Based application software in image simulation. Despite 
the fact that the MRI simulator has a limitation, it is 
possible to deploy these applications for different kinds 
of simulations.

On a whole, the French-based team were 
very impressed with their first experience of 
supercomputers and the performance of the VIP on it. 
“The strength of the DECI programme is the importance 
and the quality of the computing resources. When 
you get access to the resources, you really get strong 
support and high quality machines,” believes Glatard. 
“The application process may limit a project from open 
access, but these are needed for the shared use of such 
powerful machines. The essence of the programme is in 
the provision of very substantial computing allocations.”

Text Elaine O’Neill

Figure 2 – Simulated images of the brain.

For More information

http://www.prace-ri.eu/DECI-8th-Call

Core Hours

VIPforVPH used resources 500 thousand core 
hours at EPCC, UK
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Back to the  
Big Bang
The discovery of the Higgs Boson was greeted with great celebration in 

March 2013, signifying a huge milestone in particle physics. The discovery 

of this elusive particle provided the confirmation for physicists that the 

standard Model, currently the best model to describe how all matter 

interacts, exists. However, as Dr. Karl Jansen explains, this discovery 

was not the end of the work for physicists in the field. Huge amounts of 

research continue to examine the interaction of elementary particles in the 

hope of gaining greater understanding of the events immediately following 

the Big Bang.

Central to this progress is the work being performed by 
Jansen’s team using the Fermi, JUQUEEN, and SuperMUC 
supercomputers. The group are delving deeper into the 
interactions between these elementary particles. Most 
specifically, the group are interested in the interaction of 
quarks and gluons, described theoretically as quantum 
chromodynamics (QCD). 

Unlike the experiments performed in the Large 
Hallidron Collidor in CERN, where particle beams 
collide at high energy and produce smaller particles 
than may be observed by scientists, the coupling 
between quarks and gluons is so strong that it is 
impossible to observe them independently. Therefore, 
in order to fully understand how these particles 
behave, researchers have had to turn to the theoretical 
modelling of QCD. The German-based team employ 
advanced computer modelling techniques to examine 
the interaction of these particles within a framework of 
lattice QCD.

realistic physical parameters

To tackle this problem of observation, Jansen has 
created a four-dimensional space-time discrete 
grid with a finite number of points. “This ‘space-
time crystal’ is put on a computer, simulated and 
the first principal calculation of the fundamental 
forces between the particles performed; giving an 
understanding of the interaction between these 
particles,” he reveals. “The project consists of two 
parts. The first is the generation of gluon field 
configurations at the physical point, meaning that the 
parameters assume their experimentally determined 
mass values. The second part involves the calculation 
of physical quantities on the gluon field configurations 
generated in the first part.”

As recently as five years ago, researchers were forced 
to perform simulations at unphysical values, which 
required extrapolation to the physical state. This was 
the case because computational cost was too high 
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and no supercomputers were capable 
of performing this theory. “Now, 
due to algorithmic advances and 
availability of the supercomputer 
through PRACE, we are now 
in a position to perform the 
calculations at realistic 
physical values,” admits 
Jansen. 

These advances allow 
the researchers to 
fix realistic physical 
parameters and 
predict many other 
physical properties 
that appear in these 
strong interactions, 
such as masses and 
decay constants. 
“Initially using unphysical 
parameters we found 
discrepancies between 
experimental results and 
lattice simulations. Now we 
are doing the simulations at 
the physical parameters, we can 
reconcile our lattice simulations with 
the experimental results.” 

Experimental vs Theoretical

Furthermore, when the group extrapolated the current 
simulations to the physical parameters of the previous 
models, they confirmed that the previous work was 
accurate within the given parameters.

There has been disagreement for some time between 
the experimental results and theoretical predictions. 
“One of our major goals is to get our results from 
these lattice simulations precise enough that we can 
really discriminate whether this is a mistake in the 
experimental data or theoretical calculation, or if there 
is a sign that an experiment deviates from the Standard 
Model, pointing to new physics. This would be very 
exciting”.

All of this game-changing work is currently being 
completed through PRACE’s multi-year access 
programme.  Accessing three facilities has been 
remarkably important to this project. “PRACE is 
essential, without these computing resources such 
calculations would not be possible”.

“Due to algorithmic advances and 
availability of supercomputers 
through PRACE, we are now in a 
position to perform calculations at 
realistic physical values.”

Figure 1: Proton.
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Jansen’s group had been involved in PRACE for a 
number of years prior to the current project. This long 
term activity within the PRACE network has allowed 
them to develop to their current position, where they 
are using fully realistic conditions. 

Controlling systematic errors

“Now we can start serious simulations. We have 
now removed one of the systematic errors, namely 
extrapolation to physical masses, now we have to test if 
our crystal is large enough and the lattice spacing small 
enough to represent the physical world.”

Continued access to supercomputers has allowed 
the team the opportunity to test and validate their 
simulations, before fully collecting what they know to 
be realistic data. This final state has yet to be achieved, 
but the model is producing results all the time that are 
helping to produce increasingly accurate simulations. 
“The most important issue for us at the moment is to 
get the systematic errors under control before they can 
make a claim [of a result]”.

Jansen is confident that the time remaining on the 
PRACE supercomputing resources will yield important 
and interesting results, which will provide further 
understanding of the early universe and the eternal 
questions of “where we all came from and how the 
world has developed as it is now”.

With ambitions as great as these, the results of this 
project are eagerly awaited. Every researcher knows not 
to make grand claims before something substantial can 
be proven. It seems Jansen’s team have the confidence 
to know just how dramatic their research may be. And it 
is with bated breath, that the rest of us can only wait.

Text Mark Dunleavy

Figure 2: Atoms and Quarks.

Figure 3: The Big Bang Timeline

For More information

http://www.prace-ri.eu/PRACE-5thRegular-Call
http://www-zeuthen.desy.de/~kjansen/etmc/

Core Hours

Jansen - The project was awarded 7.5 million 
hours on Fermi @ CINECA, Italy, 17.5 million on 
JUQUEEN @GCS @FZJ, Germany and 5 million on 
SuperMUC @ GCS@LRZ, Germany in year 1 and 
7.5 million on Fermi and 17.5 million on JUQUEEN 
in year 2.
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Counterattack  
on the Flu Bug

The temperature comes from nowhere. you start to shiver and get aches all over your body.  

Seems like you have caught the influenza. With help from supercomputers,  

a research team is making plans for a counterattack. 

The seasonal flu is a nuisance, but it is also a potential 
serial killer. During World War I, the Spanish Flu caused 
more casualties than the actual war. Also later on, global 
epidemics have occurred at regular intervals. There 
was one in the 1950s and another in 1968, and more 
recently the swine flu, or H1N1. 

Since we have never travelled as much as we do today, 
a flu virus can grow into a global threat very quickly. 
We do have vaccines, but the challenge with the 

influenza virus is that it becomes resistant to them very 
quickly. Every year, a new vaccine has to be developed 
for tackling the seasonal influenza bug. And should 
a pandemic be knocking on our door – which it will, 
sooner or later – it is obviously better the faster we can 
develop a vaccine.

In sum, getting to know more about this persistent and 
potentially deadly virus is of great importance.
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Membrane fusion in focus

Let’s get back to those aches that came from nowhere 
and have now forced us to retire to our bed. We might 
have had the virus circulating in our body for a while. 
As the virus infects the cell, it is enveloped by a lipid 
bilayer to form a so-called vesicle, essentially a small 
cell membrane, around it. There are proteins on the 
vesicle’s surface, and if this protein hooks on to your 
cell membrane like an anchor the vesicle can fuse with 
the other membrane to deliver its contents. If the virus 

Figure 1. Influenza proteins drive close encounters between 
membranes.  Influenza hemagglutinin has pulled these 
two membranes close together, creating a tight membrane 
interface with slow dynamics.

Figure 2. Volume rendering of lateral tension in two vesicles 
prior to fusion. Lipid headgroups were used to define the 
membrane surface; these are rendered separately.

RNA gets into our cells, the virus will start to reproduce 
rapidly and we will fall ill. 

The process when the vesicle cell hooks up with a 
normal cell membrane is referred to as membrane 
fusion, and this process is crucial in understanding the 
flu virus. Why do some people get sick? Why does the 
protein succeed in anchoring onto some people’s cells 
while others manage to steer clear? What can be done 
to block the membrane fusion?

These are questions that preoccupy Prof. Peter Kasson, 
now at University of Virginia, and Erik Lindahl, professor 
of Biophysics at Stockholm University in Stockholm. They 
are heading a research project aiming to uncover what 
exactly happens with influenza viruses right before and 
during the membrane fusion. If they succeed in their task, 
we will know a lot more about the underlying physical 
process of coming down with a flu and will thus be able to 
target it more effectively with antiviral agents, i.e. vaccines.

But according to Lindahl, membrane fusion has been 
notoriously difficult to simulate at a molecular level. An 
influenza virus can consist of millions of atoms, making 
it impossible for the human brain to calculate a model 
as the data simply gets too large.

“Today we roughly know how virus infection works 
but we are interested in uncovering exactly what 
happens when two membranes are fused together, 
and how this anchoring process unfolds. But it is very 
difficult to simulate a membrane fusion at a molecular 
level as the particles are moving around all the time 
like oil. That makes it impossible to do in a laboratory”, 
explains Lindahl.

High-performance simulation

Thanks to supercomputers, what can be done these 
days is putting the data into a computer that is able to 
master several ten thousand times more information 
than the usual device on your desk. By using high-
performance simulation methods, membrane fusion can 
be studied in detail. 

So far, the Kasson and Lindahl team have been able 
to simulate a model of the influenza virus interacting 
with a target membrane from start to finish at an 
atomic resolution. 

“Using supercomputers, we have succeeded in 
performing a number of simulations in which we can 
demonstrate on an atomic scale what happens when 
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two particles find each other and are fused together”, 
says Lindahl. 

Sometimes the two particles sit next to each other for a 
long time but never fuse. 

“Whether the membrane fusion will occur or not 
depends on the fat particles, or lipids, that form the 
membrane and also on what the anchor looks like”, 
says Lindahl.

attacking the anchor

Through simulations, Lindahl hopes to uncover how 
the anchor works and exactly which parts of the vesicle 
structure make the anchor fuse with the cell membrane. 

The most likely way of combating membrane fusion is 
to attack the particle that acts as the anchor, enabling 
the virus-infected atom to fuse with a normal cell. This 
anchor is a protein called hemagglutinin.

“The problem is that the proteins of the virus particles 
contain changes all the time. And in doing so, they make 
it difficult for medicines or vaccines to target the virus 
particles. If we manage to find the absolute heart of the 
anchor we will be able to design molecules that can 
attach to these parts and make it impossible for them to 
fuse”, says Lindahl.

The natural next stage is to simulate a vesicle fusion 
mediated by influenza hemagglutinin directly. 

sharing resources

Lindahl’s research team used Tier-1 supercomputer 
situated in Edinburgh, Scotland. Lindahl is very grateful 
for the support he got from PRACE.

“The software program needs to be adapted to every 
research project in order to get the optimal use. The 
supercomputers are very important, but obviously 
we need human input to get the most out of them. I 
think that it is very important to bear in mind when 
we invest in these supercomputers that we also need 
to continuously develop the competence around them”, 
Lindahl emphasizes.

Lindahl and his colleagues developed the GROMACS 
programme, which is one of the largest software 
programs in Europe for biomolecules. 

“It was actually a kind of symbiosis between PRACES’s 
competence and our research team. We researchers 
needed to be on top with what we wanted to be 
calculated while the PRACE guys helped provide the 
resources.”

One challenge is the speed at which things develop. 
The computing power of supercomputers is increasing 
rapidly, making it impossible for software development 
to keep up. That is why it is important for codes to be 
able to be transferred to different architectures.

Sharing your results is a basic principle in the academic 
world. Knowledge sharing and resource exchange is 
equally important for the supercomputers’ potential to 
be maximised. 

“It’s like a potluck supper, where every country brings 
their know-how to the table and then resources are 
shared according to the needs of each research project”, 
says Lindahl. 

And the synergies from that co-operation will lead to an 
answer to one of society’s grand challenges.

Text Lena Barner-Rasmussen

For More information 

http://www.scilifelab.se/index.
php?content=research_groups&id=16
http://www.scilifelab.se
http://www.su.se
http://www.kth.se
http://bme.virginia.edu/people/kasson.html
http://www.prace-ri.eu/DECI-7th-Call

Core Hours

SIVE-2 used resources (6.2 million core hours) at 
EPCC, UK.
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Computing  
Brain Power

One of the most anticipated research developments in the last year was the announcement 

of the Human Brain project, an initiative aimed at revolutionizing our understanding of the 

brain. it is hoped it will shed light on the mechanisms behind behaviour and cognition, 

assist with the diagnosis and treatment of brain disease, and even use the way brain cells 

communicate with each other to develop the next generation of supercomputers. 

Dr. Mounir Tarek believes that his research on one 
of the most fundamental elements of brain function 
will play a key role in achieving these goals. The team 
located at the Université de Lorraine in France have 
particular interest in ion channels; small gateways in 
the membranes of cells that allow the flow of electricity 
through the brain.

Characterization of how ion channels function at the 
molecular level is very important. These channels 
are ubiquitous and play a vital role in cell signalling. 
Furthermore, ion channel dysfunction is responsible 
for a range of brain disorders, so understanding their 
operation at a molecular level is fundamental to 
developing future treatments for these conditions.

“Although the field started in the 50’s and 60’s with 
exquisite electrophysiology data, the merger of 
advances made in computer science and knowledge 
from experimentalists have allowed modelling to 
provide real molecular level insights in ion channel 
function,” reveals Tarek. Up until then data was reliant 
on electrophysiological and biophysical experiments, 
which despite providing some background, were 
reaching the limits of what could be achieved. Tarek 
was influential in the present day development, “around Figure 2: In silico electrophysiology.
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2005, when I began studying these channels, the crystal 
structure of ion channels was resolved for the first 
time.” Once researchers were confident that this protein 
structure was accurate there was a rapid emergence of 
simulations in the area. 

Competitive Computing

Tarek is very aware of the value of accessing 
supercomputing resources, CURIE and SuperMUC: 
“Today, the field is highly competitive and we can 
only make progress due to our own efforts, and the 
computers we can access. Previously we had access 
to national resources, but these were insignificant 
compared to what we now have with PRACE.”

“This multiyear allocation has changed the way we 
look at HPC resources. This allowed us to not only use 
the CPU hours in production runs, but gave us enough 
time and freedom to investigate new routes, new 
strategies. We were able to develop contingency plans 
to circumvent problems we did not anticipate.”

The team, consisting of researchers from France 
and the USA, has already had some success in their 

attempt to understand the dynamics of these channels. 
“Molecular dynamic simulations are well established 
codes but, due the level of computation required, only 
work over very short time periods. Access to the high 
performance computing resources allows us to look at 
the system in timescales that approach the timescales 
where they function,” divulges Tarek. “This allows us 
to study the mechanisms of a protein for times that are 
commensurate with its time of action. For ion channels 
this means being able to produce simulations that 
last hundreds of μs.” This development will be vital in 
allowing researchers to model the way the channels 
respond to activation and recreating the real kinetics 
during an action potential.

Molecular dynamics employ iterative calculations on 
a relatively small number (1000-2000) of processors. 
Access to PRACE, however, has allowed the group to 
model another area called the free energy landscape, 
due to the availability of tens of thousands of 
processors. Models have been limited due to the time 
and resources required to perform calculations, as the 
dynamics of the landscape are so slow and the energy 
barrier so high. This development provides the group 
with more useful information to compare with the 
experimental data, for example, kinetics of motion.

Figure 1: Plasmic Membranes.
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Channelling the Future

The current work focuses on one channel, the voltage-
gated potassium channel K¬v1.2, as it is the channel 
for which the 3D structure is best defined and accepted 
by experimentalists. On top of this, Tarek hopes to 
use this time to establish a series of protocols that 
can be later used to characterize any other channel. 
This could revolutionise understanding not just of the 
simulation of potassium channels in the brain, but of 
all voltage-gated ion channels in many other excitable 
tissues in the body outside the brain. This could greatly 
benefit the treatment of channelopathies; diseases 
caused by channel dysfunction, from epilepsy to cardiac 
arrhythmias.

Given that the channels do not exist in isolation, the team 
are also investigating their interaction with the walls 
of the cells. Since the ion channels sit within the cell 
membrane, Tarek has been investigating how changes to 
the membrane can alter channel function. “Some toxins 
or lipase can modulate the activity of channels.”

“These channels are embedded in the lipid membrane 
of the cell.  One component of the channel has electrical 
charges that interact with elements of the local lipid 
membrane. If you change the nature of the lipids you 
change this electrostatic interaction, and this can then 
affect the function. The channel is like a piston, when it 
is up it is open and closed when down. If this motion is 
hindered then the function is also hindered.” 

speed of simulation

Tarek explains the team’s grand ambitions. “The whole 
idea is to fit within the Human Brain Project, to be 
able to provide the community with databases that are 
fully in silico. Ultimately, this would remove the need 
for researchers to perform experiments on a specific 
channel. In addition it would allow comparisons 
between the native state of a channel with a channel 
that has been mutated either experimentally or as a 
result of a genetic mutation. We want to provide an in 
silico measure of the response of these channels.”

Beyond just its ability to model the kinetics of these 
channels as a result of mutations, the group also believe 
the simulations can provide insights into the effects 
of drugs on channel function, and potentially help in 
the design of drugs that can alter the response. These 
studies are at an early stage, with the huge calculations 
predicted to take months or years. With continuing 
access to PRACE, Tarek hopes to be able to reduce this 
to weeks or even days and, and ultimately, produce a 
result quicker than experimentalists. Now those are 
claims the brain can compute.

Text Mark Dunleavy

“Today, the field is highly 
competitive and we can only 
make progress due to our own 
efforts, and the computers we can 
access.”

Figure 3: Model Snapshot

For More information

http://www.prace-ri.eu/PRACE-5thRegular-Call
https://www.humanbrainproject.eu/

Core Hours

Tarek - The project was awarded 28 million hours 
on CURIE @ GENCI @CEA, France and 42 million 
on SuperMUC @ GCS@LRZ, Germany in year 1 and 
the same allocation in year 2.
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in Madrid, spain, at the institute of Catalysis and Petrochemistry, researchers are studying 

catalysts for the production of new powerful and clean energy sources with the help of PraCe 

supercomputer resources.

of chemical energy.  The only fuels they need are 
oxygen and clean hydrogen. If these fuels are constantly 
provided to the cells, they can run indefinitely.

Fuel cell needs clean hydrogen

Dr. Maria Veronica Ganduglia-Pirovano and her 
group from the Institute of Catalysis and Petrochemistry 
in Madrid are working on this challenge. Their goal is to 
develop catalysts that produce very clean hydrogen to 
be used in fuel cells.

“Hydrogen is the simplest and most abundant element 
in the universe; it exists as diatomic molecules and could 
be very suitable fuel in Polymer Electrolyte Membrane 
(PEM) cells. A fuel cell that uses oxygen and hydrogen or 

Designing  
Catalysts  

for Clean energy  
sources

Today, researchers have an urgent challenge to develop 
new clean and sustainable energy sources. The 
population of the world is growing, fossil fuel reserves 
are vanishing and the climate is changing, and thus, 
something needs to be done. 

One of the answers to the energy question in the future 
can be fuel cells, which have a broad range of small and 
large-scale applications. They can for example replace 
traditional lithium-ionic batteries in mobile devices, or 
they can be used as industry power stations.

Hydrogen fuel cells are like batteries because they 
generate electricity from an electrochemical reaction. 
A battery holds a closed store of energy within it and 
once that is depleted the battery must be discarded or 
recharged. Fuel cells, however, use an external supply 
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hydrogen-rich fuel is a very clean and efficient method 
for producing electricity. The only byproducts in the 
process are water and energy”, she says.

In a project called CatDesign, which stands for catalyst 
design, Dr. Ganduglia-Pirovano and her group have been 
using supercomputers to model new catalysts, such as 
nickel-ceria, crucial for producing very clean hydrogen.
“The hydrogen, which is produced by processing 
hydrocarbons, contains some carbon monoxide, which 
causes the degradation of fuel cell components and 
damages the membrane. The purpose is to remove it, 
and for that we need the catalyst.”

Catalyst design requires computational 
models

Ganduglia-Pirovano’s work has been focusing on 
nickel-ceria-catalysts, which are needed for producing 
hydrogen free from carbon monoxide.

“Catalysts are very complicated systems and to 
understand how they work, the creation and research 
of experimental and computational model catalysts are 
needed. There is actually a general need to improve the 
formulation of many real industrial catalysts.”

In Ganduglia-Pirovano’s work, hydrogen is cleaned 
by water-gas shift (WGS) reaction, which is used in 
industrial hydrogen production as well as an integral 
component for fuel cell applications. Its purpose is to 
produce hydrogen and to reduce the level of carbon 
monoxide for final cleanup by preferential oxidation.
The WGS reactor currently represents the largest 
volume of any catalyst in a fuel processor due to the 
slow kinetics at temperatures where the equilibrium is 
favorable. Producing a WGS catalyst that can overcome 
current rate limits would lead to substantial reductions 
in the size and cost of commercial fuel cells.

Computational models created

Recent experiments have revealed that nickel-
cerium oxide catalysts could be suitable for hydrogen 
production, which Ganduglia-Pirovano is examining. 
They are stable, inexpensive and highly active for the 
WGS and carbon monoxide methanation reactions.
However, the activity and selectivity of the supported 
nickel catalysts are strongly dependent on the amount 
of metal employed.

“This is the reason why our project aims to elucidate 
the structure and functioning of nickel-cerium oxide 

Figure 1: A Polymer Electrolyte Membrane (PEM) fuel cell is like a battery because it generates electricity from an 
electrochemical reaction as long as it is supplied with a source of clean hydrogen and a source of oxygen. The hydrogen 
produced from hydrocarbons contains some carbon monoxide, which has to be removed. The water-gas shift (WGS) 
reaction (CO + H2O → CO2 + H2) is used for that. The molecular level understanding of this reaction over supported metal 
catalysts is thus critical for generating clean hydrogen.
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catalyst and to develop a molecular-level model for 
the WGS reaction. These systems are very promising”, 
Ganduglia-Pirovano says.

“At this point the role of computational models becomes 
crucial. Our work includes creating computational 
models for these catalysts. We study their structural and 
catalytic properties by using calculations based on the 
latest computational chemistry methods.”

Her group’s findings have demonstrated the critical role 
of metal-oxide interactions on perturbing the electronic 
properties of nickel and suppressing its activity for 
methanation at low coverage. This points out the 
importance of considering both the metal and the oxide 
phase when tailoring the catalysts for industrial use.

“A good WGS catalyst should promote carbon monoxide 
oxidation but still be active enough to dissociate water. 
Therefore, we are currently exploring the adsorption 
and dissociation of water on the catalytic model systems 
described above.”

Powered by PraCe

Ganduglia-Pirovano says that the required 
computational capacity has been huge due to the 
number and size of the systems. PRACE has been a 
provider of most of the resources needed in the project.

“Due to the novelty of the system and the close 
collaboration with experimentalists, the fast delivery of 
computational results has been very valuable.”

According to her it would have been difficult otherwise 
to get all the computational time that was needed for 
the research.

“The PRACE infrastructure has offered us the 
opportunity to work fast and at a steady pace in order to 
meet our scientific objectives.”

Text Marja Saarikko

electronic structure calculations 
ranked most intensive 

Ganduglia-Pirovano and her group are performing 
“electronic structure calculations” – numerical 
solutions of Schrödinger’s equation for a specific 
system. Assuming knowledge of the types of atoms 
comprising any given system, a computational 
approach provides answers to two basic questions: 
What is the atomic structure of the material and 
what are its electronic properties? The most 
successful electronic structure methods in current 
use are those based on density functional theory 
and of quantum chemistry. 

Electronic structure calculations are ranked 
among the most computationally intensive tasks 
in all scientific calculations. For this reason such 
calculations take up significant shares on many 
scientific supercomputer facilities.

For More information

http://www.icp.csic.es
http://pubs.acs.org/doi/abs/10.1021/jp400430r
http://www.prace-ri.eu/DECI-7th-Call

Core Hours

CatDesign used resources 
(1.7 million core hours) at 
LRZ, Germany and PSNC, 
Poland.
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stemming 
across 
europe

Large scale molecular simulations of protein - 

DNa recognition in the combinatorial  

control of transcription

In a study by Shinya Yamanaka awarded half of the 2012 
Nobel Prize for Medicine, it was shown that pluripotent 
stem cells (iPSCs) can be generated from somatic cells 
through the addition of only four transcription factors. 
For the successful application of iPSCs in regenerative 
therapies, it is crucial to understand the detailed 
mechanisms of the induction to pluripotency. 

Among the four transcription factors noted by 
Yamanaka, Oct4 is the only one that cannot be replaced 
by other members of its (POU) family in this process. 
While the potential use of iPSCs in medical applications 
is currently investigated by many laboratories, Dr Vlad 
Cojocaru has turned his focus to the investigation of 
the unique features of Oct4 and what makes it such a 
potent regulator of both the maintenance and induction 
of pluripotency.

The DECI awarded “Large scale molecular simulations 
of protein - DNA recognition in the combinatorial 
control of transcription” (LASIPROD) project kicked off 
with access to the Tier-1 superMIG machine in Germany. 
Using the enablement resources of locally based 
Rechenzentrum Garching (RZG), Cojocaru was able to 
run up to four jobs in parallel, with the first phase of the 
project resulting in 897 nanoseconds of simulations. 

super simulations

Cojocaru reveals: “This amount of simulation time 
would require more than two years of running on 
medium-sized computer clusters. We performed 897 
ns of simulations in about 200 days on the superMIG 
supercomputer.” 

“Therefore, the availability of resources on large 
supercomputers is essential for the success of such 
a project. PRACE provides an integrated platform to 
access supercomputers in Europe making such projects 
feasible for groups with limited financial resources.”

The LASIPROD project used biomolecular simulations 
to investigate protein-DNA recognition. It focused 
on the POU family of transcription factors aiming to 
identify differences among its members to explain 
their functional specificity. The family’s transcription 
factors have two DNA-binding domains connected by a 
flexible linker region. They recognize DNA either alone 
or in cooperation with other transcription factors. Oct4 
belongs to this family. 

“To understand the functional specificity of Oct4 for 
regulating pluripotency-marker genes, we performed 

Figure 1: A typical simulation box in which the molecule 
of interest is solvated in water and a defined salt 
concentration is added (red balls represent the ions).
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standard molecular dynamics simulations of Oct4 
bound to two different DNA elements in presence and 
absence of Sox2, another transcription factor from the 
core transcriptional regulation network in embryonic 
stem cells that cooperates with Oct4 on several known 
DNA regulatory regions,” shares Cojocaru. “In addition, 
we calculated the free energy profile of the unbinding of 
Oct4 from one of its specific promoters in the presence 
and absence of Sox2.”

“This amount of simulation time 

would require more than two 

years of running on medium-sized 

computer clusters.”

Phase Two Launches

To investigate whether the DNA recognition 
mechanisms of Oct4 differ from those of other 
POU factors, Dr Cojocaru performed biomolecular 
simulations with several models of Oct4/DNA and 
Oct4/Sox2/DNA complexes aiming to calculate the 
free energy of unbinding of Oct4 from different DNA 
elements in the presence and absence of Sox2. 

“For the simulations, we chose the DNA regulatory 
region found in the utf1 gene that has a specific Oct4 
binding site,” reveals Cojocaru. “These simulations are 
still ongoing and only some of them were performed 
using the computer resources awarded within the first 
phase of the LASIPROD project. Additional simulations 
are currently being performed using the computer 
resources awarded for the second phase of the 
LASIPROD project as well as using other internal and 
external resources.”

Speaking of the phase two progression that the 
LASIPROD project has moved on to, Vlad stated: “I 
did find the one year period rather short, and as a 
user would advocate for two or three year allocation 
periods. This would cover the period of a PhD student 
or PostDoc, meaning that there would be no need to 
reapply for another call in the duration of one student’s 
time on the project.”

Direct access

“The integrity behind PRACE and the provision of access 
to multiple European supercomputers is a great one. 
During our DECI call, we were able to run simulations 
on a phenomenal scale; something that could not be 
done locally.” 

As Cojocaru moved into phase 2 of the LASIPROD 
project, he was granted access to further Tier-1 
machines. “The issues that arose in using four different 
machines related to regulations and policies of access. 
A major benefit of the DECI programme is having the 
capacity to access different platforms across Europe 
through one application. We don’t have to go through a 
whole application process for each machine, but could 
do it solely through PRACE. I would argue for uniform 
access and policies across the different sites. This would 
allow for easier interaction.”

“Our direct access to RZG made things easier. While it 
would be great to have a central support centre for all 
machines under the PRACE group, the enablement team 
at RZG helped with the flow of processes. 

Now that the project is heading towards completion, 
Cojocaru is delighted to report: “The work completed 
from the DECI programme has pulled in enough 
information for three manuscripts, one of which is on 
my desk awaiting its final edits.” And while the proof 
will be in the peer-review, the LASIPROD project has the 
added credibility of sourcing its results from some of 
Europe’s most powerful machines. Each simulation has 
taken Cojocaru nearer to publication – something we all 
look forward to.

Text Elaine O’Neill

For More information

http://www.prace-ri.eu/DECI-7th-Call

Core Hours

LASIPROD used resources (700 thousand core 
hours) at LRZ, Germany.
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Heading up a 10-strong team of researchers, Dr. 
Sébastien Masson is intent on advancing the field by 
decades. Using three experimental models of climate 
simulation, this project, PULSATION: Peta scale mULti-
gridS ocean-ATmosphere coupled simulatIONs, will 
further research in the area by producing more precise 
models of our climate with special emphasis on how 
smaller areas, or “zooms” within the model, can have an 
effect on the large scale. 

Focusing on NEMO (oceanic), WRF (atmospheric) and 
OASIS-MCT coupler (exchanger between the other two) 
models, Masson’s team used the supercomputers of 
PRACE to dramatically increase the resolution of their 
simulations. In itself, this has the potential to progress 
climate change knowledge phenomenally.

Climate modelling has become one of the major 

technical and scientific challenges of the century. 

With an increased urgency for delivery, climate 

change research has been curbed by the high 

cost of high-resolution modelling. accuracy and 

small-scale processes are significant in staying 

one step ahead of environmental changes, and 

supercomputers appear to be a ray of sunshine 

for a research field that has been limited by the 

resources available to it.  

Figure 1

“PRACE supercomputers 
represent an inestimable 
opportunity to reduce recurrent 
biases and limit uncertainties in 
climate simulations and long-term 
climate change projection.”

Zooming in on Climate Modelling



35

Zooming in on Climate Modelling
High cost resolution

As Masson puts it: “One of the major caveats of climate 
simulations, which consist of coupling global ocean 
and atmospheric models, is the limitation in spatial 
resolution (~100 km) imposed by the high computing 
cost. This constraint greatly limits the realism of the 
physical processes parameterised in the model.” 

“Small-scale processes can indeed play a key role in the 
variability of the climate at the global scale through the 
intrinsic nonlinearity of the system and the positive 
feedbacks associated with the ocean-atmosphere 
interactions. It is then essential to identify and quantify 
these mechanisms, by which small-scale localised errors 
have a knock-on effect onto global climate.”

This project concentrates on key coastal areas, which 
hold the models strongest biases, in the tropics at local 
but also at basin scales. Climate shifts in these areas 
have great societal impacts through their repercussions 
on the monsoon season. Speeding up analysis of these 
changes has the potential to provide more accurate 
forecasts and in doing so save lives.

Thanks to its new multi-year access programme, PRACE 
is offering projects such as this one the opportunity 

of forecasted use. There is room for getting the 
technological analysis right, before exploring the 
scientific ramifications; amplifying the potential of any 
research project.

reducing recurrent biases

Here, using PRACE supercomputers to run the climate 
simulations, allows for an increased speed and robust 
statistical significance. As the models can be run 
much faster, they can also be simulated for longer 
periods, providing more powerful results with greater 
significance. “Thanks to PRACE I have been able to do, 
not one or two years, but a 20-year simulation and see 
changes on decade timescale,” reveals Masson. “This 
gives more predictability for climate variability.”

“PRACE supercomputers represent an inestimable 
opportunity to reduce recurrent biases and limit 
uncertainties in climate simulations and long-term climate 
change projection.”  These studies are also allowing the 
team to achieve greater resolutions in their calculations. 
Currently the highest resolution that such climate models 
can achieve is in the order of 27km. Masson’s team expect 
to reduce this value to 9km, with even greater increases in 
resolution expected in the future.

Here are two pictures extracted from the same ocean-atmosphere coupled simulation at the same time step. Both oceanic 
and atmospheric models use the same grid at 9km resolution between 46°S and 46°N. Figure 1 shows the wind speed at 
10m high (purple is no wind, red is strong wind). Figure 2 shows the sea surface temperature (purple is cold, red is warm) 
at the same moment. Strong air-sea interaction are visible in the Ocean cooling associated to cyclones in the eastern Indian 
Ocean, south of Sumatra and north of Australia.

Figure 2
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The impact of these studies extends far beyond the life 
of the current project. The simulations that the team are 
currently collecting will provide enough computations 
for up to 10 years of analysis. 

accessing collaboration

An unexpected advantage of PRACE has been the team’s 
interaction with World Research and Forecasting (WRF) 
researchers, a collaboration that until now had been 
logistically problematic. “PRACE has allowed us to get 
good contact with WRF. They are the international 
reference of climate modelling, with over 20,000 users.” 
It is clear that this kind of simulation sharing through 
supercomputers can take research to a whole other 
level of significance. 

The magnitude of what can be done through multi-
year access to powerful supercomputers has not 
passed the team by, which is why in the 12 months 
since the project began, most of the work has involved 
preparation.

“Due to the highly complex nature of the simulation, 
most of the work to date has been on technical 
aspects of the project in establishing initial conditions, 
developing new features of the model and ensuring the 
robustness of the simulation.” 

By mid-year, the team had used 60% of their total 
PRACE allowance of 22,500,000 core hours. This 
included 7.5 million hours of production simulations, 
and 4.5 million hours of testing, tuning and validation. 

“Up to now, our efforts have been focused on the 
technical part, in order to achieve all the developments 
required to build this multi-scale coupled model. The 
accomplishment of this technical part of the work 
is required to bring this project to a successful 
conclusion. It is extremely difficult to produce 
outperforming simulations and do the scientific 
analyses in parallel.”

Masson’s team have no mean feat on their 
hands. Their goal is to build a multi-scale 
ocean-atmosphere coupled model, a first 
for the field. Their multi-year access with 
PRACE is part of a larger project, due for 
completion in autumn 2015. 

“The completion of this first multi-scale ocean-
atmosphere coupled modelling platform will allow us 
to explore the impact of the highest spatial resolution 
not yet approachable by the current climate models. It 
offers a unique opportunity to significantly improve the 
next generation of climate simulations.”

“The multiple tests we have done represent a complete 
and unique validation set of the sensitivity of the model 
to the parameterization of the convection, the radiation 
and the microphysics. This extensive exploration has 
never been done before with such a large variability 
of parameters on global scale domain. It is therefore 
extremely valuable not only for our project but the 
whole climate community as well.”

Text Mark Dunleavy

For More information

http://www.prace-ri.eu/PRACE-5thRegular-Call
https://www.locean-ipsl.upmc.fr/

Core Hours

The project was awarded 22.5 million hours on 
CURIE @ GENCI @CEA, France in year 1 and 12 
million in year 2.
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Fuelling the Future
in recent years, the global energy industry has been faced with several issues. among them, 

changes to the environmental balance of the planet, the increase in energy demand and the 

simultaneous depletion of traditional fossil fuels are the most significant.

Although it has been the most recent addition to 
the problem, the environmental issue appears to 
be the catalyst in the push towards change. Indeed, 
the emissions of carbon dioxide, mainly due to the 
energetic cycle, are considered responsible for global 
warming. 

Many analysts, on the basis of knowledge available 
today, have fixed a value of 450 ppm of equivalent 
carbon dioxide as the maximum acceptable 
concentration of greenhouse gases in order to hold 
the global average temperature increase below 2°C 
compared to pre-industrial levels. 

immediate effect

Considering that, and according to the measures of 
the Mauna Loa Observatory, on 9th May 2013 the 
concentration of carbon dioxide reached the threshold 

of 400 ppm for the first time. It is clear that low-carbon 
policies have to be put immediately into effect. 

According to the World Energy Outlook 2012, an 
estimated 40 per cent of the world’s oil demand comes 
from the road transport sector. It is now known that 
the use of hydrogen as fuel for Internal Combustion 
Engines (ICEs) could significantly relieve environmental 
and energy issues. Since hydrogen is not a primary 
energy source, sustainable production technologies are 
currently under investigation. 

Under the PRACE DECI-8 project “A Numerical Analysis 
of Hydrogen Underexpanded Jets (NAHUJ)”, Prof. Vinicio 
Magi and his team have studied the fluid dynamic 
behaviour of subsonic and underexpanded hydrogen jets 
by using pressure conditions similar to those encountered 
in direct-injection hydrogen engines. This is fundamental 
in order to accurately predict the performance and 
emissions of hydrogen propulsion systems.
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Figure 2. Temperature, pressure and Mach number along the hydrogen underexpanded jet centerline with p0/pa =10.

Figure 1. Temperature contour plots for the hydrogen jet with p0/pa =15, 10, 5: ideal (a), van der Waals (b), Redlich-Kwong (c). 

Figure 3. Density isosurface, equal to 39 kg/m3, at 3.4 ms.

Issues of Underexpansion

Prof Magi argues: “Hydrogen is one of the most 
attractive options for road transport, since hydrogen-
fueled ICEs can work with near-zero emissions and 
higher efficiencies than conventional engines. However, 
the fuel has exhibited some drawbacks, such as pre-
ignition, knock, backfire, low volumetric efficiency and 
high thermal losses, when used in ICEs. These issues 
can be overcome by using the direct injection strategy, 
with high pressure (more than 80 bar) and high-flow 
rate injectors. This results in an underexpanded jet 
issuing into the combustion chamber.”

Such jets were studied by Prof Magi’s research group at 
the School of Engineering at the University of Basilicata; 
a team which includes Francesco Bonelli, PhD student 
and Dr. Annarita Viggiano. The team employed the 
HPC enablement resources of CINECA in Italy and the 
Supernova Linux Cluster located at WCSS (Poland) in 
order to get significant results.

Magi reveals: “The CINECA staff handled the 
preliminary stages of access to resources for our 
project. This included X.509 certificates, registration 
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on their database, creation of user accounts for access 
to the Tier-1 resource, and more. Moreover, CINECA 
handled the porting of our code onto the GPU system. 
The porting was a demanding task and it took a couple 
of months to complete this phase. During this period, 
we interacted with Dr. Evghenii Gaburov, who, after the 
porting, gave us useful instructions on how to compile 
and use the code.”

This enablement took the project to the dizzy heights 
that Magi intended. “Access to top supercomputers across 
Europe is specifically required for the research of my 
group. The PRACE research infrastructure has supported 
this project by providing both computational resources 
and specific skills for the CUDA porting of the code.”  

Porting Code

The team used a two-dimensional axial symmetric 
in-house code, which is able to take into account real 
gas effects by employing either van der Waals or 
Redlich-Kwong equations of state. The accuracy of the 
computational model was assessed by comparing the 
results with experimental data in the literature for 
several test cases. 

In order to untangle the question whether it is necessary 
to include the real gas assumption dealing with hydrogen, 
the team performed the simulations of three jets with 
different total injection pressure, in the range 25-75 MPa. 
The ambient temperature and pressure are equal to 300 
K and 5 MPa respectively, whereas the total injection 
temperature is equal to 300 K. 

Moreover, the team performed LES computations of 
a subsonic hydrogen jet by employing an LES solver 
(FLEDS in-house code) in order to study the effect of the 
high air/hydrogen density ratio on the turbulent mixing 
and the spreading rate. This was a major issue dealing 
with direct injection in combustion systems, since the 
efficiency of combustion and pollutant emissions are 
strictly related to the mixing of air and fuel in diffusive 

flames. The code uses a Localized Artificial Diffusivity 
(LAD) scheme in order to avoid instabilities that can 
arise when dealing with jets that involve high density 
ratios.

Impressed, Magi admits: “The possibility of accessing 
top supercomputers and specific computational skills 
in Europe is a high-reaching characteristic of the 
DECI programme. I plan to apply for future PRACE 
calls in order to complete the investigation on the 
fluid structure of hydrogen jets and to analyse the 
combustion process of such jets.”

Taking a hydrogen-fuelled jet from Italy to Poland 
sounds like a super-powered trip that will take the 
energy industry by storm.

Text Elaine O’Neill

“The possibility of accessing top 
supercomputers and specific 
computational skills in Europe is a 
high-reaching characteristic of the 
DECI programme.”

For More information

http://www.prace-ri.eu/DECI-8th-Call

Core Hours

NAHUJ used resources (1.6 million core hours) at 
CINECA, Italy and WCSS, Poland.
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“The tendency for the last ten to twenty years is to 
describe materials by their electronic structures, 
interaction between atoms described by electronic 
structure theory. This makes the calculations very 
quantitative and predictive but very computationally 
heavy,” states Willaime. “Before PRACE, calculations at 
these levels were completely impossible” 

Thanks to the availability of the high performance 
computing resources of MareNostrum, Willaime’s group 
have been able to make some significant advances on 
the study of defects, called dislocations, in the crystal 
structure of these metals. In the late 90’s, progress in 
this area was limited to very small simulations due to 
the computing power available. Research was limited 
to the study of small ‘point defects’ of approximately 50 
atoms. Now with access to PRACE, the team are able to 
perform simulations on larger ‘line defects’ with 200-
300 atoms, resulting in a staggering amplification of 
research potential.

adding Dimensions

The whole strategy of materials modelling is to 
complete multi-scale simulations, starting with 
calculations at a very small scale and then using 
these results for inputs in higher scale models. The 
simulations performed by Willaime’s group attempt to 
reproduce the results of experimental data. However, 
in many situations such as modelling high-irradiation 
exposure, behaviour under high pressure, or attempting 
to model a new material, experimental data is not 
always available. In such situations, the team compare 
their results to more established robust models.

As one of the first users or the MareNostrum 
supercomputer, the group at CEA have been busy in this 
first year optimizing code and establishing protocols, 
but they have still managed to produce some very 
promising results. Previous models have focused on the 
structure of iron, but with the help of PRACE, they have 
now extended the study to six elements with the same 
structure as iron. “It is always good to have a systematic 
series to determine what is specific to one element 
or a general characteristic, and if the results are in 
agreement with experimental results,” admits Willaime.

Figure 1: The mechanical behaviour is contolled by the motion of dislocations = line defects in the crystalline structure.

EdgE dislocation scrEw dislocation
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strengthening  
Core Values
Despite being used for millennia, metals such as iron still play a very important 

role in modern life, from bridges to nuclear power plants. Transition metals have 

been employed for their great strength and ability to bear loads. The research 

team of Dr. Francois Willaime at CEA (Commissariat à l’énergie atomique et 

aux énergies alternatives; Alternative Energies and Atomic Energy Commission) 

are providing invaluable insights into how these metals behave at the atomic 

level, with a view to predicting how they will perform on the large scale. 

In an effort to describe how defects in materials 
form through areas of lowest energy in the Energy 
Landscape, the lead researcher offers the analogy of 
a walker trying to find their way through a mountain 
range by choosing the route of lowest altitude. “Before 
PRACE we studied only 1-dimensional (1D) cross-
sections of this energy landscape, but now PRACE 
allowed us to do the full 2-dimensional (2D) energy 
landscapes of dislocations.”

a Fresh View of the Landscape

Explaining results, Willaime states: “Based on ‘classical’ 
calculations of intra-atomic potentials, the 1D cross-
section of the most likely path for dislocation was 

thought to be a double hump, starting with a minimum, 
rising to a hump, with an intermediate minimum and 
a second maximum. Now, using electronic software 
calculations to provide much more quantitative 
‘quantum’ calculations, we find that this 1D cross-
section is in fact a single hump. This changes the 
previous picture of how dislocations move.”

“One of the other significant findings using the 2D 
model is that the energy landscape is completely 
reversed from what has been described by classical 
calculations. Classical calculations describe a model 
with 2 peaks, however 2D modelling reveals that what 
were previously described as peaks are, in fact, saddle 
points; with local minimum points further revealing 
themselves as peaks in the new model.” 

Figure 2: Fe - The hard core energy is not the maximum of the Peierls potential.

dFt Empirical potEntial



42

“Moving from classical to quantum really changes the 
whole picture of the landscape.” As with any findings 
that contradict current thinking, the results of the 
French team are slowing gaining acceptance amongst 
peers in the field. “In this regard, multi-year access to 
the PRACE network will be of great benefit, allowing us 
to set up a higher-scale model and uses these results as 
inputs that will create curves that can be compared with 
experiments.”

“The tendency for the last ten 
to twenty years is to describe 
materials by their electronic 
structures, interaction between 
atoms described by electronic 
structure theory. This makes the 
calculations very quantitative and 
predictive but very computationally 
heavy.”

Heading: Carbon Calculations

Not happy to rest on his laurels, Willaime outlines 
some of the team’s future plans. “We plan to look at 
crystal orientation dependence, to look at how crystals 
respond to stress. To avoid hand-waving arguments, 
we want to prove that this new energy landscape will 
offer something more consistent with the [observed] 
response of a crystal to stress than the classical picture.” 

“Any metal that is used in the industry contains 
impurities. Some are added on purpose, like carbon 
added to iron to form steel, and some are inherently 
present in the material. We would like to study how 
these impurities, or solutes, change the structure of 
the crystals, and the behaviour of the line dislocations. 
These calculations require much larger simulation cells, 
making them much more difficult. Starting with carbon, 
we want to see how these solutes change the core 
(centre of the line defect), and we can then generalise to 
other elements.”

Most of the metals used in metallurgy are transition 
metals. Steel, a mixture of the transition metal iron and 
carbon, is probably the most obvious application in 
everyday life. Ubiquitous in modern construction, steel 
is employed because of its strength and ability to bare 
load. If the team’s findings are shifting theories at the 
core level, this is bound to have substantial effects on 
the future of steelworks; changing the face of modern 
construction through better understanding. 

Text Mark Dunleavy

For More information

http://www.prace-ri.eu/PRACE-5thRegular-Call
http://www.maisondelasimulation.fr/CFCAM/
index.php

Core Hours

The project was awarded 20 million hours on 
MareNostrum @BSC, Spain in year 1 and the same 
allocation in year 2.
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raising the 
Temperature

risk management is not just for insurance companies, as governments 

across the globe weigh up the odds with every new development they take 

on. A power plant for example may work well in the mild 2013 weather of 

ireland, but how will the site fare in the future?

Based at the Irish Climate Analysis and Research Units 
(ICARUS), climatologist Dr. Rodney Teck knows just 
how influential model simulation can be in reducing 
risk through predictions. That’s why he applied to speed 
up the simulation process with the DECI-8 call for his 
project ‘RCR2CP: Regional Climate Research using a 
Representative Carbon Pathways Approach (RCP)’. 

A key limitation of current Global Climate Models (GCM) 
is the fairly coarse horizontal resolution, typically 
500km x 300km. For practical planning, countries 
require information on a much smaller scale than 
GCMs are able to provide. One of the solutions is to 
dynamically downscale the output from the GCM using a 
Regional Climate Model (RCM).  

Historical reference

Teck’s project sought to dynamically downscale the 
historical output from the EC_EARTH GCM for the 
period 1961-1990 for Ireland and the UK. As all models 
(regional and global) suffer from systematic error, 
climate change is evaluated by comparing the future 
simulations against the same models run in the current 
climate (i.e. over a reference period). The period 1961-
1990 is usually taken as the reference and was used 
here as the climatological baseline for the 8.5 (Wm2) 
RCP 2041-2100 future predictions. This was carried out 
using The National Center for Atmospheric Research 
(NCAR’s) Weather Research and Forecasting Model 
(WRFV3.4).

Dr Teck reveals: “Met-Eireann, the Irish Meteorological 
Service, which is a member of the EC_EARTH 
consortium, and ICHEC, the Irish Centre for High End 
Computing, provided us with the Representative Carbon 
Pathway EC_EARTH output data.”

ICHEC assisted Teck to speed up the transfer of data to 
his assigned Tier-1 machine, the Lindgren in Sweden. 
“After months of slowly transferring thread by thread 
over to the Swedish machine, Adam Ralph in ICHEC 
streamlined the whole system by suggesting that we 
could open up a whole load of threads to send to the 
Lindgren mainframe, the head nodes, overnight.” 

Batch Dispatch

“So, instead of sending one and then waiting for about 
12 hours for it to get there, we actually set it all up that 
we could push over up to 10 at a time. And we could 
then get it over, hook it up onto their head node, and 
that gave me the space to run it in a batch mode.” 

Increasing the volume meant great results for the 
research: “We managed to do one complete run. That 
is 100 years of data run on it. And if you consider that 
each run of one year took about six or seven hours, and 
we ran over 100 years, that was 600-700 hours of actual 
time running on the machine.” And despite the learning 
curve of working with the new Lindgren machine, Teck 
was delighted to get the access. “It was a facility that 
we really did appreciate. Knowing what we know now, 
we could use it in a much more refined manner. And we 
could probably make better use of it. 

Forecasted increase

Remarkably, the results revealed that temperature 
across Ireland and the United Kingdom of Great Britain 
will increase by 1.8 to 2.5° C by 2050 and by 3.5 to 4.8 °C 
by 2100. On top of that, the research simulated changes 
in the mean precipitation: the west of Ireland increasing 
by 10-15% in the winter, and decreasing in the east and 
southeast by 15-20% in the summer.  
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“We’re just looking at this data now. It’s extremely 
interesting. The forecast data going into the end 
of the 21st century will see Ireland probably with 
anything up to a 4-degree increase in average 
maximum temperatures. So it’s quite startling what it is 
producing.”

“All the way through, ICHEC have helped us with 
various difficulties that came up. Without them we 
wouldn’t have gotten a DECI proposal, and without 
their continued support I would’ve found it personally 
very difficult. We would have coped, but it has made the 
process significantly easier for us.”

“The most beneficial element of the DECI progamme 
is that we managed to use a different driver for one of 
our runs. That makes the research more comprehensive 
when it comes to publishing our reports in peer-review 
journals. We’re not just limited to one machine or one 
set of data, but it has opened up the ability to operate 
more data from different sources. So it makes it more 
credible. It has eliminated the possible extremes.”

Text Elaine O’Neill

Figure 1. This is the 30 year WRF T2max temperature 
anomaly 2050 minus the 1961-1990 temperature 
climatology for Ireland. It shows a marked positive 
temperature differential between the north-west and east-
south-east of Ireland between 1.4° and 1.8°C for the 30 
years 2021-2050, relative to the 1961-1990 temperature 
climatology. An increase of this magnitude would result in 
summer temperatures at Birr Co Offaly experiencing mean 
monthly temperatures during the mid-century of 17°C, an 
increase of 2.1°C.

Figure 2. This is the 30 year WRF T2max temperature 
anomaly 2070-2100 minus the 1961-1990 temperature 
climatology for Ireland. It shows a marked positive 
temperature increase across all of Ireland with the southern 
half of Ireland showing the largest increase, 3.6 to 4°C 
relative to the 1961-1990 reference climatology. All of the 
uK shows large increases in temperature with south Wales, 
Devon and Cornwall having T2max monthly means of 4.5 to 
4.9°C with reference to the baseline of 61-90 temperature.

For More information

http://www.prace-ri.eu/DECI-8th-Call

Core Hours

RCR2CP was awarded resources (100 thousand 
core hours) at PDC, Sweden.

Figure 1

Figure 2

“The most beneficial element of 
the DECI progamme is that we 
managed to use a different driver 
for one of our runs. That makes 
the research more comprehensive 
when it comes to publishing our 
reports in peer-review journals.”
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prACE Advanced Training Centres (pATCs)

Programmes from 
January 2014

to March 2014
BsC 

Barcelona Supercomputing Center (Spain)

CsC 
IT Center for Science (Finland)

CiNeCa 
Consorzio Interuniversitario (Italy)

ePCC
at the University of Edinburgh (UK)

gCs 
Gauss Supercomputing Center (Germany)

Mds 
Maison de la Simulation (France)

January 2014

• Advanced OpenACC & CUDA [CSC]
• Industry Focus: petaflop system administration; 

Marenostrum III [BSC]
• Cray tools workshop [EPCC]
• Introduction to Fortran90 [CINECA]
• Programming with OpenACC [MdS]

February 2014

• Second JUQUEEN porting and tuning workshop 
[GCS]

• HPC-based simulations, engineering and 
environment [BSC]

• 9th Advanced school on parallel programming 
[CINECA]

• Introduction to C programming language for 
scientific applications [CINECA]

• Data staging and data movement with EUDAT 
[EPCC]

• HPC, cloud: which solutions for which business? 
[MdS]

• Parallel filesystems and parallel I/O libraries [MdS]

March 2014

• Fortran for scientific computing [GCS]
• Simulation environment for Life Sciences [BSC]
• Cray XE6/XC30 optimization workshop [GCS]
• Spring school in computational chemistry [CSC]
• Parallel linear algebra [MdS]
• Advanced topics in High Performance Computing 

[GCS]
• HPC numerical libraries [CINECA]
• Introduction to the Fermi BlueGene/Q, for users 

and developers [CINECA]
• HPC enabling of OpenFOAM for CFD applications 

[CINECA]

Find out more information 
about PRACE training activities at 

www.training.prace-ri.eu
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SHApE pilot:  
Compute to compete,  

a must for sMes in europe
giovanni erbacci (CINECA)

Leader of the “Services for Industrial users and SMEs” activity in the PRACE-3IP Project 

in europe, sMes provide two out of three private sector jobs and contribute to more than half of the 

total added value created by businesses. Dynamic sMes can drive innovation in manufacturing and 

services, but often face greater obstacles than bigger enterprises in terms of skills, costs of resources 

or access to markets.

One of the main challenges for the sustainability of the 
EU economy is to support SMEs’ competitiveness by 
helping them to produce innovative products, reduce 
the time and the cost of design and production, and thus 
develop high-value products and high-technical skills. 

The adoption of HPC technologies to perform wide 
numerical simulation activities, to investigate complex 
phenomena and study new prototypes, is crucial to help 
SMEs to innovate products, processes and services and 
thus to be more competitive.

SHAPE will provide a complete set of complementary 
services for SMEs; from information, training, and 
access to experts from academia (domain science 
as well as applied mathematics and HPC) to co-
development of a concrete industrial project to be 
executed using PRACE HPC resources. After their 
participation in SHAPE, companies will have a clear 
view about the potential of HPC: the investment 
needed to perform; the skills they need to hire; the 
software or methodologies to develop; and they have 

a choice to either continue to use PRACE services 
for Open R&D and/or to buy their own HPC facilities 
and/or to access remote HPC services on commercial 
Cloud platforms.

Many barriers hinder the access to HPC by European 
SMEs, from the lack of expertise and/or knowledge 
of the possibilities of HPC and advanced simulation 
methods, to the scarcity of resources to facilitate 
the HPC adoption process, to the entry costs of 
implementing new technologies.

SHAPE, the SME HPC Adoption Programme in 
Europe is a new pan-European programme supported 
by PRACE. The Programme aims to raise awareness and 
provide European SMEs with the expertise necessary to 
take advantage of the innovation possibilities created 
by HPC, thus increasing their competitiveness. The 
programme allows SMEs to benefit from the expertise 
and knowledge developed within the top-class PRACE 
research infrastructure.
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Based on several existing initiatives at national level, 
this programme aims to deploy progressively a set 
of complementary services towards SMEs such as 
information, training, access to expertise (domain 
science as well as applied mathematics and HPC) 
for co developing a concrete industrial project to be 
demonstrated using PRACE HPC resources.

The SHAPE Pilot is a trial programme launched to 
prove the viability and value of the SHAPE Programme. 
Its objective is to refine the details of the initiative and 
prepare its launch in a fully operational form. The pilot 
aims to work with a few selected SMEs and introduce 
HPC-based tools and techniques into their business, 
operational, or production environment. The mission 
is to help the selected SMEs to demonstrate a tangible 
Return on Investment (ROI) by assessing and adopting 
solutions supported by HPC, thus facilitating innovation 
and/or increased operational efficiency in their 
businesses.

The pilot started in June 2013 with a call for 
applications, open to all European SMEs that have a 
business project that can be implemented using HPC. 
The call had a brilliant response, involving 14 SMEs, 
from 7 different Countries (Bulgaria, France, Germany, 
Ireland, Italy, Spain and the UK).

The applications cover a wide range of topics 
demonstrating the interest in HPC of many industrial 
sectors and the vitality of different SMEs at European 
level. The applications address topics like: 

• off-shore marine renewable energy devices; 
• fuel consumption in new vehicles; 
• audio unmixing technologies; 
• new reliable antibiotics; 
• cloud for advanced simulation in automotive; 
• electromagnetic simulations; 
• CFD and computational fast dynamics simulations; 
• turbulence models in sailboats racing;
• testing of new centrifugal water pumps; 
• CFD simulation of innovative hulls; 
• airflow simulations in clean rooms; 
• wind farm design, hydraulic turbine design; 
• analysis of ribosomal RNA.

The review panel in charge of evaluating the 
applications was composed of seven members: two 
appointed from the PRACE-3IP Management Board, 
two from the newly created PRACE Industrial Advisory 
Committee (IAC) and three delegated by the SHAPE 
internal team.

Based on two main criteria, technical adequacy and 
strength of the business case, the Review Panel has 
identified a group of six recommended applications, 
plus a group of four more that could be considered 
in case of more effort available for the SHAPE pilot in 
the PRACE Project. These lists have been approved by 
the PRACE Management Board, so a total of 10 SMEs 
will cooperate with the PRACE project to reach the 
objectives of the pilot.

Now the PRACE experts work with these selected 
SMEs until May 2014 when the pilot will be completed, 
in order to develop their solutions, providing the 
participating SMEs with knowledge that will allow 
them to make an informed decision on the selected 
HPC solutions and plan future actions, also considering 
the support of independent service providers at a later 
stage.

THESAn S.p.A Italy

Albatern Ltd. UK

nSilico Life Science Ltd. Ireland

Audionamix France

Juan Yacht Design, SL Spain

OPTIMA pharma GmbH Germany

AMET S.r.l. Italy

EnTARES Engineering France

Lapcos Scrl Italy

MOnOTRICAT S.r.l. Italy

The results of the pilot will allow PRACE to refine the 
SHAPE programme, and be in a position to change 
the attitude of European SMEs towards HPC, foster 
technological transfer between academia and industry 
and ultimately increase European competitiveness. The 
results of the SHAPE pilot will be showcased during 
PRACEdays14.

For information on the SHAPE pilot, please visit the 
SHAPE website at www.prace-ri.eu/shape or contact 
shape@prace-ri.eu.
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For more information and the Terms of Reference please visit:  

http://www.prace-ri.eu/PRACE-Project-Access
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PraCe 9th Call for Proposals 
for Project access

PraCe will open the 9th Call for Proposals for 
Project access on 12 February 2014.

The schedule for this prACE Call for proposals for project Access is:

9th Call

Call Opens 12 February 2014, 12 (noon) CET

Call Closes 25 March 2014, 12 (noon) CET

allocation Decision 2nd week of July 2014

Tier-0 access, for 1 year allocation 2 september 2014 until 1 september 2015

announcement

The systems available for Project Access are:

1. “CURIE”, Bull Bullx cluster (GENCI@CEA, France) 

2. “Fermi”, IBM Blue Gene/Q (CINECA, Italy) 

3. “Hermit”, Cray XE6 (GCS@HLRS, Germany)

4. “JUQUEEN”, IBM Blue Gene/Q (GCS@Jülich, Germany)

5. “MareNostrum”, IBM System X iDataplex (BSC, Spain)

6. “SuperMUC”, IBM System X iDataplex (GCS@LRZ, Germany)



announcement

50

#PraCedays14 @PraCe_ri

Scientific & Industrial Conference 2014
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Scientific & Industrial Conference 2014
HpC for Innovation:  
when science meets industry

In 2014, PRACE will organise its first Scientific and Industrial 
Conference – the first edition of the PRACE days - under the 
motto HPC for Innovation – when Science meets Industry. The 
conference combines the PRACE Scientific Conferences and PRACE 
Industrial Seminars and will bring together experts from academia 
and industry who will present their advancements in HPC-
supported science and engineering.

The PraCe days will be held in Barcelona at 
the Universitat politècnica de Catalunya (UpC) 
campus from Tuesday to Thursday 20-22 May 2014

The programme will include invited keynotes, scientific 
presentations and a poster session. A Call for Contributions has 
been opened to select the scientific presentations and posters. 
The PRACE Scientific and Industrial Awards as well as a prize for 
Best Poster will be presented. The PRACE User Forum will meet on 
Tuesday afternoon.

PraCe is LOOkiNg FOrWarD TO 
MAkIng THIS EVEnT A TrADITIOn FOr 
THE EUrOpEAn HpC COMMUnITIES!

For more information, registration and the Call for Contributions 
please visit: http://www.prace-ri.eu/pracedays14

The attendance fee is € 60.  
Travel and accommodation will not be reimbursed.
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