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Responsible for making available high performance  
computing and data resources, GENCI’s aim is to ensure the widest  

possible use of high-performance computing to faster scientific  
competitiveness of academic and industrial research teams.
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We can now,  
beyond any doubt, 
say that GENCI has 
been a great success.

 High-performance computing has today 
become one of the key components in science, 
alongside theory and experimentation. On one 
hand its capacity for processing incommensurable 
volumes of data, for example produced by instru-
ments such as the LHC, played a decisive role in 
research around the Higgs Boson and gravitational 
waves. On the other hand, its capacity to simulate 
increasingly realistic models has played a vital role 
in, for instance, climate research, in which France is 
a pioneer and world leader.

To continue making advances in science we need 
to significantly increase the resolution of our instru-
ments and the accuracy of our models, the corol-
lary of which is a considerable increase in our com-
puting needs. Guaranteeing access to ever-more 
powerful supercomputers is now a strategic stake 

Guaranteeing access to ever-more 
powerful supercomputers  
has become a strategic stake  
for the scientific communities  
in leading countries like France.
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for the scientific communities in leading countries 
like France.

This is why GENCI was created in 2007, with 
the support of the Ministry, CNRS, CEA, French 
Universities and INRIA, with a mission to invest in 
the pooled supercomputers that would give French 
researchers access to the computing resources 
needed for top world class research.

10 years later and we now have the proof that GENCI 
has succeeded in its missions. There is ongoing 
continuous investment at CINES, IDRIS and TGCC. 
This has made it possible to allocate more than one 
and half billion computing hours a year, through a 
united submission postal (DARI) which has been 
universally welcomed by researchers. France has 
also been able to actively contribute to the PRACE 
European infrastructure by making a French super-
computer available to European researchers, and in 
return, gaining access to some of the world’s most 
powerful computers for French researchers, who 
were among the most frequent recipients of the 
resources of these systems.

GENCI needs new ambitions to take it forward from 
these successes. CGI (General Office of investment) 
is thus supporting it as its missions evolve to pro-
vide the storage capacity for the data generated 
by the supercomputers. Beyond this, its ambitions 

include access to the latest exaflop architectures, 
capable of executing a billion billion floating oper-
ations per second.

This ambition naturally enough involves increas-
ing the capacity of GENCI TGIR* with an extension 
to other partners and its commitment to a focused 
European high performance computing strategy.

It is in ensuring these ambitions become reality that 
I would like here and now to pledge my complete 
faith and unwavering support for GENCI in enabling 
our researchers to continue having access to world 
class computing resources that are equal to their 
own excellence.

Happy Birthday, GENCI!

FOREWORD BY ALAIN BERETZ

49%
Ministère de 
l’Éducation 

Nationale, de 
l’Enseignement 
Supérieur et de  

la Recherche

20%
CEA

20%
CNRS

10%
Universities 
(Conférence  
des Présidents 
d’Université)

1%
Inria

LES ASSOCIÉS 
DE GENCI

 THE HIGH  
PERFORMANCE 

COMPUTING  
ECOSYSTEM

Increased ambitions that include 
an extension to other partners  
and commitments to as clear  
European strategy.

Tier0
European 
Centres

Tier1
National Centres

Tier2
Regional / University Centres
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Ten years of a journey focused 
on the challenges of tomorrow!
PHILIPPE LAVOCAT,  
CEO OF GENCI

teams able to access the very best in high perfor-
mance computing. From support for fundamental 
research in the fields of astrophysics, chemistry and 
climatology, as well as into crucial social challenges 
(health, energy, environment, etc.), and includ-
ing computing for applied research into materials, 
GENCI has worked constantly to provide ever-more 
powerful resources, applying a policy of continuous 
improvement, aimed at fulfilling the vast scope and 
extremely demanding needs of the various scien-
tific communities, at the same time as incorporating 
increasingly rigorous security requirements. High 
performance computing is now fully understood as 
a strategic activity, creating the fundamental assets 
for ensuring our scientific and economic competi-
tiveness. All developed countries are investing heav-
ily in computing and in data processing in order to 
be players in the global digital revolution.

Following the installation in 2016 of the extension to 
the Occigen computer at CINES, with the “Grands 
Challenges” helping reveal the truly extraordinary 
potential of computing, GENCI will be launching, at 
the beginning of 2017, the acquisition process for 
the new computer to take over from the Curie com-
puter for use at TGCC at the beginning of 2018 and 
is already drawing up the tender call for the super-
computer that will be installed at IDRIS on Saclay 
plateau. All this is being prepared by a new technol-
ogy watch activity that enables, collectively, with the 

   Unlike the song by Alain Souchon, GENCI 
really is ten years old!... and now growing from a very 
dynamic childhood into an adolescence bursting 
with creativity, stimulating energy and full of dreams 
and potential at both the national and European lev-
els with the ability to shake-up any habits in a digital 
world in which stability never lasts very long.

So much has happened since 2007! I would like to 
take this opportunity to salute the extraordinary 
work and commitment of Catherine Rivière, my 
predecessor as CEO of GENCI, who helped shape 
this infrastructure and raise it to its current undis-
puted status as the cutting edge tool for the French 
research sector. GENCI can now yearly offer, in 
the three national computing centres, in excess of 
one billion hours of the very highest quality com-
puting resources for its scientific users from every 
discipline and now from industry with its research 

A process of continual  
improvement to fulfil the needs  
of the scientific communities  
within strict security constraints.
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assistance of experts from GENCI’s Partners, testing 
with the high performance software widely used by 
the scientific communities prior to the industry devel-
oped prototype phase, a guarantee of satisfying the 
extremely demanding requirements of the comput-
ing codes and the future challenges of Exascale*.

Alongside this activity of maintaining the perfor-
mance of all French supercomputers, GENCI con-
tinues to work intensely to assist the SME sector 
as part of the SIMSEO project in partnership with 
TERATEC, increasing awareness within the business 
sector of the value of numerical simulation and pre-
paring the jobs of tomorrow.

Our Partners have understood this: despite the dif-
ficult financial context, they have ensured that 
GENCI’s missions can evolve and these now include 

responsibility for purchasing the supercomputers as 
well as the resources for the processing and storage 
of the computational data, produced locally by its 
computers. This will ensure that the national com-
puting centres have the right resources to value the 
flood of data now being generated by supercom-
puters. GENCI is now truly in the era of Big Data 
and fully involved in the strategic review being per-
formed by the Ministère de l’Education Nationale, 
de l’Enseignement Supérieur et de la Recherche to 
define a numerical ecosystem for higher education 
and research.

As major producers of scientific data and dedi-
cated tools for processing huge volumes of data, the 
supercomputers of GENCI are preparing to take up 
the challenge of a rapidly evolving future in collab-
oration with other European centres in the context 
of the deployment of the PRACE European research 
infrastructure with the rise of the ecosystem EDI 
(European Data Infrastructure). A new agreement 
was signed in March 2017 for phase 2 of PRACE 
to support European high-performance comput-
ing until the end of 2019. PRACE is also going to be 
working alongside the GEANT European network 
and the other major European consortia working on 
data processing, with the aim of creating a European 
integrated infrastructure to provide the frame-
work and basic architecture for the European Cloud 
Initiative announced by the European Commission 
in April 2016.

It therefore gives me great pleasure to offer you 
the opportunity to read this, our tenth anniversary 
Annual Report, marking a key point in the history of 
GENCI as it firmly takes its place in a world where 
the supercomputer will be at the very heart of an 
activity in which will coexist big data, artificial intelli-
gence, the internet of things, factories of the future, 
personalized medicines, cybersecurity, and things 
that a 10 year old cannot even imagine yet. 

Happy 10th anniversary to GENCI!

EDITORIAL, PHILIPPE LAVOCAT

An enhanced missions including 
processing and storage resources 
for the data produced locally  
on our computers to maximize  
the use of the data generated  
by the supercomputers.
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2007 to 2017... and beyond

10 YEARS OF GENCI

PLATINE

BABEL

TITANE

JADE

CURIE NL

2007 2008 2009 2010 2011 2012

2007 2008 2009 2010 2011 2012

CURIE NF

Total available power

Average volume per request

0.6 pflops 0.6 pflops 0.8 pflops

1,714,226 hrs1,465,215 hrs1,445,332 hrs
985,229 hrs

811,000 hrs

2.9 pflops

7,500 cores - 46,000 khrs/year

64 cores - 114 à 320 khrs/year

PARTNERS
COMPUTERS

GENCI
COMPUTERS

41,000 cores - 273,000 khrs/year

8,000 cores - 20,000 to 51,000 khrs/year

23,000 cores - 80,000 to 150,000 khrs/year

MERCURE
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2007 to 2017... and beyond

10 YEARS OF GENCI

BABEL

TITANE

JADE

CURIE NL

CURIE Successor

2012

2012

2013 2014 2015 2016 2017 2018

2013 2014 2015 2016  2017 2018

CURIE NF

TURING

ADA

OCCIGEN

3.7 pflops 5.5 pflops 5.6 pflops

4,189,070 hrs

2,574,486 hrs
2,052,813 hrs

1,714,226 hrs1,465,215 hrs

6.7 pflops > 10 pflops4.5 pflops

11,000 cores - 77,000 khrs/year

80,000 cores - 537,000 khrs/year

98,000 cores - 436,000 to 682,000 khrs/year

10,000 cores - 74,000 khrs/year

86,000 cores - 315,000 to 571 ,000 khrs/year

> 100,000 cores - 786,000 khrs/year

MERCURE

10 YEARS OF GENCI

pflop/s : 1015 operations per second
exaflop/s : 1018 operations per second
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10 years of collaboration  
between GENCI and the three  
national computing centres

FROM CCRT… TO TGCC

The very first computing hours allocated by GENCI 
on CEA – CCRT computers at the end of 2007 were 
the starting point for an adventure and voyage of 
discovery for our team: of “DARI”, the “Subject 
Panels”, etc. Following this successful initial collabo-
ration, GENCI, as of 2009, funded the SX9 vector 
nodes, dedicated to IPCC – CMIP5 (Coupled Model 
Intercomparison Project Phase 5)– and the Titane 
academic supercomputer, both installed by CEA 
at CCRT. In 2010, CEA, supported by GENCI, built 
its TGCC (Très Grand Centre de Calcul) to host the 
“Curie” petaflop-class computer that became the 
French component represented by GENCI, in the 
PRACE infrastructure. This marked the beginning of 
a new European adventure. “Curie”has become the 
most highly sought-after computer in PRACE pro-
ject calls with an extremely well regarded level of 
service…

We are now getting ready to welcome its successor 
at TGCC at the end of 2017!

Christine MÉNACHÉ

IDRIS

Over these same ten years, IDRIS, alongside GENCI, 
has evolved a great deal. Two generations of super 
computers have been in use, enabling the various 
scientific communities to benefit from the use of 
massively parallel computing resources and thus get 
ready for the next round of technological develop-
ment. At the same time, IDRIS has continued with 
its longstanding missions, both in terms of training 
and the construction of the European ecosystem 
through PRACE and the application centres of ex-
cellence.

In 2016, IDRIS continued running its existing super-
computers, which whilst performing extremely well, 
are now at a stage where plans need to be made for 
their replacements, scheduled towards the end of 
2018. In preparing for this, IDRIS is an active partici-
pant in the work of the national technology watch 
activity, in particular through the two available pro-
totype computers.

Denis GIROU

10 YEARS OF GENCI

GENCI / 2016 Annual Report
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10 YEARS OF GENCI

10 years of collaboration  
between GENCI and the three  
national computing centres

CINES BOOSTS ITS OCCIGEN LEVELS

The extension of OCCIGEN was carried out and 
commissioned at the start of 2017. The peak perfor-
mance of the total configuration is now 3.5 PFlops, 
with 85,824 cores on 3,366 computing nodes (the 
addition of 1260 Broadwell 28 core nodes). The 
security audit for OCCIGEN was successfully com-
pleted. A prototype (FRIOUL), based on the Xéon-
Phi, is operational and will become available to the 
community in April 2017. CINES has hosted the 
Meso@lR (330 TFlops) regional centres (mésocen-
tres), a member of Equip@meso, since the summer 
of 2016.

As GENCI is celebrating its 10th anniversary this year 
and with JADE, the first of its computers installed 
at CINES, ranked 14th in the 2008 TOP500, opening 
the computer renewal programme for the national 
centres, we should highlight the significance of the 
progress made jointly in terms of the capacities and 
services now available to the users. This effort must 
continue in order to be able to satisfy a constantly 
growing level of demand.

Francis DAUMAS

ADA
81,235,771 hrsTURING

769,608,270 hrs

OCCIGEN
372,997,459 hrs

HOURS  
ALLOCATED  

PER COMPUTER 
IN 2016

CURIE
415,447,223 hrs

IN CONCLUSION

In the 10 years, the increase in the investment in 
resources by GENCI and the complementarity 
of the technologies deployed, supported by the 
expertise of the teams at the national centres, 
has helped elevating French high performance 
computing to the European and world level, giv-
ing researchers the means to meet today’s major 
scientific challenges. More specifically the techni-
cal teams of the three national computing centres 
have become increasingly integrated and now reg-
ularly interact with each other on solving common 
problems. This is part of the objective to improve, 
and also to gradually harmonise whenever possi-
ble, the services offered by the centres to maximize 
the benefits available to the users.

OF TOTAL SCHEDULED HOURS USED  
THE UTILISATION OBJECTIVES SET 

IN THE AVAILABILITY CALCULATIONS  
WERE EXCEEDED FOR THE 1ST TIME

106%

IN PERFORMANCE AVAILABLE  
THROUGH GENCI  

SINCE 2007 (20 Tflop/s to 6.7 Pflop/s)

x 400

10 YEARS OF GENCI
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10 years on: GENCI  
through the eyes of its Partners

10 YEARS OF EXCELLENCE

GENCI is celebrating ten years promoting excel-
lence within the scientific communities. Equip-
ping the national centres with the most powerful 
computers at the best price, maintaining a diver-
sity of architectures to cover the necessarily var-
ied needs of the various scientific communities, 
enabling access under optimum conditions to 
the PRACE European infrastructures and provid-
ing an active technology watch aimed at staying 
ahead in terms of future computers and adapt-
ing codes for ever-more complex architectures, 
these are the objectives of GENCI. The outcome 
in scientific terms is very positive and praised by 
all. This tenth anniversary also marks the expan-
sion of GENCI’s perimeter to the storage of the 
data from simulations, representing the inevita-
ble convergence of high-performance comput-
ing and big data processing.

We do however have to reiterate how vital it is 
to continue investing in this field: the danger 
of France falling and remaining behind other 
major countries is real at a time when high-
performance computing, the use and manage-
ment of big data constitute a multi-disciplinary 
strategic challenge in the production of new 
knowledge and the competiveness of both the 
academic and industrial communities.

Alain FUCHS 
President of CNRS

10 FRUITFUL YEARS

High-performance computing and numerical 
simulation have become absolutely crucial in-
struments of scientific discovery and techno-
logical advance. Throughout these ten years 
GENCI has firmly established itself within the 
French and European research ecosystem by 
enabling researchers in France, and in Europe 
as a participant in the PRACE infrastructure, 
to access latest generation supercomputers. 
This has enabled a remarkable harvest of sci-
entific results.

At CEA we are extremely pleased to have 
played a part in the success by being able to 
host, on behalf of GENCI, within the Très Grand 
Centre de Calcul, the Bull/CURIE supercom-
puter which has been the most highly sought-
after resource by European researchers within 
the PRACE system. CEA is ready and waiting 
to make further contributions to PRACE2 with 
the CURIE2 computer which should be in-
stalled during 2017, and more generally work-
ing on the strengthening of TGIR GENCI, in a 
national context, and on the construction of 
a European high-performance computing and 
big data processing infrastructure. We wish 
GENCI a second decade that is as fruitful as 
its first!

Daniel VERWAERDE 
General Administrator of CEA

10 YEARS OF GENCI
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10 years on: GENCI  
through the eyes of its Partners

A VITAL TOOL AVAILABLE  
TO UNIVERSITIES

Whilst numerical simulation has become a criti-
cal tool in very many areas of research around 
complex theories, France has had a serious 
shortfall in terms of high performance comput-
ing facilities. Thanks to the creation of GENCI 
and the availability of funding, the first stage in 
catching up has been implemented at CINES, 
IDRIS and TGCC.

The coordinating work of GENCI in the field of 
high performance computing has enabled uni-
versities to access powerful and technologically 
complementary computers at the three national 
centres at the same time as promoting the joint 
working between these teams aimed at improv-
ing computing codes and taking on major sci-
entific challenges. With the support of GENCI, 
France has achieved a much improved position 
within European high-performance computing 
projects. Whilst the universities are fully com-
mitted to the regional centres (mésocentres), 
the Equip@meso team managed by GENCI has 
made it possible to equip these centres with 
computers that match with their missions and 
has initiated collaboration between them, lead-
ing to the provision of training in high perfor-
mance computing techniques.

Given the continuous increase in computing 
needs and computer performances, this work 
needs to be further extended. Here is a chal-
lenge for the next 10 years! Happy Anniversary 
to GENCI and thanks to the teams at GENCI 
and the national centres for the work achieved.

Conférence des Présidents d’Université

A FUNDAMENTAL ROLE

GENCI, since 2007, has played a fundamental 
role in building knowledge within the French 
scientific communities working within the 
computational sciences. Its exemplary activi-
ties, based around a technical expertise and a 
clear vision of HPC in Europe and around the 
world, have made it possible for our national 
computing centres to provide researchers (in-
cluding those of Inria) with operational high-
capacity computing and data storage infra-
structures. GENCI’s technology watch unit has 
been a great success and Inria has contributed 
its expertise in terms of programming mod-
els and numerical libraries for heterogeneous 
computing architectures.

GENCI, through PRACE, has played a critical 
role in ensuring an improved integration of In-
ria’s teams within the European HPC system. In-
ria has been heavily involved within successive 
PRACE-IP projects, within the EoCoE centre of 
excellence and in the HPC4E project with Brazil 
focussed on energy related issues, and finally 
in the definition of technological and scientific 
roadmaps through ETP4HPC and EXDCI.

For Inria, this partnership within GENCI has 
proven to be extremely rewarding in scientific 
terms!

Antoine PETIT 
CEO of Inria

10 YEARS OF GENCI

10 YEARS OF GENCI
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ENVIRONMENT  TC1  
Évelyne RICHARD

Our research subjects cover climate, 
atmosphere and ocean sciences. In 
2016 we selected 80 projects. Most 
of these were based around “in-
house” codes that are constantly 
evolving. These codes model the 
behaviour of the atmosphere, the 
ocean, the cryosphere and the 
biosphere at various spatiotemporal 
scales. These have tended to be 
used independently but are now 
increasingly being combined. We now 
see complex couplings as no longer 
being the exclusive realm of global 
climatic simulations and these are 
now used in both meteorology and 
oceanography as well as for regional 
climatology. The work carried out 
within our Panel is also very closely 
linked with the international analyses 
that feed into the IPCC climate 
forecast reports.
There is a great deal of work now 
underway to define the configurations 
to be used for the next phase. 
The development of regional 
climatic simulations is increasing 
the applicability with regard to 
the associated socio-economic 
challenges. It is essential that 
GENCI is able to be a part of these 
developments which will necessitate 
a huge expansion in computing 
resources.

NON-REACTIVE FLUIDS  TC2a  Eric LAMBALLAIS

The TC2a subject field is now clearly identified in the requests. 
These projects relate to aero/hydro-dynamics that can be subject 
to anisothermal effects (natural/forced convection), to spinning 
and/or stratified fluids and extending to acoustic predictions.  
For this last campaign, we received 79 projects in 2016, 
representing a slight increase for our TC.

There was a very wide range of problems covered in 2016 using 
software chains capable of handling the enormous technical 
challenges with a striking level of realism in the modelling and 
geometry processed. This sort of development depends  
on a sharing of federative codes up to the international scale.

Our Panel will examine exactly how it can play a structuring role 
in these developments, by producing for instance a listing of the 
codes used in the projects. In addition, “in-house” codes remain 
crucial in producing outstanding results in the most highly targeted 
areas. These also point to numerical focuses to adopt for the major 
shared codes, in particular in the context of massively parallel 
computing, used each year by more and more of the projects  
of TC2a.

2016 Scientific Report
Round-up, by the Chairs of the GENCI Thematic Commitees (TC), of highlights  
from among the 591 research projects that received computing time in 2016.

REACTIVE AND MULTIPHASIC FLUIDS  
TC2b  Nasser DARABIHA

TC2B included, in 2016, 34 projects in the first session, 10 projects  
in the second and 6 in the special session. These projects related to the 
simulation of flows with chemical reactions in gaseous and liquid, as well 
as multiphasic phases. The quality of these projects was extremely high, 
37 were rated as a scientific A. The vast majority of the projects were 
renewals of earlier projects and performed extremely well, producing 
significant scientific results.

The projects cover a wide range of research areas such as agricultural fluid 
flows, forest fires, fluidised beds, fluid particle interactions, steel/argon 
multiphasic flows, non-Newtonian fluid, liquid injections, spray atomisation, 
diphasic combustion, combustion/turbulence interactions, non-equilibrium 
hypersonic flows, transcritical cycle combustion, magnetohydrodynamic 
instabilities.

Innovative simulation methods based on a mix of complementary 
approaches have been used in many cases and have proven their 
applicability for high performance computing of these flows.  
These combined methods have enabled significant advances across  
a variety of fields. All of these projects have led to publications of results 
in leading journals.

INCREASE IN  
PARALLELISATION  

27% OF CODES USED MORE  
THAN 1,000 COMPUTING CORES 

(19% IN 2015 AND 17% IN 2014)

GENCI / 2016 Annual Report
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2016 SCIENTIFIC REPORT

BIOLOGY AND HEALTH 
TC3  Laurent DESBAT

The Biology and Health Subject 
Panel received 11 requests for 
computing hours at GENCI. The 
requests to TC3 represent only 
a small percentage of the total 
volume and, given the very high 
quality of the files and the fairly 
limited pressure on TC3, most of 
the requests for hours can be met, 
despite the fairly high level of 
overall pressure on the resources 
of GENCI. We believe that biology 
and health should be making much 
greater use of numerical simulation 
and the computers of GENCI.

 The scientific fields covered were 
molecular dynamics, genome 
analysis, biomechanics, electro-
physiology and radiotherapy. 
TC3 projects are helping improve 
understanding of biology to ensure 
better diagnoses and new health 
therapies.

NUMBER OF PROJECTS  
SUPPORTED BY THE ANR OR 
BY AN INDUSTRIAL PARTNER

ANR INDUSTRY

16%37%

LEVEL OF PRESSURE  
REMAINS HIGH

EVOLUTION IN AVERAGE  
VOLUME PER REQUEST (IN MHRS)

The Evaluation  
Committee – 8 years on
One of the first actions of GENCI was 
to standardize the use of DARI, the 
computing time allocation request 
file, across all the centres in order to 
harmonise the requests and recommend 
allocations of hours on the sole criteria of 
scientific excellence. The appointment of 
the first Chairs for the Subject Panels took 
place in mid-2008 and the first allocations 
were for 2009.

Thanks to the Chairs of the Thematic Commitees and the GENCI team, the Evalua-
tion Committee has operated smoothly. The original structure has worked well and 
been sufficiently flexible to satisfy most; it was only modified in 2016 in order to 
allow the inclusion of a second committee meeting in the year to optimize the use 
of computing resources at the beginning and end of the year. We have, I believe, 
been successful in satisfying the needs of researchers within the limits of the pos-
sible, with the exception of the very large users we have encouraged to apply to 
the European infrastructure (PRACE), a solution which, sadly, is only of constrained 
use. Pressure really began to increase as of 2013. Optimising this involved, when 
possible, switching the requests on to the less sought-after computers; today, we 
need twice as many hours to satisfy the requests for HPC. These needs are set to 
continue increasing. There are already a number of fields for which there can be no 
experimentation or theoretical validation without prior computing.

OLIVIER PIRONNEAU
Chair of the Evaluation  

Committee - 2008 to 2016

ASTROPHYSICS AND GEOPHYSICS  TC4  Frédéric BOURNAUD

TC4 received 82 file submissions in 2016. The small reduction in the number reflected the work carried out by  
the teams involved around similar subjects to successfully merge their projects. The number of hours applied for 
and allocated on the supercomputers was higher: several teams led by young researchers have launched new 
projects or developed recent and rapidly progressing projects.

There was also the noteworthy emergence of ambitious projects in the field of planetary sciences: formation  
of the Moon, origins of the magnetic fields of planets, star-planet interactions. There was some ANR and European 
funding, often associated with space missions, that specifically helped support developments in these subject 
areas. In astrophysics, major projects covering cosmology and the formation of galaxies and their stars have been 
producing world-beating results for a number of years. Work in the field of geophysics has not lagged behind 
and its share within the requests has remained stable, with the development of projects on seismology and the 
dynamics of the internal layers of the Earth.

0.8

20
09

20
10

2
0

11

20
12

20
13

20
14

20
15

20
16

1.0 1.4 1.5 1.7 2.1 2.6

4.22.2

GENCI / 2016 Annual Report



16

COMPUTER SCIENCES, ALGORITHMS  
AND MATHEMATICS  TC6  Didier AUROUX

The “Computing, Algorithms and Mathematics” Subject Panel approved 
21 very high quality files for 2016. These were in two categories: 
parallel algorithms (around a third of applications) and numerical 
algorithms. The first category related in particular to the resolution of 
large linear systems, pre-conditioners, task dependency charts, mesh 
generation, numerical libraries, load balancing and the scalability of 
codes. The second category was essentially driven by applications such 
as hydrogeology, fluid-structure interaction, fluid turbulence, imaging 
reverse problems, etc. They experimented with new numerical resolution 
algorithms particularly well suited to parallelism (multi-grids, domain 
decomposition, finite elements, finite volumes, particle methods, etc.). 
Some projects do not need a huge number of hours, but generally tend 
to want to test their methods on a variety of configurations and the 
diversity of computing facilities offered by GENCI is key to this.

THEORETICAL PHYSICS AND PLASMA PHYSICS
TC5  Eric SERRE

We deal with a very wide spectrum of physics subjects, from fundamental 
research to social applications. The research projects were mainly in theoretical 
physics (condensed matter, neuronal networks, etc.), particle physics (including 
QCD on grid), electromagnetism, laser and plasma physics (magnetic and 
inertial fusion).

In 2016, 50 projects of a very high scientific and technical quality were allocated 
347 million hours computing, an increase of 60% over 2015. This confirmed the 
vitality of these areas of research in terms of high-performance computing. 
Nevertheless, QCD on grid (quantum chromodynamics) and fusion continued  
to account for almost 90% of the resources, essentially on Turing for QCD,  
and Curie and Occigen for fusion, which highlights the maturity of the 
computing codes as well as the work in the field of simulation in these two 
research areas.

MOLECULAR MODELLING 
APPLIED TO BIOLOGY 
TC7

Marc BAADEN

Subject Panel 7 covers molecular 
systems in a biological context, often 
from the fundamental point of view. 
This includes a panoply of modelling 
techniques, including in particular 
classic molecular dynamics.
The correct sampling of the 
conformational dynamics of these 
systems has to be constantly verified 
and the best compromise identified 
in order to faithfully and effectively 
represent these, involving frequent 
methodological advances. Proteins 
are a central concern within this 
research, but membranes and nucleic 
acids are also very topical, relating 
to physico-chemical, biological and 
medical problems.
This work would not be possible 
without supercomputers. We saw 
a marked increase in the hours 
requested in 2016 with a record 
number of almost 80 million hours of 
computing awarded to 60 scientific 
projects under TC7. We were able 
to handle this increase in demand 
thanks mainly to the extension of the 
Occigen computer.
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QUANTUM CHEMISTRY AND MOLECULAR MODELLING 
TC8  Marie-Bernadette LEPETIT

2016 was characterised by a significant increase in the number of computing hours 
requested. The computing resources as well as the code developments now make it 
possible for theoretical chemistry predictions to include information that is decisive 
in a wide range of fields. In 2016 we were able to highlight significant results covering 
subjects as varied as the diffusion of pesticides in water or clay soils, and the production 
of information required to identify the molecules present in the atmospheres of 
exoplanets, or cold stars, using spectral data obtained by astrophysicists. This is an 
exact description of the quantum movement of electrons, and atomic cores in their 
potential, characterising the way in which they act as a link (between the pesticide 
molecules and the elements in the soil) or structure light emissions as a function of the 
molecules present and the thermodynamic conditions (temperature, etc.).

NEW OR 
MULTIDISCIPLINARY  
HPC APPLICATIONS
TC10  Bruno SCHEURER

TC10 covers “New and 
multidisciplinary HPC applications”, 
around the key fields of energy, 
neutronics, radioprotection and 
systems engineering. Its focus 
is open and multidisciplinary. 
For example, nuclear reactor 
simulations make it possible to 
use complex mechanics, thermo-
hydraulics and neutronics models. 
These 3D simulations contain 
large numbers of parameters to be 
optimised in the context of parallel 
computing.
In 2016, TC10 dealt with 8 files, 
“along the way” requests, and 
1 for the special session on Curie. 
In total, TC10 awarded almost 
20 million hours.
Most of the requests related to 
nuclear reactors, in a context of 
the optimisation of operations or 
the simulation of major disasters. 
These make use of a complex 
softwares chain and numerical 
methods, including evolutionary 
algorithms for multi-objective 
optimisation.
There was a novel request 
covering the electromagnetic 
radiation of a large network of 
broadband antennas. The billions 
of unknown parameters required 
the use of advanced linear algebra 
methods and the application of 
parallel processing on more than 
10,000 cores. The biggest request 
related to the mineralogy of 
planets, to increase understanding 
of the formation of the materials at 
their cores. This involved a multi-
scale geochemical approach based 
on ab initio and molecular dynamic 
simulations, as well as experiments. 
The work revealed how the isotopic 
composition of various iron alloys 
could be critically dependent on 
the pressure.

PHYSICS, CHEMISTRY AND MATERIAL PROPERTIES 
TC9  Alain PASTUREL

Over recent years, there has been a major shift in the simulations in the areas of 
Physics, Chemistry and Material Properties, both from the point of view of the applied 
methodologies and in terms of the areas of application. It is essential that we comprehend 
these in order to ensure that our community can continue to make the most of the national 
resources to both contribute to the vitality existing within its own disciplines but also to 
make use of this vitality to better respond to the various social challenges such as those 
associated with energy, environment and health.

The report for 2016 shows that the number of projects remained steady at around a 
hundred, but highlights that there was a significant increase in the number of hours 
requested per project. The renewal rate was relatively stable, with some fifteen projects, 
in most cases associated with the arrival of new permanent research staff. Most of the 
major so-called ab initio and classic atomic scale simulation computing codes are used 
in the various TC9 projects. We are also seeing increasing use of several codes covering 
various spatial and/or temporal scales in the context of a single project in order to better 
understand the complexity or the experimental reality. This integration of various computing 
scales also opens the way to the designing of new materials with specific properties  
and/or the optimisation of their production processes.

In conclusion, it is encouraging to be able to report that the scientific activity of the panel  
Is at a truly high level, characterised by national (IUF, CNRS medals, ANR projects, etc.)  
and European (ERC, PRACE project, etc.) recognition and an outstanding rate of publication 
(4 to 5 publications on average per project in leading international scientific journals).
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MAIN SCIENTIFIC  
RESULTS GENCI/2016

TC1
Oceanography

TC2a
LBM methods for realistic  

life-size urban flows  
in the presence  

of meteorological effects

TC2b
Flows:  

Controlled pollution

TC3
A multi-scale and N-order  

molecular polarisable  
simulation method

TC4
Magnetic ballet in the stars

TC5
Magnetic fields

TC6
Microwave imaging  

for the characterisation  
and monitoring of cerebrovascular 

accidents (CVA)

TC7
Characterisation of a cellular  
environment by systematic  
exploration of atomic scale 

 interactions between all the proteins 
in the same partition

TC8
Limiting pesticide pollution  

in water

TC9
Eating synthetic fibres?

TC10
Multidisciplinary and new  

HPC applications

The scientific results highlighted in the following pages were produced by the 
research work carried out during 2016 using the computing resources of GENCI.
These projects are representative of the various scientific fields that have used the 
national supercomputers but they are however simply a taster of the 591 projects 
that were awarded computing time in 2016.

To find out about other results, you should visit the www.genci.fr site.
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Satellite observations have 
revolutionised our knowledge 
of the oceans, by revealing the 
vital role played by fine scale 
(<250  km) oceanic movements 
as part of the major climatic 
functions of the oceans. This is 
most particularly the case with 
radar altimeters measuring var-
iations in ocean surface levels, 
and used in reconstructing sur-
face oceanic currents. Existing 
sensors however only allow the 
estimation of these currents on 
a scale of approximately 100 km 
and therefore only “see” the big-
ger oceanic vortices.

The planned SWOT (Surface  
Water Ocean Topography) altim-
etry mission will be launched in 
2021 and should enable us to map 
oceanic currents down to scales 
of around 10 km. Oceanographers 

are expecting a great deal from 
this mission because it will be 
directly observing the eddies, 
fronts and waves that regulate 
exchanges of heat and carbon 
between the atmosphere and the 
ocean, and will thus help in better 
calibrating the numerical models 
used for climatic predictions.

It is not widely known but numer-
ical simulations are an essential 
ingredient in the preparations 
for a space observation mis-
sion. These provide virtual real-
isations of the signal that will 
be observed by the instrument 
and make it possible to compile 
the algorithms and processing 
sequences for the data. They also 
allow the scientific community 
to prepare for the use of future 
data. However, there are very few 
numerical simulations of oceanic 

dynamics that describe the full 
spectrum of scales that will be 
observed by SWOT.

The MEOM team at the 
Institut des Géosciences de 
l’Environnement in Grenoble 
carried out a world first numer-
ical experiment in 2016 aimed 
at modelling oceanic currents at 
scales of approximately 10  km 
(grid steps ~1 km) for the whole 
of the North Atlantic Ocean. The 
initial results show that this sim-
ulation is a very good match 
with available in-situ observa-
tions. The data from this exper-
iment has already been made 
available in the context of the 
scientific team created by CNES 
and NASA to work on the prep-
arations for the SWOT mission.

J. LE SOMMER

Oceanography
Environment
MEOM team from the Institut des Géosciences de l’Environnement in GrenobleTC1

Surface level variation snapshot (in meters) in the Northeast Atlantic. On the left: from the NEMO circulation model.  
On the right: as might be sampled by the SWOT mission in a window of 10 consecutive days.

Computer: CURIE - 6 million hours
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LBM methods for realistic  
life-size urban flows in the presence  
of meteorological effects

This project aims to develop 
methods and models for the sim-
ulation of urban flows that take 
into account multi-physical phe-
nomena (thermal, humidity, con-
densation, evaporation, circulation 
of pollutants, etc.) on realistic life-
size urban centre geometries. The 
principal applications relate to air 
quality, the well-being and safety 
of pedestrians, civil engineering, 
the use of drones in urban set-
tings and the defence sector. The 
objective is to develop a new gen-
eration simulation tool based on 
the LaBS software that enables a 

better use of numerical simulation 
for expert analyses and design, 
and that is easy to use for those 
working in these sectors. A note-
worthy development will be, in 
due course, the deployment of 
CFD tools with the same matu-
rity as those used in aeronautics, 
terrestrial transport and nuclear 
engineering, in the fields of civil 
engineering and town planning. 
Initially, we focused on modelling 
atmospheric turbulence, thermal 
stratification of the atmosphere 
and phase changes (condensa-
tion, evaporation) for specific air 

humidity and thus making it pos-
sible to simulate the dynamics of 
clouds. In the second phase, we 
carried out an analysis of pedes-
trian wellbeing in the Shinjuku dis-
trict in Tokyo with the aim of sim-
ulating the effect of random winds 
on estimates of the wind gust fac-
tor under realistic conditions using 
uncertainty quantification meth-
ods. This study required a number 
of simulations on the geometry of 
Tokyo with variations in the speed 
and direction of the incident wind 
around a reference value in order 
to visualize the wind gust factor 
over an area of 160,000  m2 and 
2 meters above ground level.

As the feasibility of aeraulic simu-
lations for urban environment has 
been proven and the base ther-
modynamic models having been 
validated during the GENCI 2016 
project, the next developments 
will concern the modelling of veg-
etation from both the aerody-
namic and thermodynamic points 
of view. These developments will 
then make it possible to imple-
ment simulations to quantify the 
impact of urban vegetation on 
the dispersal of pollutants, on the 
energy balance at the scale of a 
district or on the thermal comfort 
of the users.

A. SAGAUT

TC2a

Visualisation of average (top left) and maximum speeds (bottom left)
over 1 hour and pollutant concentrationiso-contours snapshot shaded by speed (right) 
after 2 hour flow, in the Shinjuku district in Tokyo.
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Non-reactive flows
Laboratoire de Mécanique, Modélisation et Procédés Propres. Unité Mixte CNRS, Université Aix-Marseille, Centrale Marseille

Computer: CURIE - 6 million hours
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Nitrogen monoxide and 
dioxide (known as NOx) are 
atmospheric pollutants that are 
extremely harmful to health and 
the environment because of their 
role in the formation of acid rain, 
the eutrophication of soils and 
the creation of ozone. NOx can 
arise from natural sources such 
as lightening and volcanic activ-
ity but are mainly produced by 
human activities such as trans-
port and manufacturing industry.

Signed in December 1999, the 
Goteborg Protocol committed 
27 European countries, includ-
ing France, to a 50% reduction 
in their NOx emissions by 2020. 
In this context, the importance 
of the thesis work of Benjamin 
Farcy, carried out at Coria in 
Rouen, supervised by Pascale 
Domingo and Luc Vervisch, 
becomes evident: to improve 
the neutralisation of NOx by 
SNCR (Selective Non-Catalytic 
Reduction) in the incinerators 
used by the nylon and polyam-
ide industry.

Key role played by simulations
This process involves inject-
ing ammoniac into the inciner-
ator at a specific temperature 
of between 1,150 K and 1,300 K 
(between 877° and 1,027°): at 
higher temperatures the ammo-
niac burns with oxygen and cre-
ates nitrogen oxides; at lower 
temperatures, the NOx and 
ammoniac mix does not react 
and is just discharged in the air. 
To ensure the maximum effec-
tiveness of the process, the 
gases must be at an average 
temperature of 1 200  K (927°) 

with precisely controlled fluc-
tuation level. This is why the 
design of these installations and 
the role of the large eddy sim-
ulations (LES) realized at Coria 
are so critical.

The research team has repro-
duced a very large incinerator, 
representative of those used by 
the Solvay company, with the 
injection of various gases and 
sprays at different levels. “These 
LES led us to tackle at least two 
challenges. 

The first related to the size of 
the system to simulate, of an 
order of ten metres when the 
spatial resolution needs to be 
less than a millimetre. The sec-
ond concerns the complexity of 
the process from both an aer-
odynamic and physical-chem-
ical point of view”, Pascale 
Domingo said.

Full use of all GENCI’s resources
Up to 8.7 millions hours of the 
ressources of GENCI required 
to carry out, for the first time in 
the world, two simulations, each 
containing 160 million elements, 
using the YALES2 code. These 
helped the researchers to repro-
duce the destruction of the NOx 
in the incinerator in detail and to 
refine a smaller scale model of 
the complete system, to run on 
a digital tablet and that can be 
used by the operators managing 
the installation.

This work was covered in two 
very recent publications in the 
Chemical Engineering Science 
Journal and the Journal of the 
American Institute of Chemical 
Engineers (AIChe Journal), ref-
erences in the field.

P. DOMINGO

Flows: Controlled pollution
TC2b

Simulation of 150 micron resolution of the neutralisation  
of nitrogen monoxide and dioxide in an incinerator.
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Reactive and multiphasic flows
 Benjamin Farcy (Coria in Rouen), supervised by Pascale Domingo and Luc Vervisch

Computer: TURING + OCCIGEN

GENCI / 2016 Annual Report



22

In the field of molecular 
modelling, the existing major 
computing codes process the 
microscopic interactions in a 
non-hierarchized way and still 
only allow for highly simplified 
potential inter-atomic interac-
tions. These codes are essen-
tially compiled using algorithms 
based on fast Fourier transform 
for processing long range elec-
trostatic interactions, algorithms 
that are, a priori, poorly adapted 
for massively parallel computing 
architectures.

Our group is working on the 
development of new approaches 
of molecular modelling based 
on evolved potential interatomic 
interactions (taking into account 
the phenomena of microscopic 
polarization and beyond) and on 
a hierarchy of the interactions 
between the molecular systems in 
question and their chemical envi-
ronment on the basis of a large 
particle multi-scale approach 
that is particularly effective from 
a computing point of view. One 
of the advantages of this new 
combined method is the oppor-
tunity to consider an algorithm 
that is widely used in astrophys-
ics to process long range intera-
tomic interactions, i.e. FFM - Fast 
Multipole Method - approach. In 
our developments we apply one 
of the most effective versions of 
the FFM approach (with an algo-
rithmic complexity of the order 
of N, with N being the atomic 
size of the system in question), 
and which is also well suited for 

use with existing and future par-
allel computing architectures.

In 2016 we were able to simulate 
for the first time at the nanosec-
ond scale, a molecular system 
on a scale of 0.5 million atoms, 
that is the capsid of the Panicum 
Mosaic virus, immersed in a sol-
vent (water here) modelled by 
a large particle approach, and 
with the help of evolved intera-
tomic potentials. This simulation 
was carried out using the CURIE 
computer and 1,024  cores. 
Simulating a microscopic sys-
tem such as this using a stand-
ard molecular dynamics code 
with a simplified and non-hier-

archic processing of the micro-
scopic interactions would have 
required around 10  times more 
computing resources.

For its design, our new model-
ling code, POLARIS(MD), nat-
urally makes use of the advan-
tages offered by increasingly 
multi-cores computing archi-
tectures. This code is therefore 
an alternative to existing lead-
ing molecular modelling codes, 
in particular with the introduc-
tion of the latest generation of 
supercomputers between now 
and the end of 2018.

M. MASELLA

A multi-scale and N-order  
polarisable molecular simulation method
TC3

Capsid of the Panicum Mosaic virus (0.5 M atoms) immersed in a container of solvent 
consisting of polarisable 2 M large particles (shown in blue).

Biology and Health
CEA Laboratoire de Biologie Structurale et Radiologie

Computer: CURIE (1,024 cores)
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Exoplanetary research is a 
flourishing field today with the 
launch of major observation cam-
paigns using space (e.g. Kepler) 
and terrestrial (e.g. TRAPPIST) 
telescopes, and planned instru-
ments (PLATO, SPIRou). Thanks 
to these opportunities a large 
number of exoplanets orbiting 
near their stars have been dis-
covered, giving rise to a great 
many questions relating to the 
processes in the formation of 
planetary systems and the habit-
ability of the planets.

This is the context in which our 
team has been working over sev-
eral years to develop a global 
model (see images) of the mag-
netic interaction between a 
planet, its neighbouring envi-
ronment formed of the plasma 
escaping from the central star (its 
“wind”) and the host star. These 
simulations solve so-called mag-
neto-hydrodynamic equations 
using the PLUTO code. With the 

use of a carefully designed non-
uniform grid, a good numeri-
cal resolution can be achieved at 
the level of the star-wind-planet 
interaction (see figure on left). 
Following an immense effort to 
explore the parameters of this 
interaction, we have been able 
to suggest robust scales for the 
topology of the interaction, mak-
ing it possible to quantify the 
energy and the angular momen-
tum exchanged between the 
planet, the star and the wind.

We have also developed this 
model to take into account the 
geometries of complex magnetic 
fields, whether from numerical 
simulations of the interiors of the 
stars to explain how these gen-
erate the magnetic fields (e.g. 
using the ASH code), or spectro-
polarimetric observations of dis-
tant starts (see figure on right 
showing star HD189733). The 
incorporation of observations in 
our simulations makes it possi-

ble to analyse in greater details 
how the interaction of a planet 
varies in the course of its orbit 
(these planets can orbit their 
stars in just a few days!) and thus 
follow the observational signs of 
the existence of a planetary mag-
netic field. Such a magnetic field, 
as in the case of the Earth, is a 
critical element in establishing 
the habitability of a planet.

These simulations were run on 
IDRIS (ADA) and TGCC (Curie) 
computer facilities. A typical 
simulation of the star-planet 
magnetic interaction requires 
around 100,000 hours, this work 
thus occupied around 3 mil-
lion hours on these supercom-
puters. These were published 
in [Strugarek et al. 2015, ApJ 
815:111] and [Strugarek 2016, ApJ 
833:140].

A. STRUGAREK

Magnetic ballet  
in the stars
TC4 Astrophysics and geophysics

CEA’s Laboratoire Dynamique des Étoiles et de leur Environnement (LDEE)
Computer: ADA + CURIE (3 million hours)
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Many of us know that it is 
possible to create an axial mag-
netic field with a solenoid. The 
principle is simple and involves 
causing a current to run around 
a reel formed of coiled con-
ducting wire. At the centre of 
the coil, in what is known as the 
core, a static magnetic field is 
created. This discovery made 
by Denmark’s Hans Christian 
Oersted in 1820 led to a great 
deal of work on optimising 
the magnetic field generated. 
However, the main limitations 
on achieving a strong magnetic 
field are the heating of the con-
ducting wire and Ampere’s force 
breaking the coil. 

The ideal coil would be a wireless 
coil, a coil in which the electrons 
revolve around the wireless con-
ducting core. This is the project 
developed by Philip Korneev of 
the Moscow Institute of Physics 
and Engineering in collaboration 
with the CEntre Lasers Intenses 
et Applications (CELIA), a mixed 
unit of Bordeaux University, the 
CNRS and CEA.

The project is based on the 
use of an intense laser pulse to 
transfer an angular momentum 
to the electrons, the spinning 
movement of the charges that is 
essential for the induction. The 
researchers were thus interested 

in the interaction between a 
high intensity laser beam and a 
target capable of generating a 
beam of electrons. The scientific 
investigation of this requires 
the modelling of the interaction 
between the electromagnetic 
fields (the laser) and a plasma 
consisting of protons and 
electrons. This was carried out 
thanks to the “Particle In Cell” 
codes developed at CELIA. The 
simulations however have to 
be realised in 3D geometry and 
were run using several thousand 
cores, made possible thanks to 
the computing hours awarded 
by GENCI projects.

In this project, two approaches 
were adopted. The first involved 
the use of the solid hollow 
target with an axial symmetry 
offset so that the electrons 
were generated with an angular 
momentum (figures on left). The 
second approach related more 
specifically to the spatial and 
temporal structuring of the laser 
beam such that it can relay an 
angular momentum. The figure 
on the right shows the speeds 
of the electrons in a plasma, 
energised by laser pulses. The 
intensive simulations revealed 
a capacity to generate a static 
magnetic field at a Giga-Gauss 
strength in the two approaches 
[NJP, 19, 2017]. These magnetic 
fields are extremely interesting 
in terms of particle guidance and 
acceleration, the regeneration of 
electromagnetic fields, as well 
as hard X ray radiation sources.

R. NUTER

Magnetic fields
TC5 Theoretical physics and plasma physics

CEntre Lasers Intenses et Applications (CELIA), mixed unit of Bordeaux University, the CNRS and CEA
Computer: OCCIGEN + CURIE
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The speed of the detec-
tion and characterisation of 
a CVA (ischemic or haemor-
rhagic, each requiring specific 
treatment) is critical to the sur-
vival chances of the patient. 
Medical staff have two imaging 
systems: Magnetic Resonance 
Imaging (MRI) and Computed 
Tomography (CT). Although 
highly accurate, the two tech-
niques are expensive to use, 
not well suited to rapid opera-
tion, and potentially harmful for 
ongoing monitoring as tomog-
raphy measures the absorption 
of x-rays by tissues.

Potential of microwave  
imaging
The electrical properties of 
biological tissues are power-
ful indicators of their func-

tional and pathological states. 
Microwaves make it possi-
ble to image these. The princi-
ple of a system of this type is 
as follows: antennas fitted with 
a number of sensors are placed 
on the patient’s head acting as 
transceivers. This developing 
technology makes use of sev-
eral modern technologies that 
are becoming increasingly com-
mon place: miniaturised anten-
nas, mobile communications 
(4G, 5G...) and massively paral-
lel computers. From a comput-
ing point of view, the imaging of 
the brain requires the comput-
ing of Maxwell equations with 
strong contrasts in the coeffi-
cients, via the resolution of an 
inverse problem and a resolu-
tion of several hundred three-
dimensional direct problems.

As part of ANR Medimax (super-
vised by C. Pichot, LEAT, Nice) 
and in association with the 
Austrian start-up EMTensor, the 
winning team of the Joseph 
Fourier-Bull 2015 Prize and led 
by Frédéric Nataf, Director of 
Research at LJLL (UPMC, Paris), 
made use of two tools devel-
oped at the LJLL, i.e. the HPDDM 
library for domain decomposi-
tion and its interface with the 
FreeFem++ software (finished 
elements), to obtain within fewer 
than three minutes a three-
dimensional image of the brain 
using several thousand cores on 
the Curie supercomputer.

F. NATAF

Microwave imaging  
in characterising and monitoring  
cerebrovascular accidents (CVA)
TC6

Principle of microwave imaging.  
EMTensor Image.

Prototype measuring chamber. Imaged part of the permittivity during  
the simulation of the evolution of a CVA 
(left to right: healthy brain, minor CVA, 
major CVA). Upper line: virtual reference 
model. Bottom line: reconstructed 
permittivity.
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Computing, algorithms and mathematics
ANR Medimax (C. Pichot, LEAT, Nice), EMTensor, winner of the Joseph Fourier-Bull 2015 prize
Led by Frédéric Nataf, Director of Research at LJLL (UPMC, Paris)

Computer: CURIE
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In cells, proteins evolve in an 
extremely dense environment. A 
protein in this environment thus 
encounters large numbers of 
specific and non-specific part-
ners all entering into competi-
tion. The way in which the spe-
cific and non-specific interactions 
coexist is of vital concern in 
improving our understanding of 
the functioning of a congested 
environment such as that of the 
cell. 

We are investigating the compe-
tition between proteinic partners 
by means of molecular docking 
and genomic approaches. The 
aim is to characterise the physi-
cal and evolving properties of the 
proteinic surfaces to gain knowl-
edge of the impact of selection 
pressure on proteins, shaping 
their interactions and thus regu-
lating this intense competition.

The docking algorithms make 
it possible, from the 3D struc-
ture of two proteins, to predict 
the structure of the protein com-
plex they will form and the asso-
ciated energy interaction. Our 
project involves the simulation 
by docking of the interaction of 
all possible yeast cytosol protein 
pairs for which the 3D structure 
is available, in order to explore 
their interaction potential with 
their specific and non-specific 

partners from energy and struc-
tural points of view. It needed 
60,000  computer hours to test 
the three docking algorithms. 
The results have been very 
encouraging for the large scale 
application of this type of tools, 
initially developed for small scale 
applications. By the end of 2016, 
we had already simulated the 
interactions of 160,000 protein 
couples (700,000  hours). The 
1.6  million hours allocated for 
2017 will enable us to complete 
these computations. The project 
has, as far as we know, been one 
of the first attempts to charac-

terise a cellular environment by 
systemically exploring the reac-
tions at an atomic scale between 
all the proteins in the same par-
tition. This will help improve our 
understanding of the evolution-
ary mechanism at work on the 
surface of the proteins to regu-
late the specific interactions by 
limiting competition with non-
specific partners. It will enable, 
in the longer term, predictions 
on the consequences of muta-
tions on the network of proteinic 
interactions in the cell.

A. LOPES

Characterisation of a cellular environment  
with the systematic exploration  
of atomic scale interactions between  
all the proteins in the same partition
TC7

Example of the protein-protein interaction network linking the systemic and atomic scales. 
The nodes on the illustration correspond with the proteins, the dotted lines represent 
interactions between two nodes. The circle contains an enlargement of part of the 
illustration showing the structures of the proteins and their interaction sites represented 
by the greyed out areas. The specific and non-specific interactions are shown in black  
and in blue respectively.

Molecular modelling applied to biology
BioInformatique Moléculaire team at I2BC (Institut de Biologie Intégrative de la Cellule)

Computer: OCCIGEN + CURIE
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2016 SCIENTIFIC RESULTS

When a pesticide is applied, 
some of the active molecules 
carried out by irrigation water or 
precipitation are brought to the 
underground. Deep soil horizons 
are basically inorganic, unlike the 
surface layers where there is more 
organic matter. Understanding 
the ways in which pesticides are 
retained and broken-down are 
fundamental within soil sciences 
in discovering what happens 
to these molecules and limiting 
their harmful impact on the envi-
ronment, and particularly water. 
Atrazine, one of the most widely 
used herbicides in the world, and 
despite being prohibited in the 
European Union since 2004 can 
still be found in subterranean 
water. The mechanisms whereby 
this molecule is retained by the 
constituents in the soil are thus 
of major interest in understand-
ing the phenomena of salting out 
in water tables.

Two members of LCPQ (Labora-
toire de Chimie et Physique Quan-
tiques in Toulouse), Fabienne 
Bessac & Sophie Hoyau, teacher-
researchers respectively at INP-
EIPUPAN and Paul Sabatier Uni-
versity, are trying to improve our 
knowledge of the interactions of 
pesticide molecules with a clay, 
Montmorillonite. The team simu-
lated the stripping of a pesticide 
from the surface of this clay. In 
the presence of water, the ther-
modynamics of this stripping will 
make it possible to compare the 
simulated data with the macro-

scopic data from experiments 
on the stripping process. This is 
part of the thesis of Bastien Bel-
zunces in theoretical chemistry, 
and the subject of a publication 
in a reference journal in the field 
in 2017, this work offers the pos-
sibility, in particular, of achieving 
a better understanding of and 
possibilities for limiting the pollu-

tion of water by pesticides. The 
work for this thesis also covered 
two other molecules: Metam-
itrone (herbicide) and Fenhexa-
mide (fungicide). The computa-
tions were performed using the 
resources of GENCI and CALMIP 
(CALcul en MIdi-Pyrénées).

F. BESSAC

Limiting pesticide pollution  
of water
TC8

Snapshot of an interlayer (approximately 18 Å thick) of Ca2+- Montmorillonite containing  
a moleculeof fenhexamide and water.

Quantum Chemistry and molecular modelling
 LCPQ (Laboratoire de Chimie et Physique Quantiques de Toulouse), Fabienne Bessac (INP-EIPUPAN),
Sophie Hoyau (Université Paul Sabatier), Bastien Belzunces

Computer: OCCIGEN
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The plastic known as nylon, 
and more specifically Nylon-6, is 
a synthetic polyamide fibre with 
many uses. It is used as a textile 
fibre, as well as a component in 
electronic devices and yet again 
in thermoplastic applications. 
This wide range of applications 
and its relatively low production 
cost have made nylon, since it 
first appeared in 1935, a leading 
industrial product throughout the 
world. The downside is the cre-
ation of a vast quantity of waste 
with a very considerable impact 
in environmental terms. The 
breaking down of this waste rep-
resents a very significant ecolog-
ical problem because of its intrin-
sic resistance to decomposition.

The discovery of an atypical 
bacteria, Arthrobacteria sp KI72, 
has highlighted the existence 
in this organism of a specific 
enzyme, Nylon-oligomer hydro-
lase (NylB), that can “digest” 
Nylon-6 waste. This discovery 
has attracted the attention of 
the international scientific com-
munity because, until now, no 
living organism has been capa-
ble of adapting to the presence 
of a non-organic compound in 
a relatively short period of time 
and to feed on fibres of a non-
natural origin. This raises fun-
damental questions: How is it 
possible to “digest” a synthetic 
fibre? What type of mutation 
has occurred in this hydrolase to 
allow this process?

What is the difference compared 
with the ordinary breakdown of 

Eating synthetic fibres?
TC9

On the left: Structure of the NylB hydrolase “wild type” (WT) enzyme and its active
site for the synthetic fibres breakdown reaction with the Tyr170 residue in the red circle. 
On the right: The peptidase common to all living organisms and the active site for the 
breaking down of natural organic fibres, without the Tyr170 residue in the dotted red 
circle.

organic fibres? And would it be 
possible to modify this atypical 
enzyme to make it capable of 
breaking down synthetic fibres 
other than nylon, or again to 
promote the synthesizing of new 
compounds instead of decom-
position?

Working with the experimen-
tal teams at Osaka and Hyogo 
Universities (Japan), our pro-
ject analysed, through quantum 
mechanics/molecular mechan-
ics (QM/MM) hybrid simulations, 
jointly with the latest sampling 
methods, the free energy surface 

of this enzyme. These numeri-
cal approaches, 3rd research line 
known as “in silico”, which coex-
ists with the traditional “in vitro” 
and “in vivo” approaches, pro-
vide data that is not accessible 
through experimentation. This 
series of simulations has ena-
bled a better understanding of 
this enzymatic reaction that is of 
fundamental importance for life 
sciences, for the environment 
and for computer-aided design 
of innovative bio-materials.

M. BOERO

Physics, Chemistry and Material Properties
BioInformatique Moléculaire team at I2BC (Institut de Biologie Intégrative de la Cellule)

Computer: OCCIGEN + ADA + TURING
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2016 SCIENTIFIC RESULTS

The extreme conditions of 
temperature and pressure that 
exist within planets make the 
experimental characterization 
of these environment and the 
associated physical phenomena 
complicated or even impossible.

Beyond experimental  
possibilities
Numerical simulation is thus 
essential in getting beyond 
what is possible experimentally 
and for studying the composi-
tion and properties of the planet 
cores. The team led by Dr Razvan 
Caracas from the Laboratoire de 
Géologie at the Ecole Normale 
Supérieure de Lyon offers an 
innovative approach that com-

bines a multiscale modelling of 
the interior of planets with ab 
initio simulations based on fun-
damental physical laws.

One of the major advances 
achieved by the team has been 
the computation of the electri-
cal conductivity of the iron con-
tained in the earth’s core. Whilst 
experiments can achieve pres-
sures of around 150 GPa (equal 
to 1.5  million atmospheres), we 
are still a long way from the 
pressures that occur within the 
earth’s core (350 GPa). 

This work has thus made it pos-
sible to characterise the elec-
trical conductivity of the iron 

at pressures of up to 400 GPa, 
perfectly in accordance with 
the results achieved by exper-
iments. The electrical conduc-
tivity result obtained was twice 
that expected. Geodynamics 
scientists have been able to use 
these values to model the crys-
tallisation of the inner core, the 
solid part of the core, forecast 
the length of crystallisation and 
thus determine its age, which 
turned out to be much younger 
than had been thought.

R. CARACAS

New or multidisciplinary  
HPC applications
TC10
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New or multidisciplinary HPC applications
Team led by Dr. Razvan Caracas at the Laboratoire de Géologie de l’École Normale Supérieure de Lyon

Computer: OCCIGEN + ADA + CURIE
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The SiMSEO program

TARGETED 
INDUSTRIAL 

SECTOR-FOCUSED 
SERVICES

Civil Engineering
Mechanical industries

Manufacturing industries
...

INCREASING 
AWARENESS OF 

SIMULATION STAKES
Organised in regions  

by SystemX and supported  
by GENCI/Teratec

TRAINING
What can be modelled?  

What are the tools and data?  
What does it mean for design processes 

and economic models? 
What are the next steps?

LOCAL, TAILORED, 
SUPPORT FOR  
SME SECTOR

7 regional platforms: 
Auvergne-Rhône-Alpes 

Grand-Est : Reims 
Grand-Est : Strasbourg 

Île-de-France 
Normandie 

Nouvelle Aquitaine  
Occitanie

As part of the “Local support” action coordinated by GENCI, seven regional platforms were launched during 
2016, in partnership with the regional mésocentres of Equipex Equip@meso. Bringing together specialists in the 
fields of simulations and high-performance computing, these platforms provide companies with opportunities 
to receive local tailored support, including advice, training, expertise, as well as access to university computing 
resources, giving them the possibility of producing a proof of concept (“POC”) for their industrial projects 
using numerical simulation:

Grand-Est : Strasbourg 
abdelkader.hamadi@unistra.fr 

06 48 89 58 10

Grand-Est et Corse : Reims 
mohamed.azaouzi@univ-reims.fr 

03 26 91 36 52

Occitanie : CALMIP 
simseo.calmip@univ-toulouse.fr 

06 80 20 98 07

Auvergne-Rhône-Alpes : MaiMoSINE 
hafida.klein@univ-grenoble-alpes.fr 

06 24 74 49 58

Nouvelle Aquitaine : SNASA 
c.garnier@catie.fr 

05 64 31 01 07

Normandie : CRIANN 
marie-sophie.cabot@criann.fr 

06 77 77 87 45

Ile-de-France, Bourgogne-Franche-Comté, Bretagne,  
Centre-Val-de-Loire, Hauts-de-France, PACA, Pays-de-la-Loire:  

GENCI with UPMC and Maison de la Simulation 
elise.quentel@genci.fr - 06 67 73 19 47

Four actions aimed at companies:

The SiMSEO program was launched by GENCI and Teratec  
in mid-2016 as part of the Programme Investissement d’Avenir (PIA)  
with the objective of supporting innovative French VSE, SME  
and Mid-Caps in the use of numerical simulation.
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SIMSEO/EQUIP@MESO

Since the launch of SiMSEO in mid-2016, some twenty 
projects have been initiated. These include various 
industrial fields as well as all sorts of companies in 
terms of size or understanding of numerical simulation, 
from novices to experts:
// Winter sports equipment manufacturer // Production 
of plastic packaging // Urban water management systems 
// Innovative wind turbine design // Management of 
industrial waste // Manufacture of physical/chemical 
sensors // Climatic intelligence services // Open source 
numerical simulation solutions // On-demand media/
audio-visual solutions // Analysis of medical data // 
Wireless electricity transmission system //

In the context of the project coordination, GENCI is 
involved with Teratec and IRT SystemX in organis-
ing regional awareness-raising sessions aimed at 
presenting the benefits associated with numerical 
simulation for companies. Around twenty sessions 
were organised in 2016. Finally, the SiMSEO pro-
gramme was presented to the key players in numeri-
cal simulation and high-performance computing at 
a number of specialist regional, national and inter-
national events, such as Forum Teratec on 28 and 
29 June 2016 at the Ecole Polytechnique, the Smart 
Industries Fair between 6 and 9 December 2016 in 
Villepinte and SuperComputing’16 which took place 
between 13 and 18 November 2016 in Salt Lake City.

THE EQUIP@MESO PROJECT
Equip@meso is an Equipex project coming out of the first “Equipements d’excellence” projects call 
as part of the Programme d’Investissements d’Avenir (PIA) launched by the Commissariat Général 
à l’Investissement (CGI). Co-ordinated by GENCI, with 10.5 million euros over 10 years, with a 9 million euro invest-
ment over 4 years, the Equip@meso project was launched in 2011 with ten university partners, jointed over time by 
five associate partners, actively involved in the activities of the project but without financial commitments.

Equip@meso has made it possible to double the total computing capacity available in the regions and reach the 
petaflop/s target. At the same time, an initiative to survey and analyse the network was launched by Equip@meso, 
in partnership with Renater, aimed at strengthening the network links between the regional and national comput-
ing centres. In addition, Equipex Equip@meso enabled structuring actions for scientific promotions and events, 
such as the Equip@meso Scientific Days and the Mésochallenges Days (the 4th being held on 13 October 2016 at 
the Institut Henri Poincaré, in Paris), or again with the organisation and involvement of project partners in regional, 
national and international level high-performance computing reference events.

COMMUNICATION

The initiatives as part of Equipex Equip@meso were the subject of a published activity report in 2016 highlighting 
the project’s achievements since it was created, the investments made in each regional computing centre, as well 
as the associated scientific advances.

A AIX-MARSEILLE UNIVERSITÉ

2 UNIVERSITÉ DE BORDEAUX

C  UNIVERSITÉ  
DE BOURGOGNE

D CRIANN (ROUEN)

E UNIVERSITÉ DE FRANCHE-COMTÉ

F UNIVERSITÉ JOSEPH FOURIER  
DE GRENOBLE (CIMENT)

G UNIVERSITÉ DE LYON (FLMSN) 

H MAISON DE LA SIMULATION 

I UNIVERSITÉ DE MONTPELLIER 2 
(HPC@LR)

J UNIVERSITÉ D’ORLÉANS

K PARIS SCIENCES ET LETTRES

L UNIVERSITÉ PIERRE ET MARIE  
CURIE (ICS)

M UNIVERSITÉ  
DE REIMS CHAMPAGNE-ARDENNE 
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PRACE 2

Towards PRACE 2

2016 was a year of transition for PRACE as it 
moved from its 1st phase to its 2nd phase, PRACE 
2, adopted as of 3 March 2017, with an integrated 
vision combing computation, data, networks, stand-
ard and innovating computer architectures. Based 
on the principle of a financial contribution from all 
its partners, PRACE2 will enable the deployment 
of more powerful computing resources, as well as 
providing advanced support services for the users 
of PRACE.

The computing resources are provided by 5 mem-
bers, including 4 States already part of the initial 
phase (Germany, France. Spain and Italy), and by 
Switzerland. For the 14th project call which will 
allocate computing hours between April 2017 and 
April 2018, 7 systems will be available with a total 
computing power in excess of 50 PFlops and more 
than 2 billion computing hours, 3 times what was 
available previously! For GENCI, its contribution 
to PRACE 2 will take the form of the making avail-
able of Curie and then, as of 2018, a new even more 
powerful supercomputer.

PRACE is part of an integrated European numerical 
computing ecosystem. This, known as the European 
Cloud Infrastructure, is intended to bring together 
computing resources, data and computer net-
works in the context of the so-called European Data 
Infrastructure (EDI), an integrated infrastructure that 

will be made available to academic and industrial 
researchers, governments and citizens through the 
services offered by the advanced European Open 
Science Cloud (EOSC). An initial phase agreement, 
entitled “EuroHPC”, was signed on 23 March by 
7 European countries including France, with the aim 
of ensuring Europe has access to exascale comput-
ers by 2022-2023. France is in an excellent position 
to play a key role in this ecosystem, it has adopted 
a proactive stance in terms of high-performance 
computing and massive data analysis, including the 
technology, the infrastructures, the software tools 
and the applications. 

The use of high-performance computing and the effective use of the massive 
amount of instrumental and computational data have become strategic 
challenges. The United States, China, Japan and India are investing heavily in 
numerical infrastructures and proportionally much more than by European 
countries. In this global race, the PRACE European research infrastructure, 
created in 2010 and with 25 member state partners, makes it possible for 
researchers to access world-class computing services. Since it was founded, 
PRACE has allocated more than 12  billion computing hours to 465  projects 
derived from academic and industrial research (with more than 50 SME and 
large groups taking part), as well as providing high added value services: 
training, support for users, for emerging communities and SMEs, prototyping 
new hardware and software technologies.

32
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GENCI Technology Watch Group

A national technology watch group was setup by 
GENCI at the end of 2015. Consisting of some twenty 
experts drawn from the 3 national centres, GENCI 
partners, Groupe Calcul and Maison de la Simulation, 
it works on a forward-looking basis aimed at provid-
ing test systems that allow scientific communities to 
prepare for the use of upcoming technologies.

As of the 2nd quarter 2017, the group’s platforms will be opened for new requests for new tests. The feedback 
from these experiments will help to guide the next supercomputer procurements of GENCI. 

TO SUBMIT A REQUEST FOR ACCESS: www.edari.fr

Making available of the first platforms
The first technologies identified by the watch group 
(OpenPOWER and Intel Manycore) have been 
deployed at IDRIS and CINES. Six working sessions 
have been organised aimed at speeding up work on 
updating the codes.

Supercomputers have thousands of processing cores and this number is steadily 
increasing. This trend is set to intensify with the advent of Exascale computers 
with Exaflop/s capacities. Scientific communities must adapt their applications 
for greater parallelism.

33

A workshop on applications  
being held at IDRIS

One of the application worshops organized  
at La Maison de la Simulation

BULL FRIOUL Intel 
“Manycore” platform at CINES

OUESSANT “OpenPOWER” 
platform at IDRIS

GENCI / 2016 Annual Report



GOVERNANCE
The governance of GENCI takes the form of a Council and various technical bodies. 

The Council acts as a General Assembly. It represents the partners collectively and is the body where  
the major decisions are made (budget, strategic orientations).  

The Council of GENCI met four times in 2016.
In carrying out its work, the Council receives support in expertise of the following bodies:

FINANCIAL INFORMATION
The main funding of GENCI comes from its partners, in proportion to their shares in the civil company 

structure. In addition to these contributions, GENCI receives other budget allocations for its involvement  
in various European projects including PRACE (see page 32).

For 2016, GENCI’s budget amounted to 30 million euros.

THE TEAM
As at 31 December 2016, GENCI had 15 employees.

THE COMITÉ CONSULTATIF 
ADMINISTRATIF ET FINANCIER 

(CCAF)
Consisting of representatives  
of the partners and consulted 

on all financial  
and administrative matters.

THE COMMISSION  
DES MARCHÉS

Consisting of experts in public 
contracts, which must be 

consulted for any procedures 
involving competitive tendering 
because of the public funding 

involvement in GENCI.

THE GROUPE  
TECHNIQUE

Consisting of representatives  
of the partners, and which 

must be consulted for 
any procedures involving 

competitive tendering and  
for technical advice.

Philippe Lavocat 
CEO

Maïté Campeas 
Management Assistant

Edouard Brunel 
Chief Financial and Legal Officer
Maud Loret, Clément Godreau 

Quality Assurance, 
Administration,  

Human Resources

Stéphane Requena 
CTO

Jean-Philippe Proux 
Operations Manager

Arnaud Valois 
Operations

Eric Boyer, Gabriel Hautreux 
Technology Watch Unit 

Annabel Truong 
Communications & 

Administration

Philippe Segers 
Europe and International

Thomas Palychata,  
Elise Quentel 

Simseo Project
Marie-Hélène Vouette 
Partnership Manager, 

Institutional Relations Advisor
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Membership of the Conseil of GENCI at 31/12/2016
Council Chair: Philippe LAVOCAT, PDG de GENCI

State representatives: Patrick GARDA, Directeur Scientifique du secteur “Mathématiques-Physique-STIC-Nanotechnologies”  
du SSRI, et Eric GRÉGOIRE, Conseiller scientifique au ministère de l’Éducation nationale, de l’enseignement supérieur  

et de la recherche (MENESR/DGESIP). CEA representatives: Maria FAURY, Directeur adjoint des Sciences de la matière  
(CEA/DSM), et Jean-Philippe BOURGOIN, Directeur des analyses stratégiques CEA SACLAY.  

CNRS representatives: Michel BIDOIT, Directeur de l’Institut national des sciences informatiques  
et de leurs interactions (CNRS/INS2I), et Denis VEYNANTE, Chargé de mission “calcul”.  

Universities representatives: Jacques BITTOUN, Président Université Paris-Sud, et François GERMINET, Président de l’Université  
de Cergy-Pontoise. Inria representative: François SILLION, Directeur général délégué à la science.  

Invited representative of the Ministère de l’économie, de l’industrie et du numérique: Hervé METEYER, Chef de Bureau  
de l’Économie de la Donnée. State economic and financial supervision function: Jean-Claude PERREL, Contrôleur d’État.

Membership of the Comité Consultatif Administratif et Financier of GENCI at 31/12/2016
State representative: L. MONTANTIN, Juriste au département de l’appui au pilotage des organismes et de la réglementation  

à la direction générale de la recherche et de l’innovation du Ministère de l’Education Nationale.  
CEA representative: Patrick GUYARD, Directeur financier adjoint. CNRS representative: Cynthia SAYEGH, Coordination  

et programmation des TGIR/IR (Direction de la stratégie financière, de l’immobilier et de la modernisation).  
Universities’ representative: Michel DELLACASAGRANDE, ancien Directeur financier de l’Éducation nationale.

Membership of the Commission des Marchés of GENCI at 31/12/2016
State representative: Philippe AJUELOS, Chef de la Mission des achats du ministère de l’Éducation nationale,  

de l’enseignement supérieur et de la recherche, et L. MONTANTIN, Juriste au département de l’appui au pilotage des organismes 
et de la réglementation à la direction générale de la recherche et de l’innovation du Ministère de l’Education Nationale.  

CEA representative: E. STEHLE, Chef du service commercial et de la cellule des affaires juridiques, et Thibault PELLETIER,  
Direction des achats et partenariat stratégique. CNRS representative: Gwendoline JOLY-JAGOT, Chef du Bureau  

de la réglementation à la Direction des affaires juridiques, et Olivier BÉRARD, directeur délégué aux Achats et à l’innovation.  
Universities’ representative: Michel DELLACASAGRANDE, ancien Directeur financier de l’Éducation nationale,  

et Mathieu JEANDRON, Directeur du numérique pour l’Éducation Nationale et président de la Commission des marchés de GENCI.

Membership of the Groupe Technique of GENCI at 31/12/2016
State representative: Laurent CROUZET, Chargé de mission STIC - Calcul Intensif, Infrastructures numériques, DGRI / SSRI.  

CEA representative: Christophe CALVIN, Direction des programmes et des partenariats publics (CEA/DRF/D3P),  
et Jacques DAVID, coordinateur PRACE/GENCI/HPC pour la Direction de l’énergie nucléaire (CEA/DEN).  

CNRS representative: Michel DAYDÉ, délégué scientifique de l’Institut national des sciences informatiques  
et de leurs interactions (CNRS/INS2I) en charge des grilles de calcul et du HPC, et Denis GIROU, directeur de l’Idris.  

Universities’ representative: Francis DAUMAS, directeur du Cines. Inria representatives: Frédéric DESPREZ, directeur scientifique 
adjoint en charge du domaine “Réseaux, systèmes et services, calcul distribué”, et Jean ROMAN, directeur scientifique adjoint 

auprès de la Direction de la recherche en charge du domaine “Mathématiques appliquées, calcul et simulation”.  
GENCI representatives: Edouard BRUNEL, Secrétaire Général, Philippe LAVOCAT, PDG, et Stéphane REQUENA,  

Directeur technique et innovation.
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