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With the mission to deploy and make available 
national high-performance computing and 

storage resources, GENCI’s aim is to ensure the 
widest possible use of high-performance computing 
in supporting the work of academic and industrial 

research teams.
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GENCI: At the heart  
of the biggest 

challenges
p.04_Foreword by Frédérique Vidal, Minister of Higher Education, Research 

and Innovation) p.06_Editorial by Philippe Lavocat 
p.08_2018 as seen by GENCI’s Shareholders

Choosing excellence, choosing performance, choos-
ing convergence means multiplying opportunities to 
anticipate and invent the future, in a world with ever-in-
creasing demand for numerical simulation and bringing 
together the challenges of artificial intelligence with the 
vital focus on data.

In the 21st century, computing is absolutely cen-
tral to understanding, predicting, innovating and 
decision-making.

Science is day by day developing ever-more sophisticated 
equations and numerical models, inclusive of more and 
more phenomena and parameters, to describe the world.

I am very glad to be here with you today for 
this contract signing to reaffirm once again the commit-
ment of France in the global competition to fully master 
digital technologies. With the installation of a converged 
14 petaflop/s and 1044 GPU HPC-IA supercomputer, we 
as a country are making a clear statement of our ambi-
tions: To take a lead position in the digital transition, 
with computing and data processing resources that are 
amongst the very best in Europe and the wider world. 

With this new supercomputer, the computing power 
available to the national scientific community is going to 
double and it will include specific access designed for AI 
research. 

Taking the lead  
in the digital transition
by Frédérique Vidal, Minister of Higher Education, Research and Innovation

GENCI  AT THE HEART OF THE BIGGEST CHALLENGES 
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Numerical simulation is no longer just the prerogative of 
chemists and physicists: It is now more than ever cru-
cial in developing scenarios for the climate experts on 
the IPCC, and, more generally, extends into every field of 
knowledge, from life sciences to human sciences. 

No longer simply limited to underpinning scientific 
advances, high performance computing has also become 
an indispensable partner for many industrial applications: 
Just as the automotive, oil and gas and aeronautical sec-
tors would no longer simply conduct crash tests, carry out 
exploratory campaigns or monitor air flows over aircraft 
wings without numerical simulations, but major groups 
and SMEs in the nanotechnology, personalized medicines 
and renewable energy sectors are now using HPC. 

At the interface between the major societal challenges 
today, HPC can also be called on to help national deci-
sion-makers confronted by natural catastrophes, biolog-
ical, industrial or terrorist risks. In crisis eventualities such 
as these, the rapid mobilization of adequate computing 
capacities can be a matter of life or death. 

So, not only is the need for HPC being experienced in 
all areas of life, but this need is also becoming more 
demanding: greater precision, more numerous and 
longer, covering ever larger fields of study, numerical 
simulations now require unprecedented levels of com-
puting power.

The challenge has always been strategic: It has now 
become critical with the emergence of another chal-
lenge, one of the most significant we are facing today, 
that of artificial intelligence (AI).

As you will be aware, our nation has adopted a very ambi-
tious strategy to foster the use of AI in order to meet the 

challenge represented by this new technology which is 
going to disrupt how we learn, work, travel, care and live 
our everyday lives. To be able to grasp the full potential 
it offers for innovation and development and to be able 
to choose our digital society model, it is essential that we 
make sure our research has the means for understand-
ing, controlling and developing artificial intelligence. Our 
capacity to exploit data is the key to this ambition: This 
means knowledge and skills of the very highest levels, and 
this is why we will create 3AI institutes and more gener-
ally is the raison d’être for the national AI research pro-
gram coordinated by INRIA, but it also depends on hav-
ing computing tools that can handle the massive quantity 
of heterogeneous data obtained from experiments and 
scientific instruments, the Internet of Things, social net-
works and the economic world. The very fact of having 
a global AI ambition assumes the availability of dedicated 
computing resources of the highest level to drive for-
wards AI research because the advances made in recent 
years are the results of a combination of new algorithms, 
the availability of massive data sets and the rapid expan-
sion of computing power. 

This is why, in responding to all these computing and data 
processing needs, we have chosen to provide our coun-
try with a converged HPC-AI supercomputer. We wanted 
the very best for French research and I am very pleased 
that the expertise and know-how of HPE will consolidate 
the excellence of GENCI and CNRS.  

In the 21st century, 
computing is absolutely 
central to understanding, 
predicting, innovating and 
decision-making.

 Frédérique Vidal  
Minister of Higher Education, Research  

and Innovation

Signing of the purchase agreement for the Jean Zay supercomputer 
06/01/2019.
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GENCI TGIR at the heart  
of the major national  
and European challenges  
in numerical simulation  
and its applications  
for artificial intelligence.

Reflecting the acceleration in time delivered 
by numerical simulation hardware and software resources, 
2018 went by very quickly for GENCI and its teams with a 
packed diary at both the national and European levels.

NEW MORE AND MORE  
POWERFUL RESOURCES
As part of its mission in support of scientific research, 
GENCI installed in the spring the new 9 PF Joliot-Curie 
supercomputer at CEA’s TGCC (Très Grand Centre de 
Calcul), with the delivery approved during last autumn’s 
‘Grand Challenges’ campaign.

Preparations for the future continued with the proce-
dure for the acquisition of a new 14 PF (HPE) supercom-
puter which will become operational at the CNRS IDRIS 
Computing Center in mid-2019. A response to the “AI 
for humanity” plan announced by the President of the 
Republic, this supercomputer will include a dedicated 
partition and special access for Artificial Intelligence pro-
jects. This development was in part anticipated by the 

work of the Technology Watch Unit on the Ouessant 
prototype. The challenge now is to find the highly skil-
led human resources needed for the future operation of 
these advanced HPC facilities and to process the resul-
ting deluge of generated data.

Our TGIR (large scale research infrastructure) conti-
nued its work on harmonizing the procedures within the 
3 national computing centers, notably by providing the 
funding for remote visualization and data processing at 
the CINES Center in Montpellier. SGPI (formerly CGI) also 
confirmed its approval for granting GENCI nearly €24M 
under the PIA2 (Investments for the Future) program, 
providing funding for the storage/processing of compu-
tational data: A recognition of the growing demand for 
HPC together with how the relationship with the world 
of research is managed with high quality by the centers.

This initiative in support of open academic and industrial 
research communities, means that France has the nume-
rical resources enabling it to effectively meet the chal-
lenges arising from innovation and wider society. This 
is why GENCI drew the attention of four Parliamentary 
Commissions and of the ‘Cour des Comptes’, gathering 
information on the contribution of HPC and the use of 
artificial intelligence in finding answers for the challenges 
relating to the environment, climate, energy and health 
matters.

GENCI, AN ACTOR IN STRUCTURING 
EUROPEAN HPC
To cope with international competition in this strategic 
area, the European Union launched a project to deve-

GENCI, serving  
the future of numerical 
simulation
by Philippe Lavocat

GENCI  AT THE HEART OF THE BIGGEST CHALLENGES 
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lop a European processor (EPI - European Processor 
Initiative), in which GENCI is representing the needs of 
research communities for numerical applications. This 
initiative is an extension of GENCI’s involvement in the 
pan-European PRACE infrastructure, which is evolving 
towards an intensification of service provisions alongside 
the supply of HPC time. French research teams continue 
to perform well in the PRACE project calls.

The contribution of HPC to public policy making can also 
be illustrated with the involvement of GENCI and IDRIS 
in the European AQMO-CEF (Connecting European 
e-Facilities) program launched in 2018 and which should 
make a real-time analysis of a town’s air quality possible.

2018 was however most particularly marked by the official 
launch, in October, of the EuroHPC initiative, an agency 
under governance of the Commission and the Member 
States to copilot numerical computing policy and to be 
the driving force towards Exascale. GENCI, working with 
CEA, provided its expertise in terms of supercomputer 
procurement procedures. Its acknowledged proficiency 
has already been applied for the precursor PPI4HPC pro-
ject, coordinating a number of Member States through 
the computer procurement process.

AN EMERGING STRATEGIC PLAN  
IN A RAPIDLY EVOLVING LANDSCAPE
GENCI now needs to give effect to the clear conver-
gence between HPC, Big Data processing and artifi-
cial intelligence: Deliberations with the Shareholders 
around this started with the drawing up of the 2019-
2023 strategic plan. There is going to be more intensive 
collaboration with national partners, such as CERFACS, 
Renater, Maison de la Simulation and the Mésocentres 
(Regional Computing Centers) (Equip@meso and 
SIMSEO projects) to provide a collective response for 
our European peers, in the context of the EDI (European 
Data Infrastructure) initiative: coordination between the 
GEANT network, the PRACE computing infrastructure 
and major “Data” consortia such as EUDAT.

GENCI: AN AGILE CIVIL SOCIETY 
In carrying out its public service mission within the 
French research sector, GENCI has to be constantly 
proactive in improving procedures for managing finan-
cial and human resources. In 2018, we created an 
Administration and Finance Manager role, with res-
ponsibility for operating the new dematerialized mana-
gement system.

There have also been legislative changes, and so our 
Legal Manager has taken on the additional responsibi-
lities of Data Protection Officer under the General Data 
Protection Regulations.

The natural turnover of staff in this evolving context 
requires a process for managing young talent whilst gua-
ranteeing a constant level of service quality in highly 
technical areas. The day-to-day contacts between junior 
and senior staff have been much facilitated thanks to the 
fitting out of our new offices, inaugurated in 2018.

If you want to get a foretaste of the adventure of the 
numerical simulation future, come and see us! We are 
at the service of knowledge.  

 Philippe Lavocat  
CEO of GENCI

GENCI, serving  
the future of numerical 
simulation
by Philippe Lavocat

THE HIGH  
PERFORMANCE  

COMPUTING  
ECOSYSTEM

Tier0
European 
Centres

Tier1
National Centres

Tier2
Regional / University Centres
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 Jacques Bittoun  
Former Chairman of Université Paris-Sud

 Jean-Frédéric Gerbeau  
Director of Research at Inria

 Denis Veynante  
Director of the Computing-Data Mission at CNRS

 Maria Faury  
Director for International and Large Scale 
Infrastructures Research, CEA/DRF

 2018 saw Inria project-teams 
making significant advances thanks to the supercom-
puters of GENCI: simulations of electrocardiograms, 
multi-scale model resolutions for turbulent flows, wind 
farm simulations, simulation of nano-optic light absorp-
tion for solar cells, modelling the permeability of rocks 
and the transmissivity of fractures in hydrogeology. 
In terms of middleware, the development of a runtime 
system for a high-performance linear algebra software 

2018  
as seen by 
GENCI’s 
Shareholders

GENCI  AT THE HEART OF THE BIGGEST CHALLENGES 
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stack for heterogeneous computing architectures 
continued. The Artificial Intelligence software stacks 
were evaluated on the computers accessible through 
GENCI’ Technology Watch Unit in the context of the 
new “HPC – Big Data” incentive initiative.

JEAN-FRÉDÉRIC GERBEAU 
Director of Research at Inria

 2018 was another very fruitful year, in terms 
of scientific results and investments in new supercom-
puters. In October, the Curie supercomputer reached 
the end of its exceptional, 7 years long, career. This 
computer, highly valued by researchers because of its 
very large memory, its stability as well as the quality of 
its support and operating teams, provided most of the 
computing time required for the CMIP6 (Climate Model 
Intercomparison Project) ahead of the 6th IPCC assess-
ment report. As in 2017, the computing hours alloca-
ted by GENCI (7.8Mh) enabled a team of French resear-
chers (Maison de la Simulation, CNRS, Univ.) to win 
the HPCwire prize, this time in the “Best use of HPC in 
energy” category. Congratulations to them!
Curie has now been replaced by a new supercompu-
ter, Joliot-Curie, almost 5 times as powerful with elec-
tricity consumption almost 2 times less. The installa-
tion of Joliot-Curie was an opportunity for a ‘Grands 
Challenges’ campaign, producing significant results. 
Joliot-Curie is already a much sought-after computer 
with a particularly high “pressure level” (4.45) in its first 
DARI call. Farewell Curie, long live Joliot-Curie!

MARIA FAURY 
Director for International and Large-Scale  

Infrastructures Research CEA/DRF

 Among the highly significant scientific 
advances made possible thanks to the national com-
puting resources of GENCI in 2018, the “HPCwire 
Readers’ & Editors’ Choice Award” in the “Best use of 
HPC in energy” category was given for the pioneering 
work of a team of researchers from CNRS, Sorbonne 
Université and Université Toulouse III – Paul Sabatier, 
in collaboration with the Maison de la Simulation. This 

demonstrated the value of new carbon materials for a 
more efficient production of osmotic energy, known 
as ‘blue energy’.
CNRS is clearly very happy to see the integration 
into the supercomputer funded by GENCI, which will 
replace the existing machine at IDRIS in mid-2019, of 
a dedicated Artificial Intelligence platform, to serve a 
new community in the national centers. This opera-
tion is perfectly in line with the strategy of our orga-
nization which is aiming to provide, under the aegis 
of its Computing-Data Mission and with the assistance 
of GENCI, a response to the inescapable convergence 
between HPC, big data processing and artificial intel-
ligence by making use of the recognized and com-
plementary expertise of its two national scale centers, 
cc-IN2P3 and IDRIS, as well as those of its scientific 
communities.

DENIS VEYNANTE 
Director of the Computing-Data Mission at CNRS

 Initially created to manage Tier0 to 
Tier1 HPC resources, GENCI has acquired a key role in 
coordinating with Tier2 operators including the “Equip@
meso” Equipex which brings together a large number 
of Mésocentres, mostly University based. This link with 
Tier2 resources is particularly critical for the training of 
researchers from a wide spectrum of disciplines, inclu-
ding recently Human, Social and Health Sciences, for 
which the Mésocentres are staging posts towards more 
powerful computers. CPU, already involved in GENCI as 
it fills the Presidency of CINES, will continue to be an 
actor and a support for GENCI also for its role as coor-
dinator for the entire pyramid of computing resources 
in France.

JACQUES BITTOUN 
Former Chairman of Université Paris-Sud

  2018 ANNUAL REPORT  GENCI
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More and more  
powerful  
supercomputers

JOLIOT-CURIE 
BULL SEQUANA X1000  
SUPERCOMPUTER,  
9.4 PETAFLOP/S WITH  
A BALANCED ARCHITECTURE 

Thin nodes partition:
• Peak power: 6.9 petaflop/s
• Number of processors: 3,312 (Intel Skylake 8168, 24 cores, 
2.7 GHz)
• Number of computer cores: 79,488
• Total distributed memory: 318 terabytes (4 GB/core)
• Interconnection network: Infiniband EDR

Manycore nodes partition
• Peak power: 2.5 petaflop/s
•  Number of processors: 828 (Intel KNL 7250, 68 cores,  

1.4 GHz) 
• Number of computer cores: 56,304
• Total distributed memory: 64 terabytes (1.4 GB/core)
• Interconnection network: Bull eXascale Interconnect BXI 

Other service nodes
•  5 large memory nodes (per node: 112 cores, 3 TB memory, 

1 NVIDIA P100 GPU and 1 x 1.6 TB SSD NVMe)
•  20 remote visualization nodes (per node: 48 cores,  

192 GB memory, 1 NVIDIA P100 GPU and 1 x 800 GB SSD 
NVMe)

1st level Lustre parallel filesystem (/scratch) 4.62 PB useful  
at 300 GB/s

ADA 
SUPERCOMPUTER 
ADAPTED FOR 
COMPUTING CODES 
WITH A MODERATE 
LEVEL OF PARALLELISM 
AND/OR REQUIRING  
A LARGE AMOUNT  
OF MEMORY PER NODE  

•  Technology: IBM 
x3750M4

•  Peak power:  
230 teraflop/s

•  Number of processors: 
1,328 (Intel Sandy Bridge)

•  Number of computer 
cores: 10,624

•  Memory: 46 terabytes

TURING 
SUPERCOMPUTER 
ADAPTED FOR 
MASSIVELY PARALLEL 
COMPUTING CODES

•  Technology: IBM 
BlueGene/Q

•  Peak power:  
1.2 petaflop/s

•  Number of processors: 
6,144

•  Number of computer 
cores: 98,304

•  Memory: 100 terabytes

OCCIGEN 
THIN NODE BASED 
SUPERCOMPUTER 

•  Technology:  
Bull Bullx

•  Peak power:  
3.5 petaflop/s

•  Number of processors: 
4,212 (Intel Haswell and 
Intel Broadwell)

•  Number of computer 
cores: 85,824

• Memory: 283 terabytes
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GENCI is responsible for computing and data storage investments at the 3 national Centers 
and also coordinates the allocation of free computing hours on its supercomputers, hosted 
at the 3 CEA, CNRS, and CINES Computer Centers. In order to facilitate the use of the TGIR 
(Très Grande Infrastructure de Recherche), GENCI works to ensure the availability of the same 

services at the 3 Computer Centers (type of storage, visualization and/or post-processing facilities). In 2018, the account 
opening procedures for the Centers were centralized and harmonized. Through its ongoing dialogue with the Centers, 
GENCI works to ensure that the rules with regard to the users are defined and applied uniformly regardless of the center. 
This means, for instance, having:
• The same access arrangements for the computer,
• The same processes in terms of supplementary allocations during projects,
• The same method of dealing with under-utilization of allocated hours,
• And the same routes for accessing prototypes.
Recently the 3 Computer Centers have all been classed as Zones à Régime Restrictif (ZRR) (high security areas). The 
centers and GENCI are thus working with the departments of the Ministry of Higher Education, Research and Innovation 
to ensure that access to the centers is as simple and as standardized as possible. 
The aim of all these actions is always the same: To facilitate the use of GENCI TGIR by researchers.  

JOLIOT-CURIE, nicknamed IRENE 
by its users, was installed at TGCC 
in 2018. With a peak power of 9.4 
Pflop/s, it has 2 computing parti-
tions. The first, with general purpose, 

1.9 / 2.2
BILLION HOURS ALLOCATED / BILLIONS OF HOURS 
ASKED VIA EDARI

ADA 

78 Mh* 
ALLOCATED IN 2018

TURING 

827 Mh* 
ALLOCATED IN 2018

OCCIGEN 

648 Mh* 
ALLOCATED IN 2018

CURIE 

123 Mh* 
ALLOCATED IN 2018

IRENE SKYLAKE 

121 Mh* 
ALLOCATED IN 2018

IRENE KNL 

81 Mh* 
ALLOCATED IN 2018

* Mh = Million hours

OF NEW PROJECTS

24%

Evolving  
Computer Centers

 Jean-Philippe Proux  
Head of Operations at GENCI

GENCI  IDENTITY & MISSIONS 

 Christine Ménaché  
Head of TGCC  
(CEA center hosting  
the JOLIOT-CURIE supercomputer)
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consists of nearly 80,000 Intel Skylake 
2.7 GHz cores, interconnected by 
an InfiniBand network. The second, 
more specialized, consists of Intel 
(KNL) manycore processors and has a 
new interconnection network devel-
oped by Atos: The BXI-, Bull eXascale 
Interconnect. Installed in the first 
quarter of 2018 by TGCC teams, 
assisted by Atos, the supercomputer 
was made available to pilot users to 
run their ‘Grands Challenges’ as of 
April 2018. Alongside this installation, 
the data from the old TGCC envi-
ronment has been migrated to the 
new environment, transparently for 
the users. This new environment has 
also helped boost security thanks 
to a more detailed segmentation of 
services.

Sixteen Grands Challenges had an 
early access to the IRENE super-
computer between the end of April 
and July, using the IRENE-Skylake 
partition and between June and 
September, using the IRENE-KNL 
partition. In terms of research, almost 
all the Thematic Committees were 
represented. Three of the Grands 
Challenges were from industry: 
SafranTech in collaboration with 
Cerfacs or Coria, Renault and Naval 
Group. These Grands Challenges 
have now been completed. In addi-
tion to the scientific results that were 
obtained, they helped to optimize 
the production environment for the 
IRENE computer. The KNL partition 
benefited, in particular, from the 
experience gained by the CEA/DAM 
teams through the commissioning 
of the TERA1000 computer at CEA. A 
feedback day will be jointly organized 
by GENCI and TGCC in early 2019. As 
soon as the Grands Challenges were 

completed, the Dari A5 projects were 
ready to use the new computer, for 
which applications were equal to 
450% of the Irene-SKL partition.
At the end of October 2018, it was 
time to bid farewell to the retiring 
CURIE computer, after 7 years of 
good and loyal service. We have 
received tributes from a number of 
sources, including from the Director 
of IPSL (Olivier Boucher), extolling 
the virtues of CURIE and the sup-
port provided by the TGCC teams, 
in particular for the realization of the 
CMIP6 project.  

2018 was also a year in which our 
users benefited from the outstand-
ing stability, thanks to the contin-
ued exceptional availability rate of 
our Ada and Turing IBM computers. 
The principal new operation was the 
implementation, for the French cli-
mate sciences research community, 
of the national distribution node for 
the results of the simulations for the 
IPCC CMIP6 exercise. IDRIS also 
had a very busy year with tender 
calls, processed in close coordina-
tion with GENCI, for the replace-
ment of all its equipment. This was 

finalized at the end of the year with 
the selection of Hewlett-Packard 
Enterprise, which will install, in the 
first-half of 2019, a supercomputer 
with an initial peak performance of 
14 PFlop/s (5 PFlop/s  using scalar 
technology and 9 PFlop/s using 
GPU technology). This second 
partition will be used both for those 
HPC applications that will benefit 
from the power offered by these 
accelerators, and for new artificial 
intelligence (AI) applications, which 
is a field experiencing very rapid 
expansion.  

 Denis Girou  
Director of IDRIS  
(CNRS center that hosts  
ADA and TURING supercomputers)

CINES at the crossroads of HPC 
and Big Data
New HPC services combining 
computing and data were brought 
into production in 2018: (i) 
4  remote visualization nodes and 
1 large memory node for HPC 
pre/post-processing on Occigen; 
(ii) OCR computing coupled with 
long-term storage leading to the 
https://opendata.cines.fr portal 
which already has 1.2 million scans 
available; (iii) the Intel KNL Frioul 
prototype was reconfigured with 
an SSD scratch enabling intensive 
I/O. In organizational terms, the 
HPC Department welcomed its 
new Department Head, Mr. Eric 
Boyer, and a “Technology and 
Optimization Watch” unit that is 
going to be actively preparing for 
the launch of the replacement for 
Occigen in mid-2019.  

 Boris Dintrans  
Director of CINES  
(CPU center hosting  
the OCCIGEN supercomputer)

  2018 ANNUAL REPORT  GENCI
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GENCI, its missions
Building awareness of HPC

GENCI, a major actor  
in the digital revolution...

... and the sole point of entry for access  
to HPC resources

An ambition backed by its 5 historic 
shareholders

A large scale Research Infrastructure 
statute

•  Acting as a public service operator 
for Higher Education, Research and 
Innovation.

•  Implementing a strategic mission 
serving Science and providing support in 
identifying solutions for social, economic 
and environmental challenges.

An objective to sustain independence 
and sovereignty

•  Ensuring the scientific and economic 
competitiveness of France.

•  Collaborating with its national and 
European peers.

•  Facilitating the integration of new 
partners in its role as the national HPC 
operator.

49%
State (Ministère  

de l’Enseignement 
Supérieur, de la 

Recherche et de 
l’Innovation)

20%
CEA

20%
CNRS

10%
French Universities   
(Conférence  
des Présidents 
d’Université)

1%
Inria

GENCI’S  
SHAREHOLDERS

High-Performance Computing makes it possible to:
Facilitate numerical simulation

•  Perform and repeat complex computations that it would 
be impossible to perform on a PC within acceptable time 
limits.

•  Speed up the processing of the massive data flows that 
constitute Big Data.

•  Integrate artificial intelligence (AI) based methods and tools.

Support  real-life applications

• Boost scientific competitiveness, in all disciplines.

• Suggest solutions for societal challenges.

•  Guide economic performance: Data analyses, accelerating 
design and manufacturing phases, managing risks, 
optimizing development phases and costs

GENCI  IDENTITY & MISSIONS 
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GENCI, an essential partner  
in scientific research

SIMPLIFY AND SPEED UP  
the realization of your projects

FREE ACCESS  
to computing and data storage resources

Numerical 
simulation 

projects

Artificial  
Intelligence 
(AI) projects

Big Data  
pre/post  

processing

Remote  
visualization

How?
For computing projects

•  Set up an account at https://www.edari.fr/

• Create a dossier using your user space.

• On the site’s home page, you will also find:

- the number of the current project call,

- the computing time available and how to access it,

-  the User Handbook giving the technical characteristics  
of the computers and the services available in each 
Center.

For AI projects*

•  Set up an account at https://www.edari.fr/

• Create a dossier using your user space.

•  Submit a preparatory access application from your user 
space.

•  The simple and quick procedure is accessible throughout 
the year and allows you to quickly obtain an allocation of 
hours.

•  A computer called Ouessant at IDRIS combining IBM 
Power8+ cores coupled with nVIDIA P100 GPU via Nvlink is 
available.

• Contact: acces@genci.fr

* Until 3rd quarter of 2019 before the start of the production phase  
of the new converged computer at IDRIS.

  2018 ANNUAL REPORT  GENCI
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GENCI for users
What new users have to say

The ONERA CEDRE Code is a massively parallel mul-
ti-physics code that allows, in particular, the simulation of 
the hypersonic chemical non-equilibrium flow detected 
during the atmospheric re-entry of space launcher debris 

and vehicles. The ability to use the resources available 
through GENCI allowed us to simulate a large number 
of flows around simple shaped objects representing 
space debris. The Navier-Stokes 3D numerical database 
that was generated will allow us to develop models with 
a short response time to represent parietal overheating. 
This approach made it possible to obtain a better assess-
ment of the terrestrial risks arising from the uncontrolled 
atmospheric re-entry of debris subject to aerother-
mal degradation. In addition, the resources provided 
by GENCI will also enable us to carry out 3D numerical 
simulations of stationary and non-stationary hypersonic 
chemical non-equilibrium air flows in order to analyze 
the various types of ejection systems for emergency 
passenger vehicles for a proposed hypersonic very long-
range aircraft (SPACELINER). Our results will be the sub-
ject of two publications in 2019.  

 Ysolde Prevereaud  
Research Engineer  
ONERA – Département Multi-Physique pour l’Energétique

 Vincent Drouet  
3rd year Doctoral student 
Bourse ONERA - CNES

 Jean-Marc Moschetta  (not present on the picture) 
Thesis Supervisor  
ISAE

Navier-Stokes 3D numerical simulation of hypersonic  
(Mach 20, altitude 70 km) chemical non-equilibrium flow around 
space launcher debris at angle of attack.

Supercomputers:  
Joliot-Curie at TGCC (1.5 million hours allocated)  
and Occigen at CINES (2.2 million hours allocated).

GENCI  IDENTITY & MISSIONS 
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USER

How to proceed to obtain computing hours?

Access to GENCI’s computing resources is open free-of-charge to all academic or industrial users wishing to carry out scientific 
work relating to public research or higher education service mission. The results obtained in this context must be published at the 
end of the allocation period.

PREPARATORY ACCESS DYNAMIC ACCESS   
(Available mid-2019)

DARI PROCEDURE 
(Demande d’Attribution  

de Ressources Informatiques)

APPLICATION PERIOD

Call for projects throughout  
the year

Call for projects throughout  
the year

Bi-annual call for projects:

• In January-February for an 
allocation of hours between May and 

April of the following year

• in June-July for an allocation 
of hours between November and 

October of the following year

NATIONAL RESOURCES

Prototypes available at CINES  
and IDRIS

AI partition at IDRISSupercomputers at TGCC, CINES and IDRIS

VALIDITY OF COMPUTING HOURS ALLOCATION

6 months 1 year

OPTIONS

Test new codes Renew an existing dossier

Transform a preparatory access  
in a regular request

Submit a supplementary request

Submit a new application

Nov. 18 May 19 Nov. 19 May 20 Nov. 20

Dari A4 Dari A6 Dari A8

Dari A5 Dari A9

Supplement A5Supplement A4 Supplement A6 Supplement A7 Supplement A8

Dari A7

Call for projects A6 Call for projects A7 Call for projects A8 Call for projects A9

DARI allocations timetable

  2018 ANNUAL REPORT  GENCI
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GENCI in 2018

GENCI “10 years of HPC” exhibi-
tion went on the road in 2018 in 
the regions and reach out to new 
audiences. The posters in the exhi-
bition highlight the results of acade-
mic, SME and large industrial group 
research projects covering a huge 
range of subject areas (physics, 
medicine, environment and innova-
tion). The exhibition also helped raise 
awareness among researchers not 
yet making use of available national 
resources, students (future bi-scien-
tists) and the general public, with the 
‘Fête de la Science’.

The exhibition visited 6 cities in 
France: Caen, Reims, Rouen, Lyon, 
Grenoble and Toulouse. It was used 
in support of a users’ day, the Fête 

ON THE ROAD WITH THE  
“10 YEARS OF HPC” EXHIBITION 

de la Science, JCADs (Journées 
calcul Données), and the inaugura-
tion of regional computers: Reims, 
Grenoble and Toulouse.

To further enhance the exhibition, 
additional posters were produced to 
highlight regional HPC projects:
•  Climatic Business intelligence: 

Enriching data using HPC (Yann 
Amice and Blandine L’Hévéder, 
Forecasters and Meteorologist, 
Patrick Bousquet-Mélou/Metigate, 
HPC expert, CRIANN).

•  Ovarian Cancer: Visualizing and 
understanding how a mole-
cule evolves for a new treat-
ment (Jana Sopkova-de Oliveira 
Santos, CERMN Université de Caen 
Normandie).

•  Automating recognition of organs 
for radiotherapy (Roger Trullo, 
Doctoral student, and the resear-
chers of the Laboratoire LITIS: 
Caroline Petitjean, Su Ruan, and 
Bernard Dubray, also Radiotherapist 
at the Centre Henri Becquerel).

•  Anticipating the formation of ice 
on aircraft (Simulations: Gilles 
Demange, Renaud Patte and 
Hélena Zapolsky, Laboratoire GPM, 
Métrologie: Marc Brunel, CORIA 
CNRS, INSA and Université de 
Rouen Normandie).

•  Preventing dysentery: The 
role of intracellular cholesterol 
during pathogenic bacterial inva-
sions (Laurent Joubert (Quantum 
Chemistry), Vincent Tognetti and 
Andrea Bonvicini, Laboratoire 
COBRA, CNRS, INSA and Université 
de Rouen Normandie. Marc Baaden 
(classis molecular dynamics), IBPC, 
CNRS (INC), Paris. Collaboration 
with Didier Desmaële (Synthetic 
Chemistry, Châtenay-Malabry) 
and Nathalie Sauvonnet (Cellular 
Biology, Institut Pasteur, Paris).  

Highlights

FIND OUT MORE

Take a look at all the 
posters in the exhibition 
by scanning this code

Cancer ovarien :
voir et comprendre l’évolution

d’une molécule pour
un nouveau traitement

Modélisation moléculaire

MEDECINE

          

EQUIPE :
Jana Sopkova-de Oliveira Santos
CERMN Université de Caen Normandie

SUPERCACULATEUR CRIANN
MYRIA 300.000

heures en 2017

 # SCIENCES

Le CERMN (Centre d’études et de recherche sur
le médicament de Normandie) est un utilisateur
régulier du CRIANN. Les études menées au CERMN
se situent en amont des essais cliniques de nouveaux
médicaments et portent sur la sélection de molécules
d’intérêt thérapeutique. Les études concernent les
inhibiteurs d’interactions protéine-protéine, destinés
au traitement de cancers ovariens. Ces études
nécessitent des calculs très puissants pour obtenir
une vision dynamique du comportement d’une
molécule dans son environnement.

L’ensemble de l’o�re du CRIANN – puissance
des calculateurs, qualité des ressources logicielles
et le dialogue avec l’équipe – aide le CERMN
à rester à la pointe de la recherche dans notre
domaine » précise Ronan Bureau, responsable
de la plateforme chemoinformatique du CERMN
et dont J. Sopkova-de Oliveira Santos est membre.

Analyses
d’interactions
entre une protéine et son ligand
naturel sur la base des simulations
de dynamique moléculaire

Modélisation moléculaire au service de la découverte
de nouveaux ligands : les molécules oligopyridine, des foldameres
de l’hélice alpha, inhibent Mcl-1 et sensibilisent ainsi les cellules
cancéreuses ovariennes aux stratégies ciblant Bcl-XL.

C

M

J

CM

MJ

CJ

CMJ

N

•Sciences-resultat Caen.pdf   1   28/05/2018   16:11
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2018 
HACKATHON 
GENCI organized the first HPC Hackathon, from 3rd to 7th December 2018, with the 
support of the CRIANN (Rouen), ROMÉO (Reims), GRICAD (Grenoble), CALMIP (Toulouse), 
SNASA and Inria Bordeaux (Bordeaux) Mésocentres (regional computing centers).

The objective for each team was, within 2 days, to suggest a porting or an enhanced 
optimization for a scientific or industrial application.

A multidisciplinary jury met on Wednesday 19th December to judge the suggestions.

Thanks go to the local teams, the Jury, the sponsors and every participant for having made this very first HPC Hackathon such a 
great success.

The figures

5 
CITIES

1 
WEEK

70 
CANDIDATES

13 
TEAMS

20,298 
CPU HOURS USED

112 
GPU HOURS USED

... AND AN INCALCULABLE NUMBER OF COFFEES DRUNK

3 prizewinning teams + congratulations to the 3 Reims teams
In the “Porting” category 
sponsored by ATOS and the 
unanimous choice of the 
Jury:

The project of the 
HACKALMIP team from 
Toulouse: “GPU computing 
for fluid mechanics”.

Congratulations to the team 
of Aurélie Louis-Napoléon, 
Annaïg Pedrono, Mickaël 
Duval and Nicolas Renon.

In the “Optimization” 
category sponsored by 
INTEL and ATOS:

The project of the YADE 
TEAM from Grenoble: “MPI 
distributed computing for 
the particle system dynamic 
– Yade-MPI”.

Congratulations to the team 
of Robert Caulk, William 
Chèvremont, Deepak 
Kunhappan, Jean Pourroy, 
François Kneib and Thomas 
Guntz.

For the third prize, 
sponsored by INTEL and 
ATOS:

The Jury wanted to reward 
the first team that was made 
up of only students:

The project of the students 
from INRIA Bordeaux - 
ENSEIRB-INFO-PRCD team 
- subject “Improving the 
Kronecker product matrix” 
won the 3rd prize from the 
Jury.

Congratulations to the team 
of Xavier Pic, Tony Delarue, 
Arthur Liefhooghe, Romain 
Peressoni and Richard Sartori.

The Jury wanted to add its 
special congratulations to 
the 3 students teams from 
Reims competing in the fields 
of bioinformatics using the 
Bowtie 2 and Mothur codes 
relating to DNA sequencing, 
for their courage, their 
perseverance and for 
producing their reports 
and posters despite the 
difficulties they faced and the 
complexities of the subjects.
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Highlights

START OF  
PRODUCTION ON 
JOLIOT CURIE
In September 2018, GENCI start-
ed the production phase on its new 
Joliot-Curie 9.4 petaflop/s super-
computer, hosted at TGCC (CEA’s 
Très Grand Centre de Calcul), in 
Bruyères-Le-Châtel (Essonne). 
Joliot-Curie is available to French 
and European researchers, through 
the PRACE European research infra-
structure. This means that academic 
and industry researchers now access 
a total computing power that is 
4.5 times greater than that of the pre-
vious Curie system, to support their 
work with all uses that require very 
large computing and data process-
ing capacities. What does a comput-
ing power of 9.4 petaflops mean? This 
amounts to 9.4 million billion oper-
ations a second, or the equivalent 
of more than 75,000 desktop PCs! 

An extension to Joliot-Curie is also 
planned for the end of 2019, to take 
its computing power to over 20 peta-
flops! Equipped with a BullSequana 
X1000 system built by Atos, Joliot-
Curie joined the TOP500* (list of the 
world’s most powerful supercom-
puters) in June 2018, becoming the 
3rd most powerful supercomputer in 
France and one of few solely dedi-
cated to open research in France and 
Europe.

LAUNCH OF THE 
‘GRANDS 
CHALLENGES’
Prior to the start of production, a 
series of Grands Challenges - very 
large scale academic and industry-
based research simulations –were 

performed between June 2018 and 
September 2018, in order to assess 
the correct functioning of the sys-
tem. For some of the chosen scien-
tists, these Grands Challenges 
presented a unique opportunity 
to use all of the supercomputer’s 
computing capacity, enabling them 
to make significant advances, inclu-

Scan this code. Philippe 
Lavocat introduces  
Joliot-Curie on our  
YouTube channel.

* Top 500 List – June 2018: 
34th place for the SKL partition and 151st for 
the KNL partition.

Joliot-Curie 
technical data sheet
•  The computing nodes of this set of 

9 Bull Sequana X1000 cells are partly 
fitted with Intel® Xeon® Scalable 
processors, and partly with Intel® 
Xeon Phi™ manycore processors, 
giving a total of 135,792 cores.

•  The Intel® Xeon® Scalable partition 
is equipped with a high-speed and 
low latency Mellanox InfiniBand EDR 
interconnection network, whilst the 
Intel® Xeon Phi™ partition uses a 
high-speed and low latency Bull BXI 
(Bull Exascale Interconnect) intercon-
nection network.

•  Peak computing power is 9.4 PFlops 
(6.86 PFlops in x86_64 technology 
and 2.52 PFlops in Xeon Phi techno-
logy).

•  The design distributed memory capa-
city is 400 TB.

•  The patented “Direct Liquid Cooling” 
technology uses warm water to cool 
the computer, thus reducing energy 
consumption by as much as 40% 
compared with air cooling.

•  The whole solution operates on the 
new Bull SCS 5 environment, based 
on the Linux Red Hat 7 operating sys-
tem.

It also has a dedicated 5 PB Lustre 
Cray ClusterStor storage cluster with 
300 GB/s I/O bandwidth for a minimum 
useful capacity of 5 Po.

GENCI  IDENTITY & MISSIONS 
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Highlights
ding world firsts that would have 
been impossible in a context of 
shared use.

Some of the scientific teams among 
the ten projects selected for the 
Grands Challenges have already 
published their initial results, whilst 
most of the others are still analyzing 
the data.  

TOP 5
FRANCE 
IS AMONG THE LEADERS  
IN THE INTERNATIONAL 
COMPETITION

LASER PHYSICS 
GRAND CHALLENGE 
The focus was placed on the world of high-power lasers in 2018 with the awarding of 
the Nobel Prize to researchers Donna Strickland and Gérard Mourou for the invention 
of the Chirped Pulse Amplification (CPA) method.

One of the primary themes for the Apollon research project is electron acceleration 
in a so-called double-stage configuration. A new method of describing lasers known 
as the envelope method has been developed by the team of researchers at CEA and 
École Polytechnique. The work needed 10 million hours, including the use of the 
Smilei (PIC) code on 73,000 cores.

BIOLOGY/HEALTH 
GRAND CHALLENGE 
Understanding how molecules behave is vital in designing therapeutic nano-
reactors. A team of researchers, led by Fabio Sterpone, CNRS Director of Research, 

LBT (Laboratoire de Biochimie 
Théorique, Institut de Biologie 
Physico-Chimique), used a new 
computer approach to simulate 
the first detailed model of a 
biological nanoreactor, with 
the MUPHY code coupled 
with the Lattice Boltzmann 
Molecular Dynamics (LBMD) 
method.

  2018 ANNUAL REPORT  GENCI
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 2018 ANNUAL REPORT  GENCI

 Sylvie Joussaume  
Chair of GENCI’s Evaluation Committee

2018 stood out as a year with an extre-
mely high level of pressure for computing resources, 
especially during the A5 allocation in the 2nd half, 
and this was despite the renewal of the Joliot-Curie 
computer, partly dedicated to PRACE. This means it is 
even more important that we make the best use of the 
possibilities offered by Europe. This exceptional level 
of pressure, at 450%, for the Joliot-Curie SKL partition, 
illustrates the huge demand for computing resources 
and the difficulty in achieving optimal performances 
on new computers. It clearly signals the end of Moore’s 
Law and the growing need to provide support for teams 
in order to make the most of computer performances.

Faced with this scarcity, the Chairs of the Thematic 
Committees worked closely together to spread the 
pressure between the various computers and to opti-
mize the use of the resources. The Directors of the 
Centers also played a key role in optimizing the availa-
bility of the resources. Thanks also go to the users who 
agreed to change center! Well done all of you.

The A5 allocation was a demonstration of the impor-
tance of making access between centers as transparent 
as possible in order to best spread the pressure. The 
Centers are already working towards this, but we need 
to consider collectively how to take this even further. 

It also illustrates the need to continue upgrading the 
computers, based around the requirements of the 
users, to make sure that French teams can hold their 
own in the international race. 2019 will see the launch 
of a new computer at Idris which should, we all hope, 
satisfy users’ computing power needs...   

Foreword by the Chair  
of the GENCI Evaluation Committee

142%
LEVEL OF PRESSURE ON  
ALL SUPERCOMPUTERS IN 2018

132
PROJECTS IN PREPARATORY ACCESS

The strong cohesion  
between centers made 

it possible to spread the 
pressure and optimize  

the use of the resources.
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Forewords by the Chairs
CT1 
ENVIRONMENT

 Évelyne Richard  
Chair of CT1

The thematic fields of CT1 are climate, 
atmosphere and ocean sciences. Our 
projects (69 in 2018) continue to be mostly 
multiannual. These use in-house codes which 
have increasing computational demands due 
to finer spatial resolutions, the introduction 
of complex physical parametrizations, and 
wider use of coupling between the different 
Earth system components. Whilst the availa-
bility of computing resources has so far been 
adequate for our needs, there are concerns 
within the climate science community for the 
future. 

CT2a 
NON-REACTIVE AND 
MULTIPHASE FLOWS

 Guillaume Balarac  
Chair of CT2a

The numerical simulation of flows covers a 
wide range of activities, combining physical 
analysis, methodology development and 
technology transfers. The 79 projects in 
2018 were illustrative of this diversity. The 
resources allocated by GENCI helped increase 
understanding of the mechanisms involved in 
turbulent flows, the associated hydrodynamic 
instabilities and their consequences for a 
number of applications at the heart of today’s 
key challenges: energy conversion, environ-
ment, processes, etc.

CT2b 
REACTIVE AND 
MULTIPHASE FLOWS

 Nasser Darabiha  
Chair of CT2b

The research projects in the thematic field 
included the simulation of mono or diphasic 
reactive flows in a range of different 
areas. These included, among others, the 
simulation of turbulent combustion in auto-
motive engines, aircraft engines, and in gas 
turbines, as well as rocket motors, reactive 
flows can be purely gaseous or diphasic. 
Another area of research relates to the 
simulation of non-reactive diphasic flows. 
The simulations in this field cover, among 
others, fluid-particle interactions, fluidized 
beds, multiphasic flows, liquid injection, 
spray atomization.
Most of the simulations are based on 
high-performance methods such as the 
hybridization approach. These coupled 
methods have enabled significant advances 
in a variety of fields. The quality of the 
projects submitted is very high, enabling 
the publication of many articles in leading 
international journals.

CT3 
BIOLOGY AND HEALTH

 Laurent Desbat  
Chair of CT3

CT3 (Biology and Health) dealt with 5 
dossiers for A4 and a supplementary 
application for A3, all of excellent quality. 

Two applications were completely new, from 
new users. The allocation for CT3 in 2018 
was 0.5Mh on Ada, 2Mh on Turing, 5.5Mh 
on O2, 1.6Mh on KNL and 0.85 Mh on SKL, 
for projects related to immunology, genetics, 
molecular dynamics, protein interactions, 
modelling in electrocardiography and in 
cardiac electromechanics.
Despite the high level of pressure on 
the Skylake partition of Joliot Curie, CT3 
worked to allow the Allocation Committee 
to transfer Skylake hours to the Occigen 
computer and maintain an allocation for 
a project at around 50% of the request. It 
is essential that the excellent CT3 projects 
that have developed codes to run on GENCI 
architectures are able to have access to the 
computing resources.

CT4 
GEOPHYSICS  
AND ASTROPHYSICS

 Frédéric Bournaud  
Chair of CT4

There was a high level of competition in 
the 2018 project calls, because of the 
rapid increase in the pressure of demand 
on traditional architectures. In this context, 
a large number of astrophysics and geo-
physics projects were able to prepare for 
the arrival of new architectures, such as the 
KNL “manycore” partition on Curie, thanks 
to the Frioul prototype which was operating 
at CINES: these projects are thus rapidly 
increasing their potential and we saw a 
significant increase in the average number 
of hours allocated. Many of the renewed 
projects reported extremely credible and 
internationally acknowledged results in their 

Thematic Committees

GENCI  2018 RESULTS AND ADVANCES 
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annual report. During the year, four astro-
physics projects, based on the results of 
their GENCI allocations, were given European 
PRACE allocations to take their work onto 
even more ambitious levels.

CT5 
THEORETICAL  
PHYSICS AND 
PLASMA PHYSICS

 Eric Serre  
Chair of CT5

In 2018, 310 million hours were distributed 
across 42 projects of the highest scientific 
and technical quality. Particle physics, and in 
particular quantum chromodynamics, con-
tinued to be allocated very large numbers 
of computing hours (200 million on Blue 
Gene at IDRIS), with the remainder allocated 
to plasma physics (mostly fusion) and 
high-intensity laser projects. These projects 
in many cases have remained over the years 
dependent on large experimental equipment, 
for which numerical simulation contributes 
to the interpretation of measurements and 
a better understanding of the physical phe-
nomena, with the frequent objective being 
to be able to eventually perform predictive 
simulations.

CT6 
COMPUTING,  
ALGORITHMS  
AND MATHEMATICS

 Didier Auroux  
Chair of CT6

The projects range from numerical algo-
rithms to problems of parallelization: reso-
lution of large linear systems, development 
of libraries, scalability analyses, numerical 
schemes adapted to parallelization, etc. Most 
of the projects are driven by applications 
from other disciplines: (geo)physics, biology, 
medicine. Some projects only require a 
limited number of hours but require access 
to several computers to allow a comparison 
of performances between architectures. We 

are seeing the emergence of projects need-
ing large volumes of computing hours in the 
context of model reduction and machine 
learning.

CT7 
MOLECULAR  
MODELLING APPLIED  
TO BIOLOGY

 Marc Baaden  
Chair of CT7

Thematic Committee 7 deals mainly with 
atomistic simulations of biomolecular 
systems. Of the many modelling techniques 
used, classic molecular dynamics is central. 
This allows the characterization of the 
interactions, important in the phenomena of 
recognition and aggregation, the flexibility, 
deformability and transportation, all key 
elements in understanding biological mech-
anisms. It is only possible to carry out this by 
using supercomputers.

CT8 
QUANTUM CHEMISTRY 
AND MOLECULAR 
MODELLING 

 Marie-Bernadette 
Lepetit  
Chair of CT8

2018 was characterized by a very high 
level of pressure on ADA and Irène Skylake. 
This strong demand, and the resulting 
large reductions in allocations, had a 
severe impact on our CT because these 
are the types of computers on which our 
software library is installed. The problem 
is all the greater in that many researchers 
have not been able to turn to Occigen. 
This is because the engineers at CINES 
found problems with installing an effective 
version of some of our most frequently used 
codes. In addition, the configuration of the 
queues at CINES seriously disadvantaged 
the type of simulations specific to CT8. The 
Committee would like to thank the manage-
ment at CINES which has set up a working 
group, bringing together CINES engineers, 

the users and developers of the codes in 
order to find, at least partial, solutions for 
these issues. 

CT9 
CHEMISTRY AND MATERIALS 
PROPERTIES

 Thierry Deutsch  
Chair of CT9

CT9 evaluated 42 computing allocation 
applications, mainly in the fields of physics 
and materials properties. Most of the projects 
use so-called ab initio electronic structure 
computing methods using the formalism 
of the density functional theory (DFT). This 
method is a compromise between precision 
and speed of computing.
This year The demand for hours was very 
high in particular with projects based on 
molecular dynamics computing, i.e. the 
analysis of the kinetics of atomic systems. 
Just one allocation for this needs several 
million hours. Currently, with the resources 
available, there is little likelihood of these 
types of analyses in France, which penal-
izes our researchers against international 
competitors.

CT10 
NEW APPLICATIONS AND 
MULTIDISCIPLINARY 
APPLICATIONS OF HPC

 Bruno Scheurer  
Chair of CT10

In 2018, CT10 evaluated 7 dossiers. The 
number of hours applied for increased 
significantly, in a context of limited resources 
availability. Despite this however, 37 million 
hours were allocated. 

This allocation will enable analyses in the 
fields of nuclear reactors (optimization and 
operation), planet mineralogy (multiphase 
equations of state) and electromagnetism 
(see highlights).

This will involve, in particular, the running 
of numerous parametric and uncertainty 
analyses.
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Notable scientific 
results in 2018
CT1
Modelling ancient paleoclimates

CT2a
Numerical simulations  
of the dynamo effect in the  
von Kármán Sodium experiment

CT2b
Simulation of interface–turbulence 
interaction and phase inversion

CT3
IMGT/HighV-QUEST:  
HPC analysis of adaptive immune 
response repertoires

CT4
Obelisk: Simulating the early  
billions of years of a galaxy cluster

CT5
Electron acceleration  
by plasma laser interaction

CT6
Rapid numerical schemas  
for kinetic equations

CT7
Thermal fluctuations as drivers  
in cell molecular motors

CT8
Porous materials in the liquid  
state

CT9
Hardening effect of oxygen  
in titanium and zirconium

CT10
Towards the optimization  
of Ka band transmit-arrays using 
GENCI’s HPC

The scientific results outlined in the pages below have 
been produced through research work carried out in 2018 
using the computing resources provided by GENCI. Whilst 
these projects are representative of the various scientific 
domains making use of the national supercomputers, they 
are however only a sample of the 790 projects that were 
allocated computing time in 2018.
To find out about other results, you can visit:
 www.genci.fr

GENCI  2018 RESULTS AND ADVANCES 
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At the scale of geological time, the climate 
evolves in response to interactions between 
the internal (mantel and lithospheric dyna-
mics) and external (continental drift and 
carbon cycle) spheres. The history of Earth is 
thus marked by paleogeographic changes, 
including the formation and breakup of 
supercontinents, the opening and closing of 
oceanic basins and passages, the upheaval 
and erosion of mountain chains, with each 
of these processes having consequences in 
terms of the physical aspects and dynamics 
of the climatic system.

Project gen2212 “Climate Modelling” is 
adressing the use of numerical models of 
general circulation in order to understand 
and quantify the mechanisms behind cli-
mate changes at spatio-temporal scales 
that are hugely variable, ranging from the 
Cambrian (540 million years ago) to the 
Holocene (the last 10,000 years). A prere-
quisite in simulating the climate at these 
timescales is the ability to run long simu-
lations, i.e. multi-millennia, in order to 
balance the various compartments of the 
Earth system.

In this context, we have created a “fast” 
version of the IPSL Earth System model, 
known as IPSL-CM5A2-VLR. This new 
model differs from the previous version in 

three ways: The hybrid MPI/OMP paralleli-
zation made it possible to port the code on 
672 cores and compute up to ~95 years/
day, i.e. 10 times faster than with the pre-
vious version, IPSL-CM5A-LR. The cold bias 
in IPSL-CM5A-LR was corrected by tuning 
aimed at an average global temperature at 
2 meters of 13.5°C. This tuning was achie-
ved by modifying the parameters relating to 
cloud density, and thus its radiative effect.

Finally, we worked to generate new tripolar 
grids for the ocean model that would allow, 
for the time being, the use of the climate 
model for the last 200 million years. IPSL-
CM5A2 on its own account for almost 50% 

of the hours requested for the gen2212 
project for 2019. This is used in particular 
for understanding climate changes in the 
Cretaceous period linked with changes in 
the vegetation cover and oceanic dyna-
mics (figure), for two model intercompari-
son projects for ancient climates (DeepMIP 
and PlioMIP), and for sensitivity analysis to 
changes in the configuration of the mari-
time continent (Indonesia) in the Quaternary 
Period.

Modelling ancient  
paleoclimates 
Teams working at the Laboratoire des Sciences du Climat et de l’Environnement (LSCE), Institut Pierre-Simon 
Laplace, Centre Européen de Recherche et d’Enseignement des Géosciences de l’Environnement (CEREGE)

CT1 ENVIRONMENT

#SCIENCES

Supercomputer: CURIE (then JOLIOT-CURIE) - 10 million hours

 Pierre Sépulchre  
Researcher at CNRS

Fig. 1 - Salinity and surface currents simulated in the oceanic component of the IPSL-CM5A2-
VLR model, for a Cretaceous configuration.

Fig. 2 - Winds and temperature at two meters simulated in the LMDz atmospheric component 
of the IPSL-CM5A2-VLR model, using the “Earth” visualization tool, adapted from the work of 
Cameron Beccario. https://github.com/cambecc/earth.

Fig. 1 Fig. 2
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It is known since Sir Joseph Larmor in 1919 
that the movement of an electrically conduc-
ting fluid can generate a magnetic field: this 
is the dynamo effect. Only three international 
experiments have been able to produce this 
effect, in particular, the Von Kármán Sodium 
(VKS) experiment at CEA Cadarache. This 
latter analyzed the generation of the magne-
tic field by a turbulent flow of liquid sodium 
driven by two counter-rotating impellers 
(bladed disks). This was the only one that 
obtained dynamo regimes with a magnetic 
field reversing over time, similarly to the 
terrestrial field. This does, however, require 
iron impellers, thereby imposing a magne-
tic permeability variable in time and space. 
The role of this ferromagnetic material raises 
questions. We provided some answers to 
this by making use of the SFEMaNS paral-
lelized code developed entirely by the team 
and which solves the magnetohydrodynamic 
equations (coupling the velocity field and 
the magnetic field via the Lorentz force and 
Ohm’s law) on unstructured grids. First of all, 
we developed an innovative penalty method 
to describe the impellers. Indeed one key 
ingredient in the dynamo mechanism is the 
helical vortex generated behind each blade: 
it focuses any pre-existing magnetic field to 

amplify that field. The other scientific issues 
were to take into account the iron impel-
lers that complicate the resolution of the 
magnetic field, as well as the large kinetic 
Reynolds numbers of the experiment (>107). 
The method used to solve the first obstacle 
was to consider a uniform axisymmetric per-
meability and to treat the spatial variations 
as a source term of the magnetic equation. 
For the second obstacle, an entropic visco-
sity technique (subgrid viscosity type) was 
applied.

We were able to run the first VKS realistic 
three-dimensional simulations (unstructu-

red mesh grid of 30 million cells running 
on 1024 processors of the ADA computer 
at IDRIS). The velocity field shows a wide 
spectrum of scales (figure 1) going down 
to the “small worms” typical in turbulence. 
The time-averaged magnetic field (figure 2) 
is dominated by an axial dipole and an azi-
muthal component concentrated near the 
blades like in the experiment (see Nore+, 
JFM, 2018). This work is going to continue 
with the characterization of the turbulence in 
this geometry.

Numerical simulations of the  
dynamo effect in the  
von Kármán Sodium experiment
Caroline Nore, Professor at Université Paris-Sud and LIMSI-CNRS, Daniel Castanon-Quiroz, Post-Doctorate  
at Université de Montpellier, Loïc Cappanera, Post-Doctorate at Rice University, USA, Jean-Luc Guermond,  
Professor at TAMU University, Texas, USA.

CT2a NON-REACTIVE AND MULTI-PHASE FLOWS

#SCIENCES

Supercomputer: ADA - 500,000 hours

 Caroline Nore  
Professor at Université  
Paris-Sud and LIMSI-CNRS

Fig. 1 - Hydrodynamic simulation of the liquid sodium flow in the von Kármán Sodium  
geometry with a kinetic Reynolds number of Re=105: Visualization of the amplitude  
of the vorticity (the counter-rotating impellers at each end of the container are shown in light 
gray).

Fig. 2 - Magnetohydrodynamic simulation of the liquid sodium flow in the von Kármán  
Sodium geometry with a kinetic Reynolds number of Re=105, at a magnetic Reynolds number 
of Rm=100 and with a relative magnetic permeability for the impellers of 50: Visualization  
of the time-averaged magnetic field lines and meridian cross-section of its azimuthal 
component.

Fig. 1 Fig. 2

GENCI  2018 RESULTS AND ADVANCES 



29

The numerical simulation of separated 
phase (liquid-liquid or liquid-gas) turbu-
lent diphasic flows is a major challenge for 
intensive simulation and parallel computing 
today. Among the key applications and pro-
blems covered, there is spray atomization in 
vehicle engines or combustion chambers, 
the cleaning of steels using argon bubbling, 
the production of thin deposits and coats 
by plasma projection, wave surges, nuclear 
reactor cooling as well as managing and 
optimizing chemical reactors.

Since ten years, the MSME laboratory and 
ONERA, a partner in the project, have been 
developing HPC computing codes for the 
DNS simulation of turbulent diphasic flows, 
FUGU at MSME and DyJeat at ONERA. These 
codes use implicit or explicit finite volumes, 
augmented or projection Lagrangian 
methods for the processing of the speed-
pressure couple and VOF and Level Set 
approaches for tracking the interfaces. The 
dedicated in-house parallelized solvers are 
preconditioned and multigrid conjugated 

Bi-Gradient type. Fugu and DyJeat run on 
32,000 processors on the Genci platforms. 
This year, the DNS of the oil-water phase 
separation was simulated on matrices ran-
ging from 323 to 20483, requiring 80 million 
hours of computing on Turing and Ada.

In addition to its direct application (remo-
val of oil from waste water, for example), 
the separation of the oil-water phase is an 
extremely valuable academic test case for 
studying the interaction between turbulence 
and deformable fluid interfaces, where the 
mechanisms remain poorly understood, and 
experiments difficult to perform. We were 
able to show that we have managed to 
converge the diphasic statistics such as the 

enstrophy for the matrices between 10243 
and 20483, for the chosen flow configuration. 
These results were a first and have never 
been produced before in the various publica-
tions specializing in this area. These conver-
gence results are going to make it possible 
to use the DNS method for analyzing the 
physics and the dynamics of the interaction 
of the turbulence and the interfaces. This is 
of considerable interest as controlling the 
distribution of droplet sizes or the interfacial 
air in a turbulent diphasic flow are physical 
basic units that control mass and heat trans-
fers in combustion problems in engines or 
as part of the ocean-atmosphere exchange 
in meteorology.

Simulation of the interface –  
turbulence interaction and phase 
inversione
Laboratoire MSME, UMR 8208, UPEM, ONERA, Centre de Toulouse, IMFT, CALMIP

CT2b REACTIVE AND MULTI-PHASE FLOWS

#SCIENCES

Supercomputer: OCCIGEN and CURIE - 70 million hours

 Stéphane Vincent  
Professor, Laboratoire 
Modélisation et Simulation 
Multi Echelles (MSME), UMR 
CNRS 8208, Université Paris-
Est Marne-La-Vallée (UPEM)

 Jean-Luc Estivalezes  
ONERA Researcher,  
Associate Professor at Institut 
de Mécanique des Fluides  
de Toulouse, IMFT, UMR 
CNRS, Director of CALMIP

Direct numerical simulation of the oil/water phase 
inversion in a cubic basin. In blue, the interface 
between the two liquid phases. We can see a 
fragmentation of the oil volumes in the water during 
the phase separation process. Left-to-right and 
top-to-bottom, view of the interface after 10s of 
phase separation on matrices 323, 5123 and 20483. 
The curve shows the convergence of the enstrophy 
(integral of the square of the vorticity, which gives 
a measurement of the dissipation in the turbulent 
diphasic flow) for the 3 matrices (red 323, green 5123 
and black 20483).
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The adaptive immune system enables 
humans and other vertebrates to maintain 
the integrity of their bodies by the specific 
elimination of viruses, bacteria, and can-
cerous cells. Immunoglobulins (IG) or anti-
bodies and T cell receptors (TR) are the 
principal actors in terms of numbers (more 
than 2.1012 different IG and TR per individual) 
and their tremendous diversity: These mole-
cules are the result of complex and unique 
mechanisms in biology (rearrangement of 
DNA, N-diversity mechanisms, and for the 
IG, somatic hypermutations).

In the last ten years, new high-throughput 
sequencing (HTS) technologies have made it 
possible to sequence the IG and TR by mil-
lions and thus to analyze and monitor the IG 
and TR repertoires during the immune res-
ponse. The bioinformatics analysis of IG and 
TR repertoires presents a real challenge in 
the study of the adaptive immune system in 

fundamental and applied research, as well 
as clinical and veterinary research.

IMGT®, the international ImMunoGeneTics 
information system® (http://www.imgt.org), 
founded in 1989 by Professor Marie-Paule 
Lefranc (Université de Montpellier, CNRS), is a 
unique source of immunogenetic knowledge 
at the origin of immunoinformatics and is 
acknowledged as the world reference in these 
fields. IMGT/HighV-QUEST is the IMGT® portal 
dedicated to the HTS analysis of the rearran-
ged nucleotidic IG and TR sequences. It com-
bines the analysis of the large sequence sets 
(up to 500,000 per batch) under the IMGT® 
standards with a statistical post-processing 
module for interpreting the results and evalua-
ting the diversity and the clonal expression of 
the IG and TR. The IMGT/HighV-QUEST project 

relies on the HPC access obtained through the 
GENCI allocations. IMGT/HighV-QUEST ana-
lyzed more than 4 billion sequences in 2018 
for 2,700 international scientists.

IMGT/HighV-QUEST performances enable 
an extremely high precision analysis of 
normal (vaccination, infections, cancers) 
and pathological (autoimmunity, immune-
deficiencies) immune response profiles, 
contributing to advances in the diagnosis 
and prognosis of leukemia, lymphomas and 
myelomas (clonality analysis, monitoring 
the malignant clones of residual diseases), 
and for antibody engineering (screening 
combinatorial libraries for new specifici-
ties), opening new opportunities  for the 
identification and development of thera-
peutic antibodies.

IMGT/HighV-QUEST:  
Analysis of adaptive immune  
response repertoires
Véronique Giudicelli, Research Engineer Université de Montpellier - Patrice Duroux, Research Engineer CNRS,  
Karthik Kalyan, Contractual Study Engineer CNRS, Marie-Paule Lefranc, Professor Emeritus Université de Montpellier 
- Sofia Kossida, Professor Université de Montpellier. IMGT®, the international ImMunoGeneTics information system®, 
Laboratoire d’ImmunoGénétique Moléculaire, Institut de Génétique Humaine, IGH, UMR9002 CNRS-UM.

CT3 BIOLOGY AND HEALTH

#SCIENCES

Supercomputer: CURIE & OCCIGEN - 800,000 hours

 Véronique Giudicelli  
Research Engineer  
Université de Montpellier

 Patrice Duroux  
Research Engineer at CNRS

Fig. 1 : Structure of an immunoglobulin (IG) or antibody.  
Fig. 2 : Structure of the VH and VL domain antigen binding 
site. HTS sequences of these variable domains are analyzed 
by IMGT/HighV-QUEST.

Fig. 1 Fig. 2
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The most massive galaxies today were for-
med in the first three billion years of the 
Universe. During that period, the Universe 
evolved very quickly: The first stars emer-
ged in the first several hundreds of millions 
of years. These produced an ultraviolet 
radiation that would heat and ionize the 
intergalactic milieu after a billion years. In 
the course of the next two billion years, the 
galaxies continued to actively form stars, 
and the supermassive black holes that are to 
be found at their centers grew rapidly.

This is the context in which our team has 
been developing, for a number of years, 
large simulations to model a part of the uni-
verse and its evolution, using the RAMSES 
code, which resolves radiative hydrodyna-
mic equations in a cosmological context.

Until recently, these simulations accurately 
described either the very largest scales of 
the Universe, or the physical at the scale of 
one galaxy only, in particular relating to the 
modelling of the radiation. It is only in recent 
years that it has become technically possible 
for the simulations to describe these two 
scales simultaneously, thanks to algorithmic 
developments and code optimization, as well 

as by concentrating most of the computing 
power on the sub-region of the Universe to 
be analyzed.

Following a series of tests run on OCCIGEN 
at CINES, we have started a new simulation 
that describes both the galaxies at a small 
scale and the surrounding cosmological 
context. This simulation uses almost 5,000 
cores and reproduces the formation of a 
galaxy cluster and the interaction between 
the ionizing radiation produced by the stars 
and the gas heated by the black holes with 
the intergalactic gas. The illustration shows a 
close-up (left-to-right) of one of the galaxies 
in the simulation, and compares (top-to-bot-

tom) the distribution of matter, its state of 
ionization and the ultraviolet radiation. One 
of the first results of this simulation is that 
the galaxies in a proto-cluster start to ionize 
their environments earlier than the others, 
but that this process seems to last longer 
than the average.

The pilot simulations as well as the start of 
the simulation were run on the OCCIGEN 
supercomputer (more than 4 million hours), 
and enabled us to be a part of a PRACE 
project of 20 million hours to complete the 
simulation.

Obelisk: Simulating  
the early billions of years  
of a galaxy cluster
Team working with the ORCHIDÉE model including several laboratories including IPSL,  
LGGE and University of Beijing

CT4 ASTROPHYSICS AND GEOPHYSICS

#SCIENCES

Supercomputer: OCCIGEN, JOLIOT-CURIE - 24 million hours

 Maxime Trebitsch  
Engineer/Researcher,  
senior expert modelling 
specialist at CEA
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Laser-plasma acceleration (LPA) is a par-
ticle acceleration technique (electrons 
in our case). This technology enables 
the achievement of accelerating fields 
1,000  times greater than in conventional 
accelerators currently used at CERN for 
example. This could lead to compact and 
inexpensive sources of high energy par-
ticles for applications in imaging, medicine, 
radiation sources or new colliders for stu-
dies in the field of fundamental physics.

However, while recent experimental results 
have revealed promising electron beams in 
terms of energy, these are still of poor qua-
lity in terms of energy spread, emittance 
and stability. These properties are however 
crucial in order to achieve real applications 
and large-scale experimental works are 
continuing around the world in order to 
improve them. In particular, such research 
is carried out at the Cilex/Apollon installa-
tion in France.

LPA involves sending an ultra-high intensity 
laser pulses in a gas. Under the effect of 
the laser, the gas is ionized and a plasma 
wave develops in the wakefield of the laser. 
It is this wave which, similarly to a wave 
that carries a surfer, is going to catch and 
accelerate electrons to speeds approaching 
that of light within a matter of a few cm.

The numerical simulation of LPA is very 
expensive because it requires a very high 
resolution in three dimensions to resolve 
the laser and its wakefield throughout its 
propagation. In order to make the experi-
ment simulations planned for 2019 acces-
sible, a great deal of work has been per-
formed on vectorization and load balancing 
in our Smilei code. In addition, we have 
also worked on reduced physical models 
to obtain equivalent results but at a lower 
cost.

Finally, we have been able to qualify the 
reduced models, and parametric analysis 
have already begun in order to help guide 
future experiments at Apollon towards bet-
ter quality beams.

The Smilei code is the result of close col-
laboration between physicists and HPC 
experts to ensure that it is well adapted 
to the latest architectures. In addition, the 
code is open source so that this work bene-
fits to the whole community.

Electron acceleration  
by plasma laser interaction
Laboratoire Leprince-Ringuet CNRS / Ecole Polytechnique - Arnaud Beck, Francesco Massimo, Imen Zemzemi, 
Arnd Specka - Maison de la Simulation CEA/CNRS/INRIA - Julien Dérouillat, Mathieu Lobet

CT5 THEORETICAL PHYSICS AND PLASMA PHYSICS

#SCIENCES

Supercomputer: JOLIOT-CURIE & OCCIGEN - 7.9 million hours 

 Arnaud Beck  
Laboratoire Leprince-Ringuet 
CNRS / Ecole polytechnique

Fig. 1 : Plasma wave developed in the wakefield of an ultra-high intensity laser. 

Fig. 2 : Electron density in blowout regime. Comparison between full laser and envelope 
model.

Fig. 1

Fig. 2
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Reactive multiphase flows play a major role 
for many subsurface applications in geolo-
gical and reservoir engineering processes. 
The applications include, among others, 
the production of hydrocarbons in the oil 
and gas industry, management of ground-
water resources, gas storage (natural, CO2, 
hydrogen), as well as deep geothermy. 
These applications need to use numerical 
simulations in order to study the various 
hydrodynamic processes (flows, transport 
and thermal) in geological systems, cou-
pled with geochemistry. 

These models are governed by partial dif-
ferential equations (modelling the flow), 
coupled with ordinary differential equa-
tions and algebraic relations (geochemistry 
modelling). The strong coupling between 
the hydrodynamic and chemistry processes 
necessitates the development of robust 
numerical methods for dealing with the non 
linearities. In addition, bearing in mind the 

size of the problems in question, using HPC 
has become absolutely essential.

The project aims at specific developments 
and optimizations to improve the accu-
racy of the models on the one hand, and 
to accelerate the computing for the 3D 
models formed of several million elements 
on the other. All the developments, based 
on a finite volume approach, have been 
implemented in a simulator known as 
Reactive-DuMuX, using the open source 
DuMuX platform (http://www.dumux.org) 
and DUNE numerics environment (https://
www.dune-project.org/).

One of the applications that was conside-
red is geological storage of CO2. Carbon 
Capture and Storage (CCS) is a promising 
way to mitigate the effects of global war-
ming. Numerical simulation is a key tool 
in making sure that the CO2 will remain 
sequestered over geological periods of 
time (at least several thousands of years). 
The use of the supercomputer Occigen 
enabled us to run 3D numerical simula-
tions of CO2 injections into saltwater aqui-
fers covering a timescale of several thou-
sands of years.

3D numerical simulation  
of reactive multiphase flows  
in porous media: Applications  
for energy and environmental  
issues
CNRS / Univ. Pau et Pays Adour /E2S UPPA, Laboratoire de Mathématiques et de leurs Applications,  
Fédération IPRA, UMR5142, 64000, Pau, France

CT6 COMPUTING, ALGORITHMS AND MATHEMATICS

#SCIENCES

Supercomputer: OCCIGEN - 100,000 hours

 Etienne Ahusborde  
Researcher at CNRS

Fig. 1 - pH during an injection of CO2.

Fig. 2 - Concentration of CO2 in the liquid 
phase.
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In cells, a large number of tasks, ranging from 
vesicular transport to muscular contractions 
are performed by molecular motors – proteins 
that can convert the chemical energy supplied 
by the hydrolysis of the ATP into mechanical 
work. These nano-machines, which operate 
in a highly viscous and fluctuating Brownian 
environment, are remarkably efficient, much 
more so than a macroscopic scale machine. 
In explaining this apparent contradiction, the 
concept of the “Brownian ratchet” is often 
advanced. The idea is that directional move-
ment can be extracted from the thermal fluc-
tuations, if only those that are productive can 
be selected.

By all-atom Molecular Dynamics simulations 
and free energy calculations, we studied 
the recovery stroke of the myosin molecu-
lar motor. This transition is a fundamental 
step in the motor cycle, which couples the 
re-priming of the lever arm with the hydro-
lysis of ATP. Driven by the discovery by Anne 
Houdusse at the Institut Curie of a new 
structure, known as the pre-Transition State 
or PTS, we studied the conformational dyna-
mics of this intermediate state and compa-
red it with that of the initial and final states 
of the recovery stroke. Then, by free-energy 
calculations using the ABF method we 

explored the energy landscape associated 
with closing of the ATPase site for the three 
conformations.

These results published in PNAS on June 
12 2018¹ revealed that the PTS structure is 
clearly distinct from the end-point states, but 
features significant fluctuations in the lever 
arm such that this could transiently adopt 
positions that are compatible with the final 
state, even if the active site remains open. 
In addition, the computations revealed that 
the early closure of the active site is unlikely, 
because it would involve crossing of too high 
free energy.

The results produced by the numerical 
simulation analysis reveal a weakly coupling 

mechanism for the myosin recovery stroke, 
in which the repriming of the lever am that 
enables force production (the return of the 
level arm) is triggered by thermal fluctua-
tions and takes place well ahead of the che-
mical step. This mechanism is reminiscent 
of the “ratchet” model and is consistent 
with the idea that molecular motors ope-
rate by means of thermal fluctuations, and 
not against them. We expect that our results 
will contribute to clarifying the fundamental 
principles of how molecular motors work, 
and could possibly lead to guidelines for the 
designing of artificial molecular machines.

(1) Blanc, F.; Isabet, T.; Benisty, H.; Sweeney, H. L.; 
Cecchini, M.; Houdusse, A. Proceedings of the National 
Academy of Sciences of the United States of America 
2018, 115, 6213.

Thermal fluctuations  
as drivers in cell molecular  
motors
Laboratoire d’Ingénierie des Fonctions Moléculaires, UMR 7177 – Université de Strasbourg (France)

CT7 MOLECULAR MODELLING APPLIED TO BIOLOGY

#SCIENCES

Supercomputer: OCCIGEN - 1.4 million hours

 Marco Cecchini  
Assistant Professor (CNU31), 
Director of Laboratoire 
d’Ingénierie des Fonctions 
Moléculaires, UMR 7177 – 
Université de Strasbourg (France)

Fig. A - The myosin motor 
domain surrounded by explicit 
water molecules represents 
more than 140,000 atoms. 

Fig. B - Free energy landscape associated with the 
closing of the active site in the initial state of the 
recovery stroke. The closed state is high in free energy 
and separated from the, more stable, open state by a 
high barrier. The free energy is showed in kcal/mol. 

Fig. C - Description of the active site of the myosin 
in the closed state. The myosin is catalytically active 
when loop switch II closes on the ATP, which takes 
the form of two important interactions: the “critical 
salt bridge” between the R205 and E461 residues, and 
the hydrogen bond between G459 and the ATP. These 
two interactions are used as collective variables for the 
computing of the free energy landscape at B.

GENCI  2018 RESULTS AND ADVANCES 



35

MOFs (or Metal–Organic Frameworks) 
are crystalline solids, a kind of molecular 
sponges whose exceptional porosity allows 
them to “trap” molecules, by adsorption on 
the very large internal surface of their nano-
pores. These materials have applications for 
gas capture and storage, the separation of 
fluid mixtures, or as catalyzers to speed up 
chemical reactions. However, these are most 
often produced in powdered form, difficult to 
store and make use of in industrial applica-
tions. Our work on the disordered phases of 
the MOFs is based both around the usabi-
lity challenge, but also around questions of 
very fundamental knowledge concerning the 
structure and the properties of these mate-
rials when they are not in their “perfect” 
crystalline forms, i.e. when they contain 
defects, an amorphous structure (in the 
form of a glass), or when their structure is 
modified through external stimulation (tem-
perature, pressure, light, presence of other 
molecules, etc.).

We use several theoretical chemistry tools 
to enable a better understanding of these 
materials, by offering a multi-scale model-
ling framework which delivers a very com-
plete picture of the phenomena being exami-
ned. In particular, we have developed the use 
of ab initio molecular dynamics methods, 
which make it possible to describe the evo-

lution of the structure over time under given 
temperature and pressure conditions, for 
periods lasting several hundreds of a pico-
second (picosecond = 10–12 s).

By working with frequently studied mate-
rials, ZIFs (Zeolitic Imidazolate Frameworks), 
we were able for the first time to reveal 
the surprising ability of this type of MOF to 
switch to a liquid state, whilst maintaining its 
nanoporosity properties. Furthermore, from 

this liquid it was then possible to create a 
MOF glass, the structural properties of which 
we were able to describe in detail for the first 
time. These results helped to reinforce the 
available experimental data (by diffraction of 
neutrons and X rays) and to offer a micros-
copic interpretation of the structure and pro-
perties of the MOF liquid and glass. These 
results are of particular interest because 
there are very few examples of porous 
liquids in the scientific literature.

Porous materials  
in the liquid state
François-Xavier Coudert, Researcher at Institut de Recherche de Chimie Paris  
(CNRS/Chimie ParisTech/PSL Université)

CT8 QUANTUM CHEMISTRY AND MOLECULAR MODELLING

#SCIENCES

Supercomputer: CURIE and TURING - 1.8 million hours

  François-Xavier 
Coudert 

Researcher at Institut  
de Recherche de Chimie 
Paris (CNRS / Chimie 
ParisTech / PSL University)
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Titanium and zirconium are two structure 
materials currently used thanks to their good 
mechanical properties, titanium most notably 
in the aeronautic industry and zirconium in 
the nuclear sector. They have very similar 
properties due to their closely related elec-
tronic structures and their same hexagonal 
close-packed crystalline lattice. Specifically, 
these two metals become much harder with 
the addition of oxygen. This hardening origi-
nates in the resistance of solute atoms to dis-
location movements, the crystalline defects 
that transport the plastic deformation in the 
metal. Experimental observations, in particu-
lar using transmission electron microscopy, 
have shown that in the presence of oxygen, 

it is much more difficult for the screw dislo-
cations to glide than in the pure metal, with 
a mobility that becomes highly dependent on 
the temperature.

These screw dislocations, which correspond 
to a specific orientation of the line defect in 
the crystal, do not interact through their elas-
tic field with the oxygen atoms. Thus, it would 
appear that the hardening effect of oxygen 
in titanium and zirconium arises solely from 
a short distance interaction between oxygen 
and the screw dislocations.

In understanding the hardening effect of 
oxygen, we analyzed by ab initio calculations 
the dislocation – oxygen interaction in tita-
nium and zirconium1. These simulations made 
it possible to correctly describe the core of the 
dislocation, that is the zone in the crystal that 
is most disrupted by the defect. The results 
show that the repulsion between oxygen 

and dislocation is so strong that it leads to a 
change in the glide plane of the dislocation.

The encounter of the gliding dislocation with 
the oxygen atom effectively results in the 
destruction of the interstitial site where the 
oxygen is. Since the energy level of the resul-
ting configuration is too high to be stable, the 
dislocation bypasses the oxygen atom. This 
dislocation cross-slip induced by the oxygen 
atom results necessarily in the creation, on 
the dislocation line, of defects known as jogs 
that then produce friction force opposing the 
dislocation movement. As only screw dislo-
cations have the possibility of changing their 
glide plane, this mechanism is only possible 
for this orientation, thus explaining why 
experimentally, the screw dislocation glide is 
strongly influenced by the addition of oxygen.

(1) N. Chaari, D. Rodney and E. Clouet, Acta Mater. 132, 416 
(2017); Scripta Mater. 162, 200 (2019).

Hardening effect of oxygen  
in titanium and zirconium
Service de Recherches de Métallurgie Physique DEN/DMN/SRMP CEA, Université Paris-Saclay

CT9 PHYSICS, CHEMISTRY AND MATERIAL PROPERTIES

#SCIENCES

Supercomputer: CURIE and OCCIGEN - 2.2 million hours

 Emmanuel Clouet  
Research-Engineer CEA 

Interaction mechanism between a screw dislocation and an oxygen atom in titanium. The thermal activation enables the dislocation to change 
configuration to reach a higher energy state in which it can glide over a long distance on a prismatic plane until it comes across an oxygen atom 
which causes it to return to its fundamental state in which it is immobile. In these projections of atomic configurations perpendicular to the line  
of dislocation, the titanium atomic columns are shown in blue, as filled in or blank symbols depending on the plane they are on, and the oxygen 
atom as a green diamond. The arrows between the atom columns are proportional to the local deformation created by the dislocation whilst  
the color chart represents the spread of the dislocation.

GENCI  2018 RESULTS AND ADVANCES 
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Ka band high-gain satellite communication 
antennas make it possible to transmit data 
at high speed and are needed for installation 
on high altitude platforms.

Recent work carried out by the Instituto 
des Telecommunicacoes (IT) demonstra-
ted the value of a single band (30 GHz Tx) 
and dual band (20 GHz Rx, 30 GHz Tx) lens 
associated with a mechanical misalignment 
both in azimuth and elevation. This antenna 
design is used for earth receiver stations, for 
reconciling a high gain (30 dBi), a relatively 
wide elevation beam scanning (0 to 50°) 
with losses of less than 3 dB on the main 
beam, and a good antenna compacity (F / D 
≤1) (DOI: 10.1109/TAP.2015.2484419).

“Electromagnetic simulation by exact 
methods of these Fresnel lenses requires a 
large amount of computing resources” as 
André Barka, Sergio Matos, Jorge Costa and 
Carlos Fernandes explain. The dimensions 
of the lens (consisting of 77 columns and 
57 lines of 2.5 mm side unit cells, selected 
from a list of 63 constituent cells (Figure 1)) 
are approximately 20λ x 15λ at a 30 GHz 
frequency and the electromagnetic problem 
to be resolved is fundamentally non-perio-
dic. Periodic resolution methods are thus of 
no use here and commercial electromagne-
tic simulators (HFSS, CST) need a conside-
rable amount of computing time that could 
reach several days.

“Joint work between ONERA and IT 
recently focused on enhancing and valida-
ting the FETI (Finite Element Tearing and 
Interconnecting) domain decomposition 
method implemented in ONERA’s FACTOPO 
code for the efficient resolution of non-

periodic problems at various scales using 
the massively parallel Occigen computer at 
CINES” says André Barka. For example, in 
the case of the Transmit-array application 
shown in Figure 1, the lens cells the side of 
which is below the wave length (0.25λ) must 
cohabit with sub-domains, included between 
the horn and the lens, bigger and stretched 
according to the vertical axis (10λ long) and 
more broadly arrayed. In the same way, the 
sub-domain associated with the horn source 
also is not on the same scale (4.6 λ long and 
1.88 λ x 1.38 λ opening).

The simulation of the complete antenna 
was an exceptional possibility at ONERA 
during the acceptance process for the 
Sator production cluster in July 2017. The 
allocation of time by GENCI thus enabled 
numerous simulation runs on the Occigen 
computer at CINES including the horn and 
lens. The simulation was run on 15,688 
computer cores giving a total of 3.12 billion 
volume unknowns and 631 million interface 
unknowns. The amount of computing time 
needed to resolve this problem is less than 
10 minutes per computing frequency on the 
Occigen (CINES) and Sator (ONERA) clusters, 
which have roughly equivalent configura-
tions. In addition, the simulation also revea-
led that the gain diagrams obtained for the 
various antenna alignment directions were 
very close to the experimental measure-
ments carried out by IT (Figure 2).

Towards the optimization of Ka 
band transmit-arrays antennas
André BARKA, ONERA/DEMR, Université de Toulouse - Sergio MATOS, Jorge COSTA and Carlos FERNANDES,  
Instituto des Telecommunicacoes, University Institute of Lisbon (IT)

CT10 NEW APPLICATIONS AND MULTIDISCIPLINARY  
APPLICATIONS OF HPC

#ELECTROMAGNETISM

Supercomputer: OCCIGEN - 4 million hours

 André Barka  
ONERA/DEMR,  
Université de Toulouse

Fig. 1 - IT lens consisting of 77 columns  
and 57 lines (192.5mm x 142.5 mm)  
(DOI: 10.1109/TAP.2015.2484419).

Fig. 2 - 3D diagram of the transmit-array 
antenna gain at 30 GHz.
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Advances  
in innovation
Results
HPC FOR UPSCALING  
HIGH-FIDELITY METHODS  
FOR TURBOMACHINERY 

Industry is increasingly making use of numerical simulations for predicting flows 
in aero-engines using 2 approaches: the first, inexpensive, consists of resolving 
stationary equations with the Reynolds Averaged Navier Stokes (RANS) formalism, 
combined with a turbulence model, typically for flows in compressors and 
turbines with high Reynolds numbers. The second approach, known as Large-Eddy 
Simulations (LES), much more expensive, is non-stationary and makes it possible 
to achieve high levels of fidelity. In today’s industrial context, this approach is used 
for combustion chambers which have lower Reynolds numbers thus making these 
simulations possible. Although the two approaches are very mature, there are 
enduring difficulties, namely 1/ for the RANS methods in the modelling of highly non-
stationary phenomena within turning components (compressors and turbines) even 
though the models are calibrated, or 2/ for the LES methods in diphasic flows with 
the use of more detailed representations for modelling the injection and atomization 
of the liquid fuel, aimed at achieving improved predictions of the efficiency and 
environmental footprint of the engine.

The objective of this “Grand Challenge”, run by teams from Safran Tech, CERFACS 
and CORIA, with the support of the TGCC, was to evaluate the capacity for upscaling 
(>5,000 cores) of 2 high-fidelity computing methods on the Joliot Curie computer: 
LES computing applied to a low pressure compressor and a high-pressure turbine with 
the CERFACS TurboAVBP code and the LES prediction fuel atomization on nappe and 
jet type configurations for transverse flows with CORIA’s YALES2 code.

This “Grand Challenge” project was a success! The data is still being processed but the 
initial numerical results obtained, compared with the experimental data, highlighted 
the value of such high-fidelity methods whilst from the HPC point of view, the various 
scaling up attempts (up to 20,000 cores on an exceptional resolution matrix of 4 
billion cells) made it possible to identify the computing advance margins including the 
desynchronization of collective communications, the OpenMP-MPI hybrid paradigm, 
etc.

Density gradient and friction  
in the low-pressure DREAM compressor.

Air density gradient in the passage between 
the distributor (on left) and the high-pressure 
wheel (on right) of a helicopter turbine.

Outlet pressure of the high-pressure wheel of 
a helicopter turbine, comparison between LES, 
RANS and experiments.

Dimitrios Papadogiannis (Safran) - Jérôme Dombard (CERFACS) - Renaud Mercier (Safran)
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AI PROJECT 
PL@NTNET 

The automated identification of plants and animals has improved significantly in 
recent years, particularly thanks to recent advances in artificial intelligence (deep 
learning). In 2017, a challenge covering 10,000 vegetable species (PlantCLEF) allowed 
the achievement of impressive performances with accuracy values reaching 90%. 
Now, one of the most popular applications, Pl@ntNet, works for 15,000 vegetable 
species. It has millions of users around the world and has already demonstrated a 
major societal impact in several fields including education, countryside management 
and agriculture. Today’s major challenge is to upscale such systems to the level of 
global biodiversity. The objective: “The Big One”, learning at a global level of nearly 
300,000 species.

In taking up this challenge GENCI offered to the Pl@ntNet development team the 
possibility of teaching their neuronal network using advanced HPC resources.

The first experiments were run on the computers of the GENCI’ Technology Watch 
Unit, namely Ouessant, based on Nvidia GPU architecture, highly suited for learning. 
Unfortunately, as the full operation would have required a very large amount of 
memory and computing time, running this on the Ouessant prototype would have 
taken up several weeks of computing time.

We, therefore, looked to the national Centers. CINES first, with its Tier-1 Occigen 
computer, thanks to which we were able to calibrate the application on Intel x86 
architecture, and thus estimate the necessary learning time.

In September 2018 the learning for the “Big One” then took place, using more than 
1,000 computing nodes (48,000 cores) on the Joliot-Curie Tier-0 computer at TGCC. 
This learning, based on Intel MLSL and CAFFE software, was a world first on this scale, 
both from a scientific and technical point of view, with a scaling up efficiency better 
than 80% and a simulation time limited to a half-day! These results were presented 
at SuperComputing 2018 in Dallas. In just under two years, this project which had 
started on moderately sized computers (Tier-2 equivalent), has been able to develop 
and use almost the entire capacity of the Tier-0 Joliot-Curie computer, an excellent 
example of the success of the national computing pyramid!

GENCI would like to thank all the teams that contributed to this project: the Pl@ntNet 
development team, Intel, SURFsara, and of course the three national Computer 
Centers (CINES, IDRIS, TGCC). 

Alexis Joly (Inria) - Gabriel Hautreux (GENCI) - Jean-Christophe Lombardo  (Inria)
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SiMSEO
Our mission towards companies

SiMSEO joins French Tech Central 
at the premises of Station F
The Government backed French 
Tech initiative, since its launch in 
November 2013, was designed to 
magnify the dynamism of French 
startups by promoting the emer-
gence and development of an envi-
ronment in France that can foster 
their growth. 

To achieve this, the French Tech 
initiative has space within Station 
F where it can continue and fur-
ther its work providing support for 
all French startups. This space is 
known as French Tech Central. 

The SIMSEO project has completed 
its 3rd period of action (1st October 
2017 to 30th September 2018). 

Over this period, the platforms 
helped further boost awareness of 
HPC among SMEs through a range 
of initiatives: workshops, confe-
rences, B2B or in company Business 
meetings, interaction with agencies 
in intermediary roles (CCI, com-

With the aim of reaching the nume-
rical SMEs sector more easily, it was 
decided that SiMSEO would join 
the French Tech Central. As part of 
the FTC it will be able to reach and 
offer proximity support for innova-
tive start-ups. The objective also 
includes the ability to take advan-
tage of French Tech’s regional 
network and its thematic network. 
This means that the regional plat-
forms will also be able to bene-
fit from this association and thus 
more effectively target industrial 
communities.

petitiveness hubs, regional actors). 
Since the start of the SiMSEO pro-
gram, awareness of HPC has been 
raised at a total of 1,493 SMEs and 
71 support projects were initia-
ted of which 29 projects have been 
launched so far.

GENCI  2018 RESULTS AND ADVANCES 
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PRESENCE AT TRADE 
SHOWS (IA, BIG DATA, 
RENDEZ-VOUS CARNOT...) 
- INTERVENTION  
SUR CAP DIGITAL – 
FUTURE DAYS –
During 2018, the platforms were 
able to connect with the SMEs sec-
tor through trade shows and spe-
cialized workshops: Les Rendez-
vous Carnot, Big Data Paris 2018, 
AI PARIS 2018. 364 SMEs were thus 
introduced to numerical simula-
tion at these events. We were able 
to highlight the work of SMEs in 
workshops, in particular during the 
AI PARIS 2018 show, attended by 
some thirty SMEs.

The workshop entitled “Simulation 
in support of predictive analysis: 
feedback from Metigate, a start-

up specializing in climate busi-
ness intelligence”, a start-up from 
Le Havre which received support 
in 2016 from the CRIANN platform: 
it developed a software, based on 

artificial intelligence algorithms, 
that can identify product sales 
trends depending on the weather 
and suggest appropriate business 
actions.

Les Rendez-vous Carnot 2018

AI Paris 2018

Big Data 2018

Future Days 2018

Raising awareness  
among SMEs
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GENCI: Towards the 
future and around 

the world
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ATOS Joseph  
Fourier Prize

Technology Watch

TWO NEW PRIZE CATEGORIES FOR 2018
With the aim of promoting major advances in the field 
of HPC, Atos and GENCI launched the Joseph Fourier 
Prize in 2009. In 2018, to mark the 250th anniversary 
of the birth of J. Fourier, ATOS and GENCI decided 
to create two new categories, in AI and Quantum 
Computing. The Prize Winners this year were: 
• HPC Category: 1st prize to JP. Piquemal, F. Aviat, LH. 
Jolly, L. Largardere and Y. Maday (Sorbonne Université) 
for their work in simulating molecular dynamics with 
the Tinker-HP software using advanced force fields, 
and that could have applications in a large number of 
domains, including health and chemistry.
The 2nd prize was awarded to L. Berthier (Université de 
Montpellier) for numerical simulation applied to amor-
phous materials, such as glasses and emulsions.
• AI Category: 1st prize to the LightOn company, toge-
ther with S. Gigan and F. Krzakala (Laboratoire Kastler 

A THIRD PLATFORM FOR  
THE TECHNOLOGY WATCH UNIT!
Faced with the challenges involved in preparing scienti-
fic communities for the arrival of Exascale, and in order 
to enable GENCI and the national Centers to provide 
the best suited computing resources and services, a 
Technology Watch Unit coordinated at the national level 
by GENCI, bringing together the HPC experts within the 
Shareholders, as well as researchers and the developers 
of applications, was set up in 2015. 
The work of the Technology Watch Unit concentrated, 
between 2015 and 2017, on the Frioul platform (with Intel 
Knights Landing many-core architecture), as well as on 
Ouessant (IBM POWER and NVIDIA GPU architecture). 
The lessons learned through this work has made it pos-
sible to make the major decisions concerning replace-
ments for the computers at TGCC and IDRIS.
Drawing on this experience, GENCI and its partners 
decided to implement a 3rd platform within the national 
Technology Watch ecosystem. The chosen technology 
is based on ARM type processors, very widely used in the 
mobile phone market, and increasingly competitive in 

Brossel and ENS), for the creation of an innovative 
optical processor, capable of accelerating AI pro-
gram image and text recognition by several orders of 
magnitude.
The 2nd prize went to S. Clémençon (Télécom ParisTech) 
who had developed machine-learning algorithms with a 
proven capability for upscaling. Applicable for problems 
such as analyzing social networks, fraud detection and 
predictive maintenance, these randomized/distributed 
algorithms make it possible to use modern computing 
infrastructures to analyze the massive amounts of data 
that now exist.
• Quantum Computing Category: JC. Faugère (Inria) 
and L. Perret (Sorbonne Université) who, for 15 years, 
have been developing cryptographic algorithms that 
can resist quantum computers. The success of the pro-
ject has resulted in the creation of the PQAT start-up, 
offering “quantum safe” solutions.  

terms of HPC. ARM and Atos thus started working toge-
ther and the platform was born. Based on the Cavium 
ThunderX2 architecture and integrated in the Atos Bull 
Sequana blades, deployment of this new prototype star-
ted at CEA in September 2018. 

The computer consists of:
•  12 Sequana Cavium ThunderX2  

blades (2*32 cores @ 2.2GHz)
•  i.e. 36 computing nodes based on  

the ARM ThunderX2 architecture
• 256GB of RAM per node
• InfiniBand Mellanox EDR Network

The first blades have already been tested by some of our 
users and the initial performance results were presented 
at Supercomputing 2018, the international reference for 
HPC conferences. 

Workshops, feedback, presentations and communica-
tions on our results and the knowledge acquired will be 
part of the program for 2019.  
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GENCI on the 
international stage

In 2018, GENCI took part again in two majors international HPC events:  
ISC (June 2018 in Frankfurt, Germany) and SC (November 2018 in Dallas, 
USA). The opportunity for the awarding of the HPCwire Prize in the “Energy” 
category.

PCP Project
The year saw the completion of the evaluation of the 
pilot for the PCP (Pre-Commercial Procurement – an 
innovative R&D procurement process) project, hosted 
at CINES. Following this, some of the pilot blades were 
reintegrated for production within JOLIOT-CURIE at 
TGCC, with the others integrated in the Technology 
Watch Unit’s Frioul prototype at CINES. The Pre-
Commercial Procurement procedure was launched by 
the PRACE infrastructure with 5 other European par-
tners (CINECA, Italy; CSC, Finland; EPPC, Great Britain; 
Jülich, Germany; and GENCI) at the request of the 
European Commission to define and fund R&D related 
to innovative technological solutions in terms of energy 
efficiency, an essential technological challenge in the 
race to Exascale. Two other pilots have been installed, 
one installed by Italy’s E4 at CINECA, the other by the 
UK company, Maxeler, hosted at Jülich. It is also worth 
noting that some of the energy monitoring and opti-
mization tools developed by Atos in the context of the 

JOLIOT-CURIE,  
FRANCE’S NEWEST 
SUPERCOMPUTER 
The Joliot-Curie supercompu-
ter joined the Top500 (list of the 
world’s most powerful supercom-
puters) in June 2018, entering the 
Top35 for the SKL partition and the 
3rd most powerful supercomputer in 
France and one of the few dedica-

PCP are now being marketed: a good example of the 
transition from R&D, funded by a European research 
project, to an operationally deployed product.

ted to open research in France and 
Europe.

SC18 SHOW
GENCI shared the CNRS stand 
alongside the IN2P3 and IDRIS com-
puter centers. GENCI and PRACE 
were joint winners of the “HPCwire 
Readers’ & Editors’ Choice Award” 
in the “Best Use of HPC in energy” 
category. This Award was given in 
recognition of the pioneering work 
of a team of researchers from CNRS, 

GENCI  TOWARDS THE FUTURE AND AROUND THE WORLD 
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Sorbonne Université and Université 
Toulouse III – Paul Sabatier in col-
laboration with the Maison de La 
Simulation, which highlighted the 
potential of new carbon materials 
for a more efficient production of 
osmotic energy, so-called ‘blue 
energy’. This work would not have 
been possible without the more 
than 7 million hours of simulations 
run on the GENCI Curie supercom-
puter (at TGCC CEA) and a PRACE 
allocation of more than 22 million 
hours on the MareNostrum super-
computer (at BSC).

The French research team led by 
Benjamin Rotenberg, Director of 
research at CNRS – including Maison 
de la Simulation (CNRS/CEA/INRIA/
Université Paris-Saclay), PHENIX 
(Sorbonne Université/CNRS) and 
CIRIMAT (Université de Toulouse III 
- Paul Sabatier/CNRS), ran molecu-
lar simulations to improve the blue 
energy process, a potentially signifi-
cant source of energy for the world. 
Blue energy is the free energy lost 
when salt seawater and less salty 
river water meet and mix together in 
river estuaries.

“We are all the happier to receive 
this award as it rewards an initiative 
begun 5 years ago in the framework 
of a collaboration between Maison 
de la Simulation and PHENIX labo-
ratory (CNRS and Sorbonne 
Université), which aims to bring 
together physicists-chemists and 

HPC engineers. We can now simu-
late much more complex systems 
because our code has been adapted 
not only to GENCI French super-
computers, but also to European 
supercomputers of PRACE, such 
as BSC”, says Benjamin Rotenberg, 
CNRS Senior Scientist. 

Based on these promising results, 
the team of scientists is continuing 
its work, drawing on it for new more 
detailed simulations that will be run 
using Joliot-Curie in particular.  
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GENCI 
AT ISC 2018 
One of the leading international events for HPC, Big Data and artificial intelligence 
experts took place in June, in Frankfurt.

ISC18 ran from 24th June to 28th June. GENCI took the opportunity to announce 
the planned start of production on its new supercomputer, the successor to CURIE, 
supporting academic and industrial research. 

This year the focus was on artificial intelligence, largely in the field of machine 
learning. Machine learning in recent years has become a strategic issue within the HPC 
community. This is true for suppliers, who see this development as an opportunity 
for economic growth to take their high-performance solutions to a new and rapidly 
growing market, as well as for traditional HPC users who are making increasing use 
of these techniques, namely for accelerating data processing. Machine learning is a 
natural fit with HPC, and this was acknowledged in several of the presentations. 

ISC also included workshop dedicated to Exascale, energy performances, as well as 
big data in big science with the Keynote speech given by Dr. Maria Girone, CERN 
Openlab Chief Technology Officer. 

In brief, this year, the ISC trade show was even more fascinating for the HPC world.
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GENCI in Europe
GENCI within  
European projects
In a context of intense international 
technological competition that saw 
the United States regain the lead in 
the Top500 in June 2018 (with the 
IBM Summit computer and a peak 
power of 200 PFlop/s installed at 
Oak Ridge National Laboratory) and 
China announce the first 3 Exascale 
computer prototypes, 2018 was 
marked by the official approval by 
the European Parliament of the 
EuroHPC initiative. Less than 18 
months after its announcement in 
March 2017, EuroHPC started its 
operational activities in the form of a 
Joint Undertaking, bringing together 
25 Member States, including France, 
5 observer countries including the 
United Kingdom and Switzerland, 
and the European Commission.
With a budget of nearly one billion 
euros for its first phase and an addi-
tional contribution from its private 
partners that could be as much as 
€422M, EuroHPC will provide the 
funding for the entire European 
HPC strategy based around two 
elements:
•  An “infrastructure” element for the 

deployment at the end of 2020 of 
multi-petascale systems (several 
tens of PFlop/s) and 2 pre-Exas-
cale systems (several hundreds 
of PFlop/s) following a selec-
tion phase for the host countries. 
Discussions are set to start in 2019 

between EuroHPC and the PRACE 
European infrastructure to define 
the exact relationship between 
these 2 entities;

•  A “research and innovation” fun-
damental element to develop the 
hardware and software compo-
nents as well as all the scientific 
applications for preparing the arri-
val of the European Exascale com-
puters in 2022/2023, in a context 
of the convergence between 
computing, data and AI.

France will apply for the opera-
tion of one Exascale computer that 
will be 50% funded by EuroHPC. In 
preparing for these investments, 
GENCI and CEA have been asked for 
recommendations in terms of com-
puting architectures, their expertise 
on the tools and legal processes to 
be used for the selection of the hos-

ting countries, as well as the requi-
rements of the user communities.

The EPI (European Processor 
Initiative) project, coordinated by 
ATOS with 23 academics, inclu-
ding CEA and GENCI, and industry 
partners, including Kalray and 
STMicroelectronics, was launched in 
December. Its aim is to develop an 
ARM architecture based European 
processor for Exascale. It could have 
computing accelerators and a ver-
sion dedicated to autonomous cars. 
With funding of €120M for its first 
phase, EPI is one of the key tech-
nology projects for EuroHPC. It 
will ensure that Europe has tech-
nological independence in terms 
of the critical components for the 
Exascale computers of the future or 
for strategic areas such as the auto-
mobile and aeronautic sectors.  

110
PETAFLOPS  
OF TOTAL PEAK POWER 

26
MEMBERS STATES  
AS AT 31/12/2018

GENCI  TOWARDS THE FUTURE AND AROUND THE WORLD 
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EU Projects

The interaction between an oblique 
shock wave and a turbulent boundary 
layer developing along a wall is a situa-
tion that is frequently observed in the area 
of compressible flows, and has applica-
tion value. This type of phenomenon is 
at the origin of low frequency dynamics, 
associated with the displacement of the 
foot of the reflected shock wave and the 
respiration of the detached zone, which 
give rise to significant fluctuations in wall 
pressure that may occur at the resonance 
frequency of the structure, leading to 
premature wearing of these latter. 
In this project, we did study the effect 
of microramp vortex generator (mVG) 
type passive control systems to reduce, 
or even cancel, the undesirable effects 
of the shock wave/turbulent boundary 
layer interaction (SWTBLI). Thanks to a 
PRACE allocation, we have been able 
to extend our highly resolved numeri-
cal simulations to a set of relevant confi-
gurations: we did highlight a number of 
fundamental mechanisms of the inte-
raction system, and started to identify 
modelling options for designing this type 
of device.

GENCI was also working in a number of 
other European projects: PRACE-5IP, 
the continuation of previous PRACE 
implementation projects, but in a new 
context (new “PRACE2” model and 
arrival of the EOSC - European Open 
Science Cloud, EDI – European Data 
Initiative, EPI – European Processor 
Initiative and EuroHPC). This took the form of the provision of advanced sup-
port for users through the HLST (High Level Support Teams) at PRACE as 
well as a workshop in Germany bringing together representatives of PRACE, 
ETP4HPC, CoE, and FET-HPC projects, organized by the EXDCI coordina-
tion project. 
In addition to this, it was also involved in the next project, PRACE-6IP, following 
on from PRACE-5IP in May 2019, and the launch of the CEF (Connecting 
Europe Facility) AQMO (Air Quality Modeling from Open data) project, cove-
ring a 2-year period, as proof of concept of the use of HPC in urgent com-
puting mode with the processing of open data, in the area of air quality in 
support of local government and smart cities. The consortium coordina-
ted by IRISA (Université de Rennes), and including IDRIS, which provides the 
HPC resources, a number of innovative SMEs in the HPC domain (AmpliSIM, 
UCit, Ryax, as well as Neovia, an innovation consultancy specializing in HPC), 
Keolis (bus operator using onboard IoT sensors), AirBreizh (air quality) and 
Rennes Métropole. It was also involved in the setting up of another CEF pro-
ject, PHIDIAS, covering the processing and valorization of space data for the 
atmospheric, terrestrial and marine environment, coordinated by CINES 
in partnership with IR Système Terre, submitted in November 2018, inclu-
ding CSC from Finland and CERFACS in the HPC field, as well as teams at 
CNRS, IRD, IFREMER, Trust-IT in Italy, the Finnish Environment Institute, Maris 
in Holland, University of Liège and the Geomatis, Spascia and Néovia SMEs.

 Arnaud Grebert, Julien Bodart, 
Stéphane Jamme, Laurent Joly  
(Institut Supérieur de l’Aéronautique  
et de l’Espace (ISAE) | ISAE)

Supercomputer: Juqueen (GCS/JSC, 
Germany) (42.4 million hours allocated) 
- PRACE 14th call.

Q criterion isosurfaces, in the various 
configurations analyzed, of the passive control 
by microramps of the shockwave/turbulent 
boundary layer interaction.

PRACE project working meeting, in the 
offices of GENCI and videoconferencing, 
with the Cypriot, German, Greek, 
Portuguese, Spanish (Basque and Catalan), 
Swiss and Turkish partners, a small sample in 
a project that includes 25 partner countries!

THE PPI4HPC  
PROJECT 
In order to prepare the future procurement procedures for Pre-Exascale systems in 
2020 and Exascale in 2022/23 for the EuroHPC JU, the PPI4HPC project was launched 
in May 2018. This is intended, by means of a PPI (Public Procurement of Innovative 
solutions) type consultation, to evaluate for the first time in the field of HPC a common 
transnational procurement procedure for innovative HPC systems. 
GENCI, with the technical support of CEA, is the overall coordinator for this 
procurement procedure which covers the deployment of systems in France (TGCC, 
Bruyères-Le-Châtel) Germany (JSC, Jülich), Italy (CINECA, Bologna) and Spain (BSC, 
Barcelona), and a total investment budget of €73M, of which 50% is provided by 
the European Commission and the rest by the various partners. The first part of the 
procedure, completed in 2018, is common and enabled the selection of the candidates 
responding to each of the 4 lots. Each partner will then implement a local procedure, 
on the basis of joint technical specifications and specific to its lot. 
The procedure for the French lot, launched in September 2018, aims to increase, by 
the end of 2019, the computing capacities at TGCC in Bruyères-Le-Châtel, alongside 
GENCI’s Joliot Curie computer.
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GENCI in France
For a new strategy
THE GENCI 2019-2023 
STRATEGIC PLAN 
Ten years after its creation and five 
years after its 2012-2016 strategic 
plan, it became evident that the time 
had come for GENCI to update its 
strategic roadmap. The evolution 
of HPC sector is extremely rapid, 
with major technological advances, 
developments in the ecosystem and 
new European initiatives such as 
EuroHPC in which GENC as a Large 

Scale Research Infrastructure ‘Très 
Grande Infrastructure de Recherche’ 
(TGIR) is heavily involved. 

As of summer 2018, work on 
drawing up this new strategic plan 
was begun, with a number of wor-
king sessions between its partners 
and GENCI. A number of strate-
gic pre-orientations were jointly 
discussed in order to define, in a 
European context, a national ambi-

tion for the highly strategic sectors 
of numerical simulation and artificial 
intelligence in response to the “AI 
for Humanity” plan.

The adoption of this strategic plan 
for GENCI at the beginning of 2019 
will be followed by the drawing up 
of an operational roadmap to give 
effect to these objectives.  

EQUIP@MESO 
2018 REPORT
This was a year in which Equip@meso welcomed two new regional mésocentres (regional computing centers) as member partners: 
The CICADA computing center at the Université de Nice Côte d’Azur and the CNSC computing center at Centrale Nantes. 
Equip@meso continued its training work and coordination activities with the regional computing centers.
The year was also the opportunity for two major events:

The merging of the Mésochallenges, Mésocentres and SUCCESS Days
GENCI and the partners of the Equipex Equip@meso, GIS FRANCE GRILLES and GRID’5000, Groupe Calcul, GDR RSD, came together 
to jointly organize the JCAD, Journées Calcul Données: Scientific and technical computing and data processing conventions. These 
Days covered at the same time the objectives and the themes, as well as the target publics for the Mésocentre (Groupe Calcul), the 
Méso-Challenge (Equipex Equip@meso) and the SUCCESS Days (France Grilles, Grid’5000, GDR RSD, Groupe Calcul), to take up the 
rally and ensure continuity. The JCAD are thus now dedicated simultaneously to both the users and technical experts of the associated 
infrastructures and services. These Days were held between 24th and 26th October 2018 at the Lyon ENS.

The formation of an Equip@meso delegation for SuperComputing 2018
The aim of this delegation during SuperComputing 2018, gathering representatives of 6 different mesocentres was to meet with up to 
8 HPC vendors in order to get a  detailed view of their roadmaps for the next 3 years. 

This year was also a year in which a number of HPC computers were replaced in the context of Equipex. Reims University purchased 
a new 1 Pflops converged ROMEO computer which was inaugurated in October. The Universities of Grenoble and Toulouse also 
replaced their computer at the end of the year. Gricad and Grenoble University commissioned two new Dahu and Yeti computers and 
the Nova platform on 28th November. Calmip (Calcul en Midi-Pyrénées) acquired a 1.4 Pflops OLYMPE supercomputer, inaugurated on 
5th December.

GENCI  TOWARDS THE FUTURE AND AROUND THE WORLD 
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Presentation of the  
impact study to MESRI
TGIR SCIENTIFIC  
AND SOCIO-ECONOMIC 
IMPACT STUDY 
For its 10 years GENCI commissio-
ned a scientific and socio-econo-
mic impact study, to draw up a full 
progress report on the TGIR. The 
results clearly reveal the strategic 
role played by the GENCI research 
infrastructure in the field of HPC and 
the critical importance of this foun-
dation in terms of research, as a vital 

accelerator for scientific advances, 
for scientific publications in parti-
cular, but also for innovation within 
companies and resolutions for key 
societal challenges.

This study was presented on 13th 
June 2018, to the MESRI (French 
Ministry of Higher Education, 
Research and Innovation), in front 
of all the large research infrastruc-
tures in France, in order to pres-

ent the exercise and prepare for a 
wider scoped scientific impact study 
covering all these research infras-
tructures.  

A �University  
of Aix-Marseille

2��University  
of Bordeaux

C��University  
of  Bourgogne

��Centrale Nantes

��University  
of  Côte d’Azur

�CRIANN (Rouen)

��University  
of  Franche-Comté


���University Joseph 
Fourier in Grenoble 
(Ciment)

��University of  Lyon 
(FLMSN) 

��Simulation  
House


  University  
of Montpellier 2 
(MESO@LR)

��University of Orléans


 �Paris sciences et 
lettres (including 
Observatoire de Paris)

��Pierre et Marie Curie 
University (ICS)


��University of Reims 
Champagne-Ardenne 
(Romeo)

��University  
of Strasbourg

��University of Toulouse 
(Calmip)

Initial partners

Member partners

A



C

B
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GENCI  INTERNAL ORGANIZATION 

Philippe LAVOCAT 
CEO Maïté CAMPEAS 

Executive Assistant

Marie-Hélène VOUETTE 
Partnership Manager
Institutional Relationship Advisor

Jean-Philippe PROUX 
Security Officer

Annabel TRUONG
Elise QUENTEL

OPERATION

EUROPEAN PROJECTS

TECHNOLOGY WATCH UNIT

TENDER CALLS

NATIONAL PROJECTS

SIMSEO

Equip@meso

Stéphane REQUENA 
Chief Technical Officer

Delphine THEODOROU 
Projects Manager

Arnaud VALOIS 
Projects Manager

(until October 2018)

Elise QUENTEL
Projects Manager

Gabriel HAUTREUX
HPC Engineer

Elise QUENTEL
Projects Manager

SIMSEO - Equip@meso

Jean-Philippe PROUX 
Chief Operations Officer

Philippe SEGERS 
European Projects Manager

Eric BOYER 
Technology Watch Unit  

Manager

COMMUNICATIONS

Séverine SAINT-HUBERT
Communication Manager 

Edouard BRUNEL 
General Secretary

PROCUREMENT AND FINANCE

QUALITY ASSURANCE

Laetitia PHO
Administration and Finance Manager

LEGAL AND DPO

TRAINING PLAN
INTERNAL COMMUNICATIONS

ADMINISTRATION

Laura PREUD’HOME 
Legal Affairs Expert

Annabel TRUONG 
Communication affair

Imène LITIM 
Secretary

Som BOUTAVETH 
Secretary  

(until October 2018)
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Members of the Official Bodies

Membership of the Administrative and Financial Advisory Committee (CCAF) at 31/12/2018
State representative: M. Laurent PINON, Président du CCAF, Département des Grandes Infrastructures de Recherche-SPFCO-B4, DGRI, Ministère  
de l’Enseignement Supérieur, de la Recherche et de l’Innovation. CEA representative: Mme Carine CHEVILLARD, Directeur financier adjoint, CEA.  
CNRS representative: Mme Cynthia SAYEG, Responsable du suivi financier et budgétaire des infrastructures de recherche, CNRS.  
Universities representative: M. Michel DELLACASAGRANDE, Consultant, CPU. Inria representative: M. François DAZELLE, Directeur des affaires 
administratives financières et patrimoniales, Inria.

Technical Advisory Committee (CT) at 31/12/2018
State representative: M. Laurent CROUZET, Chargé de Mission Calcul Intensif et Infrastructures Numériques, Ministère de l’Enseignement Supérieur, 
de la Recherche et de l’Innovation. CEA representatives: Mme Christine MENACHE, Responsable du TGCC, CEA - M. Jacques DAVID, ingénieur, CEA 
- M. Christophe CALVIN, Direction des programmes et des partenariats publics, CEA. CNRS representatives: M. Michel DAYDE, Délégué scientifique, 
CNRS - M. Denis GIROU, Directeur de l’IDRIS, CNRS. Universities representative: M. Boris DINTRANS, Directeur du CINES, Universités.  
Inria representatives: M. Fréderic DESPREZ, adjoint au directeur scientifique, en charge du domaine «Réseaux, Systèmes et services, calcul distribué», 
Inria - M. Jean ROMAN, Directeur Scientifique Adjoint auprès de la Direction de la recherche en charge du domaine « Mathématiques appliquées, calcul 
et simulation », Inria.

Membership of the Contracts Audit Committee (CM) at 31/12/2018
M. Philippe AJUELOS, Président de la Commission des marchés, Chef de la mission des achats, Ministère de l’Éducation Nationale - M. BERARD, 
Directeur délégué aux achats et à l’innovation, CNRS - M. CELESTIN, Responsable administratif et financier de la CPU - Mme JOLY-JAGOT, 
Responsable Pôle Droit public économique et Réglementation, CNRS - Mme MONTANTIN, Juriste au département de l’appui au pilotage des 
organismes et de la réglementation, DGRI, Ministère de l’Enseignement Supérieur, de la Recherche et de l’Innovation - M. PELLETIER, Chef de service  
de la Direction des achats et des partenariats stratégiques, CEA - M. STEHLE, Chef du service commercial et de la cellule des affaires juridiques, CEA.

Membership of the GENCI Council at 31/12/2018
State representatives: M. Patrick GARDA, Directeur Scientifique du secteur « Mathématiques-Physique-STIC-Nanotechnologies » du SSRI,  
Ministère de l’Enseignement Supérieur, de la Recherche et de l’Innovation - M. Christian CHARDONNET, Chef du département des Grandes 
Infrastructures de Recherche - M. Eric GREGOIRE, Conseiller scientifique à la DGESIP, Ministère de l’Enseignement Supérieur, de la Recherche  
et de l’Innovation. CEA representatives: Mme Maria FAURY, Directrice International et Grandes Infrastructures de Recherche DRF, CEA -  
Mme Monica de VIRGILIIS, Directrice des analyses stratégiques, CEA. CNRS representatives: M. Michel BIDOIT, Directeur de l’Institut des 
Sciences Informatiques et de leurs Interactions, CNRS - M. Denis VEYNANTE, Président du comité directeur de la mission Calcul – Données, CNRS. 
Universities representatives: M. Jacques BITTOUN, Ancien Président de l’Université Paris-Sud, CPU - M. François GERMINET,  
Président de l’Université de Cergy-Pontoise, CPU. Inria representative: M. Jean-Frédéric GERBEAU, Directeur général délégué à la science, Inria.  
Invited Representative of the Ministère de l’économie: M. Michael REFFAY, Chef du Bureau de l’Économie de la Donnée, Ministère de l’Économie  
et des Finances, Direction Générale des Entreprises - Service de l’Economie Numérique. Representative of the Contrôle Général Economique et 
Financier de l’État: M. Jean-Claude PERREL, Contrôleur d’État, Ministère de l’Enseignement Supérieur et de la Recherche.
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Committee for Strategic Orientations on Investments (COSI) at 31/12/2018
This new committee is responsible for advising and providing assistance to GENCI in its investment strategy covering in particular the issue of a multi-year 
investment plan based on the indications given by the MESRI “Comité des besoins scientifiques” and guiding the work of the CT and CCAF. 

State representative: M. Christian CHARDONNET, Chef du Département des Très Grandes Infrastructures de Recherche, Ministère de l’Enseignement 
Supérieur, de la Recherche et de l’Innovation. CEA representatives: M. François ROBIN, Adjoint au Directeur DAM-Ile de France, CEA -  
M. Christophe CALVIN, Direction des programmes et des partenariats publics, CEA. CNRS representatives: M. Michel BIDOIT, Directeur de l’Institut 
des Sciences Informatiques et de leurs Interactions, CNRS - M. Denis VEYNANTE, Président du comité directeur de la mission Calcul – Données, 
CNRS. Universities representatives: M. François BODIN, Professeur Université Rennes 1 - M. Jacques BITTOUN, Ancien Président de l’Université 
Paris-Sud, CPU. Inria representative: M. Jean ROMAN, Directeur Scientifique Adjoint auprès de la Direction de la recherche en charge du domaine 
« Mathématiques appliquées, calcul et simulation », Inria.
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