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European Exascale Projects – A community is born
High Performance Computing (HPC) is at the core of major advances and innovation in the
digital age – as the European Commission (EC) stated in a recent Cordis article. In the current
framework programme, Horizon 2020, Europe has committed €700M to supercomputing
research. European ambitions in this field are high: the declared goal is to have a
supercomputer based on EU technology featuring among the world top three by 2022.
To reach this aim, Europe can build on Exascale research efforts that got under way in the
previous funding framework, FP7. Between 2011 and 2016, eight projects, with a total budget
of more than €50 Million, were selected for this first push in the direction of the nextgeneration supercomputer: CRESTA, DEEP and DEEP-ER, EPiGRAM, EXA2CT, MontBlanc (I + II) and Numexas. The challenges they addressed in their projects were manifold:
innovative approaches to algorithm and application development, system software, energy
efficiency, tools and hardware design took centre stage.
Over the last five years, the projects have joined forces and started developing a European
Exascale Community. The idea was to leverage synergies between the projects and establish a
platform for scientific exchange – but also to increase the visibility of European efforts in
HPC on a global scale.
The birth of a new community
The collaboration started with individual researchers from the various projects discussing and
exchanging ideas and concepts. Developing a more formal framework for the collaboration
was the logical consequence of these fruitful exchanges. Already in 2012 DEEP and MontBlanc teamed up to host a training workshop together. In 2013, the cooperation was further
intensified: the European Exascale Projects (EEP) Workshop was born. Since then, the
growing community has been meeting once a year for a workshop in various formats to
intensively discuss the projects’ status, talk about lessons learned, and in this way identify
synergies as well as cooperation opportunities.
Coming of age – the community grows
Soon the members involved wanted to use the opportunity and get in touch with interested
audiences outside of their core circle. While the first Birds-of-a-Feather (BoF) sessions
focused on European Exascale approaches and strategies, a more scientific and technical
orientation followed. BoFs on topics like ‘Programming Models for Exascale: Slow
Transition or Complete Disruption?’, or workshops on prototyping, were organised at
international conferences and workshops such as ISC and SC. A special focus was also
devoted to the ‘beneficiaries’ of Exascale research: HPC applications in critical fields of the
European Research Arena. At PRACEdays15 the topic was approached from a more industryspecific point of view whereas at EASC2016, scientific applications were in the spotlight.
Handing over the torch to the next generation
The European Exascale Projects bring together experts from world-leading companies,
leading supercomputing institutions, and outstanding academics who were the first to embark
on the European Exascale adventure. In this brochure, the frontrunner FP7 projects would like
to present their results as well as share their insights on the European Exascale Community.
Last but not least, they would like to use the opportunity to hand over the torch to the new
generation of H2020 projects, represented via EXDCI – the European Extreme Data and
Computing Initiative – to keep up the collaboration initiative, intensify it and streamline the
development of the European HPC Ecosystem on the way to next-generation supercomputers.
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CRESTA: Collaborative Research Into Exascale Systemware, Tools and Applications
In a nutshell: What is your project about?
The Collaborative Research into Exascale Systemware, Tools and Applications (CRESTA)
project developed techniques and solutions for some of the most difficult technical challenges
that computing at the Exascale can present. The project had two integrated strands: one
focused on enabling a key set of applications for Exascale, the other focused on building and
exploring appropriate systemware for Exascale platforms. All of the applications had
demonstrated a need for Exascale performance with associated scientific challenges of global
significance that cannot be solved on current petascale systems, but require Exascale
performance. At the heart of the project was the co-design process, with the co-design
applications providing guidance and feedback to the Exascale software development process,
and integrating and benefitting from this development. CRESTA employed incremental and
disruptive approaches throughout – sometimes following both paths for a particular problem
to compare and contrast the challenges associated with the approach.
What are the 3 main achievements of your project?
• CRESTA has created a tailored software collection for future Exascale platforms.
Designed to allow applications to exploit future Exascale platforms effectively, this
collection also shows significant benefit on current petascale resources.
•

CRESTA has produced a set of applications able to exploit today’s largest systems
and tomorrow’s Exascale platforms, through the use of a co-design process. These
applications have demonstrated clear socio-economic benefit from the work on
CRESTA.

•

CRESTA has produced a significant research portfolio of novel algorithms and
techniques for Exascale systems, which have been utilized within the project’s
software and applications.

What is the most important lesson learned during your project?
As one of the first projects to use the co-design process in practice, CRESTA was an
important demonstrator for the Exascale community. An essential lesson learnt was the
importance of utilising a co-design methodology throughout the whole project lifecycle.
Without this the project could not have delivered on the project’s key objectives.
In which way has your project contributed to the advancement of HPC in Europe?
The software collection produced within CRESTA has been designed with a series of codesign applications as drivers. CRESTA’s software is therefore designed and enhanced to
exploit future Exascale platforms and also show significant benefit on current petascale
resources. These outputs are therefore of benefit to the wider HPC community, with the
potential to make impact across a broad range of European HPC applications.
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What are your plans to make your project results sustainable?
CRESTA has provided a tailored set of workshops and training courses to promote uptake
and increase impact. All the software is being supported beyond the project. The software is
accessible via the CRESTA web site, with suitable links to existing source code repositories
or the public CRESTA repository. A series of best practice guides and state of the art reviews
have been carried out and are publicly available to the community. Finally, a series of journal
publications have been produced, all of which are Open Access - i.e. available freely.
In which way did your project benefit from the European Exascale collaboration
initiative?
The CRESTA project collaborated extensively with the European Exascale Projects to carry
out joint dissemination activities and to hold collaborative workshops. This collaboration
enhanced the overall impact of the project, providing feedback from HPC experts outside the
project and allowing us to identify a source of potential users from outside the project.
CRESTA briefly summarised:
“As one of the first projects to successfully utilise the co-design
methodology to deliver on the project’s key objectives, CRESTA is an
important demonstrator for the Exascale community." – Dr Lorna Smith,
CRESTA Project Manager at EPCC at the University of Edinburgh

General information
Main research areas:
• Programming models
• Algorithms
• Tools
• Application optimisation
Project website: https://www.cresta-project.eu/
Contact name: Dr Lorna Smith, CRESTA Project Manager, EPCC
Contact email: l.smith@epcc.ed.ac.uk
Partners:
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DEEP & DEEP-ER: Dynamical Exascale Entry Platform – and it’s Extended Reach
In a nutshell: What is your project about?
The DEEP & DEEP-ER projects develop a novel, highly flexible Exascale-ready HPC
platform based on the Cluster-Booster architecture featuring a complete, standards-based and
easy-to-use software stack. A set of 11 real-world HPC applications drives a stringent codesign process with the aim of fine-tuning the architecture to actual Exascale application
requirements. The projects address key challenges on the way to next-gen supercomputers
like energy efficiency, highly scalable I/O, resiliency, memory hierarchies.
What are the 3 main achievements of your project?
• The DEEP prototype installed at Jülich Supercomputing Centre has proven the feasibility
of the Cluster-Booster approach.
• Results strikingly demonstrate that this kind of architecture is beneficial for a very wide
range of HPC applications.
• The software stack developed in both DEEP and DEEP-ER is ready for future
heterogeneous systems and is standards-based, which makes it easy-to-use and keeps the
code portable to any other heterogeneous system.
What was the most important lesson learned during your project?
The co-design approach followed in the DEEPprojects is an extremely complex but rewarding
undertaking. When you develop and integrate hardware and software at the same time you
have to expect challenges. And these did occur. However, we realized how flexible,
adaptable, creative and innovative our research project team can be and how we can leverage
and combine the expertise of our 20 partners from 11 countries.
In which way has your project contributed to the advancement of HPC in Europe?
The DEEPprojects have proven that innovative HPC technology can be developed in Europe
from hardware prototyping to software development. Additionally, in DEEP and DEEP-ER
relevant applications in critical fields of the European Research Arena have been optimised
and made fit for future supercomputing architectures. These include codes from brain
simulation, climate modelling, material sciences etc.
What are your plans to make your results sustainable?
With the DEEP prototype our Cluster-Booster concept has been proven. Currently we invite
HPC application developers external to the project to test our system and get familiar with
this new type of architecture. Midterm, the Jülich Supercomputing Centre plans to extend the
JURECA machine with a 10 PetaFLOP/s Booster system on production level. Last but not
least, we will advance our approach to something we call ‘modular supercomputing’, which
introduces modularity in HPC at the system level.
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In which way did your project benefit from the European Exascale collaboration
initiative?
Already early on the DEEPprojects started cooperating with the Mont-Blanc and CRESTA
projects. What initially started as a collaboration for joint dissemination efforts soon turned
into valuable exchange of ideas as well as technical and scientific discussions at workshops
and trainings. We are happy to see the collaboration continues federated by EXDCI. It is an
ideal platform to leverage synergies between the different projects.

DEEPprojects briefly summarised:
“The Cluster-Booster approach as developed and enhanced in the DEEP and
DEEP-ER projects will significantly influence the development of future
supercomputers on a global scale. Not least because the approach puts into
focus the requirements of a diverse HPC user group. This shows that worldclass innovation in HPC is possible in Europe. The DEEPprojects family
bringing together partners from leading European research institutions and
European technology providers strikingly demonstrates that.” – Dr Estela
Suarez, Project Manager DEEP & DEEP-ER, JSC
General information
Main research areas:
• Computer architecture
• Programming models
• Application optimisation
Project website: www.deep-project.eu; www.deep-er.eu
Contact name: Dr Estela Suarez, Project Manager DEEP + DEEP-ER
Contact email: pmt@deep-project.eu; pmt@deep-er.eu

Partners:
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Mont-Blanc: European Approach Towards Energy Efficient HPC
In a nutshell: What is your project about?
All phases of the Mont-Blanc project share the vision of developing a European Exascale
approach leveraging commodity power- and cost-efficient embedded technologies. The key
outcome of the project is the deployment of ARM-based computing platforms enabling ARM
architecture in HPC, which boost system software development and allow to test real
scientific applications at scale. Based on the experience gained from the development of
various platforms since 2011 and implementing a co-design approach, the Mont-Blanc project
now aims to define the architecture of an Exascale-class compute node based on the ARM
architecture, and capable of being manufactured at industrial scale.

What are the 3 main achievements of your project?
• Demonstrating that it is possible to run HPC workloads with European embedded
technology
•

Contributing to the design of a next-generation Exascale-class machine with a codesign approach

•

Testing and scaling REAL scientific applications on a non-conventional HPC
architecture

What is the most important lesson learned during your project?
Initially we ambitioned to prove that it was possible to perform relevant scientific
computations with "cheap" and "low end" hardware components, and we did it as expected.
Another less expected takeway of the project is that being able to test at medium/large scale
real scientific applications on hardware with known limitations, allowed us to better
understand, prevent and learn how to survive with issues that will most probably be present
on Exascale machines.

In which way has your project contributed to the advancement of HPC in Europe?
One of the most relevant results of the Mont-Blanc project is the deployment of the world's
first ARM-based HPC cluster, a prototype that largely contributed to validate the concept of
using ARM technology for HPC. Having various ARM-based prototypes also allowed the
project to substantially contribute to the development of the HPC system software stack for
ARM-based platforms.

What are your plans to make your project results sustainable?
The Mont-Blanc ideas have now reached a stage of maturity when they can be turned into
actual products. Therefore involving industrial companies in the project is key to ensure that
the results of the project give rise to actual products and solutions.
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In which way did your project benefit from the European Exascale collaboration
initiative?
The European Exascale collaboration was a key tool to give more international visibility to
the project, especially by making it possible to exhibit and talk at the big international HPC
conferences (ISC and SC). It also allowed projects with similar scopes to get to know each
other, discover areas of common interest, and organize joint actions such as training.

Mont-Blanc briefly summarised:
“We are confident that European mobile commodity technologies can be
leveraged for scientific computation, and will be at the heart of some of
the upcoming Exascale supercomputers.” – Etienne Walter, Bull,
coordinator of Phase 3 of Mont-Blanc

General information
Main research areas:
• Computer architecture
• Programming models
• Tools
• Application optimisation
Project website: https://www.montblanc-project.eu/
Contact name: Dr Filippo Mantovani, Technical Coordinator Mont-Blanc Project (Phase I +
II), BSC
Contact email: filippo.mantovani@bsc.es

Partners:
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EPiGRAM: Exascale ProGRAmming Models

In a nutshell: What is your project about?
The aim of the EPiGRAM project is to prepare Message Passing and PGAS programming
models for Exascale systems by fundamentally addressing their main current limitations in
scalability.
What are the 3 main achievements of your project?
• Introduced and implemented new concepts in MPI, such as MPI streams, persistent
collectives, endpoints and new derived data-type to improve MPI scalability in
execution time and memory consumption. The effectiveness of these new concepts
have been proven in the EPiGRAM applications, iPIC3D and Nek5000.
•

Improved the interoperability between MPI and GPI-2 by new developments in GPI2.

•

Designed and implemented a research PGAS-based MPI, called EMPI4Re.

What is the most important lesson learned during your project?
The path towards Exascale programming models is incremental and critically depends on the
improvement of MPI and on its integration with other programming systems.

In which way has your project contributed to the advancement of HPC in Europe?
EPiGRAM was front-runner in programming models development in Europe. EPiGRAM has
a work group leader in the MPI forum to contribute to the MPI standardization with new
concepts. EPiGRAM established the GASPI Forum for the standardization of the GASPI
programming system.

What are your plans to make your project results sustainable?
Many of the EPiGRAM results are exploited now by new H2020 FETHPC projects, such as
Intertwine, SAGE and ExaFLOW. Dissemination about EPiGRAM will continue after the end
of the project.

In which way did your project benefit from the European Exascale collaboration
initiative?
The initiative allowed us to organize and prepare many of the events at SC and ISC, such as
the common booth – something which we would not have been able to do as small project.

10

EPiGRAM briefly summarised:
“It is clear today that exascale can't be reached without a radical
improvement of existing programming models to handle the complexity of
programming Exascale machines. EPiGRAM addressed this challenge by
preparing MPI and GPI to scale on billion processes and showed how
programming models will look like in the Exascale future.” – Dr Stefano
Markidis, Project Manager EPiGRAM, KTH

General information
Main research areas:
• Programming models
Project website: http://www.epigram-project.eu/
Contact name: Stefano Markidis
Contact email: markidis@kth.se

Partners:
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EXA2CT – Exascale Algorithms
Computational Techniques

and

Advanced

In a nutshell: What is your project about?
The EXA2CT project brings together experts at the cutting edge of the development of
solvers, related algorithmic techniques, and HPC software architects for programming models
and communication. Its goal is to produce modular open source proto-applications that
demonstrate the algorithms and programming techniques developed in the project, to help
boot-strap the creation of genuine Exascale codes. Technologies developed in EXA2CT range
from advanced libraries such as ExaShark and GASPI that help to program massively parallel
machines to solver algorithms improved by better overlapping communication and
computation and by increasing the arithmetic intensity. All of this is verified on industry
relevant prototype applications.
What are the 3 main achievements of your project?
• Our scalable pipelined solvers are now available in the PETSc library.
•

We have shown the GASPI programming model can genuinely outperform MPI.

•

Many of our achievements have been ported to the industrial applications from our
scientific and industrial board (SIB).

What is the most important lesson learned during your project?
Looking at ExaSale computers and what could be their performance bottlenecks, we also
learned valuable lessons on how to improve performance on current systems.
In which way has your project contributed to the advancement of HPC in Europe?
We helped the SIB members to solve their performance and scaling problems using
EXA2CT's results.
What are your plans to make your project results sustainable?
Each partner of EXA2CT will take up part of the project's technologies and develop this
further.
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In which way did your project benefit from the European Exascale collaboration
initiative?
The collaboration allowed us to get in touch with and improve our collaboration with
Europe's main researchers in HPC, it strengthened our band with the PRACE/EXDCI
community and allowed us to showcase our work during ISC and SC.

EXA2CT briefly summarised:
“EXA2CT’s innovations in communication avoiding algorithms and
innovative runtimes have enabled higher scalability for the most demanding
industrial HPC applications. The project ideas are also being absorbed by
other communities via its open source proto applications.” – Dr Tom
Vander Aa, Coordinator EXA2CT, ExaScience Lifelab at imec.

General information
Main research areas:
• Programming models
• Algorithms
• Application optimisation
Project website: http://www.exa2ct.eu/
Contact name: Tom Vander AA
Contact email: Tom.VanderAa@imec.be

Partners:
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Nu exas
Numexas: NUMerical Methods and Tools for Key Exascale Computing Challenges in
Engineering and Applied Sciences
In a nutshell: What is your project about?
The overall aim of NUMEXAS is to develop, implement and demonstrate the next generation
of numerical simulation methods to be run under Exascale computing architectures.
What are the 3 main achievements of your project?
• Greatly improving the scalability of the linear solver used within Kratos (for the MPI
case)
•

Highly scalable embedded solver

•

MPI porting of a very complex "commercial grade" problem

What is the most important lesson learned during your project?
Making a general purpose solver to scale is way more demanding than a specialized app.
In which way has your project contributed to the advancement of HPC in Europe?
The results of NUMEXAS are a new set of numerical methods and computer codes that will
allow industries, governments and academia to routinely solve multidisciplinary large-scale
class problems in applied sciences and engineering with high efficiency and the simplicity of
the best nowadays user-friendly computer codes.
What are your plans to make your project results sustainable?
The new numerical methods and software are useful to solve a number of challenging
Exascale-size problems in engineering and applied sciences that demand Exascale computing.
In which way did your project benefit from the European Exascale collaboration
initiative?
For NUMEXAS it was interesting to participate in the European Exascale collaboration
initiative to keep in touch and learn from first notice about all the efforts that different
research groups are dedicating in the HPC area and to hear first-hand news related to this
rapidly changing aEuropean Exascale collaboration initiative area.

Numexas briefly summarised:
“HPC programming is about dealing efficienty with complexity. Within
NUMEXAS we succesfully tackled the objective of solving very complex
problems while achieving a good scalability on modern machines. This
paves the way for the use of much larger processor counts in the near
future, thus allowing taking advantage of next generation machines.”
Dr Riccardo Rossi, Full Research Professor at CIMNE & Tenure Track
Lecturer at UPC
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General information
Main research areas:
• Algorithms
• Tools
• Application optimisation
Project website: http://numexas.eu/
Contact name: Cecilia Soriano
Contact email: csoriano@cimne.upc.edu
Partners:

"The European Exascale Projects collaboration has been a good part of the
HPC Ecosystem. The EXDCI project’s aim is to coordinate the collaboration
between FETHPC and Centers of Excellence and the complete HPC
ecosystem. I am sure that the outcome of the European Exascale projects will
be influential to the future of HPC." – Dr Sergi Girona, EXDCI project
coordinator.
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