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Could you begin by describing your role within 
the Programming Model INTERoperability 
ToWards Exascale (INTERTWinE) project?

MB: I am the overall co-ordinator of the 
INTERTWinE project and also lead the 
technical work on programming-model 
interoperability. 

VB: I am the co-design manager in the 
INTERTWinE project. I try to bring together 
the developers who work on applications, 
programming models and runtime systems, 
so that they feed back their advances and 
experiences to each other. In this way any 
new developments get validated quickly and 
feedback is ensured. I enjoy figuring out 
how the little and big hurdles on the way to 
well-defined, interoperable APIs and tools 
can be overcome. I take special care to keep 
everybody in the loop – from application 
developers to programming model and 
task-based runtime developers.

OA: My role within the INTERTWinE project 
is to design and implement interoperability 
measures enabling the StarPU task-based 
runtime system to coexist and cooperate 
together with other runtime systems and 
software components, running side-by-side
within the same application. Such a 
co-existence typically arises in Exascale 
applications that are relying on one or more 
parallel libraries, such as numerical libraries.

GB: I am the INTERTWinE project manager.

Who are the INTERTWinE partners, and 
what strengths and resources do they each 
bring to the project?

MB: EPCC is the UK’s leading HPC 
centre, with extensive experience in HPC 

applications. We also have a long history in 
the OpenMP and MPI standards bodies. 

VB: The INTERTWinE consortium brings 
together experts from scientific software 
development, computer runtime systems 
engineering, and programming model design. 
Some of the partners have collaborated before 
the INTERTWinE project began, but that is not 
true for all of them. All in all, the new mixture 
of participants creates new ideas. The strength 
and experience of each individual partner has 
been efficiently used to ramp up the knowledge 
of the whole consortium. For instance, our 
group at Fraunhofer ITWM develops the GPI 
implementation of the programming model 
GASPI. Our partners DLR and T-Systems have 
super-expert experience and knowledge of 
GASPI. They bring a large-scale computational 
fluid dynamics simulator called TAU to 
the consortium and have actively engaged 
in task-based runtime approaches new to 
them, driven extensions for interoperability 
with the GASPI community and readily 
shared their knowledge with other 
application partners.

OA: Team STORM is a joint team between 
the French Institute for Research in Computer 
Science and Automation (Inria), the French 
National Centre for Scientific Research 
(CNRS), the University of Bordeaux, and 
Bordeaux Institute of Technology. It specialises 
in designing parallel runtime systems 
and parallel compiler technology for 
driving applications on high performance 
distributed computing platforms.

GB: Alongside the partners mentioned 
above, the team also includes the KTH 
Royal Institute of Technology, which is 
Sweden’s largest technical research and 
learning institution. They contribute to 

the pilot application and kernel efforts, 
particularly with the parallel iPIC3D code 
used to study space weather. Barcelona 
Supercomputing Center (BSC) is the Spanish 
national supercomputing centre, with a long 
track record of research and innovation in 
programming APIs and their implementation 
in HPC-oriented runtimes. BSC develops the 
OmpSs task-based runtime, which has been 
used extensively as a testbed for new features 
in OpenMP. The University of Manchester 
utilises and contributes to the development 
of the PaRSEC parallel library to explore 
interoperability between INTERTWinE’s 
programming models, while the primary 
role of Universitat Jaume I is to produce 
a set of applications that support the 
exploration of interoperability issues using 
concrete examples. The team there has a 
particular focus on preparing graph-based 
kernels, which form an important part of 
the co-design process.

Is INTERTWinE providing supercomputer 
training and support to software engineers 
and researchers? 

OA: Exascale application programming 
remains a difficult process, even with 
the help of parallel programming APIs 
and runtime systems. The process relies 
on bringing together many software 
elements, with many moving parts and 
many tuning knobs. Therefore, training is 
important to help application designers, 
software engineers and researchers get 
the most out of these programming tools. 
The project members regularly organise 
training sessions, some of which are in 
partnership with PRACE Advanced Training 
Centres, and publish material such as 
thematic best practice guides (http://www.
intertwine-project.eu/best-practice-guides) 
and software resource packs (http://www.
intertwine-project.eu/developer-hub).

The project was involved in an artists’ 
residency. What did this entail?

GB: Through a Horizon 2020 action called 
Future Emerging Art and Technology 
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(FEAT), the project secured funding for a 
12-month artist residence during 2016-2017. 
Two artists, Špela Petrič and Miha Turšič, 
worked together to understand the concept 
of Exascale scientific computing, and then 
to produce an impactful artistic work that 
would represent their critique of the project 
and its goals. During the FEAT project, Petrič 
and Turšič undertook short-term residences 
at partner sites, as well as with other entities 
from the European supercomputing scene 
– collecting ideas, running experiments and 
undertaking ‘interventions’. The final artwork, 
which is entitled ‘Becoming.A(Thing)’, is a 
performance piece, which has been exhibited 
in the UK, Belgium and Slovenia to date. A 
summary video of the performance is available 
on Vimeo (https://vimeo.com/223249642). 
In addition, an interview with Beckett and the 
two artists is available on Creative Disturbance 
(http://tinyurl.com/kggtva5).

INTERTWinE’s most promising outputs are 
the Resource Manager and the Directory/ 
Cache. Could you introduce these software 
components and their potential applications?

VB: We have developed the Directory/
Cache to increase interoperability options 
between task-based runtime systems and 
their underlying communication layers. This 
allows distributed data to be handled as if 
in a single address space, permitting the 
combination of a multitude of task-based 
runtime systems and programming models.

OA: A well-managed, coordinated access 
to computing resource among multiple 
software elements is critical in Exascale 

applications to ensure both a smooth and a 
thorough usage of all available computing 
units over the whole application execution. 
Parallel applications and libraries usually 
are written with the assumption of an 
exclusive access to all the computing units 
of a HPC platform node. When such a 
parallel application calls a routine from such 
a parallel library, a clash results from their 
competing assumptions: the parallel threads 
launched by the library for its routine collide 
with the application threads in accessing 
CPU cores, with harmful consequences for 
performance. The Resource Manager assists 
with allocating and marshalling resources 
between different programming models that 
have never before been able to interact and 
share in this way.

Could you provide some examples of 
potential applications that you hope next-
generation supercomputing can achieve 
with the help of your research?

MB: A really good example of an application 
outside of the project is the weather and 
climate code IFS from the European Centre 
for Medium Range Forecasting. The 
developers of this code have good reasons 
for wanting to combine three different parallel 
programming APIs in the code, and making 
sure they all work well together on future HPC 
systems is something that INTERTWinE can 
make a significant contribution to.

VB: In the scope of INTERTWinE, some 
of our applications have Exascale dreams: 
simulating the interaction between the 
solar wind and the Earth's atmosphere 
to understand it better, or simulating the 
aerodynamics of an aeroplane as it performs 
complex manoeuvres, for example. In 
addition, I would love to see applications 
which serve society, such as the above-
mentioned weather forecasts and climate 
models, benefitting from our results. 

Finally, are there plans to further develop 
this research after the INTERTWinE project 
is complete?

VB: Certainly – this project has been too 
much fun and too successful to stop working 
on the ideas generated. I am confident that 
we will find opportunities to work with most 
of the INTERTWinE partners in the future 
and keep the momentum going.

INTERTWinE believes that Exascale software must combine 
the strengths of existing, mature APIs, and intergrate them 
skillfully so as not to destroy the contribution that each will 
make to the application as a whole.
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In the first half of the 2020s, the 
supercomputing community will deliver 
computers that are capable of performing 
a million million million calculations per 
second (commonly referred to as Exascale 
computing). Such computers have the 
potential to tackle society's most pressing 
problems, including climate change, green 
energy, exploration of the universe and 
healthcare for an ageing population.

These supercomputers are essentially built 
from many smaller computers, called nodes, 
which are linked by a powerful network called 
an interconnect. To harness the power of the 
nodes of a supercomputer, scientists have 
to write special (so-called parallel) software. 
As supercomputers get bigger and more 
complex, it becomes more and more difficult 
to find enough parallelism to effectively 
utilise all of the nodes. 

With that in mind, the Programming 
Model INTERoperability ToWards Exascale 
(INTERTWinE) project was established. It 
has been running for almost three years so 
far and is set to end in September 2018. 
The project is tackling the inability of current 
scientific software to work at Exascale. Drs 
Mark Bull, Valeria Bartsch, Olivier Aumage 
and George Beckett are part of a consortium 
of world-leading experts from across academia 
and industry who are working together to 
overhaul current best practice for programming 
supercomputers, ready for Exascale. ‘Modern 

HPC hardware is composed of a hierarchy 
of layers of parallel components, including 
nodes, cores, hardware threads and vector 
units,’ explains Bull. ‘Parallel programming 
Application Programming Interfaces (APIs) are 
typically only designed to target one or two of 
these layers very effectively. Thus, to exploit all 
the layers means that in practice, applications 
increasingly have to incorporate more than 
one API – so called hybridisation.’

The team is therefore working out how to 
properly integrate multiple APIs in a software 
application, which requires new understanding 
in both how the software is developed (the 
programming) and how the software executes 
on a computer (the runtime).

REAL-WORLD APPLICATIONS
To ensure the work remains relevant to real-
world science problems, the consortium has 
selected some of the most promising topical 
software applications to test and validate the 
team's outputs. This provides convincing 
evidence to the scientific computing 
community, which is presented in a series 
of Exascale Applications Workshops (http://
www.intertwine-project.eu/european-exascale-
applications-workshop). 

The project brings together scientists, 
application developers and HPC innovators 
to maximise the chance of success. ‘Our 
collaborative approach has many advantages, 
such as driving the design of practical and 

realistic solutions, as well as shortening 
the path from design, on the HPC innovation 
side, to real life tests, on the application 
development side,’ explains Aumage. 

A QUINTILLION CALCULATIONS 
PER SECOND
Ultimately, by maximising the performance 
of an incredibly fast computer, the team 
is helping to shape the future. The 
possibilities are exciting and could usher in 
a new era, where the problems the world 
currently faces become a thing of the past. 
Think about it: a quintillion calculations 
per second. In numerical form, that is 
1,000,000,000,000,000,000. Astonishing!

Solving the software problems 
of Exascale supercomputers

The INTERTWinE project has been established with a view to meeting the needs of science's Grand Challenges. 
The team empowers scientists to write effective software for tomorrow’s supercomputers so that they can be 
ready to realise the potential of machines which can perform one quintillion calculations every second

Our collaborative approach 
has many advantages, 
such as driving the 
design of practical and 
realistic solutions, as well 
as shortening the path 
from design, on the HPC 
innovation side, to real life 
tests, on the application 
development side

Solving the software problems 
of Exascale supercomputers

Impact Objectives

• Make sure software will work on tomorrow’s supercomputers

• Bring together scientists, application developers and High 
Performance Computing (HPC) innovators from across Europe 
to prepare for scientific computing at Exascale


