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FOREWORD

It was an honour to host the
Supercomputing Wales consortium at a
showcase event at the Senedd in October
2018. The occasion was the perfect stage
for the incredible range of applications
of the research. The enthusiasm of the
academics contributing their expertise to
the programme was palpable and the variety
of projects on display hugely impressive.
The sheer range of academic disciplines
supported by Supercomputing Wales
demonstrates its importance to our future
development as a nation. Projects are
developing in the fields of science, technology,
engineering and mathematics, including
computer science, physics, chemistry and
biology; as well as environmental, e-science,
health, medical and the social sciences.
I was particularly fascinated by the use of the
technology to analyse human interactions and
to project the emergence of social networks.
The development of good public policy relies
on an understanding of how human behaviour
changes as people go about their lives.

The current crisis has demonstrated that
if we cannot understand social interaction,
we will struggle to protect our population
in dangerous times.
As we look to the future beyond the pandemic,
we in Wales will need to move quickly to
harness the best research and technology to
rebuild our economy. We must do so in a way
that creates a better society than that which
existed before. Supercomputing Wales will
have an instrumental role to play in building
our new economy.
Everyone in our Welsh universities is aware
of the risks that are ahead. This world class
research demonstrates the value that our
experts offer our society. Welsh Government
must support Supercomputing Wales to
expand research funding and enable to
programme to become a permanent fixture
in our higher education firmament.
Supercomputing Wales is our future and we
need them to succeed.
Dr Hefin David MS
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EXECUTIVE
SUMMARY

Supercomputing Wales is a unique, national
collaboration between Cardiff, Swansea,
Bangor and Aberystwyth universities that has
established the programme as the national
supercomputing research facility for Wales.
The investment in facilities and expertise in
Wales made through Supercomputing Wales
has allowed researchers to compete globally
for research and innovation projects, and
represents a significant investment in the
future of university-led research.

As we reflect on the developments over
the past few years and progress through
a new decade, it is evident that the role
of supercomputers in our everyday lives
will become ever more essential.
High Performance Computing (HPC) and
High Performance Data Analytics (HPDA)
already play a vital role in academic research
and collaborative research with industry and
the public sector – research that has a real
impact on the way we live our lives day to day.
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The research being conducted through the
Supercomputing Wales facilities tackles
some of the greatest challenges of our time.
From climate change to mapping global
pandemics, it’s more important than ever
that researchers in Wales have access to
the facilities provided by the programme
to enable research that could not have
otherwise been conducted.
Supercomputing Wales is not only an
increasingly essential tool for researchers
across the consortium universities, it is also
a vital conduit between universities and
industry partners, helping Welsh businesses
utilise digital innovation and making them
internationally competitive.

These are, of course, fundamental
components of the programme. But to be a
real success, the programme needs the right
people to pull everything together.
In addition to the investment that has been
made in two supercomputing hubs, hosted in
internal data centres at Cardiff and Swansea
universities, Supercomputing Wales has also
developed a group of 15 Research Software
Engineers (RSEs) that work with researchers
across Wales, and are supported by a national
team of specialist technical staff.
Bringing this together has been a major
achievement, overcoming significant barriers
to deliver a national research facility which
has been accomplished through close
collaboration between the four partner
universities. This collaborative approach
is one of the primary strengths of the
programme, along with the convergence
of people and technology.
The facilities, and the internationally
recognised research being conducted
through the programme positions Wales
as a globally digital, world-class nation.
The programme not only benefits Welsh
research and innovation, but also the Welsh
economy.

Supercomputing Wales contributes to
strategically important sectors for Welsh
Government – Scientific Strategic Research
Areas which directly relate to the Science for
Wales Grand Challenge priority areas, including
nano-scale materials and advanced engineering;
energy and the environment; and life sciences
and health.
Supercomputing Wales is also an integral
component of other important developments
in Wales – a key programme being the Centre
for Doctoral Training in Artificial Intelligence,
Machine Learning and Advanced Computing
which is training the future leaders in digital
innovation.
We are already looking to the future. For Wales
4.0 to come to fruition, we must embrace the role
of Artificial Intelligence (AI) that will impact on all
aspects of our lives, including within healthcare,
where it is already a vital tool for diagnostics.
Our aim is for Supercomputing Wales to
become a permanent national research facility
beyond the current ERDF funding, and to
continue providing the infrastructure and
expertise to develop Wales as a nation of
world-class research and digital innovation.
Professor Roger Whitaker
Academic Director, Supercomputing Wales
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PUSHING THE BOUNDARIES OF
RESEARCH AND INNOVATION

THE ROLE OF SUPERCOMPUTING IN RESEARCH
Built for maximum efficiency,
supercomputing facilities crunch through
massively complex scientific problems
that enable discoveries and advances
that have the potential to improve our
everyday lives. They enable simulations,
modelling and visualisation of complex
problems through software.

Complex models required for scientific
research in areas such as weather forecasting,
developing new materials, developing new
drugs, analysing signals from black holes,
and climate modelling require huge amounts
of computational power.

Such is the importance of computing in
modern research, simulation has now
become the third pillar of scientific inquiry
alongside the traditional pillars of ‘theory’
and ‘experimentation’.

Whilst desktop computers, with four, eight,
or sometimes 16 processing cores, are able to
undertake relatively complex computational
tasks, the type of modelling and simulation
required for scientific research undertaken by
universities is at a different scale. It necessitates
the use of supercomputers that contain
thousands of interconnected processing cores.

Supercomputing facilities enable researchers
to simulate, model and visualise complex
problems through software with increased
complexity and variables which are not
practical, or possible, to simulate in the
real world.

A supercomputer allows researchers to work
on far more complex models, and to complete
computational tasks far much more quickly,
by splitting problems into pieces with each
processing core working on many pieces at
once in a technique called parallel processing.

“It’s hard to imagine a field of scientific
research where supercomputing does not
play a significant role. Important advances in
the last few years have mainly gone together
with the use of the most advanced computing
techniques which have become an additional
tool to experimentation when working on the
frontier of knowledge.”
Dr Josep M Martorell, Associate Director,
Barcelona Supercomputing Center
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» Case Study

Computational Fluid Dynamics
in the design of boats, planes
and automobiles
Swansea University
Supercomputing Wales has been
instrumental in the design of a supersonic
car and has facilitated a leap forward in
speedboat technology.
Ben Evans, Associate Professor in Aerospace
Engineering at Swansea University
specialises in the use of Computational
Fluid Dynamics (CFD) in creating cars,
boats and aeroplanes.
Evans has worked with the Supercomputing
Wales team to design the Bloodhound
supersonic car, currently preparing to
attempt to set the world land speed record,
and to model the shape of the surface of
water and the way it interacts with the hull
of speedboats.
Supercomputing Wales has been essential
to both, providing quality infrastructure and
helping to adapt code to run as efficiently
as possible on its hardware.

“Supercomputing Wales provides an
innovative, state-of-the-art supercomputing
and big data facility to enable world-class
research. It allows Wales to compete
globally for research and innovation
projects and represents a significant
investment in the future of university
research.”
Professor Karen Holford, Deputy
Vice-Chancellor, Cardiff University
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THE NATIONAL SUPERCOMPUTING
RESEARCH FACILITY FOR WALES
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In order to retain its competitiveness on
a UK and world stage, university research
groups in Wales require streamlined access
to supercomputing facilities with state-ofthe-art computing facilities to simulate and
solve complex scientific problems across
a wide range of academic disciplines.

The main aims of the investment include
capturing more external research funding
to Wales; increasing scientific partnerships;
creating highly skilled research jobs; and
supporting collaborations with industrial
and other partners. The programme has
facilitated a step change in supercomputingenabled scientific research in Wales.

Since 2017, Supercomputing Wales has
facilitated this through a £16m strategic
programme of investment, part-funded by
the European Regional Development Fund
(ERDF) through the Welsh Government.
The programme provides university research
groups with access to powerful supercomputing
facilities to undertake high-profile science
and innovation projects within the consortium
universities – Cardiff University, Swansea
University, Bangor University and Aberystwyth
University – as well as companies and other
partners working on collaborative projects.

The primary investments made through
Supercomputing Wales include the
deployment of two powerful supercomputer
hubs, and the establishment of a new group
of 15 Research Software Engineers across
Wales to develop algorithms and customised
software to harness the power of the facilities.
The facilities are supported by an experienced
and specialised technical support team
providing wrap-around services, and
a central programme management team.

» Case Study

Calculating the properties of catalysts
for chemical development requires High
Performance Computing (HPC) running
alongside the research that scientists carry
out in their laboratories.
Research being conducted by the School
of Chemistry at Cardiff University looks at
ways to convert methane gas to methanol to
make it easier to transport; how to convert
glycerol – a side product of biodiesel
production – into new, usable products; and
whether it is possible to convert CO2 into
methanol and, therefore, contribute to a
reduction in global warming by using carbon
dioxide in manufacturing.

Calculating the properties of catalysts
for chemical development
Cardiff University

The calculation power required means that
the team need access to a supercomputer
that can give them a slot as soon as they
need it, a vital resource the Supercomputing
Wales facilities are able to provide. The
Supercomputing Wales RSEs embedded
within the School help researchers to
compile the code and resolve any issues,
freeing up valuable time.
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DEVELOPMENT TIMELINE

January 2017

November 2017

European Regional Development Fund
award through the Welsh Government
Initial £9m European Regional
Development Fund award through the
Welsh Government, with £6m matchfunding from four Welsh universities, to
establish Supercomputing Wales – the
country’s only national research facility.

Supercomputing Wales Research
Software Engineer Symposium and
Annual General Meeting
Over 30 members of the
Supercomputing Wales team meet for
the first time to learn about the aims,
objectives and best practices that have
been set out for the programme.

2017
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October 2017

Summer 2018

All Research Software Engineers
in post
One of the UK’s largest cohorts of
RSEs start work at Supercomputing
Wales, providing researchers in Wales
access to skilled individuals to write
robust, reliable, efficient and reusable
code, maximising the capabilities of
the supercomputing facilities.

Deployment of the
supercomputing hubs
The deployment, configuration
and testing of the 13,000 core
supercomputing hubs at Cardiff
and Swansea is completed, and
move into full user service.

October 2018

December 2019

Formal launch at the Senedd
A launch event for Supercomputing
Wales is held at the Senedd in
Cardiff Bay, sponsored by Hefin
David MS and speakers including
senior members of the consortium
universities and industry leaders.

National Assembly for Wales Economy,
Infrastructure and Skills Committee visit
Members of the National Assembly for
Wales Economy Infrastructure and Skills
Committee visit the Supercomputing
Wales hub at Cardiff University, and meet
with senior managers and researchers
who utilise the facilities.

2020

February 2019

January 2020

UKRI award for the Centre for
Doctoral Training in Artificial
Intelligence, Machine Learning
and Advanced Computing
The Supercomputing Wales
consortium along with the University
of Bristol establish a new Centre for
Doctoral Training (CDT) in Artificial
Intelligence, Machine Learning and
Advanced Computing to develop
the next generation of Artificial
Intelligence leaders.

Supercomputing Wales
conference held
The inaugural conference for
Supercomputing Wales – “A New
Decade of Supercomputing” – is
held at the Wales Millennium Centre
in Cardiff, welcoming delegates from
across the university sector, and
speakers from the UKRI, UK Society
of Research Software Engineering,
Barcelona Supercomputing
Center and industry.
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INVESTMENT IN THE SUPERCOMPUTING
FACILITIES AND TECHNICAL TEAM
The Supercomputing Wales hub facilities
deliver over 1 Petaflop of computing
power – equivalent to one thousand
million million (1015) floating-point
operations per second. This scale of
processing power allows computational
tasks to be undertaken to solve very large
and complex problems at high-speed that
could not otherwise be possible.
The supercomputer hubs deployed during
2018 are based at Cardiff and Swansea
universities, with research teams across the
consortium universities securely accessing
the hubs remotely from their desktop PCs or
laptops.
Hosted in university campus data centres
that include specialist cooling equipment, the
hubs funded through Supercomputing Wales
provide 13,000 processing cores, hundreds of
terabytes of memory and several petabytes of
high-performance storage, all connected by
high-performance interconnects.
Recent further investments, featuring both
University and researcher-funded partitions,
have augmented the core hub facilities with
a further 11,000 processing cores, driven by
the increasing demand for computation in
scientific research. The ability to remotely use
and support the facilities provides 24/7 access
for researchers, even during restrictions to
university campuses in the Covid-19 pandemic.
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Hub hardware and software
In 2018, Atos was awarded the contract to
deliver the new supercomputing hub facilities
that led to a world-first Atos and Dell EMC
Supercomputing Centre of Excellence.
Atos, in partnership with Dell EMC, have
delivered a full suite of the latest in High
Performance Computing (HPC) equipment,
software and services including two Dell EMC
HPC supercomputers, and Bull Sequana S
Datalake appliances for High Performance
Data Analytics (HPDA) and Artificial Intelligence
(AI) applications. Furthermore, the provision
of NVIDIA GPU accelerators for AI, Machine
and Deep Learning, together with the scalable
interconnect fabric from NVIDIA Networking,
provide vital ingredients in the provision of
resources to the rapidly expanding research
user community.
The Centre of Excellence is also providing a
programme of community benefits through
Atos, Dell EMC and other partners, including
in-depth technology events with leading
industry technology experts for the Research
Software Engineers and technical staff e.g.
code-optimisation workshops.
Supercomputing Wales has also made a
significant investment in a large number of
commercial software and applications to
support projects in research groups across
the consortium, including in the fields of
Mathematics, Computational Chemistry,
Engineering, Physics, Remote Sensing,
Humanities, Biosciences and Medicine.

Technical team

» Case Study

Working closely with the Research Software
Engineers and supporting researchers across
Wales, the pan-Wales specialist technical
team consists of five full-time staff members
across three universities, with technical
leadership provided through the Technical
Director and Technical Manager based at
Cardiff University, and activities governed
and coordinated through the consortiumlevel Infrastructure Committee.
A further factor enhancing the support
framework available to researchers across
Wales is the close working relationship
established with the Advanced Research
Computing Group at Cardiff (ARCCA) and
the Swansea Academy of Advanced
Computing (SA2C).
The Supercomputing Wales technical team
and RSEs have also developed an online
portal, with training and other user guides,
and an online registration system that allows
researchers at the consortium universities
to register to access the facilities for specific
research projects.

Simulating interactions in the
first moments after the Big Bang
Swansea University
The Extreme QCD project, based at Swansea
University, uses Supercomputing Wales’
infrastructure to simulate the interactions
between quarks in extreme environments,
such as the high temperatures that existed
in the first fractions of a second after the
Big Bang. The research requires large scale
processing power and complex calculations,
and the Supercomputing Wales computing
cluster provides a reliable, secure and
flexible environment.
The Supercomputing Wales team of
Research Software Engineers works closely
with the researchers to optimise the code
for the machines and to ensure computing
time is available when needed. Many of
the Research Software Engineers in the
team come from a theoretical particle
physics background. That understanding
of their work has been a welcome added
bonus to the researchers in their work with
Supercomputing Wales.
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INVESTMENT IN RESEARCH SOFTWARE ENGINEERS
Research software is now fundamental
to university research, used across all
disciplines to generate, process and
analyse data and to model and simulate the
real world using supercomputing facilities.
Developing software for research requires
specialist skills and expertise, provided to
Supercomputing Wales through a group of
Research Software Engineers across Wales.
According to a study by the Software
Sustainability Institute at least 69% of research
is reliant on research software, with a survey of
researchers at 15 research-intensive universities
concluding that 92% of academics use research
software. 69% say their research would not be
practical without it1.
Research Software Engineers (RSEs) fulfil a
growing requirement for skilled people with
the expertise and knowledge to write robust,
reliable, efficient and reusable code, with
knowledge of research and software
engineering techniques.
The development of software optimised
for supercomputers also requires a detailed
technical knowledge of parallel processing
techniques to fully leverage the power of the
facilities.
The importance of roles such as Research
Software Engineers is also recognised in the UK
Research and Development Roadmap, which
states one of their ambitions is to “Develop our
digital research infrastructure capability – data,
supercomputers, software, and people – by
building an internationally leading national
digital research infrastructure, bringing digital
transformation to the research sector.”2

Research Software Engineers
in Wales
Supercomputing Wales has been at the
forefront of the RSE movement, developing
a new community of 15 RSEs across the four
consortium universities since 2017. The RSEs
are located across the consortium universities,
based centrally or embedded directly in
research groups.
The RSEs support a range of research,
coordinate activities across Wales and
represent the consortium through the UK
Society of Research Software Engineering.
Working collaboratively as a virtual team,
the RSEs in Wales:
• Optimise research software to take full
advantage of the computational power
offered by the Supercomputing Wales hubs
• Share technical and research software
engineering knowledge and best practice
with each other and the wider user
community
• Provide training and development
opportunities for university staff and PhD
students, including supporting the Data
Intensive and Artificial Intelligence, Machine
Learning and Advanced Computing Centres
for Doctoral Training
• Present findings at international conferences
in specific domains and at RSE-focussed
events, e.g. the annual Conference of
Research Software Engineers
• Scope out new hardware and software and
optimise and benchmark new systems
• Develop pan-Wales registration, login,
scheduling and prioritisation systems

S.J. Hettrick et al, UK Research Software
Survey 2014. DOI:10.5281/zenodo.1183562

1

UK Research and Development Roadmap:
www.gov.uk/government/publications/
uk-research-and-development-roadmap

2
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The impact of the RSEs on university research
in Wales has been profound, and they will
continue to have a very significant impact
in the future; particularly given the specific
knowledge and skills required by research
groups to fully utilise new Artificial Intelligence
and Machine Learning techniques.

“The 3D black-hole-binary simulation code
used by the Gravitational Waves research
group at Cardiff University has been further
optimised by the Supercomputing Wales
Research Software Engineer embedded
within the group, with his work resulting in
code that now runs around 50% faster and
uses half as much memory. This extensive
optimisation work will have a huge impact
on the science we can do with gravitational
waves over the next few years.”
Professor Mark Hannam, School of Physics
& Astronomy, Cardiff University
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INVESTMENT IN RESEARCH SOFTWARE ENGINEERS

» Case Study

Modelling the impact of Covid-19
on Wales
Swansea University
When the Welsh Government realised
it needed locally relevant modelling of
Covid-19 developments, it contacted Mike
Gravenor, professor of epidemiology within
the medical school at Swansea University,
and a member of the Welsh Government’s
Technical Advisory Cell.
Models were available, but were very
detailed, with information for the whole
of the UK. The Welsh Government wanted
Gravenor to adapt these to run slightly
different scenarios for Wales, using some
additional Wales-specific data.
Supercomputing Wales Research Software
Engineer Dr Mark Dawson was able to take
Gravenor’s scientific queries and make them
run effectively on the Supercomputing
Wales hardware. He adapted the code to a
level where researchers can run scenarios
themselves and quickly answer questions
from the Welsh Government.
Supercomputing Wales Research Software
Engineers provide computational expertise
to Covid-19 researchers, offering the tools
they need to explore new and exciting
territory.
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» Case Study

The environment inside nuclear systems is
extremely harsh. Materials that work well in
other difficult environments, like the aerospace
industry, can degrade very quickly in a nuclear
reactor, whether fission or fusion.
Simon Middleburgh, reader in Nuclear
Materials in the Nuclear Futures Institute at
Bangor University is using the Supercomputing
Wales cluster to study the impact of the next
generation of nuclear materials in existing and
next generation nuclear reactors.

Studying the impact of the next
generation of nuclear power system
materials
Bangor University

Middleburgh’s group is involved in an
international initiative devoted to developing
Accident Tolerant Fuels, aiming to develop
new fuels that are both safer and more
economically viable, and is also working on
next generation energy plants using alternative
coolants.
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COMMUNITY AND STAKEHOLDER ENGAGEMENT
Supercomputing Wales has hosted and
taken part in a series of engagement
activities with the user community,
other key stakeholders and the general
public. These include demonstrating
the techniques used in building high
performance computers at a familyfocused science event, presenting at
international conferences and events,
and hosting the inaugural Supercomputing
Wales conference in January 2020.
Supercomputing Wales presents
at the ISC supercomputing event
Members of the Supercomputing Wales team
attended the annual ISC supercomputing event
in Frankfurt from 21-25 June 2019 to showcase
the facilities and work being conducted by the
programme. A presentation was given on how
Supercomputing Wales harnesses the power
of High Performance Computing (HPC) and
Artificial Intelligence to help solve research
problems, including the development of the
world’s fastest boat. The event took place over
five days, with over 3,500 researchers and
commercial users with 160 exhibitors.

UK RSE Association Leaders Group meeting
hosted by Supercomputing Wales
In November 2018, lead Research Software
Engineers from all four consortium partners
presented their experience of creating an RSE
community in Wales to members of the UK
RSE Association’s Leaders Group, in a meeting
hosted by Supercomputing Wales in Cardiff
University and Chaired by the Supercomputing
Wales Programme Manager.

Swansea Science Festival
For the second year running, in October 2019
the Supercomputing Wales RSE team from
Swansea University presented at the family
day of the Swansea Science Festival at the
city’s National Waterfront Museum. They
demonstrated the techniques used in building
high performance computers to members
of the general public, and explained how the
techniques used in supercomputing research
are applied in everyday life.
18

Annual Conference of
Research Software Engineers
There has been strong representation
from Supercomputing Wales at the annual
Conference of Research Software Engineers,
held most recently in September 2019 at the
University of Birmingham. This event is a key
networking and professional development
event for RSEs in the UK and globally. In 2018,
RSEs from Swansea University led on a talk
and a poster, and the Supercomputing Wales
Programme Manager was a member of an
expert panel on building and running an RSE
group. In 2019 RSEs from Swansea University
presented work on improving the efficiency of
code using the supercomputing facilities.

“Dell Technologies is probably the world’s
largest provider of compute platforms…
We make platforms, but it’s software that
drives the world forward, and it’s software
that sits on those platforms. All this wonderful
research, science and innovation is driven
by those team members – and that unique
investment in 15 Research Software Engineers
here in Wales, that will change the agenda for
the economy in Wales.”
Claire Vyvyan, Senior Vice President
at Dell Technologies

“A new decade of Supercomputing”
Supercomputing Wales Conference
The inaugural Supercomputing Wales
Conference was held at the Wales Millennium
Centre, Cardiff on 23-24 January 2020. The
conference was attended by over 85 delegates
from across the UK and beyond, with researchers
from Wales presenting their work along with
lightning talks by Supercomputing Wales
Research Software Engineers and technical staff.
There were a number of keynote presentations
from prominent speakers including Josep M
Martorell, Barcelona Supercomputing Center;
Alys Brett, UK Society of Research Software
Engineering; Simon Hettrick, Software
Sustainability Institute; James Hetherington,
UKRI; Gert Aarts, UKRI CDT in AI, Machine
Learning and Advanced Computing; and
industry-leading HPC vendors

“The lightning talks at the Supercomputing
Wales event showed us again how much more
productive it is when you invest properly in
people alongside your supercomputer to
help scientists use it. Investing in research
technology professionals – research software
engineers, data scientists, data stewards and
systems engineers – is a key goal for the UK
Digital Research Infrastructure.”
Dr James Hetherington, Director of Digital
Research Infrastructure, UKRI
19

INVESTMENT, USAGE AND OUTPUTS
INVESTMENT
• 13,080 processing cores in two
upgraded supercomputing
hubs. This has leveraged further
investments by the consortium
universities, resulting in an
additional 11,000 process cores.

1

£16m

INVESTMENT
2015-2021
£9.9m ERDF funding
+ £6.4m University
match-funding

3

• Software and operational costs
• 23 funded staff across Wales
including 15 Research Software
Engineers

USAGE

2

As of July 2020, across the
consortium of four universities:
• 652 projects
• 3,301 registered facility users
• 223 million processing core
hours since the hubs were
deployed in mid-2018

OUTPUTS
• Millions of pounds in
external research funding for
projects requiring access to
supercomputing resources
• £5.4m to establish the Centre
for Doctoral Training in AI,
Machine Learning and Advanced
Computing
• Established collaborations
with a number partners
internationally on
supercomputing-enabled
collaborative projects
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» Case Study

The solar system physics team at Aberystwyth
University uses Supercomputing Wales facilities
to study the sun’s atmosphere, analysing
data collected from a range of satellites and
ground-based telescopes.
Supercomputing Wales allows researchers
to analyse up to 20 years’ worth of data in
a short period. Up to 15 terabytes of data is
stored through Supercomputing Wales and
is analysed using different processing streams
depending on what the team is investigating.

Analysing 20 years of data on
the atmosphere of the sun
Aberystwyth University

The solar system physics team works closely
with the Supercomputing Wales team, with
personal support from staff based in the same
building at Aberystwyth University. Fast access
to compute time on the cluster makes work
possible that would not otherwise be possible.
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OUTPUTS AND IMPACT

DELIVERING ECONOMIC AND SOCIETAL IMPACT
Since 2017, Supercomputing Wales has
become a research facility of national,
strategic importance. The consortium of
universities – Cardiff, Swansea, Bangor and
Aberystwyth – have worked effectively and
collaboratively over this period to develop
the facilities and expertise in Wales.
The programme has delivered the infrastructure
and expertise required to support innovative
multidisciplinary research that utilises
supercomputing resources for modelling,
simulation and visualisation of complex scientific
problems. The facilities also have increased
strategic importance in new areas in light of the
recent digital revolution in Artificial Intelligence
(AI) and Data Science.
As a consequence of the enhanced research
environment and expertise provided through
Supercomputing Wales, the consortium
universities have been highly successful in
securing research funding in an increasingly
wide range of research areas. Research areas
supported by the facilities span all domains,
including physical sciences and engineering,
biomedical and life sciences, and social sciences
In addition to providing facilities to attract
research funding to Wales for new projects,
the facility also supports other Welsh
Government and other ERDF Operations by
providing access to resources required for
supercomputing-enabled research.

Supercomputing Wales has directly
employed 23 full-time staff since 2017,
including 15 highly skilled Research
Software Engineers, five specialist technical
staff, and programme administration and
management staff in the partner universities.
The collaborative activities with enterprises,
including companies in Wales, also indirectly
support jobs within the university and private
sectors.
The number of enterprises cooperating
with the university partners on collaborative
research projects can directly impact the
Welsh economy. The programme offers a
number of routes to collaboration between
Supercomputing Wales and the private
sector, strengthening opportunities for widereaching impact.
This is an important part of the research
impact agenda that has emerged from the
UK research assessment exercise, which
judges the Higher Education sector on the
extent to which research has an impact
on the world beyond academia, with
opportunities for Welsh companies to be
part of these developments that will benefit
the wider economy.

WALES IN THE WORLD
Building a reputation for excellent research, innovation and collaboration puts Wales on the world
map. Supercomputing Wales has supported a number of successful international collaborative projects,
with researchers in Wales working with academic and industrial partners across the World. The ability
to offer the opportunity to strengthen partnerships across the UK and internationally is essential for
higher education in Wales, and it is vital to continue international research collaborations with other
universities and companies that require the use of supercomputing facilities.
22

» Case Study

The Grasslands and Crops for Challenging
Environments CSP project team at Aberystwyth
University is studying the genome of perennial
ryegrass, a species of forage and amenity grass.
Perennial ryegrass is the most widely sown
forage grass species in the UK and temperate
areas of Europe and has considerable
agricultural and environmental significance.
There is a huge range of genetic resources for
this species, but in order to better exploit these
we need to be able to understand population
structures and the genomic relationships
between plants collected from different
regions.

Harnessing the power of supercomputing to map plant genomes
Aberystwyth University

» Case Study

Improving the speed and accuracy
of tuberculosis testing in Wales
Cardiff University

As with all plant whole genome/transcriptome
analysis, this requires enormous amounts
of both storage and computing power. The
support team at Supercomputing Wales has
always been very helpful when it comes to
installing and running the project’s software
on the system, and fast to provide whatever
storage and compute time the team needs.

The identification of tuberculosis in
patients in Wales has been reduced from
several months to a few weeks by a
collaboration between Supercomputing Wales
and several health bodies and universities. By
developing scalable bioinformatics pipelines
for the pathogen genomics of tuberculosis,
researchers have been able to conduct more
accurate and much faster analysis of patient
samples.
Existing tools are slow, and the aim has been
to create software that is fast, reproduceable
and automated to provide a better service
to patients. High Performance Computing
(HPC) has been crucial in analysing the
results from sequencing machines, and
in creating a bespoke, growing database
that can quickly and accurately identify the
species of mycobacterium in each sample.
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ENABLING RESEARCH ACROSS WALES
The Supercomputing Wales infrastructure
facilitates access to supercomputing
facilities for researchers across Wales,
no matter where they’re based. This enables
a wide range of research to be conducted
through the facilities, across a broad range
of disciplines.
The projects detailed below showcase the
high-impact research that could not be
conducted without access to supercomputing
facilities, and the expertise to leverage the
power of the facilities.

Aberystwyth University
Estimating the total mangrove
biomass using remote sensing
satellite data
Dr Pete Bunting
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Solar System Physics
Dr Huw Morgan

The Global Mangrove Watch
project is seeking to produce an
estimate of the total mangrove
biomass using remote sensing
satellite data. It will continue
to track this over time to help
safeguard mangrove forests
against further loss and
degradation.

The solar system physics team
at Aberystwyth University uses
Supercomputing Wales to study
the sun’s atmosphere, analysing
data collected from a range of
satellites and ground-based
telescopes. The infrastructure
allows researchers to analyse up
to 20 years’ worth of data in a short
period, facilitating work that could
not be done otherwise.

Responding to the challenges
facing our planet
Professor Richard Lucas

Grassland and Crops for
Challenging Environments
Dr Yuan Fu

Supercomputing Wales has
played a major role in many
projects being developed
within Aberystwyth University’s
Department of Geography and
Earth Science’s Earth Observation
and Ecosystem Dynamics Research
Group. The projects provide
significant benefit for society,
environmental, policy, economy
and wellbeing, now and into the
future.

The Grasslands and Crops for
Challenging Environments CSP
project team is studying the
genome of perennial ryegrass, a
species of forage and amenity grass.
The facilities and expert support
provided by Supercomputing
Wales have been key to enabling
this research, and will ultimately
help to improve the resilience of
rye grasses to disease or extreme
conditions such as droughts or
floods.

Bangor University
Application of Bioinformatics
in taxonomic studies in
environmental microbiology
of extreme environments
Dr Rafael Bargiela
Bioinformatics has become a
powerful and essential tool for
current research in biotechnology
and environmental microbiology.
To accelerate the computational
process and calculations being
conducted at Bangor University,
these operations have been
performed using Supercomputing
Wales infrastructure.

Tidal and wave power
Professor Simon Neill
New technologies allow us to
convert tidal and wave power into
electricity, and research at Bangor
University aims to understand
the available resources and how
they can best be harnessed. Wave
and tidal models are extremely
computationally expensive and
can take up to three months to run,
but the team at Supercomputing
Wales allow researchers to
concentrate on the science.

Welsh language speech
recognition toolkit
Dewi Bryn Jones
At Bangor University, the
language technologies
unit, Canolfan Bedwyr, are
developing an open source
speech recognition toolkit for
the Welsh language. By utilising
Supercomputing Wales systems,
they have achieved impressive
performance gains. As a result,
many acoustic models can now
be trained in parallel which
would not have been previously
possible.

Nuclear Futures Institute
Dr Simon Middleburgh
Simon Middleburgh is using the
Supercomputing Wales cluster
to study the impact of the next
generation of nuclear materials
in existing and next generation
nuclear reactors. Middleburgh’s
group aims to develop new
fuels that are both safer and
more economically viable, and
is working on next generation
energy plants using alternative
coolants.
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ENABLING RESEARCH ACROSS WALES
Swansea University
Lattice Gauge Theory – studying the
Universe at the smallest scales
Professor Gert Aarts and Professor
Biagio Lucini
Research groups in the College of
Science at Swansea are studying the
nature and effects of the fundamental
laws of physics at the smallest
scales. Supercomputing Wales RSEs
have worked to optimise code and
significantly reduce the required
compute time.

The Transfer Learning for Robust,
Reliable and Transferable Cyber
Manufacturing Systems project works
with industry partners to increase
the use of Artificial Intelligence in
manufacturing and help them use
data to make better decisions. The
project needs huge computational
resources to process the volumes
of data involved.

Computational Electromagnetics
Swansea University RSE group

Extreme QCD
Professor Chris Allton

RSEs from Swansea University have
parallelised an existing code for
electromagnetics, enabling software
to be applied to a wide class of
electromagnetic problems not previously
possible, such as predicting the visibility
of a full 3D model of a Falcon aircraft to
radar waves.

The Extreme QCD project uses
Supercomputing Wales’ infrastructure
to simulate the interactions between
quarks in extreme environments such
as the high temperatures that existed
in the first fractions of a second after
the Big Bang. The Supercomputing
Wales RSE team works closely with
the researchers to optimise code and
ensure computing time is available
when needed.

Topological Quantum Computing –
preparing for the computation
of tomorrow
Swansea University RSE group
Quantum computers are expected
to provide the next leap forward
in computational performance.
Researchers in the Department of
Physics at Swansea, assisted by the
Supercomputing Wales RSE team,
are studying various potential methods
of designing a quantum computer.

Covid-19 modelling
Professor Michael Gravenor
and Professor Biagio Lucini
Dr Mark Dawson, a Senior
Supercomputing Wales RSE, has been
working on modifying the code that
can predict the spread of Covid-19 in
Wales (down to Unitary Authority level)
to run on the Supercomputing Wales
hub facilities.
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Cyber Manufacturing Systems
Dr Cinzia Giannetti

Boats, plane and automobiles
Dr Ben Evans
Supercomputing Wales has been
instrumental in the design of a
supersonic car, and the modelling
of the shape of the surface of water
and the way it interacts with the hull
of speedboats. Supercomputing Wales
provides the required infrastructure
and adapted code to run as efficiently
as possible on its hardware, facilitating
a leap forward in technology.

Cardiff University
3D black-hole-binary simulation
Professor Stephen Fairhurst and
Professor Mark Hannam
A Supercomputing Wales RSE optimised
the 3D black-hole-binary simulation
code used to calculate the gravitationalwave signals that Einstein’s general
theory of relativity predicts are emitted
when two black holes spiral together
and merge.

Design of a counter-rotating
hydro turbine using high-fidelity
Computational Fluid Dynamics
Professor Roger Falconer and
Dr Reza Ahmadian
A state-of-the-art Computational
Fluid Dynamics code was developed
at Cardiff University to optimise the
turbine design and maximise the power
output for low-head applications,
intended to be used in several
hydrokinetic energy projects around
the UK.

The effect of Chromium in surface
coatings made up of Aluminium
Phosphates
Dr David J Willock and
Dr Sachin Nanavati
The project’s aim is to understand the
effect of Chromium in surface coatings
made up of Aluminium Phosphates,
applied to electrical steel to increase
its efficiency. The long-term goal is
to replace cancer causing Chromium
with a suitable, environment friendly
element.

Tuberculosis modelling
Dr Anna Price
The identification of tuberculosis in
patients in Wales has been reduced
from several months to a few weeks
thanks to a collaboration between
Supercomputing Wales and several
health bodies and universities. By
developing scalable bioinformatics
pipelines for the pathogen genomics
of tuberculosis, the project has enabled
accurate and much faster analysis
of patient samples.

Using AI to predict prejudice towards
others in autonomous agents
Professor Roger Whitaker
Roger Whitaker has been working in
collaboration with MIT on research
which suggests that prejudice towards
others can easily develop in autonomous
agents. Using Supercomputing Wales
facilities, the team was able to run
thousands of simulations to identify the
choices made by ‘agents’ in forming
groups and discriminating against others.

Catalysis
Dr David Willock
Current research by the School of
Chemistry at Cardiff University involves
looking at ways to convert methane
gas to methanol to make it easier to
transport, at how to covert glycerol –
a side product of biodiesel production –
into new, usable products. The
Supercomputing Wales RSEs help
researchers to compile the code needed
and to resolve any issues, freeing up
valuable time.
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DEVELOPING A NEW GENERATION
OF AI-FOCUSSED RESEARCHERS IN WALES

Delivered by the Supercomputing Wales
consortium of universities, along with the
University of Bristol, the UKRI Centre for
Doctoral Training in Artificial Intelligence,
Machine Learning and Advanced
Computing is leading the new generation
of leaders in Artificial Intelligence.
The programme is ideally placed to link AI
and High Performance Computing (HPC), and
access to Supercomputing Wales facilities is
vital to its delivery.
Launched in 2019 after being awarded
£5.43m in UKRI funding, students are being
trained and developed as the next generation
of data science specialists for real-world
industrial problems requiring HPC and High
Performance Data Analytics (HPDA) informed
AI methodologies.
All the research being conducted by the
students aligns with one of the Centre’s three
themes: data from large science facilities
(particle physics, astronomy, cosmology);
biological, health and clinical sciences
(medical imaging, electronic health records,
bioinformatics); and novel mathematical,
physical, and computer science approaches
(data, hardware, software, algorithms).
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The students work on research projects
ranging from ‘Game theory’, ‘Modelling the
development of breast cancer abnormalities’ to
‘AI techniques for extracting source information
from Square Kilometre Array (SKA) datasets’.
The research the students conduct will have
real-world impact on developments in science
and the economy, in Wales and the UK.
Supercomputing Wales is crucial to the
development of the students during their first
year of study, offering sessions on Software
Carpentry, Data Analysis, Automated Testing
and Continuous Integration in Python,
Testing and CI. These skills and knowledge
culminate in a group coding challenge
which runs throughout the year, hosted by
Supercomputing Wales Research Software
Engineers.
Supercomputing Wales Research Software
Engineers have also run a long-term coding
challenge for the CDT students. This develops
their skills by applying their programming
and machine learning knowledge to solve a
real problem. The groups for this project are
distributed across the five universities and also
help to develop the students’ remote working
skills.

Supercomputing Wales’ Research Software
Engineers provide these opportunities through
residential meetings and bespoke advice directly
related to the research projects. The RSEs
and student cohort have developed a strong
link, contributing significantly to the ethos
of the CDT in developing a cohort, building
relationships and experiential capacity and our
future leaders in AI.
The academic foundation of the CDT is built
on research excellence. The researchers will be
part of cutting-edge global science activities, be
able to modernise public health, and determine
the future landscape of AI.
The Centre has been co-created with a wide
range of external partners, who work directly
with doctoral researchers, either on industryled research projects or through secondments.
Our partners include international, national and
local companies and organisations which are
contributing financial and in-kind support to the
CDT and providing secondment opportunities
to the students.

The CDT connects researchers working at
Swansea, Aberystwyth, Bangor, Bristol and
Cardiff universities with regional and national
industrial partners and with Supercomputing
Wales.
Industry partners include Amplyfi, Atos,
DiRAC, DSTL, Evolved Intelligence now
Mobileum, GCHQ, IBM, Microsoft,
QuantFoundry, Quantum Advisory, QinetiQ,
STFC, TWI, We Predict and Welsh Water.
Trained and developed as the next generation
of data science specialists for real-world
industrial problems requiring HPC/HPDA
informed AI methodologies, the students
will make a significant impact on the economy
and society.
Their future employment at skilled jobs in
AI-enabled industrial practices will introduce AI
in new industrial sectors and provide students
with the skills needed to start their own
enterprises powered by their research findings.
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PREPARING WALES
FOR THE FUTURE

SUPPORTING FUTURE PROSPERITY,
HEALTH AND WELLBEING IN WALES
As a national research facility
Supercomputing Wales provides an effective
conduit for research and innovation
projects across Wales, providing access to
the latest technologies and expertise. This
will become increasingly important in the
future to enable scientific research in areas
that can significantly impact the economy,
health and society in Wales.
It is widely recognised that for Wales to prosper,
there must be effective engagement between
universities, industry and the public sector.
Supercomputing Wales has successfully achieved
this, with a number of projects demonstrating
how providing access to state-of-the-art
supercomputing infrastructure, along with
Research Software Engineering and technical
expertise, can develop effective synergies
between sectors.

» Case Study

There is significant potential for developments
in the transition to a low-carbon economy.
Supercomputing Wales is already providing
computational resources for a number of
projects, including other ERDF Operations
requiring modelling, simulation and big data
analysis related to the development of lowcarbon technologies, and this will become ever
more critical over the next few years.
In addition to economic development, pushing
forward the boundaries of scientific research in
health, biosciences and pandemic modelling will
become increasingly important for
our health and wellbeing, particularly given how
our lives have been affected by the impact of
Covid-19. Researchers working in these areas
will require continued access to significant
big data and supercomputing facilities, as well
expertise in data science and AI.

New technologies now allow us to convert
tidal and wave power into electricity, and
research from the School of Ocean Sciences
at Bangor University aims to understand the
available resources and how they can best be
harnessed.
Tidal range and tidal stream technologies
make use of the power and the predictable
nature of the tides, while wave energy is less
predictable. Modelling helps to understand
the long-term potential of all three, as well
as the impacts that energy extraction will
have on the environment.

Modelling the power of the sea
as a low-carbon energy source
Bangor University
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Wave and tidal models are extremely
computationally expensive and can take
up to three months to run, but the team at
Supercomputing Wales take the pressure off
researchers, allowing them to concentrate
on the science.

PLANNING FOR
FUTURE TECHNOLOGIES
The Supercomputing Wales facilities
are fully hosted within data centres at
Cardiff and Swansea universities, which
includes specialist cooling equipment
and electricity connections to support
the supercomputing infrastructure.

» Case Study

However, the physical space and power
limitations of existing data centres
may hinder potential future growth as
supercomputers become ever more complex
and energy intensive. In the future, we will
need to consider the extensive use of HPC
Cloud services or pooling of facilities.
Although not yet suited for all applications,
HPC Cloud services have become more
feasible given that there are new providers
able to offer bespoke services that are
better suited to scientific research. There
may also be opportunities for Wales to seek
co-operations in pooling supercomputing
resources on a UK or international level.
However, the use of HPC Cloud or pooled
resources still requires significant expertise
within Wales to manage these services, and
to integrate with on-premises equipment.
The technical skills developed during the
lifetime of Supercomputing Wales will ensure
that universities in Wales are well-placed to
take full advantage of increasingly
advanced and complex supercomputing
facilities, wherever they are physically
located.

Measuring prejudice in
autonomous agents
Cardiff University
Roger Whitaker, Professor of Collective
Intelligence at Cardiff University has been
working in collaboration with MIT on
research which suggests that prejudice
towards others can easily develop in
autonomous agents. This has implications
for understanding prejudice, and the
development of prejudicial groups, based
on agents that have the ability to socially
learn from each other and assimilate based
on prejudice.
The research aims to understand
prejudicial groups, the forces that exist to
promote this phenomenon, and whether
there are pressures on a population to
become prejudicial to enhance survival
opportunities.
Using Supercomputing Wales
infrastructure, the team was able to run
thousands of simulations to identify the
choices made by ‘agents’ in forming groups
and discriminating against others.
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UTILISING AI FOR RESEARCH,
DEVELOPMENT AND INNOVATION
University-led RD&I activities and projects,
including collaborations with industry,
will become increasingly dependent
on Artificial Intelligence and Machine
Learning techniques that will lead to
further efficiencies and new research
breakthroughs.
The use of supercomputing together with
AI techniques will allow research groups to
advance activities that will have significant
impacts on society. That may be through
developing technologies for the low carbon
economy, developing new models for social
simulations and pandemic predictions,
modelling the future climate, or developing
new drugs.
3
assets.publishing.service.gov.uk/government/uploads/
system/uploads/attachment_data/file/652097/Growing
_the_artificial_intelligence_industry_in_the_UK.pdf
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A report by Dame Wendy Hall and Jérôme
Pesenti titled ‘Growing the Artificial Intelligence
Industry in the UK’ commented that the
“increasing use of Artificial Intelligence (AI) can
bring major social and economic benefits to
the UK. It has been estimated that AI could add
an initial £630bn to the UK economy by 2030,
increasing the annual growth rate of GVA from
1.5 to 3.9%.”3
AI will also be a key area of focus that will
contribute to Welsh Government’s ability
to meet its target of 2.4% GDP invested in
research and development.

» Case Study

The Transfer Learning for Robust, Reliable and
Transferable Cyber Manufacturing Systems
project, run by Cinzia Giannetti of the College
of Engineering, Swansea University, works
with industry partners to increase the use of
Artificial Intelligence in manufacturing and
help them use data to make better decisions.
Machine Learning can help a company to run
what is called ‘predictive maintenance’, to
maximise the use of assets and machines. Data
is used to develop and train complex predictive
models using deep learning and those models
are then used to predict the remaining useful
life of equipment, and the right time to do
maintenance.

Using Artificial Intelligence and data
in manufacturing to maximise assets
Swansea University

» Case Study

The project uses ‘hyper parameter
optimisation’ to find the best parameters for
these models and needs huge computational
resources, provided by Supercomputing Wales,
to process the volumes of data involved.

Wales Gene Park, embedded within the School
of Medicine at Cardiff University, provides
DNA sequencing facilities for cancer and rare
genetic disease researchers. Researchers may
be interested in sequencing DNA, or profiling
the expression of certain genes.
This research raises challenges due to the
amounts of data involved. When an individual’s
DNA is sequenced it produces vast files full of
‘sequence reads’, or DNA fragments, which
need to be interpreted by comparing them to
the reference genome – the human genome
which was mapped in 2003.

Sequencing the DNA of cancer
and genetic diseases
Cardiff University

The Research Software Engineers at
Supercomputing Wales have been vital in
helping Wales Gene Park to do this work,
providing training and supporting software
development, dedicated to Wales Gene Park
requirements.
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DEVELOPING THE NATIONAL
INFRASTRUCTURE FOR WALES 4.0
In the same way that the first industrial
revolution was dependent on steam power;
the second on electricity; and the third on
computing and the internet; the fourth
industrial revolution will be driven by
advances in Artificial Intelligence, Robotics,
Data Analytics and the Internet of Things
(IoT).
The facilities offered by Supercomputing
Wales mean Wales is ideally placed to meet
the challenges we face in embracing the new
revolution. With the economy increasingly driven
by digital innovation, Wales will be dependent
on access to significant supercomputing and
big data resources. Even more critical is further
developing the specific skills and knowledge in
Wales to fully exploit these new technologies.
Through Supercomputing Wales, the country has
already developed a national research facility,
with investment in both technical infrastructure
and the development of a dedicated team of
technical staff and Research Software Engineers.
By building on this success and the collaborative
all-Wales approach, Supercomputing
Wales provides firm foundations for future
developments to develop the capacity and
capabilities required for research, development
and innovation projects.
The opportunities for significant growth in this
area in Wales are clear, with an opportunity to
emulate the success seen in Catalonia with the
growth of the Barcelona Supercomputing Center
(BSC). BSC hosts one of the most powerful
supercomputers in Europe and offers the
international scientific community and industry
access to supercomputing resources.
Building on the firm foundations and investment
in facilities and expertise that has already been
developed through Supercomputing Wales since
2017, with appropriate further investment Wales
now has an opportunity to be at the forefront
of innovative, collaborative university research,
and to develop into a centre of international
importance.
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