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Photographer Marco Abram took photos featured on the
cover and inside the annual report in the new CSCS offices
located at Via Chiosso 7A in Porza.

The photographer Alessandro Della Bella has portrayed
seven staff members of CSCS: Tomas Aliaga, Tiziano Belotti,
Monica Frisoni, Maria Grazia Giuffreda, Matthias Kraushaar,
Angela Schneebeli, Mikael Simberg.



Thomas Schulthess, Director of CSCS

Welcome to this year’s edition of the CSCS annual report. The
close of 2022 saw a wave of change for our organization. Be-
cause Swiss researchers and research infrastructures, like ours
at CSCS, face exclusion from European research programmes,
we are actively looking for new ways to shape collaborations
in Europe and globally. Despite these new challenges, we feel
confident that we can live up to our worldwide reputation of
being at the forefront high-performance computing.

Of course, there are new perspectives as well as new challeng-
es emerging at the international level. For example, in January
2022 Switzerland became a member of the Square Kilometre
Array Observatory. CSCS staff are now taking a leading role in
SKAO and the SKACH (the SKA Switzerland Consortium) by
building a robust platform to analyse the data collected by the
gigantic radio telescope. With our new "Alps" infrastructure at
CSCS, we will build the competencies and workflows needed to
turn this data into valuable scientific information.

Furthermore, SKA is directly supported by two of the 15 PASC
projects | had the pleasure of presenting to you here a year ago.
In these two projects, CSCS research software and HPC applica-
tion engineers engage with the academic teams to contribute
both code developments and software engineering expertise,
making the simulations more detailed and at the same time
faster (read more about this on page 20 of this report).

Additionally, I would like to note that it is gratifying to see the
pieces of the puzzle from past years gradually coming together
to form a picture: Large-scale projects like SKA are benefiting
from the PASC initiative, which was launched over ten years
ago as part of the Swiss initiative for HPC and Networking
(HPCN). This confirms us once again that we are on the right
track with our strategy.

The development of our new “Alps” infrastructure is progress-
ing well and | am confident that in a year's time we will be re-
porting on new collaborations this next generation flagship
system will have enabled with research institutions in Switzer-
land and Europe.

I' would like to thank all those who make this possible, starting
with the State Secretariat for Education, Research and Innova-
tion; ETH Zurich; our users, as well as our European and interna-
tional partners in high-performance computing and research;
and my staff, who work tirelessly to make all these ideas and
plans come to fruition.
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Foundedin 1991, CSCS develops and provides the key supercomputing
capabilities required to solve challenging problems in science and
society. The centre enables world-class research with a scientific user
lab that is available to domestic and international researchers through
a transparent, peer-reviewed allocation process. CSCS's resources are
open to academia and are available as well to users from industry and

the business sector.

Piz Daint, Cray XC50, 27.2 PFlops ~ 2022:57 226 000 node h
Piz Daint, Cray XC40, 2.2 PFlops 2021:56 321 000 node h

2022: 139 projects, 2 430 users 2022:119
2021: 153 projects, 2 318 users 2021:118

2022:12.6 Mio. CHF 2022: 29.9 Mio. CHF
2021: 21.45 Mio. CHF 2021: 26.2 Mio. CHF




| KEY INFORMATION

User Lab Usage by Research Field  User Lab Usage by Institution

Empa

N Computer Science 4% University of Geneva
Mechanics & 1% o 3%
Engineering 11% University of Bern

*\ o
Chemistry & *‘%\
/Wrialsé{a% Other Swiss -
Earth & Environ 9% Internationa
. 7 35%
Science 14% ™, 6
University of
' Zurich 11%

Life Science
17%

16% EPFL
28% 18%

Computing Systems Overview

Name Model Installation / Upgrades  User TFlops
Piz Daint Cray XC50/ Cray XC40  2012/13/16/17 User Lab, CHIPP 27154 +2193
Tsa/Arolla  Cray CS-Storm 500 2020 MeteoSwiss 1169

Alps HPE Cray EX 2020 User Lab, Research & Development, UZH, CHIPP 4719
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Tomas Aliaga

Name
Tomas Aliaga

Nationality
Argentinian and Italian

Position
Senior Software Engineer

Working at CSCS since
October 2019

Background

2006-2012  Engineering degree Informatics, Universidad Blas Pascal, Argentina and
TU Graz, Austria

2012-2016  Scientific applications developer, ESSS , Brazil

2015-2018  MSc computer science, Computing Systems, Georgia Tech, USA

2016-2019  Cloud software engineer, Martel Innovate, Switzerland

2019-Present Software Engineer for HPC Platform Services, CSCS



Specialisation

Back-end software engineering for cloud and HPC systems, particularly focused on Linux
systems, DevOps, and containers. | design, develop, consult, and maintain software solu-
tions in collaboration with varied HPC engineering teams. This covers varied aspects rang-
ing from conception to orchestration of the distributed (Linux) processes that give life to
scientific applications on supercomputers.

What working at CSCS means to me

Joining CSCS allowed me to gain first-hand experience with the world of HPC, something |
aspired to in my early career. At CSCS | can work at the intersection of three elements I'm
passionately interested in: software, science, and education.

What | like most about my work

Working at an HPC centre offers me the chance to not only discover antique software un-
derlying Linux sytems, but also to explore, develop and introduce new technologies and
mechanisms to change the status quo of our offerings. It's a fascinating continuous gain
and application of old and new knowledge. | also enjoy working with colleagues and part-
ners of diverse technical and cultural backgrounds. Solving problems for them or learning
from their experiences also brings me job satisfaction.

What challenges me at my work

One of my biggest challenges these days is balancing ways to amplify my individual contri-
bution and ways to curb natural factors hindering engineering synergies. By that, | mean
finding new approaches to exploiting software automation, connecting and empowering
teams, and ensuring feasibility, compatibility, and longevity of technical solutions — all
while tackling dysfunctional documentation, preventing duplicated efforts, or respond-
ing to shifting priorities. | believe this balance is of critical importance, particularly in a
multicultural centre with such a wide range of services and know-how that develops and
operates a world-class research infrastructure.



ACTIVITY REPORT

10

January

Read
the article

The shutdown of “Grand Tavé”

Five years after its installation, the Cray XC40 KNL, “Grand Tavé”,
is shut down for the very last time. “Grand Tavé” is the name of
a Swiss mountain of 3158 m in the canton Valais. "Grand Tave",
a reasearch and development (R&D) system installed in 2017,
was a Cray XC40 featuring Intel Knights Landing (KNL) compute

nodes.

March
08/09

2022 Swiss Conference and HPCXXL User Group
meet online

Encouraging shared knowledge for over a decade, the 2022
Swiss Conference and HPCXXL User Group is again organised
online. From thought leadership to practical application, each
expert-led session provides a sampling of topical works, usage
models, and best practices addressing a range of interests, in-
cluding artificial intelligence, cloud data science, high-perfor-
mance computing, and much more.

Read
the article

Webinar: “User Lab: Getting started at CSCS”

This webinar focuses on presenting the CSCS User Lab. CSCS
staff gives instructions on how to access CSCS systems, adhere
to best practices, use different filesystems, manage computing
resources, and submit and monitor batch jobs.

Read
the article

Construction of 6 MW thermal power plant begins
next to CSCS

Lugano Industrial Companies (AIL), a partner of CSCS for elec-
tricity supply, announces the construction of a 6 MW thermal
power plant next to CSCS’s main building. Thanks to the residual
heat produced by CSCS'’s supercomputers and the heat pumps
planned for various facilities, a great deal of energy will be
saved. Construction work starts in May 2022 and last about six
months.

April
01

Node hours distributed in User Lab and PRACE
Calls

A total of 21 million node hours are distributed in the first na-
tional call for proposals and in the PRACE Tier-0 Call 24. The
allocation period is between April 1, 2022, and March 30, 2023.

06

CSCS meets students from USI at Long Night of
Careers

CSCS staff attends the Long Night of Careers at Universita del-
la Svizzera italiana (USI) to present a general overview of the
Centre and its offerings, such as internships, training courses,
and self-development. Moreover, student participants have
the opportunity to meet CSCS representatives in one-to-one
sessions to learn about possible careers at the Centre.


https://www.cscs.ch/publications/news/2022/the-final-shutdown-of-grand-tave
https://www.cscs.ch/publications/tutorials/2023/video-of-the-webinar-getting-started-at-cscs
https://www.cscs.ch/publications/news/2022/cscs-waste-heat-quo-vadis

Read Watch
the article the video

Webinar: “How to prepare the technical report for
proposal submission”

This webinar is for applicants to the CHRONOS Tier-0 Call and
the national calls for proposals at CSCS. It provides guidelines
for the submission and practical information on how to prepare
the needed technical reports.

May

Read Watch
the article the video

Webinar: Information about calls for proposals
This is a recurrent webinar that CSCS organises twice a year to
give applicants the necessary details on the CHRONOS, national,
and European calls for proposals. It also focuses on what is new
and different from previous calls and provides information
about the resources available in each call.

Read Watch
the article the video

In-person course: “In Situ Analysis and Visualization
with ParaView Catalyst and Ascent”

This half-day tutorial introduces ParaView Catalyst and Ascent,
two open-source implementations enabling in-situ processing.
Both packages share a joint project called Conduit, which pro-
vides an intuitive model for describing hierarchical scientific
data in C++, C, Fortran, and Python. The course covers how to
describe simulation data with Conduit; how Ascent or Catalyst
can transform data, render images, and export results; and the
pros and cons of both implementations.

19

Empa hosts hpc-ch Forum on Configuration
Management

The Swiss Federal Laboratories for Materials Science and Tech-
nology (Empa) hosts the Spring hpc-ch Community Forum on
Configuration Management. Representatives of the Swiss HPC
Service Provider Community meet to discuss how to manage
both small and large HPC systems.

Il ACTIVITY REPORT

Read
the article

CSCSbecomesSwiss provider of datainfrastructure
for Square Kilometre Array Observatory (SKAO)

CSCS announces its support for scientists of the Square Kilo-
metre Array Observatory (SKAO) consortium, which aims to
shed light on the universe’s first billion years. Along with other
centres around the world, CSCS will receive a portion of the
expected 700 petabytes of data generated annually by SKAO
- data waiting to be processed and analysed by the scientists.

-
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25

New CSCS offices open in Lugano

To support the staff growth in Lugano, new offices are rented
by ETH Zurich in a building 450 meters from CSCS headquar-
ters. The new offices include a total of 54 workplaces as well
as a kitchen, meeting rooms, collaborative rooms, and a room
designed to host hackathons.

11


https://www.cscs.ch/publications/tutorials/2022/video-of-the-webinar-how-to-prepare-the-technical-report-for-proposal-submission
https://www.cscs.ch/publications/tutorials/2022/video-of-the-webinar-information-on-the-upcoming-calls-for-proposals
https://www.cscs.ch/publications/tutorials/2022/video-of-the-course-in-situ-analysis-and-visualization-with-paraview-catalyst-and-ascent
https://www.cscs.ch/publications/press-releases/2022/cscs-becomes-swiss-provider-of-the-data-infrastructure-for-the-square-kilometre-array-observatory
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30/01

CSCS booth featured at ISC22

After a two-year break due to the pandemic, CSCS and the
Swiss HPC community are again present at the high-perfor-
mance computing conference and exhibition, ISC22, in Ham-
burg, Germany. Attendees discover the latest news about CSCS
and HPC in Switzerland while enjoying a cup of coffee and some
world-famous Swiss Chocolate.

June

Read
the article

Inauguration of supercomputer LUMI

The supercomputer LUMI, owned by the EuroHPC Joint Under-
taking and operated by a consortium of 10 countries, is inau-
gurated. As a member of this consortium, CSCS celebrates this

milestone with its colleagues in Kaajani, Finland.

Read Watch
the article the video

Webinar: High-performance computing with
Python

This three-day online course includes lectures and hands-on
sessions aiming to show how the programming language
Python can be used on parallel computer architectures and
how to optimise critical parts of the kernel using various tools.

20/27 B

PASC22 Conference in Basel

The PASC22 Conference — with the theme “Computing and
Data... For AllHumankind” - takes place at the Congress Centerin
Basel. More than half of the 400 attendees come from abroad,
continuing the conference’s growth in attendee numbers every
year since its inception. The technical program includes key-
note talks, mini-symposia, a peer-reviewed paper track, poster

sessions, and panel-style discussions.

July
03

Secretary generals of departments visiting CSCS
CSCS Director Thomas Schulthess welcomes the secretaries
general of the seven departments of the Swiss Confederation
and introduces them to the HPC and data challenges of the up-
coming years. Then the delegation had the opportunity to visit
the whole data centre infrastructure

B



https://www.cscs.ch/publications/press-releases/2022/lumi-a-european-powerful-green-supercomputer-to-solve-current-and-future-scientific-challenges
https://www.cscs.ch/publications/tutorials/2022/video-of-the-course-high-performance-computing-with-python
https://www.cscs.ch/science/computer-science-hpc/2022/pasc22-computing-and-data-for-all-humankind

11/21

Summer University 2022 on hybrid computing
systems

CSCS and Universita della Svizzera italiana (USI) host their
annual Summer University on effective high-performance com-
puting and data analytics both online and in-person. A total
of 100 students and working professionals logged on for the
two-week series of lectures and “hands-on” labs to learn about
CPU/GPU hybrid high-performance computing systems with a
special focus on data analytics. Twenty-two of the participants
also attended the three on-site days, from July 23-25, to enjoy
the social program and to meet colleagues and experts in

person for more in-depth networking.

August

Read Watch
the article the video

Webinar: “ReFrame - Efficient System and
Application Performance Testing”

This webinar presents ReFrame, a tool for writing portable
systems and application performance and validation tests, to
the scientific community. It focuses on the basic concepts of
the tool through examples.

Il ACTIVITY REPORT

September

02

User Lab Day held in Bern

CSCS welcome current and possible future users to a one-day,
in-person event at the Kongresszentrum Kreuz in Bern. Attended
by 81 researchers, the event provides ample time for present-
ing CSCS roadmaps and plans, as well as conversation with CSCS
staff about the current infrastructure and new services already
on the horizon.

KONGRESS
—ZENTRUM
KREUZ *=

Read
the article

CSCSsupports Corsa della Speranza (Run for Hope)
A group of 20 staff members and their families participate in
the Corsa della Speranza (Run for Hope) in Lugano. Celebrated
in more than fifty countries around the world, the event raises
awareness of cancer and raises funds for scientific cancer re-
search. The funds raised, consisting of both registrations and
donations, will be paid in full to the Ticino Cancer Research
Foundation, which supports international research projects in

Ticino.

13


https://www.cscs.ch/publications/tutorials/2022/video-of-the-webinar-reframe-efficient-system-and-application-performance-testing
https://www.cscs.ch/publications/stories/2022/cscs-supports-corsa-della-speranza

14

27/29

EuroHack22: GPU programming hackathon

The eighth GPU-programming hackathon takes place again, fi-
nally in person, at the Hotel De La Paix in Lugano. EuroHack22
engages a total of 8 teams comprised of 35 participants from
Switzerland and around the world. With the support of expert
mentors, the hackathon is designed to help researchers port

their codes to a GPU-hybrid supercomputing environment.

October

01

Node hours distributed in User Lab Calls for
Proposals

A total of 20 million node hours are distributed in the second
national call for proposals. As of this year, CSCS has also re-
opened the CHRONOS Tier-0 annual call to distribute resources
larger than 1 million node hours on CSCS'’s “Piz Daint” and the
LUMI system in Finland.

03/04

Swiss SKA Days held in Lugano

Universita della Svizzera italiana (USI), with the support of CSCS,
hosts the Swiss SKA Days conference with 106 participants. In
this sixth edition of the meeting, the Swiss participants in the
ambitious Square Kilometer Array (SKA) radio astronomy pro-
ject get together to present their activities and discuss the
challenges of this ambitious project, which is at the forefront
of technologies and calculations.

06

Autumn hpc-ch Community Forum focuses on user-
centric view of HPC

Campus Biotech in Geneva hosts the Autumn hpc-ch Commu-
nity Forum on the user-centric view of HPC. Representatives of
the Swiss HPC Service Provider Community discuss the efforts
of placing users at the center of the HPC infrastructure design.

Read
the article

Students from USI and ETH Zurich visit CSCS
Professor Olaf Schenk and the Institute of Computing (Cl)
welcome 80 bachelor’'s and master’s students from Universita
della Svizzera italiana (USI) and ETH Zurich for a tour of CSCS
headquarters.

Read
the article

Open public visits back on schedule

Visits open to the public were interruptedin 2020 due to Covid-19.
This year, CSCS opens its doors once again and welcomes visitors
interested in learning about our Centre. Every three months, peo-
ple can register for a presentation of the Centre that includes a
viewing of the technical infrastructure and machine room.

November

10

CSCS attends “Notte bianca delle carriere”

Through interactive stands, bilateral meetings, workshops,
and playful activities, the event promotes interaction and ex-
change between SUPSI students and companies in the Ticino
area. CSCS participates in the event to encourage students to

learn about the Centre and job opportunities there.



https://www.cscs.ch/publications/news/2022/students-from-usi-and-eth-zurich-visiting-cscs
https://www.cscs.ch/publications/news/2022/date-visite-guidate-del-cscs-2022-/-2023

10

Nuovo Futuro - Day to discover professions in the
IT sector

CSCS participates in a day organized by the Canton of Ticino to
help students discover professions in the IT sector. The attend-

ing middle school boys and girls learn about the different jobs
in the IT field at CSCS and get a glimpse of the world of HPC.

13/17

CSCS attends Supercomputing Conference 2022
CSCS presents its activities at the world’s largest supercom-
puting conference, SC22, in Dallas, Texas, USA. In a friendly and
inviting booth, visitors have the opportunity to ask about the
latest HPC developments in Switzerland and to have open dis-
cussions with CSCS technical staff attending the conference.

Il ACTIVITY REPORT

Read
the article

Torsten Hoefler receives Sidney Fernbach Award
2022

The IEEE Computer Society honours ETH Zurich professor Tor-
sten Hoefler with the Sidney Fernbach Memorial Award for
his pioneering contributions to large-scale parallel processing
systems and supercomputers. The ideas and software profes-
sor Hoefler and his group developed are actively used by tens
of thousands of scientists today to power large-scale scientific
simulations and artificial intelligence systems.

28/02 [F.

CSCS hosts EuroCC Kubernetes Hackathon

The EuroCC/CSCS Kubernetes Hackathon is held in Lugano.
A total of 46 participants work closely with experienced men-
tors throughout the immersive coding session to work on tasks
from their home institutions. The teams come from CSCS and
other institutions in Switzerland, as well as from NCCs of other

European countries like Austria, Norway, and Portugal.

15


https://www.cscs.ch/publications/news/2022/torsten-hoefler-receives-the-sidney-fernbach-award-2022
https://www.cscs.ch/publications/news/2022/kubernetes-hackathon-a-coding-week-at-cscs-supports-european-teams-learning-about-container-orchestrators

Tiziano Belotti

Name
Tiziano Belotti

Nationality
Swiss

Position
Associate Director

Working at CSCS since
October 2010

Background

1981-1987  Swiss Federal Diploma in precision mechanics & electronic engineering
1987-1990  Train driver, Swiss Federal Railways

1990-1994  Building automation project manager, Honeywell Zurich

1994-2008 HVAC and electric project manager, SSR SRG Idee Suisse

2001-2004  Swiss Federal Diploma in HVAC engineering



2009-2012  Diploma CECE / Minergie Expert, University of Applied Sciences and Arts of
Southern Switzerland

2015-2016  Federal diplomain Advanced Studies in Real Estate Management, University
of Applied Sciences and Arts of Southern Switzerland

2010-2022  Facility Management Group Leader, CSCS

2022-Present Associate Director, Head of Facility Management, CSCS

Specialisation

Technical installations. In particular, | am responsible for supporting the management in
the Centre's development strategy and in managing the maintenance, renovation, and
extension of the CSCS installations and buildings. | collaborate closely with the COO on
business continuity, risk management, and energy procurement. | also represent CSCS in
the cooperation with the buildings department of ETH Zurich for the planning and execu-
tion of new projects and renovations. A further strategic part of my job is to define the
CSCS facility requirements for IT procurement projects. | am responsible for and lead the
Facility Management Working Structure and its members.

What working at CSCS means for me

| have the opportunity to workin an international environment whilst enjoying the beauty
of an idyllic location such as Ticino. The melting pot of people with completely different
experiences, habits, languages, and social backgrounds allows each and every one to grow
and widen their horizons.

What | like most about my work at CSCS

For a job to be interesting to me, it needs to be dynamic, innovative, challenging, and give
me the opportunity to learn and grow continuously. My current position at CSCS satisfies
all the above on a daily basis!

What challenges me at my work

Because timelines for construction projects are significantly longer than those for the
procurement of supercomputers, one of my greatest challenges is to try to anticipate the
needs of future systems in order to prepare the building to accommodate them when
they arrive.



USER LAB

18

2022 marked the end of PRACE, the Partnership
for Advanced Computing in Europe, as a European
platform to share supercomputing infrastructure
of all member states among their scientists. Call
24 was the last of the biannually organized calls
for proposals, and CSCS successfully completed
its commitment as a PRACE hosting member,
distributing 7.96 million node hours to 5 Tier-0
proposals.

Asahostingmember, Switzerland had agreed to have "Piz Daint"
supercomputer available for cutting-edge PRACE research.
Back in 2017, CSCS was the only PRACE computing centre with
a scalable hybrid system that utilizes both graphics and con-
ventional processors, offering a peak performance of around 20
petaflops. Researchers in all PRACE member states were able
to apply for compute time on "Piz Daint", while researchers in
Switzerland gained access to infrastructure supplied by other
hosting member states. Applications for compute time from
CHRONOS (Computationally-Intensive, High-Impact Research On
Novel Outstanding Science) proposals, already established at
CSCS since 2014, were routed through PRACE instead.

The establishment of EuroHPC JU (European High Performance
Computing Joint Undertaking) has made PRACE change its focus
to function as a link between users (Association of Users) and
HPC Centres in Europe. The core business of the new PRACE
Association encompasses user representation, communication
and dissemination, networking and cooperation of HPC Cen-
tres and users in Europe.

Swiss computational and computer scientists in need of com-
puting and data resources can continue to apply for up to 1 mil-
lion node hours in the national Tier-1 calls, open twice a year,
with projects starting on April 1 and October 1. Larger Tier-0
proposals can be submitted in the annual CHRONOS calls,
which have a deadline in May and start allocation on October
1, either on CSCS research infrastructure or on the Swiss share
of LUMIin Finland. EuroHPC JU runs Extreme Scale Calls for Pro-
posals on LUMI, and Swiss scientists are encouraged to apply
there if they need very large resources.

Resources allocated in 2022

Usage statistics indicate some relevant changes with re-
spect to 2021. Chemistry & Materials allocations drop from
35% to 29% of available resources, and are now closely fol-
lowed by Physics at 28% (+11%). Life Science and Earth &
Environmental Science follow with 17% and 14% of the to-
tal allocation, respectively, only 1% less than last year. Me-
chanics & Engineering and Computer Science complete the
statistics with 11% and 1%, respectively.

EPFL and ETH Zurich are the largest users among institu-
tions with 18 and 16%, respectively. The Universities of
Zurich, Bern, and Geneva (11, 4, 3%), Empa (4%), and other
Swiss institutions (9%) are sharing the remainder of the re-
sources, as are international users whose utilization remains
high at about 35%. Like in previous years, the User Lab calls
are still the primary path to resource allocation for domestic
research institutions, but most of the international alloca-
tion has been granted in PRACE Tier-0 and CHRONOS calls.



List of PRACE Tier-0 Projects

USER LAB

Principal Investigator Organisation Research Field Project Title Node h

David Wilson University of Cambridge Physics Scattering amplitudes and charmonium resonances with physical light quarks 2 000 000

Savvas Zafeiropoulos  Aix Marseille University ~ Physics Neutron electric dipole moment with stabilized Wilson fermions: The theta term 1 970 600

Olaf Kaczmarek University of Bielefeld ~ Physics Curvature of the chiral phase transition line 1953000

Nikolina Ban University of Innsbruck  Earth & Environ. Science Mountain climate at the kilometre-scale resolution: Phase 2 (kmMountains) 1498 000

Lucie Delemotte Royal Institute of Life Science Structure and dynamics of ion-channel modulation by lipophilic drugs 1037800

Technology in Stockholm
Christoph Schar ETH Zurich Earth & Environ. Science Kilometer-resolution climate modeling on GPUs (kmCLIM3) 1000000
Raffaela Cabriolu EPFL Chemistry & Materials Thermal conductivity of metal-organic-frameworks (TC_MOFs) 582000
Largest Projects (> 600 000 Node h)

Principal Investigator Organisation Research Field Project Title Node h

Nicola A. Spaldin ETH Zurich Chemistry & Materials Coupled and competing instabilities in complex oxides 990 000

Urs Wenger University of Bern Physics Hadronic light-by-light scattering: the muon anomaly at next-to-leading order 920 000

Ursula Rothlisberger  EPFL Chemistry & Materials Assessing the impact of defects and interfaces in lead halide perovskite 900 000
based solar cells

Ben Schuler University of Zurich Life Science Interactions and dynamics of highly charged disordered proteins inliquid-liquid 900 000
phase separation

Mathieu Luisier ETH Zurich Chemistry & Materials Ab initio modeling of three-terminal valence change memory cells for 880000
neuromorphic computing applications

Paolo Ricci EPFL Physics Simulation of the tokamak boundary in reactor-relevant conditions 880000

Sandra Luber University of Zurich Chemistry & Materials Guiding the design of novel and highly efficient water reduction catalysts 840000
by ab initio methods

Peter Vincent Imperial College London Mechanics & Engineering  Investigating the effects of free-stream turbulence and non-sharp leadingand 804 400
trailing edges on flow over a triangular airfoil under Martian aerodynamic conditions

Daniele Passerone Empa Chemistry & Materials Effects of non-local electronic correlation in enantioselective properties 800000
of DBBA and 9-PBA on PdGa-surfaces

Nicola Marzari EPFL Chemistry & Materials Materials for energy 768 000

Laurent Villard EPFL Physics ORB5TCVHEAT 763 400

Sandra Luber University of Zurich Chemistry & Materials Advancing real-time propagation methods for spectroscopy in the 750 000
condensed phase

Constantia Alexandrou Cyprus Institute & Physics Nucleon electroweak matrix elements controlling two-particle states - towards 700 000

University of Cyprus a new frontier within lattice QCD

Andreas Fichtner ETH Zurich Earth & Environ. Science Hamiltonian Monte Carlo full-waveform inversion 700 000

Carlo A. Pignedoli Empa Chemistry & Materials Fabrication and characterization of magnetic carbon based nanomaterials 700 000

Ursula Rothlisberger  EPFL Life Science Multiscale simulations of biological systems: From simulations of DNA 700 000
damage and repair to the design of new metallodrugs and metalloproteins

Ursula Rothlisberger  EPFL Chemistry & Materials Mechanisms of passivation: A route towards more efficient and stable lead 664 000
halide perovskite based solar cells

Francesco L. Gervasio  University of Geneva Life Science Understanding the effect of pressure and lipids on the conformational 600 000
equilibria of B1AR

Ulrike Lohmann ETH Zurich Earth & Environ. Science  Understanding the role of aerosols and internal variability in climate and 600 000
understanding drivers of weather extremes

Franco Vazza University of Bologna Physics The Radio Cosmic Web2: The network of radio shocks and radio galaxies 600 000

19
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The programme of the Platform for Advanced Sci-
entific Computing (PASC) is currently in its third
cycle: From 2021-2024, a total of 15 projects are
underway. The overarching goal for this period is
both to position Swiss computational sciences in
the emerging exascale era and also to ensure ap-
plication readiness on CSCS's infrastructure.

Switzerland has been a member of the Square Kilometre
Array Observatory (SKAO) project since January 2022. There-
fore, two projects from the PASC programme that play an
important role in this ambitious collaboration are presented
here: "SPH-EXA2", led by Florina Ciorba, professor at University
of Basel; and "Next-Generation Radio Interferometry”, led by
Jean-Paul Kneib, professor at EPFL.

The declared goal of the Square Kilometre Array (SKA) is noth-
ing less than revolutionising our understanding of the uni-
verse and its fundamental physical laws. Furthermore, the SKA
Switzerland Consortium (SKACH) is intended to benefit both
research and industry.

The radio telescope — which, according to the consortium, will
be one of the largest scientific facilities ever built — is being
constructed at two locations: Australia and South Africa. In
Australia, about 131,000 stationary antennas will collect low-
frequency radio signals; and in South Africa, 197 dish antennas
will collect medium to high radio frequencies. All these anten-
nas combined will generate 600 petabytes of astronomical
data annually once operational. Both sites will have a high-per-
formance computing (HPC) data centre to collect and correlate
the data and to make it available to other data centres. With
the "Alps” infrastructure, CSCS will provide the platform to ana-
lyse the data, as well as build the competencies and workflows
needed to turn the data into scientific information. In SKA and
SKACH, CSCS staff are taking a leading role in building the de-
sired data platform.

In the two correlating PASC projects — as in all other PASC
projects — CSCS research software and HPC application engi-
neers are engaging with the academic teams and contributing
code developments, software engineering expertise, and more.

SPH-EXA2: High-performance simulation software made in
Switzerland

To simulate planet formation with high-resolution models or
the core collapse of dying stars and their subsequent explosion
(supernovae), 'is challenging. These numerical simulations per-
formed in astrophysics and computational fluid dynamics that
reproduce the behaviour of a fluid or plasma are among the
most computationally intensive calculations in HPC. This is be-
cause of the complex physics of the non-linear systems, as well
as the different size scales that need to be modelled. With the
computational resources currently available, either the compu-
tational scale, i.e. the resolution of the simulation and/or the
dimension, must be reduced; or, the physics involved must be
mapped using approximation methods, write Florina Ciorba,
head of the High Performance Computing research group at
the University of Basel, along with her two co-initiators of SPH-
EXA2 Lucio Mayer, professor of astrophysics at the University
of Zurich and Rubén Cabezén, senior scientist at University of
Basel, in their PASC project proposal. However, how these limi-
tations influence the results is not yet sufficiently understood.

The researchers aim to eventually achieve realistic simulations
with up to a trillion particles using new optimised codes and
the future exascale computer architectures, which will be able
to perform 1,018 computational operations per second. For
the SPH-EXA2 project, the researchers are using the smoothed
particle hydrodynamics (SPH) technique to solve the hydrody-
namic equations. With this empirical method, there is no fixed
grid point, so the coordinates move with the fluid being calcu-
lated. Although this simplifies the simulation of the system, it
also makes the calculations less efficient: since the coordinates
are not fixed, the system to be simulated is subject to constant
changes, which makes it is difficult to parallelise the calcula-
tions on the computer architectures.

Simulating subsonic turbulence with SPH-EXA2 on LUMI

In 2022, the SPH-EXA2 project, also financed by PASC, was se-
lected as a Swiss pilot project to run on the LUMI system. This
is an important milestone, as enabling Swiss codes on this pre-
exascale system is an explicit goal of the PASC programme. Sci-
entifically, the goal is to perform the most detailed simulation
yet of subsonic turbulence, which occurs when gas particles
are moving slower than the speed of sound.



It manifests as large eddies that become smaller and smaller
until all their energy has been thermally dissipated by viscosity.

Turbulent flows are recurrent phenomena in the interstellar
medium, and their importance is paramount in star and planet
formation as well as in stellar explosive scenarios, such as su-
pernovas. While supersonic turbulence and the accompanying
shock waves are reasonably captured by SPH methods, subsonic
turbulence is more difficult to model without static or moving
meshes. Improved SPH solvers, such as those implemented in
SPH-EXAZ, allow scientists to overcome the underlying numeri-
cal issues of not having a mesh. However, discreteness noise is
an additional problem plaguing subsonic turbulence simula-
tions using particle-based methods. Nevertheless, owing to its
superior scalability, SPH-EXA2 can simulate turbulence with a
much higher number of particles and will provide highly rel-
evant results in many areas. In astrophysical and cosmological
applications, for example, an accurate description of subsonic
turbulence will capture the diffusion of newly formed heavier
elements based on first principles and eliminate the need for
semi-empirical corrections.

In order to demonstrate the accuracy and performance of the
SPH solver in SPH-EXA2, the LUMI system was employed to sim-
ulate a gas cloud in which subsonic turbulence was artificially
induced. Compared to previous results obtained on CSCS’s "Piz
Daint", which themselves achieved unprecedented accuracy,
the SPH-EXA2 team was able to improve the resolution of the
turbulent fine-structure by another factor of 27. In a separate
sub-project of this pilot allocation, SPH-EXA2 was selected to
participate in the LUMI hero-run program that provided the
team with 12 hours of exclusive access to the entire LUMI sys-
tem. Aside from examining subsonic turbulence, this opportu-
nity was used to test the limits of the gravitational solver of
SPH-EXA2, another component that will work in tandem with
the SPH technique. Running on all the available hardware, SPH-
EXA2 sustained a processing rate in excess of 100 petaflops
and simulated eight trillion particles — eight times more than
what will be needed for the planned ExaPHOEBOS flagship sci-
entific application.

The team is convinced that its new simulation code underpins
Switzerland's outstanding position in experimental physics and
observational astronomy, and it's why they are an integral part
of the Swiss consortium for the SKAQ.
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Picture the Universe: Next-Generation Radio Interferometry

Converting the data collected by SKA into images is also a
particular challenge, because the received signals are incom-
plete due to the gaps between the antennas. These gaps cre-
ate artificial noise artefacts that result in a "dirty image”, ex-
plains Shreyam Krishna, a PhD student at the Laboratory of
Astrophysics at EPFL. Krishna is part of the research group led
by Professor Kneib of EPFL and Emma Tolley, group leader at
EPFLs Scientific IT & Application Support (SCITAS) platform,
who are both spearheading the Next-Generation Radio Inter-
ferometry project through PASC. One of the goals of the PASC
project "Next-Generation Radio Interferometry” is to develop
algorithms that quickly and reliably process the enormous
amounts of SKA data and calculate a clearer picture of the re-
ceived signals from these dirty images.

A mathematical method known as the Fourier Transform
makes it possible to convert the registered signals into com-
plete images. To put it simply, the Fourier Transform does the
same work as a prism does when it converts white light into its
constituent colours. The challenge with SKA, though, is how to
get from the incomplete signal recording to the actual image.
Unlike with optical telescopes, for example, where it is the dif-
fraction of light that blurs the image, with SKA there are also
the artificial noise artefacts that make it difficult to calculate
and reconstruct the image, even with the help of supercom-
puters like CSCS's "Piz Daint" or its successor "Alps".

To calculate a single image from the thousands of antennas,
researchers use a method called interferometry, which employs
algorithms of the so-called CLEAN family that have been used
for about 30 years. The algorithms calculate out the blurs and
produce a sharp image by assuming that the intensity distri-
bution of radio sources in the sky is a collection of so-called
point sources. In order to obtain a cleaned-up image from the
dirty image, the distortions of the point sources are repeatedly
recalculated and subtracted from the dirty image until it, or
the point source, is sharp. Depending on the telescope, this has
typically required 1,000 to several thousand iterations. Howev-
er, telescopes as large as the SKA and its much larger data rates
increase the iterations per image to at least tens of thousands
and up to a few million iterations. After all, if SKAO is fully op-
erational by 2030, as planned, the researchers expect a tera-
byte of data per second. This deluge of data can no longer be
handled by conventional algorithms within a reasonable period
of time, the researchers say.
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To handle this volume of data, the EPFL Center for Imaging has
developed a new algorithm called Bluebild, which can image
the sky more accurately and more efficiently than CLEAN. To
this end, the EPFL researchers in PASC are working together in
an interdisciplinary manner with specialists from the fields of
image processing, astronomy and radio astronomy, as well as
Big Data. The aim of the collaboration is, first, to optimise the
Bluebild algorithm so that it efficiently solves the problem of
the incomplete yet enormous data collection, and second, to
one day convert the received data into images in real time. As
a result of the collaboration, the optimised algorithm already
performs up to 600 times better on CSCS’ accelerated hard-
ware than on pre-existing code on CPUs.

"The trick with Bluebild is what's called eigenvalue decomposi-
tion," says Tolley, "which means, even before you do any imag-
ing, you split up all your signals according to brightness of the
different sources in the sky." In other words, all the light sources
are sorted from very bright to medium to low intensity. "The
eigenvalue decomposition allows us to isolate these different
sources in different flux levels, all in one go. Just by tuning the
signal a little bit, we remove 5 percent of the data, so we auto-
matically filter out the noise,” Krishna adds.

But the method has another advantage: By sorting the light
sources according to strength, it is possible to see very weak
sources that were previously covered by strong light sources.
"This eigenvalue decomposition gives us access to scientific
cases that were previously inaccessible," Tolley explains.

Astronomical amounts of data

When the SKAO goes into full operation around 2030, it is ex-
pected that over a period of about 50 years, roughly 10 exa-
bytes of data will be generated. For comparison, one exabyte is
equal to ten to the power of 18 — 1,000,000,000,000,000 bytes
to be exact. Processing and storing the data is a challenge that
Bluebild aims to better address. While researchers in PASC are
optimising Bluebild with the support of CSCS software devel-
opers, CSCS is also preparing everything to make portions of
the generated data available for independent research as soon
as possible.

The PASC Conference

The PASC Conference is an interdisciplinary meeting in
large-scale scientific computing, which has been held an-
nually since 2014. The conference fosters the exchange of
competence in scientific computing and computational
science, focusing on methods, tools, algorithms, applica-
tion challenges, and novel techniques and usage of high-
performance computing across various areas of computa-
tional science and engineering. The conference program
is organized around seven scientific fields: physics; life sci-
ences; chemistry and materials; climate, weather and earth
sciences; engineering; humanities and social sciences; and
computer science and applied mathematics.

The conference has grown in attendee numbers every year
since its inception — and last year had almost 500 partici-
pants from 28 countries. The technical program includes
keynote talks, minisymposium sessions, a peer-reviewed pa-
per track, poster sessions, and panel-style discussions.



The PASC Program

The Platform for Advanced Scientific Computing (PASC)
funds HPC software development projects that address the
broad availability, quality, and performance of software on
GPU-accelerated supercomputing platforms. Motivated by
an important science case, these projects develop the neces-
sary software to enable large scale calculations and lead to
Tier-0 applications. Furthermore, the PASC program plays a
crucial role in the evaluation and the co-design of the super-
computing infrastructure that serves the User Lab.

List of PASC Projects

Il USER LAB

PASC projects cover a wide range of scientific domains, and
the teams are interdisciplinary, including domain scientists,
computational scientists, mathematicians, computer scien-
tists and software engineers. The academic PlIs collaborate
closely with the PASC core team at CSCS that supports these
projects with code development and software engineering
expertise.

Principal Investigator Organisation

Research Field

Project Title

Approved funding (in CHF)

Paul Tackley ETH Zurich Earth & Environ. Science GPU4GEOQ: Frontier GPU multi-physics solvers 543 658.00
Thomas Driesner ETH Zurich Earth & Environ. Science FraNetG - Fracture Network Growth 489771.00
Nicola Marzari EPFL Chemistry & Materials Spectral properties of materials on accelerated architectures 488320.00
Juerg Hutter University of Zurich Chemistry & Materials Ab initio Molecular Dynamics at the Exa-Scale 448930.00
Dominik Brunner Empa Earth & Environ. Science HAMAM (HAM and ART Acceleration for Many-Core Architectures) 441 400.00
Torsten Hoefler ETH Zurich Computer Science & DaCeMI - Harnessing future hardware using Data-Centric ML Integration 440 986.00
High-Performance Computing
Florina Ciorba University of Basel Astrophysics/Cosmology SPH-EXA2: Smoothed Particle Hydrodynamics at Exascale 440000.00
Marina Marinkovic ETH Zurich Physics Efficient QCD+QED Simulations with openQ*D software 440 000.00
Dominik Obrist University of Bern Life Sciences MitrAccel - accelerated simulation of mitral heart valve biomechanics 440 000.00
Heini Wernli ETH Zurich Earth & Environ. Science KILOS - Kilometer-scale nonhydrostatic global weather forecasting 440 000.00
with IFS-FVM
Andreas Fichtner ETH Zurich Earth & Environ. Science Bayesian Waveform Inversion 428 955.00
Andrew Jackson ETH Zurich Earth & Environ. Science AQUA-D: Accelerated QulCC Application - Dynamo 401 500.00
Jean-Paul Kneib EPFL Astrophysics/Cosmology Next-Generation Radio Interferometry 386 713.00
Rolf Krause Universita della Computer Science & ExaTrain - towards Exascale training for Machine Learning 330000.00
Svizzera italiana High-Performance Computing
Michele Ceriotti EPFL Chemistry & Materials Machine learning for materials and molecules: toward the exascale 313525.00
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Dalle Molle Institute for Artificial Intelligence
Research IDSIA

Advancing general purpose sequence processing neural
networks, Kazuki Irie (Computer Science, 40 000 node h)

Improving systematic generalization of neural networks,
Jurgen Schmidhuber (Computer Science, 250 000 node h)

EPFL
Basic local gyrokinetic study of internal transport barriers,
Justin Ball (Physics, 277 000 node h)

Supporting Europe's path to net zero greenhouse gas emis-
sions, Stephan Brunner (Physics, 99 500 node h)

Modulation of protein/membrane structure and dynamics by
S-acylation, Matteo Dal Peraro (Life Science, 260 000 node h)

Effect of nanoparticles on shear-induced alignment of block
copolymer thin films, Javier Diaz Branas (Chemistry & Materials,
70 000 node h)

Shape-induced alignment in self-propelled dimers, Pasquale
Digregorio (Chemistry & Materials, 160 000 node h)

Stationary and dynamical properties of topological defects
in the active Brownian particles model, Pasquale Digregorio
(Chemistry & Materials, 150 000 node h)

Modeling of turbulence measurements with gyrokinetic simu-
lations and synthetic diagnostics, Oleg Krutkin (Physics, 250
000 node h)

Engineering the stability of metal halides: The route to eco-
friendly perovskite solar cells, Lorenzo Monacelli (Chemistry &
Materials, 200 000 node h)

Fluid simulations of plasma turbulence in the TJ-K stellarator,
Joaquim Loizu (Physics, 40 000 node h)

CO-induced restructuring of Cu nanocrystal, Kevin Rossi
(Chemistry & Materials, 36 000 node h)

Assessment of the importance of fluctuations and turbulence
in the divertor region of magnetically confined fusion plasmas,
Christian Theiler (Physics, 300 000 node h)
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Novel electronic phases in condensed matter systems, Oleg
Yazyev (Chemistry & Materials, 213 800 node h)

ETH Zurich

Architected materials for tailored elastic wave control: From
lattice-like to shell and bio-inspired structures, Andrea Colombi
(Mechanics & Engineering, 70 000 node h)

Extreme scale computing and data platform for cloud resolv-
ing weather and climate modelling, Anurag Dipankar (Earth &
Environmental Science, 500 000 node h)

Modeling seismic waveforms of induced earthquakes, Laura
Ermert (Earth & Environmental Science, 35 000 node h)

Simulations with quantified uncertainties and control of com-
plex systems across scales through learning their effective
dynamics, Petros Koumoutsakos (Computer Science, 403 000
node h)

Leading hadronic contribution to the muon magnetic moment
with C* boundary conditions, Marina Marinkovic (Physics,
300 000 node h)

Large Eddy simulation of sequential combustors, Nicolas
Noiray (Mechanics & Engineering, 278 000 node h)

Institute for Snow and Avalanche Research SLF
Representation of land-atmosphere interactions in complex
terrain: Applying HICAR to study snow-atmosphere processes
and characterization of meteorological forcings for cascading
processes in a changing climate, Rebecca Mott (Earth & Envi-
ronmental Science, 60 000 node h)

Istituto Ricerche Solari IRSOL
Realistic magneto-hydrodynamic simulations of solar and stel-
lar atmospheres, Fabio Riva (Physics, 220 000 node h)

Italian Institute of Technology Genoa

First principles study of the ammonia decomposition reaction
in lithium imide catalyst: combining machine learning with en-
hanced sampling, Manyi Yang (Chemistry & Materials, 300 000
node h)
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Paul Scherrer Institute

Mechanism of gas transport in argillaceous rocks at saturated
and partially condition from molecular dynamics simulations
and pore scale modelling, Sergey Churakov (Earth & Environ-
mental Science, 50 000 node h)

Molecular mechanism of Tc and Pu adsorption on magnetite
by ab initio simulations and spectroscopy, Sergey Churakov
(Earth & Environmental Science, 255 000 node h)

Thermodynamic model for competitive adsorption of cations
on clays by ab initio simulation and X-ray spectroscopy, Sergey
Churakov (Earth & Environmental Science, 266 000 node h)

Multiphase simulation of flow within porous mineral deposit
layers (CRUDS) formed on top of zirconium alloy nuclear reac-
tor fuel cladding using lattice Boltzmann framework, Nikolaos
Prasianakis (Earth & Environmental Science, 100 000 node h)

Mesoscopic modeling of counter-diffusion experiments co-pre-
cipitation of metal with carbonates in porous media, Nikolaos
Prasianakis (Earth & Environmental Science, 100 000 node h)

Recycling of iodine in the upper troposphere, Antoine Roose
(Chemistry & Materials, 312 000 node h)

Physical Meteorological Observatory Davos /
World Radiation Centre

Exploring future dangers for the ozone layer and its connec-
tion to climate, Timofei Sukhodolov (Earth & Environmental
Science, 209 000 node h)

SUPSI
Understanding the impact of trodusquemine on the dynamic
formation of lipid raft, Gianvito Grasso (Life Science, 35 000
node h)

Universita della Svizzera italiana
Computational investigations on innovative NMDA channel
blockers, Andrea Cavalli (Life Science, 35 000 node h)

Massively parallel global sensitivity analysis for power systems,
Juraj Kardos (Computer Science, 60 000 node h)

Unraveling G-protein coupled receptor activation mechanism
through ps-long atomistic molecular dynamics calculations,
Vittorio Limongelli (Life Science, 190 000 node h)
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In-silico ligand competitive binding assay using coarse-
grained molecular dynamics simulations, Vittorio Limongelli
(Life Science, 141 000 node h)

University Hospital Zurich
Self-supervised algorithms for skin lesion and management
(Salesman), Javier Garcia Barranco (Life Science, 12 000 node h)

University of Basel

Density functional and machine learning schemes for struc-
ture predictions and free energy calculations, Stefan Goe-
decker (Chemistry & Materials, 400 000 node h)

University of Bern

Design-based computational study of the leaflet motion and
flow characteristics of 3D-printed fibre-reinforced aortic
valves, Pascal Corso (Life Science, 62 500 node h)

OVERSHOOT: Ocean impacts of temporarily overshooting the
Paris Agreement, Thomas Frolicher (Earth & Environmental
Science, 140 000 node h)

Dissolution mechanism of alkali-silica-reaction (ASR) by ab ini-
tio metadynamics, Kostantinos Karalis (Chemistry & Materials,
224 000 node h)

Influence of geometrical aortic wall parameters on three-
dimensional laminar-turbulent transition mechanisms past
bioprosthetic aortic valves, Dominik Obrist (Life Science, 200
000 node h)

Characterization and process understanding of extreme
cyclones in the Mediterranean during the late Holocene
(HARPYIE), Christoph Raible (Earth & Environmental Science,
180 000 node h)

University of Fribourg

Structural and dynamical characterization of canonical and
non-canonical binders TCRs in a lipid environment, Josephine
Alba (Life Science, 150 000 node h)

Molecular insights on the mode of action of Re(l) antibacterial
complexes, Pablo Campomanes (Life Science, 145 000 node h)

Let there be fat: the molecular mechanism of neutral lipid
synthesis by the acyltransferases DGAT1 and ACAT1/2, Stefano
Vanni (Life Science, 400 000 node h)



University of Geneva
Monte Carlo Simulations of the medium mass nuclei for the
DArk Matter Particle Explorer (DAMPE), Maksym Deliyergiyev
(Physics, 215 000 node h)

University of Rome 2

Effect of mutations on the electroosmotic flow in biological
and de novo designed b-barrel nanopores, Mauro Chinappi
(Chemistry & Materials, 90 000 node h)

University of Zurich
Trapping noble gases in metal-organic frameworks, Jirg Hut-
ter (Chemistry & Materials, 300 000 node h)

Catalysis under cover: The case of the hybrid hBN/Cu20/Cu
heterostructure, Marcella lannuzzi (Chemistry & Materials,
300 000 node h)

Renewals

Dalle Molle Institute for Artificial Intelligence
Research IDSIA

Meta learning general purpose reinforcement learning algo-
rithms, Jirgen Schmidhuber (Computer Science, 100 000 node h)

EPFL
A single-cell atlas of spinal cord injury, Quentin Barraud (Life
Science, 200 000 node h)

Dynamics of minority species in 3D fusion plasmas: Uncon-
ventional fast ion heating, Jonathan Graves (Physics, 100 000
node h)

Accurate determination of energy levels in advanced electron-
ic-structure calculations, Alfredo Pasquarello (Chemistry & Ma-
terials, 200 000 node h)

Photocatalytic and photovoltaic applications for energy har-
vesting from sunlight, Alfredo Pasquarello (Chemistry & Mate-
rials, 277 000 node h)

Large-eddy simulation of large-scale wind-farm flows, Fer-
nando Porté-Agel (Mechanics & Engineering, 156 000 node h)
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ETH Zurich

Simulation of drying and deposition processes in deforming
porous materials at pore scale using innovative hybrid LBM
approaches, Jan Carmeliet (Mechanics & Engineering, 50 000
node h)

Simulating the dynamics of marine extreme events and their
impact on ocean biogeochemistry, Nicolas Gruber (Earth &
Environmental Science, 200 000 node h)

General large batch methods for scalable and accurate neural
network training, Torsten Hoefler (Computer Science, 120 000
node h)

The origin of magnetism in planets and stars, Andrew Jackson
(Earth & Environmental Science, 494 500 node h)

Lattice Boltzmann simulation of compressible and reactive
flows, llia Karlin (Mechanics & Engineering, 150 000 node h)

Computation of forward and inverse problems for statistical
solutions of compressible fluid flow, Siddhartha Mishra (Com-
puter Science, 314 880 node h)

Climate, extremes, and land-climate dynamics, Sonia Senevi-
ratne (Earth & Environmental Science, 36 000 node h)

Agent-based multiphysics modelling of bone turnover: Estab-
lishing preclinical and clinical tools for exploring the patho-
physiology of aging, Harry van Lenthe (Life Science, 68 000
node h)

Simulating the first steps in fertilization, Viola Vogel (Life Sci-
ence, 270 000 node h)

Institute for Snow and Avalanche Research SLF
Blowing snow dynamics and its impact on snow cover and
theatmospheric boundary layer, Michael Lehning (Earth & En-
vironmental Science, 215 000 node h)

Paul Scherrer Institute

Dynamics of porous catalytic particles in fluidized beds for bi-
ogas methanation, John Mantzaras (Mechanics & Engineering,
40 000 node h)
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Stanford University
Scaling the Legion programming system, Alex Aiken (Computer
Science, 36 000 node h)

Universita della Svizzera italiana

LongAF: in silico study of the combined effect of structural and
electrical heterogeneities in long episodes of atrial fibrillation,
Simone Pezzuto (Life Science, 180 000 node h)

University of Bern

Climate, land use and biodiversity pathways for sustainable
futures, Edouard Davin (Earth & Environmental Science, 36 000
node h)

SAVECARBON, Fortunat Joos (Earth & Environmental Science,
287 000 node h)

University of Geneva
Digital blood: A study of platelet transport in blood, Bastien
Chopard (Life Science, 235 000 node h)

University of Lausanne
Study of the TWIK1 channel ion selectivity modulation by the
pH, Olivier Bignucolo (Life Science, 137 000 node h)

Analysis of the activation pathway of acid-sensing ion
channels, Stefan Kellenberger (Life Science, 112 000 node h)

University of Zurich
Outflows in simulated massive galaxies at high redshift, Luigi
Bassini (Physics, 100 000 node h)

CP2K program development, Jiirg Hutter (Chemistry & Materi-
als, 96 000 node h)

Vulcan Inc.

Enabling a global storm-resolving climate model on hybrid
supercomputing infrastructures for machine learning of physi-
cal parametrizations, Oliver Fuhrer (Earth & Environmental
Science, 120 000 node h)
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Monica Frisoni

Name
Monica Frisoni

Nationality
Swiss

Position
Software and Database Engineer

Working at CSCS since
September 2015

Background

2005-2008 Master's in Computer Science, ETH Zurich

2008-2009  Assistant at the University of Lugano, Faculty of Informatics

2010-2012  Application Architect at UNIC, Zurich

2012 Senior Software Engineer at uFirst Group, Zurich

2012-2015  Senior Software Engineer at Ente Ospedaliero Cantonale (EOC), Bellinzona
2015-Present Software and Database Engineer, CSCS



Specialisation

| am focused on working and dealing with various types and amounts of data, from which
we need to extract useful and strategic information for the Centre. The quality and com-
pleteness of the data allows us to have the means to verify what is happening, anticipate
and prevent any errors, and analyse the trends in order to better define future goals.

What working at CSCS means to me
Working in an academic environment of national importance is very enriching and moti-
vating. CSCS gives me the opportunity to continue to grow, train, and improve my skills.

What | like most about my work

| like being surrounded by people with both different and common interests. This allows
me to gain knowledge and understanding every day, and it is always a stimulus to continue
to differentiate and explore fields other than mine during my daily work.

What challenges me at my work

Data has and is becoming increasingly important, and this allows us to be creative and
open to new ideas, technologies, and solutions. | find it interesting — and challenging —
to be able to extract useful and important information starting from simple raw data. By
combining this data together with technical knowledge and business needs, we can struc-
ture the information in a way that better guides the Centre in making decisions.
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Scientists use CSCS's "Piz Daint" to simulate this foaming waterfall with many thousands of individual bubbles. (Image: CSElab, ETH Zurich)

Whether in the wake of a waterfall, on a cappuccino, or as an
agent used in industry — foam is omnipresent. Simulating
foam is a complex problem that has troubled researchers for
years. Until now, only simulations of a few dozen flowing bub-
bles were feasible because of the high computational cost of
larger, realistic representations. However, realistic simulations
could greatly facilitate the production of emulsions and foams
with desired properties — for example for foods and cosmetics.

Now, a team led by Petros Koumoutsakos, a former professor
at ETH Zurich and now at Harvard University, has developed a
new, more efficient method to simulate foams. The researchers
based their procedure on the volume-of-fluid (VOF) method,
in which individual foam bubbles are represented on a grid. To
prevent two bubbles in the same grid cell from being regarded
as connected, individual volume fraction fields are used to cal-
culate individual bubbles. The computational demand involved in
this calculation is, however, proportional to the number of bub-
bles in the simulation — too high to represent realistic systems.

Koumoutsakos and his team found a solution to overcome this
limitation: they succeeded in combining several volume frac-
tion fields, and thus keeping the number of fields constant.

Thus, the cost of a simulation no longer depends on the num-
ber of bubbles. In particular, the new method called Multi-VOF
considers multiple layers of volume fraction fields and labels
the bubbles with colours to distinguish them. Based on this
idea of colour labels, the scientists developed an algorithm to
identify sections of the same bubbles distributed across differ-
ent grid cells. This way, the researchers reduced the complexity
of the calculations.

Using this method on "Piz Daint", the researchers succeeded in
simulating an unprecedented 20,000 interacting bubbles. They
performed several simulations such as bubble formation in mi-
crofluidic devices, or a miniature waterfall, and validated them
using experimental data. According to the researchers, the new
Multi-VOF algorithm also captures complex processes such as
the breakup of bubbles and can be used to realistically simulate
a large variety of flows.

Reference
Karnakov et al. (2022): DOI: doi.org/10.1126/sciadv.abm0590


https://www.cscs.ch/science/mechanics-engineering/2022/new-method-cracks-simulation-of-foam-formation

Read
the article

IV FOCUS ON SCIENCE

The "hexatic” (intermediate between a solid and a liquid) phase of water is simulated with almost fixed but rotating water molecules.

(Image: Christoph Schran, University of Cambridge)

Be it for more efficient solar cells, tiny electronic components,
or clean fuels: material scientists are constantly searching for
promising chemical compounds. However, until now, accurate ab
initio calculations of a materials’ structures were only feasible
for a small number of 100, rarely 1 000 atoms over experimental
timescales. Now, Venkat Kapil, an Oppenheimer Research Fellow
at University of Cambridge, UK, and his team have developed
an approach that uses so-called machine learning potentials
(MLPs) in combination with quantum-mechanical simulations
to speed up computations. This way, they hope to realistically
simulate tens of thousands of molecules.

One of the challenges in the process lies in simulating the sta-
bility of a material by calculating its ‘free energy’ With their
new approach, the researchers can rigorously including all
physical effects in the simulations at a moderate computation-
al cost. By doing so, they were able to reproduce the relative
free energies for a variety of molecular crystals in agreement
with experimental results. The development of such MLPs can
be generalized across other crystal structures and will facilitate
the search for thermodynamically stable materials of impor-
tance to industry, say the researchers.

More recently, the team has even used this approach to predict
the full phase diagram and properties of monolayer water con-
fined in nanometre-sized graphene-like channels. Water, after
all, is what makes life possible. Nonetheless, it is still not fully
understood. The team applied MLPs to obtain a phase diagram
of this monolayer water structure in a wide pressure and tem-
perature range. According to the researchers, the phase dia-
gram shows that monolayer water exhibits a surprisingly rich
and diverse phase behaviour that depends on the temperature
and van der Waals pressure in the nanochannel. Among other
things, they found evidence of a hexatic phase that lies be-
tween a solid and a liquid, and a superionic phase with a high
electrical conductivity. This conductivity should exceed that of
batteries by up to a factor of 1,000. "The stability of superionic
water at easily accessible conditions in confinement means
that we can perhaps think of it as a technologically useful ma-
terial in future," Kapil says.

Reference
Kapil et al. (2022): DOI: doi.org/10.1073/pnas.2111769119
Kapil et al. (2022): DOI: doi.org/10.1038/s41586-022-05036-x
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A snapshot from the simulation of one of the six-jet Pelton turbines of the Gletsch-Oberwald power plant: Each of the six injectors feeds the buckets
of the turbine runner with a high-velocity water jet. Since the forces are violent, there is a risk of mechanical stress if the turbine is operated under
pressures and velocities for which it is not specifically designed. (Image: HES-SO Valais-Wallis Hydroelectricity Group)

Hydropower has long been Switzerland’s traditional and price-
less bonus in clean energy. But especially small and medium hy-
dropower plants must now change: They need to better adapt
to seasonal changes and, due to a new tariff system, meet the
fluctuating needs of the market. “Such a flexible operation is
not trivial, since it will impact the lifetime of the Pelton tur-
bines used in most alpine hydropower plants,” explains Cécile
Miinch-Alligné, a professor at the School of Engineering at HES-
SO in Valais, Switzerland. With simulations run on “Piz Daint”,
her team recently investigated if and how run-of-the-river
plants can indeed be operated flexibly.

The team based their simulations on the Gletsch-Oberwald fa-
cility in the Swiss canton Valais. It is powered by water from
the Rhone river, which is guided through a pressure tunnel 300
metres down to two Pelton turbine units. The turbines’ runner
geometry is specifically designed for this given height differ-
ence and potential energy it holds, called “head” in technical
terms. “If it changes, this can result in hydrodynamic instabili-
ties that cause vibrations and fatigue on the components,” says
Miinch-Alligné. Her goal was therefore to predict the influence
of head variations on the torque of the runner.

The team’s simulations combined two methodologies to rep-
resent the complex water flow in a Pelton turbine: on the one
hand a single-phase flow inside the turbine’s injectors, where
no air is present and pressure is high, and on the other hand,
the flow at the outlet of the injectors where the water con-
tacts open air and undergoes a velocity boost. The results of
the simulations investigating 12 different turbine operating
conditions showed that the head can be lowered substantially
— to a head value as low as 210 metres. A little lower, and the
turbine's efficiency decreases in a sharp drop, while vibrations
on the runner increase.

The results were confirmed by measurements in the Gletsch-
Oberwald plant. According to the plant owners’ estimates, the
newly established flexible use when water levels are low will
more than double the plant’s energy production in winter.

Reference
Alimirzazadeh et al. (2021): DOI: doi.org/10.1088/1755-1315/774/1/
012033

Minch-Alligné et al. (2021): DOI: doi.org/10.1088/1755-1315/774/1/
012037


https://www.cscs.ch/science/mechanics-engineering/2022/swiss-hydropower-from-slow-and-steady-to-flexible-and-ready

<

FOCUS ON SCIENCE

Read

the article
Jetin Oxfordshire, UK, is the largest existing nuclear fusion reactor of the tokamak type. The image shows the interior of the reactor with anillustration
of the burning plasma blended in on the right. (Image: Wikimedia commons, EUROfusion)
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In February 2022, fusion technology reached a new milestone:
Researchers of the joint European undertaking EUROfusion
generated 59 megajoules of energy from a 5-second-long
plasma pulse using the Joint European Torus (JET) fusion ex-
periment facility located in Oxfordshire, UK. This corresponds
to the energy generated by burning 1.6 litres of oil, “which is
impressive if you consider that the energy was created from
a mere 0.1 milligrams of hydrogen and only released 0.1 mil-
ligrams of helium,” says Laurent Villard, an adjoint professor at
EPFL. He is investigating fusion plasma through simulations us-
ing the CSCS supercomputer “Piz Daint”.

Among other things, his team studies the physics of future ex-
periments in ITER, the large research fusion reactor being built
in southern France, where the plasma will have a 10-fold larger
volume than in JET. In particular, the scientists study the ef-
fect of the high-energy helium created by the fusion reaction.
“Their energy is, in fact, what makes the fusion reaction self-
sustaining, but such fast-traveling helium ions can also trigger
unwanted instabilities in the plasma,” says Villard. His team has
recently developed a new functionality in their ORB5 code that
allows them work towards understanding this balance, such
as, how these fast helium ions are driven, and how they are

e
i

damped. Also, the team newly implemented the modelling of
microwave heating in their code. “We need to understand how
plasma particles react to such an energy feed and how best to
use microwaves to regulate the plasma”

In addition, the research projects conducted by Paolo Ricci, an
associate professor at EPFL are focused on the outer rim of the
plasma and the interaction with the reactor wall. Recently, his
team performed a large set of simulations on “Piz Daint” to
test the effect of factors like input power, size of the device,
plasma volume or plasma density on plasma-wall interactions,
and plasma turbulence. From the results, the scientists were
able to derive the equation to calculate the maximum achiev-
able plasma density for a certain reactor configuration, mean-
ing the maximum density before plasma turbulence becomes
too potent to allow for a confined plasma. “Going towards ITER,
we have to prepare and learn about such properties and limits,”
says Ricci.
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This simulation shows (left) a hexahedral finite-element mesh of the skull and brain and (right) a snapshot of the resulting ultrasound simulation.

(Image: ETH Zurich/research group Andreas Fichtner)

Seismologists are wave specialists: They map the Earth's in-
terior by recording the propagation of waves through matter.
From these data, they can draw conclusions about the materi-
als’ composition and properties. Incidentally, the same applies
to ultrasound waves used in medical imaging. That's what has
led Andreas Fichtner, head of the Seismology and Wave Physics
Group at ETH Zurich, to also study medical ultrasound.

In a first project, Fichtner’s group developed ultrasound meth-
ods for the early detection of breast cancer. More recently, the
team is investigating the brain. Their aim: to create a method
to one day enable doctors to monitor stroke patients or iden-
tify brain tumours. So far, however, ultrasound imaging through
hard structures like the skull has been difficult because bone
reflects and dampens most of the incoming waves.

To overcome these challenges, the team is currently simulating
the propagation of ultrasound waves through the brain on the
"Piz Daint" supercomputer by developing algorithms that per-
form these calculations over complex grids known as meshes.
They employ a software package named Salvus that was origi-
nally developed for seismic simulations and uses a method par-
ticularly well suited for high-contrast materials—like brain tis-
sue and bone. Also, while conventional ultrasound only uses the

arrival time of the waves, this new method exploits the shape,
frequency, velocity, and amplitude of waves, and can therefore
produce medical images that offer doctors more detailed in-
formation for patient diagnoses.

To create their model, the researchers use an MRI scan as a
reference and then adjust the parameters used in the ultra-
sound calculations until the simulated image matches the MRI.
The result is a quantitative reconstruction instead of the less
informative greyscale image from conventional ultrasound.
This makes it possible to distinguish between different tissue
types—Ilike healthy brain from tumour tissue.

One of the remaining challenges is the complex geometry of
the skull with eye, nose, and jaw cavities. To address this, the
team is working to create individual numerical meshes that
are made up of deformed cubes (hexahedra) for arbitrary skull
shapes, thereby accelerating the calculations by 100 to 1000-
fold. And: The same methods may be transferable to other
body parts like knees or elbows—a promising basis for devel-
oping a corresponding ultrasound device.

Reference
Marty et al. (2022): DOI: doi.org/10.1117/12.2611548


https://www.cscs.ch/science/physics/2022/imaging-the-brain-with-ultrasound-waves

Read
the article

IV FOCUS ON SCIENCE

This simulation shows the open-state model of a sodium channel (grey ribbon) in its membrane environment (white surface). A t-helical defect in
the helices lining the pore (orange) promotes pore hydration (water depicted as cyan surface) and ion conduction across the membrane.

(Image: Lucie Delemotte)

Our dreaming, or the movement of our muscles are depend-
ent on signals being transmitted to muscle or nerve cells via
ion transfer through channels in the cells' membrane. "If the
function of these ion channels is impaired by genetic muta-
tions, this can lead to diseases such as epilepsy or muscular
paralyses,” says Lucie Delemotte, an associate professor at the
KTH Royal Institute of Technology in Stockholm, Sweden. Her
research is focused on understanding the function of these ion
channels to help treat such diseases better in the future.

One of the questions her group addressed is the mechanism
of how these ion channels open their pores, which was not
fully understood. Clear was, however, that ions can only pass
through the channels’ pores if these are hydrated. To investi-
gate the opening mechanism and the role of water molecules
in more detail, the team performed molecular dynamics simu-
lations on "Piz Daint".

Their subject was a bacterial ion channel with a supposedly
open structure as described in experiments. To the surprise
of the researchers, however, the simulation revealed the pores
to be closed for ion passage. Fortunately, a special circum-
stance helped the researchers to understand the appearance
of the channel being permeable: to speed up the simulation,

the team increased the membrane potential five to ten times
higher than what is found in reality or possible in experiments.
Due to this unusually high voltage field, they caught a confor-
mational change in the ion channel pore. In the simulation, the
researchers were able to observe a kink spontaneously forming
in a certain protein a-helix of the pore’s structure, which led to
the formation of another structure known as a T-helix.

Following this observation, Delemotte's team designed a
dedicated "m-model”, with which they showed that a specific
rotation of this m-helix leads to a spontaneous hydration of
the pore, and ultimately enables its opening as well as stable
ion exchange. The researchers also hypothesised that such an
opening model could apply to eukaryotic channels as well. In-
deed, just recently, experimental researchers reported a trans-
formation from a a-helix to a T-helix in a human channel.

Reference
Choudhury et al. (2021): DOI: doi.org/10.1016/j.bpj.2021.12.010
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Specialisation

| am currently responsible for the HPC platform service offered to the users of CSCS. This
role involves ensuring that the underlying internal services comprising the current plat-
form “Piz Daint” are working as intended and are being properly supported. This means |
facilitate communication in my everyday work. In the case of an intervention becoming
necessary on the system, for instance, | assist in organizing the work internally so that it
causes as little impact to the users as possible. | also centralize the monitoring of the plat-
form, ensuring the desired level of quality. The data is collected through tools observing
the system’s state directly, but also through more indirect means, e.g., the service requests
submitted by users. Finally, a service offered to users like this HPC platform, naturally, is
subject to continuous development in order to adapt to changing requirements, be it the
users’ workflows or from a system perspective. The latter is particularly true today with
the next generation production system “Alps” arriving at CSCS.

What working at CSCS means to me

Working at CSCS is exciting due to it being a national supercomputing centre, which gives
me the opportunity to work on technology not available in many other places. Moreover,
contributing to the centre’s efforts of providing reliable systems is important to me, be-
cause thisis what enables our users in Switzerland and abroad to advance with their work.

What | like most about my work

As a service manager, | have to keep a more system-wide view of the solutions that are
delivered to our users. | find it interesting to plan and implement a system at a level that
others rely on for their daily work. In addition, | like the working environment. Being part
of teams with members from different disciplines and different cultural backgrounds is
always interesting; and, when it comes to tackling a problem, | have the impression that a
wider solution space is considered in such groups.

What challenges me at my work

For the use cases that are run on our systems, there is usually no one-size-fits-all solution.
Accommodating the different user needs within a single platform can be difficult at times
and makes for an interesting challenge. Also, being inside a research environment, it is not
always easy to find the balance between a stable, established system and moving to the
next new technology.
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The term "high-performance computer" already implies a high energy demand. Energy efficiency is
therefore a central consideration in the procurement and use of supercomputers at the Swiss National
Supercomputing Centre (CSCS) — just as it was during the planning of the new building in Lugano more

than a decade ago.
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The five-storey office block has been built to meet the Minergie Eco standard and offers a total surface area of 2600 square metres (Image: CSCS)

CSCS develops and operates a high-performance computing
(HPC) and data research infrastructure that supports world-
class science in Switzerland, including research at CERN and
the Paul Scherrer Institute (PSI). High-performance computers
and the simulations performed on them are indispensable for
research where theory reaches its limits or experiments are im-
possible. Neither the universe nor the climate, for example, can
be reproduced and observed in the laboratory. Simulations also
support experimental researchers in the search for new, stable
material compounds that are used, for example, in efficient so-
lar cells, electronic components, or medicines; simulations now
even make it possible to predict biological processes that were
only seen afterwards in experiments.

High energy efficiency in computer design
In 2012, CSCS procured the high-performance computer "Piz
Daint", one of the world's most energy-efficient computers in

the petaflop performance class (a computer that can perform
a quadrillion computing operations per second) at the time. A
collaborative initiative in which CSCS worked closely with hard-
ware manufacturers, software developers, mathematicians,
and scientists made this achievement possible. CSCS has since
launched the Platform for Advanced Scientific Computing
(PASC) as part of the High Performance Computing and Net-
working (HPCN) strategy adopted by the ETH Board. On one
hand, this involves working with hardware manufacturers to
select energy-efficient hardware, such as graphics processing
units (GPU), and thus build modern, energy-efficient computer
architectures. On the other hand, PASC supports the optimi-
sation of codes and algorithms in the software used by the
researchers within these modern computer architectures, so
research is carried out more efficiently and goals are reached
faster than on conventional supercomputers — saving not only
time, but also energy.


https://www.cscs.ch/science/computer-science-hpc/2022/at-cscs-energy-efficiency-is-a-key-priority-even-at-high-performance

The latest computer technologies continue to improve in this
regard. Take "Piz Daint" for example, which has been upgraded
several times with more efficient processor generations: Since
the Green500 list of the world's most energy-efficient comput-
ers was introduced in 2013, the supercomputer has been in
the top 10 a total of five times. In November 2016, it was even
listed in second place among the world's most energy-efficient
computers. With "Alps", which is scheduled to go into opera-
tion in 2023, CSCS will again increase the energy efficiency rela-
tive to the computing power many times over, thanks to new
technologies. Already today, there are systems similar to "Alps"
that are able to perform up to five times more computing op-
erations per watt than previous technologies. "Alps" is thus ex-
pected to put CSCS once again in a top position worldwide in
energy efficiency in supercomputing.

Carbon-neutral electricity

CSCS sources 100 percent of its electricity from hydropower
and is carbon neutral. Furthermore, the energy consumption of
the entire Centre in 2021 was around 37 gigawatt hours with
an average output of around 4 megawatts. By way of com-

V INSIGHTS

parison, the CERN and PSI research facilities have electricity
requirements of 1300 gigawatt hours and 126 gigawatt hours
respectively, according to recent media reports.

In addition to "Piz Daint", CSCS also operates the MeteoSwiss
computer and other systems on behalf of partners and houses
the ETH Euler computer and the Blue Brain computer. These
partner systems account for approximately 35 percent of the
total energy demand of the Centre. In addition, CSCS also pro-
vides computing capacity on "Piz Daint" — and eventually on
“Alps” — to the MARVEL materials research network, the Uni-
versity of Zurich, and the PSI.

High efficiency starts with infrastructure

Careful planning made CSCS one of the world's most energy-
efficient data centres in the world when in it opened in August
2012, and it remains so today with a PUE (Power Usage Effec-
tivness) rating below 1.2. The PUE value indicates how effec-
tively the supplied energy is consumed in a data centre. The
closer the value approaches to 1.0, the more energy-efficient
the data centre.
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The new supercomputing infrastructure "Alps” is expected to be in a top position worldwide with respect to energy efficiency. (Image: CSCS)



74

Powered by the water circuit as it flows back toward Lake Lugano, these two micro-turbines in the pumping station produce an extra 200 megawatt hours
of energy per year. (Image: CSCS)

Even ten years after the new building was completed in Lu-
gano, additional new data centre buildings still aim for "only" a
PUE below 1.2. This is also the case for ETH Zurich's plans for a
data centre on the Hénggerberg campus (more on this soon).

The CSCS data centre especially owes its energy efficiency to
its sophisticated and innovative cooling system that uses lake
water from Lake Lugano. The cooling infrastructure is designed
to cool high-performance computers with an output of up to
14 megawatts — research infrastructures such as "Piz Daint"
or its successor "Alps" — in a so-called first cooling circuit. This
cooling circuit is also used to cool the Minergie-certified CSCS
office building in summer.

After the first cooling cycle, the relatively heated water in
the second circuit is still able to cool computers with a total
output of up to 7 megawatts. The second circuit cools, among
other things, the air of housings — known as cooling islands —
in which these smaller systems and data storage devices are
housed.

The CSCS building is also heated with the waste heat from the
return of the second cooling circuit together with a heat pump.
The heating flow is thus low at 30 degrees Celsius. Thanks to
this carefully designed system, one and the same infrastruc-
ture is used in the office building for heating in winter and cool-
ing in summer.

Energy synergy
In order to reduce the energy demand as much as possible and

to reuse energy where possible, CSCS has taken even further
innovative measures in recent years: Before the water circuit
enters the lake again, it drives two micro-turbines to produce
even more electricity. At 200 megawatt hours per year, the
electricity generated by the turbine covers more than 30 per-
cent of the energy needs of the pumping station itself, which
pumps the water over a distance of 2.8 kilometres and 30 me-
tres uphill to the data centre.

Additionally, the waste heat from the computers is not only
used to heat the CSCS office building. Together with the Ticino
electricity supplier AIL (Aziende Industriali Lugano), CSCS built
an infrastructure that supplies heat to the city of Lugano as
well as the new campus of the Universita della Svizzera italiana
with the SUPSI University of Applied Sciences — the campus
requires around 742 megawatt hours of thermal energy per
year to heat the buildings. AlL is also currently building a ther-
mal power plant that will make it possible to produce a further
six megawatts of heat with the waste heat from CSCS. The heat
output can eventually be increased to up to 30 megawatts
when combined with heat pumps.

All'in all, the operation of CSCS's high-performance computers
is embedded within a well thought-out and sustainable energy
strategy.
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Specialisation

| develop and implement communications for internal and external audiences, including
staff, partners, stakeholders, and media. | am responsible for all the content to promote
CSCS's brand image, activities, and products. | mainly act as a liaison between CSCS, the
employees, the public, and the media to ensure that the brand remains top-of-mind. My
activities range from managing the website and social media channels to the internal
newsletter, publications, and working on employer branding activities to ameliorate the
perception of CSCS as an employer.

What working at CSCS means to me

Working at CSCS means working in an academic, international, and constantly developing
environment. It means being able to be in contact with different realities and continually
updating myself to keep up with the multiple changes. It also means being proud to work
for a national organization that stands at the front of science and technology and helps
to make great strides in scientific research and our society.

What | like most about my work

What | like most is that | deal with communication at 360 degrees. I'm not specialized in
anything specific, and | do not have to work only on one side of the communication; but
| can work on all internal and external communication activities. This has broadened my
knowledge and skill set. | like that | learn something new daily and that CSCS allows me to
take courses and training that expand my knowledge.

What challenges me at my work

The communications industry changes year after year, especially as communications
technology and platforms continue to evolve. Work, for example, is now predominantly
remote and digital, and we are losing the in-person part. This means that, now more than
ever, we have to put a greater emphasis on effective communication. However, establish-
ing optimized communication procedures tailored to everyone’s needs is not easy. It re-
quires a great deal of effort and some creativity. In addition, CSCS has grown a lot in recent
years, and along with it the number of activities and events related to communication. It
is often challenging to do everything consistently and sustainably, which raises the impor-
tance of standards and clear processes.
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Expendltures in CHF User Lab Third Party Total
HPCN-24 Investments 11188 996.23 0.00 11188 996.23
New System 10095 375.82 10095 375.82
Data Center 381 544.51 381 544.51
Secondary Installation 712 075.90 712 075.90
IT Investments 99 361.05 1354 756.40 1454117.45
Personnel 11 423 385.29 5039 556.40 16 462 941.69
Payroll 11 246 522.65 5039 556.40 16 286 079.05
Further education, Recruitment 176 862.64 176 862.64
Material expenses 10339 270.87 3119 365.62 13458 636.49
Maintenance building & technical infrastructure 538910.79 59 000.00 597 910.79
Energy 3162323.35 955 987.95 4118 311.30
Maintenance hardware, Licenses, 4293 079.46 369 182.16 4662 261.62
IT services & Telecommunication
Remunerations, Marketing, Workshops, 1410 490.92 544 651.51 1955 142.43
Services, Travel, Membership fees
Granting of funds for PASC projects 934 466.35 934 466.35
Granting of funds for EuroHPC LUMI 1190 544.00 1190 544.00
Total expenditures 33051 013.44 9513 678.42 42 564691.86

Income in CHF User Lab Third Party Total
Contribution ETH Zurich 21770 014.00 21770 014.00
Contribution ETH Rat - HPCN investments 20100 000.00 20100 000.00
Contribution ETH Rat - PASC initiative 3270985.00 3270985.00
Contribution SERI - EuroHPC LUMI 1190 544.00 1190 544.00
Research collaboration projects 3029993.09 3029993.09
Services for paying customers 8258 409.23 8258 409.23
Other income 328951.19 328 951.19

Total income

45140999.00

12 807 897.51

57 948 896.51
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User Lab Expenses Development in CHF

2019 2020 2021 2023
Investments 5507 317 11647611 25642 089 12643114
Personnel 15158 424 16 398117 16 735133 16 462 942
Other material expenses 12660 330 14927 812 13779635 13458 636
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Specialisation

I'm focused on various aspects of concurrency and parallelism in C++. I'm responsible for
maintaining and developing a task-based runtime for use in projects at CSCS. A large part
of my work involves helping and educating users to allow them to get the best perfor-
mance out of their applications.

What working at CSCS means to me

| get to help science and scientists move their work forward in understanding the world.
Despite my own work only occasionally being in direct contact with scientists, it moti-
vates me to know that it is contributing to something useful for all of society.

What | like most about my work

The most valuable thing about working at CSCS is the people, who are kind, patient, and
from whom | always find something new to learn. At the same time, it motivates me every
day to know that I'm working on technologies that are at the leading edge of progress,
and occasionally we get to push that edge a bit forward as well.

What challenges me at my work

Every day brings new technical challenges, whether it's a high-level APl design that needs
to fit a user's wishes or a concurrency bug deep in a runtime. This forces me to think and
rethink about how | approach problems, to learn new techniques, and constantly push
myself forward.



User Lab Usage by Research Field

Research Field Node h %
Chemistry & Materials 12 746 893 29
Physics 12 458 975 28
Life Science 7358629 17
Earth & Environmental Science 6273935 14
Mechanics & Engineering 4886911 11
Computer Science 683728 2
Total Usage 44 409 071 100
User Lab Usage by Institution
Institution Node h %
International 15 462 301 35
EPFL 7966 851 18
ETH Zurich 7083010 16
University of Zurich 5030735 11
Other Swiss 3946 368 9
University of Bern 1962 797 4
Empa 1636941 4
University of Geneva 1320068 3
Total Usage 44 409 071 100
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Computing Systems Overview

Name Model Installation / Upgrades  User TFlops
Piz Daint Cray XC50/ Cray XC40  2012/13/16/17 User Lab, CHIPP 27154 +2193
Tsa/Arolla  Cray CS-Storm 500 2020 MeteoSwiss 1169
Alps HPE Cray EX 2020 User Lab, Research & Development, UZH, CHIPP 4719

Computing Systems Specifications

Name Interconnect Type CPU Type Cores Sockets GPUs Nodes
Piz Daint Cray Aries Intel Xeon E5-2690 v3/Nvidia Tesla P100 12 1 1 5704
Intel Xeon E5-2695 v4 18 2 1813
Tsa/Arolla 100 Gb Ethernet Intel Xeon Skylake 6143 Nvidia Tesla V100 8 2 8 18
Intel Xeon Skylake 6148 20 2 0 20
Alps HPE Cray Slingshot ~ AMD EPYC 7742 64 2 0 1024
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Website cscs.ch

2021 2022

Total Website Visitors 79907 73215

Average Website Visits (Minutes) 2:52 1:.92
New Visitors Visitors Origin

Returnig Visitors

13%\

Visitors from
Switzerland
29%

Visitors from _~

other Countries

\New Visitors 71%

87%

Top 5 Most Visited Website Pages

ﬁ CSCS Homepage www.cscs.ch

ﬁ Piz Daint www.cscs.ch/computers/piz-daint/

Working at CSCS www.cscs.ch/about/working-at-cscs/

ﬁ Staff www.cscs.ch/about/staff/

# About CSCS www.cscs.ch/about/about-cscs

Instag fam @ 2021 creation of the CSCS page

2021 2022

Followers 158 209
Twitter y

2021 2022

Followers 2025 2166



https://www.cscs.ch/
https://www.cscs.ch/computers/piz-daint/
https://www.cscs.ch/about/working-at-cscs/
http://www.cscs.ch/about/staff/
http://www.cscs.ch/about/about-cscs

https://www.instagram.com/cscs.ch/
https://twitter.com/cscsch

LinkedIn m

VI FACTS & FIGURES

2021 2022
Followers 9 496 10125
YouTube u
2021 2022
Watch Time (Minutes) 469 866 354180
Average View Duration (Minutes) 4:46 3:32
Number of Views 98 400 89800
Facebook ﬁ
2021 2022
Followers 259 265
CSCS in the News
2021 2022
News Websites 232 133
Print 75 77
Radio & TV 9 8
Word Cloud of News Related to CSCS
beschleunigt
neuronalen

Atomkerne

Physiker aUSgeEht

erschmolzen

stellten

Fusionsanlage

Alps Tessin . .
Fusionsenergie

Training SOftware Wlssenschaﬂ valey melden . ..

meteo

Energieweltrekord~ Pfuus cscs

ricerca Netzen

Sekunden Ticino

Wissenschaftler

Vorausschauende
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https://www.linkedin.com/company/cscs
https://www.youtube.com/user/cscsch
https://www.facebook.com/CSCS-1486988184942005/
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A user satisfaction survey was submitted to 2 441 users in January 2023. The response rate was 14.7% (360 answers).

User Profile

Your institution

Other Swiss 2% _University of Basel 1%

University of Fribourg1%
University of Bern

3% University of Geneva 1%

E 3%
AL ETH Zurich
PSI \ /" 25%
6%
MeteoSwiss
7%

International |
Institutions 8%
~_ EPFL
Universita della 18%

Svizzera italiana 10%

Umverswty of Zurich
15%

Your position

Master Student
4%

Professor
7%

Staff Scientist
31%

PhD Student
28%

\ Post-Doc

29%
Which HPC resources are you using?

CsCs
96,9%

HPC resources in own department/institute

Your scientific field

Data Science
3%

Life Science

10% Earth & Environmental

/" Science 20%

Mechanics &
Engineering 10%

Computer Science
C10%

_Physics

24%
Chemistry &

Materials 18%

For my reserach, CSCS resources are

Somewhat important Not important
5%\ |2%

Important

15% ™\

~__Essential
Very important _~ 55%

23%

s5.5% [ I N

International HPC resources -
17,9%

HPC resources at other Swiss Institutions
8,9%

Commercial HPC resources
1,8%

\ \
0%  10%

\ \ \ \ \ \ \ \
40%  50%  60%  70%  80%  90% 100% 110%

120%



User Support

How do you rate the quality of...

Helpdesk support
System support
Application support

The offer of training courses and user events

How fast does support handle your request?

The reaction time of the helpdesk is

The time to solution for the support requests is

VI FACTS & FIGURES

0

Service Availability, Stability and Usability

How you perceive...

The availability of CSCS services?
The stability of CSCS services?

The ease of use of CSCS services?

The run time limits for batch jobs are

Too short

26% \

\_Adequate

T4%

Very poor Poor Fair Very good Excellent
50 60 70
Very slow Slow Acceptable Fast Very fast
E—— E—
|-
| —
10 20 30 40 50 60
60
Very poor Poor Fair Very good Excellent

50

The job waiting time in the queue is

Lon
19% ™\

Too long

6% |

\_Acceptable

75%
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Project Proposal Process

Have you been submitting project proposals to
CSCS (as Pl or supporting the PI?)

Yes
38% ™\
~.No
62%

How do you perceive the submission process?

The submission portal is

The quality of the submission formis

The support provided during the call is

The feedback from scientific reviewers is

The feedback from technical reviewers is (when given)

The information provided by the panel committee is

Adequacy of Allocated Resources

The resources assigned to my project are

Insufficient
17%

88

\ Sufficient

83%

Is the reviewing process transparent?

Very poor Poor

9% \

No

)

Fair

\ Yes

91%

Very good

Excellent

40

My storage allocation on “project” is

Insufficient
16%

\ Sufficient

84%

50

60




Application Development

Do you develop and maintain application codes?

VI FACTS & FIGURES

Howdoyourate the offeredrange of programming
tools (compilers, libraries, editors, etc.)?

Poor
3%

Fair

24% ™\

Excellent /

31%

Which programming languages and parallelization paradigms are you using primarily?

\
0% 10% 20% 30% 40% 50% 60% 70% 80%

- T

. N O

Fortran

o

OpenCL l

Python

Julia .

" ]

coent -
OpenACC -I

HPX |

89



Information & Communication

How well do you feel informed about... Very poorly Poorly Just fine Well Very well

Status of the services

Software and applications

Hardware configuration

Available computing resources

Own allocations

Your consumption of your allocation
Upcoming events and courses
Future developments at CSCS

50

Perception of CSCS

How has the communication between CSCS and My general view in the last year is that CSCS
the user community developed during last year?  (systems, services, support) has

Improved a lot / Worsened a lot / Worsened Improved a lot
Worsened 1% *“o\ 3%

-

Improved
20% \ ‘
Improved
29%

\_Remained

unchanged 79%

~._Remained

unchanged 64%
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CSCS Swiss National Supercomputing Centre
Via Trevano 131

6900 Lugano

Switzerland

Phone +41 916108211
Fax +41 91610 82 09
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