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Purpose and Scope

< Chart progress in topical research that relies on computing

< |dentify user requirements in a rapidly changing environment and make
recommendations

< Target audience:
Scientific community, funding agencies, policy makers
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H Panels and Chapters

Climate, Weather and Earth Sciences (Boris Kaus)
Energy, Net-zero Strategy (Frank Jenko)

Engineering and Industrial Applications (Simone Hochgreb)

Fundamental Sciences (Luciano Rezzolla)

Life Sciences (Modesto Orozco)

Materials (Matej Praprotnik)

Social Sciences and Humanities (Simon Scheidegger)

Al and QC (Petros Koumoutsakos, Bertil Schmidt, Simone Montangero, Frank Wilhelm-Mauch)
Infrastructure (Philippe Segers)
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Climate, Weather and Earth Sciences

Accuracy of ECMWEF weather forecast models

—r

98.0 -

< Physics-based simulations remain the gold

3 days
Al models—< _..«.,

Standard 52 o ~physics-based models
< Climate modelling with km-size resolution '

60.0 | o
< Al techniques increasingly important W
¢ OUtperfOrm trad|t|0na| S|mUIat|OnS in ShOrt' 100 988 1992 1996 2000 26'02,\ 2008 2012 2016 (20202)024
Year

to medium-term weather forecasting
* Al-assisted long-term climate modelling

* uncertainty quantification in Solid Earth Sciences
(seismology, groundwater flow, volcanic activity)
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Life Sciences

< Simulation-based methods (MD) account for
sizeable fraction of supercomputer usage

< Computational biology transformed by Al/M
* predicts alternative conformations of proteins

* Al-driven simulation techniques (MLFFs

< Topics and challenges: -
* In silico representations of multi-scale models

— European Virtual Human Twin

* large-scale agent-based simulations
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=25
=50

< Confront theoretical predictions with experiment -
* basic constituents of matter (— lattice QCD)

S DN B~ O

75 50 25 0 -25-50-75 75 50 25 0 -25-50-75 75 50 25 0 -25-50-75
x [pas] x [pas] x [pas]

* origin and evolution of the Universe S I ———

< Rely on leadership-class computational pestn]
infrastructure — Al plays minor role ows| T e

_____________________________________________________________________________________________________
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» early adoption of GPU hardware .
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» contributes to R&D effort on Quantum Computing — 3 ;
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H Social Sciences and Humanities

5000

4000

I < Dramatic surge in applying HPC and Al
* * model trade policies, market stabillity, effects of
climate change

3000

N° Documents

2000

1000

» data acquisition and analysis of visual content and
teXtS USing LLMS 0 2014 2016 2018 2020 2022

< Skills gap between natural and social sciences

< Usage patterns of HPC differ substantially in Social Sciences
— must be reflected in access patterns
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H Executive Summary

| Scientific Computing is undergoing a huge transformation,
driven by the emergence of Artficial Intelligence and Machine Learning

Shift in computing paradigms across many scientific disciplines
Implications for preferred hardware: CPU / GPU / TPU
GPU/TPU: optimised for Al applications and low arithmetic precision

Computational requirements increasingly defined by industry
(“Science is not in the driving seat”)
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H Executive Summary

I < Al challenges “traditional” massively parallel supercomputer concept with
double-precision capabillity

< QC on the horizon: transformative technology, still fraught with
considerable technical difficulties

< Dramatic shift in geopolitical landscape

< Economic stability, global supply chains, digital autonomy
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H Recommendations

< Recommendations designed to
* ensure leading role of European science and industry

» satisfy needs of different scientific communities

< Reqguirements
* Diverse and powerful hardware environment

» Significant investments in new technologies
» Data accessibility that conforms to societal and judicial standards
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Recommendations

1. Sustain Long-Term Investment in diverse High-Performance and Advanced
Computing Infrastructure
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Recommendations

1. Sustain Long-Term Investment in diverse High-Performance and Advanced
Computing Infrastructure

heterogenous computing ecosystem; both CPU and GPU-based systems,;
clearly articulated post-Exascale roadmap role of European science and industry
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Recommendations

1. Sustain Long-Term Investment in diverse High-Performance and Advanced
Computing Infrastructure

heterogenous computing ecosystem; both CPU and GPU-based systems,;
clearly articulated post-Exascale roadmap role of European science and industry

2. Strengthen Education, Training and Sustainable Career Paths
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Recommendations

1. Sustain Long-Term Investment in diverse High-Performance and Advanced
Computing Infrastructure

heterogenous computing ecosystem; both CPU and GPU-based systems,;
clearly articulated post-Exascale roadmap role of European science and industry

2. Strengthen Education, Training and Sustainable Career Paths

extend education and training to professionals outside computing;
stable & attractive career paths in academia and public research institutions
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Recommendations

Sustain Long-Term Investment in diverse High-Performance and Advanced
Computing Infrastructure

heterogenous computing ecosystem; both CPU and GPU-based systems,;
clearly articulated post-Exascale roadmap role of European science and industry

Strengthen Education, Training and Sustainable Career Paths

extend education and training to professionals outside computing;
stable & attractive career paths in academia and public research institutions

Enable Broad, Equitable and Flexible Access to Computing and Data Resources




Ah 44 “E& .5 IRELAND2026.EU

viZsUser Days ..

Recommendations

Sustain Long-Term Investment in diverse High-Performance and Advanced
Computing Infrastructure

heterogenous computing ecosystem; both CPU and GPU-based systems,;
clearly articulated post-Exascale roadmap role of European science and industry

Strengthen Education, Training and Sustainable Career Paths

extend education and training to professionals outside computing;
stable & attractive career paths in academia and public research institutions

Enable Broad, Equitable and Flexible Access to Computing and Data Resources
access policies must reflect workflow patterns; data-intensive analyses; urgent computing

w 7’:'-»
%35 EuroHPC
« 157 Joint Undertaking
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Recommendations

I 4. Promote Software Sustainability, Co-Design and Long-Term Maintenance
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Recommendations

| 4. Promote Software Sustainability, Co-Design and Long-Term Maintenance

hardware-software co-design, modernisation of legacy codes; portability;

: EU-wide initiatives: Centres of Excellence, long-term funding lines for SW-development

14
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Recommendations

4. Promote Software Sustainability, Co-Design and Long-Term Maintenance

hardware-software co-design;, modernisation of legacy codes; portability;
EU-wide initiatives: Centres of Excellence, long-term funding lines for SW-development

5. Integrate Al, Data and Simulation in a Responsible and Trustworthy Framework
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Recommendations

4. Promote Software Sustainability, Co-Design and Long-Term Maintenance

hardware-software co-design;, modernisation of legacy codes; portability;
EU-wide initiatives: Centres of Excellence, long-term funding lines for SW-development

5. Integrate Al, Data and Simulation in a Responsible and Trustworthy Framework

convergence of Al with physics-based modelling, simulation and data-driven approaches
(“digital twins”);
ethical governance framework, transparency, accountability and societal trust



SEuroHPC  Dublin Ireland (ICHEC e YA .
dUser Days 22-24 September 2026 B

rry
rry
-
A d

Infrastructure

. -
Y% IRELAND2026.EU EERS o Yoint Underta
W, Tl ke AT

)]
o

W
o

Mi GPU node-hours

< EuroHPC JU oversees transformation 100
0 —3¢—Total EuroHPC GPU resources  —®= o ireme scale and regular calls
of Europe’s computing landscape ° _ sof
+ Legacy Platforms to Al Factories 28 60 "
% Fraction available to non-Al projects g
has decreased over time g 20 I
< Necessitates compensation for ST 202 2024 2025 2026

simulation-based science
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H Summary and Outlook

Scientific excellence is a driver of innovation

Huge progress enabled by Al applications should not come at the expense
of simulation-based science

Distribution of resources must be science-driven and accompanied by full
accountabillity

Al/QC revolution in the US largely driven by risk-capital;
resources vastly exceed European public funding

Europe must draw In the private sector if it is to compete successftully

* e
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Future Requirements of Lattice Field Theory
Calculations on European High-Performance

Computing Facilities

Antonio Rago — Chair EuroLFT

EuroHPC User Forum Feedback Session
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EuroLFT represents Europe’s LFT community

A new generation of calculations is needed to meet the experimental demand in terms of
precision and to further our understanding of the fundamental building blocks of the universe.

Represented institutions across Europe - a shared voice for HPC

European network for
Lattice Field Theory

EuroLFT connects the European LFT

community, representing its interests in dialogue
with EuroHPC-JU and CERN.

Related U.S. setup: USQCD
Representing the majority of LFT research in the USA.
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Regular and Extreme Scale calls: Lattice Field Theory accounts for a large share of Computational Physics allocations
Extreme Scale Access (Dec 2022-Oct 2023) -
Regular Access call (Dec 2021- Nov 2023) - Research domains distribution -
— Research domains distribution awarded projects
0/
26%
Regular Access calls
Computational Physics allocation
5 1 0/ @® Biochemistry, Bioinformatics, Life Sciences, Physiology and Medicine Chemical Sciences and Material, Solid State Physics
o Chemical Sciences and Material, Solid State Physics Earth System Science & Enviromental Studies
Earth System Science & Enviromental Studies @ Engineering, Mathematics and Computer Sciences
@ Computational Physics: Universe Sciences, Fundamental Constituents of Matter =~ @ Computational Physics: Universe Sciences, Fundamental Constituents of Matter
Extreme Scale ca"s @ Engineering, Mathematics and Computer Sciences

Computational Physics allocation

ro|
Jaint Undertaking
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Lattice is a recurring Extreme Scale user

Project counts show a 27-33% lattice share in 2023-25

Percentage of project counts, not computing hours - total includes lattice
Lattice share of EuroHPC Extreme Scale project awards

I 100% A
21
g
. . £ 60%
Lattice projects g
of 74 awards, 2023-25 5
I @
20% 1 30.8% o 33.3%
3 O o) / 8 lattice / 26 total e e 1 lattice / 3 total
~
o % 2024
. - Allocation start year
Lattlce Share In eaCh B | attice QCD / gauge theory Other Extreme Scale projects

year, by project count
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Lattice QCD codes are engineered to scale
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Decades of algorithm, software, and hardware co-design have carried lattice workloads across successive HPC architectures

Architecture-aware software

Data layout, kernels, solvers and
communication evolve with hardware

Scalable production codes

Community codes run from a node to large
CPU/GPU partitions

Co-design and benchmarking of processors,
accelerators, and interconnects.

Weak scaling

Bandwidth [TB/s]

16 a2 64 128 256 512 1024
Number of GPUs

Strong scaling

128 2
B

32 64 128 256 512 1024
Number of GPUs

Bandwidth [TB/s]

Machine - LUMI-G —~ JUWELS

NVSHMEM FOR STRONG SCALING LATTICE QCD

EXTERIOR

oo
a
000 z
3
] £
9
|
= |
.
o I e e—
Size: 24* size: 16* size: 12¢ Size: 8¢
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Lattice QCD codes are engineered to scale

Decades of algorithm, software, and hardware co-design have carried lattice workloads across successive HPC architectures

Architecture-aware software

mance Computing, Symposium on

C System Dedicated to LQCD

Data layout, kernels, solvers and
communication evolve with hardware

PARALLEL mputi
COMPUTING Computing

CP-PACS: A massively parallel processor at the
University of Tsukuba
—

Scalable production codes

Community codes run from a node to large

CPU/GPU partitions

QCDOC: A 10 Teraflops Computer for Tightl <
Caleulations =

PA. Boy

2. Dong,
RD. Mawh

Co-design and benchmarking of processors,
accelerators, and interconnects.
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FLOPs are not enough

Fewer iterations expose data movement

Classic CG — Preconditioning

baseline Krylov solve fewer iterations
-

Low-mode acceleration

Deflation Multigrid
explicit low-mode coarse-grid low-mode
correction correction

Fewer iterations make data movement more visible

Memory bandwidth, latency, communication, and overlap increasingly determine time-to-solution.

i EIRE2026.EU SS3aEET
(ICHEC . IRELAND2026.EU Eé&'. '.'ﬁg EuroHEc
2r I T T
a=0.1m .- The Berlin Wall (2001)
1.5 - 1000 configs. 4——""—/ J
[ L=23fm

\

T—  Ukawa (2001)

05 [
:, R T B R 3 Luscher (2004)

Historical example: solver advances moved the “Berlin wall”

TFlops*years




EuroHPC Dublin Ireland ICHEC
User Days 2224 September 2026 (ICHEG

el e
RE2026.EU eEEr %133
ELAND2026.EU EEES.  oiFE EuroHPC
SO

A balanced system

Useful science depends on the whole node-to-network path

Memory bandwidth Interconnect

Sparse Dirac kernels e Low latency + high bandwidth
’ Usable

science

. A - .
Memory capacity / I \ Precision
Working sets + subspaces | Reliable FP64 / mixed precision

I
I/0 and storage

Ensembles, observables, and long-lived data
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A software ecosystem that makes it

Hé%t?i@ode path is part of the infrastructure

Portable Centre-side CI Shared expertise Knowledge hubs
performance
Maintained CPU/GPU Representative lattice RSE capacity and co- Centres of Excellence
paths and a stable codes catch compiler, design link science share proven approaches
toolchain over the system stack, and hardware teams with centres. and identify common

needs across related

lifetime. regressions early. scientific communities.

A system that cannot run a community code reliably is not a usable scientific system.
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ILDG: configurations as primary data

Programmatic access keeps lattice configurations useful after generation

Programmatic access Federation of regional grids

Configurations are primary data. Shared identifiers and

metadata let analysis workflows locate and retrieve them Since 2003, ILDG has connected repositories in Europe, the UK, the

US, Japan and Australia.

reproducibly.
UK Latti Field Thi 2rma 5
10_1 oo TB 1 0+ years Edm!;n:;\eP:;nomhemy Eﬂﬁc?«ﬂ"'&‘.ﬁ'yyéﬁiﬁ)y
JLDG, Japan
USQCD, USA >% Tsukuba
storage per ensemble independent reuse Fermilab/JLab
250 T T
S &/ O ETMC,Ni=2+141
225+ O OpenLat, Ny=2+1
O
00 @ CO@) ¢ i O MILC, N=2+1+1
200 o © © o) O JLab/WRM/LANL/MIT, Ni=2+1 SISM, Ansudle
< Adelaide
3 o © o O CLS,Ni=2+1
s 1751 ©X O BMW,N=2+1
E
E | o} O RBC/UKQCD, Ny=2+1
(=0 O O PACS,Ni=2+1
'@@' """" S RmEm— S CLQCD, Ni=2+1
”5 : ILDG 2.0
ool | G 2.0 today
004 006 0.08 010 012 014 0.6
a[fm) Token-enabled access, redeployed catalogues and updated

metadata are fully operational.
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Five enablers

An operating model for usable scientific capacity

Recognise domain experts in review
Use science-specific benchmarks
Publish a 5-10-year roadmap

Build RSE and CoE capacity

Host data infrastructure

(ICHEC
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Include relevant scientific expertise in allocation and technical
review panels.

Run community benchmarks during procurement and acceptance
of new systems.

Give communities time to plan software ports, co-design and
training.

Support their creation and sustained collaboration across scientific
communities.

Provide storage, catalogues and programmatic access alongside
compute allocations.
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More usable science

Not just more FLOPs

Balanced hardware + Sustainable software +
Expertise + Data

A successful European system turns allocation into durable
scientific value.



