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WHAT IS A SUPERCOMPUTER? SRR

Compute nodes
- avery powerful computer, most recently in
the form of a computer cluster, i.e. a ‘
connection of many ordinary computers

together, usually by a special high-speed ‘

network

Data storage
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COMPUTATIONAL POWER

FLOP = Floating point operation
Computational complexity - number of floating point operations FLOPs
Computing power - number of floating point operations per second FLOPS (FLOP/s)

1 000 kiloFLOPS kFLOPS 103
1 000 000 megaFLOPS MFLOPS 106
1 000 000 000 gigaFLOPS GFLOPS 10°
1 000 000 000 000 teraFLOPS TFLOPS 1012
1 000 000 000 000 000 petaFLOPS PFLOPS 10%°
1 000 000 000 000 000 000 exaFLOPS EFLOPS 1018

1 000 000 000 000 000 000 000 zettaFLOPS ZFLOPS 1021
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MOORE'S LAW

Performance Development

- The number of transistors on

10 EFlopls o the same area doubles every
C )
1 EFlopls o ‘”:“““g 2 years
100 PFlop/s ‘.0".. anankhss - Processor power doubles
P e every 2 years
10 PFlop/s & A
* A -
3 1 PFlop/s LW Lk
% ” AAMA‘ ....l"-
€ 10 TFiopis '.." = ._-'" 2016 567 2,1
1 TFlop/s o.‘ AA““‘ ..-'.. 2017 750 2,1
B s 2018 1200 2,1
P . - 2019 1600 2,1
10 GFlopis - 2020 2 200 1,8
1 GFlopls - 2021 2 800 1,8
[ ]
100 MFlopls 2022 4 400 2,0
1990 1995 2000 2005 2010 2015 2020 2025 2023 5200 1,9
" 2024 8 200 1,9
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2011

Anselm (0.1 PF)

July 2013

July 2015

Salomon (2 PF, #40)

March 2019
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DGX-2 (2 PF)

October 2019

Barbora (0.8 PF)

Karolina (15.7 PF , #69)

iroHPT

August 2021 2025

Autumn 2021

EuraHPT

LUMI (532 PF, #3, Kajaani) VLQ
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Salomon (2 PF) Anselm (0.1 PF) Karolina (15.7 PF) Barbora (0.8 PF)

1 B

A

¥ R

3 B

- Ko

R

< 4 A

July 2015 July 2013 August 2021 October 2019
NAMES

e Salomon — Salomon Mayer von Rothschild, the founder of Vitkovice Mining and Iron Corporation

* Anselm — son of Salomon, decommissioned in 2021 and moved to the Science Center in Ostrava-Vitkovice
e Caroline —wife of Salomon (in Czech: Karolina)

 Barbora — Patron Saint of Miners, name of the mine

ACCESS to supercomputers (Karolina, Barbora, LUMI)
Open access (Regular - every 4 months, Fast Track - continuous)
Allocation of the computational resources to the research community in Czechia based on scientific
excellence, computational competence and readiness, and anticipated benefits to society and the economy.
Thematic access (continuous)
Societal end economic needs incl. cooperation with industry, education, ...
EuroHPC access
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Rank

|_ The List.

System

El Capitan - HPE Cray EX255a, AMD 4th Gen EPYC 24C
1.8GHz, AMD Instinct MI300A, Slingshot-11, TOSS, HPE
DOE/NNSA/LLNL

United States

Frontier - HPE Cray EX235a, AMD Optimized 3rd Generation
EPYC 64C 2GHz, AMD Instinct MI250X, Slingshot-11, HPE
Cray 0OS, HPE

DOE/SC/Oak Ridge National Laboratory

United States

Aurora - HPE Cray EX - Intel Exascale Compute Blade, Xeon
CPU Max 9470 52C 2.4GHz, Intel Data Center GPU Max,
Slingshot-11, Intel

DOE/SC/Argonne National Laboratory

United States

Eagle - Microsoft NDv5, Xeon Platinum 8480C 48C 2GHz,
NVIDIA H100, NVIDIA Infiniband NDR, Microsoft Azure
Microsoft Azure

United States

HPC6 - HPE Cray EX235a, AMD Optimized 3rd Generation
EPYC 64C 2GHz, AMD Instinct MI250X, Slingshot-11, RHEL
8.9, HPE

Eni S.p.A.

Italy

Cores

11,039,616

9,066,176

9,264,128

2,073,600

3,143,520

Rmax
(PFlop/s)

1,742.00

1,353.00

1,012.00

561.20

477.90

Rpeak
(PFlop/s)

2,746.38

2,055.72

1,980.01

846.84

606.97

Power
(kW)

29,581

24,607

38,698

8,461

10

1"

THEl\/IOST POWERFUL SUPERCOMPUTERS

Qe
500 - www.top500.0rg, 2x a year ranking

Supercomputer Fugaku - Supercomputer Fugaku, A64FX 48C
2.2GHz, Tofu interconnect D, Fujitsu

RIKEN Center for Computational Science

Japan

Alps - HPE Cray EX254n, NVIDIA Grace 72C 3.1GHz, NVIDIA
GH200 Superchip, Slingshot-11, HPE Cray 0S, HPE

Swiss National Supercomputing Centre (CSCS)
Switzerland

LUMI - HPE Cray EX235a, AMD Optimized 3rd Generation
EPYC 64C 2GHz, AMD Instinct MI250X, Slingshot-11, HPE
EuroHPC/CSC

Finland

Leonardo - BullSequana XH2000, Xeon Platinum 8358 32C
2.6GHz, NVIDIA A100 SXM4 64 GB, Quad-rail NVIDIA HDR100
Infiniband, EVIDEN

EuroHPC/CINECA

Italy

Tuolumne - HPE Cray EX255a, AMD 4th Gen EPYC 24C
1.8GHz, AMD Instinct MI300A, Slingshot-11, TOSS, HPE
DOE/NNSA/LLNL

United States

MareNostrum 5 ACC - BullSequana XH3000, Xeon Platinum
8460Y+ 32C 2.3GHz, NVIDIA H100 64GB, Infiniband NDR,
EVIDEN

EuroHPC/BSC

Spain

7,630,848

2,121,600

2,752,704

1,824,768

1,161,216

663,040

442.01

434.90

379.70

241.20

208.10

175.30

537.21

574.84

531.51

306.31

288.88

249 .44

29,899

7,124

7,107

7,494

3,387

4,159

T



http://www.top500.org/

SUPERCOMPUTER LEADERS

Countries System Share

Vendors System Share

@ United States

® China
Germany

@ Japan

® France

® ltaly

@ United Kingdom

@ South Korea

@ Netherlands

@ Canada

@ Others

@® Lenovo

® HPE
EVIDEN

@ DELL

@ Nvidia

@ Fujitsu

@ NEC

® Inspur

@ Microsoft Azure

@ MEGWARE

@ Others
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Countries
United States
China
Germany
Japan
France
Italy
United Kingdom
South Korea
Netherlands
Canada
Brazil
Poland
Sweden
Taiwan
Saudi Arabia
Russia
India
Norway
Switzerland
Australia
Singapore
Ireland
Spain
Czechia
Finland
Austria
United Arab Emirates
Thailand
Slovenia

Bulgaria

Count
173
63
40
34
24
14
14
13

-
o

N NN WW W W Ww s P OO OO NN 0 O O

System Share (%)
346
12.6

8
6.8
4.8
2.8
2.8
26

2
1.8
1.8
1.6
1.6
1.4
1.4
1.2
1.2
1.2

1
0.8
0.8
0.8
0.6
0.6
0.6
0.6
0.6
0.4
0.4
0.4

Rmax (GFlops)
6,477,869,130
319,062,154
399,727,830
940,710,340
298,085,500
849,088,330
84,813,684
213,090,900
98,363,520
38,930,360
67,911,650
65,751,460
63,026,910
103,540,520
96,035,670
71,457,000
29,411,690
23,356,010
473,517,040
55,227,310
23,237,830
11,394,210
221,872,600
17,991,180
391,388,310
29,258,378
68,161,000
21,996,000
6,918,000
7,044,870



EuroHPC

-

'EUROHPC JOINT UNDERTAKING

e Established in 2018
 Composed of 35 member states and 3 private members (ETP4
BDVA, Quantum Industry Consortium)

EuroHPC goals

1. A federated HPC/QC infrastructure

2. European Technologies & Applications for the HPC
ecosystem

3. Leadership in HPC use and skills

|

Financial scheme
1. EUR 1,9 billion from DEP to support infrastructures;
2. EUR 900 million from HE to support research and
innovation activities;
3. EUR 200 million from CEF to improve the
| interconnection of HPC, QC, and data resources.
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COMING UP — FEDERATION / -
HYPERCONNECTIVITY o

Lumi (F1)

EXASCALE
> A hyper-connected, federated, and o ; PRE-EXASCALE
secure HPC and QC infrastructure i "= PETASCALE
» World-class computing capacities for ZRT &= MiD-RANGE
- ric)
scientific, industrial or public users ' ’
available across Europe RSO
> Since 2018, the EU has multiplied by 14 - Q-simulator
. . _
fold its total computing power —-— eupch. L) In 2025
> EuroHPC systems represent 53% of RolURag (L ST Al Factories
the total supercomputing capacity in Alice Reco S . ?‘" ‘ \
JULES VERN (FR) \
the EU o , 2y
» more than 1.2 exaflops of theoretical \ _Vega(Sh E¥% Levents (HY)

computing power o ‘ - \
» Access granted to ~ 300 projects, from - =

-
. Leonardo (IT) '
33 countries s \ /

MareNostrum 5 ‘E— \s /

o
c - ey
- 4 5+

ili

Daedalus (GR)



KAROLINA SUPERCOMPUTER

| In operation from 2021, #69 in TOP500, #8 in GREEN500

| EuroHPC supercomputer S
* * uro
| 65% Czech funding P

| 35% EU funding (for EuroHPC users)

Total investment approx. EUR 15 million
Total theoretical performance 15.7 PFlop/s
Used by more than 2,000 users to solve more than 700 projects.

Expected end of operation for EuroHPC users 2026

Universal Accelerated Data analytics Cloud 4,608 cores ' PROJECT

720 CPU nodes 72 GPU nodes 1 RAM node 9T8 RAM : 15 PB

92,160 cores AMD EPYC 560 A100 GPUs 24 TB RAM '
IR 7 111 EIEIEIES XK [ l |
e 1 X1 o | !

111 w— — T — l
— K t |

— LAN EEWOFK | == mmm oo S oo

|

| Infiniband HDR Full Fat Tree 11 GW |
|

|
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LUMI SUPERCOMPUTER

- Manufactured by Hewlett Packard Enterprise

454784 AMD EPYC CPU cores, Tt - Total budget: 207.1M€ (50 % EuroHPC JU)
11912x GPU AMD Instinct MI1250X, 128GB HBM2e

- #3in TOP500 and GREENS500 in 2022
- Period of operation: 2021-2026

- Consortium: FI (CSC in Kajani), SE, NO, DK, BE, PL,
CH, CZ, EE, IS, NL

- Ca 2,5% of the resources available to the Czech
users through IT4l Open Access calls

o——l—4

Modern platform for

1 system

Com puting power B e

5 3 1 ' 5 equivalent to /// | \\ Hi gl;::snz)trir:ance
SR 1 500 000 g

Artificial intelligence,
Peak Performance Modern laptop computers Size of a tennis court

Data analytics

Based on GPU technology




SC
1,8%

QC ADAS
10.9% 7.3%

TRAINING ACTIVITIES
2024

INFRA
16.4%

Events Participants



LUMI-Q B LUMI-Q consortium " ™350 EuroHPC @ﬂ@ﬁﬁ%@
+* * ‘

LUMI consortium i

& - . 4
##): LUMI-Q quantum computer
e@z quantum computer
EE8 supercomputer
Bl sigmaz
@ SINTEF

Inclusive:

| Builds on the 9 countries involved: Czech
Republic, Belgium, Denmark, Finland, Germany,
Netherlands, Norway, Poland, Sweden.

simula

| Contract Signed: 26 September 2024, between
EuroHPCJU and IQM Quantum Computers.

| Location: Hosted at IT4Innovations National
Supercomputing Center, Ostrava

| Cost: EUR 5 million (50% EuroHPC JU, 50% LUMI- e e
Q consortium). 2 e - LuF
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|| ll UNIVERSITY | NATIONAL
OF OSTRAVA | CENTER

| Deployment: Operational within one year of
contract signing (9/2025).



LUMI-Q QUANTUM COMPUTER

Technical highlights

Qubits
Qubit connectivity

T1 relaxation time

T2 dephasing time
1-qubit gate time
2-qubit gate time
1-qubit gate fidelity

2-qubit gate fidelity

Readout fidelity

LTI

Superconducting qubits in a star-shaped topology.
24 physical qubits connected to a central resonator.
Minimises swap operations, optimising quantum
entanglement and reducing error rates.

Integration with EuroHPC infrastructure (Karolina, LUMI,
and EHPCPL supercomputers).

Metric ______| Value

24

one-to-all, star-shape

typically ~40 ps, min. for all qubits:15 ps
typically ~20 ps, min. for all qubits: 15 us
<50 ns

<120 ns

> 0.997

>0.99

> 0.95



LUMI-Q AND ITS INTEGRATION

-

HPFPC machine

Login node

Batch

Scheduler

A

>

Batch job
accelerated
. / COFFLOAD

Web-based IDE for quantum circuits

UPS Auxiliary Rack

\

Power

/CW

/ Helium Compressors
/ Air Compressor system
| Water distribution system

—— Power distribution system

\ LN2 trap

\ IT rack

Measurement Rack

Cryostat

h 4

Scheduler

h 4

CPUsIGPUs

Cluantum
computer

APl

aPu

Fulse

envelope
AP

Quantum machine

oy
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ROBOTICS AND | |
&y | CYBERNETICS | I |
A% | CTU IN PRAGUE

-
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$J$ INDRC

CLARA - Center fOI\AI'tIfICIa| [
Quantum Computing in System B{aln

e Builds an interdisciplinary center of excellence

guantum-centric supercomputing tools

* To power interdisciplinary research programs aimed at understanding the causes of

neurodegenerative diseases and neuron longevity.

Funded by
the European Union

s s TecHiTon

UNIVERSITY
OF OSTRAVA

ICRC ParisBrain
M”"IA « INStitute

1Ce and
esearch
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Develops the next generation of artificial intelligence / machine learning and classical / > ) ?ﬁf!ﬁ ,{/ /
s u

In collaboration with

PaRis Artificial Intelligence Research InstitutE



OTHER HPC, Al, AND DATA T
1 INFRASTRUCTURE

BIG CLUSTER Il - 2026
LUMI Al Factory

. CLARA Al

EOSC NRP
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PRESS RELEASE 10 December 2024 European High-Performance Computing Joint Undertaking



WHAT IS Al FACTORY? 21

Goal: Deploy Al dedicated supercomputing service infrastructures

for Europe's Al start-up and Al scientific ecosystem
®* Al-oriented EuroHPC supercomputers

* Acquisition of Al oriented supercomputers or partitions.

h
*
»*
*
|
_

EuroHPC

.Il._'l'_'_l_'_'l_l
* % x
*
i

e Upgrades of existing EuroHPC supercomputers.

 Located in proximity or connected via high-speed networks to established data centres.
®* Al supercomputing service centre

e Support and development of the Al start-up and research and innovation ecosystem.

 Programming facilities, algorithmic support for development, testing, evaluation and validation of
large-scale, general purpose Al models.

e Support the development of Al applications based on large GPAlI models (e.g., robotics, automotive,
personalized medicine).
®* Talent Pole
® Mobilise and attract new talent and help support the emergence of a skilled workforce.
® Contribute to advanced education and training, by working with the Al Networks of Excellence.

® Synergies
® Federating with other Al Factories

® Cooperating with AI-HPC support centres, Al Testing and Experimentation Facilities,
HPC Competence Centres, HPC Centres of Excellence, EDiH, etc. |V|T|B| UNIVERSTTY | NATIONAL SUPERCOMPUTING

OF OSTRAVA | CENTER



WHQO'S BEHIND THIS?

IT4Innovations employs approximately 180 people, including:

22 % Management & Administration

14 % Supercomputing Services

64 % Research & Development
43 % Advanced Data Analysis & Simulation Lab
20 % Modelling for Nanotechnologies Lab
17 % Parallel Algorithms Research Lab

16 % Infrastructure Research Lab

4 % Quantum Computing Lab

Sources of funding for the Institute’s costs
CZK 312,542,000 in total

' 4

B 417% National projects

B 197% Structural funds

176% International projects

10.0% Long-term Research Organisation Development fund
69% Internal resources

W 27% Contract research and rental of computational resources T T ey u—
14% Other ||| UNIVERSITY | NATIONAL SUPERCOMPUTING
| OF OSTRAVA CENTER




IT4Innovations National Supercomputing Center
VSB — Technical University of Ostrava

17. listopadu 2172/15

708 00 Ostrava-Poruba, Czech Republic
WWW.it4i.cz
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