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15 YEARS IN PARALLEL COMPUTING (WIGNER GPU LABORATORY) & HPC @ WDC ‘ =
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WSCLAB'’s origin %i L;

ANNIVERSARY

The aim of the Wigner GPU Laboratory is to provide support for any fields in science in sense of parallel
computing techniques, especially for faster numerical calculations in gravitational and high-energy
physics, astronomy, astrophysics, material sciences, and detector simulations. We have started with GPU
technologies in 2009, but later our aim was improved to any kind of parallel computing technology.
Today, many- and mulfi-core, GPU, FPGA, Xeon Phi technologies are all available in the laboratory. Beside
the academic environment and other institutes, we have connections to industrial partners as well.
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The History of WSCLAB'’s Wigner GPU Laboratory
2005-2008 Early years: idea of using GPU in HEP calculations

Starting of the WLCG Grid (ALICE & CMS) Tier-2 at the Wigner

2009 Discussion with GGB & P. Lévai & G. Debreczeni

2 main direction: HEP & Gravity

2010- 1<t GPU Day & formation of the Wigner GPU Laboratory

Students: M. F. Nagy-Egri & D. Berényi

2010- GPU Day series

2016- Lectures on Modern Computing in Science series
2016- Wigner GPU Lab Fellowship

2021- Wigner Scientific Computing Laboratory (NKFIH TOP50 RI)
G.G. Barnafoldi: Lectures 2025

11



WSCLAB @ NKFIH TOP50 Research Infrastructure

START: 17™ DECEMBER 2021.
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and international collaboration.

Awarded by
the National Research,
Development and Innovation Office Budapest, Hungary
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16th of December, 2021
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WSCLAB @ WDC

v Wigner Analysis Facility (Wigner AF)

v" Wigner GPU Laboratory

v Wigner_KFKI WLCG T2 Grid (ALICE+CMS)

THE PLACE



WSCLAB @ WDC
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15 GPU Days so far...

GPIU nEp 201

MTA KEKI Ré és

XIl. Budapest, Konkoly-Thege Mikés ut 29-33

2010 jlnius 4.

(El6jelentkezés sziikséges: http://gpu.kfki.hu)

Program kivonat:

« Ismerkedés a GPU programozassal, gyakorlat

- Grafikus kartyak, mint asztali szuperszamitogépek
* Molekuladinamika szamitdasok GPU-val

. 2%55 QCD és részecskefizikai alkalmazasok
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WIGNER GPU LABORATORY PR
GPU DAY 2021
10-11. NOVEMBER

MORE INFORMATION AND REGISTRATION:

HTTPS://GPUDAY.COM/

HTTPS://INDICOKFKIHU/EVENT/1330/

KEYNOTE SPEAKERS: ALBERTO DI MEGLIO, OSKAR MENCER
THE FUTURE OF MASSIVE PARALLEL AND QUANTUM COMPUTING

EMERGING ACCELERATOR PLATFORS

IMAGE PROCESSING COMPUTER VISION. AND RECONSTRUCTION
INOUSTRIAL APPLICATIONS

'GRAPHICS. RENDERING; AND IMAGE SYNTHESIS

'COMPUTING AND VISUALIZATION IN EDUCATION.

QUANTUM CONPUTING SMULATION

MACHNE LEARNING, NEURAL NETWORKS, FEATURE RECOGNTTION
MANY-CORE COMPUTING N PHYSICS AND OTHER FELDS OF STIENCE
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WIGNER SCIENTIFIC COMPUTING LABORATORY
GPU DAY 2022
20-21. JUNE

MORE INFORMATION AND REGISTRATION:
HTTPS://GPUDAY.COM/
HTTPS://INDICO.KFKI.HU/EVENT/ 1393/

THE FUTURE OF MASSIVE PARALLEL AND QUANTUM COMPUTING

EMERGING ACCELERATOR PLATFORMS

IMAGE PROCESSING. COMPUTER VISION, AND RECONSTRUETION
INOUSTRIAL APPLGATIONS

GRAPHICS. RCNDERNG: AND IMAGE SYNTHESIS

COMPUTING AND VISUALIZATION I EDUCATION

QUANTUM COMPUTING SIULATION

MACHINE LEARNNG, NEURAL NETWORKS, FERTURE RECOGNTTION
MANY-CORE COMPUTING IN PHYSICS AND OTHER FE
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‘THE FUTURE OF MASSIVE PARALLEL AND QUANTUM COMPUTING

EMERGING ACCELERATOR PLATFORHS

IMAGE PROC (PUTER VION, AND RECS

IOUSTRIAL APPLICATIONS

'GRAPHCS, RENDERIG:AND MAGE SYNTHESIS

COMPUTING AND VISUALIZATION IN EDUCATION

QUANTUM CONPUTING SULATION

'MACHINE LEARNNG,NEURAL NETWORKS, FEATURE RECODNION
'MANY-CORE COMPUTING IN PHYSICS AND OTHER IELDS OF SCIENCE

WIGNER SCIENTIFIC COMPUTING LABORATORY
GPU DAY 2023

156-16. MAY

MORE INFORMATION AND REGISTRATION

HITPS.//GPUDAY.COW/

HITPS.//INDCOKFKLHU/EVENT/ 1482/

Cuisner

EIKH

4

lombig

8 & RecsTRATION:
PU.WIGNER MTA.HU

THE FUTURE OF MASSIVE PARALLEL AND QUANTUM COMPUTING
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WIGNER SCIENTIFIC COMPUTING LABORATORY
GPU DAY 2024
30-31. MAY

MORE INFORMATION AND REGISTRATION:
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15™ GPU Day

OMPUTING FOR SCIENCE AND INDUSTRIAL APPLICATION

Keynote SPEAKERS:

CERN QUANTUM TECHNOLOGY INITIATIVE
CERN OPENLAB

HUNGARIAN RESEARCH NETWORK

ELTE

Venue: HUN-REN Centre (1054 Bupapest, Akotmany U. 29)
Date: 22-23. May 2025

INFORMATION AND REGISTRATION:
HTTPS://GPUDAY.COM

HTTPS://INDICO.WIGI
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Hungarion Research Network

NER.HU/E/GPUDAY2025
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 THE FUTURE OF MASSIVE PARALLEL AND QUANTUM COMPUTING -

EMERGING AGEELERATOR PLATFORMS
IMAGE PROCESSING, COMPUTER VISION, AND RECONSTRUCTION
INDUSTBIAL APPLICATIONS

GRAPHICS, RENDERING;- AND IMAGE SYNTHESIS

COMPUTING AND VISUALIZATION IN EDUCATION
QUANTUM COMPUTING SIMULATION

 MACHINE LEARNING, NEURAL NETWORKS, FEATURE RECOGNITION fa>
MANY-CORE COMPUTING IN PHYSICS AND OTHER FIELDS OF SCIENCE




LECTURES ON MODERN SCIENTIFIC PROGRAMMING

'MACHINE LEARNING, NEURAL NEF'!

FIELD PROGRAMMABLE GATE A '-?*.H& ! \ -
HANDS-ON SESSIONS

QUANTUM COMPUTING SIMULATION

[]U.&TUM MACHINE LEARNING AND SIMULSSSBNS

MANY-CORE COMPUTING IN PHYSICSg8NL R FIELDS OF SCIENCE



WSCLAB’s EDUCATIONAL MATTERS

O Why GitHub? Team Enterprise Explore Marketplace Pricing

Wi RCP GPU-Lab
@EHET igner al

Research group centered around massively parallel scientiic calculations.
GPU Lab

© Budapest, Hungary <2 hipgpuwignermia.ul

[ Repositories & Packages People Projects

OpenCL-Primer
Documentation on how to get started with OpenCL programming
s BSD-3-Clause  ¥0 &0 (@0 10 Updatedon Sep 26, 2019

SYCL-PRNG
A pseudo random number generator library written against the SYCL API
®C:+ ¥1 4 (O1 [10 UpdatedonJun 11,2019

Teaching
Material used for teaching.
®C++ ¥8 443 (D6(1issueneedshelp) [0 Updated onJdun7, 2019

HaladoAlkProg
Code samples for the "Haladd Alkalmazott Programezés” course
®C:: FMT Yo #0 OO0 [0 Updated on May 15, 2019

LOMSP
Sample codes from the Lectures On Modern Scientific Programming series
@®c.+ ¥1 &1 (0 [10 UpdatedonFeb 14,2018

SchwarzschildRaytracer
Raytracer in the Schwarzschild metric for visualization
®c:+ ¥1 %0 (@0 [10 UpdaiedonJun2 2017

Sign in

Gfisner  Wigner GPU Lab -

HOME VIDEOS PLAYLISTS CHANNELS DISCUSSION ABOUT Q

Uploads  PLAY ALL = SORTBY
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- L . thebird song modular and general purpos...  causality
1view - 1 month ago 18 views - 1 month ago 6views - 1 month ago 2views - 1 month ago Noviews - 1 month ago 1view - 1 month ago
0
y
7views - 1 month ago 4views - 1 month ago 1view - 1 month ago 2views + 1 month ago 13 views 1 month ago

Wy Open?  Ganar

Georgina Csizmadia: Defining ~ Closing Zoltan Kiss: Report and plans  Thomas Ortner: Functional  Maté Ferenc Nagy-Egri Baldzs Keszthelyi:
brane boundries of.. HPCsl.. Gravitational Wave Data.. Determinism and Low..

2views - 1 month ago views - 2months ago 4views + 2 months ago. 7 views + 2 months ago 7 views + 2months ago
‘Troels Henriksen: Purel

£ testing past, tand th, with Vulkan Functional GPU Programmi..

15 views - 2 months ago. 5views - 2months ago 6 views - 2months ago 3views - 2 months ago 6 views - 2months ago 7views + 2months ago
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GitHub
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https://www.youtube.com/channel/UCGgwXuNuzWtPxeBTrFq05bA/videos
https://www.youtube.com/channel/UCGgwXuNuzWtPxeBTrFq05bA/featured
https://github.com/Wigner-GPU-Lab
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WSCLAB in numbers

KNOWLEDGE HUB: GPUDAY.COM

v 15 GPU Days

2016 37 31 32

2017 33 31 38

2018 42 - 4 30
2019 40 27 87
2020 50 23 10

2021 55 20 35

2022 43 18 31

v" 9 Lectures in Modern Computing in Science
v" 65+ WSCLAB (Wigner GPU Lab) Fellowship

v 40+ industrial & academic partners (Lombiq LTD, Ericsson, 999999, Khronos,
CERN...)

v" 80+ scientific publications and program codes


http://gpuday.com/

WSCLAB'’s SCIENTIFIC RESULTS

BASED ON THE PROJECTS

v Finished Projects from various fields

Astronomy & Astrophysics (18)

Physics (34)

Biochemistry (7)

Life & Medical Sciences, Etology/Ornitology (8)
Computational Sciences, Imaging, Simulations (16)
Quantum Computing (11)

v" List of Publications
* More than 80 publications & public codes
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WSCLAB'’s FUTURE

IS IN YOUR HAND

Grant Opportunity

v What are the WSCLAB services

[ ) K n OWl e d g e h u b fo r S C i e n t i fi C ::e GP:T;L:; wizh:: i ) ‘opportlmity for researchers to produce academic output with the Lab's monetal, infrastructural and technical support. Applications
computing solutions

* Dedicated GPU & FPGA server
hosting & services

* Quantum Computing simulations -
° Tu torlal Se rl e S & t e aChlﬂ g than 2 pages detailing the following points:

> Project title and abstract in English

* Advising highly-parallel computing

» Weekly plan breakdown

(] P h D / P O St D O C p rOJ e Cts & CPU/GPU and FPGA time and development/user support needs

Knowledge and experience in programming languages and parallel computing

technologies

Publication and other scientific outcome of the project

v How to apply
* Visit wsclab.wigner.hu


http://wsclab.wigner.hu/en/grants/grant-opportunity

WSCLAB'’s FUTURE

PLANS FOR THE FUTURE

v Short timescale
* New WSCLAB Grants for young scientists for 2024
* GPU Day 2025 series (22-23 May 2024)
* Lectures on Modern Computing in Science
series (25112025) on QML

" Intermediate timescale
* Further local HW developments & cloud solutions

" Long range plan
* Closely related to the EuroHPC LEVENTE project
including Quantum Computing & Quantum simulations
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CERN Quantum Technology Initiative launched in 2020

* Quantum Technologies can be o
revolutionary but require a high level of CERN meets quantum technology
expertise maressiogprplesing auantu B A B R AR

* Alarge number of initiatives exists in waroasan | o
the Member States and beyond o

* After an initial exploratory phase 2020-
2023, Phase 2 started in 2024:

* We are developing a coherent research
plan that can evolve into a long term
strategy aligned with CERN research

program

https://quantum.cern —_—




CERN QTI Phase 2
Launched January 2024

CERN QUANTUM
TECHNOLOGY
PLATFORMS

HYBRID QUANTUM
COMPUTING AND
ALGORITHMS

QUANTUM
NETWORKS AND
COMMUNICATIONS

@) | |IQ) B A 5 years research plan

INITIATIVE

QUANTUM
b IQ ) TECHNOLOGY
INITIATIVE




CERN QTI Phase 2
Launched January 2024

P

WLCG

Worldwide LHC Computing Grid

HYBRID QUANTUM
COMPUTING AND

CERN QUANTUM
TECHNOLOGY
PLATFORMS

ALGORITHMS /\
LHCOPN (@
QUANTUM OPEN OQUANTUM INSTITUTE

NETWORKS AND
COMMUNICATIONS

IQ) B A 5 years research plan

INITIATIVE

QUANTUM
b IQ ) TECHNOLOGY '
INITIATIVE



Quantum Computing

Real-time

Phenomena VQE/varQITE

Quantum

Dynamics
‘ Trotter

Low dimension Dynamics
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QLM/D-Theory

Neutrino Classification ONNs
oscillations
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\v 1 Quantum
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(@’ Classification
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Rare signal
extraction
Regression QAOQA
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Standard .

Model Quantum
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VOB RN Optimisation
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Shower Algorithm
2 Generation
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Simulation QCBMs
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QC @CERN

Borras, Kerstin, et al. "Impact of quantum noise on the

training of guantum Generative Adversarial
Networks." arXiv preprint arXiv:2203.01007 (2022).
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Tlysiiz, Cenk, et al. "Hybrid guantum classical graph neural
networks for particle track reconstruction.” Quantum

Machine Intelligence 3.2 (2021): 1-20.
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E Stavros et all, Quantum simulation with
just-in-time compilation, Quantum 2022
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F.Rehm, Full Quantum GAN Model for HEP
Detector Simulations, ACAT22
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G. Gemme, M. Grossi et al, IBM Quantum Platforms: A
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0. Kiss, Quantum computing of the
6Li nucleus via ordered unitary
coupled cluster,
10.1103/PhysRevC.106.034325

5.Chang, et all, Hybrid Quantum-Classical
Metworks for Reconstruction and Classification
of Earth Observation Images, ACATZ2
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Bravo-Prieto, Carlos, et al. "Style-based

guantum generative adversarial networks
for Mente Carlo events.” Quantum 2022

. Ratio reference / generated
o = 5
[~ D
e —10° 4 5 4
- parrvp TP GNP \.,, i
descending . 3
& ADAPRNCE "‘%
o] @ el
i ®  OHE [QHSFSA) % -10° 1 2
& onf
s u -~
. L descending LL dageand :‘ﬁ. 1
# deesnding =
& moeading _107
a 1on e ¥a 0 o L] 0

optimization steps

107
s (GeVv?)



Summary

CERN Accelerating science nin Directory

 CERN Quantum Technologies Initiative &=

CERN Quantum Technology Initiative
Accelerating Quantum Technology Research and Applications

* Quantum sensing in High-energy
Physics

[

evolving field has advanced considerably, yet still, there are resources required that are not mainstream today.

CERN can be at the forefront of this revolution. As an international, open, and neutral platform, and building on its collaborative culture and proven track record of innovations, CERN is
uniquely positioned to act as an “honest broker” between CERN Member States to foster innovative ideas in the field of high-energy physics and beyond. This is underpinned by several
concrete R&D projects which are already under way.

The CERN Quantum Technology Initiative (CERN QTI) has defined a roadmap and research programme in collaboration with its recently formed advisory board, as well as the high-energy

. ’ physics and quantum-technology research communities. Together, we will establish joint research, educational and training activities, set up the supporting computing infrastructure,
ee more a S webapge

20JAN/25 5MAR/24 19NOV/23

Quantum Technology for ) Operational launch of the QTML 2023
High Energy Physics Open Quantum Institute
Conference

Event | Conference
Event | Conference

Event | Conference

66
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https://www.youtube.com/channel/UCGgwXuNuzWtPxeBTrFq05bA
https://github.com/Wigner-GPU-Lab
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