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WSCLAB’s origin
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13 YEARS IN PARALLEL COMPUTING (WIGNER GPU LABORATORY) &  HPC @ WDC



G.G. Barnafoldi: WSCLAB GPUDAY 2023 5

● 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- 1st 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)

The History of WSCLAB’s Wigner GPU Laboratory
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WSCLAB Projects
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2021.12.01-2023.05.15  

 Massively Parallel Classical- and Quantum Computing Simulations 
in HEP MassivPara@HEP (2020-2.1.1-ED-2021-00179 25M)

 Massive parallel computing: Wigner_AF + GPULab + HIJING++
 Quantum Computer simulations (Maxeler FPGA)

 Wigner RCP & INFRA investments @2021 (100M)
 Young Researcher’s Fellowship (3M)
 Wigner GPU Laboratory (10M+2M non-academic)
 ALICE + CMS WLCG T2 (20M)

 Ongoing & finished projects



HARDWARES>_ 
     



WSCLAB @ WDC

11

THE PLACE
                  

 Wigner Analysis Facility (Wigner AF)
 Wigner GPU Laboratory
 Wigner_KFKI WLCG T2 Grid (ALICE+CMS)
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THE PLACE
                  

 Wigner Analysis Facility (Wigner AF)
 Wigner GPU Laboratory
 Wigner_KFKI WLCG T2 Grid (ALICE+CMS)





WIGNER_AF 2022Q2
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NEW SPECIALIZED HEP ANALYSIS FACILITY (1ST FOR ALICE) 

 1) HW 9 rack of hardware
 SE: EOS config & monitoring

 2 redundant MGM nodes
 32 FST node, with 24*3 TB for each node
 Raw capacity: ~2.6 PB
 Usable capacity:  ~1.3 PB

 WNs: configured with HTCondor, 1 single-core queue and 1 multi-core 
queue (for 8-core jobs)

 124 worker nodes, with 32 vCPU for each node
 this pool is shared among the two queues, but the single-core queue 

has a limited number of maximum jobs

Wigner_AF
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PERFORMANCE   

 Wigner_ AF_8_core:

 Wigner_AF:

 WIGNER_KFKI:

WIGNER_AF & ALICE T2 2022Q2
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PERFORMANCE   

 Wigner_ AF_8_core:

 Wigner_AF:

 WIGNER_KFKI:

WIGNER_AF & ALICE T2 2022Q2





WIGNER WLCG T2s, 2022Q1
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2006: WLCG T2 ALICE & CMS, 2022: VIRGO & EUPRAXIA 

 2) International Projects 
 CERN ALICE & CMS T2:

 3000 vCPU + 2 GB/vcore RAM
 Usable SE capacity: ~2.0 PB
 1-1 single core queue

 VIRGO T2 SITE
 1600 vCPU + 5120 TB RAM
 Usable SE capacity: ~1.0 PB

Wigner
WLCG





Wigner GPU Laboratory (@WDC)
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NEW HARDWARES (IN PROGRESS), HAPPY USERS  

 3) Wigner RCP investment @2021 (100M)
 WSCLAB’s GPU Lab in 2022

 Nvidia 6xTesla T4 + Nvidia 8xA2
 20 TB Storage
 10G switch to GEANT
 Mathematica server
 Supermicro 8xA100 (Christmas Day)
 Maxeller 2xFPGA (Xilinx Alveo)
 EPYC gate server
 Infiniband switch & cards

Wigner GPU 
Laboratory
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WSCLAB’s EDUCATIONAL MATTERS

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’s SCIENTIFIC RESULTS
BASED ON THE PROJECTS
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WSCLAB in numbers 
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KNOWLEDGE HUB: GPUDAY.COM

 8 Lectures on Modern Computing in Science
 13 GPU Days

 50 WSCLAB (Wigner GPU Lab) Fellowship (40 finished + 9 running)
 35+ industrial & academic partners (Lombiq LTD, Ericsson, Khronos, CERN...)
 60+ scientific publications and program codes

http://gpuday.com/


     

WSCLAB’s SCIENTIFIC RESULTS
BASED ON THE PROJECTS

 Finished Projects
● Projects from various scientific fields:
● Astronomy & Astrophysics, Physics, Biochemistry, 

Life & Medical Sciences, Etology/Ornitology, 
Computational Sciences & Quantum Computing

 List of Publications
● More than 60 publications & public codes



 Simulating the photo-ionisation of Rubidium atoms
 High Performance Computing for Nanofusion
 High performance Monte Carlo simulations of high-energy 

heavy-ion collisions
 Modelling non-linear optics by machine learning techniques
 Nanoplasmonic Laser Fusion
 Generation of Gravitational Wave Signals with Parallel 

methods
 Studying Hadronization by Machine Learning Techniques
 Modelling of polygons on rotating fluid surface with the 

parameters of real-life experiments

WSCLAB’s SCIENTIFIC PROJECTS
PHYSICS (15)



 Optimalization and Development of High-performance 
Computing pipeline to search for gravitational radiation 
from rotating NS by reans of GPU-based Hardware 
Accelerators

 ALICE TCP GEM QA – GPU-accelerated image analysis
 Viscous corrections from linearized Boltzmann transport
 Parallelized Transport and Corrections to Equilibrium 

Phase Space Distributions
 Numerical Studies of Lattice Loop Equations in Pure 

Gauge Theory
 Construction of known waveforms – like OJ287 – with 

PYCBC
 Detection estimates for gravitational binary sources

WSCLAB’s SCIENTIFIC PROJECTS
PHYSICS (15) 



 Analysis of the spatial structure of SARS-CoV-2 protein 
using machine learning methods

 Quantum chemical study of the hydrolysis of oxidized 
endogenous psychedelic N,N-dimethyltryptamine

 N,N-dimethyltryptamine metabolism by the monoamine 
oxidase enzyme-A

 In silico studies to uncover the effect of CFTR mutants 
causing cystic fibrosis

 Detection of the songs of collared flycatcher (Ficedula 
albicollis) with the help of deep neural networks

WSCLAB’s SCIENTIFIC PROJECTS
LIFE SCIENCES, CHEMISTRY, ORNITOLOGY (5)



 3D iterative image reconstruction software developed for 
proton computed tomography imaging

 Biasing the GUARDYAN GPU-based Monte Carlo code 
using space-, energy- and angle-dependent adjoint function

 Implementing Hastlayer support for Xilinx SoC Zynq FPGA 
family II.

 Evaluation of proton tomography measurements with neural 
networks

 Stochastic causality
 Implementing Hastlayer support for Xilinx SoC Zynq FPGA 

family I.

WSCLAB’s SCIENTIFIC PROJECTS
IMAGING, SIMULATIONS, COMPUTING (11)



 Full Core Pin-Level VVER-440 Simulation of a Rod Drop 
Experiment with the GPU-Based Monte Carlo Code 
GUARDYAN

 Eötvös balance camera photo evaluation
 Implementing support for high-performance Microsoft 

Catapult FPGAs in the Hastlayer .NET high-level 
synthesis toolbox

 Graph visualization of the human brain’s structural and 
functional organization

 Data processing algorithm development for parallel 
architectures

WSCLAB’s SCIENTIFIC PROJECTS
IMAGING, SIMULATIONS, COMPUTING (11)



 Examination of seasonal polar ice cap edge in the southern hemisphere of Mars
 A dynamical survey of trans-Neptunian space I. mean motion resonances with 

Neptune
 A dynamical survey of the trans-Neptunian space II.: Diffusion and stability
 Entropy based stability analysis of planetary systems retrieved from scalar time 

series
 Shock waves in partially ionised prominence plasmas
 Statistical study of mean motion resonances and physical properties of 

Hungaria asteroids using FAIR
 The evolution of sunspots I. Lifetime and asymmetric evolution

WSCLAB’s SCIENTIFIC PROJECTS
ASTRONOMY, ASTROPHYSICS, COSMOLOGY (12)



 Study of Cosmological Large Scale Structure with GPU-accelerated N-body 
Simulations

 Light curve modeling of close binary and multiple systems
 Investigation of the K2 Mission's Star System's Eclipse Mean Times
 Large Scale Lightcurve Analysis
 The study of the effect of the cosmological constant with the GW150914

WSCLAB’s SCIENTIFIC PROJECTS
ASTRONOMY, ASTROPHYSICS, COSMOLOGY (12)



 Polynomial speedup in Torontonian calculation by a scalable recursive algorithm
 Highly optimized quantum circuits synthesized via data-flow engines
 Efficient quantum gate decomposition via adaptive circuit compression
 Approaching the theoretical limit in quantum gate decomposition
 GPU based simulation of strongly correlated quantum systems
 Accelerating Quantum Computer Simulators with GPUs

WSCLAB’s SCIENTIFIC PROJECTS
QUANTUM COMPUTING & TECHNOLOGY (6) 
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WSCLAB’s FUTURE
IS IN YOUR HAND

 What are the WSCLAB services
● Knowledge hub for scientific 

computing solutions
● Dedicated GPU & FPGA server 

hosting & services
● Tutorial series & teaching
● Advising highly-parallel computing 
● PhD/PostDoc projects

 How to apply
● Visit wsclab.wigner.hu

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


     

WSCLAB’s FUTURE
PLANS FOR THE FUTURE 

 Short timescale
● Finishing the running projects & make them publish
● New WSCLAB Grants for young scientists at 2023Q2
● Lectures on Modern Computing in Science series in 2023
●  100Gbps connection to GEANT network

 Intermediate timescale
● Further hardware develpments

 Long range plan
● Closely related to the KIFÜ’s LEVENTE project & Quantum Computing





WSCLAB>_ 
     WIGNER SCIENTIFIC COMPUTING LABORATORY
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https://www.youtube.com/channel/UCGgwXuNuzWtPxeBTrFq05bA
https://github.com/Wigner-GPU-Lab
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HARDWARE DETAILS   

WSCLAB | WDC 2022 | 13 July 2022 | G.G. Barnaföldi 
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WSCLAB | WDC 2022 | 13 July 2022 | G.G. Barnaföldi 
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HARDWARE DETAILS   

WSCLAB | WDC 2022 | 13 July 2022 | G.G. Barnaföldi 
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