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Worldwide LHC Computing Grid -
up to now

Tier-2 sites
(about 160)

LHC numbers in 2013 vs. now: e
Data: 15 PBly vs 200+ PBly
Tape: 180 PB vs 740+ PB

Disk: 200 PB vs 570+ PB

HSO06 hours: 2M vs 100+ B
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Worldwide LHC Computing Grid - ‘?
Tier-0 '
CERN & Budapest (2013-2019)
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2 independent, dedicated HV lines

Full UPS and diesel coverage for all IT load (incl.
Cooling)

2 x 100 Gbps to CERN
20 000+ CPU cores, 5.5 PB+ storage




Tier-2 in Budapest

5003 2013

50 cores (32bit) + 1.8 TB

~600 cores (64bit) + 290 TB
> - F

HEPSPECO06 hours

2018/19 79,174,223 (0.16%)

2019/20 102,751,086 (0.12%) Since spring of 2022: at the Wigner DC

2020/21 217,791,152 (0.21%) 4000 cores (shared between CMS (2/3) and ALICE (1/3))
2021/22 342,439,409 (0.31%) 3.6 PB disk

Need to keep up ~15% yearly growth




Not only Tier-2 in Budapest

WSCLAB

WIGNER SCIENTIFIC COMPUTING LABORATORY

2022

13 years in parallel computing (Wigner GPU Laboratory) & HPC @ WDC

Brief history:

» Starting of the WLCG Grid (ALICE & CMS) Tier-2 at the Wigner
* 2005-2008 early years: idea of using GPU in HEP calculations g Bl |
2009 Discussion with G. Barnaféldi & P. Lévai & G. Debreczeni NE | &
- 2 main direction: HEP & Gravity ‘ :

* 2010- 1st GPU Day & formation of the Wigner GPU Laboratory

* 2010- GPU Day series

* 2016- Lectures on Modern Computing in Science series

» 2016- Wigner GPU Lab Fellowship

* 2021- Wigner Scientific Computing Laboratory (NKFIH TOPS50 RI) at the Wigner Data Center




Not only Tier-2 in Budapest

WSCLAB

WIGNER SCIENTIFIC COMPUTING LABORATORY

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

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

Wigner RCP & INFRA investments @2021

Young Researcher’s Fellowship

Wigner GPU Laboratory

ALICE + CMS WLCG T2 Quiisner UiSner  Gfansr  Glerer e <o
27t:  GPU Laboratory = MYNVIRD SITE
ANALYSIS FACILITY WLCG TIER2 IWLCG TIER?2
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A new, specialized facility for ALICE @Ener

* Re-utilizing the Tier-0 @ Budapest hardwares
* First design: 2019Q4

* Today: 9 racks optimized for maximal data throughput

* SE: EOS config & monitoring

2 redundant MGM nodes

36 FST nodes, with 24 x 3 TB for each node
Raw capacity: ~2.6 PB

Usable capacity: ~1.3 PB

RALICE

ANALYSIS FACILITY

The Wigner ALICE Analysis Facility

Giabor Biré'?®, Gergely Gabor Barnafoldi! ©, Péter Lévai', Latchezar
Betev? and Jan Fiete Grosse-Oetringhaus?

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

128 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

ALICE AF compute chassis 4 (4/4)

ALICE AF compute chassis 3 (4/4)

ALICE AF compute chassis 2 (4/4)

ALICE AF compute chassis 1 (4/4)

ALICE AF admin mgmt
L

ALICE AF compute chassis 8 (4/4)

ALICE AF compute chassis 7 (4/4)

ALICE AF compute chassis 6 (4/4)

ALICE AF compute chassis 5 (4/4)

ALICE AF frontend chassis 1 (4/4)

ALICE AF frontend chassis 2 (4/4)

WLCG \_j

T

KFKI Router
ALICE::Wigner_KFKI_AF
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https://cds.cern.ch/record/2791181

A new, specialized facility for ALICE  (uisner %

RALICE

~ANALYSIS FACILITY
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A new, specialized facility for ALICE  (uisner .

RALICE

ANALYSIS FACILITY

Average running jobs
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A new, specialized facility for ALICE  (uisner .

RALICE

ANALYSIS FACILITY

Average running jobs
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International projects(@QWDC) isner OIS B

GPU Laboratory  §]TE LCG TIER2 WLCG TIER2

* 2003-: WLCG T2 ALICE & CMS (@’21-'22: ~187k€)
* 4000 vCPU + 2 GB/vcore RAM ooz
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* 1600 vCPU + 5120 TB RAM WLCG

* Usable SE capacity: ~1.0 PB R
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* Wigner RCP investment (@’21-'22: ~250k€) | — O ———— —
* Nvidia 6xTesla T4 + Nvidia 8xA2 = 2 I A B

121 129 175 363 | 34| 351 3319 327 315 303 m) 1ssis 8

(a/4)

* 20 TB local storage = i % I s : B
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* 10G switch to GEANT (100G: SOON) — ==

342
343
123 | 131 | 380 | 368 [24 | 356 | 344 | 332 | 320 | 308
345
346

330 | 318 | 306 i DC2 Compute Chassis 10 (4/4)

31 319 307

18 381 369 | 20 357 333 321 309
1 21
* Mathematica server el - S S

383 371 | 18 | 359 347 335 323 3

7
384 3n 6| 360 348 136 124 312

* Supermicro 8xA100 - oz ez oczsmens

* Maxeller 2xFPGA (Xilinx Alveo) e : o °°
* Coming soon: =

wia Wi5

* EPYC gate server

* Infiniband switch & cards




Events

* ALICE Tier-1/Tier-2 workshop (26-28. September 2022)
https://indico.cern.ch/event/877541/

ﬂLif:E
* 6 Lectures on Modern Scientific Programming (14-15. November 2022)

* 12 GPU Days

GPU Day participants (academy, industry, student):

2015 44 29 35
2016 37 31 32

2017 33 31 38

2018 42 48

2019 40 27

2020 50 23 10

2021 55 20 35
2022 43 18 31

* Regular cloud training events by the WDC
* 40 WSCLAB (Wigner GPU Lab) Fellowship (31 finished + 9 running)

* 33+ industrial & academic partners (Lombiq LTD, Ericsson, Khronos,
CERN..))

* 35+ scientific publications and program codes

https://wigner.hu/en/wsclab
http://gpu.wigner.hu/en/home
https://gpuday.com/
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GPU DAY 2019 o

THE FUTURE OF MASSIVE PARALLEL AND QUANTUM COMPUTING

EMERGIG ACCELERATOR PLATFORMS

IMAGE PROCESSING, COMPUTER VISION, AND RECONSTRUCTION
INDUSTRIAL APPLICATIONS

GRAPHICS, RENDERING: AND MAGE SYNTHESIS

COMPUTING AND VISUALIZATION INEDUCATION

QUANTUM COMPUTING SIMULATION

MACHNE LEARNNG, NEURAL NETWORKS, FEATURE RECOBNITION
MANY-CORE COMPUTING IN PHYSICS AND OTHER FELDS OF SCIENCE

WIGNER GPU LABORATORY PRESENTS
GPU DAY 2021

11-12. NOVEMBER

MORE INFORMATION AND REGISTRATION:
HTTPS://GPUDAY.COM/

HITPS.//INDICO KFKLHU/EVENT/ 1330/

KEYNOTE SPEAKERS: ALBERTO DIMEGLIO, OSKARMENCER

- e N S S . ope
Qisner iir¢ 7, 2 Mlombig g5
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THE FUTURE OF MASSIVE PARALLEL AND QUANTUM COMPUTING

ERATOR PLATFORMS
NG; COMPUTER VISION, AND RECONSTRUCTION

RING:AND IMAGE SYNTHESIS
NG AND VISUALIZATION IN EDUCATION
UTING SIMULATION
MACHNE LEARNING, NEURAL NETWORKS, FEATURE RECOGNTTION
MANY-GORE COMPUTING IN PHYSICS AND OTHER FIELDS OF SCIENCE

WIGNER SCIENTIFIC COMPUTATION LABORATORY
GPU DAY 2022
20-21. JUNE

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

oAU

GPUDAY.COM



https://indico.cern.ch/event/877541/
https://gpuday.com/
https://wigner.hu/en/wsclab
http://gpu.wigner.hu/en/home
https://gpuday.com/
https://www.youtube.com/channel/UCGgwXuNuzWtPxeBTrFq05bA/featured

Introducing HIJING++: the Heavy lon Monte Carlo

]
Research projects

PHYSICAL REVIEW D 105, 114022 (2022)

° Gabor Bir6*”, Gergely Gabor Barnaf6ldi’, Gabor Papp“, Miklos Gyulassy*<, Péter
H IJ I N G ++ Lévai’, Xin-Nian Wang** and Ben-Wei Zhang

Estimating elliptic flow coefficient in heavy ion collisions using deep learning

° Next-gen heavy-ion Monte Carlo event generator

Neelkamal Mallick®," Suraj Prasad®," Aditya Nath Mishra®, Raghunath Sahoo®,"*" and Gergely Gabor Banafoldi®*

* Machine learning for plasma channel profiling Machine lwn;ii:z}::iiifj:::z:: i::’iflg of a plasma
> Monitoring tool for the AWAKE experiment Folding@home Bt Ut o o il Pocse! e . Do, Jos T. Moods.® s Gilor Dot
* Modeling hadronization with Machine Learning techniques I accexea S
* proton-CT | . | —
> Novel medical imaging method with ALICE-developed detectors | % Sl ' nmmlllﬂ]]}

1 |
il

° Accelerating the image reconstruction with Machine Learning %

* ALICE, CMS publications
* Contribution to COVID-19 research
* Gravitational waves
° Ligo/Virgo
* High-precision calculations for nuclear reactor dynamics
* Collaboration Spotting

cell

* QA centre for the ALICE TPC upgrade .
* CRU development for DAQ “t- WIS
* Participation in the Quantum Technology Initiative " . r el
° National Quantum Technology Program R [ | [ _—
> Dedicated grants it | =
0 0 20 30 40 50 i g =
° Investment on Maxeler DataFlow Machines 2022Q2 T H = H == =
- el T L
| o
S|mU|at|On Of Ph0t0n|c Quantum Computers PHYSICAL REVIEW LETTERS 123, 250503 (2019) ‘ St -
Enhanced by Data-Flow Engines =ptersiahld
Special Theme 2 ‘/‘ ,;mm:flfé i §
. M3 f; gl
by Peter Rakyta (ELTE), Agoston Kaposi, Zoltan Kolarovszki, Tamas Kozsik (ELTE), and Zoltan Zimboras (Wigner) singie-photon e P‘.:": "T ; A; % ww&%‘{:ﬂ 60 single-sroton



https://arxiv.org/abs/1901.04220
https://arxiv.org/abs/2205.12731
https://arxiv.org/abs/2111.15655
https://arxiv.org/abs/2202.05551
https://alice.wigner.hu/articles.html
https://twiki.wigner.mta.hu/twiki/bin/view/CMS/WebHome
https://iopscience.iop.org/article/10.1088/1361-6382/ac5d17
https://www.mdpi.com/1996-1073/15/8/2712
https://collaborationspotting.web.cern.ch/node/4
https://www.sciencedirect.com/science/article/abs/pii/S0168900218308222?via=ihub
https://iopscience.iop.org/article/10.1088/1748-0221/16/05/P05019
https://ercim-news.ercim.eu/en128/special/simulation-of-photonic-quantum-computers-enhanced-by-data-flow-engines
https://wigner.hu/quantumtechnology/en/node/1

Summary

HEP computing in Hungary: ~30 technical/scientific experts
* Accumulated knowledge at the Wigner DC
* Training programs for the new generations

* Expertise and broad variety of resources you can count on

Difficult challenge: monotonically rising upkeep costs

THANK YOU FOR YOUR ATTENTION!
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