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IngredientsioRHEP

Accelerators |LHC

t = Time (seconds, years)

E = Energy of photons (units GeV = 1.6 x 10710 joules)
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IngredientsioRHEP
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IngredientsioRHEP

Run:265338
Timestamp:2016-11-11 02:02:08(UTC)
Colliding system:p-Pb

Energy: 5.02 TeV




IngredientsioRHEP

parton sho
initial state

Run:244918

Timestamp:2015-11-25 11:25:36(UTC)
System: Pb-Pb

Energy: 5.02 TeV



ThelRROBLEN

Rate: ~600 000 000 / second

Rate: ~1 / second

Reconstruction

>

Analysis

Physics
results




lhelRROBLEN

42 Years of Microprocessor Trend Data
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Original data up to the year 2010 collected and plotted by M. Horowitz, F. Labonte, O. Shacham, K. Olukotun, L. Hammond, and C. Batten
New plot and data collected for 2010-2017 by K. Rupp



lhelRROBLEN

LHC in numbers: 2013 and now:
Data: 15 PB/year vs 200+ PB/year

Tape: 180 PB vs 740+ PB
Disk: 200 PB vs 570+ PB
HSO6: 2M vs 100+ B

Storing and distributing the data is only one side
of the challange
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lhelRROBLEN

10M Big Data sizes in 2021

£58

100 T objects stored
in 53 up to 2021 (5 MB)
2
140 M hours/day
1M of streaming (1 GB)
5
2 -
71k B e-mails sent from
100K 2020-10 to 2021-09 (75 KB)
m s
L,
@ 2
N 240k photos/min. 500 EB :
® 10k shared in 2021 (total)
=) 2 MB)
(] 60k B spam {
_ a e-mails(5 KB) o1 1y
60 GB/s WLCG
2 transfers in 2018
5.4k PBfy 1.9k PBly
1000 65k photos/min.
5 3 YouTuhe shared in 2021 LHC real
(2 MB) data in 201
2 E
SRRy 263 P 252 P
100 £ By 7
5 720k hours/day A
of video uploaded (1 GB) 98.83 M.new users 68 PBly 62 PBly ?0+ B web pages
+ 1.17 M paid subs in 2020 in 2021 (2.15 MB)
= (1.5 GB and 500 GB, respectively)
10

https://cloud.datapane.com/reports/dkjK28A/big-data-2021/

source

8
240PBYy
160 PB/y
LHC Monte Carlo
data in 2018

Cs
CERN
HL-LHC real

data expected in 2026

800 PBfy

1200 PBly

HL-LHC Monte Carlo
data expected in 2026

© Luca Clissa (2022)

13



ThelSOLUTION

Tier-2 sites
(about 160)

Tier-1 sites

Mission: “provide global computing resources
for the storage, distribution and analysis of
the data generated by the LHC’

Today:

1.4 million computer cores

1.5 exabytes of storage

170+ sites in 42 countries

The world's largest computing grid
CERN: 20% of total resources

14



WIEG 4
LHC experiments were designed and built from 1984 onwards
* the challenge of LHC computing was only tackled seriously only at the end of the ‘90s

Mission: , distribute, process and preserve (1) data
* Data: not just “physics” - also documentation, software + environment, know-how...

Time changes also the perspective:

* 100TB per LEP (Large Electron-Positron Collider) experiment: immensely challenging at
the time - now “trivial” for both CPU and storage

Grid: 24/7 service globalwide (was not trivial at the beginning)
* Distributed Computing = Distributed Spending (and = Distributed Discoveries!)

Recent emerging challenges: adoption of opportunistic resources
— High Performance Computing (supercomputers)
— Volunteer Computing (general public, LHC@Home - ~1%)
Other related topics with increasing importance: sustainability, carbon footprint, electricity costs...
15



WEECG

Main Grid ingredients:
» Computing Elements
 Storage Elements

* Information system

o7

~ o ~ 0::;:; ;:‘:;E Central Services
~ @ CERN
LAN ~ - ’:I Global Task queue
File Catalog
Job Catalog
EOS/XRootD

Grid-enabled Disk Storage

* You should only be sure that the data that [
you want are on the grid =
» Don't need to know where the data is

» Don't need to know where your job is going

to be running

- X509-based authentication

High Performance Computing
— Massively parallel
— Low I/O
— Restricted environment
— Multiple CPU/OS flavours
— username/password

VS
VS
VS
VS
VS
VS

Grid:

(single-node) workload
high1/0

open environment
single (CPU)/0S flavours
X509 cerfiticate

(= (j)AlIEn Site Services

= query global task queue

* Job control: LRM or 05G CE
(submit, query, delete ...)

* Monitor jobs and services

G ()SG CE =l (Monalisa)

~

. VObox Vi
1 vmfs .
Compute
cluster local Application software distributed via cvmfs

CVMFS Stratum 1
Software Repo

\ L

squids

| %)

Key
~—— Job control
—— Job status/heartbeat
= Job I/O
Monitoring data
< 3™ party copies
—— Software delivery

https://conferences.lbl.gov/event/644/#2-discussion-of-doe-review-tal
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Tiern=2ixARIin[Budapest

2003

50 cores (32bit) + 1.8 TB

2013

~600 cores (64bit) + 290 T1TB

Since spring of 2022: at the Wigner DC
4000 cores (shared between CMS (2/3) and ALICE (1/3))
3.6 PB disk




Tiern=2ixARIin[Budapest
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WSCLAB

WIGNER SCIENTIFIC COMPUTING
LABORATORY




Introducing HIJING++: the Heavy lon Monte Carlo
Generator for the High-Luminosity LHC Era

@}@[@@W resea D @ ects BYSICAL REVIW D 10% 114022 0022)
Gabor Bir6*", Gergely Gabor Barnafsldi®, Gabor Papp®, Miklos Gyulassy”, Péter
{

Lévai”, Xin-Nian Wang“/ and Ben-Wei Zhang®

Estimating elliptic flow coefficient in heavy ion collisions using deep learning

*  HUING++

Neelkamal Mallick®,' Suraj Prasad®,' Aditya Nath Mishra®.” Raghunath Sahoo®,'*" and Gergely Gabor Barnafoldi®®

o Next_gen heavy_lon Monte Carlo event generator Machine learning methods for Schlieren imaging of a plasma

channel in tenuous atomic vapor

] Higkhille Iearnlng Ju plasma channej proflllng Folding@home g:,s,:]':ﬂ‘.'i', Gébor Biré,! Mihsly Pocsai,! Imre F. Barna,! Joshua T. Moody,? and Gsbor Demeter!
°  Monitoring tool for the AWAKE experiment e e At T
- ALICE-KFKI
* Modeling hadronization with Machine Learning techniques fias folded 11,000 worunits = a— :
Gheg oty & Sonman = . P‘ .
*  proton-CT | IEN 55 g
N .. i

°  Novel medical imaging method with ALICE-developed detectors r!'fff|ﬁ'ﬁ'|’\'»'q'\HIl‘l\‘lﬂ

°  Accelerating the image reconstruction with Machine Learning :
¢ ALICE, CMS publications
¢ Contribution to COVID-19 research

* Gravitational waves

e Ligo/Virgo
* High-precision calculations for nuclear reactor dynamics

* Collaboration Spotting Folmmmm 3. §
B
* QAcentre for the ALICE TPC upgrade zof- -i“: ' =
* CRU development for DAQ =E 4 ih l e o
108 - I 0.6
* Participation in the Quantum Technology Initiative | K ' |
o sk | 0.4 ’
°  National Quantum Technology Program e Iy i o2 : =F
°  Dedicated grants - R s ! :
| ]
°  Investment on Maxeler DataFlow Machines 2022Q2 = B =
!
. |
‘ .
! B
Slmulatlon Of Photon IC Quantu m Compute rs PHYSICAL REVIEW LETTERS 123, 250503 (2019) }[ =

Enhanced by Data-Flow Engines

Special Theme

by Peter Rakyta (ELTE), Agoston Kaposi, Zoltan Kolarovszki, Tamas Kozsik (ELTE), and Zoltan Zimboras (Wigner)



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

WIEG &

How does it look like in practice?

You will need:

0) Some coding skills

Analysis codes (also in small scales), collaboration frameworks...

1) Authentication and authorization

Registration with an LHC-recognised VO (~usership at an experiment), CERN Grid User certificate
2) Have a working environment

The way to submit an analysis can be very different among the experiments

3) The Grid itself

* Batch system, resource broker, resource discovery, accounting, monitoring...

* How much resource do | need? Which data do | need? Where is that data accessible? Where are resources
available (close to the data)? What is the expected output?...

22



How does it look like in practice?

yTask({const char* name) : AliAnalysisTaskSE(name),

You will need:

DefinmeQutput(l,

0) Some coding skills

Analysis codes (also in small scales), collaboration frameworks...

1)

:i~AliAnalysisTaskMyTask(])

putObjects()

2)

] i)

=~

~

fOutputList = new TList():

1
2
3
74
5
i]

=~

fOutputlLis etOwner {kTRUE) ;

w
N

~

-

® THiStPt = new THIF(
fOutputLis dd( fHi

(] Jat fOutputList);

c{0ption t *)




WILEG &

How does it look like in practice?

You will need:
0)

1) Authentication and authorization

Registration with an LHC-recognised VO (~usership at an experiment), CERN Grid User certificate

| 1L

2) % /cvmfs/alice.cern.ch/binfalienv enter AliPhysics/vAN-202308920 02-1
[ALiPhysics/vAN-20238928_02-1] ~ > alien-token-init gbiro
Enter PEM pass phrase:
DN === C=ch/0=ALliEn2/CN=Users/CN=gbiro/0U=ghiro
ISSUER === C=ch/0=ALliEn2/CN=AliEn CA

3) BEGIN === 20623-18-11 12:53:31

EXPIRE =>= 2823-11-11 15:53:31

[AliPhysics/vAN-20238928_02-1] ~ = alien.py

elcome to the ALICE GRID

support mail: adrian.sevcencogcern.ch

ALiEn[gbire]:/alice/cern.ch/user/g/gbiro/ =]




WEECG

How does it look like in practice?

You will need:
0)

1)

2) Have a working environment

The way to submit an analysis can be very different among the experiments

[AliPhysics/vAN-282308928 02-1] ~ = alienwv list

3) Currently Loaded Modulefiles:
1) BASE/1l.® 18) libpng
2} GCC-Toolchain/v1@.2.8-alice2-9 11} sqgli
3) ALiEnm-Runtime/w2-19- 12) libffi
L 4) FreeType/v2.10.1-75 13) Python/
5) protobuf .15 14) Python-
6) OpenS5L; 15) 1z4/vl.
° 7) utf@proc/v2.6.1-13 16)

8) Clang/v13. 17) x
9) zlib/vl.2.8-94 18) arrow/v9.0.0-alicel-7
[ALiPhysics/wAN-28238928 02-1] ~ = I

.6.34-124

.15.08-4k
v3.2.1-41
vi.0.1
modul
9.3-29
1.75.0-79

f1.8-322
26-04 -patches-alice2-8
9.1.2-alice3-16

VMC/vZ2-8-30
GEANT3/vd4-1-18

GEANT4/w11.8.
vgm/v5-0-20
GEANT4 WMC/vG-1-p2-2

AliRoot/v5-89-59f 02-1
V@2-80-081-alice5-98
t 8081-23
(FParticle/v1.1-5-1
AliPhysics/vAN-202308920 02-1

25
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How does it look like in practice?

(]
You will need:
vold runAnalysisig)
0) 8 {
ool t local = kFALSE;
1) Bool t gridTest = KTRUE;

3) The Grid itself

 Batch system, resource broker, resource discovery, accounting, monitoring...

* How much resource do | need? Which data do | need? Where is that data accessible? Where are resources
available (close to the data)? What is the expected output?...

26



WEECG

How does it look like in practice?

(]
You will need:
ALICE MonALISA Repository for ALICE w onALISA
~— prrshewy otk
» wews | wmomear | iscomams | rmwes | asswaenseon | menmaces | s | wenasscu |

welcome ghiro,

Jobs management : my own jobs | all my roles | all jobs.

Status Active jobs Error states

3) The Grid itself

* Batch system, resource broker, resource discovery, accounting, monitoring...

* How much resource do | need? Which data do | need? Where is that data accessible? Where are resources
available (close to the data)? What is the expected output?...

27
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How does it look like in practice?

(]
You will need:
ALICE MonALISA Repository for ALICE w onALISA
~— prrshewy otk

3) The Grid itself

* Batch system, resource broker, resource discovery, accounting, monitoring...

* How much resource do | need? Which data do | need? Where is that data accessible? Where are resources
available (close to the data)? What is the expected output?...

28



Thanlsyou’

Portals, resources to read:

* https://home.cern/science/computing

* https://wlcg-publicweb.cern.ch/

* https://wignerhu/hu/wsclab

* http://gpuwignerhu

* https://wignerdcwignerhu

* https://aliceo2group.github.io/analysis-framework/docs/
* https://alice-doc.github.io/alice-analysis-tutorial/

* https://docs.egi.eu/users/compute/cloud-compute/

Acknowledgement: OTKA K135515, NKFIH 2019-21.6-NEMZKI-2019-00011, 2020-2.11-ED-2021-00179, the Wigner Scientific Computing
Laboratory and MILAB RRF-2.31-21-2022-00004. 29
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https://aliceo2group.github.io/analysis-framework/docs/
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