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" MeHANMNCb KoHUenuuu

" Kpyr M C1OXXHOCTb pewaembliX 3a4a4

nepsble yudposble NAaTGopmbl
noaaep)XKu, paboratoLwmx B

" yI'I'IY6J'IHJ'IaCb cneunaan3auuni pa3pa6OT‘-IVlKOB p€a/ibHOM BPpEMEHU

" BO3HWKaJl HOBbIWN TEXHONOTMYECKUN Habop

" COKpalwanocCb Bpemsa BBoaga HOBbIX MPOAYKTOB U
cepBnUCoB

MNepBoe nokoneHue (1960-e roabl) — menHPpermbl

Bropoe nokoneHue (1970-e roabl) — yHuBepcanbHbie IBM

TpeTtbe nokoneHue (1980-e rogbl) — nepcoHabHble
KOMMNbIOTEPDI

YerBepTtoe nokoneHue (1990-e roabl) — KAneHT-cepBep

Natoe nokoneHue (2000-e roabl) — cepBUCHAA
apXuUTeKTypa

LLlectoe nokoneHue (2010-e rogbl) — obnaka

Cepbmoe nokoneHue (2020-e roabl) — 10T, UCKYCCTBEHHbIN
WHTENNIEKT, KBaHTOBbIE BbIYUC/IEHUA



STanbl pa3BUTMA CYNEPKOMMNbIOTEPOB COMAcHO 3aKoHY Mypa (ot Gigaflops oo Exaflops)

Note: Numbers are based on Linpack Benchmark.
Dates are approximate.

The El Capitan system at the Lawrence Livermore National

Laboratory, No. 1 system on the TOP500.
El Capitan has 11,039,616 cores, 1.742 Exaflop/s, 29,580 MW

Frontier - HPE Cray EX235a, AMD
Oak Ridge National Laboratory
9,066,176 cores 1,353.00 exaflops/s
24,507 MW



Grids, clouds, fog, edge, supercomputers...

Grids Supercomputers
* Collaborative environment

* Distributed resources




JINR



Square
Kilometer Array
radio telescope
> 1 Eb/Year raw
data (estimation)

HPC+Big Data+Al

CERN Large Hadron Collider > 400 PB/Year



What is GRID

Five Emerging Models of Networked
Computing From The Grid:

“*Distributed Computing
“*High-Throughput Computing
“*On-Demand Computing
“*Data-Intensive Computing
“*Collaborative Computing

lan Foster and Carl Kesselman, editors,
“The Grid: Blueprint for a New Computing
Infrastructure,” Morgan Kaufmann, 1999,
http://www.mkp.com/grids



GRID- is a means for sharing computing power
and data storage via the Internet
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e Large Hadron Collider (LHC), one of the largest and truly global scientific
projects ever, is the most exciting turning point in particle physics.

CMS .., LHCb
(Compact . (Large
Muon K Hadron
o Collider
Solenoid) peant

experiment)

IS
‘e,
IS
o, .
*
.
.
IS
.

L
L/
..“

Data flow to permanent storage: 4-6 GB/sec

ALICE ™
(ALargelon *
Collider

Experiment)

27 krrll_ Hu? rlnr:fg b ALAS
gl einie: : (A Toroidal

LHC
Apparatu$S)

.
.
N
L]
L
L
L]
L]
L
[ ]
]
L
L]
L

*
.
.
.
.
.
-
.
.
.
.
.
.
.
-
.
L
-




Data Collection and Archiving at CERN

Data flow to permanent storage: 20-24 GB/sec
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JINR in the Russian Data Intensive Grid
infrastructure (RDIG)

The Russian consortium RDIG (Russian Data Intensive Grid), was set up in September
2003 as a national federation in the EGEE project.

RDIG Resource
[KIAMRAS]-: Centres:
~ ITEP
...... méit.._li'etersburg — JINR-LCG2
= Novgorad _ EEFIV_I}:ISCOW-KIAM
""" g e
""" DUhna'_Cheranl:ulnvL:a - RU'PhyS'SPbSU
L - Etlj-gll;obt;wo-IHEP
: /Protvinos ?F‘ushc:hinn:u - -
T L B — Ru-Troitsk-INR
— AHPE RAS ~ ru-IMPB-LCG2
— ru-Moscow-FIAN
— ru-Moscow-GCRAS
— ru-Moscow-MEPHI
— ru-PNPI-LCG2
— ru-Moscow-SINP
- BY-NCPHEP

— Kharkov-KIPT



Some history

1999 — Monarc Project

* Early discussions on how to organise distributed computing for LHC C}ER\N\.\
2001-2003 - EU DataGrid project ‘/IZZ\- ZI N
* middleware & testbed for an operational grid
2003 — RDIG in Russia (Tier2) c
2002-2005 — LHC Computing Grid - LCG
2004-2006 — EU EGEE project phase 1 c

2005-2006 - PanDA and DIRAC

2006-2008 — EU EGEE-II

2008-2010 — EU EGEE-III c
2010-2012 - EGI-InSPIRE

2010 — GRID-Cloud

2012 — discovery of the Higgs Boson

2013 — Tier]l in Russia (JINR and KI)

2013 — GRID-Supercomputer TITAN



The Worldwide LHC Computing Grid (WLCG)
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Worldwide LHC Computing Grid (WLCG)

The mission of the WLCG is to provide global computing resources for the storage, distribution and analysis ~50-70
Petabytes of data expected every year of operations from the LHC. Integrates computer centres worldwide that provide
computing and storage resource into a single infrastructure accessible by all LHC physicists

Tier0 (CERN):

data recording,

reconstruction

and distribution ik

Tier1:

permanent

storage, ©
re-processing,

analysis

Tier2: o
Simulation,

end-user

analysis

The mission of the WLCG project is to provide global
computing resources to store, distribute and analyze the ~400
PB of data expected every year of operations from the Large
Hadron Collider.

WLCG computing enabled physicists to announce the
discovery of the Higgs Boson on 4 July 2012.

42 countries

170 sites

~2 M CPU cores

2 EB of storage
>2 M jobs/day
100-250 Gb/s links

At the Nobel Prize ceremony for the discovery of the Higgs boson, CERN Director Rolf
Heuer directly named grid technologies as one of the three pillars of success (along with
the LHC accelerator and physics facilities). Without the organization of the grid
infrastructure at the LHC, it would be impossible to process and store the colossal
volume of data coming from the collider, and therefore, to make scientific discoveries.
Today, not a single large project can be implemented without the use of a distributed
infrastructure for data processing.

26.08.2025 14



Meshcheryakov Laboratory of Information Technologies

Meshcheryakov Laboratory of Information Technologies of the Joint
Institute for Nuclear Research in Dubna was founded in August 1966. NN G
.N. Govorun

The main directions of the activities at the Laboratory are connected
M.G. Mesheryakov e ma d L . Y (18.03.1930 - 21.07.1989)
with the provision of networks, computer and information resources, as

(17.09.1910 - 24.05.1994) _ .
well as mathematical support of a wide range of research at JINR.



Meshcheryakov Laboratory of Information Technologies

Multifunctional Informatiopn and Computing Complex

Scientific IT ecosystem:
coordinated development of
interconnected IT technologies and
computational methods

Scientists
Doctors of
Science
Candidates of
Science

DIRAC, PanDA, etc. Specialists

Govorun - (engineers,
2.2 PF programmers)

58 PF Al
10.6 PB Management

Tierl

23360

Cores
428 kHS23

15 PB
Workers

DATA STORAGE 140 PB

Total
NETWORK 4x100 Gbps
POWER@COOLING 800 kVA@1400 kW

*Provide IT services necessary for the fulfillment of the JINR Topical Plan on
Research and International Cooperation in an efficient and effective manner

*Building world-class competence in IT and computational physics
*24/7 support of computing infrastructure and services

115

21

62
136

18

47
316



MICC Power @ Cooling @ Network

Wide Area Network 4x100 Gbps
Cluster Backbone 4x100 Gbps
Campus Backbone 2x100 Gbps

Dry chillers
In-Row systems
Total cooling 1400 kW

Uninterruptible power supplies
(UPS) 8x300 kVA
Diesel-generator units (DGU)
2x1500 kVA



Network Infrastructure

MLIT ensures the reliable and fault-tolerant operation of all components of the
network infrastructure:
= JINR-Moscow 4x100 Gbit/s
= JINR-CERN 100 Gbit/s and JINR-Amsterdam 100 Gbit/s
* multi-site cluster network with a bandwidth of 4x100 Gbit/s for the NICA megaproject
* Jocal area network with a bandwidth of 2x100 Gb/s

The JINR LAN comprises:
14017 network elements
23276 IP-addresses ipv4

1491 IP-addresses ipv6
9934 users registered within
the network
4937 *.jinr.ru service users
1153 digital library users
967 remote VPN
157 EDUROAM users

Network traffic in 2024
42.53 PB - input
20.62 PB - output



Tier1 for CMS at JINR

23360 cores

428 kHS23

15.5 PB disks

100 PB tape

100% reliability and
availability

Tierl CMS 2024

RU-JINR-T1 1,888,913,532
US-FNAL-CMS 1,665,321,019
UK-T1-RAL 1,132,299,978

DE-KIT 1,097,134,332
FR-CCIN2P3 807,778,212
ES-PIC 671,291,604

IT-INFN-CNAF 618,136,609

24 %
21 %
14 %
13 %
10 %
8 %
7 %



Sum CPU Work {(HS23 hours)

Tier2 at JINR

Tier2 at JINR provides computing power and data storage and access systems for the majority of JINR users and user
groups, as well as for users of virtual organizations (VOs) of the grid environment (LHC, NICA, FAIR, etc.).

Accounting of RDIG Tier2’s
and years 2005-2024
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Cloud Infrastructure

DIRAC-based distributed information and computing
environment (DICE) that integrates the JINR Member
State organizations’ clouds

- Computational resources for neutrino experiments

Cloud Platform - OpenNebula
Virtualization - KVM — Testbeds for research and development in IT

- COMPASS production system services
- Data management system of the UNECE ICP Vegetation

Storage (Local disks, Ceph)
Total Resources
5,152 CPU cores; 80 TB RAM; ~ Scientific and engineering computing

5 PB of raw ceph-based storage™ Service for data visualization
- VMs for JINR users



system (1,6-10-30-100 PB)
* Scalable solution Storage-on-demand

“Govorun” Supercomputer

* Hyper-converged software-defined system
* Hierarchical data processing and storage

* Total peak performance: 2.2 PFlops DP

and 58 Pflops for Al tasks

* GPU component based on NVIDIA Tesla

V100+A100+H100

* CPU component based on RSC “Tornado”

liquid cooling solutions

* The most energy-efficient center in Russia

(PUE = 1.06)
 Storage performance >300 GB/s

Russian DC Awards 2020
in “The Best IT Solution
for Data Centers’

Total number

of users : 347
including from
the Member
States (Armenia,
Belarus, Vietnam,
Egypt, South
Africa)

SC "Govorun" is included into a single
supercomputer infrastructure based on the National
Research Computer Network of Russia (NIKS).

Key projects that use the resources
of the SC “Govorun”:

> NICA megaproject,
» calculations of lattice quantum
chromodynamics,

» computations of the properties of
atoms of superheavy elements,

> studies in the field of radiation
biology,

» calculations of the radiation
safety of JINR’s facilities.



Monitoring



Distributed Multi-layer Data Storage System

YV V

Limited data and short-term storage — to store the OS itself, temporary user files

AFS distributed global system — to store user home directories and software

dCache is traditional for the MICC grid sites — to store large amounts of data (mainly
LHC experiments) for the middle-term period

EOS is extended to all MICC resources — to store large amounts of data for the middle-
term period. At present, EOS is used for storage by BM@N, MPD, SPD, BaikalGVD, etc.
Tape robotic systems — to store large amounts of data for the long-term period. At
present, for CMS. BM@N, MPD, SPD, JUNO —in progress.

A special hierarchical data processing and storage
system with a software-defined architecture was
developed and implemented on the “Govorun”
supercomputer.
According to the speed of accessing data, there are
the following layers:

v" very hot data (DAOS (Distributed
Asynchronous Object Storage)),
the most demanded data (fastest access),
hot data,
warm data (LUSTRE).

SN X



YckopuTtenabHbIN KOMILIEKC NICA



DIRAC-based distributed heterogeneous environment

LHEP resources

VBLHEF VBLHEP
EDS

DOC cluster NICA cluster

DAl
computing
farm

MICC MLIT

Cloud

MLIT EOS

MLIT CTA

JINR Cloud

Tier-2

=

[ovarun

Lustre
Ultra-fast
storage

DIRAC is employed to
solve the tasks of
collaborations of all
three experiments at
the NICA accelerator
complex, as well as of
the Baikal-GVD
neutrino telescope.

In 2023, for the first time at JINR, the
complete processing of raw data from the

T rform

cglgjla?ions related to Obnaka INP 8th run of the BM@N experiment was
the mass generation __ BN ASRT performed on the distributed

and processing of IPANAS PRUE heterogeneous computing infrastructure
data from the NICA NP NT integrated using the DIRAC platform.
mega-science project == INRNE i

experiments, a ——— -

distributed ;

environment based UthEl‘:éEﬂnJlrachnsratmn IMOT MEPHI

on the DIRAC

Interware platform
was created.

Summary statistics of using the DIRAC platform for
BM@N Run 8 data processing



[ Myb6okoBoaHbIN HEUTPUHHBIM Teneckon Baikal-GVD (Gigaton Volume Detector)

[y©okoBoaHbIN HENTPUHHLIN Teneckon Baikal-GVD (Gigaton Volume Detector), cTposawuincs B HacTosiLee
BpeMsi Ha o3epe bainkan, npn goctmxkeHnn obbema B 1kM3 npeactaBuT cO60n BaXKHENLLNUA KOMMOHEHT
rmob6anbHOM MHOroKkaHanbLHOM aCTPOHOMMUYECKOW CETU, OOMOSNHMB HENTPUHHYIO obcepBaToputo lceCube, Taknm
obpasom obecrnevnB apPHEKTUBHOE NOKPLITUE KOXXHOW HEDECHON nonycdepsl.

Pecypcbl ana npoekta B ONAN: 6onee 2000 aaep, okono 2 MNb
ANCKoBOe XpaHunuue, 2 Nb — neHToyHas bubnamnoTeka

B AaHHbIM MOMEHT CyMMapHbIN MOTOK SKCNEePMMEHTanNbHbIX AaHHbLIX HAXOAUTCS B
npeaenax 100 MbuT/c, HO ¢ Y4ETOM pocTa YCTAaHOBKN B TEYEHNE TPEX brnmxaunmnx
net ansa komgopTHoM paboTbl NoTpebyeTcs ckopocTb nepenaydn 1 I'but/c.



IxcnepumenT JUNO B Kurae

OkcnepumenT JUNO — 3T0 MHOroresneBass HEMTpuUHHAsg 0oOcepBaTOpUsl ¢ OOIIMPHOM MPOTrpaMMoOl HCCieAoBaHUN B 00JacTu
HEUTpUHHOU (Gu3uKH U acTpodu3uku. I[IpoekT HalerneH Ha M3y4YeHUE HEUTPUHO B IIMPOKOM JIMAMA30HE SHEPrUi, BKIIOYas
COJIHEUHBIE, CBEpXHOBBIC, aTMOC(EpPHBIE, TECOHEUTPUHO, a TAKXKE MPOBOJUT MTOMCK TPOTOHHOIO PaCIaia U 3K30TUUYECKUX SBJICHUIA.

BbiuncnutenoHble pecypcol gna JUNO B OUAN.
— 2000 + 1700 apep

HerexkTop JUNO
IIporno3s o0bemoB xpanenusi AaHHbIX JUNO
no Tuny xpanuauma (IIb) B uenrpax Tier-1

Tun 2025 2026 2027 2028 2029

XpaHMANLA
JleHTo4YHOe 2.79 5.83 11.17 13.96 19.54

AuvckoBoe 2.98 6.26 7.49 7.49 7.49

YeTbipe ueHTpa 06paboTkm gaHHbix — UPBI AH KHP, ONAN, IN2P3
n CNAF — obecneuymBaloT XpaHEHUE AaHHbIX U COBMECTHYHO
0b6paboTky. B kauecTtBe ueHTpa Tier O IHEP coxpaHsaeT Bce AaHHbIe,
BKAtOYaa AaHHble MoHTe-Kapno (MC) n RAW

B Onwmxaiiive S5 1eT MUHMMaIbHO HEOOX0IMMasi TIPOITY CKHasI
CIIOCOOHOCTD KaHaJIOB Mepelauu JaHHBIX JiJ1s eHTpoB Tier-1
Ha TEKYIIM MOMEHT OlleHuBaeTcs B 2,5 ['our/c.



Creation of a consortium for IT support
of large-scale research infrastructure

* In Russia, a program of large-scale scientific projects is being implemented,
the most important part of which is the development of distributed
heterogeneous computer systems (including systems with parallelism) for
processing, storing, analyzing experimental data, development and
implementation of effective methods, algorithms and software for modeling
physical systems, mathematical processing and analysis of experimental data,
development of methods of machine learning, artificial intelligence, quantum
computing.

* To solve this large-scale task, it is necessary to develop a distributed computer
infrastructure that unites key scientific and educational institutes participating
in mega-science projects - RDIG-M. The consortium created on the basis of
JINR, NRC Kurchatov Institute, ISP RAS should become the core for IT
support of the research infrastructure of the "mega-science" class.

0%¢

5 N\ 4
Mega-
I] science

projects

@NB



Methods, Algorithms and Software

In 2024 the MLIT staff published
>200 scientific publications,
4 monographs,

>100 articles within international
collaborations

presented over 150 reports at
International and Russian
conferences



MeToabl, aaroputMmsl U I10 a/19 06pabOTKHU M aHAJIM3A JAHHBIX

MopaenupoBaHue pU3MYECKUX PeKOHCTPYKUMA U aHanu3 MporpammHas cpeaa ana
NpPoLeccos U YCTAaHOBOK AAHHbIX 3KCNepUMEHTOB

MogaenuposaHue pUIMIECKNX PeKOHCTPYKUMA TPaeKTopuii  Mogenu o6paboTKU U aHanu3a

cobbiThid YacTum, BAHHbIX
GEANT-mopenuposaHue
3KCNEepPUMEHTaNbHBIX NaeHTMdUKaLMA YacTUL, Mopenb AaHHbIX
YyCTaHOBOK
PeKOHCTPYKUMA pU3NYECKUX MporpammHbie nnatdopmbl U

OcHoBHaA CTpaTerua npoueccos CUCTEMDI
npummeHeHume 06 W nXx AHanu3 3KCcNepuMeHTaNbHbIX PasBuTMe U cONpoBOXAEHME
ANA PA3UYHBIX AdHHEIX BA
3KCNepnmeHTOB pelleHun nu MeTOoAUK Busyanusauma cobbitmii

npu cosganum MO ana moaenMpoBaHus,
PEKOHCTPYKLMUM M aHaMN3a AaHHbIX.

" paspaboTka MaTemaTuveckmx metogos, Bkrodas ML/DL, wu
NporpamMmMHOro obecneyeHus ang MoAenMpoBaHng
PU3NYECKNX MPOLLECCOB U IKCMEPUMEHTANbHbIX YCTaHOBOK,
0bpaboTkM U aHanm3a aKkcrnepuMeHTanbHbIX AaHHbIX B 0bnacTu
JU3NKN 3reMEHTapHbIX YacTul, sSaepHoOu U3nknu, dOU3UKN
HEWUTPUHO, KOHZEHCUPOBAHHOIO COCTOSAHUS cpen,
pagunobuonorum n T. A.

" pas3paboTka, nogdepxka W 3KCnfyatauusi nporpamMMHbIX
KOMMNMEKCOB Ans pacnpegeneHHon obpaboTkm u aHanusa
9KCMEPUMEHTArbHbIX OaHHbIX, a Takke WHMOOPMALMOHHbIX
cucteMm anga nogaepxku uccrnegosaHnun B OUNAWM u gpyrux
MUPOBbIX LlEHTPaX.



ML meToabl AnNsA cOBpPeMeHHbIX aKcnepumeHToB PBI

dkcnepumeHT BM@N. Crpunosbie GEM
AETEeKTOpbl BHYTPU MarHuta

Tpekosbin getektop TPC BHyTpu mariuta MPD.

NnntocTpaumnsa cMmoaennmpoBaHHOro cobbITuS
CTONKHOBEHMA NYYKOB MOHOB 30/10Ta,
co3gatollee TbiCAYU TPEKOB.

-

Cxema yckoputenbHoro komnnekca NICA ¢ akcnepumeHtamu MPD, SPD, BM@N

3a4aun: PeKOHCTPYKUMA cobbiTiA NO AaHHbIM
U3MepeHnin B TPEKOBbLIX U APYIrnX AeTEeKTOpaXx.

32




Paagno6mo/10rusa 1 HAyKM O XKU3HU

[lpuMeHeHMe HaKoMNIeHHOro onbiTa K ML/DL/HPC 3KocucTema

pasnuyHbIM Knaccam 3agay! = ML/DL TexHonorm

* CoBpeMeHHbIe IT-pelueHns
Onsa XpaHeHusi, obpaboTku
N BU3yanmsaumm gaHHbIX

* VIHTennekTyanbHas
" CTaTUCTUYECKUN aHanns

nnatopma MOHUTOPUHIa
OKpy>KatoLLien cpeabl
moss.jinr.ru gt

=8 |

= CepBuc gns

" /IHdopMmaLoHHas cuctema onpeaeneHns 1 aHanuaa
AnNA 3aga4 pagmobuonornu 0YaroB NopaxeHus,

" MHTeNneKTyanbHas nnatgopma bio.jinr.ru BbI3BaHHbIX paauauuen
ansa onpeneneHns bonesHen XpaHeHue,ObICTpbIV AOCTYN U mostlit.jinr.ru
CEJIbCKOXO3ANCTBEHHbIX U aHanu3 AaHHbIX
[leKOpPaTVBHbIX PAaCTEHU [ EyE papvobuonoruyeckux B

T [ IQKCrNMepnmeHToB ]
doctorp.ru G "

%ﬁﬂ? [=];



MeToabl rnybokoro obyueHus ansa peweHus pasandHbiX npobsem B ce/IbCKOM X03SIMCTBE

MpeactaBneHHoe uccneaoBaHMe (PoKycupyetTca Ha obHapyrKeHuu
bonesHen pacteHun ¢ nomouwpbio MU ansa nosbiweHna 3PHEKTUBHOCTU
CE/IbCKOro X03AMCTBa U NPOAO0BO/IbCTBEHHOW Bbe3onacHocTu. MNnatpopma
DoctorP, pa3paboTtaHHaAa Ha ocHoBe 3ToM paboTbl, WCNONb3YET
nepeaoBbie MeToAbl ANa  Knaccudukaumm 68 KnaccoB 6HonesHen
pPacTeEHUN, BpeauTesien n ux nocneactsuin. nybokme HeMpoOHHbIE CeTU C
COBPEMEHHOM apXUTEKTypon Obian npeanoxeHbl Ana paboTtbl B
YCNIOBUAX OFPaHUYEHHbIX AaHHbIX 0byyeHuA. [ocTynHaa 4epe3 Beb,
MobunbHble npunoxkeHua n API, nnatdopma obpaboTtana 6onee 250 000
NONb30BATE/IbCKMUX 3aMPOCOB W MNPUMEHANACb B  aKageMU4YecKUx
NPOrpaMmmax U NPOMbILLNEHHbIX MPOEKTax.

Kpome TOro, 6bian npepsioxeHbl MeToAbl OOHapyeHus 6onesHen
PAacCTEHUN Ha PaHHEW CTaauM C UCNONb30BAHUEM TUMEPCNEKTPANbHON
BM3yasn3aunu.

ABTOMATM3MPOBAHHbIA MOHUTOPUHI TENAUL, HAXOAUTCA B CTaauu
Pa3paboTKM C NCMONb30BAHMEM aBTOHOMHbIX POOOTU3NPOBAHHbIX
nnatdopm ANA OTCAEXKUBAHUA PACTEHUM M CO3AaHUA UUDPOBbLIX
NBOMNHUNKOB.

UccnepoBaHune mnHterpmpyet peweHna N gna cHUXKeHna 3aTtpar,
YAY4dWEHNUA  MOHUTOPMHIA U NOJAEPKKM  YCTOMYMBOIO
3emnenenus.



JINR Digital Ecosystem

a single window into the JINR digital environment

" integration of existing and prospective services
for supporting scientific, administrative and
social activities, as well as maintenance of the
Institute's engineering and IT infrastructure.

* [ntegrated Personal Account of a JINR
Employee
= Notifications in the Personal Account

= Some resources are available to unregistered
users

* Relevance. Information is updated promptly
and regularly by service owners

=  Convenient interface for service administrators
= Supports bilingualism: Russian and English
= Mobile version of the system



OcHoBHoe 3a 2024 roa:

MUH-2: rnyboko
nepepaboTaH 1 BBEAEH B
OMbITHYH 3KCN/IyaTaumio.

CepBUCbI ANA COBMECTHOM
paboTbl (KaneHaaps,
CepBUC ynpaBaeHuns
NOKYMEHTaMM)

Peno3utopuit nybamkaumm
coTpygHunkos OUAMN:
onepaTUBHOE HaMoJ/IHEHUE
(157632 2024 r.,8733 C
2020r.), BBEAEH B
ONbITHYIO 3KCN/lyaTauumto.

CucrtemHeole cepBUCHI:
NPOTOTUN WNHbI AaHHbIX.

[MnaHbl Ha 2025 roa;:

Beopa B aKkcnayatauuto NMNH-2,
MHTerpmposaHHoro ¢ U3C un
peno3ntopmem nybankauumn.

MoarotoBKa K nepeHoCcy Npoueccos
3aKYMNOYHOM OeATENbHOCTU B CUCTEMY
AOKYMeHTO0b60pOTa, CO343aBaeMYyO
AOPLLC.

F'NC: cpeacTBa y4éTa NOMELLEHUN U
pe3epBMpPoOBaHMA paboumx mecrT,

opraHusauma paboyero NPOCTPaHCTBA Ha
6a3e uMppoBOro ABOMHMKA 34aHUA.

NN-nomoLWHMK No undpoBomn
sKocucTeme.

Cuctema nogaeprKkm Nnonb3oBaTenemn
LL2C nonHoro ymkna.

Cpepa onAa xpaHeHUA 1 ynpassieHUn
AaHHbIMU cepsucos LIC.

Mepexoa OT aKTUBHOCTU K NPOEKTY



Methods of Artificial Intelligence and Big Data Analytics

* Bringing best of Big Data approaches to JINR practices
* Providing the Big Data infrastructure for users



Software Complex for Creating Digital Twins
of Distributed Data Acquisition, Storage and Processing Centers

NCX

Trigger Buffer 100 Gb/s

100 Gb/s Tier LIT

100 Gb/s
EOS 100 Gb/s

Application examples
for the NICA complex

= Creating the digital twin of the
computing infrastructure of the BM@N
experiment.

= Creating the digital twin of the
computing system of the online data
filter of the SPD experiment.

=)

Specificities
v Flexibility.

v" Important functional parameters of distributed centers
are taken into account:

* equipment characteristics;
* the characteristics of data flows and jobs;

* the probabilities of failures and changes in the
equipment performance and other processes
occurring in the system.

v The results of the digital twin's work differ from the results of the
existing distributed center by no more than 20%.



O6pa3oBaTesibHasA TPAEKTOPUSA NOATOTOBKHU
NT-cneniua/jiMCTOB

Craxkep-
uccnepgosaTtenb
OUNAN

YyacTtue CTyaeHTOB
B npoektax OUAU

AcnupaHTypa

MarucrepcKas Momowb Npu noctynaeHun B
‘ BY3bl-NapTHEpPbI Ha TEPPUTOPUMN
AhccepTalina P® n cTpan-yyactHmy OUAN

UT-lkona bakanaspckas paboTa * CTaxmMpoBKM 8 PD 1 apyrix
onNan CTpaHax

* Bbibop Tembl BKP itschool.jinr.ru
* PewieHue peanbHbix 33434 _ .

* Paborta B KOMaHAe € BeAYLWMMU YYEHBIMU itschool@jinr.ru
* MpoxoxKaeHune NpPaKkTUKK ,EJHEJ
* HanucaHue Hay4HbIx paboT : -
* MpoponxkeHue cotpygHmnyectsa c OUAU [=]



S8y scHOOL
JINR

Involving young specialists
in solving tasks that face
JINR using high-
performance and
distributed computing, data
analysis methods and
algorithms, state-of-the-art
information technologies

Autumn
School

acquaintance with the
directions of JINR
scientific research

Spring l

School

presentation the results
of joint work with the
Institute’s specialists

JINR School of Information Technology

for Russian speaking students



LLikona no nHpopmMaunoHHbIM TexHonormam ONAN
7-11 oktabpsa 2024

58 cTyAeHTOB U3 POCCUICKUX YHUBEPCUTETOB






MSU branch in Dubna

Training of specialists to work in the field of theoretical and experimental high energy
physics, relativistic nuclear physics on the basis of the Joint Institute for Nuclear
Research (JINR, Dubna), as well as for applied research and developments that are

being carried out in medicine, biology and other fields using nuclear physical methods
and information technologies.

Fields of research | 93:04.02 "Physics™ o
in 2024 — Master's program "Physics of Elementary Particles
— Master's program "Fundamental and Applied nuclear
physics"

Master’s program
Methods and technologies for data processing in heterogeneous computing

environments
»

2025

Mathematical modeling, numerical Deep machine learning and big  Computing (software and models) for
methods and software packages data analytics megascience class projects



More than 150 participants

21 Plenary reports 110 Sessional reports

18 Countries: Armenia, Belarus, Bulgaria, Canada, the Czech
Republic, Egypt, France, Georgia, Iran, Kazakhstan,
Mongolia, New Zealand, Poland, Romania, Slovakia,
Tajikistan, Uzbekistan and a large number of Russian research
centers and universities.

Conference Topics:

*Mathematical methods and tools for modeling complex physical
systems;

*Mathematical methods in life sciences;

*Modern methods for data processing and analysis in Mega-science
projects;

*Machine learning and big data analytics;

*Methods of quantum computing and quantum information processing;

*Numerical and analytical calculations in modern mathematical
physics;

*Methods and numerical algorithms in high-energy physics.



GRID’2004 — 204 participants from 8 countries;

GRID’2006 — 173 participants from 8 countries;

GRID’2008 — 211 participants from 20 countries;
GRID’2010 — 198 participants from 21 countries;
GRID’2012 — 243 participants from 22 countries
GRID’2014 — 190 participants from 12 countries;
GRID’2016 — 280 participants from 18 countries;
GRID’2018 — 260 participants from 16 countries;
GRID’2021 — 239 participants from 19 countries;
GRID’2023 — 280 participants from 17 countries;

GRID’2025 — 298 participants from 14 countries
37 plenary and over 135 sessional talks



296 participants

37 Plenary reports
127 Sectional reports

16 Countries:

Armenia Kazakhstan
Belarus Mexico

Bulgaria Rwanda

CERN Russian Federation
Egypt Romania

France South Africa
Georgia Taiwan

Iran Uzbekistan

Russia was represented by participants from
44 universities and research centers.






Trends in the development of distributed
computing for large-scale scientific projects

Development of computer architectures and their integration:

- Peta-ExaFlop scale supercomputers, graphic, quantum, photonic processors as specialized
computers around a universal system

- Peta-ExaByte scale distributed hierarchical information storage systems working with common
metadata for secure efficient access and reliable storage of information

- cloud-based data centers that provide efficient services to users and support the operation of
fog and edge computing systems

- intelligent task management systems in a distributed heterogeneous environment that
includes various computer architectures (supercomputers, grid, clouds, clusters, servers, volunteer
computing systems)

- development of methods, algorithms, platforms, systems of Big Data analytics, intelligent data
analysis, ML/DL, artificial intelligence, digital services

- creation of digital twins of experimental setups, distributed computer systems and other
complex objects

- training of highly qualified specialists in the field of distributed computing, storage, processing,
and analysis of data for scientific projects



Cnnacu60 3a BHUMaHHUe

https://lit.jinr.ru

t.me/MLIT_news

bnaropgapto 3a BHMMaHue!
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