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MeToabl U TeXHONOrMn obpaboTkm
OdaHHbIX B reteporeHHbIX

BbIYNCJINTEJIbHBIX CcpedaX
KopeHbKoB Bnraagnmup Bacunbesuuy

HayuyHbIX pykoBoAUTENDb
JNNabopatopuun MHGOPMaLUOHHDbIX TEXHOJIOMUM
uMeHn M.I. Mewwepskosa OUNAN

«MexpayHapoaHasa KoHbepeHUuUsa «MaTeMaTuKa B CO3BE34UN HAYK»

dunnan Mry s lybne, OUANU, TNT
2 anpensa 2024 ropa
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" MeHSUCb KOHUENUMU

KPYT 1 C/IOXHOCTb pellaeMblxX 3a4au

nepsble undpoBble NAaTPopMbl
noAaAep)XKu, paboratoLimx B

YFJ'IY6J'IFIIIaCb cneunaandaynmi pa3pa6OT'—IMKOB peéa/ibHOM BpeMEHU

" BO3HMKaN HOBbIXA TEXHONOMMYECKUI Habop

COKpaLLasocb BPEMS BBOAA HOBbIX MPOAYKTOB U
CEPBUCOB

MepBoe nokoneHue (1960-e roabl) — MeliHbpeliMbl

Bropoe nokosieHue (1970-e rogbl) — yHUBepcasibHbie 3BM 50 MnpR

HeTouHueK JaHs X

TpeTbe nokoneHue (1980-e roabl) — nepcoHasbHbIE Mewn- | Yrusep- K oT
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|
YeTBeproe nokoseHue (1990-e roabl) — KAUEHT-cepBep 16 =G
Maroe nokoneHue (2000-e rogbl) — cepBUCHAA | I 4l Vil |
apXuTeKTypa |

| |
LLlecToe nokoneHue (2010-e roabl) — o6saKa 100 The '!1""" |

__—ﬂ__ + : + " Ir »

Ceabmoe nokoneHue (2020-e roabl) — 10T, UCKYCCTBEHHbIN 1960 1970 1980 1990 2000 2010 2020 2030 Bpema

UHTENINIEKT, KBAaHTOBbI€ BbIYUCJ/IEHUA



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

Grids Supercomputers
* Collaborative environment : . — et

* Distributed resources G RI D

Edited By Ian Fostor
and Carl Kosseliman

Clouds

Cloud Node/lnternet/Data center
Computing

=
Storage

~ %

2 P
Managed Services e | Infrastructure

Software

Fog Nodes
ILocal Data storage

Fog Fog )
Computing . Computmg

Edge Nodes Internet Of Thmg (10T)

IDevices

IPLCIPAC T T T J

Edge Computing
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Ha Top>XecTBe no noBoAy NoJiyuyeHuA
HoOeneBcKkoM npemMum 3a OTKpbiTUE
0o30Ha Xurrca gpupexktop LLEPHa Ponbod

Xouep npamo Hassan FPUAL-
TEXHOJNMOIMN OAHUM U3 TpPpeX
CTOJINOB ycCneXa (Hapsaay c

SRR Ao

WH PacTPYKTypbl Ha LHC 6b1s10 Obl
HeBO3MO>XHO obpabaTbiBaTb M
XPaHUTb KOJIOCCaJiIbHbLIX 0OBbEeM
AAaHHbIX, NOCTYNAOLWUX C
Konnaunpgepa, a 3Ha4YumT,
coBepLaTb Hay4YHble OTKPbITUA.

CerogHs y>xe HW ogMH KPYMNHbIA
npoeKT He ocyLiecTBuM bes

Higgs searc’
update 04.0



Large Hadron Collider

The Large Hadron Collider (LHC) one of the Iargest and truly global scientific:
projects ever, is the most exciting turning point in particle physics.

- LHCb

/ (Large
" Hadron
| . Collider
" beauty

L\ experlment
=S I ———

: ; — N . 5
ALICE ~
(A Large lon .
BT i " Collidery -5
i }xpe"mem’
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Data Collection and Archiving at CERN

450,0
400,0
Data flow to permanent storage: 20-24 GB/sec 3500
e —
: 300,0
CERN Computer Centre
-5 250,0 W CMS
ATLAS
200.0 W ALICE
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The Worldwide LHC Computing Grid (WLCG)
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IBOJIIOIIUSS MOIEe/IM KOMIILIOTHHI A ‘

* PaclumpeHue KoOMNbTEPHbIX PECYPCOB 33 CYET UCMOJIb30BaHUS
BHELWHMX HeBblaeneHHbIX pecypcos (HLT, Clouds, HPC...)

* /I3MeHeHnsa MoAenn KOMMbIOTUHIA B KaXKJ0M 3KCNEPUMEHTE, C
Le/IbI0 ONTUMM3aLUN UCMOJIb3OBAHUSA PECYPCOB

* 3HaYnUTENIbHbIE YCUNNSA BKNAObIBAKOTCS B pa3BUTHE
nporpaMMHOro obecneyeHms, YToobl YAy4LLNUTb OOLLLYIO
NPON3BOANTENBHOCTb NPU UCNOJIb30BAHNN COBPEMEHHbIX
apxuTeKkTyp (MHoroaaepHoctb, GPU...)

e ONTMMMU3ALUN MPOLLECCOB 0O6PABOTKU, KONNYECTBO XPaAHSALLMXCS
PENAUK AAHHbIX U Ap.



IInaTdopma DIRAC

* DIRAC has all the necessary components to build ad-hoc grid
infrastructures interconnecting computing resources of different
types, allowing interoperability and simplifying interfaces.

* This allows to speak about the DIRAC interware.




CRIC: a unified topology system for a large scale, heterogeneous and

namic computing infrastructure

HW/SW Resources High-level Information Experiment Applications
Configuration layer middleware level Frameworks, services layer

‘$RUCIO

SCIENTIFIC DATA MANAGEMENT

Open Science

/ - NORD!

G e
LHCEH (&2
home— REBUS

Phedex

- Data Management System

- Central WebUI portal - Workload management é’
- REST API services for data systems
- Low-level configuration systems export and modification - Monitoring tools WLCG
- Data providers - Automatic data collectors - SW installation services ke“tra'

- Service discovery components - Data validation - Testing frameworks



Distributed Storage and scientific data management

EOS Open Storage - Disk Storage at CERN SN @
dCache - Distributed Storage for scientific data %/) \ﬁ’m
CTA - the CERN Tape Archive au

CEPH - Object & Application Storage

CERNBox - Sync & Share platform for collaboration @ C E R N BOX

Filesystems - AFS, DFS, Samba, NFS3/4
CernVM FS - CernVM File System

FTS & XRootd- File Transfer Service & Flle Access Ceph e
Tape Archive

JA—

Rucio - Scientific Data Management
DAOS - high-performance storage system

Lustre - open-source, parallel file system DAQOS | ” S t F e@



ATLAS computing

e e g s

| Authentication: x509, Regional CA through IGTF (Interoperable Global Trust Federation) !MGELIE |
s Authorization: VOMS (x509 proxy certificates) VOMS
e ProdSys2
- Workflow management system
A
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The Worldwide LHC Computing Grid

WLCG: an International collaboration to distribute and analyse LHC data. Integrates computer centres
worldwide that provide computing and storage resource into a single infrastructure accessible by all LHC

.
[PR P iy RPN

Tier-2 sites The mission of the WLCG project is to provide global computing
. 7 resources to store, distribute and analyze the ~250-300
Tier-1 sites Petabytes of data expected every year of operations from the

'v@i?t?d*é‘g}'%u ?Irliigdeerhabled physicists to
announce the discovery of the Higgs Boson.
180 sites
42 countries
> 12k physicists
~1.6 M CPU cores
~2 EB of storage (1 EB - CERN)
> 3 million jobs/day
100-400 Gb/s links

TierO (CERN): Tierl: Tier2:
data permanent Simulatio
recording, storage, n,
reconstructio re- end-user

n processing, analysis Worldwide LHC Computing Grid - 2023



HPC+Big Data+Artificial intelligence
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International Large-scale projects ’

large-scale projects:
>~ =wn=tuemes ¢ LHC, CERN (experiments: ATLAS, ALICE, LHCb, CMS)

'c.a'.'.‘c.o

L1 ‘e @ [ XM
........
......

y F-\lR Russian research institutes and universities actively participate in international

.85 * XFEL, DESY (European free electron laser)

European S ) s—

XFEL| ESRFE « ESRF, France (European synchrotron center)

* FAIR, GSI, Germany (CBM, PANDA experiments)

* ITER, France. ...
International large-scale projects are being prepared in Russia:

" NICA, JINR, Dubna (proton and heavy ion collider)

" PIK, PNPI, Gatchina (high-flow reactor complex)

" SKIF, INP SB RAS Novosibirsk (Siberian ring photon source) I'll ((@
. | | . CKUD

Super S-Tau Fabric, Sarov (electron-positron collider
p ( p ) \‘ ’ CUBHMPCKMUH KOﬂbuEBOH

MCTOYHHUK ®OTOHOB

" HeiitpuHHag nporpamma (baikan, JUNO, NOVA, DUNE ...)

MHCTUTYT agepHOi GU3MKK

" CMHXPOTPOHHO-HEMTPOHHAs NPOrPaMMa, HayKu O XKU3HU \—\ weru T M. Byaxepa CO PAH
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From RDIG to

NI OEY _ _
The Russian consortium RDIG (Russian Data

Intensive GRID) was set up in September 2003 as a
national federation in the EGEE project.

A protocol between CERN, Russia and JINR on

participation in the LCG project was signed in
2003. MoU on participation in the WLCG project

‘%%%Efu%%%i" ZIQB]G-M — Russian Data

Intensive GRID for Megascience projects

—



Co3paHue KoHcopuuyMa ansa IT-obecneyeHnsa nccnenoBatTe/IbCKOU

Dbl KJ1acCa « MeracameHc»

* KoHcopunym Poccuinckuimn NPV ans MHTEHCUBHbLIX onepauun ¢ AaHHbIMU
(POWI) 6bin co3paH B 2003 roay A1 aKTUBHOIO y4acTus B pacnpeiesieHHOM
0bpaboTKe AaHHbIX 3KCNEPUMEHTOB Ha bosIbLLIOM aApOHHOM Konanaepe
PP S LHC B pamMKkax Hay4Hoi Kosnabopaumm LHC WLCG (Worldwide LHC
Computing Grid). Co3gaHHas nHdpactpyktypa RDIG nmeet orpomMHoe
3HavyeHune ang 3sdPeKTUBHOro ydactms yyeHbix Poccnm B HayuyHoM
nporpamMmme sKkcnepmmeHToB Ha LHC.

* B Poccun peannsyetcs nporpamMMa MacClUTabHbIX Hay4YHbIX MPOEKTOB,
eElAEDEodN BaXKHEeULLEN YACTbH KOTOPbLIX ABASETCSA pa3BUTUE pacrpeaeneHHbIX
reTeporeHHbIX KOMMbHOTEPHbIX CUCTEM (BKAOYas CUCTEMBI C
3KCTpaMacCMBHbIM NapaaieIM3MOM) AN 06paboTKM, XpaHEHUS, aHaIN3a
e T— 3KCNEPUMEHTA/IbHbIX AaHHbIX, pa3paboTKa n BHeagpeHue 3¢PeKTUBHbIX
MeTOo40B, a/IMPUTMOB M NPOrpaMMHOro obecnevyeHuns ans
MoAeNnpoBaHNa GU3NYECKUX CUCTEM, MaTEMATUYECKOM 0OPabOTKM K
aHa/IM3a 3KCNepUMeEHTaNbHbIX AaHHbIX, Pa3BUTUE METOA0B MALLUUHHOIO
0by4yeHUs, UICKYCCTBEHHOIO MHTENNIEKTA, KBAHTOBbIX BbIYMCAEHUM.

/ +\\.‘
MOANKC, ksl cornALEH
Ans <4 ~~~neyey

KTYP

| I * 1na pelwieHns sTon MaclutabHom 3agavym HeobxoamMmo pa3BmBaThb
pacrnpeneneHHyo KOMNbOTEPHYO MHPPACTPYKTYPY, 0O beANHSIOLLYIO
KJIKoYEBbIE Hay4YHble N 0b6pa3oBaTeNbHbIE MHCTUTYTbI, y4acTBYOWME B
npoekTax MeracameHc - POUMN-M. CosaaHHbIM KOHCOpLUMYM Ha 6a3e OUAN,
HUL, KypuyaTtoBcknit nHctutyT, UCIN PAH pomkeH ctatb sapom ans IT-

BSPI A HOBOCTMU . o
- e obecreyeHus NCC1efJ0BaTeNbCKOM MHPPACTPYKTYPbI KNacca «MeracaieHe.



Strategy for Information Technology and

Scientific Computing at JINR

Scientific IT ecosystem:

Data Lake

Big Data _
IT specialists o
upskilling Artificial
intelligence
- Robotics 7
Computational

| infrastructure Network 4 N
' : upgrade Application

IT security software -
9 adapted to new Quantum
architectures Technologies

Data center.
P linfrastructure [ gofware

development Machine
: & Deep

learning

Coordinated development of interconnected IT
technologies and computational methods

It will be a steady implementation/upgrades of

* Networking (Tbl/s range),

* Computing infrastructure within the
Multifunctional Information & Computing
Complex (MICC) and

* “Govorun” Supercomputer,

* Data center infrastructure,

 Data Lake & long-term storage

for all experiments.

The development of new data processing and
analysis algorithms based on

* ML/DL,
* Atrtificial intelligence,
* Big Data

* Quantum technologies.

A variety of means will be used for IT specialists’
upskilling.



Multifunctional Information and Computing Complex (MICC)

MICC

DIRAC, PanDA, etc.

ier2/CICC Govorun

DATA STORAGE 75 (+50) PB

NETWORK 3x100 Gbps
POWER@COOLING 800 kVA@1400 kW

4 advanced software and hardware components

> Tier1 grid site

> Tier2 grid site

> hyperconverged “Govorun” supercomputer
> cloud infrastructure
Distributed multi-layer data storage system
> Disks

> Robotized tape library
Engineering infrastructure

> Power

» Cooling
Network

> Wide Area Networkr

> Local Area Network

The main objective of the project is to ensure multifunctionality, scalability, high performance, reliability and
availability in 24x7x365 mode for different user groups that carry out scientific studies within the JINR Topical Plan



Networking

> JINR-Moscow 3x100 Gbit/s

CERN
. . » JINR-CERN - 100 Gbit/s and JINR-Amsterdam 100 Gbit/s for LHCOPN,
2 X 100Gbps — LHCONE, GEANT networks
wabps 1OGbps » Direct channels up to 100 Gbit/s for communication with NIKS networks
100Ghps
> The multi-site cluster network with a bandwidth 4x100 Gbit/s between VBLHEP
@ - and MLIT
Amsterdam 10Gbps
JINR Campus JINR MultiSite Cluster
1OOGbp5 Ex;e;n;a‘;oNg;::rk \ E' AC Site UIT
Moscow
9327 network elements E ' E Clstr Gre
18163 IP-addresses X /s
6355 users o P : V /B
1464 E-library o
911 remote VPN . '- ' S N
121 VOIP i = P N
116 EDUROAM ~
4579 Email @jinr.ru
o o5 % =

O B lseadl Tl U T OCTEOW JommmamUEERAe JT e



Networking @ Traffic

Distribution of the incoming and outgoing traffics by the JINR MICC in 2020-2023 (TB)

25000 1 25000 .
Incoming outgoing

20000 20000

15000 15000
10000 10000
500
o II II
I : i

0 2020 2021 2022 2023
2020 2021 2022 2023

o

mTIER_1 ®TIERipv6 m Tier2+EOS
MTIER_ 1 mTIERipv6 m Tier2+EOS - Py er

JINR network traffic (PB)

50,00
20,00 O6rmmii Bxogsamui Tpaduk OVAN, Bkmtoyas cepBepa o011iero

HaszHaueHus, Tierl, Tier2, CK «['oBopyH» 1 00/1auHbIe
20,00 BbIUMC/IeHys1, coctaBui B 2023 roay 41,5 T1b, obrwmii ncxopsiimi
20,00
—27,5TIb.
10,00
0,00

IN (PB) OuT (PB)

2019 m2020 ®2021 ®2022 m2023



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

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

dCache is traditional for MICC grid sites - to large amounts of data (mainly LHC

experiments) for middle-term period

EOS is extended to all MICC resources - to store large amounts of data for 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 long-term period. At present
for CMS. BM@N, MPD, SPD, JUNO - in progress.

Special hierarchical data processing and storage
system with a software-defined architecture was
Data developed and implemented on the “Govorun”
acqunsltlon
supercomputer.
According to the speed of accessing data there are
next layers:
v very hot data (DAOS (Distributed
B /" e Asynchronous Object Storage)) ,
P:w"s sate the most demanded data (fastest access),
hot data
warm data (LUSTRE).

NN

22



JINR Tier1 for CMS (LHC) and NICA

20064 cores

360 kHS06

12.5 PB disks

50.6 (+ 50) PB tapes

100% reliability and
availability

Bknag mmnposblix Tierl LeHTpoB B
06pabOoTKYy 3KCNEPUMEHTabHbIX
naHHbIX CMS 3a 2023 ropa;:

US-F
3

NAL-CMS
0,16%

UK-T1-RAL

9,4

Sum CPU Work (HS23 hours)

1%

2E+09
1,8E+09
1,6E+09
1,4E+09
1,2E+09
1E+09
800000000
600000000
400000000
200000000
0

KonruecTBo 00pab0TaHHBIX COOBLITHI
sKcriepumenTa CMS 3a 2023 rog,

T1_DE_KIT

11%
T1_ES_PIC
1%

T1_FR_CCINZP3
2%
T1_IT_CNAF
8%

T1_US_FNAL
28%
DE-KIT

10,27% 4
ES-PIC

| 8,15%

FR-CCIN2P3
7,23%

IT-INFN-CNAF e
10,75% T13%
T1_RU_JINR
RU-JINR-T1 36%

24,04%

PacnpepneneHue no umncay 3agad
BbIMOJIHEHHbIX Ha Tierl askcnepnMeHTamm
CMS, BM@N, MPD v SPD B 2023 roay

e S-FNAL-CMS

IT-INFN-CNAE

2016 2017 2018 2019 2020 2021 2022 Aug

-~

ems
35,60%



Tier2 at JINR

Wcnone3oBanue Tier2 caitta OUAU (JINR-LCG2) PacnipeiesieHue BBITIOJIHEHHBIX Ha TPU/I-
BUPTYa/IbHBIMU OpraHu3aliisIMU B paMKaxX FPUJI-IIPOEKTOB cautax RDIG 3agau
e e Tier2 at JINR provides i} Sheis; B e

1,77% 2,37%

computing power and data 0.66%

storage and access systems e |

for the majority of JINR

users and user groups, as e oo
well as for users of virtual S

organizations (VOs) of the

grid environment (LHC, The JINR Tier2 output is the highest
NICA, FAIR, etc.). (90.31%) in the Russian Data Intensive Grid

theb ; 12,25% Ru-Troitsk-INR-LCG2 1 \

a, 03%

29 55%

0,59%

Accounting - 2020_1 to 2023_5 normcpu on

JINR Tier2 for VO and Quarter (RDIG) Federation.
100%
20% = iuno Accounting - 2020_1 to 2023_5 normcpu for RDIG Tier2 and Quarter
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7
605’ = biomed 80%
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e O D N MW Nm® o ~ ; w Hspdnica.ljinr 20% RU-SARFTI
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Cloud Infrastructure

MNorway

JINR (Russia):
integrated

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

FPRUE (Russia):
integrated

INP (Belarus):
integrated

GTU (Georgia):
work in progress

s Kingdom

Poland B"""-'S

la" jur-£
{ SU (Bulgaria): [
| integrated § s
. ) ® ¥ alayahia INP (Kazakhstan):
' W | 3 Maldava integrated
L -'i : ' THE 4NTERW Ll =
» ¥ v ; 1 e Wk
- i |’_/’
: - tock soa ° o- |
INRMNE (Bulgaria): i Uzbekistan i
tu integrated o2
Turkmenistan Ta]ll(I;'ﬁin- =2 T
L INP (Uzbekistan): J
- Aeclitgs = I e integrated

Morocco

NOSU(Russia):
integrated

Mesw Delhi

IP (Azerbaijan):

Bhutan
integrated <

Libya

ASRT (Eqypt):
integrated

AP (Armenia):
work in progress

Bangladesh
| Mya

- Computational resources for neutrino experiments

° C_IOUd _Plaﬁorm - OpenNebula - Testbeds for research and development in IT
* Virtualization - K_VM - COMPASS production system services

* Storage (Local disks, Ceph) - Data management system of the UNECE ICP
* Total Resources Vegetation

~ 5,152 CPU cores; 80 TB RAM,; Scientific and engineering computing
3.5 PB of raw ceph-based storage- Service for data visualization
- VMs for JINR users




“Govorun” Supercomputer

* Hyper-converged software-defined system

* Hierarchical data processing and storage system
» Scalable solution Storage-on-demand

* Total peak performance: 1.7 PFlops DP

* GPU component based on NVIDIA Tesla
V100&A100

* CPU component based on RSC “Tornado” liquid
cooling solutions

* The most energy-efficient center in Russia
(PUE = 1.06)

 Storage performance >300 GB/s

I

L
L
[

Hyperconverged CPU and Distributed Storage Nodes

GPU-accelerator

rocessing

 Data
\asﬂuisitign/ﬂ‘

s

Data

LUSTRE
Warm Tier

—_—— i — —

EOS

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

» NICA megaproject,

» calculations of lattice quantum Pl
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.

Member States BLTP

6% 7% DLNP

. 5%

Russian

19%

LRB
4%

LHEP
25%

Total number of users : 323

PO oo PHYSICAL REVIEW C

covering nuclear physics
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1 45 L L — | x X
Euro) Phy journal Ge
£ e ' -
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r fe 3

T M i

{ European Journal
of Medical Physics

sics | T
e
e
v /- Sy
g " g ' *
3 aw || 2 ; ~p=
S = K e | _ jﬁﬂnv
S o E : :
Fo z 3- >
¥
2 3

~  >250user papers (two in Nature Physics)



LienTp ynpaBneHus

3AIAYU

BUPTYa/IbHbIM 3KCNEPUMEHTOM
Multi-Purpose Detector

0

MOJIUTEX

Based on the integration of the supercomputers of JINR,
of the Interdepartmental Supercomputer Center of the
Russian Academy of Sciences and of Peter the Great St.
Petersburg Polytechnic University, a unified scalable
supercomputer research infrastructure based on the
National Research Computer Network of Russia (NIKS)
was created. Such an infrastructure is in demand for the
tasks of the NICA megaproject.

7
R
¢

-

N'T"T'
VET

POLYTECH

Peter the Great
St.Petersburg Polytechnic
University

.......




NICA Computing Concept & Challenges

NICA
off-line clusters

Lattice QCD calculations

_—
-

Simulation of nuclear
reactions

& Event reconstruction
I R Prelimi - 7768V

*
.....

LHEP -~ L | et e
off-line cluster R T T TP TR
o Physics analysis

[(0-5%)/(60-80%))
3
2

Ror




JINH

™\ Use of DIRAC platform by experiments in 2019-2022

[ MICC basic facility

0 DIRAC — -
THE INTERWARE \ Normalized CPU time
m m SPD 2w
// l e - H Baikal- g 6
, 4 = N 69% GVD A
ovorun wBMEN | I
- » SsD o M“'::ZX: I;E:fzhnilin:;ﬂznoz,l.&ve:;::l 5.0;ﬂ.r(2:n:12rren:?v;n42.zﬁ o
Lustre Total Number of executed jobs .
Ultra-fast storage ) Data processed by experiments
= £os MPD
. Polytech
A heterogeneous computing i 1: Eg; Bl
environment (Tier1, Tier2, The major user of the o EOS Baikal-GVD
SC “Govorun”, cloud, ect.), based on poLvTECH distributed platform is S |
the DIRAC platform, was created for the MPD experiment i
proce§31ng and storing data of the . NIKS 4 ) | e |
experiments conducted at JINR. e e e

The distributed infrastructure is used Summary statistics of using the DIRAC platform for MPD tasks in 2019-2022

by the MPD, Baikal-GVD, BM@N, SPD. Ei 2 %I.QBSB 3@@44UM l?:.,, T ﬁlﬁfﬂyem QSﬂI.S R

data generation o S —
campaighs events generated events reconstructed jobs completed | | total computation time MED data produced




Methods, Algorithms and Software

Govorun Supercomp**=* s ‘
1000 & .,V"'f. —
Beorua & .
Mn (ugl/g) L R / . .
B o Weme e M %, 03 @CD) Numerical modeling of complex
= o i o ‘ .
W roce Ban-s o Lo * has'® \ (5~ physical systems
600 - 800 ® Ghoscaa o e % e y
" I 800 - 1300 b R CIPE L
% Debe > ® 9 = “ gﬁl‘a; ;‘ > s f'l-\. . .
° e 5O vy pdkie Gy 0 O N < Experimental data processing
Bosna i Hercegovina / Py — — - hadronic phase
b P N | quark phase
' —— mixed phase
g e
Sarajevo
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Implementation of ML/DL Methods in Data Processing and

Analysis at the NICA Experiments: BM@N, MPD and SPD

Convolutional ) 2xGRU
X ¥
PADDING T a1 GRU— GRU

Linear
\ Nt / = X-coord
o L]

Scientific and practical significance: expanding the scope
of machine learning methods, in particular, in high energy i

physics; software for experimental data processing and Lﬂ“
analysis at the NICA accelerator complex; corresponding i [ g™ T VB .

semiaxis
]

- Efficiency
@ Contamination

- gutiin GRU —! GRU

Efficiency
[]

development of root-frameworks. | s JH{J Sl
P bndnipy T ° 7y NeRU—{GRUF '
..""‘.""'.""""' PADDING 3 [
- - - . . . . 0.0 0.5 1.0 15 2.0 2.5
Possible areas for ML/DL application: hit finding, tracking, b evi | |
particle identification, decay reconstruction, global tracking. Gradient-boosted decision  Deep GNNS for soving tracking
trees for PID in MPD problems in BM@N, BESIII, SPD
The main ML/DL methods: Recurrent Neural Networks, "
Graph Neural Networks, Convolutional Neural Networks,
Decision Trees, Gradient Boosting, etc. . ﬁﬁ;
b st co g - \ ] Networks
for Tracking

The participants are presented by
members of all targeted international
collaborations: BM@N, MPD, SPD.



UHTENTIEKTYAJIbHASAl CUCTEMA YNPABJIEHUA OABJIEHUEM A3OTA B KPMOTEHHOW YCTAHOBKE

[lpeacrtaBneHbl pesynbratbl  BHEAPEHUA  UHTENNIEKTYa/lbHbIX CTpYKTypHaﬂ cxemMa oobbeKTa yrnpaBJieHUs
CUCTEM YrpaBs1€EHNA Ha OCHOBE HEYETKOU NOTUKM, HeVIpOHHbIX BeHTUAb BeHTHAb 3anpasku
o PerynMpoBKu
CeTEN, TrEHETMYECKMX W KBaAHTOBbIX aJropuMTMOB K 3ajadye e T
WcTouHmMK

CcTabmnmsaumm paBleHUS a30Ta B KPUOTEHHOM  CUCTEME
ncnbiTaTenbHoro cteHaa ¢pabpukm marumtos JI®BI OUAN.

AI'IpO6MpOBaHbI BCe€ 3Tanbl TEXHONOIMN MNMPOEKTNPOBAHUA
BCTPanMBaeMbIX WMHTENNEKTYAJIbHbIX CUCTEM YyNpaB/leHUA Ha OCHOBe€
MATKMUX U KBAHTOBbIX BbIYNCIEHUI.

o Oxnampaemblin
He N3MEHAD annapaTtHbIn YPOBEHb YCTaHOBKMU, NnoBbILLEHA it :
3(|)d)eKTMBHOCTb (I)YHKLI,MOHMpOBaHMﬂ, YMEeHbLUEH pacxon Mnosae3Horo
CeHCcopbl CUCTEMBI:
pecypca. O6bem asoTa :

v

[dasneHue B cucTEME h

POBACTHOE YTNPABJIEHVE OABJIEHVUEM BO BPEMA 3ATNPABKN A3OTA

: HaeneHue asora
125 T T T T 1 T \
KBAHTOBbI KOOPANHALIMOHHbBIN PEFYIATOP HA OCHOBE HECKOJIbKX
| HEWNPOHHbIX CETEU
BoixodH BoixodH
Gt THaHul KBaHTOBbIM KOOPAMHALMOHHBIA | 6434748000
— perynaTtop
™ -
o 1
o \ LleneBoe 3HayeHn e o yn?#a‘ﬁ”&ﬁ Heuetknia Qs HeueTkui
F Y -.-. YnpaBneHue onepartopa i perynatop perynatop
B Yoee 3 - NAO-perynsTop ]
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1 U‘ { 3anpasKM asoTta pery P
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s 4 e R Ll STt W or I R NN
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M. B. 3penios, [. H. Hukudopos, A. I. PewetHukos C. B. YnbaHos KBAHTOBOE MHTE/IIEKTYAJIbHOE YMNPABJIEHWE JABJIEHVMEM A30TA B KPMOTEHHOW YCTAHOBKE UCHMbLITATEJIbBHOTO CTEHIA ®ABEPUKU
MATHUTOB. OPU3NKA JIEMEHTAPHBIX YACTULL M1 ATOMHOTIO A1PA 2024. T. 55. Bbin. 3. C. 677-683



MopgennpoBaHne KBaAHTOBOIo HEYETKOro BbiBoga A/
CKOOPAMHNPOBAHHOIO ynpaBfeHna 5 BEHTUNAMU

* KoopanHaunoHHoe
ynpas/seHne NATbIo
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BH1

Nz
A30THBIH
TaHK

* 3 BbIXOAHbIX 3HAYEHUA
VI3 Ka.)KAOI-O perynﬂTOpa.lunscun:e “ (
LU-20 Y, //

’ i ’ '"l[l LR
uf | 8] B

/ EESoF | ‘ 1 “ ‘P..,
Cryogenics I‘ }!I

Nucloiron
D e B e Kpy Ki, Kd
: GopMupoBaHue ' : BLUNCIEHWE UHTENNIeKTYAaNbHEX COCTOAHWUIA : : ¢
H cynepnosuuuu : ) Ha OCHOBE 3ajaHHbX KOppensumi [ . v ¥
COCTOAHWIA M ' Kp2 v
[} = ] ) kpl: —H(0.87)— Probs Probs
Iipr [1@ =2} H ot 1 L T kp2: —H(0.01)— |Probs
! - = — 1! 1 Kpd ¥ kp3: —H(0.99)— |Probs
18p2 | |8 >— H T L b Kps kpd: —H(0.16)— [Probs Probs
1 e 1! ! Kps kp5: —H(0.84)— |Probs
1 1 ! : ¥ kp6: —H(@.87)— }Probs
Vkp10 [0 >p— 1 L1 kp7: —H(0.99)—| |Prabs
e B34 | P ] Kps kp8: —H(0.26)—| fPrabs
1 'L ] Kps kp9: —H(0.87)— |Probs
1 . 1 ! ! Kpi@ kpl9: —H(0.01)— Probs
1Ki1 1@ >ul— H } — L 1 T 4 kil: —H(8.38)— Probs
1 ki2 gl M| ! - ki2: —H(1.60)— Probs
H 18 >— | H 77 1 Kiz v ki3: —H(0.58)}— Probs Probs
\ N 1l [ Ki3 V A kid: —H(1.80)— Probs
1 = - ' [] Kid v ki5: —H(0.42)— Probs
] Kito H [+ : Kis v ﬁs :H":;'gg;: srr,g:i [Eobs
- ! - . K16 i =Y KiB: —H(1.00)—| Probs
I [ Ki7 v i ki9: —H(0.38) Probs
:“1 [0 > H [ : L] L 4 ' Kis v i ki10: —H(1.00)—] Probs
ka2 18 s 7 H—t ) — v i kdl: —H(0.49)— |Probs [Probs fProbs
e H H ¥iio 4 i kd2: —H(0.02)— Probs [Probs
: SR : - ) e e i kd3: —H(0.48)— [Probs (Probs [Probs
£ kd4: —H(0.18)— |[Probs |[Probs }[Probs
i Ikdie H 4 * * : Kdz il I kd5: —H(0.87)— ‘Probs Probs
i : 1 : ' B vV A kd6: —H(@.27)— Probs
_________ ! l‘ A ‘ | A ‘ | A | ' — ] kv SSH(@ES3) Probs [Probs
I : (0.22)— Probs Probs
I___H _______ H_ ______ -} —— Kds v kd9: —H(0.49)— Probs (Probs
Kds v kd18: —H(@.82)—| Probs Probs
Ukp | Ui ‘ Uka Ka7 v
Kds v v
L} 2 L2 BbiBog cuMyismopa
i 1] Kdie v o
PannylLane
a) i16) 8)

¥poBeHb CUrHana

MopaennpoBaHue paboTbl KBAHTOBOIO aaropmMTMa NpPoBoAMAaCh
C NoMoLLbto cumynaTopa PannyLane Ha CK “ToBopyH”.

Changing the coefficient value over time

Sk

"ﬂ
M‘W
— kpl

kp3
- kp4
— kp7
kplo
} i . |
i TR T T T BT )
I [l \ |1 4 | { |
10.0 | | [LJ Il Mﬁ J ‘U"
9.5
o 200 400 600 800 1000
Time
M3mMeHeHne 3HayeHuns MNonyyeHne
NponopunoHasIbHOro KoapuuneHTa pe3ynsTUPYIOLLLETO
HEUYETKNX PerynsaTopos curHana
0.022 — qkp
0.020 W f*Lr-LJ.
i w%m f MM HWL«
o.018 M\r‘
0.016
0 200 1000

Bpem=a

M. B. 3penos, O. B. MBaHuoBa, M. C. KatynuH, A. I. PewetHukos, H. B. Psa6os, C. B. YabsHos MOJE/IMPOBAHME KBAHTOBOIO HEYETKOIO BbIBOAA WHTEJUTEKTYAJIbHOM CUCTEMbI YIMPABJIEHUA
OXNAXOAEHMEM TOKOBBOAOB BYCTEPA YCKOPUTE/IbHOIO KOMIJIEKCA NICA. ®U3NKA 3NTIEMEHTAPHbIX YACTULL 1 ATOMHOIO A0PA 2024. T. 55, Bbin. 3. C. 684-690



MporpamMMHbIA KOMMNJIEKC ANA co3gaHna umdpoBbIX ABOMHUKOB
pacnpegeneHHbIX LEHTPOB coopa, XpaHEHUA U 0OPaGOTKN AaHHbIX

— LlMCprBOVI JJ,BOVIHI/IK PUOA PesynbTaTbl 3KcnepumeHTa Test 1

ﬂOCTpOeHMe MHfbpaCprKTypbl Quepend 3anady Pacnpeaenequn dhainos

ueHTpa cbopa, xpaHeHuss n 06paboOTKM [aHHbIX

Harpyaka Ha kaHan cBa3W computel

maodification: 35022

Bpems (4) Bpema (u)

OCO0OeHHOCTU

00T6/c
EQS 100T6/c

basa

AGHHbIX v YHMBEPCasIbHOCTb.
v YUnTbIBAIOTCA BAXHbIE doyHKUMOHa/IbHblE NapamMeTpbl

NAPAMETPbI
0BOPYAOBAHMS

| NAPAMETPbI MOTOKOB | pacnpegeneHHbIX LeHTPOB:
fpyMepbl NPUMEHEHNA Ans — * XapaKTepucTnkn obopyaoBaHus;
akcnepumeHToB Komniekca NICA MOFZ(Z%AS;C;E’LMH I ’
* MocTpoeHne LdpPOBOro ABONHNKA ﬁgf;'\‘::gié':ﬁ ° XapaKTepUCTUKM NOTOKOB AaHHbLIX 1 3a4aY;
BbIYNCINTENBHON MHAPPACTPYKTYPbI ey * BEpPOATHOCTU cb0eB, OTKA30B Y N3MEHEHWI B
akcnepnmeHta BM@N. o%ﬁo&m NPOn3BOAMTENIbHOCTY 060PYA0BaHUA U OPYTNX

g MPOLECcCoB, NPOUCXOAALLNX B CUCTEME.
" lMocTpoeHne UMgpoBOro ABOHNKA oL P AAL

BbIYNCNNUTENIbHOW CUCTEMbI OHNAH- v Pe3ynbrarbl paboTbl OT/INYAKOTCA OT pe3y/ibTatoB PaboThl
domnbTpa gaHHbIX akcnepumeHTa SPD. CYLLIeCTBYIOLLEro pacnpeaesieHHoro LeHTpa He 6onee, yem Ha 20%.



Information System for Radiation Biology Tasks

The joint project of MLIT and LRB is focused on creating an Information System (IS) as a set of IT solutions.

The information system allows one to store, quickly
access and process data from experiments at LRB
using a stack of neural network and classical
algorithms of computer vision, providing a wide range

. MUHGDB
h‘\ Supercomputer of possibilities for automating routine tasks. It gives an
- "GWWU"" increase in productivity, quality and speed of obtaining

Webapp Metadata DB

results
Gél
-—/ API-Server u
Fi “
fas=) ML\DL ecosystem )
-_— E IPA 4" bokeh /
JINR EOS R Free . W
Storage Auth :;m -n
cY

Conceptual scheme of the service



Intelligent Environmental Monitoring Platform

Samples collection

Samples analysis Data analysis Data presentation Prediction/Controle
====== [l h
Al LSS LTEEL b L e : 5 e
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HTTP Google Earth Engine
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HybrillT
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e

[=

ElRes
hYBRI |58

LITJINR  The studies are carried out using the HybriLIT platform.

Within  the framework  of
cooperation between MLIT and
FLNP, the work on the prediction
of air pollution by heavy metals
using biomonitoring data,
satellite imagery and different
technologies of machine and
deep learning is in progress. On
the MLIT cloud platform, the
Data Management  System
(DMS) of the UNECE ICP
Vegetation was created to
provide its participants with a
modern unified system of
collecting, analyzing and
processing biological monitoring
data.



Artificial Intelligent in Agriculture

gmmmpgme  dwemseen geeen e MLIT scientists have developed an
(D — ' online platform pddjinrru and

mobile application (DoctorP) to

detect diseases of indoor and
agricultural plants. The neural
network architecture of the
platform can detect 68 classes of
various diseases and pests with an

T accuracy of more than 95%.
MmeT \|11r5'|m“3‘c'- jo ¢ MaH2o-
o Experts have collected more than
nlplnprlhuli lulillllllllll“tr\l\ma |‘uilll . .

I;;;;p;;;';gw* P80 4,000 images in the database and
y eadﬁ sy R received more than 70,000
- '5! ”'”"““; \h\o\ﬁglvf W o ot AT N — requests from users. Everyone can

anB( :l ajio :_\ ;‘T“ 'r."'r':‘ A LM 3 g SR it . .
L O [_WM T — e use the platform interface, starting

.ﬁ e ey S S e o ez o, o 1 e from agricultural holdings and
e A S — ending with novice gardeners.



http://pdd.jinr.ru/

Activity: Digital ecosystem (Digital JINR)

The digital platform “JINR Digital EcoSystem ” integrates existing and future services

to support
scientific,
administrative and social activities,
maintenance of the engineering and IT infrastructures
to provide
reliable and secure access to various types of data
to enable
a comprehensive analysis of information
using
modern Big Data technologies and artificial intelligence.

Digital Digital IT specialists Network services
technologies infrastructures and users o

Admlnlstra‘twe
- services
o ®

Scientific services

Digital Eco System

Other services

Single access point to all
services



JINR

Digital Eco System
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JINR Digital
EcoSystem
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Sk

SCIENTIFIC SERVICES

m REGISTRATION

INFORMATION
SERVICES

Digital Ecosystem

This is a complex digital environment that combines a large number of information services and
business processes based on the principles of mutually beneficial relationships (“win-win")

v" Personal account of a JINR employee
v" Notifications in a personal account
v' Responsive interface, customizable by the user

v Easy access, convenient navigation and search
for information on a large-scale network of a
wide variety of JINR services
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Gz Network services IRCHNIUEITNEENIIGE  Other services
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Activity: Multi-purpose Hardware and Software Platform for

Big Data Analytics

JINR Big Data Analytical Platform

Presentation of results, hypothesis testing, forecasting, visualization

Business Intelligence. b
Visualization. P Predictive and prescriptive
Services. analytics
Reports | M B  fiypotheses [ creocrion

Search for meaningful
information. Models.
Hypotheses

Analysis

Data Modeling (autoencoders,
convolutional networks,
generative adversarial networks)

Machine learning,
Clustering.
Classification

Statistical analysis.
Time series Analysis.
Hypothesis testing

Semantic models. Graphs.
Complex networks

nnnnnnnnnnnnnnnnnn

Data collection, data processing (stream and batch) and data storage

. 0%0
) Primary data Data Semms’ | Problem-oriented
| Data collection plf_-(icesslng. Transformation Data Storage software
iltration :
COLLES TRANSFQ; aaaaaa a-rld CompreESlon

Infrastructure

Distributed 8 Data collection “ Software-defined
Databases 99 Cloud resources
Storage @ system networks

Data sources
Ind ial 1 £ Thi Physical
Grid I R Ll @ LI Detectors and Data Lake
(Smart meters, Tags, GPS, Cameras ) devices

External data sources
(API, Web, Databases, Social
Networks

Goal: the creation of a multi-purpose hardware
and software platform for Big Data analytics
based on hybrid hardware accelerators (GPU,
FPGA, quantum systems); machine learning
algorithms; tools for analytics, reports and
visualization; support of user interfaces and
tasks.

One of the tasks that is planned to be solved on
the platform is the development of a unified
analytical system for managing the MICC
resources and data flows to enhance the
efficiency of using computing and storage
resources and simplify data processing within
new experiments.



Development of the system for training and S

/Mt
retraining IT specialists (< MET

|

- o N

Training courses, master classes and lectures

MLIT staff and Leading manufacturers of modern computing
leading scientists from JINR and its Member States architectures and software

/ o llel \ Tools for debugging and Frameworks and Qua_ntum
ara’e. profiling paraliel [ tools for ML/DL algorithms,
programming applications Cluster tasks quantum
technologies programming
- and quantum
Jupyterhub
OpenMP : Work with applied A B control
YAMPI || software packages e [
— MULTIEHUSICS * O “‘"’lfmmMaﬂ’emﬂﬂ
oy ROQT ®
\OpenCL CuU DA \*G EANT4 * Maple' @




International Conference “Distributed Compliting and Grid

Technologies in Science and Education” = Distributed computing
: . svstems

Computing for

MegaScience Projects

* Distributed computing
& HPC applications

= Distributed Storage
Systems

= HPC

= Cloud technologies

= Big data Analytics and

Machine learning

Quantum informatics

and computing

nm
2 .
sl .

Wmethods, software and
program packages for data
processing and analysis;

Umathematical methods and
tools for modeling complex
physical and technical
systems, computational
biochemistry and
bioinformatics;

Umethods of computer
algebra, quantum computing
and quantum information
processing;

' 0 machine learning and big
data analytics;

Q) algorithms for parallel and
hybrid calculations.

~ y

)
&S, -

=i |

P

MATHEMATICAL MODELING AND
COMPUTATIONAL PHYSICS

The International Symposium Nuclear
Electronics and Computing

FAIR, NICA,
SKA, PIC, XFEL, ELI, etc.)

14 SCHOOL

: JINR
Involvement of young specialists in
solving tasks that face JINR using state-

of-the-art information technologies




Joint Institute for Nuclear Research

':::- .Mésht:hervalmv Laboratory of Information Technologies Cenfere_nce Topics: ' WO;I'(SrhOI,)’ “Computing for radiobiology and
ceees, o 1. Distributed Computing Systems medicine
‘%.:::'.'. G RI D2023 s 2. HPC Workshop “Modern approaches to the
$30eee ", 3-7 ju Iy 2023 iin 3. Distributed Computing and HPC Application modeling of research reactors, creation of the
By 10t 4. Cloud Technologies “digital twins” of complex systems”
2 nternational Conference : F5EN Qs P
“Distributed Computing and Grid Technologies in 5. Computing for MegaScience Projects Round table “RDIG-M - Russian distributed
SERIER o EoEgon f Guanium Iniormaliesianid Compuling infrastructure for large-scale scientific
.. 7. Big Data, M/D Learning, Artificial - . . 3
More than 275 participants Intellgigence - projects in Russia
In person - 216 30 Plenary reports o - Round table on IT technologies in education
Remotely - 60 135 Sessional reports

17 Countries: Azerbaijan, Armenia, Belarus, Bulgaria, the
Czech Republic, Egypt, Germany, Georgia, Iran, Kazakhstan,
Mexico, Moldova, Mongolia, Serbia, CERN and Uzbekistan.
Russia was represented by participants from 41 universities
and research centers.
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JINR School of Information Technology 2022

60 students from 13 Russian universities




JINR School of Information Technology 2023 |

Wy SCHOOL
50 students from 11 Russian universities
- 0
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SCHOQOL BeceHHsas LUkona no nHchopMauMoHHbIM TexHonoruam ONANU
JINR 15-16 anpens 2024 r
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nm. K. J1. XerarypoBa
6
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A0epHbIN
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1
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O6mume otipi-ocHoBatei BMK MI'Y u JIBTA OUSAN (HbiHe JIAT mm. Ll ‘#mlﬂﬁ .t;“
M.I. MelepsikoBa) BHEC/TM OrPOMHBIM BK/aZi B pPa3BUTHE MPOrPaMMHOIO
obecrieuenuss ang BOCM-6, UHCAEHHBIX METOJOB, BbIUNCIUTEIHHOM
GU3MKKM UM KOMIBIOTUHTA. WM cerofHs TIpOAO/DKaeT  pa3BUBAThCS
coTpyaHuuectBo Mexay MI'Y u JINT B obnactu:

© BMKMIY - MaTeMaTMuyeCKMX METOZIOB M MaTeMaTUueCKOro MOJe/IMPOBaHHU,

- TpU/I-TeXHO/I0ruu B Poccuny, AKajieMuK Y ieH-Kopp. AkajieMuK
- AHA/IMTUKY BOMBIINMX JaHHLIX, Camapckuii ToBOpyH THUXOHOB
Anekcanzp Hukonaii AHppeit

- CyNepKOMITbIOTEPHBIX TeXHOIOTMH U MEeTO/IOB Tlapasljie/lbHbIX BEIUMC/IEHUH,
- OpraHu3alu U NpoBeJeHNUs1 KOH(epeHLIMH U LLIKOJ.

AHfipeeBUY Hukonaesuu HukonaeBuy

[ToTpe6HOCTHL B MOATOTOBKE BHICOKOKBAIMGUI[MPOBAHHBIX KaJpOB B 00/1aCTH MaTeMaThueCKOTO MO/leTMpOBaHus U 00pabOTKU IaHHBIX
TPOEKTOB KJjlacCa MeracavHC C TIPUMEHeHHeM MeTOJOB aHAJMTUKU BOJIbLIMX JAaHHBIX U MCKYCCTBEHHOIO WHTeJJIeKTa MpUBesa K ujee
co3maHus Ha 6a3e dumiana MI'Y B [lyOHe HarnpaB/ieHUs IOATOTOBKU «IIprK/iagHas MaTeMaTHKa U MH(POpMaTHKa»

MarucrepcKou nporpaMMbl
«MeTonbl U TeXHO/IOTHH 00pab0TKH /JaHHBIX B reTeporeHHbIX BHIYUC/IUTETbHBIX cpe/:[ax»

mmﬂﬁﬁ;un:u
] = ANALYSIS -
INFURMATIONQERESEAREH ]
='_ wm wonwzl;

e i "'“:w

Maremarryeckoe MOJe/TMPOBaHMe, ['nybokoe MaliMHHOe oOyueHue 1 KoMMBIOTHHT (MpOrpaMMHbIe CPe/ICTBA U
YKC/IeHHbIE METO/Ibl ¥ KOMIT/IEKChI TPOrpaMM aHa/IUTHKA OOJBIINX AaHHBIX MOZIeJIn) [1JIs1 IPOEKTOB Kjlacca MeracamHc

Co3zaHa pabouasi rpyrira 1o ToZIr0TOBKe MarucTepckoii IMporpaMMbl, IJIaHUPYeTCs CO3/laHre KOOPMHALIMOHHOTO KoM1TeTa coBMecTHO ¢ BMK MI'Y



MarucTtepckasa nporpaMmma ¢punuana Mry s lybxHe
«MeToabl U TexHoJIorum o6paboTkn faHHbIX B reTeporeHHbIX BblYNCIUTENIbHbIX

cpenax»

AucunrnanHel 6a30Bo¥ YacTu

1.
2.
3.

LN

noBbliWWEHNA NMPOoOnN3BoANTENIbHOCTU KOMIMbIOTEPHOIo0 MoaeJiInpoBaHUA

NHOCTpaHHbLIN A3bIK

CoBpeMeHHasa punocopusa n MeToAo/I0rna Hayku

NcTopua n metonosiornsa npukiagHom MaTeMaTuUKn n
NMHPOPMaTUKU

AnddepeHumanbHble ypaBHEHUSA B NPUKIaAHbIX 3afa4a
MeToabl MOOEeNNPOBaAHNA PU3NYECKUX NMPOLLEeCCOoB
BepoAaTHOCTHbLIE MOaenn

AHannTuKa 60NbLUNX OAHHbIX N UCKYCCTBEHHbIV MHTENNEKT
MawnHHOoe obyyeHne n MArkme Bbl4NCIEHNS

MeToLbl M TEXHOJIOrMN NapasifiesibHbIX BbIYUCTIEHNI O

AvcunninHel BapMaTMBHOM vyactu

1.

O W I

RO Ne

MoaennpoBaHMe NPOXOXXAEHUSA 3/IEMEHTAPHbIX YacTul
yepes BeLlecTBOo

A3bIKKM N TEXHONOMMN aHann3a AaHHbIX

CTaTucrtnyeckme metoabl 06paboTkn AaHHbIX

CTPYKTYpbl 1 anropuTMbl 06paboTKn AaHHbIX

Moaenn KoMnblOTUHIA A9 06paboTKM N aHann3a OaHHbIX
ON9 KPYMHbIX Hay4YHbIX MPOEKTOB

PacnpegeneHHble BblHNUCNEHUA U 06N1adYHble TEXHOIOM UK
MnaTdopMbl, TEXHOIOM NN N NPUIOXKEHUSA 6ONbLUINX AAaHHbI
BeBeneHue B MHpOPMaLMOHHYO 6e30nacHOCTb

KBaHTOBbIE BbIYUCIEHUS

Hay4Ho-nccnenoBaTeNbCKUA CEMUHAP

AucunnivHel o Bbibopy

1.

w0

10.

NHpopMaLUMOHHbIE TeXHOJI0TUN B
MeracaneHc 3KcrnepmMeHTax (Ha

aHI JIMACKOM A3bIKE)
CynepKoMnblOTEPHbIE CUCTEMbI U
MPUNOXKEHNS (Ha aHIIMWCKOM $S3blKe)
buonHdpopMmaTuKa (Ha aHMTIMNCKOM A3blKe)
MeToabl N TEXHONOM NN MaLLUHHOIO
oby4yeHusa B NpuKIagHbIX 3aga4ax.
TexHonornm aHaamsa gaHHbIX C
MPUMEHEHNEM OTKPLITbIX BubnmnoTek Ha
f13blKe nporpamMmmMmupoBaHusa Python.
Web-TexHonornm ona peweHnsa HaydHbiX n
MNPUKNagHbIX 3a4au.

MNnaTdopMbl U MHCTPYMEHTbI A8 web-
pa3paboTku.

MaTeMaTnyeckne Mogenm B paamaunoHHON
buonorum n apepHon MmegnunHe
MoaoenmpoBaHue NpoLEeccoB PU3UNKK
BbICOKUX SHEPrUn.

OpraHusaumnsa xpaHeHnsa n ynpasieHund
OaHHbIMUN B KPYMHbIX HAaY4YHbIX MpOeKTax.
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