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Ha Top:xxecTBe no noBoagy noaysyeHua Hobeaesckoiu
npemuu 3a OTKpbiTUe 6030Ha Xurrca gupexkTop

LLEPHa Poab¢ Xoitep npamo Hassaa FPUA-
TEXHO/10N'MMn O4HUM U3 TPpEX CTO/NOB

ycnexa (napaay ¢ yckopureaem LHC u
$U3UUECKUMU YCTAaHOBKAMMU).

be3 opraHusayuu rpug-MHPpPaCTPYKTYpbl HA
LHC 6b1/10 661 HEBO3MOXKHO 06bpabaTtbiBaTh U
XPaHUTb KO/10CCA/IbHbIM 06beM AaHHbIX,
NOCTYMAaKLWMX C KO/A/Iangepa, a 3Ha4uT,
COBEepLUATb HAay4Hbl€ OTKPbITUA.

Ce200HA yxce HU OOUH KPYNnHbIl nNpoeKkm He
ocyuwjecmeum 6e3 ucno/s16308dHUA
pacnpeoesieHHOU UHPpdcmpyKmypbl 0411
06pabomKu OdHHBbIX.

Higgs searc’
update 04.0°

- ‘O
.
g =
-



KoHuenuusa Npua
«I'pux - 310 cUcTEeMa, KOTOpasi: p
* KOOPAMHUPYET UCIOJIb30BAHUE PECYPCOB IPH OTCYTCTBUM
LEHTPAJIU30BAHHOI0 YIIPABJICHUS 3TUMH pecypcaMu
* HCMOJIb3YeT CTAHJAAPTHBIC, OTKPbIThIC, YHUBEPCAIbHbIEC
MPOTOKOJIbI U HHTEP(PEHChI.
- 0o0ecnmeynBaeT BHICOKOKAYECTBEHHOE 00CTy:KMBAHM €

(lan Foster: ""What is the grid? **, 2002 r.)
Mopaenu rpua;:

+* Distributed Computing
¢ High-Throughput Computing G RI D
+* On-Demand Computing | .

+»* Data-Intensive Computing ond Cats RoRATE
+» Collaborative Computing X

MeXKancumMnanHapHbIA XapaKTep rpua: passuBaemble TEXHO/I0TUN
NnpPUMeHAIOTCA B pU3UKe BbICOKUX IHEPTrUn, KocmodpusuKe,
MUKpPOOMONOrumn, 3KONOrun, MEeTeopPo/sIorun, PasINYHbIX UHXKXEHEPHDbIX U
6usHec npunoxeHuax.

BupTtyanbHble opraHusauum (VO)



Some history

1999 — Monarc Project
 Early discussions on how to organise distributed computing for LHC CERN

2001-2003 - EU DataGrid project / \
* middleware & testbed for an operational grid j \I\
2003 - RDIG ,{zq -

2002-2005 — LHC Computing Grid — LCG <
 deploying the results of DataGrid to provide a
production facility for LHC experiments
2004-2006 — EU EGEE project phase 1
« starts from the LCG grid -
- shared production infrastructure c _!_I.I-CG
« expanding to other communities and sciences ._
2006 - Worldwide LHC Computing Grid (WLCG)
2006-2008 — EU EGEE-II <
* Building on phase 1 %b,mge%
« Expanding applications and communities ... for E-scienc

2008-2010 — EU EGEE-III

2010- EGI R D I

Tierl in Russia (NRC K, JINR) ussian ata
ntensive “ rnd



Applications

Resource Centers

Particle Physics

EGEE (Enabling Grids for E-sciencE)

Russia

O

O

2003 2004 2005
Year 1 Year 2

Chemistry

Industry

Bioinformatics
Astronomy

5 Sites 25 Sites
1K CPUs 5K CPUs
10 TB 50 TB

Earth Observation

100 Sites
50K CPUs
1PB 10 PB

CERN

Central Europe (Austria, Czech Republic,
Hungary, Poland, Slovakia, Slovenia)
France

Germany and Switzerland

Ireland and UK

Italy

Northern Europe (Belgium, Denmark, Estonia,

Finland, The Netherlands, Norway, Sweden)
NRENs
Russia

South-East Europe (Bulgaria, Cyprus, Greece,

Israel, Romania)
South-West Europe (Portugal, Spain)
USA

2006 2007
Year 3 Year 4

Biodiversity

Geophysics
Climate Modeling

Nanotechnology

500 Sites (Global)
250K CPUs

The aim of the
project is to
create a global
Pan-European
computing
infrastructure of
a Grid type.

- Integrate regional
Grid efforts

- Represent leading
grid activities in
Europe
10 Federations,
27 Countries,

70 Organizations



GraGrﬁ (

Collaborating e-Infrastructures

0SG |
4

-

' European Commission co-funded proijects

— )
: ' Projects with other funding GEANT?

Potential for linking ~90 countries by 2010




Collaboration Board (CB)

W@Fﬂ@Wﬁ@@ &,[H]@ @©m[@@f§ﬁﬁﬂ @[?ﬁ((ﬂ - ©@@ﬁ§@{§ﬁ©@ ;I':rel_ﬁgl-laboration Board (CB) provides the main technical direction

Overview Board (OB)
A standing committee of the CB, the Overview Board (OB), has the
role of overseeing the functioning of the Collaboration. It also acts as
a clearing-house for conflicts that may arise within the Collaboration.
Management Board (MB)
The Management Board (MB) supervises the work of the Project,
maintaining the overall program
I . Grid Deployment Board (GDB)
Resource Scrutiny B . . .

Group (C-RSG) The Grid Deployment Board (GDB) is the forum within the Project
where the computing managements of the experiments and the
regional computing centres discuss and take, or prepare, the
decisions necessary for planning, deploying, and operating the LHC
Computing Grid.
Architects Forum (AF)
An Architects Forum (AF) consisting of the Applications Area
Manager (chair), the software architects of the four LHC
experiments, the leaders of the various AA software projects and
other invited members provides for the formal participation of the
experiments in the planning, decision-making and architectural and
technical direction of applications area activities.

Computing Resources

Review Board (C-RRB)

Scientific Review Collaboration Board

Funding agencies

Experiments & regional centres

Overview Board

Architects Forum 5 8 Management Board BT 8 Grid Deployment Board

Co-ordination of cormnmon
applications

Co-ordination of Grid operations

Management of the project

Physics Computing Resources Review Board (CRRB)
Applications Service & Support Grid Deployment Computing Fabric The Resources Review Board (RRB) comprises the representatives of
Software each Experiment's Funding Agencies and the managements of CERN
Activity area Activity area Activity area Activity area and of each Experiment's Collaboration. It is chaired by the CERN

Director for Research and Computing.

Computing Resources Scrutiny Group (C-RSG)

The purpose of the C-RSG is to inform the decisions of the Computing
Resources Review Board (C-RRB) for the LHC experiments.



https://wlcg.web.cern.ch/organisation/management/collaboration-board
https://wlcg.web.cern.ch/organisation/management/overview-board
https://wlcg.web.cern.ch/organisation/management/management-board
https://wlcg.web.cern.ch/organisation/management/grid-deployment-board
http://lcgapp.cern.ch/project/mgmt/af.html
http://committees.web.cern.ch/committees/all/welcomeLHCRRB.html
https://wlcg.web.cern.ch/organisation/management/computing-resources-scrutiny-group

Worldwide LHC Computing Grid Project (WLCG)

The primary goal of the WLCG project is to create a global infrastructure of regional
centers for processing, storage and analysis of data of the LHC physical experiments.
The grid-technologies are a basis for constructing this infrastructure.

MoU with 42 countries about participation in the WLCG project.

A protocol between CERN, Russia and JINR on participation in the LCG project was
signed in 2003. MoU about participation in the WLCG project was signed in 2007.

Russia  FASI Tue 03 Jul 2007 Sergei Mazurenko
Russia JINR Tue 04 Sep 2007 A. N. Sissakian

Boards: GDB, MB OB C-RRB Russia-JINR V. Velikhov V.Korenkov

Services WLCG and EGI: Certification Authorities (CA), GGUS, VOMS, VO, M&A, NOC ...



Worldwide LHC Computing Grid (WLCG)

The mission of the Worldwide LHC Computing Grid (WLCG) is to provide global computing resources for the
storage, distribution and analysis of the data generated by the LHC.

WLCG combines about 1.5 million computer cores and 1.8 exabytes of storage from over 170 sites in 42
countries. This massive distributed computing infrastructure provides more than 12 000 physicists around
the world with near real-time access to LHC data, and the power to process it.

It runs over 2 million tasks per day and, at the end of the LHC’s LS2, global transfer rates exceeded 260 GB/s.

These numbers will increase as time goes on and as computing resources and new technologies become
ever more available across the world.

CERN provides about 20% of the resources of WLCG.
Simone Campana Project leader / chairperson WLCG

WLCG project supports LHC experiments (ATLAS, CMS, ALICE, LHCB) and others:

Heidi Schellman DUNE
Giuseppe Andronico JUNO
lkuo Ueda (deputy: Cedric Serfon) Belle-Il

Stefano Bagnasco VIRGO


http://wlcg-public.web.cern.ch/

RDIG | Russian Data Intensive Grid infrastructure (RDIG)

ussian | ata

. Intensive Crid |

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

In 2010 the RDIG infrastructure comprises 10 Resource Centers with
> 3000 CPU and > 5000 TB of disc storage.

UTOD|-: RDIG Resource Centres:
VMM PAH |- —ITEP
HAMAG MY - e — JINR-LCG2 (Dubna)
PHLL KM l CRE i Cankr-NerepGypr — RRC-KI
— ° — RU-Moscow-KIAM
————L__ o~ D — RU-Phys-SPbSU
1 PAH | /) i RyGhd: HOBEY, — RU-Protvino-1HEP
Tpo::: e WX PAH ~RUSPDSY
gml:lp.or.aM.H:t. LT — Ru-Troitsk-INR
: jroveest — ru-IMPB-LCG2
NAUN PAH .- fees IMNB PAH — ru-Moscow-FIAN

— ru-Moscow-MEPHI

— ru-PNPI-LCG2 (Gatchina)
— ru-Moscow-SINP

- Kharkov-KIPT (UA)

- BY-NCPHEP (Minsk)

- UA-KNU

-- UA-BITP




The Worldwide LHC Computing Grid (WLCG)
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DBONOUMA MOaEeNN KOMNbIOTUHIA ‘

* PaclumpeHme KomnbOTEPHbIX PECYPCOB 3a CHET UCMO/Ib30BaHUA
BHeLWHMX HeBblaeneHHbIX pecypcos (HLT, Clouds, HPC...)

* I3meHeHUA moaesZimn KOMMNbOTUHIa B KaXKAO0M 3KCNepmmeHTe, C
Lueqibio onTmiMmn3aumt MCnoJib30BaHUA pPeCypcos

e 3HauyuTeNbHbIE YCUANA BK/1aAbiBAOTCA B Pa3BUTUE
nporpammHoro obecneyeHus, 4tobbl yayyLinTb 0OLLYIO
NPOU3BOANTENBHOCTb NPU UCMO/Ib30BAHNMN COBPEMEHHDbIX
apxuTeKkTyp (MHorosaepHoctb, GPU...)

 OnTMMM3aumm npoueccoB 06paboTKU, KOIMYECTBO XPaHALLUXCA
PENINK AaHHbIX N Ap.

12



rias, clouds, fog, edge, supercomputers...

Grids
e Collaborative environment

* Distributed resources G RI D

Edited by Ian Foster
and Carl Kesselman

Clouds

Cloud Nodel/Internet/Data center
Computing

Storage :
/ «-W =
Managed Services | - Infrastructure

Software E

E =0 B EE

Fog Nodes
/Local Data storage

Edge Nodes
IDevices

pLoracl a i TTT g (

Edge Computing

Internet Of Things, (I0T) \

\
( A/




[Mnhateopma 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.

14/98




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 Open 2
__./_'!ORD‘ LDAP GlideinWMS
- / g ot BDII N
— -3 Pilots
LHCEH (&
home— REBUS g
Phedey

- Data Management System

- Central WebUI portal - Workload management
- REST API services for data systems

- Low-level configuration systems export and modification - Monitoring tools

- Data providers - Automatic data collectors - SW installation services

- Service discovery components - Data validation - Testing frameworks



ATLAS computing

| Authentication: x509, Regional CA through IGTF (Interoperable Global Trust Federation) m !E.IE |
s Authorization: VOMS (x509 proxy certificates) VOMS
e ProdSys2
r Workflow management system
A

v = CRIC CRI>
i information system =
e Workload management system [ | Distributed data management
: f !

Harvester OFTS

Resource facing service Data transfer service

NeIC

Site F

(EE )

Amazon EC2

-
—_——_—— ~

— 000 =CO0O0NOID




The Worldwide LHC Computing Grid

WLCG: an International collaboration to distribute and analyse LHC data. Integrates computer centres worldwide that

Tier-1 sites
Connected by >100 Gb/s links

PIC

Barcelona, ES Sa =
N—

CERN Tier-0

SARA-NIKHEF INFN-CNAF
A dam, NL logna, IT

Tier0 (CERN): Tierl:

data recording, = permanent

reconstruction storage,

and distribution re-processing,
analysis

provide computing and storage resource into a single infrastructure accessible by all LHC physicists

The mission of the WLCG project is to provide global computing
resources to store, distribute and analyze the ~250-300 Petabytes of data
expected every year of operations from the Large Hadron Collider.

WLCG computing enabled physicists to announce the

discovery of the Higgs Boson.
170 sites

42 countries

> 12k physicists
~1.6 M CPU cores
~2 EB of storage (1 EB - CERN)
> 2.5 million jobs/day

100-400 Gb/s links

Tier2:
Simulation,
end-user
analysis

Worldwide LHC Computing Grid - 2023



Country

USA
Switzerland
Germany

United Kingdom

Russia
Italy
Canada
France
Spain
Sweden

Total
Percent

Countries — Sum CPU Work (HS23 hours) by Country and VO (LHC VOs)

alice

236,929,906
1,572,811,270
353,571,160
47,102,022
68,049,212
121,408,726

0

44,994,230

0

46,686,214

2,710,117,792
11.20%

atlas

3,104,319,728
1,928,489,548
1,430,078,402
1,566,571,819
166,288,406
207,166,953
793,395,846
438,917,399
249,945,715
265,958,243

11,048,840,149

45.66%

cms

2,937,679,000
1,470,994,067
781,539,502
329,396,977
648,423,550
506,188,230

0

108,632,855
257,009,608

0

7,425,042,222
30.68%

Ihcb

0
881,870,100
411,641,240
990,134,417
85,445,220
63,976,557
0
175,730,168
76,045,702
0

3,015,019,683
12.46%

Total

6,278,928,634
5,854,164,985
2,976,830,304
2,933,205,234
968,206,387
898,740,466
793,395,846
768,274,653
583,001,025
312,644,456

24,199,019,847

Percent

25.95%
24.19%
12.3%
12.12%
4%
3.71%
3.28%
3.17%
2.41%
1.29%



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

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)

= Super S-Tau Fabric, Sarov (electron-positron collider)

* HeiitpuHHana nporpamma (Baiikan, JUNO, NOVA, DUNE ...) ((@CKMCD

CUBMUPCKUI KO/IbLEBOW

" CMHXpOTpOHHO'HEﬁTpOHHaﬂ nporpamma, Haykm o }X1U3Hu MCTOYHUK ®OTOHOB

¢ WHCTUTYT agepHoil pU3NKKu
—\\ umenn I. U. Byakepa CO PAH



From RDIG to RDIG-M

AW PAH] - AP | The Russian consortium RDIG (Russian Data Intensive GRID)
i | was set up in September 2003 as a national federation in the
— Bl ' EGEE project.
Mm ...... ONSAMN - e p— -
P PAH--- Ip:ﬂ:::w Qﬂ?mrsnﬁfi"mm A protocol between CERN, Russia and JINR on
| poramce Mo T participation in the LCG project was signed in 2003. MoU
VSIABAH -..... e iamans PAR on participation in the WLCG project was signed in 2007.
NeB3 :
Consortium RDIG-M — Russian Data Intensive GRID
for Megascience projects

/ Mega
science
projects




Co3paHue KoHcopuuyma ana IT-obecneyeHna nccnenosaresibCKOU

dbl KJ1acCa «KMeracameHc»

e KoHcopuuym Poccumckmnm N’PUL ana MHTEHCMBHbBIX onepauun ¢
AaHHbIMK (POUT) 6bin co3aan B 2003 roay Ana aKTUBHOIMO Y4acTuUS
B pacnpeaesieHHoM 0bpaboTKe AaHHbIX SKCNEPUMEHTOB Ha

S En TR Sl bonblwom agpoHHoM Konnangepe LHC B pamkax Hay4yHOM
2 | Konnabopaummn LHC WLCG (Worldwide LHC Computing Grid).
T N - T Wi e = — e Co3pgaHHan nHppactpyktypa RDIG nmeet orpomHoe 3HayeHne ansa

3P PEKTUBHOrO yyacTma yyeHbix Poccmm B Hay4yHOW nporpamme
aKcnepumeHToB Ha LHC.

* B Poccum peanmsyetca nporpamma MacluTabHbIX HAayYHbIX
NPOEKTOB, Ba*KHEWMLLEN YAaCTbiO KOTOPbIX ABAAETCA pa3BUTHE
pacnpeaeneHHbIX reTeporeHHbIX KOMMbIOTEPHbIX CUCTEM (BKAtOYaS
CUCTEMbI C 3KCTPaMaCcCUBHbIM Napanaenmamom) ana obpaboTku,
XPaHEeHUA, aHan3a SKCNEePUMEHTA/IbHbIX AaHHbIX, pa3paboTka u
BHeapeHne 3ddbeKTUBHbIX METOA0B, aNTOPUTMOB U MPOrPaMMHOTO
obecnevyeHna Ana moaennpoBaHnAa PU3NYECKNX CUCTEM,
MaTemaTuyeckor ob6paboTKM N aHaIM3a IKCNEPUMEHTA/IbHbIX
AAHHbIX, pa3BUTUE MeTOA0B MalIMHHOIO 0by4yeHus,
NCKYCCTBEHHOIO MHTENIEKTA, KBAHTOBbIX BbIYNC/IEHUN.

e [1nAa peweHuns sTon macwtabHom 3aaa4m HeobxoaMMo pa3BUBaTbL
pacnpeaeneHHy0 KOMNbOTEPHYIO MHOPACTPYKTYPY,
06beanHAIOLLYIO K/IH0YEBbIE Hay4YHble N 0bpa3oBaTe/ibHbIe
WHCTUTYTbI, Y4aCTBYHOLLME B NPOEKTax meracaneHc - PAUI-M.

; L : Co3aaHHbIN KOHcopunym Ha 6a3ze OUNAN, HUL KypuaTtoBcknm

HOBOCTU § , nHCTUTYT, UCMN PAH nomxkeH ctatb agpom ana IT-obecneyeHus

s 1 | nccnenoBaTeIbCKoM MHPPACTPYKTYPbI Knacca «meracaneHgy.

8 8612604



Strategy for Information Technology and
Scientific Computing at JINR

Scientific IT ecosystem:

Data Lake

Big Data v
IT specialists’

upskilling Artificial
intelligence
Robotics

' Computational
infrastructure Network

upgrade " ‘Application
IT security software ,
adapted to new Quantum
architectures Technologies

Data center
infrastructure |7 gofware

development Machine
& Deep

learning

Coordinated development of interconnected IT
technologies and computational methods

NS

It will be a steady implementation/upgrades of

* Networking (Th/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)

4 advanced software and hardware components

M ICC > Tierl grid site

» Tier2 grid site

» hyperconverged “Govorun” supercomputer
» cloud infrastructure
Distributed multi-layer data storage system
ier2/CICC Govorun » Disks

.7 Pf » Robotized tape library

Engineering infrastructure

» Power

» Cooling
DATA STORAGE 75 (+50) PB Network

NETWORK 3x100 Gbps » Wide Area Networkr
> Local Area Network
POWER@COOLING 800 kVA@1400 kW

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

DIRAC, PanDA, etc.




Networking

I= CERN

2 X 100Gbps

10Gbps

100Gbps 10Gbps

s > 4
100Gbp \ / /

Amsterdam

—

» JINR-Moscow 3x100 Gbit/s

» JINR-CERN - 100 Gbit/s and JINR-Amsterdam 100 Gbit/s for LHCOPN,
LHCONE, GEANT networks

» Direct channels up to 100 Gbit/s for communication with NIKS networks

» The multi-site cluster network with a bandwidth 4x100 Gbit/s between VBLHEP
and MLIT

JINR Campus JINR MultiSite Cluster

i ACISite LIT

9327 network elements
18163 IP-addresses
6355 users

1464 E-library

911 remote VPN

121 VOIP

116 EDUROAM

4579 Email @jinr.ru

ACI Site LHEP Off-line ACI Site LHEP On-line ACI Site LHEP BM@N.
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Distribution of the incoming and outgoing traffics by the JINR MICC in 2020-2023 (TB)

2020 2021

Incoming

2022 2023

ETIER_1 ®mTIERipv6 m Tier2+EOS

JINR network traffic (PB)

IN (PB)

2019 m2020 m2021

OuUT (PB)

2022 m2023

25000

outgoing
20000
15000
10000
- I I I I I I I
. [
2020 2021 2022 2023
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Oo6mmit Bxogsmil Tpaguk OSSN, Brimtouast cepBepa 00111ero
HazHadyenws, Tierl, Tier2, CK «I'oBopyH» 1 oOnayHbie

BbIYMCIIeHUs, cocTaBui B 2023 roay 41,5 I1b, oOrmuii ucxoasimii
— 27 511Ib.



Data
acquisition

Warm Tier

storage
volume

» 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
developed and implemented on the “Govorun”
supercomputer.
According to the speed of accessing data there are
next layers:

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

D NEANERN
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IS
JINR Tierl for CMS (LHC) and NICA vz

KoanuecTBo 00pabOTaHHBIX COOBITHIMA
skcnepumenta CMS 3a 2023 rog

T1_DE_KIT

Bknag muposbix Tierl ueHTpoBs B
06paboTKy aKCNepUMEHTANIbHbIX
AaHHbIX CMS 3a 2023 roa;:

11%
T1_ES_PIC
T1_FR_CCIN2P3
2%
T1_IT_CNAF
8%

US-ENAL-CMS
30,16% FR-CCIN2P3
7,23%
IT-INFN-CNAF -
UK-T1-RAL 10,75% 13%
9,41% T1_RU_JINR

RU-JINR-T1 36%
24,04%

T1_US_FNAL
28%

§ = y
SRR So05555

(==

PacnpegeneHune no yncny 3agav
BbIMO/IHEHHbIX Ha Tierl akcnepMmeHTamm
CMS, BM@N, MPD v SPD B 2023 roay

Tierl CMS 2023 July 2024 2024 march
spd
20064 cores US-FNAL-CMS ~ 1,920,062,861 623,513,239 208,060,175 L |
360 KHSO06 RU-JINR-T1 1,660,359,767 601,406,360 249,711,583
. DE-KIT 790,474,346 280,425,085 130,491,459
12.5 PB disks UK-T1-RAL 680,993,976 247,032,988 102,539,577 S|
50.6 (+ 50) PB tapes | FRr-CCIN2P3 651,295,705 0 0 -
100% reliability and IT-INFN-CNAF 617,509,540 29,307,972 0 1668%
L ES-PIC 491,172,61 150,204 7,226,844
availability > 91,172,615 20,204,096 >7,2268 -
35,60%



Tier2 at JINR

Hcnonn3osanue Tier2 caitta OUSIN (JINR-LCG2) PacripenienieHre BBINOJIHEHHBIX HA TPUJI-
BUPTYaJIbHBIMU OpraHU3alUsIMU B paMKaxX I'pUI-IIPOCKTOB caritax RDIG 3agau
Tier2 at JINR provides M~ 2w

1,77% 2,37%

s computing power and data meiilend s \
storage and access systems e
‘ for the majority of JINR
R users and user groups, as e
am well as for users of virtual e

organizations (VOs) of the

grid environment (LHC, The JINR Tier2 output is the highest
R NICA, FAIR, etc.). (90.31%) in the Russian Data Intensive Grid
JINIgR Tier2 f_or VO and_Quarter : (RDIG) Federation.

bmn
0,59%

100%
90% - Accounting - 2020_1 to 2023_5 normcpu for RDIG Tier2 and Quarter
uno
80% ! 100%
70% M bes 90% [
0,
60:" H biomed 80%
50% 70% H RRC-KI
0, . i
gg; Wilc 60% W ru-PNPI
Gl . . N
0% m bmn.nica.jinr ig; ® Ru-Troitsk-INR-LCG2
(]
0,
18;: H nova 30% M RU-SPbSU
’ M WO AN MmO ONMm O o N m o Bspdnica.jinr 20% RU-SARFTI
T e 9 9 9909 10% .
O 2 9 © == = = N NN o on Hmpd.nica.jinr M RU-Protvino-IHEP
NN N S NSNS S S 0%
S oo oo oo o oo o oo i = JINR-LCG2
doagogdadgagaodaddaadddd malice NS RN R N I BN R
T N OO daF NS adgF MmO 9 PP PG NN IO, Y PN SN L
PIIPITIPLIIFIRIQPIIQ T o A S S S S S S (S S WITEP
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Cloud Infrastructure

ploqRsY JINR (Russia):

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

PRUE (Russia):
integrated

INP (Belarus): A5« Estonia

integrated

Latvia

GTU (Georgia):
work in progress

Lithuania

Kingdom

SU (Bulgaria):
integrated

INP (Kazakhstan):

C ¥
v"’ -% - e " Moldo, integrated ‘
o 4ot B e B ]l - =
3 A | <
_ ‘ :

X : INRNE (Bulgaria): s3pisn Sea Uzbekistan =

b & NJ/ integrated Azerbgijan o — i

4 Turkmenistan ;;jiiﬁi—i_;_::~—""*~<_ <5

INP (Uzbekistan):
integrated

Morocco
New Delly

NOSU(Russia):
integrated

IP (Azerbaijan):

IIAP (Armenia): integrated .
work in progress - Bangladesh
India
g nhai X t Mya
3 Y R

Libya

ASRT (Egypt):
integrated

* Cloud Platform - OpenNebula — Testbeds for research and development in IT
* Virtualization - KVM - 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 Key projects that use the resources of the SC “Govorun™:
* Hierarchical data processing and storage system » NICA megaproject, Member States B punp
« Scalable solution Storage-on-demand > calculations of lattice quantum Russian -
FLNR
- Total peak performance: 1.7 PFlops DP chromodynamics, o 10%
« GPU component based on NVIDIA Tesla V100&A100 | » computations of the properties of atoms FLNP
3%
. CPL_J compo_nent based on RSC “Tornado” liquid of superheavy elements, v
cooling solutions > studies in the field of radiation biology,
* The most energy-efficient center in Russia > calculations of the radiation safety of S
(PUE = 106) ) - 25%
JINR'’s facilities.
 Storage performance >300 GB/s Total number of users : 323
W e =l NER - rmromaoans:  PHYSICAL REVIEW C
: - s 4 =vsa | ’ t covering nuclear physics
L || B = = o i C =
: ~acquisition - =
[ i N : a1} Rygica
ROOT | -/ European Journal
N of Medical Physics
Physical - &
_____ I kel
Data co] T al7:T EBY BTECT
Vo Podwae i oo ff ,ﬁ\;"z

GPU-accelerator Hyperconverged CPU and Distributed Storage Nodes

~ >250user papers (twoin Nature Physics)




NICA Computing Concept & Challenges

Worldwide
NICA
aboration

/ Lattice QCD calculations

Simulation of nuclear
reactions

TS NICA On-
AR el line Cluster

<

LIT off-line 7
cluster R Event reconstruction

- STAR Preliminary 7.7GaV
statistical errors only 11.5GeV
10— 4 14.5GeV
19.6GeV

£ t 27GeV

R 39GeV

Y 62.4G0!

Rgp [(0-5%)/(60-80%))

il

~  LHEP ) W
off-line cluster |
T Physics analysis



4 MICC basic facility

/

A heterogeneous computing
environment (Tierl, Tier2,
SC “Govorun’, cloud, ect.), based on
the DIRAC platform, was created for
processing and storing data of the
experiments conducted at JINR.

The distributed infrastructure is used
by the MPD, Baikal-GVD, BM@N, SPD.

Polytech

The major user of the

POLYTECH

the MPD experiment

NIKS & |

distributed platform is

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

Normalized CPU time

ODIRA T
THE INTERWARE \
m SPD 2
ol B
LIT EOS MPD W Baikal- =
Govorun A 69% ove
mBM@N
e —
N—
- SSD
~——’ .
Lustre Total Number of executed jobs
Ultra-fast storage )

175
150
125

Sep 2021 Mar 2022 Sep 2022 Mar 2023

r ep ar
Max: 14.8, Min: 0.00, Average: 5.00, Current: 14.8

Data processed by experiments

I EOS MPD
I EOS BM@N
I EOS SPD

EOS Baikal-GVD

I
Mar 2020

en ar ep far en
Max: 1.70, Min: 0.00, Average: 0.47, Current: 1.70

Summary statistics of using the DIRAC platform for MPD tasks in 2019-2022

o5 3l $ki1783 B| Hrasom| T

njobs completed

data generation
campaigns

events generated events reconstructed

|.aM

o Ty

total computation time

o —

=51.0 P8

—

MED data produced




Methods, Algorithms and Software

Govorun Supercomputer

n (u Sscria O 1 1
B one orill<mo A Numerical modeling of complex
M 7ocpud 00 Do % 1e 0e*®" physical systems
- 600 - 800 O pr. S e
# 800 - 1300 i TN g® L 0"
% 2o S Ce st o' L
3 - 15 years w P [Ahe®hateten, R 1234 1004 Experimental data processing
o o ] .
. iy daca . — — - hadronic phase and analysis
Bocua h‘. ----- quark phase
I RCRHRIONNS ® = —— mixed phase
® e o
Sarajevo -

R AT R AR

one CPU (one K X Mostar l e <5 7. ; : Big Data

:’&.’ -150 -100 -50

23

0

180 F

{— 5.000000E+000
{— 4.000000€+000

— 3.000000€ +000

— 2.000000E +000

11

— 1.000000€ +000

Quantum computing

" mIBM QRome IBM Q Santiza

— 1.033016€-006




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
technologies infrastructures and users

/

JINRGES,
Digital Eco System

SSO- login

¢
Gl
Single access point to all
services



Development of the system for training and
retraining IT specialists

F N £
& or |

Training courses, master classes and lectures

| - l - R
AP S —— e e w

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

/ Parallel \ Tools for debugging and , / Frameworks and \ / Quantum \

: rofiling parallel :
programming zpp“cafifns tools for ML/DL tasks algorithms,
technologies quantt.Jm

s programming and
4 Work with applied software A | Jupy\ter/hUb quantum control
wi i w o
CoOMSOL ‘P:(:k\arglfésM " ) Tens:l)lrFIow ﬁ
MULTIPHUSICS® @2 Voliram Mati emﬂﬂﬂ .
ROOT pg—
S




- el T T L] PP
International Conference “Distributed Computing and Grid

Technologies in Science and Education” * Distributed computing
_ i systems

Computing for

MegaScience Projects

Distributed Storage
Systems

HPC

Cloud technologies
Big data Analytics and

Machine learning
Quantum informatics

The International Symposium Nuclear
Electronics and Computing

and computing

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;

U machine learning and big
data analytics;

Q algorithms for parallel and
hybrid calculations.

MATHEMATICAL MODELING AND
COMPUTATIONAL PHYSICS

Analytics new! * Innovative IT Education
Ly SCHOOL
B JINR

Involvement of young specialists in
solving tasks that face JINR using state-
of-the-art information technologies




L e Joint Institute for Nuclear Research
:.o o «[eshcheryakov Laboratory of Information Technologies

% GRID2023 ==

*. 3-7 July 2023 i

4 10th International Conference
“Distributed Computing and Grid Technologies in
Science and Education”

More than 275 participants
In person - 216

30 Plenary reports
Remotely - 60 s

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.

Conference Topics:

|
2
3
4
5
6
7

. Distributed Computing Systems

. HPC

. Distributed Computing and HPC Application
. Computing for MegaScience Projects

. Quantum Informatics and Computing

. Big Data, M/D Learning, Artificial

Intelligence
8. Student session

Workshop “Computing for radiobiology and
medicine”

Workshop “Modern approaches to the
modeling of research reactors, creation of the
“digital twins” of complex systems”

Round table “RDIG-M - Russian distributed
infrastructure for large-scale scientific
projects in Russia”

Round table on IT technologies in education



Ty SCHOOL JINR School of Information Technology 2023 - -
e 50 students from 11 Russian universities “SEN

&5 ;4




SCHOOQL BeceHHsisa LLUkona no nHégopmaumMoHHbIM TexHonorusm OUANU

JINR 15-16 anpens 2024 r
Yuusepcuter MTMO FOXXHO-Ypanbckum
TynbCcKnu 1 rocygapCTBeHHbIN
rocygapCTBEHHbI yHuBepcutet (HAY)
YHUBEPCUTET = 1

1 -

CeBepo-OceTnHeknm .
; [OCcynapCTBEHHbIN
rocygapCTBEHHbIN
YHUBEPCUTET
YHUBEPCUTET «TlyBHay
nm. K. J1. XerarypoBa y
6 14

HauwnoHanbHbIN

nccnenoBartenbCKUN
A0EepHbIN
YHUBEPCUTET
«MANDN»
5
Kamyarckun

rocyqapCTBeHHbIN [1anbHEBOCTO4HbIN
YHUBEPCUTET UM. denepanbHbI
Butyca bepuHra YHUBEpPCUTET
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O6mmue otupi-ocHoBarenn BMK MI'Y u JIBTA OUAN (awpmme JIAT um.
M.I. MemepsikoBa) BHECIH OTPOMHBIN BKJIaJl B Pa3BUTHE MPOrpPaMMHOIO
oboecneuennsa mia bOCM-6, 4YHCIEHHBIX METOAOB, BBLIYHUCIUTEILHON
bU3MKH W KOMIIbIOTUHTAa. W cerogHs mpomokKaeT Ppa3BHBATHCS
corpyaauyectBo Mexay MI'Y u JIUT B obmactu:

- MaTEMaTUYECKUX METOJIOB U MATEMATUYECKOTO MOAEIUPOBAHUSI,
- rpua-TexHosnorut B Poccuu,

AKageMuK Unen-kopp. AxaneMuKk
- AaHAJIMTUKH BoJIBIINX JaHHBIX, Camapckmuit T'oBopyH TuxoHoB
- CYIEPKOMIILIOTEPHBIX TEXHOIOTUM U METONOB HapalIeIbHBIX BEIYHUCIEHHH, AT EmE AETpEL

AHzpeeBnY Hukonaesnu Hukonaesuu

- OpraHu3aluu U NPOBEICHUS KOHPEPEHIIMN U TIKOJI.

[ToTpeOHOCTh B MOJATOTOBKE BHICOKOKBATU(UIIMPOBAHHBIX KaJpPOB B 00JIACTH MAaTEeMaTUYECKOTO MOJACIUPOBAHUS U 00paOOTKH JaHHBIX
IIPOEKTOB KJIACCA METracallHC ¢ NPUMEHEHWEM METOAOB AHAJIUTHUKU DBONBIIMX MaHHBIX M UCKYCCTBEHHOI'O MHTEJJIEKTA MPHUBETA K HJIEE
co3fanus Ha 0aze ¢punuana MI'Y B JlyOHe Hanpapnenust noarotoBku «lIpuknaanas MareMaTuka U HHGOpPMATUKAY

Marucrepckou nporpamMmmasl
«METOIIBI U TeXHOJIOTHH 00pado0TKM JAHHBIX B reTEPOreHHbIX BHIYHUCJINTEIbHbIX cpenax»

II.I.IllN
; )SETSamamfr;

£ suon yyy

1 -/.,\cw Ry

Maremarnyeckoe MOIETMPOBAHNUE, I'my6okoe manmuHHOE 00y4YeH e U KomnblOTHHT (MporpaMMHbIE€ CPEACTBA U
YUCJICHHBIE METOBI 1 KOMILIEKCHI IIPpOrpaMm AHAJIMTHKA OONBIINX JaHHBIX MOJIEIIN ) JJIst MIPOEKTOB KJIACCA MEracaHe

Coznana paboyasi rpyIia 1o moJroToBKe MaruCTepCKon MporpaMmBbl, IJIAHUPYETCS CO3/IaHNE KOOPIUHAITMOHHOTO KoMuTeTa coBMecTHO ¢ BMK MI'Y



[MlepBOHa4YanbHbIN N/1AH OpraHmnsaumumn paborbl KoHcopumnyma RDIG-

* dopmupoBaHme KoopamHaumoHHOro coseta (npun HeobxoamumocTtn Ynpasnatowero CoeTa)

* opraHu3auma pabot KoHcopuuyma (cozgaHue pabounx rpynn/konnabopaunii) No pasanMyHbIM HanpasneHnam (Gpusmka
BbICOKMX SHEPTUIN, HEUTPUHHAA NPOrpaMmma, CUHXPOTPOH-HENTPOHHAA Nporpamma, nand-caneHc n np.)

* opraHu3auua paboT KOHCOPLIMYMa MO CO34aHMI0 CEPBUCOB, HEOOXOAMMbIX ANA GYHKLIMOHMPOBAHUA
BblUMCAUTENBHO/CETEBON MHPPACTPYKTYpPbI:

- ynpasneHue ceteBoi nHppacTpyKtypon (NOC)

- eJMHaA cucTema ayTeHTUPMKauum n astopusaumm (CA)

- UHTerpaums, ynpasneHue, pacnpeaeneHue pecypcos (ROC, pledged resource)

- ynpaB/ieHMe pacnpeaeneHHbIMU XPaHUANLWAMN AaHHbIX

- MOHUTOPWHT, CTaTUCTUKA, yyeT pecypcos, (M&A)

- HAZEXHOCTb M AOCTYNHOCTb (R&A)

- ynpaB/ieHMe BUPTYa/IbHbIMU OPraHU3auuaAMmn UAK NPUKNAAHbIMKU NpoeKkTamu (VOMS)
- ynpasnenue tickets nan 3anpocamu (GGUS, helpdesc)

* GOPMYINPOBKU 3334 KOHCOPLUMYMa B Buae TexHMYecKkoro npoekta RDIG-M (TDR)
* npoueaypa BKAOYEHUSA B KOHCOPLMYM APYTUX OpraHnU3auum

* OpraHM3aums NoAroToBKM U NepenoaroToBKM CNeumnanmcToB



TexHnyecknmn npoekt PANUMN-M (1)

Hy>XHO OT aKcnepumeHTam
" BbluncautenbHble mogenu. Mogenu gaHHbix. Oxxngaemolie pecypcbl — TpeboBaHua K

NPOU3BOAUTE/IbHOCTYU

= O6pabotKa — KannbposKa — NOBTOpPHAA 06paboTKka — mogenupoBaHue —  pacnpocTpaHeHue
AAHHbIX — aHanu3

Heobxoanmo

= BbiaBneHue OGLI.I,EI'O — BbiABJ/1€éHUNe pasnw-mﬁ = Cco3a4aHue rnobanbHoMn KapPTUHDbI

BbluncnutenbHaa apxutekrypa POAUT-M

" [pua-apxuTekTypa B LLe/IOM — NOTOK AaHHbIX —HECKO/IbKUX rpuao0B u obnakos
=  ApxuteKtypa Tier 0

=  ApxuteKrtypa Tier 1

= Ponb Tier2

= CeTb

" DKCnAyaTauuOHHble CepPBUCHI

=  CepBMUCbI NOAAEPHKKHU

= CepBuUCbl y4yeTa pecypcos U UX UCNO/Ib30BaHUA



TexHnveckun npoekt POAUM-M (2)

MporpammHoe obecneueHue

* OnepaymnoHHbIe CUCTEMbI

* [l[pomerxkytoyHoe MO

* O6bwme NPUNOKEHNA U UHCTPYMEHTDI

* Mogaep*Ka PM3nNYecKkoro aHaam3sa

* ba3sbl AaHHbIX — pacnpegeneHHoe pa3BepTbiBaHME

* [Moaaep»Ka }KN3HEHHOTO LWKIa — YNPaB/leHNE Pa3BePTbIBAHUEM U YNPAB/IEHNEM
BEPCUAMU

TexHonormu

* CTaTyc v 0XXngaemoe pasBUTUE — NPOLECCOPbI — KOMMUAATOPbI — XPaHUANLLE —
3anoMMHatoLLee YCTPOMCTBO — CETb

* BbibOp MCXOAHbIX PELLEHNM
e }XM3HEHHbIN UMKN 0bopyaoBaHMA



TexHnveckun npoekt POAUM-M (3)

MpoToTUNbl U UX OLLleHKa-Ha ocHOoBe LUPPOBbIX ABOMHUKOB

* [lpoBepKa paboTbl C AAHHbIX
* [lpoBepKa cepBMCcoB

CueHapum 3anycka
* [IMNOTHbIN 3anycK
* OnbITHadA 9KCNAyaTayuuAd

Pecypcbl — yenoBeyecKkme pecypcbl U maTepuanbi

* J1O0CTyNHble N OXMnaaemble
O - B OCHOBHOM nabopatopun n ueHtpax Tier O
O - B UeHTpax Tier 1
O - B UeHTpax Tier 2
O - ANA pa3paboTKkM, BHEAPEHNA U CONPOBOXKAEHUA NPOrpaMMHOro obecneyeHums

* Tpebyemble PpMHAHCHI

0O6a3aHHOCTU CTOPOH — OpraHmnsauma ynpasaeHUA NPOEKTOM
* CornaweHune Ha yyacTtue- opraHM3auMoHHaAA CTPYKTYpa- rpynnbl Mo HanpaBaeHNAM
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