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Ha Top:xxecTBe no noBoagy noaysyeHua Hobeaesckou
npemMuu 3a oTKpbiTUe 6030Ha Xurrca gupexkTop

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

ycnexa (napaay c yckopureaem LHC u
$U3U4ECKUMU YCTAaHOBKaMM).

be3 opraHusauuu rpua-MHOPacTPYKTypbl HA
LHC 6b1/10 661 HEBO3MOXHO 06pabaTbiBaTh U
XPaHUTb KO/10CCa/IbHbIM 06 beM AaHHbIX,
NOCTYMAaKLMX C KO//Iangepa, a 3Ha4uT,
COBepLUaTb Hay4YHbl€ OTKPbITUA.

Ce200HA yxce HU OOUH KPYNnHbIl NpoeKkm He
ocyuwjecmsum 6e3 ucno/ab63068dHUA
pacnpeoesieHHOU UHPpacmpyKmypbl 0411
06pabomKu OdHHbIX.

Higgs searc’
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KoHuenuua Npug

«I'pua - 3TO cucrema, KOTopasi:
- KOOPAMHHUPYET UCTIOJIb30BAHUE PECYPCOB IIPU OTCYTCTBUU
LHEHTPAJIN30BAaHHOTO YIPABJICHUS TUMH PECYpPCaMu

* UCITOJIB3YET CTAH/IAPTHBIC, OTKPBITHIE, YHUBEPCAIBHBIE
MPOTOKOJIBI U UHTEP(EUCHI.

- 00ecreunBaeT BEICOKOKAYECTBEHHOEC 06CJIY)KI/IB3HHC»

(lan Foster: "What is the grid? ", 2002 1)

Mopenwu rpua;:

+» Distributed Computing

¢ High-Throughput Computing
< On-Demand Computing * ana carlwceksoman
+» Data-Intensive Computing
+» Collaborative Computing

MeXAUCUNNNMHAPHbINA XapaKTep rpma: pa3BMBaemble TEXHONOTUN
NPUMEHAIOTCA B GU3UKE BbICOKUX IHEPTUM, KOCMODU3UKE, MUKPODBUOIOTUM,
3KOJIOMMU, METEOPOIOTNU, PA3ZIUYHBIX MHKEHEPHbIX UM BU3HEC NPUNOKEHMUAX.

BupTtyanbHbie opraHusauum (VO)




'pup - 3TO cpeacTBO ANA COBMECTHOro MCrnosnb30oBaHU
BblYUCNUTENbHbIX MOLWHOCTEU U XPaHUNULL AAHHBIX
nocpencTtBOM MHTeEpPHeTa

BSUYT msSImcLcmaomolio

MOI=E=E>»TV 10703 MOILO-NKXEmMEOUI

Busyanusauusa




Large Hadron.Collider— TSs e

The Large Hadron Collider (LHC one of the Iargest and truly global
SC|ent|f|c projects ever, is the most exciting turning point in
partlcle phy5|cs
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Data Collection and Archiving at CERN
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Tier-0 (CERN):

* accepts data from the CMS
Online Data Acquisition
and Trigger System

« archives RAW data

* the first pass of
reconstruction and

Tier-2 Centres performs Prompt

Calibration
kA Contias d * data distribution to Tier-1
- - -~ 10 Gbitis links Tier-1 (11 centers):

Tier Structure of GRID Distributed
Computing:
Tier-O/Tier-1/Tier-2

NDGF . Gridk - :
SEama i;; i,;*--ﬂ-mi % * receives a data from the
== _ L g > -

,,.,.BNL'i; S S i Tier-0

* data processing (re-
reconstruction, skimming ,
calibration etc)

1 * distributes data and MC to

P ; the other Tier-1 and Tier-2

Chera - o ik Al - secure storage and

L oM r redistribution for data and
e » MC

Tier-2 (>200 centers):

* simulation

* user physics analysis



« 1999 — Monarc Project
 Early discussions on how to organise distributed CERN

computing for LHC /
« 2001-2003 - EU DataGrid project JjZLZ.I -

* middleware & testbed for an operational grid

« 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 < _J.
« starts from the LCG grid :LCG
 shared production infrastructure -l
 expanding to other communities and sciences c

« 2006-2008 — EU EGEE-II .c?ablingerici

for E-scienc

 Building on phase 1
« Expanding applications and communities ...

« 2008-2010 - EU EGEE-III
« 2010-2012 - EGI-INnSPIRE



RDI Russian Data Intensive Grid

ussian _ala
ntensive - nd

The primary goal of the WLCG project is to
create a global infrastructure of regional

mn:;f:] """"" centers for processing, storage and
: MUAD ... - :
L el analys?ls of data of the LHC phy5|c.al
BHLKAL------ R Cakr-MeTepbypr experiments. The grid-technologies are a
— - basis for constructing this infrastructure.
—— P
TM°°"°‘: o Jephoronosxa The Russian consortium RDIG (Russian
..... PONUK o . .
 NMporaunct MywwHo A Data Intensive GRID) was set up in
T o T September 2003 as a national federation in

the EGEE project.

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




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

* PaclumpeHmne KomnbOTEPHbIX PECYPCOB 3a CHET UCMOJ1b30BaAHMUA
BHeLWHMX HeBblaeneHHbIX pecypcos (HLT, Clouds, HPC...)

* I3MmeHeHUs Moaenn KOMMNbIOTUHIA B KaXKAO0M 3KCNepumeHTe, C
LleNblo ONTUMMU3aLMU UCMONb30BaAHNA PECYPCOB

e 3HaYyuTe/IbHblE YCUNMNA BKNAAbIBAOTCA B pa3BUTUE
nporpammHoro obecneyeHus, 4tobbl yayyLLNTb OOLLYIO
NPOU3BOANTENBHOCTb NMPU UCMO/Ib3OBAHNMN COBPEMEHHDbIX
apxmTekTyp (MHorosaepHoctb, GPU...)

* OnTMmm3auum npoueccoB 06paboTKMN, KOIMHECTBO XPAHALLUXCA
PENJIK AQHHbIX U AP.

11



[Mnhatdopma 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.

12/98




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

&

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

‘#RUCIO

SCIENTIFIC DATA MANAGEMENT

Open Science

4_./—’!""’"‘ GlideinWMS
G R
— -3 Pilots
élgc‘z%,‘n oz
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

-
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— 000 =CO0O0NOID




CHALLENGES: distributed data storage evolution: DATALAKES

GOAL.:

to provide a computing infrastructure to the experiments and the community
to store and analyze data,

to achieve storage consolidation where geographically distributed storage
centers (potentially deploying different storage technologies) are operated
and accessed as a single entity.

EOS - a CERN open-source storage

software solution to manage multi PB @’
storage. ||“]]
XRootD - core of the implementation

framework providing a feature-rich remote

access protocol.

| Improvement of already existing production quality
Data Management services.

Scalable technologies for federating storage resources
= —— — and managing data in highly distributed computing
environments.



RDIG Network Infrastructure 2021
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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 physicists

Tier-2 sites
(about 160)

Tier-1 sites

The mission of the WLCG project is to provide global computing
resources to store, distribute and analyze the ~50-70 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.

Tier0 (CERN): Tierl:

data recording, = permanent

reconstruction storage,

and distribution re-processing,
analysis

161 sites
42 countries
~1M CPU cores
1 EB of storage
> 3 million jobs/day
10-100 Gb links
Tier2:
Simulation,
end-user
analysis Worldwide LHC Computing Grid - 2019



International Large-scale projects

Russian research institutes and universities actively participate in international
y FAIR large-scale projects:
7 A\ w7 e | HC, CERN (experiments: ATLAS, ALICE, LHCb, CMS)
P——— e XFEL, DESY (European free electron laser)
XFEL ESRF * ESRF, France (European synchrotron center)

FAIR, GSI, Germany (CBM, PANDA experiments)
ITER, France ...

International large-scale projects are being prepared in Russia: @S
= NICA, JINR, Dubna (proton and heavy ion collider) | NICA

-, JOINT INSTITUTE
Z22MD FOR NUCLEAR
1956 RESEARCH

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

= SKIF, INP SB RAS Novosibirsk (Siberian ring photon source) I'll (((‘CKM(D
= Super S-Tau Fabric, Sarov (electron-positron collider) ““' GHENPOHA KOAUEROR
" CUHXPOTPOHHO-HEMUTPOHHAA NPOrpamma uccneaoBaHumn \ ‘i

WHCTNTYT apgepHoi hnankm
= HeWTpuHHaA nporpamma \ﬁ\ nmetn [- . Byaxepa CO PAR



From RDIG to RDIG-M

Consortium RDIG-M — Russian Data Intensive GRID for Megascience projects

@ @
®®,® | b ::.:s.ze
9 @ @@

MpoeKTbl Knacca meracameHc B 061acT PU3MKM BbICOKUX IHEPrun m
acTpoPU3UKN, CUHXPOTPOHHO-HEUTPOHHbDbIX UCCNef0BaHNA, HEUTPUHHOM
nporpammboi.

* Passutme metonos u d/ITOPUTMOB NCKYCCTBEHHOIO MHTEN1EKTA ANA
dHA/IM3a AadHHbIX 3KCNEPUMEHTOB,

* Pa3BuTME CyNnepKOMMbIOTEPHDbIX, FPMa, 061a4YHbIX TEXHONOTUH,
pacnpeaeneHHbIX XPaHUANLW, AaHHbIX A1 MOAE/NNPOBAHUA, 06PaboTKM U
aHaNM3a AaHHbIX;

* Pa3BuUTUE TEXHO/IOTMIN BbICOKOCKOPOCTHOM Nepeaaym Hay4dyHblX AaHHbIX.

projects




M.G. Mesheryakov
(17.09.1910 - 24.05.1994)
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MLIT today

Network
IT security

CynepkomnbioTep
Computing

slf:scli(?llliiflt:’ architectures e H u% HUMM : ’:l . Fogo PYyHE

Quantum Data center
Technology infrastructure

Staff: 325
Scientists: 100 - o MLIT Fundamentals:
Doctors of Science: 24 el adopted to

SO -Provide IT services necessary for the
fulfillment of the JINR Topical Plan on
Campus network 2x100 Gbps ulfifiment of the J p!

o Research and International Cooperation
Multisite network 4x100 Ghbps patatake B Softwars P

Telecommunlcatlon Channel 3X100 GbpS Big Data ” Development |n an EffICIen'[ and effeC'[Ive Mmannetr.
Grid Tierl and Tier2 for global data processing *Building world-class competence in IT and
JINR Cloud computing computational physics.
JINR Member States’ Cloud environment «24/7 support of computing infrastructure and services such
“Govorun” supercomputer availability is called nonstop service.

Robotics

Candidates of Science: 61



N>

. . LS
Englneerlng Infrastructure '?
v' Power supply expansion
v" New cooling system for the MICC machine hall

v 100% “hot water” cooling system of the “Govorun”
supercomputer

v' Guaranteed power supply using diesel generators and
uninterruptible power supplies




Networking

Ig CERN

> JINR-Moscow 3x100 Gbit/s
G > JINR-CERN - 100 Gbit/s and JINR-Amsterdam 100 Gbit/s for LHCOPN, LHCONE,

£ GEANT networks
et W il . > Direct channels up to 100 Gbit/s for communication using RU-VRF technology with the
d_‘m’ebps collaboration of RUHEP research centers and with Runnet, ReTN networks
‘ —_— Rem} » The multi-site cluster network with a bandwidth 4x100 Gbit/s between VBLHEP and MLIT

\ L Moscow g i " JINR Campus JINR MultiSite Cluster
10Gbps er G " Al Site 4
. The JINR LAN comprises: e B
X ps - =
WES 8768 network elements B &\

% 17602 IP-addresses

6377 users registered within the
e - e | network

=T 7 ¢ /4203 *.jinr.ru service users

N < N 1419 digital library users

504 remote VPN and EDUROAM
users

4F

A NG ~ network traffic in 2021

BNORT 17 % 3 /f + 33.23 PB - input

PSS Pt ( l i 35.86 PB ) OUtpUt ACI Site LHEP Off-li ACI Sit: LHéPo | I;(;Is‘ LH;P‘BM@I‘\J;
e NGNS



The IT infrastructure is one of JINR’s basic facilities.

4x100 Gbps

NICA off-line cluster

NICA

The MICC meets the

requirements for a modern

highly performant scientific

computing complex:

« multi-functionality,

 high performance,

 task-adapted data storage
system,

* high reliability and
availability,

 information security,

 scalability,

 customized software
environment for different
user groups,

* high-performance
telecommunications and
modern local network.



JINR Tierl for CMS

The CMS Tierl center at JINR has | Tierl — Sum CPU Work (HS06 hours) 2021-2022
demonstrated stable work through the RU-JINR-T1 2,069,498,327  27,88%
entire period since its launch into full

. : ) : US-FNAL-CMS 1,612,815,957  21,72%
operation. The Tierl site for CMS s

] : - ;
s oSS0 8 S05555
77

ranked first among world centers for DE-KIT 1,460,440,934  19,67%
CMS. IT-INFN-CNAF 743,512,935 10,01%
-
W - - -
1 One of the main functions of Tierl FR-IN2P3 668,957,987  9,00%
centers is to provide data exchange with UK-T1-RAL 601,454,698 8,09%
all global sites that run CMS jobs. In ES-PIC 263,218,979 3,54%
2021, more than 30.5 PB of data from
more than 210 grid sites were :222
transferred to and from our Tierl. 200 Data transfers (>100TB) to/from JINR
2500 dCache for Tierl in 2021 by WLCG sites
2000 :
1500
« 16096 cores 1000 “ | |
500
e 260 kHS06 ; |..|.|||.|.I.II_I.I.I-||.| BE RN
“ = = -E;_ o 'E = g g :g g =% %

cr.cnaf.infn.it
datagrid.cea.fr &

cmsaf.mit.edu

e 52.6 PB tapes
* 100% reliability and
availability

recas.ba.infn.it =
indiacms.res.in m

grid.hep.ph.ic.ac
physik.rwth-aachen
rcac.purdue.edu ==
accre.vanderbilt.edu =




Tier2 for Experiments and JINR Laboratories

Tier2 for Alice, ATLAS, CMS, LHCb, BES, BIOMED, COMPASS, MPD, NOVA, STAR, ILC, etc. is
recognized the best in the Russian Data Intensive Grid (RDIG) Federation.

RDIG: distribution by the number of jobs by
the web sites of the organizations

1
JINR-LCG2; 50,94%

RU-Protvino-IHEP; 29,75%
= RU-SPbSU; 6,96%

= RU-SARFTI; 5,74%

= |TEP; 5,49%

® Ru-Troitsk-INR-LCG2; 0,52%
= RRC-KI; 0,31%

= ru-PNPI; 0,29%

140000000 .

JINR Tier2: Sum CPU work (HS06 hours) by VO
120000000
100000000
80000000
60000000
40000000

20000000

5
Y
-




Cloud Infrastructure

 Cloud Platform - OpenNebula

* Virtualization - KVM and OpenVZ
JuE W

%) £ «d | & » Storage (Local disks, Ceph)
Test GitLab  helpdesk development @ < I o /
OpenNebula B A - Total Resources
ta

£

=05 “ested 1 A - 5020 CPU cores
- 4.1 PB of raw ceph-based storage

testbed

OpenNebula
development 2 ey HEPweb
& ! /
e testbed N @ /

JINR
cloud

Norway

JINR (Russia):
integrated

PRUE (Russia):
integrated

BEp ) (@D
Users VMs S-l tee fd7
?ﬂu

Astk- 5w« Estonia

INP (Belarus):
integrated

ODIRAC

INP Astana branch
(Kazakhstan):integrated

Latvia

Lithuania

United

Utilization:

Kingdom

~ VMs for JINR users, T su (Bulgaria) | e
- . . integrated
— Computational resources for neutrino experiments, = s D I R AC s
— Testbeds for R&D in IT, THE ANTERWARE e J

—~ COMPASS production system services, . \ o
INRNE (Bulgaria): | Georaa ol Uzbekistan Kyrgyzstan
— Data management system of the UNECE ICP w{: integrated - : Rearigll 0=
. Turkmenistan Taiikis
Vegetatl on y : L INP (l:lzbekistan)
— Scientific and engineering computations, -y Fiasiot Yanewrs

Morocco

New Delhi™.

— Service for data visualization based on Grafana, N?ﬁi‘g'i“niia’:

(@} i
i i - E e IP (Azerbaijan): Bitan
jupyterhub h(_ead and execute nodes for it, tey e 3 Stk =
- Gitlab and its runners, as well as some others. | integrated T india, T ML

e o) Mumbai .




MICC Component: HybriLIT Platform

Education and testing
polygon "HybriLIT"

-~

Intel
Xeon Phi

.

ol reciaao | vioia
Tesla K20 J\ M Tesla K80

J

Ecosystem ML/DL

Supercomputer

“Govorun”
-

CPU-component
\ Intel Skylake

/4

CPU-component

___Intel Xeon Phi (KNL)

GPU-component K&
NVIDIA Tesla V100 [T

3

HLIT-VDI

\_ Unified software and information environment -

The unified software and information environment of the HybriLIT platform allows users to use the education and testing
polygon is aimed at exploring the possibilities of novel computing architectures, IT-solutions, to develop and debug their
applications, furthermore, carry out calculations on the supercomputer, which allows them to effectively use the supercomputer

resources.

Hyper-converged software-defined system
Total peak performance: 860 TFlops DP
Scalable solution Storage-on-demand
Multilayered storage system for maximum
efficiency

Hot water cooling (compute, storage,
interconnect)

The most energy-efficient center in Russia
(PUE =1,06)

Storage performance >300 GB/s

The DAOS polygon of the “Govorun”
supercomputer takes the 1st place among

Russian supercomputers in the current 10500

list.



“Govorun” supercomputer

Total number of registered users of the ""Govorun™'
supercomputer: 517
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BLTP
10%

DLNP
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3% FLNR

12%

MLT FLNP

35%

Number of users by Laboratory

Key projects that use the resources of the “Govorun”
supercomputer: 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.

Kazakhstan s 13

Armenia I 11
Bulgaria e 15
Belarus W 5
Egypt W 2
Mongolia w5 Total number: 195
Poland Immmw 8
Romania mam 7
Slovakia N 25
Ukraine I 16
Czechia mm—m 7
Germany B 2

Russia I 77

0 10 20 30 40 50 60 70 80

Number of users by Member State

In 2021, HybriLIT platform users published 38
papers, 11 of them in Q1 and 4 in Q2.



NICA DAOS polygon of the “Govorun” supercomputer

for data processing and storage in experimental high-energy physics

To work with Big Data, including for the NICA megaproject, a hierarchical data processing and storage system
with a software-defined architecture was developed and implemented on the “Govorun” supercomputer. The
fastest layer of the hierarchical system is based on the latest DAOS (Distributed Asynchronous Object Storage)
technology.

The DAOS polygon of the “Govorun” supercomputer takes the 15t place among Russian

supercomputers in the current 10500 list.
Data
acquisition The use of DAOS in high-energy physics enables to:

* Store and read multidimensional data structures of
TB scale in a single address space

Data physics results

Irocessing

I

I _ . .

| » Create a multi-user presentation layer for analyzing
I

I

 Reduce hot storage costs in hundreds of times

Fr—— — — —

_____ compared to using DDR (Double Data Rate)

Data Data
processing WLU S-I;RE storage memory
velocity arm ‘dyer volume

« Significantly reduce the wuse of the GRID
infrastructure (computing/storage/network) at the
stage of physics analysis

EOS

« Easily integrate with other hot/warm storages



O6bepguHeHHan reorpadryeckm pacnpeaeneHHas
cynepKomnbloTepHaa MHPpPaACTPYKTypa

NOJIUTEX

CaHxkr-lNeTepbyprckuin
NOAUTEXHUYECKUIA YHUBEPCUTET
Metpa Beankoro

B auBape 2022 roga yCIrenrHo 3aBepiicH
IIEPBBIA COBMECTHBIN IKCIIEPUMEHT I10
HCIIOJIb30BAHNIO O0OHETMHEHHON
CYNEePKOMITIBIOTEPHOM UHPPACTPYKTYPHI JIJIS
3aga4 nmpoekta NICA.

Bcero 6b110 3anmyiieno 3000 3agad reHepanuu
JTaHHBIX MeTOJIoM MonTe-Kapiio n
PEKOHCTPYKIMUHU COOBITUM JIs1 SKCIIEPUMEHTA
MPD. CreneprpoBaHO U PEKOHCTPYUPOBAHO P T
nopsaka 3 MAJJIMOHOB COOBITHM.
ITonydeHHbIC JaHHBIE TIepeMelieHbl B JlyOHy
11 TanbHelIIeit 00padboTKU B (PU3UUECKOTO
aHaIn3a




Datalake

Computing

Infrastructure

Infrastructure

JINR in DatalLakes

The JINR data lake prototype was built as a distributed
EOS storage system.

EOS was successfully integrated into the MICC
structure.

EOS is used for storing and accessing big arrays of
information.

It can be applied for collective data simulation, storage
of raw data gathered from experimental setups, data
processing and analysis.

WLCG resources

WLCG/OSG
CEs, DIRAC, HTCondor

Storage Interoperability Services

Local resources
High Level Services

Authorization /
Autoidentification

Kerberos VOMS

Infrastructure
Services
Monitoring

Distributed MICC storage = EOS+dCache
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- Data Delivering and Caching
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I Grid |1 Grid |
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Local
batch

= Data Provisioning
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There is currently 16.7 PB of disk space available
for EOS.

Baikal-GVD, DANSS, FOBOS, JUNO, BM@N, MPD,
SPD, PANDA are its major users.

EOS is visible as a local file system on the MICC
working nodes and allows authorized users (by
the kerberos5 protocol) to read and write data.



NICA Computing Concept & Challenges

Woridwide
NICA

laboration

Lattice QCD calculations

Simulation of nuclear
reactions
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Heterogeneous distributed computing environment

A heterogeneous computing environment, based on the DIRAC platform, was created for processing and storing
data of the experiments conducted at JINR. By the end of 2021, Tierl, Tier2, the “Govorun” supercomputer, the
clouds of the JINR Member States, the NICA cluster, as well as the cluster of the National Autonomous University of
Mexico (NAUM, within the cooperation on the MPD project), were integrated into DIRAC. For the time being, the
distributed infrastructure is used by the following experiments: MPD, Baikal-GVD, BM@N, SPD.

— ODIRAC ..k

THE INTERWARE

| | | | -
// Jobs submission \

Q _acquisition/"

. |
" Physical )I
- analysis |

| - processing
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Data
processing
velocity

Data
storage
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Heterogeneous distributed computing environment

for the MPD experiment

Available resources of the DIRAC platform
v'1076+ 10%events N for the MPD experiment:
were generated J "
using UrQMD,

LAQGSM, PHSD

B i « “Govorun” supercomputer: up to 1,586 cores in the
latest production

PHOMD

2nd other models am - * Tierl: 920 cores
» Tier2: 1,000 cores
77 Gex 77 Ger * Clouds (JINR and JINR Member States): 70 cores
” = T e D 2o « NICA offline cluster: 250 cores (limit for users)
15 N O « UNAM (Mexico University): 100 cores
RIcey HEPSPE ours per year
R I « National Research Computer Network of Russia
- y (NIKS, now resources from SPBTU and JSCC): 672
W - e cores — New resource, added in 12.2021.
aoonene The mass production storages integrated into the
o e Dirac File Catalog are 1.5 PB in size.

v'242+10%events 10000000
were 500000: 0 . The histogram illustrates the accounting data
reconstructed 2019 2020 2021

from the centers. The metric shown is Sum
o DIRAC.JINR-LHEP.ru m DIRAC.JINR-Tier2.ru
CPU Work, grouped by center and year.




Methods, Algorithms and Software

Numerical modeling of complex
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MICC Unified Resource Management System

P42

Web/CLI/API interface

The unified resources management system

Workflow management
framework

/\

system(s)

Workload management

Authentication
system

Information
system

Authorization

system

—»| Data management system

/
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Data transfer system

Monitoring

Accounting
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EQS/dCache dCache & MSS Lus!rar’EBph
[High volume (high 10
MICC (HTC) Supercomputer disk starage) (Longterm storage)
(HPC)
L Computing resources A Storage resources

Nodes
Configuration
service

Software build
service

R

_g

e

Services in the Cloud infrastructure: DB, HTTP, etc

TS

Software
distribution
service

The main objectives of the unified
resource management system are:

¢ to provide the ability to process large
amounts of data

¢ to enable the organization of massive
computing tasks

¢ to optimize the efficiency of using
computing and storage resources

¢ to effectively monitor resource
loading

¢+ to consolidate resource accounting

¢ to provide a unified interface for
accessing resources



Development of the system for training and
retraining IT specialists

OOOOOOOO

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 \
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July''5=« 9. Dubn

The International Conference "Distributed Computlng

and Grid Technologles in SC|ence and Education”

&

» Distributed computing
systems

* Computing for
MegaScience Projects

» Distributed computing
applications

= Data Management,
Organisation and Access

= HPC

= Virtualization

» Big data Analytics and
Machine learning

» Research infrastructure
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MATHEMATICAL MODELING AND
COMPUTATIONAL PHYSICS

Umethods, 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;
U algorithms for parallel and
hybrid calculations.

The International Symposium Nuclear
Electronics and Computing
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Triggering, Data Acquisition, Control = Computations with Hybrid Systems (CPU,
Systems GPU, coprocessors)

Distributed Computing, GRID and Cloud = Computing for Large Scale Facilities (LHC,
Computing FAIR, NICA,

Machine Learning Algorithms and Big Data  SKA, PIC, XFEL, EL], etc.)

Analytics new! * Innovative IT Education

MLIT Schools
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