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KopeHbKOB Bnragumup Bacunobesuy
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Hux»cHuli Hoepopood, 25-26 ceHmabpsa 2023 2.
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asonwouna AT

" MeHANUCb KoHuenunuum

" KPYyr h ChoXXHOCTb pellaeMbliX 3a4a4

nepsble umudpposblie nnatpopmbl
noaAepKu, paboraowmx B

. yrl'IY6!'IHI'IaCb cneunann3auuAi pa3pa6OT‘-IMKOB peéa/ibHOM BpemeHU

" BO3HWKA/ HOBbIN TEXHONOTMYECKNIN Habop

" COKpalwanocCb BpemAa BBOAa HOBbIX MPOAYKTOB U
cepBnUCoB

NepBoe nokoneHue (1960-e rogbl) — menHPpermbl

Btopoe nokoneHue (1970-e roabl) — yHuBepcanbHbie 3BM

TpeTbe nokoneHue (1980-e roabl) — nepcoHanbHbIE
KOMNbIOTEPbI

YerBepToe nokoneHue (1990-e rogbl) — KAMeHT-cepBep

Natoe nokoneHue (2000-e rogbl) — cepBUCHAA
ApXUTEKTYypa

LLlectoe nokoneHune (2010-e roabl) — obnaka

Ceabmoe nokoneHue (2020-e rogbl) — 10T, UICKYCCTBEHHbIN
WHTENNEKT, KBaHTOBble BbIYUC/IEHUA



ba3oBble yctraHoBKM OUAU

iTte Science

Life Science



Meshcheryakov Laboratory of Information Technologies

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

The main d|r_egt|ons of the activities at the Laporatory are connected (18.03.1930 - 21.07.1989)
with the provision of networks, computer and information resources, as
well as mathematical support of a wide range of research at JINR.

M.G. Mesheryakov
(17.09.1910 - 24.05.1994)



1958-ii . — IlepBast 9BM B OUAN "VYpan-1"
npousBoauTENbHOCTEIO 100 onepanuii/c n

NaMsAThIO HA MArHUTHOM OapabaHe

B 1962 1. Ob111 cienaH nepBbId pealibHBIN 11ar Ha
yTH MOCTPOEHUSI MHOTOMAIITMHHOTO KOMILJIEKCa,
BKJIFOYAIOIIETro ypoBeHbs DBM HakomieHus u
peABapUTEIHLHON 00pa0OTKU JaHHBIX C
anmnaparypbl GU3UYECKOTO IKCTIEPUMEHTA
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http://lit.jinr.ru/people/Shirikov/ural1.jpg

Jnoxa b9CM-6

H.H.I'oBopyH 3nakomut rocrei u3 HHEPH ¢ BOCM-6

1967-1968 rr. cepuiiHO BBIITyCKaeTCs camasi ObICcTpast
B EBpone oreuecrBenHass 9BM BOCM-6. Iloa
pykoBoacteoM H.H. ToBopyHa 3amy1ieHna B
skciutyaraiuo B OSSN BOCM-6. Coznaetcs
MoHuTOpHas cuctema "Jlyona" mist BOCM-6, B
koTopyto Briroyaercs 36k ®OPTPAH u npyrue
A3bIKW porpamMupoBanusd. CleTy o 3Tamn —
CO3/IaHHE ONEPALIMOHHOMN cUCcTeMBI «JlyOHa»




IlenTpanbubIil BeruncauTe bbb kommieke (LIIBK OUSIN)

1968-1972 — B OUSIUA co3maeTcsi MHOTOMAIMHHBIN KOMILIEKC, KOTOPbIM OCHAIIAETCS, HAPSAY C OTe4eCTBEHHbIMU
BbIYUCJIUTENbHbIMU MammaamMu, IBM ¢pupmbl Control Data Corporation (CDC), ucnoas3yembiMu B IIEPHe.

Co3nana tpexypoBHeBasi komnbroTepHasn cpena (LIBK OUSIU B JIBTA, UBK B JlaGoparopusix OUSU, manbie IBM
HA JIMHUHU ¢ (PU3NYECKUMH YCTAHOBKAMM.
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Tanbl pa3BUTUA BHELWHUX KOMMYHUKaunn OUAN

1991 — 64 K6uTt/c cnyTHMKOBbIN KaHan cBA3u ¢ y3nom cetn HEPNET B
Utanuum

1994 — 64 K6uTt/c cnyTHUKOBbINA KaHan cBA3M ¢ y3nom cetu DFN B
fepmaHumn

| DFN

&4 Ehit

1995 — 128 K6uTt/c HazemHbl KaHan cBA3u ¢ y3nom INTERNET B
Mockse

1997 — 2 M6uT/c onTnueckuii KaHan ceasm OUNAN-LIKC «Qy6Ha»-
LLlabonoska-M9. Y3en cetu RBNet B lybHe

159.93.00

193.124.144.0

2001 — peanunsaumsa npoeKkta ATM KaHana cBasu lybHa-MocKsBa
emMKocTblo 622 M6ut/c (155 M6éut/c ana OUAN)

2002 — cnyTHMKOBbIN KaHan OUAU-naHcMoHaT «lybHa» B Anywite
(nepBbI KaHan B Kpbimy)

2005 — peannsauma npoeKTa KaHana ceasmn [lybHa-MocKBa Ha
ocHoBe TexHonorumn SDH emKocTtbio 2.48 F6ut/c (1 réut/c pna
ounAan)

2009- peannsauma npoeKTa KaHana csa3n MockBa-lybHa Ha 6ase
TexHonormn DWDM (20 réwmt/c)



Pa3Butne KOMnNbLIOTEPHON UHPPACTPYKTYPbI

OUAN c 1994-2004 ron

NIKHEF 1
15 Sparc stations

FWI-UVA
115 Sparc
CERN SMC
30 Sparc stations

CS Madison UW
250 workstations
DEC, Sparc, HP, SGI, R6000

10



MLIT today

Staff: 325

Scientists: 100

Doctors of Science: 24

Candidates of Science: 61

Campus network 2x100 Gbps

Multisite network 4x100 Gbps
Telecommunication channel 3x100 Gbps
Grid Tierl and Tier2 for global data processing
JINR Cloud computing

JINR Member States’ Cloud environment
“Govorun’ supercomputer

MLIT Fundamentals:

* Provide IT services necessary for the
fulfillment of the JINR Topical Plan on
Research and International Cooperation

* Building world-class competence in IT and
computational physics

* 24/7 support of computing infrastructure and
services such availability is called nonstop service.



Strategy for Information Technology and

Scientific Computing at JINR

Scientific IT ecosystem:

Coordinated development of interconnected IT
technologies and computational methods

It will be a steady implementation/upgrades of

* Networking (Tb/s range),

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

« “Govorun” Supercompulter,

« Data center infrastructure,

« Data Lake & long-term storage

for all experiments.

The development of new data processing and
analysis algorithms based on

« ML/DL,
» Adrtificial 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

» Tierl 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



MICC Power @ Cooling @ Network

Wide Area Network 3x100 Gbps
Cluster Backbone 4x100 Gbps
Campus Backbone 2x100 Gbps

Dry chillers
InRow systems
Total cooling 1400 kW

Uninterruptible power supplies
8 x 300 kVA

Diesel-generator units (DGU)
2x1500 kVA
Transformers2x2500 kVA




» 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 using RU-VRF technology with the
collaboration of RUHEP research centers and with Runnet, ReTN networks

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

Users - 6353

Network elements - 9327
IP addresses - 18163
Remote access - 911
E-library- 1464

VOIP - 121

EDUROAM - 116

Email @jinr.ru - 4579



Networking @ Traffic

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

25000
Incoming outgoing
20000
15000
10000
- I I I I I I
. I | [
2020 2021 2022 2023 (Jan-May)

ETIER_1 METIERipve M Tier2+EOS

JINR Traffic in PB



Distributed Multilayered Data Storage System

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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JINR Tierl for CMS (LHC) and NICA

2020-2023 Since the beginning of 2015,

a full-scale WLCG Tierl1 site
for the CMS experiment has
been operating at MLIT JINR.
The importance of
developing, modernizing and
expanding the computing Since 2021 the
performance and data JINR Tier1

%} storage systems of this center center has
is dictated by the research demonstrated
program of the CMS stable work not
experiment, in which JINR only for CMS
physicists take an active part (LHC), but also
within the RDMS CMS for NICA

collaboration. experiments.

The JINR Tierl is regularly
ranked on top among world
Tierl sites that process data
from the CMS experiment at
the LHC.



JINR Tier2 in WLCG & RDIG

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

JINR Tier2 is the
most productive in
the Russian Data

Intensive Grid
(RDIG) Federation.

More than 80% of
the total CPU time
in the RDIG is used
for computing on
our site.




Cloud Infrastructure

» Computational resources for neutrino experiments: The Baikal-GVD, NOVA and JUNO experiments are the

» VMs for JINR users major users of the cloud infrastructure.

» Testbeds for research and development in IT

» COMPASS production system services Use of cloud

» Data management system of the UNECE ICP Vegetation computing by

> Service for data visualization, Gitlab and some others experiments and
JINR subdivisions

DIRAC-based distributed information and computing environment in 2022

(DICE) that integrates the JINR Member State organizations’ clouds

Most of the jobs in the JINR DICE in 2022 were
performed on the neutrino computing platform
(DIRAC.JINR-CONDOR.ru).

Distribution of the number of jobs completed in the JINR DICE by participants

The main consumer of the JINR DICE resources in 2022
was the Baikal-GVD experiment (96%).



Development of the heterogeneous HybrilIT platform

/

Cluster HybrilIT 2014:
Full peak performance:

.

~

50 TFlops for double precision

J

=l

#18 B Top50
“Govorun” supercomputer

First stage 2018:

Full peak performance :

500 TFlops for double precision

9th in the current edition of the 10500

list (July 2018)

N /

#10 B Top50

“Govorun” supercomputer

Second stage 2019:

Full peak performance :

860 TFlops for double precision

288 TB CCXA with 1/0 speed >300 Gb/s
17th in the current edition of the 10500

list (July 2020)
\_ /

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




“Govorun” Supercomputer

 Hyper-converged software-defined system

 Hierarchical data processing and storage system

» Scalable solution Storage-on-demand
 Total peak performance: 1.1 PFlops DP
* GPU component based on NVIDIA

« CPU component based on liquid cooling solutions
» The most energy-efficient center (PUE = 1.06)

» Storage performance >300 GB/s

Key projects that use the resources of the SC

“Govorun’;

>
>

>

Y VY

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.

The expansion of the “Govorun” supercomputer by 32 hyperconverged compute nodes and 8

distributed storage nodes made it possible to:

v enhance its performance by 239 Tflops (Total peak performance: 1.1 PElops DP);

" increase the DAOS data processing and storage subsystem to 1.6 PB;

* cnlarge the volume of the "warm data" storage subsystem by 8 PB with support for the
creation of dynamic storage systems such as Luster, DAOS, EOS, dCache, NFS.



Orcnestration anel Ayperconverzence on the SC “Goveorun™

The SC “Govorun” has unique
properties for the flexibility of
customizing the user’s job.

For his job the user can allocate
the required number and type
of computing nodes and the
required volume and type of
data storage systems.

This property enables the
effective solution of different
tasks, which makes the SC
“Govorun” a unique tool for
research underway at JINR.



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 1st place among Russian
supercomputers in the current 10500 list.

The use of DAOS in high-energy physics enables to:

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

« Create a multi-user presentation layer for analyzing
physics results

 Reduce hot storage costs in hundreds of times
compared to using DDR (Double Data Rate)
memory

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

 Easily integrate with other hot/warm storages



O6beanHeHHan reorpaduyeckm pacnpeaeneHHas

cynepKomnbloTepHaa MHPpPACTPYKTypa

B saBape 2022 roga yCnemHo 3aBepIiicH
IIEPBBIA COBMECTHBIN IKCIIEPUMEHT I10
HCIIOJIb30BAHNIO O0OHETMHEHHON
CYIEePKOMITIBIOTEPHON UHPPACTPYKTYPhI JJISI
3asa4 nmpoekra NICA.

Bcero 6su10 3amymieno 3000 3agad reHepaium
JTaHHBIX MeTOJIoM MonTe-Kapiio n
PEKOHCTPYKIMUHU COOBITUM IJIs1 SKCIIEPUMEHTA
MPD. CreneprupoBaHO U PEKOHCTPYUPOBAHO
nopsijika 3 MUJIJIMOHOB COOBITHA.
ITonydeHHbIC JaHHBIE TIepeMelieHbl B JlyOHy
11 TanbHelIeit 00padboTKu B (DU3UUYECKOTO
aHan3a




"Govorun" supercomputer modernization in 2022 - 2023

+ 40 NVIDIA A100 GPU accelerators
Performance: + 600 Tflops DP

+32 hyperconverged compute nodes
+2 432 new computational cores
Performance: +239 Tflops DP
Performance “new cores”/”old cores”
increase more than 1,5 times

+8 distributed storage nodes

— Lustre, EOS increase: +8 PB

+ + + DAOS increase: +1.6 PB

+0,4 PB for the MPD mass production
storages integrated into the DIRAC
File Catalog

Computation field:  Hierarchical Storage: +1 PB for the MPD EOS storage

+32 hyperconverged +8 distributed

compute nodes storage nodes SC “Govorun” total peak performance: 1.7 PFlops DP

Total capacity of Hierarchical Storage: 8.6 PB

5 servers with 8 NVidia Data IO rate: 300 Gb/s
A100 GPUs in each




Using of the “Govorun” Supercomputer for JINR task in 2022

The projects that mostly intensive use the CPU resources of the
“Govorun” supercomputer:

» NICA megaproject,

» simulation of complex physical systems,

» computations of the properties of atoms of superheavy elements,

» calculations of lattice quantum chromodynamics.

Selected statistics of the most
resource intensive projects

The GPU-component is activle used for solving applied problems by
neural network approach: _ _
> process data from experiments at LRB, During 2022, 890 911 jobs were performed on the

: . CPU component of the “Govorun” supercomputer,
» data processing and analysis at the NICA accelerator complex and ect. which corresponds to 18 543 076 core hours.

The resources of the
“Govorun”  spercomputer
are used by scientific
groups from all the
Laboratories of the Institute

within 25 themes of the
Information System for Neural network for JINR Topical Plan.
Radiation Biology Tasks data analysis



NICA Computing Concept & Challenges

Worldwide
NICA

\

70
0
Gbﬁs
S
ool
Q
400 Gbps
—-
400 Gbps
<0, I
0
W‘
S
S
S

N

S

laboration

/ Lattice QCD calculations

G—

Simulation of nuclear
reactions

<

Event reconstruction

Physics analysis



DIRAC-based distributed heterogeneous environment

The computing cluster of the Institute of
Mathematics and Digital Technologies of
the Mongolian Academy of Sciences
(IMDT MAS) and NIKS (National
Research Computer Network, the
Russia's largest research and education
network) were integrated into the
heterogeneous distributed environment
based on the DIRAC platform.

Use of DIRAC platform by experiments in 2019-2022

Normalized CPU time

Total Number of executed jobs )
Data processed by experiments

EOS MPD
P EOS BM@N
. I EOS SPD
The major user of the EOS Baikal-GVD
distributed platform is

the MPD experiment

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

29



MICC Monitoring @Accounting

The successful functioning of the computing complex is
ensured by the monitoring system of all MICC components/
We must

» to expand the monitoring system by integrating local
monitoring systems for power supply systems into it
(diesel generators, power distribution units, transformers
and uninterruptible power supplies);

» to organize the monitoring of the cooling system (cooling
towers, pumps, hot and cold water circuits, heat
exchangers, chillers);

» to create an engineering infrastructure control center
(special information panels for visualizing all statuses of
the MICC engineering infrastructure in a single access
point),

» to account every user job at every MICC component?
account

We must to develop intelligent systems that will enable to

detect anomalies in time series on the basis of training

samples, which will result in the need to create a special
analytical system within the monitoring system to automate

¢ 3 monitoring servers < About 16000 service checks the process. .
+* About 1800 nodes



Methods, Algorithms and Software

Govorun Supercomputer

B one CPU (one core)*
one CPU (36 cores)*
H 70 CPUs (36 cores)

Days

~ 1.5 years

3.75

1
one CPU (one core)* one CPU (36 cores)* 70 CPUs (36 cores)



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.

Single access point to all
services



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



v" Quick and easy search for information, both
by services and by employees and buildings on
an interactive JINR map



Activity: Multi-purpose Hardware and Software Platform for

Big Data Analytics

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

retraining IT specialists

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

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

rofiling parallel _
zpplicaf;;i(l:ns tools for ML/DL tasks algorithms,

programming

technologies quantum
programming and
vantum control
K Work with applied software \ G
~1 ackages
I MPI packag

\_ AN AN VAN J




The International Conference "Distributed Computing

and Grid Technologies in Science 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

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.

Detector & Nuclear Electronics

Triggering, Data Acquisition, Control

Systems

Distributed Computing, GRID and Cloud

Computing

Machine Learning Algorithms and Big Data

Analytics new!

The International Symposium Nuclear
Electronics and Computing

= Research Data Infrastructures

= Computations with Hybrid Systems (CPU,
GPU, coprocessors)

» Computing for Large Scale Facilities (LHC,
FAIR, NICA,
SKA, PIC, XFEL, ELI, etc.)

* Innovative IT Education

MLIT Schools




Thank you for your attention

http://lit.jinr.ru



