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MHorodpyHKUUOHaNbHbIK UHPOPMALUOHHO-
BbluucanTenbHbI Komnaekc OUAU

KopeHbKOB Bnragumup Bacunobesuy

HayuHbi¥ pyKoBoaguTtens Jlabopatopun MHGOPMALMOHHbBIX TEXHOIOTUN
umenu M.I. Mewepakosa OUAU

| Bcepocculickasa wikona-cemuHap HayuoHanbHo20 yeHmMpa husuku u mamemamuKu
0219 cmyo0eHmo8, acnupaHmos, Mos1I00bIX YYEHbIX U Ceyuanucmos
«LjeHmp uccnedosaHua apxumeKkmyp cyrnepKomnbiomepoe»
Capoes, 21-25 asecycma 2023 2.



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



Grias, clouas, supercomputers, Big data

Grids Supercomputers

* Collaborative environment
* Distributed resources

Big Data

*vVolume
*Velocity
*Variety




Reach Exascale by 2018

From GigFlops to ExaFlops

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

"The pursuit of each milestone has led to important
breakthroughs in science and engineering.”

Source: IDC “In Pursuit of Petascale Computing: Initiatives Around the World,” 2007



TOPS500 List — June 2023
Rmax Rpeak

Cores (PFlop/s) (PFlop/s)
Frontier - HPE Cray EX235a, AMD Optimized 3rd Generation EPYC 64C 2GHz, AMD
1 Instinct M1250X, Slingshot-11, HPE DOE/SC/Oak Ridge National Laboratory US 8,730,112 1,102.00 1,685.65 21,100

) §upercomputer Fu"gaku - Supercomputer Fugaku, A64FX 4§C 2.2GHz, Tofu 7,630,848 442.01 53721 29,899
interconnect D, Fujitsu RIKEN Center for Computational Science Japan

LUMI - HPE Cray EX235a, AMD Optimized 3rd Generation EPYC 64C 2GHz, AMD
3 Instinct M1250X, Slingshot-11, HPE EuroHPC/CSC Finland 2,220,288 309.10 428.70 6,016

Leonardo - BullSequana XH2000, Xeon Platinum 8358 32C 2.6GHz, NVIDIA A100 SXM4
4 64 GB, Quad-rail NVIDIA HDR100 Infiniband, Atos EuroHPC/CINECA Italy 1,463,616 174.70 255.75 5,610

IF: o system Power (kW)

Summit - IBM Power System AC922, IBM POWER9 22C 3.07GHz, NVIDIA Volta
5 GV100, Dual-rail Mellanox EDR Infiniband, IBM DOE/SC/Oak Ridge National 2,414,592 148.60 200.79 10,096

Laboratory US
Sierra - IBM Power System AC922, IBM POWER9 22C 3.1GHz, NVIDIA Volta GV100,
Dual-rail Mellanox EDR Infiniband, IBM / NVIDIA / Mellanox DOE/NNSA/LLNL US

7 Sunyvav Taihulight - St{nwav MPP: Sunw§v SW26010 260C 1.45GHz, Sunway, NRCPC 10,649,600 93.01 12544 15371
National Supercomputing Center in Wuxi China

Perlmutter - HPE Cray EX235n, AMD EPYC 7763 64C 2.45GHz, NVIDIA A100 SXM4 40
8 GB, Slingshot-10, HPE DOE/SC/LBNL/NERSC US 761,856 70.87 93.75 2,589

Selene - NVIDIA DGX A100, AMD EPYC 7742 64C 2.25GHz, NVIDIA A100, Mellanox
9 HDR Infiniband, Nvidia NVIDIA Corporation US 553,320 63.46 79.22 2,646

1 Tianhe-2A - TH-IVB-FEP Cluster, Intel Xeon E5-2692v2 12C 2.2GHz, TH Express-2,
0 Matrix-2000, NUDT National Super Computer Center in Guangzhou China

1,572,480 94.64 125.71 7,438

4,981,760 61.44 100.68 18,482

Chervonenkis - YANDEX Y4N-GA1-TY25-ZB0, AMD EPYC 7702 64C 2GHz, NVIDIA
27 A100 80GB, Infiniband, YANDEX, NVIDIA Yandex Russia 193,440 21.53 29.42



https://www.top500.org/system/180047
https://www.top500.org/site/48553
https://www.top500.org/system/179807
https://www.top500.org/site/50831
https://www.top500.org/system/180048
https://www.top500.org/site/50908
https://www.top500.org/system/180128
https://www.top500.org/site/50944
https://www.top500.org/system/179397
https://www.top500.org/site/48553
https://www.top500.org/system/179398
https://www.top500.org/site/49763
https://www.top500.org/system/178764
https://www.top500.org/site/50623
https://www.top500.org/system/179972
https://www.top500.org/site/48429
https://www.top500.org/system/179842
https://www.top500.org/site/48448
https://www.top500.org/system/177999
https://www.top500.org/site/50365
https://www.top500.org/system/180029
https://www.top500.org/site/50862

'pup - 3TO cpeacTBO ANA COBMECTHOro MCrnosnb30BaHU
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nocpeacTBoOM MHTEPHEeTa
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O6.na4yHble TeXHONOrMu

O6nauHble BblumMcneHus (anrn. cloud computing) — mogenb obecneyeHnsa yaobHoro ceteBoro AocTyna no
TpeboBaHUIO K HEKOTOpOMY 0bLLemy GoHAY KOHOUTYPUPYEMbBIX BbIYMUCAUTENBbHBIX PECYpPcoB (Hanpumep, ceTam
nepeaayun AaHHbIX, CepBepam, YCTPOMCTBAM XPaHEHUA AaHHbIX, MPUIOKEHUAM U CEPBUCAM — KaK BMecCTe, TaK
M NO OTAENbHOCTU), KOTOPblE MOTYT ObITb ONepaTUBHO NPeAOoCTaB/EHbl M 0CBOOOXKAEHbI C MUHMMA/IbHbIMMU
3KCNAYaTaUMOHHbIMM 3aTpaTaMM UM 0BOPaLLLEHMAMM K NpoBanaepy.



loud computing

', Application
Developers

| T‘s Network
Architects

Value Visibility to End Users



Cloud — Fog — Edge Computing




pnAa TeXHONOrMKM — NYTb K ycnexy

Ha Top:xxecTBe no noBoagy noayuyeHua Hobeaesckou
npemuu 3a OTKpbiTUe 6030Ha Xurrca gMpeKTop

LEPHa Posb¢ Xoiep npamo Hassaa FPUA-
TEXHO/10r’Mn ogHUM U3 TPEX CTO/INOB

ycnexa (sapaay c yckoputesem LHC u
$U3MYECKMMU 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 Hay4Hbl€ OTKPbITUA.

Ce200HA yxce HU OOUH KPYNnHbIl NpoeKkm He
ocyuwjecmsum 6e3 ucno/ab63068dHUA
pacnpeoesieHHOU UHPpacmpyKkmypeol 0415
06pabomku OdHHbIX.
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Data Collection and Archiving at CERN

450,0
400,0 —
Data flow to permanent storage: 20-24 GB/sec 350,0 B
TR
T 300,0
CERN Computer Centre
e T w 250,0 u CMS
) 1_ ATLAS
e 200,0 u ALICE
u LHCb
: 150,0 =
E 100,0 - -
-- : H‘
— e L
e i 50,0
YRR 6-8 GB/sec =l -
- — —
F2u, 0,0 B B

Run 1 Run 2 Run 3 Run 4

— Grids to Clouds 12



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

lan.Bird@cern.ch

13



The Worldwide LHC Computing Grid

_;.'Eurupa'Technulugle.ﬁ



DBONOUMA MOaEeNN KOMNbIOTUHIA

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

* I3MeHeHUs Moaenn KOMMNbIOTUHIA B KaXKAO0M 3KCNepumeHTe, ¢
LLleNblo ONTUMMU3aLMM UCMONb30BaAHNA PECYPCOB

e 3HaYyuTe/IbHble YCUNMNA BKNAAbIBAOTCA B pa3BUTUE
nporpammHoro obecneyeHus, 4tobbl yayyLLIUTb OOLLYIO
NPOU3BOANTENBHOCTb NPU UCMO/Ib3OBAHNN COBPEMEHHDIX
apxmuTtekTyp (MHorosaepHoctb, GPU...)

* OnTMmmn3auum npoueccos 06paboTKMN, KOIMHECTBO XPAHALLUXCA
PENINK AaHHbIX N Ap.

15



[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.

16/98



*PanDa B aKcnepnmeHTe ATLAS

B skcnepumeHTte ATLAS Ha bonbwom agpoHHOM Konnangepe paspabortaHa naatpopma gna ynpasaeHus
BbluncantenoHbiMmm pecypcamm PanDA Workload Management System (WMS), koTopaa obnapaet cneayowmmm
BO3MOXHOCTAMMU:

e [lpoekt PanDA Hayanca B 2005 roay rpynnamu BNL n UTA - Production and Data Analysis system.

* ABTOMaTM3MPOBaHHAA N r<MBKaa cMcTtema ynpaB/ieHMs 3a4aHUAMM, KOTOPAA MOXKET ONTUMA/IbHO CAeNaTb
pacnpeneneHHblie pecypcbl AOCTYNHbIMUY MNO/b30BATENIO.

e Cnomouwbto PanDA, dU3NKM BUAAT €AUHBIN BbIUUCAUTENBHbIN PECYPC, KOTOPbIW NpeaHa3HayYeH ans

06paboTKM AaHHbIX SKCMEPUMEHTA, AaXKe eCn AaTa-UeHTPbl pa3bpocaHbl Mo BCeEMY MUPY

e PanDa nsonupyet $pn3MKOB OT annapaTHOro obecneyeHmnsa, CUCTEMHOIO M MPOMEKYTOUYHOIO NPOrPaMMHOTO
obecneyeHnAa U ApPYrux TEXHONOMMYECKMX CNOKHOCTEN, CBA3AHHbIX C KOHPUTYPUPOBAHNEM CETU U
obopynoBaHuA.

* BblunMcauTenbHble 3a4a4M aBTOMATUYECKU OTC/IEKMBAOTCA M BbINOAHAOTCA. MOryT BbINO/NIHATHCA rPYyNMNoBble
3a4a4n GU3MNKOB

B HacTtoAwee BpemAa PanDa KoHTponupyer:
COTHM AaTa - ueHTpos B 50 cTpaHax mupa
COTHM TbICAY BbIYUCNUTENbHbIX Y3/10B
COTHMU MUIZINOHOB 334aHUMN B o4,
TbICAYM NONb30BaTeNen

VV VY



Dynamic Job Definition in PanDA



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

suting infrastructure

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

DIEN ~ (3Ruclo \/

SCIENTIFIC DATA MANAGEMENT

QO
J

Open
LDAP
BDII

GlideinWMS

Pilots

s
L. 2

K Phedey

- Data Management System

i)

\_ ) - Central WebUI portal - Workload management
- REST API services for data systems
- Low-level configuration systems export and modification - Monitoring tools WLCG
- Data providers - Automatic data collectors - SW installation services entral

ey a. . ops
- Service discovery components - Data validation - Testing frameworks ?



ATLAS computing




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

Tier0 (CERN):
data recording,
reconstruction
and distribution

Tierl:
permanent
storage,
re-processing,
analysis

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.
170 sites

42 countries

> 12k physicists

~1.4 M CPU cores O
1.5 EB of storage

>2 million jobs/day

100-250 Gb/s links

Tier2:
Simulation,
end-user

analysis Worldwide LHC Computing Grid - 2019



International Large-scale projects

Russian research institutes and universities actively participate in international
large-scale projects:

e LHC, CERN (experiments: ATLAS, ALICE, LHCb, CMS)
XFEL, DESY (European free electron laser)

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

HeuTtpuHHaa nporpamma (bankan, JUNO, NOVA, DUNE ...) ‘

MHCTUTYT AapepHOi QU3NKKN

CUHXPOTPOHHO-HENTPOHHAA NpOorpamma, HayKu 0 XU3HU \_\ uenn T . Bymopa GO PAH




HPC+Big Data+Artificial intelligence

High Energy Physics

CERN Large Hadron Collider > 600 Pb/Year

Astrophysics
Square Kilometer
Array radio
telescope Large Synoptic
> 1 Eb/Year raw Survey Telescope >
data (estimation) 10 Pb/Year

(estimation)

... et cetera



Implementation of the JINR Development Program

iTte Science

Life Science



Russian Data Intensive Grid infrastructure (RDIG)

The Russian consortium RDIG (Russian Data Intensive Grid), was set up in September 2003 as a
national federation in the EGEE project. A protocol between CERN, Russia and JINR on
participation in the LCG project was signed in 2003.

MoU on participation in the WLCG project was signed in 2007.

RDIG Resource Centres:
—ITEP

— JINR-LCG2 (Dubna)
— RRC-KI

— RU-Moscow-KIAM

— RU-Phys-SPbSU

— RU-Protvino-IHEP

— RU-SPbSU

— Ru-Troitsk-INR

— ru-IMPB-LCG2

— ru-Moscow-FIAN

— ru-Moscow-MEPHI

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



CeTb RDIG-M ans meracaneHc npoeKTos

26/98



Tierl —Tier2 in Russia 2023 (Sum CPU in HSO6 hours)

* JINR-T1 1,281,085,920 56.89%
* RRC-KI-T1 497,682,603 22.1%
* JINR-LCG2 421,577,464 18.72%
 RU-Protvino-IHEP 35,694,338 1.58%

* ru-PNPI 11,770,304 0.52%

* Ru-Troitsk-INR-LCG2 3,879,410 0.17%

* RU-SARFTI 300,168 0.01%

* RU-SPbSU 25,063 0%



From RDIG to RDIG-M

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 was signed in 2007.

Consortium RDIG-M - Russian Data Intensive GRID

for Megascience projects
e % e v Mega
||| science
. v nrojects 4

L
». N w .




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)



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.



Cooperation with All

JINR Laboratories Particle Physics and HEP

- NICA computing
- Methods and algorithms for data
: analysis Life Sci
Nuclear Physics : & SEEEE

- Computations of the properties of TR T - Information System for Radiation

atoms of superheavy elements B Biology tasks
- Analysis of fine structures in the mass - Analysis of Small-Angle scattering data
distribution of nuclear reaction products from nanodrugs

- Sub-barrier fusion and fission reactions Information - Environmental monitoring
of heavynuclei : e
Y Technologies
(Scientific directions and
Theoretical Physics information systems)

- Calculations of lattice QCD

- Numerical simulation within effective

theories of QCD neutron and X-ray reflectometry methods

- Compton scattering Neutrino Physics and - Simulation of thermal processes
- Astrophysics occurring in materials

Condensed Matter
- Analysis of polydisperse populations
of phospholipid vesicles
- Study of nanocomposite thin films using

- Support of the JINR neutrino program
- Data acquisition system software
for Baikal-GVD




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

37



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’;

>
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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
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Development of the NICA Information and Computer Complex

The Seven-Year Plan provides for the creation of a long-term data storage center on the MICC resources
at MLIT (Tier0). The process of modeling, processing and analyzing experimental data obtained from the
BM@N, MPD and SPD detectors will be implemented in a distributed computing environment based on
the MICC and the computing centers of VBLHEP and collaboration member countries.

The information and computer unit of the NICA complex
embraces:

1. online NICA cluster,;

2. offline NICA cluster at VBLHEP,

3. all MICC components (Tier0, Tierl, Tier2, “Govorun”
supercomputer, cloud computing);

4. multi-layer data storage system

5. distributed computing network

NICA 2024 2025 2026 2027 2028 2029 2030
Tier 0,1,2

CPU (PFlops) 2.2 2.6 8.6 8.6 15,6 156 15.6
DISK (PB) 17 24 47 75 96 119 142
TAPE (PB) 45 88 170 226 352 444 536

NETWORK (Gbps) 400 400 800 800 800 1000 1000



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
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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



Estimation of the Resources of the MICC Components

2024 2025 2026
HybriLLIT heterogeneous platform. “Govorun” supercomputer.

Total number of CPU cores 11000 11000 | 11000
Total number of GPU accelerators 40 64 64
Total volume of the hierarchical data 8 8 14
processing and storage system, PB

Tierl grid site

Tierl performance HEPS06 350000 400000 500000
Total number of CPU cores 22000 23000 30000
Total data storage capacity, TB 14500 | 16000 | 18000
Tier2 grid site

Tier2 performance HEPS061 187000 204000 221000
Total number of CPU cores 11000 12000 | 13000
Data storage system

Total volume of the Data Lake on EOS, PB 27 35 38
Total robotic tape storage capacity, PB 70 90 130
Cloud computing

Total number of CPU cores 2072 3072 4072
SSD-based ceph storage capacity, TB 868 968 1068

Prices for equipment in 2022-2023 are taking inti account

2027

14000
64
14

550000
32000
20000

238000
14000

53
130

5072
1168

2028

14000
64
20

650000
38000
22000

306000
18000

58
170

6072
1268

2029

14000
88
20

750000
45000
23000

408000
24000

71
170

7072
1368

2030

17000
88
20

850000
50000
25000

510000
30000

83
190

8072
1468

52



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)



Intelligent Environmental Monitoring Platform

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.



Quantum computing and quantum algorithms

Objective: development of quantum algorithms (QAs) to calculate complex atomic and molecular systems,
taking into account the limiting capabilities of available computing resources.

Quantum algorithms

Quantum simulators

R D P -

SC “Govorun”

problems of quantum chemistry and study

(4 Search for exact solutions to urgent
the chemical properties of heavy elements

Current result
The limiting computing capacities of the

“Govorun” supercomputer are revealed on
the example of simulating quantum
algorithms (quantum Fourier transform,
quantum phase estimation, Grover’s
algorithm, test synthetic algorithm) using a
different class of quantum circuits for the
following simulators: QuEST, Qiskit,
CuQuantum.

According to modern concepts, from 30 to 50 qubits are
sufficient for the exact solution of most practically
significant problems of quantum chemistry




Quantum intelligent control

Intelligent automatic control system for the nitrogen collector of the satellite helium refrigerator at the site of cryogenic testing
of superconducting magnets in the VBLHEP Control Error
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PID Control
FC Control
QFI Control

1.15~

Control of the
process of
reaching a
predetermined
pressure level
in cooling mode

Bar

1.1

1.05

Target pressure value
1.2 Bar

1 r r r r r
0 50 100 150 200 250 300
Time (s)

* The quantum controller (blue curve) is almost 5 times faster in reaching the target value than the closest controller on soft
computing (green curve), while the PID-controller (red curve) does not reach the target value.
* The quantum controller demonstrates low overshoot and accuracy in achieving the control goal compared to other types of

controllers.
* Automatic control based on the quantum controller reduces nitrogen consumption by 53%.

The system is used when testing superconducting magnets. At the moment, a similar
technological approach is being transferred to control the cooling of the NICA



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
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students from universities

OOOC

9000
OOOOC

Dubna State University
Far Eastern Federal University
National Research Nuclear University MEPhI

North Ossetian State University
after K.L. Khetagurov

Plekhanov Russian University of Economics
St. Petersburg University
The Bauman Moscow State Technical University

The National University of Science and Technology
(MISIS)

The Peoples' Friendship University of Russia
Tomsk Polytechnic University

Tula State University

Tver State University

Vitus Bering Kamchatka State University



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



