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PacnpepeneHHble U rMbpuaHble BbIMUCAEHUA ANA
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Grias, clouas, supercomputers, Big data

Grids Supercomputers
Tianhe-2

« Collaborative environment - bt Commnii
* Distributed resources ¢

PR

1M ‘11‘ Re \
Titan System (Cray XK7)

Peak 27.1 PF 24.5 PF| 2.6 PF

Performance 18,688 compute GPU CPU
nodes

System memory 710 TB total memory

Gemini High Speed
Interconnect 3D Torus
Storage Lustre Filesystem 32 PB

High-Performance
Archive Storage System
(HPSS)

1/0 Nodes 512 Service and I/O nodes

Big Data

=

Stotage ; Enterprise

p i Y *Velocity

_ Managed Services Infrastructure
Transactional

*Variety

Public Data Social Media

Activity
Generated

Value Visibility to End Users




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



TOP500 List — November 2022

Ran Rmax Rpeak

. System P Power (kW)
Cores (PFlop/s) (PFlop/s)

1 Frontier - HPE Cray EX235a, AMD Optimized 3rd Generation EPYC 64C 2GHz, AMD 8,730,112 1,102.00 1,685.65 21,100

Instinct M1250X, Slingshot-11, HPE DOE/SC/Oak Ridge National Laboratory US
Supercomputer Fugaku - Supercomputer Fugaku, A64FX 48C 2.2GHz, Tofu
2 interconnect D, Fujitsu RIKEN Center for Computational Science Japan 7,630,848 442.01 >37.21 29,899

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

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
Sunway TaihulLight - Sunway MPP, Sunway SW26010 260C 1.45GHz, Sunway, NRCPC

/ National Supercomputing Center in Wuxi China 10,649,600 93.01 12544 15371

Perlmutter - HPE Cray EX235n, AMD EPYC 7763 64C 2.45GHz, NVIDIA A100 SXM4 40
GB, Slingshot-10, HPE DOE/SC/LBNL/NERSC US

9 Selene - NVIDIA DGX A100, AMD EPYC 7742 64C 2.25GHz, NVIDIA A100, Mellanox 555,520 63.46 7927 2 646

HDR Infiniband, Nvidia NVIDIA Corporation US

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

761,856 70.87 93.75 2,589

4,981,760 61.44 100.68 18,482

Chervonenkis - YANDEX Y4AN-GA1-TY25-ZB0, AMD EPYC 7702 64C 2GHz, NVIDIA
25 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
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O6na4yHble TeXHONOMMU

O6nayHble BblumMcneHus (anrn. cloud computing) — mogenb obecneyeHnsa yaobHoro ceteBoro AocTyna no
TpeboBaHUIO K HEKOTOpOMY 0bLemy GoHAY KOHOUTYPUPYEMbBIX BbIYMUCAUTENBHBIX PecypcoB (Hanpumep, ceTam
nepeaayun AaHHbIX, CepBepam, YCTPOMCTBAM XPaHEHUA AaHHbIX, MPUIOKEHUAM U CEPBUCAM — KaK BMecTe, TaK
M NO OTAENbHOCTU), KOTOPblE MOTYT ObITb ONEepaTUBHO NPeAOoCTaB/EHbl M 0CBOOOXKAEHbI C MUHMUMaA/IbHbIMMU
3KCNAYyaTaUMOHHbIMM 3aTpaTaMM UM 0OPaLLLEHMAMM K NpoBanaepy.

CymeCTBeHHbIe XdPAaKTEPUCTUKHU

CamoobcnyxuBanue YHUBepcanbHLIN [Tyn
10 TPeBOBaHMIO NOCTYT 110 CeTH pecypcos 3NacTUYHOCTD Vyer norpebnennsa
Mopenu ob6cnyxusanua l Mopenu pazsepThiBaHUA l
Saa$ Paa$S [aa$ YacTHaa Obmec- [ly6nuynan I'nbpupxas
BeHHaA




Cloud computing
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Cloud Node/lnternet/Data center

Fog Nodes
/ILocal Data storage

Edge Nodes
IDevices
IPLC/PAC
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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
$U3UYECKUMU 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 UHPpacmpyKkmypebl 015
06pabomku OdHHbIX.

Higgs searc’
update 04.0°

- ‘O
.
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The Large Hadron Collider (LHCk one of the largest and truly global
scientific projects ever; is the most exciting turning point in
B : - particle physics. '
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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 [~
TR
Tk 300,0
CERN Computer Centre
e T w 250,0 u CMS
= = ATLAS
1 i 200,0 u ALICE
u LHCb
: 150,0 =
E 100,0 - -
-- : H‘
— e g
e P i 50,0
YRR 6-8 GB/sec =l -
- — —
) 0’0 M B

Run 1 Run 2

Grids to Clouds

Run 3 Run 4



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



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
LLleNblo ONTUMMU3aLMU UCMONb30BaAHNA PECYPCOB

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

* OnTMmm3auum npoueccoB 06paboTKMN, KOIMHECTBO XPAHALLUXCA
PENINK AaHHbIX N Ap.

14



[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.

15/98




*PanDa B aKkcnepnmeHTe ATLAS

PanDA

B skcnepumeHTte ATLAS Ha bonbwom agpoHHOM Konnangepe paspabortaHa naatpopma gna ynpasaeHus
BbluncantenbHbiMmm pecypcamm PanDA Workload Management System (WMS), koTopasa 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 3a4aHUAMU, KOTOPAA MOXKET ONTUMA/IbHO CAeNaTb
pacnpeneneHHble pecypcbl A0CTYNHbIMUM MO/b30BATENIO.

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

06paboTKM AaHHbIX SKCMEPUMEHTA, AaXKe eCQn AaTa-LeHTPbl pa3bpocaHbl Mo BCeEMy MUPY

e PanDa usonupyet $pn3MKOB OT annapaTHOro obecneyeHmnsa, CUCTEMHOIO U MPOMEXKYTOUYHOIO NPOrPaMMHOT0
obecneyeHnAa U ApYrux TEXHONOMMYECKMX CNOKHOCTEN, CBA3AHHbIX C KOHPUTYPUPOBAHNEM CETU U
obopynoBaHuA.

* BblunMcauTenbHble 3a4a4M aBTOMATUYECKU OTC/IEKMBAOTCA M BbINOAHAOTCA. MOryT BbINO/NIHATHCA rPYNMNoOBbIe
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

» Workload partitioning for traditional and
opportunistic resources

JEDI/PanDA server Job—‘{ pC ]
\ Task
‘ ‘ [ HH / Filling available

nhodes and time slots
quickly

Job

|

. Job Job J Volunteer
Grid l _ computing
e Commercial L
Optimization for Clouds Event level partitioning to
each grid site minimize losses due to early
Economical usage on terminations

Amazon EC2 spot market 17/98



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

-
—_——_—— ~

— 000 =CO0O0NOID




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

e The mission of the WLCG project is to provide global computing
S resources to store, distribute and analyze the ~50-70 Petabytes of data
s expected every year of operations from the Large Hadron Collider.

WLCG computing enabled physicists to announce the
discovery of the Higgs Boson.

161 sites

42 countries

~1M CPU cores

1 EB of storage

> 3 million jobs/day
10-100 Gb links

Tier0 (CERN): Tierl: Tier2:

data recording, = permanent Simulation,

reconstruction storage, end-user

and distribution re-processing, analysis
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\ e e | HC, CERN (experiments: ATLAS, ALICE, LHCb, CMS)
—=-] %% o XFEL, DESY (European free electron laser)

European | — " 33" _

XFEL| ESRF

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)
| . ““ (@ckuo

=  Super S-Tau Fabric, Sarov (electron-positron collider
p ( p ) \‘ ' CUBUPCKUIA KO/Ibu[BOH

MCTOYHUK ®OTOHOB

= HeuTtpuHHaa nporpamma (bavikan, JUNO, NOVA, DUNE ...

MHCTUTYT AapepHOi QU3NKKN

" CMHXPOTPOHHO-HEMTPOHHAA NPOrpaMmma, HayKm O XKU3HU \_\ uenn T . Bymopa GO PAH



HPC+Big Data+Artificial intelligence

=1 o =] o o
Sea ice concentration (%)

Sea surface temperature (°C)
T T ==

20 2 4 6 81012141618 20 22 24 26 28 30

Array radio
telescope N
> 1 Eb/Year ra’

'Ihte'r_hatioha'l radiotelescope.. _
© - fet the 21st century

SOUARE KILOMETRE ARRRY

High Energy Physics

-

Large Synoptic
Survey Telescope >
10 Pb/Year
(estimation)

... et cetera



RDI Russian Data Intensive Grid infrastructure (RDIG)

ussian ala
ntensive “.rid |

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.

AT RDIG Resource Centres:
MnM PAH ...... nmﬂ¢ - ITEP
T — — JINR-LCG2 (Dubna)
PHUKH |-+ — gmgfum-ﬂempﬁypr . RRC'KI
M:‘Z‘: oA~ | — RU-Moscow-KIAM
L - - RU-Phys-SPbSU
- TooHI = e JYTINGO PAH — RU-Protvino-IHEP
"p°*;.~1t'.<§ 15 — RU-SPbhSU
WAMPAH - | . vMIMB PAH — Ru-Troitsk-INR
NOB3I — ru-IMPB-LCG2
— ru-Moscow-FIAN
— ru-Moscow-MEPHI
— ru-PNPI-LCG2 (Gatchina)
— ru-Moscow-SINP




CeTb RDIG-M ana meracaneHc NpoeKToB

Amsterdam, NIKHEF

Moscow, MMTC-9

12 svax, nomewsnme 1228, pra BA, mecTo 24

/

3 srax, nomewssme 30, pAan 4, mecto 7

- 100 - : | J
- Lacaxoa  KIAE @ KIAE
b
e ‘ ——— 44 \’\/—j
Remote IX

kiaeaine  J )/ /
Geneva, CERN ; ¥

KIAE/JINR

24/98



Tierl —Tier2 in Russia 2022-2023
(Sum CPU in HSO6 hours)

* JINR-T1 2,055,790,087 48.77%
* RRC-KI-T1 1,119,123,700 26.55%
* JINR-LCG2 827,242,243 19.62%

* RU-Protvino-IHEP 145,047,775 3.44%

* ru-PNPI 25,692,598 0.61%

* ITEP 3,474,591 0.08%

* RU-SARFTI 23,660,539 0.56%

* RU-SPbSU 8,862,169 0.21%

* Ru-Troitsk-INR-LCG2 6,807,206 0.16%



From RDIG to RDIG-M

VAT PAH -+ —— The Russian consortium RDIG (Russian Data Intensive GRID)
i P was set up in September 2003 as a national federation in the
PHHKMI ...... — Camcr -MeTepbypr ) EGEE p]_‘OjeCt
s | .
MDA - inys Hosropon, aessss
rLIPAHl"""é...i‘.).:‘.:;;’f;:.‘?" S G A protocol between CERN, Russia and JINR on
npmg,w}_g e~ participation in the LCG project was signed in 2003. MoU
VABAH - | § .. pAH on participation in the WLCG project was signed in 2007.
NeB3
Consortium RDIG-M — Russian Data Intensive GRID
for Megascience projects

v Mega
science
projects
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MLIT today: Scientific IT-ecosystem

2 - CynepxomnbioTep
y | Datalake @ d uMenu H.H. FloeopyHg

1 Big Data
" 2 IT specialists’ . | , JIUT OUAN
| ‘ - upskilling Artificial !

intelligence
Robotics

' Computational
. infrastructure N Network

upgrade | I{ " Application *The coordinated development of

. ftw . .

Staff- 315 | I esetny e el Quantum interconnected 1T technologies and

' architectures Nl Technologies computational methods
Scientists: 100 . , - P
Doctors of Science: 25 Data center o ' [« Providing the IT services necessary for
Candidates of Science: 62 infrastructure |© goftware _ the fulfillment of the JINR Topical Plan
Campus network 2x100 Gbps ~ 3} developmentiy hél‘a[c;z:\: on Research and International
Multisite network 4x100 Gbps learning Cooperation in an efficient manner.

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

JINR Member States’ Cloud environment
“Govorun” supercomputer

*Building world-class competence in IT
and computational physics.

«24x7 support of the computing infrastructure
and services.



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



« HybriLIT/SC Govorun

1.1 Pflops DP
8.6 PB storage

rate

¢ Cloud

5 150 CPUs cores
60TB RAM
3.1 PB disk

¢ng

neering Infrastructur

DatalLake [""_

e

e Grid-Tierl
21 216 cores
14 PB disk
50.6 PB tape

"+ Grid-Tier2/CICC

Datalake

9 244 cores
4.95 PB disk

Ehos \g
"gineering Infrastruc™

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.

The MICC should be considered as a
basic scientific infrastructure project.



Tierl at JINR

S0 S55555

Sum CPU Work (HS06 hours) by Tier 1 Sites for CMS (Year 2022)

IT-INFN-CNAF
10%

FR-CCIN2P3
9%

ES-PIC
3%

U-JINR-T1
25%

» The JINR Tierl center has
demonstrated stable work not only
for CMS (LHC), but also for MPD

216216 cores
360 kHS06
16 PB disks
52.6 PB tapes

100% reliability and
availability

&

UK-T1-RAL
10%

US-FNAL-CMS
24%

70000
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40000
30000
20000
10000

0

Jan

(NICA).

» The Tierl site for CMS is ranked
first among world centers for CMS.

» 30% of all jobs executed at Tierl
JINR are NICA jobs

JINR-T1 — Total number of jobs by VO (year 2022)

2022 2022 2022 2022 2022 2022 2022 2022 2022 2022 2022 2022

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

B bmn.nica.jinr Mcms mpd.nica.jinr spd.nica.jinr



Tier2 at JINR

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, FAIR, etc.).

Ru-Troitsk-INR-_ RU-SPbSU
LCG2 0,90%

0,64%

ITEP
0,35%

JINR-LCG2

79,57%

RDIG: distribution by the
number of jobs by websites of

organizations
(year 2022)

ru-PNPI  RU-SARFTI
2,36%  2,40%

JINR Tier2 is the most
RU-Protvino- productive in the

IHEP Russian Data Intensive
13,77% Grid (RDIG) Federation.

biomed; bmn; 408

. 18537 _ilc; 4141
spd; 529912903/ 1G22 nova; 80
cms; 112102 — @ bes; 20

lhcb; 173591~

alice; 938972

JINR Tier2:
Sum CPU
work (HS06
hours) by VO
(year 2022)



Cloud Infrastructure

Cloud Platform - OpenNebula

Virtualization - KVM

Storage (Local disks, Ceph)

Total Resources

~ 5,000 CPU cores; 60 TB RAM; 4.1 PB of raw ceph-based storage

ploqReY JINR (Russia):

integrated PRUE (Russia):

integrated

INP (Belarus):
integrated

s 5« Estonia

Latvia E‘guscow
Lithuania

GTU (Georgia):

United .
2 work in progress

4 Kingdom

Poland Belarus

SU (Bulgaria):
integrated

INP (Kazakhstan): \\

integrated
G I "
ll, A
INRNE (Bulgaria): s3pie Uzbekistan et
tu integrated Azerbgijan o —L
Turkmenistan Ta]J(FiEn» =
INP (Uzbeklstan)
integrated

Morocco

NOSU(Russia):
integrated
Libya
ASRT (Egypt):
integrated

Nesw Dellw

IP (Azerbaijan):

IIAP (Armenia): integrated X > =
. es
work in progress T — 4

Mumnbai

P

DIRAC based distributed information and computlng environment that
integrates the JINR Member State organizations’ clouds

e W

Test GitLab  helpdesk d Iopment

é.)
U OpenNebula ®

e—a JPMS %
Eos Shme | oo wiw
testbed tﬂj LJ LA L &J

l OpenNebula vl s |
development Y HEPweb
= I gy }
dCache testbed N én / JINR
BB ed o) ICA cloud
Users VMs BES-IIl.. testbed

£ e

ODIRAC

- VMs for JINR users
- Computational resources for neutrino
experiments

- Testbeds for research and development in IT
- COMPASS production system services

- Data management system of the UNECE ICP
Vegetation

- Scientific and engineering computing
— Service for data visualization
— Gitlab and some others



Cluster HybrilIT 2014:
Full peak performance:

N

50 TFlops for double precision

J

“Govorun” supercomputer
First stage 2018:

Full peak performance :

500 TFlops for double precision

#18 B Top50

o

9th in the current edition of the 10500

list (July 2018)

N

/

- ] I U M |

#10 B8 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 || The expansion of the “Govorun” supercomputer by 32 hyperconverged compute nodes and 8
- Scalable solution Storage-on-demand distributed storage nodes made it possible to:

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

* GPU component based on NVIDIA v increase the DAOS data processing and storage subsystem to 1.6 PB;

* CPU component based on liquid cooling solutions | = enlarge the volume of the "warm data" storage subsystem by 8 PB with support for the

* The most energy-efficient center (PUE = 1.06) creation of dynamic storage systems such as Luster, DAOS, EOS, dCache, NFS.

» Storage performance >300 GB/s

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

» 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.

Data
_acquisition

A\

LUSTRE
Warm Tier

EOS

A\

7 ad Y [ ey o] e Gy Il immarmsmmismnvmadd DI aindd Tictvilhsikar CEniamra Kladas



O6beanHeHHana reorpaduUecKu pacnpeaeneHHasn
cynepKomnbloTepHaa MHPpPACTPYKTypa

NOJIUTEX

CaHxkr-lNeTepbyprckuin
NOAUTEXHUYECKUIA YHUBEPCUTET
Metpa Beankoro

B auBape 2022 roga yCIrenrHo 3aBepiicH
IIEPBBIA COBMECTHBIN IKCIIEPUMEHT I10
HCIIOJIb30BAHNIO O0OHETMHEHHON
CYIEepPKOMITIBIOTEPHON UHPPACTPYKTYPhI JIJISI
3aga4 nmpoekta NICA.

Bcero 6b110 3anymierHo 3000 3agad reHepanuu
JTaHHBIX MeTOJIoM MonTe-Kapiio n
PEKOHCTPYKIMUHU COOBITUM JIs1 SKCIIEPUMEHTA
MPD. CreneprpoBaHO U PEKOHCTPYUPOBAHO P T
nopsiaKa 3 MAJJIMOHOB COOBITHIM.
ITonydeHHbIC JaHHBIE TIepeMelieHbl B JlyOHy
11 TanbHelIIeit 00padboTKU B (PU3UUECKOTO
aHav3a




MICC Monitoring

For a robust performance of the complex it is necessary to
monitor the state of all nodes and services - from the supply
system to the robotized tape library.

» Global real time 24x7 survey of the state of the whole
computing complex

* In case of emergency, alerts are sent to users via e-
mail, SMS, etc.

» ~ 850 elements are under observation

ilee Operafional Center




NICA Computing Concept & Challenges

Woridwide
NICA

laboration

Lattice QCD calculations

Simulation of nuclear
reactions

TS NICA On-
AR el line Cluster

<

LIT off-line 7
cluster R Event reconstruction

[ ‘oo sooeaom; o

: ' =

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

il

~ LHEP ) = ey
off-line cluster |
T Physics analysis



Heterogeneous Distributed Computing Environment

A heterogeneous computing environment, based on the DIRAC platform, was created for processing and storing
data of experiments conducted at JINR. Tierl, Tier2, the “Govorun” supercomputer, the clouds of the JINR Member
States, the NICA cluster, as well as the resources of the National Research Computer Network of Russia, the
cluster of the National Autonomous University of Mexico (UNAM, within cooperation on the MPD project) and the
cluster of Institute of Mathematics and Digital Technology (Mongolian Academy of Science), were integrated into

; DIRAC. The distributed infrastructure

3 | Is used by the MPD, Baikal-GVD,
S THE INTERWARE >
/ Jobs submlssmn

BM@N, SPD.
Data \

A acqulsﬂ:lon

| / ROOT |
— |

[

| Data N

\ y’ Physucal .I
| processing - ~_analysis

[

Data
processing
velocity

LUSTRE \ Data
Warm layer

storage
EOS

volume

Data moving

«Data Lake»
EOS



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

/
/ \\

Y

Data transfer system

Monitoring

Accounting

-
"JI? \
7 -
I Y
W,

- ¥

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



Methods, Algorithms and Software

Govorun Supercomputer
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Information System for the tasks of Radiation Biology

https://bio.jinr.ru

The joint project of LIT and LRB is 4 Web services for morphofunctional changes in the )

focused on creating an Information CNS and DNA damage analysis
System (IS). The IS allows one to store, >
quickly access and process data using a
stack of neural network and classical
algorithms  of  computer  vision,
providing a wide range of possibilities
for automating routine tasks. It gives an

Metadata DB

4

MariaDB’

nnnnnnnnnnnnn er

increase in productivity, quality and (R FreelPa Batch-system
speed of obtaining results. \_ Auth )
/Machine and deep learning methods, computer N 4 Computing resources and hierarchical storage A
vision and neural network approaches system based on the “Govorun” SC
n ~ Data |
GO - e
OpenCV o A A0 e $ |0 | | oS —— - ‘
T ookeh EEF |
Tensor
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Intelligent Environmental Monitoring 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 IT technologies is in progress.

On the MLIT cloud platform, a Data Management System (DMS) of the UNECE ICP Vegetation was created. DMS is
Intended to provide its participants with a modern unified system of collecting, analyzing and processing biological
monitoring data. A combination of satellite data, biomonitoring measurements, and different machine and deep learning
technologies was used to predict potentially toxic elements

Samples collection Samples analysis Data analysis Data presentation Prediction/Controle %,f% @ 5 tin | @D E oo a% i
= ——— = P b 4 . ° :'_"";—-i-.:: MOSSES AS BIOMONITORS OF AIR POLLUTION:
e Jo8 o S | | | l ‘ l 2015/ 2016 survey on heavy metals,
o, ; ———— ot ikl h . nitrogen and POPs in Europe and beyond
— ca o, S ey S e { P
- T:,‘\'*‘?‘."-.':" "~ | “ 1‘3, 1 22 »
= ﬁ:/‘“ é;"’ . F ! v 4 RELS W ! '-"‘h' - i
| Ll :_I"i'?' wlan..n ¥n "l‘. : sz g
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a pgthon Tet;sorﬂow Microservices <@} : inski X Urodevid
Koras HvbrillT A. Uzhinskiy, M. Anic¢i¢ UroSevi¢, M. Frontasyeva.

| . : Prediction of air pollution by potentially toxic

elements over urban area by combining satellite
imagery, Moss Biomonitoring Data and Machine
Learning. Ciencia e Tecnica Vitivinicola Journal
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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
0 —{H]
0 4 H
0y 4 H

Form a list of QAs required to solve tasks
within the studied physical models

Select the type of quantum simulator to
simulate a classical architecture on

T computers
A Define resources for the selected
& Qiskit S quantum-limiting capabilities of
K available computing simulators
b ”‘qsim S (number of qubits and computation

time)
SC “Govorun”
Search for exact solutions to urgent

problems of quantum chemistry and study

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: QUuEST, 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

Tests of an intelligent automatic control system for the nitrogen collector of the satellite helium refrigerator #1 at the site of
the cryogenic testing of superconducting magnets at VBLHEP on the basis of quantum algorithms (QFI) are successfully
completed.

Control Error
1.25 T T T T T

Ik - I e e ot

. Control of the

— PID Control

1151 — rcomo | | pProcess of
3 ——— OFi Conir reaching a
L1 | predetermined
pressure level
LS Target pressure value . Incooling mode
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%.

In the future, the system will be put into operation, and its reqular operation will start.



JINR Digital EcoSystem

The digital platform “JINR Digital EcoSystem ™ integrates existing and future services
to support

scientific, J INR
administrative and social activities, Digital Eco System
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

o

SSO- login

¢
Gl
Single access point to all
services




JINR Big Data Analytical Platform

 Bringing best of Big Data approaches to JINR practices
 Providing the Big Data infrastructure for users

JINR Big Data Analytical Platform

Presentation of results, hypothesis testing, forecasting, visualization

Business Intelligence.

A ol ess ntell Search for meaningful Eh
gg Visualization. /

Services information. Models.
INTELOENT Reports Hypotheses l

Predictive and prescriptive
analytics

Analysis

Statistical analysis. Machine learning. EE* Data Modeli_ng (autoencoders, F‘@‘ Voo modls Gmrte
Time series Analysis. ; Clustering. L convolutional networks, oKy L
DATA -
MODELING J

- - Complex networks
Hypothesis testing Classification generative adversarial networks) P

STATISTICS

Primary data B Problem-oriented

Data collection processing. E Transformation ; I —

coliaetion 7y Filtration and Compression

Distributed Data collection I Software-defined
299 Cloud resources
Storage system networks

Data sources

External data sources Industrial Internet of Things Physical
Grid (API, Web, Databases, Social 8 Detectors and Data Lake
(Smart meters, Tags, GPS, Cameras ) -
Networks devices




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 \

] rofiling parallel i
programming o tools for ML/DL tasks algorithms,

: applications vantum
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s programming and
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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

5 -

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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Detector & Nuclear Electronics = Research Data Infrastructures

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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Sl




It SCI IOOL




