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JAmutpun Iloarausin

Jlaboparopusi UHGOPMAMOHHBIX T€

OceHHAA WKona No MHGOPMALUOHHBIM TEXHOIOTUAM
14 - 19 Hoabpa 2022



VM pool - User interfaces

i [ VM-UI
| (ssh)

VM-UI
(ssh)

VM-UI
(HLIT-VDI)

VM-UI
(HLIT-VDI)

VM pool - for managing and
information services

| Website | | Gitlab |

o — — — — — — — — — e e e e

—— —— — — — —

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.




Development of the heterogeneous HybrilIT platform i

Cluster HybriLIT 2014:

Full peak performance:

140 TFlops for single precision;
50 TFlops for double precision

. #10 B Top50
#18 B Top50 “Govorun” supercomputer
Second stage 2019:

“Govorun” supercomputer Full peak performance :
First stage 2018: 1.7 PFlops for single precision
Full peak performance : 860 TFlops for double precision
1 PFlops for single precision 288 TB €CCXA with 1/0 speed >300 Gb/s
500 TFlops for double precision 17th in the current edition of the 10500
9th in the current edition of the list (July 2020)

10500 list (July 2018)

Russian DC Awards 2020 in
“The Best IT Solution for
; Data Centers”
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The CPU-component of the “Govorun” Supercomputer
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SERVER
BOARD

" 4 (inteD OPTANE

Modules of fast scalable parallel
file system (Lustre, EOS etc.)

RSC Tornado nodes based on Intel® Xeon® Scalable gen 2:

RSC Tornado nodes based on Intel® Xeo PhiT: .
* Intel® Xeon Phi™ 7290 processors (72 cores)
* Intel® Server Board S7200AP

* Intel® Xeon® Platinum 8268 processors (24 cores)
* Intel® Server Board S2600BP

* Intel® SSD DC $4510 (SATA, M.2),

* Intel® SSD DC S3520 (SATA, M.2) 2x Intel® SSD DC P4511 (NVMe, M.2) 2TB

* 96GB DDR4 2400 GHz RAM ‘ * 192GB DDR4 2933 GHz RAM

* Intel® Omni-Path 100 Gb/s adapter * Intel® Omni-Path 100 Gb/s adapter
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_
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The CPU-component of the “Govorun” Supercomputer

RSC Tornado nodes based on Intel® Xeon® Scalable gen 2:
Intel® Xeon® Gold 6248R processors (24 cores)

Intel® Server Board S2600BP

Intel® SSD NVMe EDSFF E1.L (RULER) 30,72 TB - 32
pc., total 983 TB

384 GB DDR4 2933 GHz RAM

Intel® Omni-Path 200 Gb/s adapter

RSC Tornado nodes based on Intel® Xeon® Scalable gen 3:
Intel® Xeon® Platinum 8368Q processors (38 cores)
DDR-T PMEM 200 Series, 256 GB - 8 pc. total 2 048 GB
Intel® SSD EDSFF E1.S 4TB -4 pc. total 16 TB

256GB DDR4 2933 GHz RAM

Intel® Omni-Path 200 Gb/s adapter




Engineering infrastructure
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Cooling efficiency and cost

1000 kKWatt

I"MWatt Data center
Ailrcooling ...

Cooling
System fans

PSU loss

Memory.

PIOCESSOrS

300 kBT

Net, disk; VRS;...

1" MYvatt Data center
Water cooling ...

keeping
>300 kWatt

( Jlu, ,IJJA \/J S,.

PSU/loss

- 90 KBT

135 KBT | | Memory

<) A
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\e)

)

300 KBT Processors




The GPU-component of the “Govorun” Supercomputer

The GPU-component consists of 5 NVIDIA DGX-1 servers. Each server
has 8 GPU NVIDIA Tesla V100 based on the latest architecture NVIDIA
\olta. Moreover, one server NVIDIA DGX-1 has 40960 cores CUDA,
which are equivalent to 800 high-performance central processors. A whole
number of novel technologies are used in DGX-1, including the NVLink
2.0 wire with the bandwidth up to 300 Gb/s.

The GPU-component gives a users of the supercomputer a
possibility to allow as massively parallel computation for
general-purpose tasks using such technologies as CUDA and
OpenCL, as well as use applications already adapted for this

pppppp

s o i wowo e 2 | architecture. Also, GPU-component allow to use machine
WO T learning and deep learning algorithms for solving applied
o S~ el e problems by neural network approach.

== &

SPECFEM3D PECFEM3D
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Orchestration and hyperconvergence on the “Govorun” supercomputer

Requirements for jobs

User-|
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jobs '. . |»
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Resource management software
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Computational field
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The “Govorun” supercomputer
has unique properties for the
flexibility of customizing the
user’s job.

For his job the wuser 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
“Govorun” supercomputer a
unique tool for research
underway at JINR.



From Physics to raw data

2037 2446 1733 1699

g9 4033 3611 952 1342
t 2132 1870 2093 3271
- —~ 4732 1102 2491 3216
Ho . 2421 1211 2319 2133

g

"""" 3451 1945 1121 3429
3742 1288 2342 7142

Basic physics Fragmentation, |nteraction with Detector Raw data
Decay detector material response
Multiple scattering, Noise, pile-up,  Read-out
interactions cross-talk, addresses,
inefficiency, ADC, TDC
ambiguilty, values,
resolution, Bit patterns
response
function,
alignment

From raw data to Physics

2037 2446 1733 1699 g

4033 3611 952 1342

2132 1870 2093 3271 é t

4732 1102 2491 3216 o s
2421 12112319 2133

3451 1945 1121 3429 " Semmae- He
37421288 2342 7142 g

Raw data Detector Interaction with ~ Fragmentation, Basic physics
response detector material Decay

Convert to Apply Pattern, Physics Results

physics calibration, recognition, analysis

quantities alignment Particle

identification

ﬁ Analysis
Reconstruction %
l Simulation (Monte-Carlo)

We need to go from raw data back to physics
reconstruction + analysis of the event(s)

Data
acquisition

ROOT

Data

: Physical
rocessing

analysis

LUSTRE
Warm Tier

EOS

Volume of

Velocity of data
[ data storage

processing




DAOS: Promising technology for HPC, Big Data, Al

Compute instances ™ « Complex approach to build a hierarchical
Al/Analytics/Scientific Workflow storage system

. Apache | Apache «  DAOS is significant part of data acquisition
i egacy Spark Hadoop .
| and processing
POSIX I/O mm HDFS Connector Python SEGY | FDB ROOT m

« Different types of containers are used for

End-to-end " different data processing stages
userspace Native array Native key-value RDMA
_ ) .. * No need of POSIX file system for most data
Storage instances ™, Capacity tiers .
‘ operations

ree| P |

Admin| DAOS )
e Control Plane DAOS Engine

[:.. i+ Great system performance even for a few
“]—NVMe ii DAOS clients

« RSC Storage on-Demand software offers

gomfi”-spefific da(tja ft‘ode'?;hund?tf unique flexibility, speed, and convenience
evelopment In co-aesign wi artners
P anwEne for DAOS users

| intel
. OPTANG”‘[ :

PERSISTENT MEMORY

- Generic I/O middleware supported today

The DAOS polygon on the supercomputer “Govorun” take the 1°' place among Russian
supercomputers in the current 10500 list



Big Data on the “Govorun” Supercomputer for

NICA megaproject

The DAOS polygon of the “Govorun” supercomputer takes the 1% place among Russian supercomputers in terms

of the data processing rate in the current 10500 list.
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Hierarchy p~ Velocity

Hyperconvergence Volume
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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, all the MICC components, 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.

Usage of resources integrated into DIRAC by main users:
consumed computing resources in

O D I RAC  EE: HS06 hours
THE INTERWARE ! / MPD; 82,27%
Jobs P
v\ +

® Baikal-GVD; 10,62%
TN ® BMN; 3,43%

acquisition

_________ ] ® SPD; 3,42%
ROOT | " Folding@Home; 0,25%

\ " Physical
- analysis

_— by the number of jobs
storage
volume

Warm layer

MPD; 84,96%
® SPD; 2,29%
= Baikal-GVD; 7,46%

= BMN; 4,71%
® Folding@Home; 0,59%

Data moving

«Data Lake»
EOS




Heterogeneous distributed computing environment

for the MPD experiment

Available resources of the DIRAC platform
v1200 * 10%events S~ ssce for the MPD experiment:
were generated J "
using UrQMD,

PHOQMD, PHSD

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

PHOMD

and other models O * Tierl: 920 cores
- » Tier2: 1,000 cores
(/ / e e 77 cer * Clouds (JINR and JINR Member States): 70 cores
= T oo « NICA offline cluster: 300 cores (limit for users)
meron 7 ecosmoures « UNAM (Mexico University): 100 cores
. HEPSPE ours per year
| « National Research Computer Network of Russia
4 (NIKS, now resources from SPBTU and JSCC): 672
. cores — New resource, added in 12.2021.
v392x10°events 20000008 The mass production storages integrated into the
were om0 Dirac File Catalog are 1.5 PB in size.
reconstructed 10000000
500000: O - The histogram illustrates the accounting data
“Govorun” up to 40% 2019 020 2o from the centers. The metric shown is Sum
OIRACINR Tier ro m DIRAC Govorun s CPU Work, grouped by center and year.




Computing for the NICA megaproject

“Govorun” supercomputer for BM@N tasks

(b) Nuclear Fragments
I pM@N
) csca |
rEAn:Isy:;ng Magnet ToF-400 .w‘ oF7000 ocs = 10 7’.
Barrel % 9 e 9Be
mTarget <3 G
wSi beamﬁt\;:;::‘e:r ) % (g 8 v
uSibeamtracker . AN \ nCsea 7] SEEE g
Si beam profiler CSC s ‘
> asce/ o il
wBC1 /
%Si beam profiler | / ’l : ;
& FwdSi / - GEM/ : g Z, % R
- - . eff
(&) BM@N configuration for SRC studies.
Full BM@N configuration for heavy ion studies in 2018 (b) isolation of nuclear fragments in the experiment under the SRC program.

The analysis of experimental data acquired during the Nuclotron runs in 2016-2018
was performed. Special attention is paid to the study of interactions between beams of
+ A-prm carbon and argon ions with fixed targets of different types. The reconstruction of

C+Cu, E . =4A GeV
kin

Ly
o
(=3
(=1

I
o
(=]
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2500[ * C+AL E,, =4A GeV

951

o

=

=
I

particle tracks was carried out using the method of “cellular automata”.
- The modeling of the work of the experiment using generators of physical models, such
as DCM-QGSM and URQMD, and the embedding procedure were performed.
- The staff of the BM@N collaboration from Russia, the USA, Israel, Germany, France
i , : : . and JINR, working on the program for the study of short-range correlations (SRC) of
o0t ) B il nucleons in nuclei, developed and applied a new experimental method for
M,,,. GeV/c? My, GeV/c? investigating the internal structure of the atomic nucleus in carbon-hydrogen
_ _ o interactions. A publication based on the results of the SRC program of the BM@N
Signals of A-hyperons in the spectra of invariant masses (p,n-) experiment was sent to the scientific journal Nature.
measured in C+Al and C+Cu interactions. - The polarization of A-hyperons was studied using the model data of the DCM-QGSM

BM@N Collaboration. Production of A hyperons in 4 and 4.5 AGeV 2 carbon-nucleus generator of the BM@N experiment.
interactions at the Nuclotron // The European Physical Journal A (awaiting
publication)
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The resources of the “Govorun” supercomputer were used to study the properties of quantum
chromodynamics (QCD) and Dirac semimetals in a tight-binding mode under extreme external
conditions using lattice modeling. The given study entails the inversion of large matrices, which is
performed on video cards (GPU), as well as massive parallel CPU calculations, to implement the
quantum Monte-Carlo method:

— The influence of the magnetic field on the confinement/deconfinement transition and the chiral
transition at finite temperature and zero baryon density were investigated using the numerical modeling
of lattice QCD with a physical quark mass.

— Quantum chromodynamics with non-zero isospin density taking into account dynamical u- d-, s-
quarks in the Kogut-Susskind formulation was studied.
— The potential of the interaction between a static quark-antiquark pair in dense two-color QCD was

- investigated, and the confinement/deconfinement phenomenon was studied.

— The effect of the non-zero chiral chemical potential on dynamical chiral symmetry breaking for Dirac

semimetals was studied.

- The influence of the external magnetic field on the electromagnetic conductivity of quark-gluon
plasma was investigated.

The results are published in the articles:

1. V. V. Braguta, M. N. Chernodub, A. Yu. Kotov, A. V. Molochkov, and A. A. Nikolaev, Phys. Rev. D

100 (2019), 114503, DOI: 10.1103/PhysRevD.100.114503, arXiv:1909.09547

2. V.V. Braguta , A.Yu. Kotov, A.A. Nikolaev, JETP Lett. 110 (2019) no.1, 1-4, DOI:

10.1134/S0021364019130083 (JETP Letters, 110 (2019) no.1, 3-6)

3. N. Astrakhantsev, V. Bornyakov, V. Braguta, E.M. llgenfritz, A.Y. Kotov, A. Nikolaev, A. Rothkopf,

PoS Confinement2018 (2019), 154, DOI: 10.22323/1.336.0154

4. V. V. Braguta, M. I. Katsnelson, A. Yu. Kotov, and A. M. Trunin, Phys.Rev. B100 (2019), 085117,

DOI: 10.1103/PhysRevB.100.085117 , e-Print: arXiv:1904.07003

5. N. Yu. Astrakhantsev, V. G. Bornyakov, V. V. Braguta, E.-M. llgenfritz, A. Yu. Kotov, A. A. Nikolaev,

A. Rothkopf, JHEP 1905 (2019) 171, DOI: 10.1007/JHEP05(2019)171,e-Print: arXiv:1808.06466

6. https://arxiv.org/abs/1902.09325

7. http://arxiv.org/abs/1910.08516



Kinematically complete experimental study of

Compton scattering at helium atoms near the threshold

_ S _ _ LETTERS
On 13 April, a scientific paper by an international https://doi.ong/101038/541567-020-0880-2

scientific group was published in Nature Physics.
A LIT staff member O. Chuluunbaatar and a
BLTP employee  Yu. V. Popov were members of
the group in the frames of JINR international
cooperation. The group conducted a kinematically
complete  experimental measurement  of
characteristics of Compton scattering at free
atoms using the highly efficient method of COLD
Target Recoil lon Momentum Spectroscopy
(COLTRIMS). The group also provided a relevant
theoretical description of it which was carried out
at the supercomputer “Govorun”.

P, (au.)
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Py (@.u) py (@)

Scheme of ionization by Compton scattering at hv=2.1 keV



ML/DL/HPC Ecosystem of the HybriLIT Heterogeneous Platform:

New Opportunities for Applied Research

/ Developmentcomponent\ Computation component HPClab component The ML/DL/H PC ecosystem |S now aCt|Ve|y USEd fOr
] [ Servers with J [ VM with } machine and deep learning tasks. At the same time, the

+/fihub.iine.ru NVIDIA JupyterHub and SLURM . . .
fitps://ibubineru Dttoes/ b e s accumulated tools and libraries can be more widely used for

Volta & Intel Xeon Gold https://ilabhpc.jinr.ru/
< LSO R — — BT scientific research, including:

{ VM with JupyterHub

. p.?rhuh ensorFlow GPU: 4x Nvidia Volta V1e8- Jup@w ensorFlow . .
|G e e e " | e@w' - numerical computations;
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cru: 24 cores | X e cru: 20 cores ML 5 - parallel computing on CPUs and GPUs;
TR e m e | L yisualization of results;
- / eheromence Competne - accompanying them with the necessary formulas and
In 2022, on the ML/DL/HPC ecosystem, it became explanations. Python Numerical Methods
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Computing for the NICA megaproject

Machine learning for MPD tracking tasks

A large number of tracks in events requires the development of approaches that have constant computational complexity
regardless of the number of tracks in an event. The use of deep neural network architectures allows developing tracking one-

pass algorithms that work in just single step. Input b ot 110 115 1 Predicted

b
\ 4

100

[Tl Y] O o (e} o [Ta ]
Al AR A LA il BN

A
112 224 224

Conv 3x3, RelU

fcso
MaxPool 2x2

100 Up-conv 2x2

Dropout, then

/ conv 3x3, RelLU
100

50 Copy

-150 Bt ~ ox Conv 1x1, sigmoid
=20 TR 50

100 T ~-100
150

Model experiments show that neural network models are capable of
both interpolating tracks and creating an internal model to represent
the results in the phase space of the track parameters.




BIOHLIT information system for radiobiological studies

Developed algorithms:
j - algorithms for the automated

@ - bk marking of the field of

neural network and classical O R experimental setups,
algorlthms Of Computer VISIOﬂ, \ Experimentaldata‘ Analysis Res~ult - algorlthms for traCklng the
providing a wide range of & ¢ animal's positionin
possibilities for automating routine experimental setups of different

The Informauor! system allows one Conceptual scheme of the service
to store, quickly access and gl
process data using a stack of

tasks. It gives an increase in types, |
productivity, quality and speed of - alg_onthms for e_valuatlng the
obtaining results. animal’s behavioral patterns.
o Normalized distribution by sector Motion track Heat map ’k ~—

The obtained information is

W 00:00-03:00
M 03:00-06:00

stored in different forms:

* visualized track of the
animal’s movement,

* video file with tracking the
animal’s position,

* heat map by sectors,

pss wmos oane e o s s oo s omose | mwos wmmn | smen wnom | seee | ¢ file that stores all the

| *’ “ 3 | ” " " | | ” ’ information for subsequent

statistical analysis.
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The dynamics of the magnetic moment M of the system under
consideration is described by the Landau-Lifshitz-Gilbert equation: |..

dm,, 1

dt 1+ M2a? tmyH,
dmy 1

dt
dm, 1

dt
M = |m,,m,,m,| are the magnetic
moment components; the effective
field components H = [Hy, H,, H,|
depend on the Josephson phase

difference ¢ and are defined as
follows:

Hx(t) = 0;
Hy, = Grsin(¢(t) — tm, (1)),
Hz(t) = mz(t)-

The equation for the Josephson phase
difference ¢(t) is determined from the
equation for the electric current I flowing
through the Josephson junction, measured
in units of the critical current I,
do 1 dm,, 1

(sm(gb rmy) +r It >+ o

dt

w

«— m.H, + a[my(M, H) — Hy]}

for G=8.9.

pytgt
D& ools impol

G
G=9
e

50 ay([e, e,

plt.figure(figsize

To analyze the possibility of reversi

—m,Hy, + alm, (M, H) — H,]}, s

range (6, zs 6.6061)
0,60,

_ivp(f,[e,

Calculations for different values of parameters

ing the magnetic moment of the ¢,-Josephson junction at different values

import solve_ivp

tptl

alpha-alpha, \
. st 4, delta todeita_t)

1660)

1, e])
60],s8, t_eval-t_e) # method - 'Radau’

= (8, 6))
plt.plot(t_e,y I, labe:
plt.plot(sol 1.t, sol

)
— my,Hy + a[m,(M,H) — H,]}, e

Instructions

CPU | CPU || CPU | CPU
< J

Parallel computing

of the parameters, we will carry out calculations

#plt. Fig

fig, axl - plt hpl ots(fig:

re(fig

- (&, o)
e=(8, 8))

# mask out the negative cmd pos\tve values, respectively

#Zpos = np.ma.masked_less(alpG[:, :,
71 = Ic.res
plt.imshow(Z1,

hape(N, N)

interpolation="bilinear

ej. @)

', cmap='Blues')
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Define a function called by each process

from joblib import Parallel, delayed
import numpy as np

def funk_parall(k):
i-k

alpha-alphag:delta_alpha*j
£ - partial( 228 sfs, GG, r-r, alpha-alpha, \
s, delta_t-delta_t)

])
8, t_eval=t_e) # method = 'Radau’

ﬁialpﬁxy[ifj*MZ] == il
turn mz_sol

Serial mode calculation

Execution time

159.9254457950592 s
Computing in Parallel Mode

8 = time.time()
rez- Pa 11 el(n_jobs-6)\
(de 1 aye d(f nk_parall) (k) for k in range(N*N) )

ime. tims
pr‘int(f'{xs(utiun e {t1 - O} s')

Execution time 34.51503801345825 s

| §
range(N*N) ) -

Time in
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150

125

100

Speedup




DAOS Testing. Results

Time to load data into the model, sec

135
130

BeeGFS Lustre DAOS
12
Average training time of one epoch in
single-threaded mode, sec
580 1
570
556
560 1
550
540
530 10
520 I
510 10
12 24 36 48 60 72 84 96

o Average training time of one training epoch, sec

14
12
10

A O ®

N
[5,]

o

[5,]

o

(V]

o

500

490 Number of threads

480 B BeeGFS M Lustre = ZFS m DAOS

BeeGFS Lustre DAOS




Quantum polygon

@ scM

Software for
&5 Chemistry &

Quantum Exact Simulation Toolkit Materials

https://quest.qtechtheory.org/

Amsterdam Modeling Suite

___________ ﬂ.

Column

Row
\L.Time !

10000 Cycle 1 2 3 4 5 6 7 8 m

40

-
o
o
o

100

-
o

Computation time, sec

Computation time, sec

-

0,4
23 24 25 26 27 28 29

=#-Tesla A100 1,442 1,483 1,797 2,425 4,169 6,546 12,139

—4=Tesla K80 1,354 2,567 5,109 10,424 21,245 43,673 89,965

=8-Tesla V100 0,694 0,916 1,422 2,501 4,735 9,343 18,991
Number of qubits

0.1

Number of qubits
——m=0 m=1 ——m=10 ——m=20

Time dependency on the number of qubits for CPU calculations with OpenMP technology Time dependency calculations on the number of qubits for various GPUs

[Ona 3apady, pewaemblx B pamkax lpoeKkta b6blia co3gaHa BblMUCAUTENbHAA cucTema no TpeboBaHuio, coaepKawyto 288
dunsndvecknx sagep (576 nornvecknx saep) u dannosoe xpaHuauwe emrkoctbto 7 Tb nog ynpasneHmem $pannoBoit cMcTemsl
NFS. Ha aton cucteme npoBOAMANCE UHTEHCUBHbIE pacyeTbl ¢ ncnosb3osaHmem MO AMS, DIRAC, QUEST mn ap. ana pacyeTos
3NEKTPOHHbIX CBOWCTB CBEPXTAMENbIX 3/IEMEHTOB. 32 BPeMA BbINOAHEHMA NpoeKTa bbino peweHo 4200 3aga4 Ha KoTopble
6bin10 3aTpayeHo 740 000 agpo-yacos



“Govorun” supercomputer

Member States BLTP

6% 7% DLNP

5%

Russian
institutes
19%

Key projects that use the resources of the “Govorun” supercomputer:
L » NICA megaproject,
» calculations of lattice quantum chromodynamics,
e > computations of the properties of atoms of superheavy elements,
3% . . . .. .
» studies in the field of radiation biology,
» calculations of the radiation safety of JINR's facilities.

LRB
4%

) Total number of users of the "Govorun" supercomputer: 323

25%

Distribution of the GPU and CPU resources by user group _ _
During February-August 2022, 555079 jobs were

Others 1% Otherusersgrou  purp performed on the CPU component of the “Govorun”

1% Y supercomputer, which corresponds to ~8M core

— hours, and 455 jobs were carried out on its GPU

s COmMponent, which corresponds to 32890 GPU
hours.

The average load of the CPU and GPU components

FLNR amounted to 96.2% and 91.4% respectively.

22%

BLTP
79%

33%
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LETTERS | PHYSICAL REVIEW C

https://doi.org /10.1038/541567-020-0880-2 ) .
covering nuclear physics

-----

———————————
........
- ~..

~

Physica

ol
000000000000000000 200 500 -y 2l
\ L = Medica

Advances in

Lipid Self-Assembly &

b)

PHYSICAL REVIEW B

The resources of the “Govorun” supercomputer are used by
scientific groups from all the Laboratories of the Institute within 25
themes of the JINR Topical Plan for solving a wide range of tasks in
the field of theoretical physics, as well as for the modeling and
processing of experimental data.

European Journal
el of Medical PhySiCS

covering condensed matter and matenals physics

d by
Igli¢, Michael Rappolt
H Ana J. Garcia-Saez

Hadrons and Nuclei

Aptn
C4Cu, B =44 Ge¥

Research results obtained using the supercomputer
resources are presented in 204 publications.

Using the results obtained at the Govorun SC, 2
publications were prepared in Nature Physics:

M. Kircher ..., O. Chuluunbaatar et al. Kinematically
complete experimental study of Compton scattering at
helium atoms near the threshold. Vol. 16. Ne 4. Pp. 756-
760

BM@N Collaboration. Unperturbed inverse kinematics
nucleon knockout measurements with a 48 GeV/c
carbon beam. Vol. 17. Pp. 693-699



SC Govorun included into unified supercomputer network of Russia

On 24 September, an agreement was signed in St. Petersburg on uniting three supercomputers, including the object of the
scientific infrastructure of the JINR Member States — the “Govorun’ supercomputer — into a single network. Its aim is to
develop the National Research Computer Network of Russia.  There is a unified scientific and educational space of

information technologies being formed in Russia. Scientific
world-level centres, scientific-educational and engineering
- centres gain an opportunity for distributed work with big
& o = o S data at megascience scientific facilities in supercomputer
~  centres. Researchers and developers will be provided with
global access to services of machine learning, big data
analysis, supercomputer resources.

Deputy Prime Minister of the Russian
Federation Dmitry Chernyshenko
7 ‘_;_é_qv (5)

(2 =,

nnnnnnn

Director of the Rector of Peter the Director of the Joint

Meshcheryakov Great St. Petersburg Supercomputer
Laboratory of Polytechnic Centre of the Russian
Information University Andrey  Academy of Sciences

Technologies JINR Rudskoi Boris Shabanov

VlIadimir Korenkov




O6beauHeHHan reorpadurUecKku pacnpegeneHHasn
cynepKomnbloTepHaa MHPPACTPYKTypa

eTepbyprek
TEXHUYECKNA y nee
MeTpa Ben

I'IOJWITEX

pCMTeT



O6bepuHeHHan reorpadurUecKku pacnpeaeneHHan

NICA cynepkomnbloTepHaa UHPpACTPYyKTypa Ana meranpoeKkta NICA

Ha ocHoBe naTerpanuu cynepkomnsrorepoB OUAN, MexBenoMmcTBeHHOTO CynepkoMnbroTepHOTo nentpa PAH u Cankr-
[TerepOyprckoro nonutexHudeckoro ynupepcutera [lerpa Benrkoro co3ana macitabupyemas uccliieloBarelbekas
uH(ppacTpyKTypa HOBOTO ypoBHS. Takas nuHdpacTpykTypa BocTpedoBaHa aJis 3aj1a4 meranayku NICA.

nnnnnnnnnnn

PeKOHCTPYKLUUA TPaeKToOpUiA, m

PdPusmyeckmnm aHanus

111 1e=0

1HiI=Q

1M1= 0

HOJ'II/ITEX

ﬂ n ypre
MINTE; HA EpEMT?T
H p B

Data
" acquisition

I/ Data
\ processmg /'

e e ]

Volume of
data storage

Velocity of data

processing Warm Tier

EOS

OCHOBHBIM  HamNpaBJICHUSIMU  Pa3BUTHS
co3/1aBaeMoi UH(PACTPYKTYPbI SBISIOTCS:

oObeTMHEHNE CYTIIEPKOMITBIOTEPHBIX
pecypcoB B MHTETPUPOBAHHYIO
TePPUTOPHATHHO pacrpeneiaéHHy0
CeTh,

CO3/IaHHE HKOCHCTEMBI
mpoheCCHOHAITBHOTO cooOIecTBa

MOJIb30BaTeIeH CyNEepKOMIBIOTEPHBIMU
pecypcamu,

COBMECTHOE pa3BUTHE CPE/CTB
XpaHeHus U  0o0pabOTKH  OOJBIINX
00bEMOB JTaHHBIX

CO3/ITaHUE 00JIauHbIX U (PpoBBIX
CEpBHCOB VTSI J0CTyna K
CYHEPKOMIIBIOTEPHBIM pecypcam;

CO3/IaHUE CEpPBHUCOB MaIIMHHOTO
OOyueHHS W aHAJUTHKH  OOJIBIIUX
JAQHHBIX,  PACOPEACICHHBIX  BUTPUH
JAQHHBIX JJIS TIOJIh30BaTEIC HAYYHBIX U
00pa30BaTEIILHBIX OpraHU3aIU.



N CA O6beanHeHHasa reorpaduryecku pacnpegeneHHas

cynepKkomnbloTepHaa UHPPACTPYKTYpa ana meranpoeKkrta NICA

ChnaHune pusnyeckux
AAHHbIX




LleHTp ynpaBnenus

BUPTYaJibHbIM 3KCNEPUMEHTOM

Multi-Purpose Detector

1.93TB

SAJAYK

L

NONIUTEX

B sauBape 2022 roma ycreuHo

3aBEPIIECH IMEPBbBIM  COBMECTHBIU

AKCIEPUMEHT IO HCIOJIb30BAHUIO

€IUHOMN CYIIEPKOMITBIOTEPHOM

UHPPacTpyKTypel g  3aaad

meracaiieHnc-mpoekra NICA:

v s skcriepumerra MPD 6110
3aIyIIeHO 3000 3a7a4
reHepalyu JaHHbIX,

v OBUIO CTEeHEPHUPOBAHO IIOPSIKA
3 MIJIJIMOHA COOBITHIA,

v NOJy4YeHHBIE [aHHBIE  OBLIM
nepenanbl Ha CK «l'oBOopyH»
U1 JajdbHeren o0paboTKU U
(bU3UYECKOTO aHAIN3A.



OcHoBHble ocobeHHocTH CK «[oBOpYH»

1. BnepBble B MUpE CO3/1aHa U BHEAPEHA THIICPKOHBEPICHTHAS apXUTEKTypa 11 BBIYMCIUTEIBHBIX
Y3JI0B  CYIIEpKOMIBIOTEPA. [ MIIEPKOHBEPI€HTHOCTh BBIYMCIHUTEIBHBIX  Y3JIOB  ITO3BOJISIET
«OPKECTPUPOBATh)» BBIYUCIUTEIBHBIMH pPECypCaMH M D3JIEMEHTAaMM XpaHCHHUS JaHHBIX U
co3naBarh, ucnoib3ysd 110 PCK basM(C, BBIYHCIMTENbHBIE CHUCTEMbl 110 TPEOOBaHHUIO 3ajad

I10JIB30BaTcCJIAd.

2. Pa3zpaboTaHa M BHEApPEHaA Hepapxuyeckas cucTeMa oO0paOOTKM UM XpAaHEHHS JaHHBIX,
NpeJCTaBIAOIas Cco00M €AUHYI0 IIEHTPAJIU30BAHHO YIIPABISAEMYIO CHCTEMY M HMEIOIIas
HECKOJIbKO YPOBHEH XpaHEHWsl JaHHBIX - OUYE€Hb TOpSAYME JaHHBIE, ropsiuyve JaHHBbIC U TEILUIbIC
naHHble. BHeapeHue uepapXU4ecKor CHUCTeMbl OOpaOOTKHM M XpAaHEHMsS JaHHBIX ITO3BOJISIET
CYIIECTBEHHO MOBBICUTH 3P(PEKTUBHOCTH PaOOTHI C OOJIBIIMMH MAacCCUBaMU JAHHBIX, B TOM YHUCJIE
s poekta NICA.

3. T'mbkas apxutektypa CK «J0OBOpyH» MO3BOJISIET HE TOJBKO IMPOBOJIUTH pacueTbl, HO U
UCIIOJIb30BaTh CYMNEPKOMIIBIOTEP KaK HAyYHO-MCCIIEIOBATEIbCKUM TOJUIOH JJIsi BBIPAOOTKHU
nmporpaMmmHo-anmnaparabix 1 UT-penrennit qoia 3aga4d, pemaemoix 8 OMAN.



Thank you for your attention

HYBRILIT HETEROGENEOUS PLATFORM at MLIT JINR:

http://hlit er ru




