


O6beIMHEHHDBIN
HNHCTUTYT
SApepHBIX
HUccnepoBaHuUn

BigData B 60J1b1lI0M HayKe O
bU3UKe YaCTUI]

PacckasbiBoem:
Viropb lNeAeBaHiOK




Nropb [NeaeBaHiok (1991)

OKOHYUA - YHUBepcumem «AybHoy B
2013

[oodbeccus - nporpammucm

B OUAN - ¢ 2013r
Pazpabaombiato Beb cepBuChl
ObbeguHA pecypcsl
[loenogato B yHUBepcumeme
[looBOXKY aKCKypCcuu
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O AybHe

17 Oxkmsabpsn

Ay6Ha (1956)

121 kM Ha ceBep
om MockBl

HaceaAeHue - 75000

*  MHCcmumym

«  YHuBepcumem

« Ocobafa asKOHOMUYECKOSA
30HQ
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O6 OMHAN

OB6begUHEHHLIU HCmMumMmym
AgepHbix MccaegoBaHuu (1956)

boaee 4500 compygHUKOB

AgepHaa dbusuka, PU3UKO Yacmuu,
UHAOOPMAUUOHHBLIE MEXHOAOrUU,
paguobuoAorus U gp.
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Kok Mbl genaem OmKQObIMUA

OTKprblTUE B 30X

* -2 YYEHbIX
« KapaoHgow u bymara

OTKpblTHE B 70X

« 200 y4éHblIx , =10 crnpaH
* MaUdHDE3UMbI

& -2000 yyéHbix, -100 cmpaoH

- C/nepkomnbiomepsl, GRID,
pacnPegeAEHHbIE BbIMUCAEHUA

17 Oxkmsabpsn Hayka 0+ 2020




[ly3sbipbkoBOA kKamepa OVANA

40000 cmepeo uzobpaxkeHud,
NPOCMOMPEHHDI 2-3-60Aee Pa3
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Komnbiomepsbl 1900x

—
DeAukc Mepcegec 3/MS
Onepayud/c - ? 6-/ onepayud/c
LleHa: 15 Py6 LleHa: -1000$
Macca: 4-6 kr Macca: 17-24 kr
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Komnbiomepsbl 1900x

ol Ypaa-1
B 1/oulagb: 75 m2

KoAauvecmso Aamn: 1000

e [loroe6AeHUe: 7-10 kBN

17 Oxkmsabpsn

[NpousogumeabHocmb: 100 on/c
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30QQ4YuU MeX BPEMEH

[Ty3blpbkOBOA KOMEPQ

3Hak 3apsja @
- @

®
o ® o000’ @
d o
/w
Juamerpdt = 3apsizq 1
Mutepsan wl = CxopocTs vl L
Paguyc R 1‘= mI/IV'I‘ ) ql, ,Z[JII/IHaL'I‘= OHeprus W'I‘
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Po>kgeHue Aabopamopuu

MIMeHHO TIpOM3BOAUTENHHOCTh CPEACTB 00paboOTKHU
9KCIIePUMEHTAIbHOW WHPOPMAIIUU OyZAeT, B KOHEYHOM
CYETe, OTIPeIe/IATh MPOU3BOAUTENBHOCTS PUINIECKUX

HUCC1eJOBaHU
A 6 aBrycra 1966

Jlaboparopus BerunciurenbHoi
Texuuku 1 ABTOMaTH3aIMH

Muxawn I'puropreBuy  Hukonait Hukonaesu4
Mewepsikos ToBOpYH
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Po>xkgeHue ABTA




17 Oxkmsabpsn Hayka 0+ 2020




Kak ge/\oromCH OMKOEbIMUA?

S S 1300 $OTO,
i 15 TIOXOXKU Ha MO3UTPOHBI

A magnetic field deflect the particle trajectory and the insertion of a lead
plate allow to determine the direction of its movement. The deflection
indicates a positive particle which could not be a proton whose path would
be much shorter. C.D. Anderson, Physical Review 43, 491 (1933).
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Kak geAaatomca omkobImuA?
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2KChepumeHm
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(bloble QOHHbIE

CHO:0.001;
CH2:0.14;
CH4:0.34;

CH98039232:0.08;




PekoHCmMpykuyuA

CHO:0.001;

CH2:0.14;

CH4:0.34; -|- + A/\ropum/v\
PEeKOHCMPYKUUU

CH98039232:0.08;
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2MOoro He QOCMAMOYHO




MogeAb
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Cobbimue

Higgs praduction / Higgs decay to photons

p

ki

'."+-I

ki
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CumyaauUA

Higgs decay ta photons
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CumyaauUA

nnnnnnnnnnnnnnnnnnn

CHO:0.001;
CH2:0.14;
CH4:0.34;

CH98039232:0.08;




\

CHO0:0.001; CHO0:0.001;
CH2:0.14; CH2:0.14;
CH4:0.34; CH4:0.34;
CH98039232:0.08; CH9803m232:0.08;
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BigData

Volume Velocity Variability
bosnee 1 ExaByte o 4 GigaByte/s PasHble sHepruy,
PasHble geTexTopsl,

Pa3HbIe COCTOAHUS
1 Megabyte — doTorpadus

1 Gigabyte - ¢pupm
1 Terabyte — émkocTb cTanmaptTHoro 1K
1 Petabyte — 1000 Terabyte

1 Exabyte - 1000 Petabyte
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48 Years of Microprocessor Trend Data
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Original data up to the year 2010 collected and plotted by M. Horowitz, F. Labonte, O. Shacham, K. Olukotun, L. Hammond, and C. Batten
New plot and data collected for 2010-2019 by K. Rupp
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[TapannensHocts  PacmpenenéHHOCTH O bPPeKTUBHOCTD

CynepKoMObIOTepHI I'pun, HoBble anropuTmsl
KJIacTepa
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Cynepkomnbiomep

OpHa
OonbLiada

3agada

{ Peaynbrat :}




Ymo makoe cynepkomnbiomep?

1985 - Cray 2

1.9 GFLOPS

2 GB RAM
MouwHocmb 200kW
Llena- 32.000.000$
NASA, US Defense ...

2010 - iPhone 4

1.6 GFLOPS

512 MB RAM

MouwHocmb 5.4 W

LleHa- 700 $

MUAAUOHBI BbIAU NDOQAHI
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LI,GHO VS NOOU3IBOQUMEABHOCIMb




Rank

Ymo makoe

System

Supercomputer Fugaku - Supercomputer Fugaku, A&4FX 48C
2 2GHz, Totu interconnect D, Fujitsu
RIKEN Center for Computational Science

Japan

Summit - IBM Power System AC%22, IBEM POWERYS 22C
3.07GHz, NVIDIA Volta GV100, Dual-rail Mellanox EDR
Infiniband, IBM

DOE/SC/0ak Ridge National Laboratory

United States

Sierra - IBM Power System AC722, IEM POWERS 22C 3.1GHz,
NVIDIA Volta GV100, Dual-rail Mellanox EDR Infiniband, IBM /
NVIDIA / Mellanox

DOE/NNSA/LLNL

United States

Sunway TaihuLight - Sunway MPP, Sunway SW24010 260C
1.45GHz, Sunway, NRCPC
Mational Supercomputing Center in Wuxi

China

17 Oxkmsabpsn

Topo00

Cores

1,299,072

2414552

1,572,480

10,649,600

Rmax Rpeak
(TFlop/s]  (TFlep/s)

415530.0 5138547

143,600.0  200,794.9

746400 1257120

93,0146 1254359

Hayka 0+ 2020

Power
(kW)

28,335

10,096

7,438

15,371




Cynepkomnbiomep Titan

BI)IBO,H, N3 SKCIUIYaTallH

TITAN, MECTO B TOP500

[looussogumeabHocmb - 17,6 PFlops 1:

[lukoBaA Nnpouss-mb - 2/ Pflops .

Agpa - 560,640 .
RAM - 710,144 GB
MowHocmb 8.2 MW

LleHa -100M § + 9M $ B rog

8

6

4 *
* o

2

* ¢ ¢ 6 o o
4

0
/p.:Z aer.13 nek.14 mMan.16 ceH.17 ¢eB.19 noH.20

BBOJ, B 9KCILTyaTallUIO
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PacnpegeAéHHbIe BbIMUCAEHUS

| | | |

[ Pesynbsrar } [ Pesynbrat } [ Pesynbrat } [ Pesynbtat }




FelUle

A Docmep Kapa
KecceAbMaH

[pug NOgXOQUM QAR:

« [lepegaya QaHHbIX

« PekoHCcmpykyuA

«  AOAroBpemeHHoe XPOHUAUWE
«  AHOAUS

«  Cumyasuus
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Power Grid
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[puUg KOMNBIOMUHS

BbluMcnuTenbHble NHTepHeT & Beb
knactepa NPOTOKONbI

CepBuchbl

Obnaka
CynepKoMmnbloTepsI
Boinc

[NMonb3oBartenu: Hayka,
busHec, NHaycTpus, ...
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[ loocmeuuwuud rpug
[pug calm
[pug calm

[pug caum

\

[pug calm
[pug calm
[pug calm

/
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Middleware

[pug calm
[pug calm

[pug caum

y

\ Middlware /

[pug calm
[pug calm \
r\ [pug calm

17 Oxkmsabpsn Hayka 0+ 2020




Grid Middleware

[ Aocmyn
CLI API
' BesonacHocMs | ( /IHdbopmayua & N\OHumopUHr\
Authentication Information & Application
Authorization Global Monitoring | | Monitoring
Auditing | \ Accounting )
YNpaBAEHUE QOHHLIMU 1{ YNpaBAEHUE 30gavamu )
File Catalog Dato Computing Element Job
Metadata Catalog WIDVERNEE Package Manager Provenance
Storage Element Workload Management
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Vepapuxsa B roug

Tier-2 sites
(about 160)

Tier-1 sites

10 Gb/s links

i &
¢ &
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Grid B OUNAN

JKCnepumeHThbI

BM@N,
MPD,
CMS,
ATLAS,
ALICE,
LHCb,
COMPASS,
PANDA,
CBM,

JINR Tierl

» Bropoe Mecto cpenu Tierl
LHEHTPOB /IJIsl IKCIIEPHUMEHTA
CMS

» 20% ot CPU BpeMeHH Bcex
BbINOJIHEHBIX 3a/1a4b Cpeau
Bcex Tierl nenrpor CMS

» 13,23 PB naHHBIX nepeaHo
Ha Tierl u 19,58 PB
3arpy:KeHo ¢ Hero

STAR,
NOVA,
BESIII,
DIRAC,
OPERA
NEMO
MuZ2e,
NUCLON,
HONE,
BIOMED
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CAOXKHOCMU

be3zonacHocmb [epegaua QOHHbIX XpoHeHUe gaHHbIX

AKKQYHMUHr MoHUMOPUHr YNnpoAeHue Harpy3skou
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[ pug cerogHn

Middleware /
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Folding@HOME g -

Team: Joint Institute for Nuclear Research

Date of last work unit 2020-09-13 07:02:52
Active CPUs within 50 days 4 257

Team Id 265602

Grand Score 27222 185

Work Unit Count 11,863

Team Ranking 6473 of 255001
Homepage http://www jinr ru/main-en/

Team members

Rank Name Credit WuUs
64,603 CLOUD.JINR.ru 12,645,224 5,355
77,918 CLOUD.PRUE.ru 9,453 851 4175

194 662 CLOUD IPANAS az 1,542 618 910
198,800 CLOUD.INPby 1,465 167 599
224 632 CLOUD.NOSU ru 1,083,663 395
230,931 CLOUD.INP kz 1,012,919 413

N/A CLOUD.INRNE .bg 18,743 16
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YMO C HOBbIMU QArOpUMMAOMU’?

OrpOMHOG KOAUYECMBO KOQQ
N\UKpO oNnMUMU3QUUA He cnacem

(mapble Nogxogbl Bygym pabomamb NO-CAMAPOMY
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Cobbimusa ceuvac

653219636

357620

Run:
Event:

TLAS

EXPERIMENT 2018-08-06 01:08:33 CEST

On

46

Hayka 0+ 2020

18
Q
O
18
£
2
O
~




Cobbimue NOCAOXKHee




ToakuHr
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ToakuHr
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ToakuHr
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ToakuHr

17 Oxkmsabpsn Hayka 0+ 2020




HeUpoHHbIe cemu

A mostly complete chort of

F— Neural Networks

Input Cell B2016 Fiodor van Veen - asimavinstitute.org

Deep Feed Forward (DFF)

£ Nai sy Input Cell Deep Convolutional Network (DCN) Deconvolutional Metwork (DN) Deep Convolutional Inverse Graphics Metwaork (DCIGN)

Perceptron (P) Feed Forward (FF) Radial Basis Network (RBF)

@ Hiddencell
@ rrobablistic Hidden Cell : -

@ spiing Hidden cel

@ outputcel

. Match Input Output Cell
. Recurrent Cell

. Memaory Cell

. Different Memary Cell

Recurrent Neural Netwark (RNM) Long / Short Term Memory (LSTM)

[ X
[

Generative Adversarial Network [GAN] Liquid State Machine (LSM) Extreme Learning Machine (ELM)

Auto Encoder (AE) Wariational AE (VAE) Denaising AE (DAE)

Kernel

) Convolution or Pool

Markow Chain (MC) Hopfield Network (HM) Boltzmann Machine (BM)  Restricted BM (REM) Deep Belief Metwork (DEN)

Q.0
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HeUpoHHbIe cemu

Ao 7.8 TFLOPS npu BblMUCAEHUAX C
QBOUHOU MoyHOCMU

Ao 125 TFLOPS npu pabome ¢
HeUPOHHbIMU cemamu

C HeUPOHHBIMU CEMAMU, HUKOKUX CEPbE3HbIX
usmeHeHuUl B koge He mpebyemcsa (npu
nepexoge ¢ CPU Ha GPU)
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[TapannensHocts  PacmpenenéHHOCTH O bPPeKTUBHOCTD

CynepKoMObIOTepHI I'pun, HoBble anropuTmsl
KJIacTepa
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[looekmbl meracaleHc

BM@N MPD SPD




Yo makoe DIRAC?

N

-

Access
[ cu || Arr |
Security Information & Monitoring ( )
| Authentication | Information & Application
— Global Monitoring Monitoring I
[ Authorization | I/]
| Ak I | Accounting | HTe rpa I_LM Fl
Data Management Workload Management - J
| FileCatalog || Dot | Computing Element ||~ Job
Moveme Provenanc
| Metadata Catalog I | Package Manager | e
[ Storage Element | | Workload Management |

~ jl‘loqe/v\y DIRAC:

+ [loousBoguMEALHOCMb
«  EQUHLIO UHCMPYMEHM gAA

YNPOBAEHUA 30QQYOMU, QOHHBIML
- NOAbL30OBOMEAAMU ...
HTEpOENCh
« Pacuwupsemocms
\ . «  AKmMuUBHOE KOMbIOHUMU
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[TouHUUNBI UHMerpayuU

Pecypcebl

[Tonb3oBaTenu




[TouHUUNBI UHMerpayuU

—_— Pecypcebl
[Tonb30BaTenu
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MO He BOAUJEDHBLIU
UHCMOYMEHM

Pecypcebl

[Tonb3oBaTenun




[TouHUUNBI UHMerpayuU

CoTpyaHunyecTso™







