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[IpOeKTbl K/1acca MeracameHc

LHC, CERN (3KCnepumMeHTsi: ATLAS 1S)

XFEL, DESY (eBponeicKuii 1a3ep Ha CBOOOAHBIX 3neKTpoW
ESRF, France (eBpOnencKkuii CUHXPOTPOHHbIN LLeHTP),

FAIR, GSI, Germany (3kcnepumeHTsl CBM, PANDA),

ITER, France....

B Poccuu naeT noaroToBKa NPOEKTOB K/1acca MeracaemHc:

HUKA, OUAN, AybHa (Koananaep NPpOTOHOB U TAXKE/bIX MOHOB),

MUK, HUL, MUAD, FaTtumHa (BbICOKONOTOUHbIV peaKTOPHbIN KOMI/IEKC),
NCCAN-4, HUU NPB3, lpoTBUHO,

Cynep C-tay ¢pabpuka, MAD CO PAH HoBocnbupck (2/1€KTPOH-NO3UTPOHHDIN
Ko/ananaep),

CKN®, AP CO PAH HoBocubupck (CMOUpPCKMIA KOAbLLEBOM UCTOYHUK POTOHOB)

PeanunsyeTcsa HeMTPUHHAA NporpamMmma: npoekTbl B Poccuu (Balikan,), Kutae
(JUNO), CLLA (NOVA, DUNE) 1 gpyrue maclutabHble npoekTsl (SKA).



LudpoBaa niatpopma

MOMUCKA M A0CTYNA K AaHHbIM.
MHOPMaLMOHHO-BbIYNCAUTE/IbHBIE MHDPACTPYKTYPHI,
HeobXxoaMMble ANA BbIMO/HEHUA NCC1e4,0BaTe/IbCKUX 3a4au
MPOEKTOB K/acca MeracarHc, ABAAOTCA C/10XKHbIMM
pacnpegeneHHbIMU, FreTepOreHHbIMU CUCTEMAMM, BK/KOHAA
CUCTEMbI SKCTPaMaCCMBHOrO nNapanineinima, u cucteMamm
pacnpege/sIieHHOro XpaHeHUA OrPOMHbIX MAaCCUMBOB AAHHbIX.

MHOroypOBHEBbIVM NPOrpamMMHO-annapaTHbIM KOMI/IEKC,
obecneumsaroLwmin 3P PekTnBHOE GYHKLMOHMPOBAHUE BCEX
npoueccos (cnctema c6opa, 06paboTKU, XpaHEHMA, aHA/IM3a
AQHHbIX) MeracaleHc npoeKkTa, 06begMHEHHOM e ANHOM
NMPOrpaMMHON Cpeaoun, Ha3biBaeTcA uMdpoBou naatPopmon.



Computing in High Energy and Nuclear Physics

-

* Collaborative F - =
efiVitonment -

+ Distributed = : \
resources & < N E

4 Big variety of

Computing in > architectures,

High Energy > platforms,
d » operational systems,
an » network protocols,
Nuclear Physics > software products

e HPC

|« High performance
« Parallel
computing

The interface of the uniform environment should provide a way for
organization of collective development, solution of problems of
various complexity and subject matter, management and
processing of data of various volumes and structures, training and
organization of scientific and research processes.



Data Collection and Archiving at CERN '

Data flow to permanent storage: 4-6 GB/sec

CERN Computer Centre
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lelWenlawide BN @ CompuunS ErRd

Tier-2 sites
(about 160)

er-0 (CERN):
datarecording,
reconstruction and
distribution

Tier-1 sites

1 000 000 cores

Tier-1:

permanent storage,
re-processing,
analysis

1 EB of storage

> 3 million jobs/day

Tier-2:
Simulation,

10-100 Gb links
end-user analysis

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



The Worldwide LHC Computing Grid (WLCG)
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Luminosity [cm™2s1]

LHC Schedule

o Peak luminosity  ==Integrated luminosity
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PaclumpeHne KOMMbOTEPHbIX PECYPCOB 3
BHELUHUX HeBblgeneHHbIX pecypcoB (HLT, Clouds, HPC...)

* M3MeHeHuA MOA4E/TN KOMIbKOTUHIA B KaXKA4O0M SKCNEPUMEHTE,
C ue/1ibko onTMMun3aymun NCro/ib30BaHNA peCypCoB

* 3Ha4yuTe/IbHble YCUUA BK/1A4blBAOTCA B pa3BUTHE
NpoOrpamMmHOro obecneyeHmA, 4ToObl YAydLIUTb OOLLYHO
MPOU3BOAUTE/IbHOCTb MPU MCMO/Ib30BAHNU COBPEMEHHbIX
apxuTekTyp (MHoroagepHocTtb, GPU...)

*  ONTMMM3aLKMM NpoLeccoB 06paboTKU, KOIMYECTBO
XPaHALWMXCA PEn/IMK AQHHbIX U AP.

10



* 10 [6GUT/C = 100 [BUT/C B KPYAHBIX LE
* 100 [OBUT/C TpaAHCAT/IAHTUYECKUE KaHA/Ibl CBA3M -

* MHorme ueHTpbl ypoBHA Tier2 nogK/A4eHbl Ha CKOPOCTH 10 6/c nan
BbiLLE

CTporasa nepapxmyeckaa Mmoge/lb pa3BMBa/IMCb, YTOObI HAUAYHLLUM
06pa3om UCMO/1b30BaTb MMEKLLMECA BO3SMOXKHOCTH

* OTOWUTU OT CTPOrMX po/1er YpOBHeEN K bosee GyHKUMOHA/IbHBIM AAA
obecnedyeHuA KavecTBa 0OCAyKMBAHUA

# /lydlle Mcno/ib30BaTh B L,e/I0OM pacrnpeae/IeHHY CUCTEMY
CocpesoTOUUTLCA HA UCMO/1b30BAHUM DECYDCOB/BO3MOKHOCTEN, a He

Direct mesh of Tier 2 data flows,
cloud boundaries loosened

“ypOBHFl " pO/]M” ATLAS from 2011:
'relaxing’ the hierarchy




HEP software

HOBblI€ apXUTEKTYPbl, Napa n3M, Be

CTPYKTYPbl AQHHBIX U 4. —
Co3gaHue HEP Software Foundation (HSF)

* YpoB/ieTBOpeHue ObICTpopacTywmux notpebHocTen a4/

MO/e/IMPOBAHNA, PEKOHCTPYKLMM M aHA/IM3a TEKYLLUX U
6yaywmx HEP akcnepumeHTOB

* [logaep»KKa HOBbIX MPOEKTOB, KOTOPbIe HarpaB/ieHbl HaA
aAanTaumuIo K HOBbIM TEXHO/IOTMAM, MOBBICUTD
NMPOU3BOAUTE/IbHOCTb, ObeCcneynTb UHHOBALMOHHbIN
MOTEHLMAN UM YMEHDBLUUTb 3aTPaTbl HA 06CYKMBaHKE,

* OnpeagenuTb NPUOPUTETDLI U AOPOXKHbIE KapPThl,

+ CopencTeme COTpPYAHUYECTBY C HAYYHbIMM OPraHU3aLMAMU U
pa3paboTyMKamMmmn NPOrpaMMHOro obecneyeHms

12




and analyse
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YnpaB/eHue gaHHbIMU U CepBUCAMMU

50/1ee MHTe/1/1eKTya/IbHble aAFOPUTMbI pacrpes,
Heucno/b3yembix gaHHbix (‘“data popularity’)

* 3HauMTe/IbHO y/y4ylleH cepBuc nepegaym daiios File Transfer Service (FTS)
*  3HAUUTE/IbHbIE Y/TyYLLEHMA MPOU3BOAUTE/IBHOCTU NPOrPaMMHOro obecrnevyeHus

O6HOB/1IeHbl MHCTPYMEHTbl 06paboTKM 1 aHanm3a (production and analysis tools)
AN MHOTOAAEPHBIX U MHOrOMOTOYHbIX MPU/IOXKEHUI

ynpoueHue rpua-cepBUCcOB, YMEHbLLIEHUE C/I0XKHOCTU, 60/bLLIE LeHTPaAu3aLmum
LLInpokne BO3MOXKHOCTHU AOCTYNA K AQHHbIM

* ZloCTyn K /1t06bIM gaHHBIM C KOOOro camnTa 6e3 HeobXxoAMMOCTH
npeABapuUTEe/IbHOM 3arpy3Ku AaHHbIX

* ONTUMM3ALMM A0CTYNA K AAHHBIM C pabo4vmx MecCT: yAa/1eHHbIN AOCTYT,
yAasieHHbn 1/O

* 3PPEeKTUBHOE KILMPOBAHME HA BCEX YPOBHAX
Bo/iee MHTe//1eKTya/ibHOE pa3MelleHue AQHHbIX/K3WMpoBaHue
PeaepaTMBHbIE XPaHU/NLLLA BaXKHbl 418 60/bLUMX AAaHHbIX

14



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.

USER Communities

T IODIRAC

’ -\/?\.a‘\ Scheduler




PanDa B akcnepumeHTe ATLAS {t

PanDA
\
B skcniepumente ATLAS Ha bonbiiiom agpoHHOM KOJUIaepe p a 1A

yIpaBjieHus BIMUCIUTENbHEIME pecypcamu PanDA Workload Management System (WMS), kotopast
00JaIaeT CIEAYIOIUMH BO3MOXHOCTSIMHU:

* TIlIpoekr PanDA nauancs B 2005 roxy rpymmamu BNL u UTA - Production and Data Analysis

system.

e ABTOMaTU3MpOBaHHAs U rHOKasi CUCTEMA YIIPaBJICHUS 3aJaHUAMU, KOTOPask MOKET ONTUMAJIBLHO
C/IeJIaTh PacIpeAesICHHbIE PECYPChI JOCTYITHBIMU MOJIb30BATEITIO.

e C nomouisio PanDA, ¢pu3uku BUIAT €IUHBIN BEIYUCIUTENBHBIA PECYPC, KOTOPBIN NMpeHa3HAYEH

JU1s1 0OpabOTKM JaHHBIX SKCIEPUMEHTA, JaXe €CIU AaTa-LeHTPbl pa3OpOoCaHbl 0 BCEMY MUPY

» PanDa uzonupyert ¢puU3MKOB OT anmaparHoro o0ecrne4eHrs, CiCTEMHOTO 1 MPOMEXKYTOUYHOTO
IPOrpaMMHOI0 OOECIEYEHUs U IPYTUX TEXHOJOTUUECKUX CIIO0KHOCTEH, CBA3aHHBIX C
KOH(UTYpPUPOBAHUEM CETU U 00OPYIOBAHUS.

* BbluuciauTeNnbHbIEC 33/1a4¥ ABTOMAaTUYECKHU OTCIICKUBAIOTCSA U BBIIOJIHSAIOTCS. MOTYT BBITOIHATHCS
IPYIIOBbIE 3a1a4u (PU3UKOB

B Hacrosimnee Bpemst PanDa koHTpoJIMpYeT:
COTHH J1aTa - HeHTPoB B 50 cTrpanax mupa
COTHHU ThICAY BbIYUCJIUTEIbHBIX Y3JI0B
COTHU MIWIJIMOHOB 32IaHUI B 'O/
THICAYH I0J1b30BaTeIel

VV VY



Dynamic Job Definition in PanDA

» Workload partitioning for traditional and
opportunistic resources

JEDI/PanDA server Job

HPC
L

Task
. / Filling available

nodes and time slots
/ quickly
Job

. Job Job H Volunteer
Grid l | computing l
N Commercial
Optimization for Clouds Event level partitioning to
each grid site minimize losses due to early

Economical usage on terminations
Amazon EC2 spot market




nages
job execution
on local
resources, as
well as data
movement for
the job

* Payload is sent
only after pilot
execution begins
on Compute
Element
« Minimize

latency, reduce
error rates

MANAGERS m CEC“Q Manugomenf
System
N Ly ¥
i S
; 4 . Monitoring ‘
requesfi | generafe | System .
E E production g) | == ' I
{1 fosk analysis 1 o} | o ' NERSC Edison, OLCF
¥ task | .| OSG,US Grid | Titan, others
[} 1 | ; l" \ :'
Task E D i | pilot b 1| pilet
d‘hﬂmon ' i ob ' \
] .--_1'--.
submit ! o B) .....
) | NGI KU Grid
b ! pilot M 1 L
i TP —| : : HPC Pilot
END-USER : T g e Manager
H \ g A [ Pilot Scheduler
| - (autopyfactory)
\
WORKER NODES




CRIC: a unified topology system for a large scale,

heterogeneous and dynamic computing infrastructure

Experiment Applications
Frameworks, services layer |

»RUCIO

SCIENTIFIC DATA MANAGEMENT

@ s DINAC

GlideinWMS

Ssam

/0 Pilots

e disShboan

& hs

@D‘% Phedey @

High-level Information
middleware level

HW/SW Resources
Configuration layer

e,

@ATLAS

EXPERIMENT

Open Science

/. — NORD:

ms

onfigur
ation ALIC%
- Data Management System
\ database/ - 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 ‘;“;sra'

- Service discovery components - Data validation - Testing frameworks



core-0.2.7

\.cms-0.2.6 /

"WLCG CRIC
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core-0.3.1

\ wlcg-0.1.6 /
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£

ATLAS

EXPERIMENT

core-0.3.1

(IightweighD
CRIC
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ongoing

\atlas-O.l.l )

core-0.2.3

\_.COMpass-rc J

DOMA CRIC )
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ESCAP

.................................

e
core-0.3.0

\doma-rc

\_ J
~ ™
\__ J

CRIC offers a common framework describing generic distributed computing

infrastructure with also an advanced functionality enabled to describe all
necessary Experiment specific configurations.



Rucio: Scientific Data Management

provides scientific collaborations
functionality to organize, manage, and access their
data at scale. The data can be distributed across
heterogeneous data centers at widely distributed
locations. Rucio was originally developed to meet the
requirements of the high-energy physics experiment
ATLAS, and now is continuously extended to support
the LHC experiments and other diverse scientific
communities.



CHALLENGES: dlstrlbuted data storage evolution:

GOAL.:
to provide a computing infrastructure to the experiments and the community

to store and analyze data,
»to achieve storage consolidation where geographically distributed storage
centers (potentially deploying different storage technologies) are operated

and accessed as a single entity.

EOS - a CERN open-source storage
software solution to manage multi PB @

storage. Ym]
XRootD - core of the implementation |
framework providing a feature-rich remote

access protocol.

|
|
0
'
r
i
i
;
04

Improvement of already existing production quality
Data Management services.

Scalable technologies for federating storage resources
and managing data in highly distributed computing
environments.




OCHOBHbBIE IPUHIMIIBI APXUTEKTYPbl HAYYHOTO 03€pa JaHHbBIX

T ———

* JOTMYECKOE Pa3/ICIICHUE BbIYMCINTEIbHON HH(PPACTPYKTYPhI U
XPAHEHUS TAHHbBIX;

* HAJIMYME CEPBHUCOB BBICOKOT'O YPOBHS (yHpaBICHUS ITIOTOKaMU
3aJlaHuM, 3arpy3KoM U TaHHBIMH ), B3aUMO/JICHCTBYIOIIUX CO BCEMU
3JIEMEHTaMU HHPPACTPYKTYPhI U YIPABJISIONIUX UCIOIb30BAHUEM
PECYPCOB;

* HATMYME UEPAPXUUECKOM, reorparuuecKku paciupeacaicHHOM
CTPYKTYPbI U3 PETHOHAIBHBIX 03€p JAaHHBIX PA3IMYHOTO 00beMa C
OIPEAEIICHHON CETEBOM TOIOJIOTUEN, BHYTPEHHUMU MEXaHU3MaMU
OaJTaHCUPOBKH, MOAACPIKKH 1IETOCTHOCTH X HEOOXOIUMOM
M30BITOYHOCTH JAHHBIX;

* HAJIMYME «YMHBIX» CEPBUCOB JUISA MEPEAAYN JAHHBIX MEXY BCEMU
KOMIIOHEHTaMH1 MH(MPACTPYKTYPhI, a TAKKE CEPBUCOB IS
ONpeCICHUS U IpeICKa3aHus 00bEMOB BbIYMCIUTEIbHBIX
PECYPCOB, HEOOXOAMMBIX 1 BBIIOJIHEHHS IOTOKOB 3aIaHMH.



ATLAS computing

QBIGTF
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Worldwide LHC Computing Grid Project (WLCG

rastructure of regional centers for prc i
analysis of data of the LHC physical experiments.

The grid-technologies are a basis for constructing this
infrastructure.

A protocol between CERN, Russia and JINR on participation in the

LCG project was signed in 2003. MoU about participation in the
WLCG project was signed in 2007.

IEHG of the  Creation of a complex of tests for WLCG software
Russian centers

¢ Introduction of WLCG services for experiments
o e Development of WLCG monitoring systems
and JINR within [ Development of simulation packages for experiments

WLCG : * Creation of a Tier1 center in Russia




RDIG

~ussian L ata
Intensive _ nd

Russian Data Intensive Grid
Infrastructure (RDIG)

010 the RDIG infrastructure comprises
> 3000 CPU and > 5000 TB of disc storage.
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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

- Kharkov-KIPT (UA)

- BY-NCPHEP (Minsk)

- UA-KNU

-- UA-BITP



* 'Slite alice a

* JINR-T1 0) 0) 1,088,916 0O 1,088, .19%
* JINR-T2 62,059 51,569 98,202 51,669 263,384 11.17%
* RRC-KI-T1 282,895 300,207 0) 152,695 735,798 31.21%

* RRC-KI-T2 14,496 1,435 0 6,828 22,760 0.97%
+ RU-IHEP 36,705 48,761 41,480 37,449 164,396 6.97%
+ |ITEP 13,433 8,342 6,904 10,080 38,760 1.64%
+ PNPI 8,401 2,201 0 6,462 17,065 0.72%
* SARFTI 813 0 0 0 813 0.03%
* SPbSU 5,046 0 0 377 5,424 0.23%
* INR 2,219 0 15,913 2,169 20,302 0.86%
« Total 426,072 412,518 1,251,299 267,732 2,357,244

+ Percent 18.07% 17.50% 53.07% 11.36%



Switzerland
Italy

Germany

United Kingdom
France

Russia
Canada

Spain
Netherlands
Sweden

Japan

Poland

Czech Republic

United States of America

8,147,963,331
5,774,156,381
5,674,877,252
5,121,908,016

2,357,622,552
2,356,189,976

1,622,663,988
1,039,705,220
994,246,136
975,366,029
649,229,705
569,911,773

14,353,309,886 21.85&0-‘

11,827,816,154 18.01%

12.40%

8.79%
8.64%
7.80%

3.60%
3.59%

2.47%
1.58%
1.51%
1.48%
0.99%
0.87%

(JINR — 1,352,300,264)
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GEANT
AT THE HERRT OF GLOBAL RESERRCH

GEANT's pan-European research and education network interconnects AND EDUCATION HETWORKING
Europe’s National Research and Education Networks (NRENs).
Together we connect over 50 million users at 10,000 institutions across Europe.
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North Africa & West & Central Eastern & Southern
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Canada & USA Latin America Europe Eastern Mediterranean Africa Central Asia Asia-Pacific Other R&E Networks
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GEANT's pan-Eurapean network is funded by the GEANT Project {GN4-21, which received funding fram the Eurapean Unian's Horizon 2028 research and innovatian pragramme
under grant agresment 731122, Connectivity to the Eastern Partnership countries (AW, AZ, BY, GE, D, UM is provicisd through the EaPConNect project, with 95% funding from the
Eurcpean Cormmission DG MEAR Undar grant agresiment 2015 356353, Tha map shws topology as at Decerbar 2018, The GH& 2 and [aPCannact partners are listed bclos.
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RUNNet ygacTByeT B IIpSIMOM MEKCETEBOM
oOMeHe ¢ KPyITHEUIITUMH POCCUNCKUMU U
3apyOeKHBIMHU CETIMU:

B Poccun — B Mockse (MSK-1X - 10 I'6ut/c),
Cankr-IletepOypre (SPB-1X - 1 I'burt/c,
DATA-1X - 10 I'6ut/c), HoBocubupcke
(NSK-1X - 100 M6uT/c), Tak u 3a pyOeKoM —
Amcrepaame (AMS-I1X - 10 I'6ur/c) n
Xenbcuaku (HEL-NOX).

Hupepnanapl

[epmaHuA

OuHNAHAKSA
20G

XenbchHKN

CaHkr-lMetepbypr


http://www.msk-ix.ru/
http://www.ix.ru/spb/
http://www.dataix.ru/
http://www.ix.ru/nsk/
https://www.ams-ix.net/
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Amsterdam, MIKHEF o
o

Moscow, MMTC-9

12 amaw, nowewgstne 173, pan G4, uema?ﬂ

/

3 araw, nomelEsase 30, pan 4, mecTo T

St.Petersburg

Geneva, CERN

KIAE/JINR




Big Data + HPC (HPDA - High Performance Data Analysis)

! Annual Size of the Global Datasphere An n u al d ata \
- In2020 | production follows

to exponential law.

Zettabyt
@
=]

High Energy Physics

- CERN Large Hadron Collider (HL)
SCIENCE 5 600 Phryear

Astrophysics

| Square Kilometer
Array radio telescope

(SKA) > 1 Eb/Year

(estimation)

Sea surlace temperature (°C)
e
20 24 8 BI0I2141618 202224 26 2% 30

~ An International radiqteléécope
. ~_for the.21st centur i )
...et cetera Large Synoptic Survey Telescope (LSST) > 1(

Pb/Year (estimation)



Collider basic parameters:
Syx = 4-11 GeV; beams: from p to Au; L~10%7 cm2c! (Au), ~1032cm-2c’! (p)
KRION-6T+HILac (3MeV/u)

a b i - y
PS and
L

k. 84 P L {o Store :
after processing*and analySis

Booster
~ 2= Y\ (600 MeV/u)
NUCLOTRON
0.6-4.5 GeV/u

Detector - MPD




JINR Laboratory of Information Technologies

was founded in August 1966

The main directions of the activities at the
Laboratory are connected with the provision of
networks, computer and information resources,
as well as mathematical support of a wide
range of research at JINR in high energy
physics, nuclear physics, condensed matter
physics, etc.

Computing Is an integral
part of theory, experiment,
technology development

Many recent successes only possible because |
of significant community effort to develop and
advance the necessary computing tools!

M.G. Mescheryakov

N.N. Govorun




JINR Network and telecommunication

ol el e )

2, #LLE
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ArvsteidamyHIKHER = Eﬁ e )

u wisH  Upgrade Local narteor
{_'.—h__l_:\'EF-IN e . Foum pi0kgs | From 10Gops
Ciucoen s | AT T Tozd0Geps o 100Gbps
W i LHCGNE 7 e

100 Gb/sec =) 3 x 100 Gb/seq

v

2 x 10 Gb/sec==) 2 x 100 Gb/seq

Comprises 8008 computers & nodes, Users — 7715, IP — 14154, Remote VPN and EDUROAM users — 396,

E-library- 1505, mail.jinr.ru-2677, AFS -369, VOIP — 131



Multifunctional Informatlon and Computing Complex

hYBRI | [l

Grid-Tierl: Grid-Tier2 : HPC Govorun

CICC: 1872 CPU Peak ~0.86 Pflops
10688 co':sk 4728 cores 8.142 TBRAM || HybriuiT: i
12:85 PE IS 3.7 PB disk 1.3 PB disk ~70 THI

12.5+40 PB tape : = ops

<-» : 'N A off-line clusterand sto”i‘age system,.... —
' L]

= DAIALAK - e 4740TB EP=0S

- I g - . - (=V/7 I T o

<‘\letwork infrastrueture: LA ,mp,ic}‘{abﬁe%}\ihl 2)@4&0‘“ SRR

| * ArGaAdy e
= e I==Engineéring infrastructure




JINR Tier1 for CMS
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NEvents processed for CMS good jobs in MEvents (Million Events)

T1_ES_PIC
T1_DE_KIT

58591
100330 4%
T

T1_UK_RAL

10 688 cores
~160 000 HEPSpec06

12.85 PB disk

12.5 + 40 PB tapes

100% reliability and availability —mma

158675
1%

T1_RU_JINR
301493
20%



Cratuctuka Tierl CMS nentpos 3a 2019 roa

\

Tierl — Sum CPU Work (HS06 hours) Year 2019 for CMS NEvents processed for CMS good jobs in MEvents (Million Events)

* US-FNAL-CMS 1,891,461 34,7%
* RU-JINR-T1 1,088,916 20,0%
* FR-CCIN2P3 602,687 11,0%
* DE-KIT 564,915 10,3%
* UK-T1-RAL 545,622 10,0%
« |IT-INFN-CNAF 526,155 9,6%

« ES-PIC 214,433 3,9%



Experiments that are processed by the

Blg%ata |




S COMPUTING PLATFORM

HybriLIT education and
testing cluster

CPU-component
Intel Skylake gen 2

- N - _ 21 CPU-component intel,
~ Nvidia | ~ Nvidia | ' Intel Xeon Phi (KNL)

Tesla Tesla =
- K20 - Kg0 | | GPU-component

M GPU DGX-1 Volta
10 comﬁutation nodes LU Sm b

\ / Total Peak Performance
Double precision 860 Tflops

Single precision 1,5 Pflops
288 TB high-speed data storage >300 GB/sec




MopaepHusaumna cynepkomnbiotepa «f oBOpyH»

MepBasa ouepeab 2018:

1 PFlops for single precision
500 TFlops for double precision

NMonHaa nukoBaa NPou3BOAUTENbHOCTD:

Btopana ouyepeab 2019:

NonHaa nuKosan
NPOU3BOAUTENIbHOCTD:

1.7 PFlops for single precision
860 TFlops for double precision
288 Tb CCX/, co CKopoCTbIO
ssoga/sbiBoga >300 I'b/c




CPU-component of GOVORUN: the decision of ''RSK Tornado''

Unique heterogeneous and hyper-converged
system

* Multipurpose high performance system with
direct hot liquid cooling of all system
components

XEON PHI
Inside”

* The most energy-efficient system in Russia (PUE
=1,03)

* First 100% hot liquid cooling of Intel” Omni-
Path interconnect

Record-breaking power density — up to 100 kW per 42U cabinet with proven high efficiency RSC
liquid cooling technology providing record compactness




GOVORUN

storage

«Warm»data
storage

«Semi-cold» data
storage

Data lake

«Semi-cold» data
storage

«Cold» long-term
data storage
on tape library




router

[ ]
JINR pub and priv
subnets

20 x 10 Gbps
Priv subnet
for storage

°
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management subnet
20 % 100 Mbps

router

Purpose:

increase the efficiency of hardware and proprietary
software utilization,

improve IT-services management.

Implementation:

Cloud platform: OpenNebula

Two types of virtualization: OpenVZ containers
(linux only) and KVM VM (any OS)

Storage back-end for KVM VM images: ceph block-
device

user interfaces: web GUI and command line
interface

Authentication in the cloud web-GUI : JINR central
user database (LDAP+Kerberos)

VM/CT access: rsa/dsa-key or Kerberos credentials

Utilization:

VMs&CTs for JINR users

Computational resources for Baikal-GVD, BESIII,
Daya Bay, JUNO, NOVA experiments

Testbeds for development and R&D in IT

Service URL: http://cloud.jinr.ru



Cloud resources of JINR Member State
organizations INiEgEuon

INP Astana branch -
PE «NULITS»
(Kazakhstan): integrated
University "St. Kllment Ohndskf' e B ; GRENA (Georgia): mtegrated
(Macedonia): rels ' ) Nomgoi
negotiations
- INP (Uzbekistan):
b work in progress |
SU (Bulgarla) — To e iz )
work in progress [ e ; wini e GTU (Genrgia)j _
e | *_“‘“ : e ok onaristan | work in progress 35
Moroceo, T e L T . cr&:;h
| E\IRNE Bulgarla) integrated o % o wﬂLh“ﬂ .? > o
= |:ethI (Armenia): suspended |.:{ |P (Azerbaijan): mtegratedj{ 7, =50 A

L
v aai e



The system allows one, in a real
time mode, to observe the
whole computing complex state
and send the system alerts to
users via e-mail, sms, etc. ~ 850
elements are under observation
~ 8000 checks in real time

~ 100 scripts



JINR DATALAKE

,,,,,,

e — :_.' =

he JINR DataLake prototype was built asa

distributed EOS storage system.

» BEOS was successfully integrated into the MICC
structure.

» BOS is used for storing and accessing big arrays of
information.

» It can be applied for collective data simulation,
storage of raw data gathered from experimental
setups, data processing and analysis.

WLCG resources Local resources
High Level Services

We start to develop the common Ausnorization | irsstructue
EOS based data storage for L ] Monitoring

MICC components. |
Total space: 3740TB

User space: 1870TB (2 replicas)

Distributed MICC storage = EOS+dCache

Infrastructure

Datalake

Computing
Infrastructure



A COMPUTING CONCEPT & CHALLENGES
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Simulations

% Event reconstruction
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Computing for the NICA megaproject

F .
(FC ECal SCColl ~ o
Tracker

GGUGHUN Yoke
o “Cold” Data \
Storage 7
EOS F5 5 |
“Cold” Data ) ' t
Storage
|"rH\G}'I.J" ZFS FS N , T-FTc Cryastat
Stﬂrage
Lustre F5
[ Modeling:
= physical events;
" receiving
data from detectors.
(] Data storage
organization.
Particles Events

Generator More than 60 million events was reconstruction

- internal  generated for MPD experiment
- external



J

(NiCA) ML Tracks Reconstructio!

n BM@N

Machine learning algorithms bring a lot of potential to the tracks reconstruction
problem due to their capability to learn effective representations of high-dimensional
data through training, and to parallelize on supercomputer GOVORUN.

& i
. E i
i
I
-

& i
B F

Input data for the first step algorithm were Real track
simulated by GEANT in MPDRoot True found track
framework for the real BM@N Ghost track
configuration. White dots are both hits and fakes

Efficiency 97,5%



MICC unified resource management system

JINR HR DB?

The unified resources management system Authentication
Authorization system
system

Workload management Information Data management system
system system

N Monitoring

I"IIJ/II | I

N / / \
I i.l ii . Accounting
[

L Fﬁiﬁﬁ:‘: dCache & MSS L‘:ﬁ}rﬁ‘:‘fg;’“ Configuration
MICC (HTC) GPU  Supercomputer disk storage) (Longterm storage) 9
(HPC) |
. Software
S Computing resources A Storage resources ) deploylment
service
z Services in the Cloud infrastructure: DB, HTTP, etc. /)
.

The main objectives of a unified resource management system are:

—to provide the ability to process large amounts of data;

—to provide the possibility to organize massive computing tasks;

—to optimize the efficiency of the use of computing and storage resources;
—to effectively monitor the resource loading;

—to consolidate the accounting for the use of resources;

—to provide a unified interface of access to resources.



Strategy of Information Technologies and

Sclentiiic ConuoUhsiake] il IUNIR

CONCEPT
of the development of - i
IT-technologies and scientific '
computing aimed at solving
strategic tasks of JINR through the
introduction and development of a
whole range of advanced IT

solutions, integrated into a unified o
computing environment — learning and
scientific 1T ecosystem that e ohts
combines a variety of
technological solutions,

concepts and methodologies.

Data centers
infrastructure

I

Training Application
software
centers for
IT- adapted to
new
architectures

specialists

Software
developers



MexxagyHapogHas wkona rno MHPoOpMaLunOHHbIM
TEXHONOrMaAM«AHaNUTUKa bonbLlUnX gaHHbIX»

\ L LA N\ J L] /1 LLIINYWUJUIIDD | 14U /|

| 1 \A

«AHannTnkKa 0onbLWNX OaHHbIX»— NOArOTOBE
BblICOKOKBanmduumposaHHbix N T-cneunanmncrtos mcm Data
Science, ymewuwmx dopmMynmpoBaTb U pellaTtb Hay4YHO-NpaKkTU4eckne
3aJayu c ucnosnb3oBaHNEM aHanNMTUKM bornblinx gaHHbIX. [Nporpamma
NOAroTOBKM DyOEeT OpUEHTUPOBaHa Ha rnpuobpeTteHmne rnybokmx
3HaHWM B 0OnacTn MaTemMaTn4eckon CTaTUCTUKU, MALLMHHOIO
oby4yeHus1, NnporpaMmMmMpoBaHnNs, METOAOB N TEXHOMNOIMN 06pPaboTKn K
aHanusa gaHHbIX, NOHMMaHns b3Hec-3anpocoB 1 3adad CBOeM
oTpacnu.

Cpean OCHOBHbIX HarnpaBneHn NOAroToBKM OTAENbHOE BHUMAHME
byneT yaeneHo pa3BuTmMio ModesNi KOMMNbKOTUHIA, NPOrpaMmMHON
nnaTopMbl CUCTEMBbI COOpa, XpaHeHMs, 0bpaboTkn 1 aHanmsa
OAaHHbIX 9KCMEPUMEHTOB Ha ycTaHoBKax Knacca meracaneHc (NICA,
PIC, LHC, FAIR, SKAn gp.).




LIT traditional conferences

GIR|1L]|D] '.
Q =

Distributed Computing and Grid-technologies
in Sc:lence and Educatlon

(MMC(B({o{1{g)

MATHEMATICAL MODELING AND  Staré Lesné, High Tatra

Mountains, Slovakia

COMPUTATIONAL PHYSICS 2019  July1-5,2019
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Heob6x04MMO CylecTBEHHOE Pa3sBUTUE H
HayKu 1 obpasoBaHusa (NREN) 1 ee mHTerpaums ¢ Apyrumu ceTamum,
B NepBYO ovepesb Cc eBpornenckon cetbrto GEANT

* Pa3sButne RDIG-M c ue/1bto MHTerpauum KOMrnbTEPHbIX pecypcoB
pas/indHom apxuTekTypbl (grid, cloud, HPC, clusters) g
MeracameHcC NpoOeKTOB

* Pa3BUTME HOBbIX METOA0B M TEXHOA0IMI CObOopa, 06paboTKy,
XpaHeHUA, MO e/IMPOBAHUA, aHa/IM3a, BU3Yya/IM3aL MM AAHHbIX

# oAroTOBKA BbICOKOKBA/IMOULMPOBAHHbIX CMELMA/IUMCTOB B
06/1aCTV COBPEMEHHOIO KOMMbIOTUHIA A4/11 MeracameHC NpOeKTOB.
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