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MemoObl U mexHo/102uu 06pabomKu OdHHbIX 8
2emepo2eHHbIX 8blYUC/IUME/IbHLIX cpeddax

KopeHbKoB Baragunmup Bacunbesuny

HayuHbili pykoBogutenb JlTabopatopmn nHPopMaLUOHHbIX TEXHONOTNIA
umenu M.I. Mewepakosa OUAU
3as. Kadpepgpoi «PacnpegeneHHbie MHGOPMALUOHHO-BbIYUC/INUTE/IbHDIE CUCTEMbI»
lfocypaapcTtBeHHOro yHuBepcuteta «ybHa»

OceHHAA cTyaeHYecKaa UT-wikona,
Oy6bHa, IUT OUAN, 7 oKkTabpa 2024 r.



Joint Institute for Nuclear Research

International intergovernmental organization

Established on 26 March 1956 and registered with the United Nations
Located in Dubna, Russian Federation

230MS budget



Implementation of the JINR Development Program

iTte Science

Life Science



Meshcheryakov Laboratory of Information Technologies

Meshcheryakov Laboratory of Information Technologies of the Joint
Institute for Nuclear Research in Dubna was founded in August 1966. NN G
.N. Govorun

The main d|r_egt|ons of the activities at the Lab_oratory are connected (18.03.1930 - 21.07.1989)
with the provision of networks, computer and information resources, as
well as mathematical support of a wide range of research at JINR.

M.G. Mesheryakov
(17.09.1910 - 24.05.1994)



Strategy for Information Technology and

Scientific Computing at JINR

Scientific IT ecosystem:

Coordinated development of interconnected IT
technologies and computational methods

It will be a steady implementation/upgrades of

* Networking (Tb/s range),

« Computing infrastructure within the
Multifunctional Information & Computing
Complex (MICC) and

« “Govorun” Supercomputer,

« Data center infrastructure,

« Data Lake & long-term storage

for all experiments.

The development of new data processing and
analysis algorithms based on

« ML/DL,
» Atrtificial intelligence,
» Big Data

* Quantum technologies.

A variety of means will be used for IT specialists’
upskilling.



pnAa TeXHONOrMM — NYTb K ycnexy

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

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

ycnexa (sapaay c yckoputesem LHC u
$U3MYECKMMU YCTAaHOBKAMM).

be3 opraHusayuu rpug-MHPpPaCTPYKTYpbl HA
LHC 6b1/10 661 HEBO3MOXHO 06pabaTbiBaTh U
XPaHUTb KO/I0CCa/IbHbIM 06beM AaHHbIX,
NOCTYMAaKLWMX C KO/A/Iangepa, a 3Ha4uT,
COBEepLUATb HAay4Hbl€ OTKPbITUA.

Ce200HsA yme HU OOUH KpynHbll NPpoeKm He
ocyuwjecmeum 6e3 ucno/s16308dHUA
pacnpeoesieHHOU UHPpdcmpyKmypbl 0411
06pabomKu OdHHBbIX.



asonwouna AT

" MeHANUCb KoHuenunuum

" KPYyr h ChoXXHOCTb pellaeMbliX 3a4a4

nepsble uudpposbie nnatpopmbl
noaAep)XKu, paboTatoLwimx B

. yrl'IY6!'IHI'IaCb cneunann3auuAi pa3pa6OT‘-IMKOB peéa/ibHOM BpemeHU

" BO3HWKa/ HOBbIWN TEXHONOTMYECKUN HAbOP

" COKpalwanocCb BpemAa BBOAa HOBbIX MPOAYKTOB U
cepBnUCOB

NepBoe nokoneHue (1960-e rogbl) — menHPpermbl

Btopoe nokoneHue (1970-e roabl) — yHuBepcanbHble IBM

Tpetbe nokoneHue (1980-e roabl) — nepcoHasbHble
KOMNbIOTEPbI

YerBepToe nokoneHue (1990-e rogbl) — KAMeHT-cepBep

Natoe nokoneHue (2000-e rogbl) — cepBUCHAA
apXuTeKTypa

LLlectoe nokoneHune (2010-e roabl) — obnaka

Ceabmoe nokoneHue (2020-e rogbl) — 10T, UICKYCCTBEHHDIM
WHTENNEKT, KBaHTOBble BbIYUC/IEHUA



Reach Exascale by 2018

From GigFlops to ExaFlops

ExaFlop
Frontier 2022
Exabyte
CERN 2023

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



KoHuenuusa Npug
«I'pun - 310 cUcTEeMa, KOTOpAas:
* KOOPAUHUPYET UCI0JIb30BAHUE PECYPCOB IPH OTCYTCTBUM
LEHTPAJU30BAHHOI0 YIIPABJIEHUS ITUMHU pecypcaMu
* HCIOJIb3YeT CTAHAAPTHBIE, OTKPHIThIC, YHUBEPCAJIbHbIEC
MPOTOKOJIbI U HHTEP(EHChI.
- 00ecneYuBaeT BLICOKOKAYECTBEHHOE 00CTY:KUBAHU )

(Ian Foster: "What is the grid? ", 2002 r.)
Mopaenu rpua;:

+* Distributed Computing

+* High-Throughput Computing

+* On-Demand Computing

+»* Data-Intensive Computing

+* Collaborative Computing

MexKancumMnanMHapHbIA XapaKTep rpua: pasBuBaemblie TEXHONOTUN
NpPUMeHAIOTCA B pU3UKe BbICOKUX IHEPTUn, KocmodpusuKe,
MUKpPOOMOoNorumn, 3KoN0rMmn, METEOPO/IOrUN, PA3IUUHbBIX MHXXEHEPHDbIX U
6usHec npunoXxeHusax.

BupTtyanbHble opraHusauum (VO)



Some history

1999 — Monarc Project
CERN

* Early discussions on how to organise distributed computing for LHC /)
2001-2003 - EU DataGrid project I/ \[\
AL

 middleware & testbed for an operational grid
2003 — RDIG in Russia (Tier2)
2002-2005 — LHC Computing Grid - LCG
2004-2006 — EU EGEE project phase 1

="
2005-2006 - PanDA and DIRAC |y b
S

2006-2008 — EU EGEE-II =.'-C
2008-2010 - EU EGEE-III )
2010-2012 - EGI-InSPIRE

2010 — GRID-Cloud

2012 — discovery of the Higgs Boson

2013 — Tier1 in Russia (JINR and KI)

2013 — GRID-Supercomputer TITAN

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

ALICE ™ :
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Experiment) ~ LHC
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Data Collection and Archiving at CERN

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

Run 1 Run 2 Run 3 Run 4

— Grids to Clouds 12



Tier Structure of GRID Distributed
Computing:
Tier-0/Tier-1/Tier-2

lan.Bird@cern.ch

13



MpoekT EGEE - Enabling Grids for E-sciencE

MpoeKT EGEE - Enabling Grids for E-sciencE HanpaBaeH Ha co3a4aHNe MeXKAYHAPOAHON
NHPPACTPYKTYPbl, OCHOBAHHOM HA TEXHONOMUAX rpma,. NpoeKT BbINOJIHAETCA KOHCOPLUYMOM U3
70 MHCTUTYTOB B 27 CTPaHaX, 00 beANHEHHbIX B PErMoHasibHble rpuabl.



Russian Data Intensive Grid infrastructure (RDIG)

The Russian consortium RDIG (Russian Data Intensive Grid), was set up in

September 2003 as a national federation in the EGEE project.
In 2010 the RDIG infrastructure comprises 12 Resource Centers with
> 3000 CPU and > 5000 TB of disc storage

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



RDIG monitoring&accounting
http://rocmon.jinr.ru:8080

Monitoring — allows to keep an eye on parameters of
Grid sites' operation in real time

Accounting - resources utilization on Grid sites by
virtual organizations and single users

Monitored values
CPUs - total /working / down/ free / busy
Jobs - running / waiting
Storage space - used / available
Network - Available bandwidth
Accounting values
Number of submitted jobs
Used CPU time
Totally sum in seconds
Normalized (with WNs productivity)
Average time per job
Waiting time
Totally sum in seconds
Average ratio waiting/used CPU tire
per Job JINR CICC
Physical memory
Average per job

16



Development of RDMS CMS computing model

RuTier2 Grid access to CERN
2004: 155 Mbs
2005: 310 Mbs

; 2007: 1-2 Gbs
- @ RDMS CMS
Sk oL

Data processing&analysis scenario is

developing in a context of estimation of @
resources on a basis of selected physp
channels in which the RDMS C

to participate.

Institutes in Russia: IHEP, ITEP,
JINR, SINP MSU (as 4 basic centers),
LPI RAS, INR RAS, PNPI RAS
Collaborative RDMS Institutes:
ErPhl (Armenia), HEPI (Georgia)
KIPT (Ukraine), NCPHEP (Belarus)

RDMS CMS computing centers

Collaborative
centers:

RCC MSU,
RRC KI




File Transfere System Monitoring and Testing

Storage system Storage system

3apauun FTS
WEBSERVICE
UHd. o 3apgayax:
UHdbopmavnus

% i 3anaqax
WUHb. o 3apavax

3anpochsl

MONITORING
TOOLS

3anpochbl

UHdopmauuna

FTS
DATABASE
3anpocsl
O6GecneunBaeTt
Vl‘l-ld)/.onepena‘lax cepTudmkatbl
SERVER
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The Worldwide LHC Computing Grid

_;.'Eurupa'Technulugle.ﬁ



Participation in WLCG MCDB Development

f_ Monte-Carlo Data Base - Windows Internet Explorer provided by CERN |Z||E||X|

. . @gr' |@http=ﬁmcdb-cern-chf V| || % |Google ||E|
MCDB access libraries have been P Pee— & - v - ook 7

integrated to CMSSW software

Several improvements have been
made in MCDB software = ErEE

|[ Go ] | PP-=WBBJ->LNU,BEJ PROCESS

New improved XML schema has e N e o
There are about 1.1 MEvents of CompHEP p,p-

been deve|oped for H|gh Energy _ PRl | . bbj with leptonic decays of W. Spin

" |correlations and contribution from the initial sea

Physics Markup Language (HepML) B i bl 100t 2007, 15:50 |8

Doudko ID: 118 .:

T-CHANNEL SINGLE TOP EVENTS IN

The program libraries have been ; l| e o e MO et mpelete
developed to WO rk With neW — Events for the t-channel si_rlgle top production
HepML schema = BBl o) with an cffective NCO techique, |

- {described in Phys.Atom.Nucl.69:). Events prepared
~ |in HepMC format as an output of CMSSW Pythia
o |output events and ready for the CMS production.
. |More details on the parton level samples are
available in the related article: aricle 41
Author(s): Lev Doudko, published: 4th May 2007,
Dmitri Konstantinov 10:13 [ ID: 117 .:
SINGLE TOP S-CHANMEL EVENTS

4 times visited since October Statistics of visits to

58 Local intranet H100% T

http://mcdb.cern.ch/



Clouds and grids

e Both ones share two main attributes:

— they provide access to remote computing resources; and

— they provide a service.

o But they are based on different paradigms:
— clouds are being based on virtualization of resources,
— grids being based on the sharing of resources across boundaries.

« Modern trend is a synthesis of these two technologies:

o
®

Cloud resources
suppliments grid ones (e.g.
during peak load to provide
required QoS)

cloud

@

Services of grid site are
deployed on cloud VMs
(to increase hardware
utilization efficiency and
simplify admins' work)

Synergy of 1st and 2nd
approach



T-infrastructure implementation

o Allservices are deployed on
VMs (OpenVZ)
o Main parts:

o three grid sites on glite
middleware,

o GT5 testbed,

o desktop grid testbed
based on BOINC,

o testbed for WLCG
activities.

e Running since 2006

22



Cuncrema MOHUTOPUHra Tier3-LeHTpoB a1s
aHanm3a gaHHbIX akcnepumeHToB BAK

[Ona nccnepgoBaHus LeHTpoB ypoBHS Tierd B ONAN 6bina paspaboTtaHa apxutektypa
TECTOBOW MHAPACTPYKTYPbI, KOTOpas NO3BOSIAET co3daBaTb MPOTOTUMNbI PA3STINYHbIX
KOH(pUrypaumm ueHTpoB ypoBHS Tierd. C npMMeHEeHUeEM TEXHOSOMMN BUPTyanusauum
Takasi UHpacTpykTypa bbina peanusoBaHa Ha 6a3e BUPTYyanbHbIX KIAcTEPOB, YTO
NO3BONUMNO pa3paboTaTb AN Kaxaoro BapnaHta KoHurypaumm goKyMmeHTaumio,
HaCTPOWUTb NN paspaboTaTb cpeacTBa NOKanbHOrO MOHUTOPUHra, BblipaboTaTb NOSHbIE
pekoMmeHaaumm no cucteme cobopa nHdopmaummn ansa rnobanbHOro MOHUTOPUHIA

LEHTPOB ypOBHS Tiers3. Peannsauua cuctemsl

MOHUTOpPUHra Tier3 —
4 2wNs)” 2 WNs 2w 2 v LeHTpoB (He-rpug) nmeer
!’ (3 (3 OrPOMHOE 3Ha4yeHue ang
g’ g’ g’ g’ KoopauHauum paborT B
_Po5 (o) PROOF ) | Conder ) \Oracle Grid Engine pamkax BMpTyarnsHou
opraHusaunu, Tak Kak

4 V4 servers\ [ servers \ )
Ganglia
- obecnevmBaeTcs
& frontend -

rnobarnbHbI B3rNsa Ha
Client MDS Manager (redirector)| | Manager (redirector) gg\sltelopment BKnanul Tler3 CaVITOB B
st S S BblYNCIUTESbHbBIN NPOLIEeCC.

Poster reports at the Conference “Computing in High Energy and Nuclear Physics” (CHEP) 2012
21-25 May 2012 New York City, NY, USA

23/98



ApXUTEKTYypa cMCTeMbl pacrnpege/IeHHOro XpaHeHus
AAHHBbIX d3KcnepumeHTa ATLAS

Pa3paboTKa HOBOM apXUTEKTYPbI CEpPBMCA
yAaneHuna gaHHbIX ansa obecneyeHms
LLe/IOCTHOCTU pacnpeneneHHOro XpaHeHuA
nHpopmaumm akcnepmnmeHTa ATLAS.

06CNyKMBaET 3aNpochl Ha yAaneHue,
opraHusyeT 6a/1aHCUPOBKY HarpysKH,

obecneumBaeT macwTabmnpyemocTtb U
OTKa30yCTOMYMBOCTb CUCTEMDI,

KOPPEKTHY0 06paboTKy UCKIOUYEHUN,
BO3HMKalOLWMX B npouecce paboThl,

cTpaTernio NoBTOpa onepauuin B
C/ly4ae BO3SHMKHOBEHUA OTKa30B.

Pa3spaboTaHbi:

HOBbIN MHTEPPENC mexay
KOMMOHEeHTaMM cepBuca

co3JaHa HoBaA cxema 6a3sbl AaHHbIX,
NepecTpoeHo aapa cepsuca,

CO34aHbl UHTEPPENCHI C CUCTEMAMMU
MaCCOBOrO XpaHeHMS,

MOAEPHU3NpPOBAHA CUCTEMA
MOHUTOPUHTra paboTbl cepBuca.

200000 Last 24 hours amount of deleted files at all clouds

350000

300000 . CA

CERN

250000 ES

200000
ND
150000 N
UK
us

AL

100000

50000

0 00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00
2012.08.12 22:30 - 2012.08.13 22:30

Co3paaHHbI cepBuUC 0becneynBaeT Le/10CTHOCTb
XpaHeHUA MHPOpMaLMKM B reorpapuyeckn
pacnpegeneHHon cpege. [aHHble SKCneprMMeHTa
ATLAS pacnpegeneHbl 60n1ee, 4yeM Ha 130 rpug-camrax
c 06WMm 06 beEMOM ANCKOBOrO NPOCTPaHCTBA bosee
120 neTtabanT, B KOTOPOM XPaHATCA COTHU MU/I/IMOHOB
dannoB. HegebHbI 06BbEM yaanaemblX AaHHbIX
coctasaseT 2 16 (20 000 000 ¢dait1oB).



[nobanbHasa cMctema MOHUTOPUHIa nNepeaavm AaHHbIX
B UHOpacTpykType WLCG

CyTb NpOEKTa COCTOUT B CO34aHUM
YHMBEPCA/IbHOM CUCTEMbI MOHUTOPUHTA,
cnocobHom cobupaTb MHPOPMaLMIO :

0 KaXJoun nepenaye AaHHbIX (bonee 1
MNeTabainTa B AeHb),

- HEe3aBUCMMO OT MEeTOAA OCYLLEeCTB/IEHUA nepeaayu
(HECKONbKO NPOTOKO/I0B U
cepBucoB nepegauun pamnos, FTS, xROOTd),

- YpOBeHb pecypcHoro ueHTpa (Tier-0,Tier-1,Tier-2,Tier-3)
- MPUHAANEKHOCTU AaHHbIX ONpeaeneHHOM BUPTYabHOM OpraHmn3aunm;

- nepepaBaTb C BbICOKOM CTENEHbIO HAAEKHOCTN cOOpaHHYO MHPOPMaLMIO B
ueHTpanbHoe xpaHunmuwe (ORACLE, HADOOP);

- 0bpabaTbiBaTb CO6pPaHHbIE AaHHbIE ANS NPEeAOCTaBAEHUA PA3/IUYHbIM
notpebutenam n nporpammHblie MHTeEpPPENCbl AN NONYYEHUA AAHHbIX.

Cuctema no3BoAAET NONHOCTbIO YA0BNETBOPUTb NOTPEOHOCTM B HOpMaLUm
Pa3/INYHbIX TUMOB NO/b30BaTeNeil U aAMUHUCTPATOPOB UHPPACTPYKTYPDI
WLCG.

25



ApXUTEeKTypa rnobasibHOM cucTtembl MOHUTOPUHIA Nepenayn
naHHbIX B UHGpacTpyktype WLCG

26



JINR CMS Remote Operation Centre

Founded in 2009 as a part of GRID-based JINR Tier-2

dMonitoring of detector systems

(Data Monitoring / Express Analysis
Shift Operations (except for run control)
U Communications of JINR shifter with
personal at CMS Control Room (SX5) and
CMS Meyrin centre

L Communications between JINR experts
and CMS shifters

1 Coordination of data processing and
data management

dTraining and Information

27



Leadership Computing Facilities. Titan

8/6/13 Slide from Ken Read
Big Data Workshop 28



Extending PanDA to Oak Ridge Leadership
Computing Facilities

Grid Center

Data (GridFTP)

Data (PanDAmover) /

- /
Local
storage

ATLAS (BNL, UTA), OLCF, ALICE (CERN,LBNL,UTK) :
adapt PanDA for OLCF (Titan)
reuse existing PanDA components and workflow as much as possible.

PanDA connection layer runs on front-end nodes in user space. There is a predefined host to communicate with CERN
from OLCF, connections are initiated from the front-end nodes

SAGA (a Simple API for Grid Applications) framework as a local batch interface.

Pilot (payload submission) is running on HPC interactive node and communicating with local batch scheduler to
manage jobs on Titan.

Outputs are transferred to BNL T1 or to local storage



MHTerpauua TeXHoNorMm pacnpeaeneHHbIX BblYUCIEHUN ONA
ynpasaeHua 6oabliMmmn JaHHbIMK

PanDa, Kak nnatdpopma, obecneymnmBatoLLas
NPO3pPavyHOCTb NMPOLLEecca XpaHeHnsa, 06paboTKu
M YNPaB/EHUA AaHHbIMW ANA NPUNOXKEHUN C
6oNbWMMM NOTOKAMU AAHHbLIX U MAaCCUBHbIMMU
BbIYUC/IEHUAMM.

Passutne PanDA B HanpaBaeHUU UHTerpauum

PA3/INYHbIX CUCTEM PacnpeaeneHHbIX u

napansienbHbix BblMMcneHmnn (rpma, cloud,

kKnactepsol, UO/[, cynepKomnbloTePbI) C LEeNbto

CO34aHNA YHMBEPCaNbHOM NAATPOPMbI ANA

KPYMHbIX MPOEKTOB yrnpasaeHUsa 601blwmnmum

NAaHHbIMMN B HAYKe, rocyAapCTBEHHOM

YNpaBAeHnn, megunumHe,

BbICOKOTEXHONOTMYECKON NPOMbILLJIEHHOCTMH, Cymeprommsiorepst Nel5, 2013, ¢1p.56
busHece.



ATLAS computing




New COMPASS Production System

COMPASS Grid Production System was developed and

provides automated task processing from definition till Tasks requests layer:
archiving Web UI

Key features:

Production management via Web Ul, allows one to define a Task definition layer:
task, send, follow and manage it during lifecycle. ProdSys

Via PanDA job execution layer jobs are being sent to any

available type of computing resource: Condor, LSF, PBS, etc. Job definition layer:
Computing sites: CERN Tier-1, JINR Tier-2 ProdSys

Storage: EOS and CASTOR at CERN

Job execution layer:
All management services deployed at PanDA

JINR Cloud Service
In production since August, statistics:
~1 000 000 chunks of raw data processed,
~30 billions of events,
~200 TB of data produced,
~3 000 000 jobs processed:
reconstruction, ddd filtering,
merging of mDST, histograms
and event dumps.




Tierl center

March 2011 - Proposal to create the LCG Tier1
center in Russia (official letter by Minister of Science
and Education of Russia A. Fursenko has been sent to
CERN DG R. Heuer):

NRC KI for ALICE, ATLAS, and LHC-B

LIT JINR (Dubna) for the CMS experiment

The Federal Target Programme Project: «Creation of the
automated system of data processing for experiments at
the LHC of Tier-1 level and maintenance of Grid services
for a distributed analysis of these data»

Duration: 2011 - 2013

September 2012 — Proposal was reviewed by
WLCG OB and JINR and NRC KI Tier1 sites
were accepted as a new “Associate Tier1”

Full resources - in 2014 to meet the start of
next working LHC session.

33



CosnaHue CMS Tier-1 8 ONAN

2012 | 2013 2014
CPU (HEPSpec06) | 14400 | 28800 57600
Number of core 1200 | 2400 4800
Disk (Terabytes) 720 3500 4500
Tape (Terabytes) 72 5700 8000
Link CERN-JINR 4 10 40

>|/]H)-KeHepHaF| NHPpPacTpyKTypa (cuctema
becnepeboONHOro aIeKTPONUTaHNA, KIMMaT-

KOHTPONA);

>Bblcor<ocr<opocmaﬂ HaJeXHas ceTeBasn
NHPPACTPYKTYpPaA C BblAENEHHbIM PE3EPBUPYEMbBIM
KaHanom B LLIEPH (LHCOPN);

> BblUUCAUTENbHAS CUCTEMA U CUCTEMa XPaHeHMA Ha
base AMCKOBbIX MacCMBOB N IEHTOYHbIX onbnnoTek
60/1bLLON eMKOCTU;

> HapexHocTb n goctynHoctb 100%



Tierl center JINR for the CMS experiment

Current configuration
6000 cores
6 PB disks
11 PB tapes
100% R/A
70 TB per day

Grid Tier-1 is one of the 7 centres in the world intended for
large-scale processing of experimental and event-modeling
data coming from the centres of Tier-0 (CERN), as well as
Tier-1 and Tier-2 of the Worldwide Computing Grid WLCG
for the CMS experiment



JINR Tierl for CMS

* 20064 cores Accounting- 2014 1t0 2024 8 normcpu for CMS
360 kHS23 TIER1 and Year

15 PB disks 3E+09

103 PB tapes 2,5E+09

* 100% reliability and 2502

availability 1,58:09 L \ I I | |
1E+09
500000000 I_ l l l h i i '

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

B USFNAL-CMS B RLHINR-T1 DE-KIT T-IMFMN-C MAF
m FR-CCINZPF3 mUK-TI-RAL mEZPIC

TierlCMS 2023 July-2024Sep %

RU-JINR-T1 2,329,354,057 25,43
US-FNAL-CMS 1,995,967,865 21,61
DE-KIT 1,318,968,102 14,19
UK-T1-RAL 1,206,928,818 13,00
FR-CCIN2P3 873,169,312 9,04
IT-INFN-CNAF 795,249,12 8,61

ES-PIC 709,757,725 7,68



Tier2 at JINR

Vcroms3osanme Tier2 caiira OUSAN (JINR-LCG2) ~ Tier2 at JINR provides computing power and data storage and access systems for
BHPTYaJIbHBIMI OPraHU3ALMSAMH B PAMKaX TPHI- the majority of JINR users and user groups, as well as for users of virtual
IPOEKTOB organizations (VOs) of the grid environment (LHC, NICA, FAIR, etc.).

The JINR Tier2 output is the highest (89.58%)
in the Russian Data Intensive Grid (RDIG)
Federation.

Use of the JINR Tier2 site by virtual Distribution of RDIG grid sites by
organizations within grid projects the CPU time for data processed



Cloud Infrastructure

DIRAC-based distributed information and computing
environment (DICE) that integrates the JINR Member
State organizations’ clouds

- Computational resources for neutrino experiments

Cloud Platform - OpenNebula
Virtualization - KVM

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

* Storage (Local disks, Ceph) ~ Data management system of the UNECE ICP
 Total Resources Vegetation
~ 5,152 CPU cores; 80 TB RAM; ~ Scientific and engineering computing

3.5 PB of raw ceph-based storage - Service for data visualization
- VMs for JINR users



CynepkomnbioTep MMeHu
H.H. ToBOopyHa

CPU-KOMnNoHeHTa

Intel Xeon Scalable |

\ V)
CPU-KomnoHeHTa

Intel Xeon Phi )

GPU-komnoHeHTa
GPU DGX-1 Volta
(NVIDIA Tesla V100)
NMuKkosan nponisoanNTe/IbHOCTb.
ABoiHaA ToyHoCcTb: 500 Tflops
OamnHapHas TouHocTb: 1000 Tflops




“Govorun” Supercomputer

» Hyper-converged software-defined system
 Hierarchical data processing and storage system

» Scalable solution Storage-on-demand

» Total peak performance: 1.7 PFlops DP

» 26 PFlops for half-precision computations

« Total capacity of the hierarchical storage: 8.6 PB
 Data 10 rate: 300 Gb/s

» GPU component based on NVIDIA Tesla V100&A100

» CPU component based on RSC “Tornado” liquid
cooling solutions

» The most energy-efficient center in Russia
(PUE = 1.00)

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.

VV YV VYV

> 300 user papers (two in Nature Physics)



Unified Scalable Supercomputer Research Infrastructure

Based on the integration of the supercomputers of JINR,
of the Interdepartmental Supercomputer Center of the
Russian Academy of Sciences and of Peter the Great St.
Petersburg Polytechnic University, a unified scalable
supercomputer research infrastructure based on the
National Research Computer Network of Russia (NIKS)
was created. Such an infrastructure is in demand for the
tasks of the NICA megaproject.



Multifunctional Information and Computing Complex (MICC)

4 advanced software and hardware components

» Tierl grid site

» Tier2 grid site

» hyperconverged “Govorun” supercomputer
» cloud infrastructure

Distributed multi-layer data storage system

> Disks

» Robotized tape library
Engineering infrastructure

» Power

» Cooling

Network

» Wide Area Networkr
» Local Area Network

The main objective of the project is to ensure multifunctionality, scalability, high performance, reliability and
availability in 24x7x365 mode for different user groups that carry out scientific studies within the JINR Topical Plan



NICA Computing Concept & Challenges

Worldwide
NICA
Collaboration
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DIRAC-based distributed heterogeneous environment

A heterogeneous computing

environment (Tierl, Tier2,
SC “Govorun”, cloud, ect.), based on
the DIRAC platform, was created for
processing and storing data of the
experiments conducted at JINR.

The distributed infrastructure is used
by the MPD, Baikal-GVD, BM@N, SPD.

Use of DIRAC platform by experiments in 2019-2022

Normalized CPU time

Total Number of executed jobs )
Data processed by experiments

EOS MPD
[ EOS BM@N
. [ EOS SPD
The major user of the EOS Baikal-GVD
distributed platform is

the MPD experiment

Summary statistics of using the DIRAC platform for MPD tasks in 2019-2022
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Methods, Algorithms and Software

Govorun Supercomputer

Bl one CPU (one core)*
one CPU (36 cores)*
l 70 CPUs (36 cores)

Days

~ 1.5 years

3.75

1
one CPU (one core)* one CPU (36 cores)* 70 CPUs (36 cores)



Activity: Digital ecosystem (Digital JINR)

The digital platform “JINR Digital EcoSystem ” integrates existing and future services

to support
scientific,
administrative and social activities,
maintenance of the engineering and IT infrastructures
to provide °
reliable and secure access to various types of data
to enable
a comprehensive analysis of information
using
modern Big Data technologies and artificial intelligence.

Single access point to all
services



The Worldwide LHC Computing Grid

WLCG: an International collaboration to distribute and analyse LHC data. Integrates computer centres worldwide that
provide computing and storage resource into a single infrastructure accessible by all LHC physicists

Tier0 (CERN):
data recording,
reconstruction
and distribution

Tierl:
permanent
storage,
re-processing,
analysis

The mission of the WLCG project is to provide global computing
resources to store, distribute and analyze the ~250-300 Petabytes of data
expected every year of operations from the Large Hadron Collider.

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

170 sites

42 countries

> 12k physicists
~1.6 M CPU cores O
~2 EB of storage (1 EB - CERN)
> 2.5 million jobs/day

100-400 Gb/s links

Tier2:
Simulation,
end-user

lvs;
analysis Worldwide LHC Computing Grid - 2023



MpoeKTbl KNnacca meracameHc

Poccuinckme nccnepoBatesibCkue MHCTUTYTbl U YHUBEPCUTETbI aKTUBHO
YUYaCTBYIOT B MEXAYHAPOAHbIX MeranpoeKTax:

LHC, CERN (3kcnepumeHTbi: ATLAS, ALICE, LHCb, CMS),

XFEL, DESY (eBponeucKkuu nasep Ha cBOO6OAHbIX 3/1EKTPOHAX),

ESRF, France (eBponeicKkni CUHXPOTPOHHDbIN LLEeHTP),

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

ITER, France ...

B Poccun npger noarotoBka NnpoeKToB Kaacca meracaemHc:

HUKA, OUAN, Oly6Ha (Konnanpep NPOTOHOB U TAXKE/NbIX MOHOB),

MUK, HULU NUAD, NaTuMHa (BbICOKONOTOUYHbIN PEAaKTOPHbI KOMMNJIEKC),

CKU®, AP CO PAH Hosocnbupck (Cubupckuit Konbueso NCTOYHUK GOTOHOB)
CUNA, HULU K UDBD, MpoTBUHO,

Cynep C-tay ¢pabpukKa, (IneKTpoOH-NO3UTPOHHDbIN Konnainaep), Capos
Peanunsyerca HeMTPMHHAA nporpamma: npoekTbl B Poccuum (bankan,), Kutae
(JUNO), CLLIA (NOVA, DUNE), CMHXpOTPOHHO-HEMTPOHHAA Nporpamma

YHUKaNbHble 3KCNepuMeHTaibHble ycTaHOBKU B OUAU \'¢ MHCTWTYT AlepHO# duaKK

umenu I. 1. byakepa CO PAH



From RDIG to RDIG-M

The Russian consortium RDIG (Russian Data Intensive GRID)

was set up in September 2003 as a national federation in the
EGEE project.

A protocol between CERN, Russia and JINR on
participation in the LCG project was signed in 2003. MoU
on participation in the WLCG project was signed in 2007.

Consortium RDIG-M - Russian Data Intensive GRID

for Megascience projects
e % e v Mega
||| science
- el projects 4 ‘

L
». N w .




Co3paHue KoHcopuuyma ana IT-obecneyeHna nccneposaresibCKOU

dbl KJ1acCa «MeracameHc»

e KoHcopuunym Poccmnmckmnm NrPUL ana MHTEHCMBHbBIX onepauun ¢
AaHHbIMK (POUT) 6b1n co3aan B 2003 roay AnA aKTUBHOMO Y4acTuUS
B pacnpeaeneHHon 0b6paboTKke AaHHbIX SKCNEPUMEHTOB Ha
bonbwom agpoHHoU Konnanaepe LHC B pamKax Hay4yHOWM
Konnabopaummn LHC WLCG (Worldwide LHC Computing Grid).
Co3paHHaa nHppacTpyKTypa RDIG nmeet orpomHoe 3Ha4yeHue A
3pPEKTUBHOIO y4acTnsa y4eHbix Poccum B Hay4HOM nporpamme
aKcnepumeHToB Ha LHC.

* B Poccuu peanmsyetca nporpamma MacluTabHbIX HAayYHbIX
NPOEKTOB, BarKHENLLEN YAaCTbo KOTOPbIX ABNAETCA pa3BUTUE
pacnpeaeneHHbIX reTeporeHHbIX KOMMbIOTEPHbIX CUCTEM (BKAtOYAS
CUCTEMbI C 3KCTPAaMACCUBHbIM Napannennsmom) ana ob6pabotku,
XPaHEeHMS, aHaNN3a SKCNEePUMEHTANbHbIX AaHHbIX, pa3paboTka u
BHeApeHue 3PpdEKTUBHbBIX METOA0B, a/IFTOPUTMOB M MPOrPAMMHOIO
obecnevyeHna AN MoAENUPOBAHUA PU3UYECKUX CUCTEM,
MaTeMaTUYECKOM 06paboTKM N aHaIM3a SKCNEePUMEHTANbHbIX
[AHHbIX, pa3BUTUE METOA0B MalUMHHOIo 0by4yeHus,
MCKYCCTBEHHOIO MHTE/NINIEKTA, KBAHTOBbIX BbIYNC/IEHUN.

e [1nAa peweHuns saTon macwtabHoM 3aaa4m HeobxoanMmo pa3BuBaTb
pacnpeaeneHHy0 KOMNbIOTEPHYIO MHOPACTPYKTYPY,
06begnHAIOLLYIO K/IH0YEBbIE Hay4YHble N 0O6pa3oBaTe/bHbIe
WHCTUTYTbI, Y4aCTBYHOLLME B NPOEKTax meracaneHc - PAUI-M.
Co3aaHHbIN KOHcopunym Ha 6a3ze OUNAN, HUL KypuaTtoBcknm
nHctutyT, UCIN PAH nonxkeH ctatb aapom ans IT-obecneveHun
MccnenoBaTeNbCKoM MHPPACTPYKTYPbI KNacca «MeracaneHgy.



Grids, clouds, fog, edge, supercomputers...

Grids Supercomputers
e Collaborative environment
* Distributed resources




HPC+Big Data+Artificial intelligence
High Energy Physics

CERN Large Hadron Collider > 600 Pb/Year

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

(estimation)

... et cetera



TOPS00 List — June 2024

Rank System Cores Rmax (TFlop/s) Rpeak (TFlop/s) Power (kW)
1. Frontier - HPE Cray DOE/SC/Oak Ridge National Laboratory US 8,699,904 1,206.00 1,714.81 22,786
2 Aurora - HPE Cray DOE/SC/Argonne National Laboratory US 9,264,128 1,012.00 1,980.01 38,698
3 Eagle - Microsoft, NVIDIA H100, NVIDIA US 2,073,600 561.20 846.84

4 Fugaku -RIKEN Center for Computational Science Japan 7,630,848 442.01 537.21 29,899
5 LUMI - HPE Cray Finland 2,752,704  379.70 531.51 7,107
6 Alps - HPE Swiss National Supercomputing Centre (CSCS) Swiss 1,305,600 270.00 353.75 5,194
7 Leonardo — Bull Sequana lItaly 1,824,768 241.20 306.31 7,494
8 MareNostrum 5 ACC — Bull EuroHPC/BSC Spain 663,040 175.30 249.44 4,159
9 Summit - IBM DOE/SC/Oak Ridge National Laboratory US 2,414,592  148.60 200.79 10,096
10 Eos NVIDIA DGX NVIDIA Corporation US 485,888 121.40 188.65

42 Chervonenkis —NVIDIA A100 80GB Yandex Russia 193,440 21.53 29.42



Software for Computing Environment

To ensure uninterrupted operation of MICC and for efficient use of computing resources, core software development is
required

= distributed software defined high-
performance computing platform for
processing and storing data of
experiments, combining supercomputer
(heterogeneous), grid and cloud
technologies for the efficient use of
new computing architectures

= multipurpose software and hardware
platform of Big Data analytics based on
hybrid hardware accelerators (GPU, FPGA,
guantum systems); machine learning
algorithms; analytics, reporting and
visualization tools; support for user
interfaces and tasks

= advanced systems for the protection of cyber infrastructure, computer and user information, public e-services and user
authentication

08.10.2024
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Distributed Multilayered Data Storage System

Limited data and short-term storage — to store OS itself, temporary user files

AFS distributed global system — to store user home directories and software

dCache is traditional for MICC grid sites — to large amounts of data (mainly LHC
experiments) for middle-term period

EOS is extended to all MICC resources — to store large amounts of data for middle-
term period. At present, EOS is used for storage by BM@N, MPD, SPD, BaikalGVD, etc.
Tape robotic systems — to store large amounts of data for long-term period. At present
for CMS. BM@N, MPD, SPD, JUNO — in progress.

Special hierarchical data processing and storage
system with a software-defined architecture was
developed and implemented on the “Govorun”
supercomputer.
According to the speed of accessing data there are
next layers:

v very hot data (DAOS (Distributed
Asynchronous Object Storage)),
the most demanded data (fastest access),
hot data
warm data (LUSTRE).

D NEANERN
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Distributed Storage and scientific data management

EOS Open Storage - Disk Storage at CERN

dCache - Distributed Storage for scientific data
CTA - the CERN Tape Archive

CEPH - Object & Application Storage

CERNBox - Sync & Share platform for collaboration
Filesystems - AFS, DFS, Samba, NFS3/4

CernVM FS - CernVM File System

FTS & XRootd- File Transfer Service & Flle Access
Rucio - Scientific Data Management

DAOS - high-performance storage system

Lustre - open-source, parallel file system DAOS



lNMporpamMmMHbIN KOMMMEKC Ansa co3aaHusa umdppoBbiX ABOMHUKOB
pacnpeneneHHbIX LEHTPOB coopa, XpaHeHUs U 00paboTKM AaHHbIX

NCX

Trigger Buffer
100T16/c 100r@/c  Tier LIT

100T6/c
EOS 100T6/c

NMpumepbl npumMmeHeHUA ons
akcnepumeHToB Komnnekca NICA

» [locTpoeHne uMppoBoro ABONHMKA
BbIYUCITUTENBHON MHAPPACTPYKTYpPHLI
akcnepnmeHta BM@N.

* [locTpoeHne unudppoBoro ABOMHUKA
BbIYUCITUTENBHOW CUCTEMbI OHINMTanH-

domnbTpa gaHHbIX akcnepumeHTa SPD.

$

-

OcobeHHOCTU

v YHMBEpPCanbHOCTb.

v YUYnTbIBaOTCS BaXKHble ql)yHKLI,VIOHaJ'IbeIe napamMeTpbl
pacnpeneneHHblIX LEHTPOB.

* XapakKTepuctukun o6opyn03aH|/|;|;
* XapakKTepUCTUKM rNMOTOKOB AaHHbLIX N 3aau,

* BEpPOATHOCTHU cboeB, OTKA30B U N3MEHEHUN B
npon3BoanNTeErNIbHOCTHU O60py,D,OBaHI/1ﬂ N Opyrmnx
npoueccos, NMponcxogdaLlnx B CUCTEME.

v’ Pe3ynbraTbl paboThbl OTNIMYAKOTCA OT pe3ynbratoB paboTbl
CYLLECTBYIOLLEro pacnpeaesnieHHoro ueHTpa He bonee, yem Ha 20%.



TeHOeHUMU pa3BUTKA pacnpenesieHHbIX BbIMMCAEHUIN ANS
MacLLTabHbIX Hay4YHbIX NPOEKTOB

Passutue KOMMbKOTEPHbLIX aPXUTEKTYP U UX UHTETPaLUNA!

- cynepkomnbloTepbl Macluitaba ExaFlop-ZetaFlop, rpapuyeckue, KBaHToBble, GOTOHHbIE NPOLECCOPbI KaK
crneunann3npoBaHHble BbIYUCAUTENN BOKPYT YHUBEPCAbHOM CUCTEMDI

- pacnpegeneHHble nepapxmyeckne CUCTeMbl XpaHeHNA NHPopmaunm macwtaba ExaByte-ZetaByte,
paboTatowme ¢ 06WMMM MeTagaHHbIMM 414 3aWMLLEHHOTO 3G PEKTUBHOIO AOCTYMNA U HAAEKHOIO XPaHEeHUA
nHbopmaumu

- LeHTpbl 06paboTKM AaHHbIX Ha 6ase 0bnauHbIX TexHoNorMi, obecneunsatolime 3GPeKTUBHbIE CEPBUCHI ANA
nosib3oBaTtenen U noaaep*KKy GYHKLMOHMPOBAHUA CUCTEM TYMAHHbIX U TPaHUYHbIX BbIYUCIEHUI

- UHT@/IIeKTYya IbHble CUCTEMbI YNPaB/ieHWA 3alaHMAMM B pacnpeaesieHHON reTeporeHHoM cpese,
BK/IIOYaIOLLLEN Pa3/INyHbIe KOMMbIOTEPHbIE aPXMTEKTYPbI (CynepKoMnbioTepsbl, rpu, obnaka, Kiactepsl, CEPBEPSI,
cuctembl 40H6POBONbHbBIX BbIYMCAEHU)

- pa3BUTME METOA0B, a/ITPUTMOB, NIATGOPM, CUCTEM aHANIMTUKN BONbLINX AaHHbIX, UHTENNIEKTYAIbHOIO
aHanusa gaHHbiX, ML/DL, NCKYCCTBEHHOro UHTENNEKTa, LMPPOBbLIX CEPBUCOB

- CO34aHue LI,I/Id)pOBbIX ,CI,BOVIHVII-(OB KCNepPUMeHTa/IbHbIX YCTAHOBOK, pacnpeaeneHHbIX KOMMNbOTEPHbIX
KOMNNEKCOB N APYIMX CAOKHbIX 0bbeKTOoB

- NOArOTOBKA BbICOKOKBAANUPUUMPOBAHHbIX CNeLManmcToB B 061acTn pacnpeaeneHHbIX BbIYUCIEHUN,
XpaHeHus, 06paboTKK, aHaNAM3a AaHHbIX A1A HAayYHbIX MPOEKTOB



Development of the system for training and

retraining IT specialists

Training courses, master classes and lectures
MLIT staff and

Leading manufacturers of modern computing
leading scientists from JINR and its Member States architectures and software

/ Parallel \ Tools for debugging and / Frameworks and \ / Quantum \

rofiling parallel :
zpplicaggns tools for ML/DL tasks algorithms,

programming

technologies quantum
programming and
vantum control
K Work with applied software \ G
~1 ackages
HMPI packag
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O6mmue otupi-ocHoBarenn BMK MI'Y u JIBTA OUAUN (apme JIAT um.
M.I. MemepsikoBa) BHECIH OTPOMHBIN BKJIaJ B Pa3BUTHE MPOrPaMMHOIO
obOecneuennsa mia BbOCM-6, 4YHCIEHHBIX METOAOB, BBLIYHUCIUTEILHOU
bU3MKH W  KOMIIbIOTHHTA. W cerogHs mpomokKaeT Ppa3BHBATHCS
corpyaauyectBo Mexay MI'Y u JIUT B oGnacTu:

- MaTEMaTUYECKUX METOJIOB U MATEMATUUYECKOTO MOAEIUPOBAHUSI,
- rpua-TexHonorut B Poccun,

AKaneMHuK Unen-kopp. AxaneMuKk
- QHAJIMTUKH BOJIBIINX JaHHBIX, Camapckuii T'oBopyH TuxoHoB
- CYIIEPKOMIIBIOTEPHBIX TEXHOJOTUM U METOJOB MapaJUIEIIbHBIX BBIUYNCIEHUN, AT EmE AETpEL

AnpapeeBuy Hukonaesnu Hukonaesuu

- OpraHu3aluy ¥ NPOBEICHN KOHPEPEHIIUNA U TIKOJI.

[ToTpeOHOCTh B MOATOTOBKE BHICOKOKBATU(UIIMPOBAHHBIX KaJPOB B 00JIACTH MATEeMaTUYECKOTO MOJACIUPOBAHUS U 00paOOTKH JaHHBIX
IIPOEKTOB KJIACCA METracalHC ¢ MPUMEHEHWEM METOJAOB AHAJIUTHUKU DBONBIIMX MaHHBIX M UCKYCCTBEHHOI'O MHTEIJIEKTA MPHUBEJTA K HJIEE
co3fanus Ha 0aze ¢punuana MI'Y B JlyOHe HanpaBnenust noarotoBku «lIpuknaanas MareMaTuka v HHGOpMATHUKaY
Marucrepckou nporpamMmmal
«MeToabl ¥ TEXHOJIOTHN 00PA0OTKH JAHHBIX B reTEPOreHHBIX BHIYMCIUTEIbHBIX CPeAax)

Maremarunyeckoe MOZICITMPOBaHHE, I'my6Gokoe manmmHHOE 00y4YeH e U KoMmnbtoTUHT (IpOorpaMMHBIE CPEICTBA U
YUCJICHHBIC MCTOABI 1 KOMIUICKCEI IIPOrpaMm aHAJTUTUKA OOJIBIINX JAaHHBIX MOI[GJII/I) JJIs IPOCKTOB KjIacca MeTracanHC

Marucrepckasi nporpaMma noAroToBJIeHa, MPOILIA IKCIePTU3y u npuHaTa Y4ensiM Coserom MI'Y
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Social events

500 shashlik skewers



Umethods, software and program packages
for data processing and analysis;

Lmathematical methods and tools for
modeling complex physical and technical
systems, computational biochemistry and
bioinformatics;

Umethods of computer algebra, quantum
computing and quantum information
processing;

» Distributed Computing Systems

= HP

. Cloid Technologies ine learning and big data analytics;

= Distributed St & S ; thms for parallel and hybrid
ISHTIDULEC STOTage Oy: MMCP2024 will be held @ Yerevan 21-25 October 2024 ons.

= Distributed Computing

visit https://mmcp.jinr.ru/ site for details

education, industry ang
= Computing for MegaSci
* Quantum informatics a|
= Big Data, Machine Lear
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