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Golutvin & CMS Computing

e RDMS-CMS Computing (1994-

e Golutvin |., Korenkov V., Pose R., Tikhonenko E.
CMS computing support at JINR// JINR D11-98-122 Dubna, 1998

 WLCG, RDIG, grid in JINR
e RDMS CMS Tier2 cluster
e Tierl for CMS in JINR

e Symposium Nuclear Electronics and Computing (NEC) in Varna and
Montenegro

e GRID conferences in Dubna (2004-2013)
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CMS Computing - directions of Activities (1994-2003):

e support of current versions of CMS SW;

* PC farms development;

* participation in CMS M.-C. events production runs;
* preparation for participation in DC04;
 www-informational support of RDMS activities.



CMS High Level Trigger production run
at JINR LIT PC farm in 2000 and 2001

Participants:
CERN;
INFN (Italy);

FNAL. Caltech, Univ.of Florida,

UC Davis (USA);
Bristol (Gr.Britain);
HIP (Finland);
IN2P3 (France):

Russian institutes (SINP MSU+RCC

'MSU, ITEP, LPI), JINR.

RCC Mstj gl iiﬂ. ‘

RRC - LHC

CMS HLT production run:

October, 2000 - 40000 events (68 GB)

May, 2001 - 75000 events (75GB)

500 events ~ 42-45 hours CPU time at PC of 500 MHZ;
resulting file for 500 events ~ 0.85 GB.

The total number of events generated at JINR
transferred to CMS data base at CERN




KoHuenuual pup

<<FpI/IIl - 9TO CUCTEMA, KOTOpPAad:

- KOOPAUHUPYET UCTIOJIL30BAHUE PECYPCOB MIPU OTCYTCTBUU
[EHTPAJTN30BAaHHOIO YIPABICHUS ITUMU PECypcamMu

- ICTIOJIB3YET CTAH/IapTHBIC, OTKPBITHIC, YHUBEPCATIbHbBIC
MPOTOKOJIBI U UHTEP(EUCHI.

- 00ecreunBaeT BLICOKOKAUYECTBEHHOE O6CJ’IY)KI/IBaHI/Ie>>
(lan Foster: "What is the grid? ", 2002 )

Moagenu rpua;:

Distributed Computing
High-Throughput Computing
On-Demand Computing

Data-Intensive Computing * ane carlicesaman
Collaborative Computing

e

*

J J J O/
000 000 000 000

MeKANCUNNANHAPHbINA XapaKTep rpma: pa3BMBaemble
TEXHONIOTUU NPUMEHAIOTCA B PU3NKE BbICOKUX IHEPTUN,
KocModuU3nKe, MUKPOBMONOTMK, SIKONOTUN, METEOPOJIOTUN,
PA3/INYHbIX MHXKEHEPHbIX U BU3HEC NPUNOIKEHUAX.

BuptyanbHble opraHusauum (VO)




Tier Structure of GRID Distributed Tier-0 (CERN):
Computing: » accepts data from the CMS

: : : Online Data Acquisition
Tier-O/Tier-1/Tier-2 and Trigger System
« archives RAW data
* the first pass of
reconstruction and
Tier-2 Centres performs Prompt
Calibration
) e 4 » data distribution to Tier-1
- - -~ 10 Gbitis links Tier-1 (11 centers):

NDGF . Gridk - :
SEama i;; i,;*--ﬂ-mi % * receives a data from the
== _ L g > -

,,.,.BNL'i; S S i Tier-0

* data processing (re-
reconstruction, skimming ,
calibration etc)

1 * distributes data and MC to

P ; the other Tier-1 and Tier-2

Chera - o ik Al - secure storage and

L oM r redistribution for data and
e » MC

Tier-2 (>200 centers):

* simulation

* user physics analysis



Passutne pacnpeaeneHHom rpua-nHepacTpykTypbl RDMS CMS

Ob6cyKaeHMe NpeanoXKeHns 0 PasBUTUN
pacnpeneneHHbIX KOMMNbOTEPHbIX KOMMYHUKaLUM

B.A.nbnH (MI'Y), B.B.KopeHbkoB U
N.A.l'onyTBWH nocrie coseLwlaHna no

Ha ocHoBe GRID-TexHos0rnm B Poccuu. KOMMboTUHTY CMS. YKeHeBa, 2003
B.A.UnbunH, E.M.Cyxapes n N.A.lonyTBuH

Mocksa, 2001 r.
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Grid activities as a basis of RDMS CMS participation
in CMS computing at a running phase of LHC

RDMS institutes participate in the following European Grid
projects:

** EDG (European Data-Grid)
% LCG (LHC Computing Grid)

N/

*»* EGEE (Enabling Grid for E-science in Europe)



Main tasks of support for CMS computing in LIT JINR (2004-2010)

* Development and maintenance computer infrastructure JINR for
CMS activities (communication, LAN, Clusters, data storage);

* Installation and support of basic Software (0OS, batch systems, file
system NFS, AFS, translators, graphics systems...), documentation
and user support;

* Installation and support of up-to-date versions of CMS Software;
 participation in LCG (LHC Computing GRID) and EGEE projects;

* development of JINR-segment RDMS Tier-2 cluster, optimization of
data access;

* development of CMS condition DB, off-line interface;
* participation in CMS Data Challenge production;

* informational support of RDMS activities.



Development of RDMS CMS computing model

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

@ -2 Gbs
- @ RDMS CMS
sk L

Data processing&analysis scenario is

developing in a context of estimation of @
resources on a basis of selected physi
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




The Worldwide LHC Computing Grid (WLCG)
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RDIC

ussian | ata

. Intensive <. rid

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.
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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-LCG?2

— ru-Moscow-FIAN

— ru-Moscow-MEPHI
— ru-PNPI-LCG2 (Gatchina)
— ru-Moscow-SINP

- Kharkov-KIPT (UA)
- BY-NCPHEP (Minsk)
- UA-KNU

-- UA-BITP



Ha Top:xxecTBe no noBoagy noaysyeHua Hobeaesckoiu
npemMuu 3a OTKpbiTUe 6030Ha Xurrca gupexkTop

LLEPHa Posb¢ Xoitep npamo Haszsaa FPUA-
TEXHO/N0N'M1 OAHUM U3 TPEX CTO/NOB

ycnexa (napaay c yckoputeaem LHC u
$U3U4UECKUMU YCTAaHOBKAMMU).

be3 opraHusayuu rpug-MHPpPaCTPYKTYpPbl HA
LHC 6b1/10 661 HEBO3MOXHO 06pabaTbiBaTh U
XPaHUTb KO/10CCa/IbHbIM 06 beM AaHHbIX,
NOCTYMAaKLMX C KO//Iangepa, a 3Ha4uT,
COBEepLUATb HAay4YHbl€ OTKPbITUA.

Ce200HsA yme HU OOUH KpynHbll NPpoeKm He
ocyuwjecmeum 6e3 ucno/sb6308dHUA
pacnpede/seHHOU UHPpacmpyKkmypbl 0415
06pabomKu OdHHbIX.



WLCG Tierl center in Russia

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

* The corresponding point to include in the agenda of next 5x5 meeting Russia-CERN
(October 2011)

- for all four experiments ALICE, ATLAS, CMS and LHCb
- ~10% of the summary Tierl (without CERN) resources
- increase by 30% each year

- draft planning (proposal under discussion) to have prototype in the end of 2012, and full
resources in 2014 to meet the start of next working LHC session.

e Discussion about distributed Tierl in Russia for LHC and FAIR

16



Laboratoire Européen pour 1a Physique des Particules
=7 European Laboratory for Particle Physics

L ]
l r 1 n r ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE
I EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

GEMEVE, SIS SE
GENEWA, SWITZERLAMD

March 2011 - Proposal to create the LCG Tierl

center in Russia (official letter by Minister of Science "ot Do N s Gar
and Education of Russia A. Fursenko has been sent to e il

Tel: +41 22 767 5808

Prof. Wictor Matvaay
CERN DG R! Heuer): E-mail : lan.Bird@cem_ch Diestor of Joint Institute for Muckear

Research

NRC KI for ALICE, ATLAS, and LHC-B e
LIT JINR (Dubna) for the CMS experiment o Ao e

Subject: Acceptance of the proposal to build Tier 1 centres in Russia

The Federal Target Programme Project: «Creation of the Geneva, October 12,2012
automated system of data processing for experiments at ....o..co,
the LHC of Tier-1 level and maintenance of Grid services

As yvou know, the proposals from the National Research Centre — “Kurchatov Institute” and the Joint

L] L] L3
fOI’ a dlstrlbuted analysls Of these data» Institute for Nuclear Research, Dubna, to build Tier 1 centres for LHC data analysis were discussed
in the recent WLCG Overview Board held on September 28. | am very happy to report that the
Dumtion. 2011 - 2013 proposals were well received by the members of the board, and that the decision was made to
L]

accept the Russian sites as a new “Associate Tier 1", This decision will be noted in the formal
minutes of the meeting.

Septem b er 2012 — Pro p 0S al was reV| ew ed by The next step is now to proceed to signing the WLCG Memorandum of Understanding. The WLCG

project office will assist in drafting this Mol), which should be signed by the relevant funding

WL CG OB an d J I N R an d N RC K I TI er 1 S | teS agencies for the two Russian Institutes, or their designated agents.
We re acce pted as a new “Associate Tier1 7 I am at your disposal for any assistance or to provide further details of the process.

Yours Sincerely,

Full resources - in 2014 to meet the start of ;{'&C
next working LHC session. o,

(_.___-—"
Dr. tary Bird

LHC Computing Grid Project Leader
IT Departrment
17 CERN



CMS Computing at JINR
v’ the first RDMS CMS web-server (in 1996);

v full-scale CMS software infrastructure support
since 1997

________________________________________________

Dubna CMS Tier-1
and
other CMS Tier-1 centres

vJINR CMS Tier2 centerisoneof A = . M g &
the most reliable and productive ) l I
CMS Tier2 centers worldwide s T T O ! s Wt
(in the tOp ten best) the most ’ Tier-2 Tier-2 Tier2 Tier2 ' Tier2 Tier2 Tierz | |
. : JINR SINPMSU INR FIAN b KIPT
powerful RDMS CMS Tier2 center | P | Hoscon Troitsk oscon i Kharov | | | W
v CMS Regional Operation Center = e ot et e ¥
are functioning in JINR since 2009 oo JL M L™ [ Russia oot ™ Jows | |
_ _ : RDMS GridSectr e s
The core services needed for WLCG Tier-1 are = |

v'’computing service, a storage service, information service.

The primary Tier-1 tasks can be divided into

v’ recording raw data from CERN and storing them on tape;

v’ recording processed data from CERN and storing them on disk;
v’ providing data to other Tier-1 / Tier-2;

v’ reprocessing raw data;

v’ event simulation calculations.



JINR CMS Tier-1 progress

2012 | 2013 2014
(done)
CPU (HEPSpec06) | 14400 | 28800 57600
Number of core 1200 | 2400 4800
Disk (Terabytes) 720 3500 4500
Tape (Terabytes) 72 5700 8000

. Disk & server installation and tests: done
. Tape system installation: done
. Organization of network infrastructure and

connectivity to CERN via GEANT: done

. Registration in GOC DB and APEL: done
. Tests of WLCG services via Nagios: done




JINR CMS Tier-1 progress

2013 2014 2015 2016
CPU (HEPSpec06) 28800 | 57600 | 69120 82944
Number of core

2400 4800 5760 6912
Disk (Terabytes) 3500 4500 5400 6480
Tape (Terabytes) 5700 8000 9600 10520
Link CERN-JINR 10 10 40 40

Disk & server installation and tests: done

Tape system installation: done

Organization of network infrastructure
and connectivity to CERN via GEANT:

done

Registration in GOC DB and APEL: done
Tests of WLCG services via Nagios: done




Tierl center JINR for the CMS experiment

Current configuration
6000 cores
6 PB disks
11 PB tapes
100% R/A
70 TB per day
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S 35595 S95555

it HN

\mvm!‘ oL | l

il
== B E

'”I’NH"P :

umnw}
i

I l;
"'n’,’),'l

Grid T|er 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-O (CERN), as well as Tier-1
and Tier-2 of the Worldwide Computing Grid



The Worldwide LHC Computing Grid

WLCG: an International collaboration to distribute and analyse LHC data. Integrates computer centres worldwide that

Tier-1 sites
Connected by >100 Gb/s links

PIC
Barcelona, ES

CERN Tier-0

SARA-NIKHEF INFN-CNAF
A dam, NL logna, IT

Tier0 (CERN): Tierl:

data recording, = permanent

reconstruction storage,

and distribution re-processing,
analysis

provide computing and storage resource into a single infrastructure accessible by all LHC physicists

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
~2 EB of storage (1 EB - CERN)
> 2.5 million jobs/day

100-400 Gb/s links

Tier2:
Simulation,
end-user
analysis

Worldwide LHC Computing Grid - 2023



Multifunctional Information and Computing Complex (MICC)

e 4 advanced software and hardware components
> Tierl grid site
M ICC » Tier2 grid site
» hyperconverged “Govorun” supercomputer
DIRAC, PanDA, etc

> cloud infrastructure
Tier2/CICC Y GOVORUN

Distributed multi-layer data storage system

> Disks
» Robotized tape library

b B Engineering infrastructure
cores 8 PB g 8
5.6 PB > Power
» Cooling
DATA STORAGE 130 PB Network

NETWORK > Wide Area Networkr
> Local Area Network
POWER@COOLING 800 kVA@1400 kW )

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




25000

20000

15000

10000

5000

50,00
40,00
30,00
20,00
10,00

0,00

Networking @ Traffic ‘,\)
N

Distribution of the incoming and outgoing traffics by the JINR MICC in 2020-2023 (TB)

2020 2021

Incoming

2022 2023

ETIER_1 ®mTIERipv6 m Tier2+EOS

JINR network traffic (PB)

IN (PB)

2019 m2020 m2021

OuUT (PB)

2022 m2023

25000

outgoing
20000
15000
10000
- I I I I I I I
. [
2020 2021 2022 2023

ETIER_1 ®TIERipv6 m Tier2+EOS

Oo6mmit Bxogsumii Tpaguk OSSN, Brimtouast cepBepa 00111ero
HazHauenws, Tierl, Tier2, CK «l'oBopyHn» 1 oOnayHbie

BbIYMCIIeHUs, cocTaBui B 2023 roay 41,5 I1b, oOmuii ucxoasimii
— 27 51Ib.



JINR Tierl for CMS

Bknag muposbix Tierl ueHtpos 8 KonnuectBo 00paboTaHHBIX COOBITUI

e 20064 cores 06paboTKY 3KCNEPUMEHTA/IbHbIX sxcnepumernTa CMS 3a 2023 rox
e 360 kHS06 AaHHbIXx CMS 3a 2023 roa;: T1_DE_KIT
’ 15 PB disks T1_US_FNAL Tl_iia_m
- 103 PB tapes /
e 100% reliability and US-FNAL-CMS d o
) . 30,16% v FR-CCIN2P3
availability
IT-INFN-CNAF
T1- 10,75%
Accounting- 2014 1t0 2024 8 normcpu for CMS ok I
RU-JINR-T1 _UK_|
TIER1 and Year 24,04% 13% .
3E+09 36%
2,5E+09
2E+09 Tierl CMS 2024 %
1,5E+09 RU-JINR-T1 1,066,487,239 26,48
. L \ I I US-FNAL-CMS 699,418,243 17,36
ﬂﬂﬂﬂﬂﬂﬂﬂ DE-KIT 690,138,246 17,14
s LEEELHEE ’ J) ’
. L _.I. ._L ..l i IiYInnm l .i 0 UK-T1-RAL 560,611,382 13,91
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 FR-CCIN2P3 487,329,004 12,09
B US-FNAL-CMS B RU-JINR-TL  m DE-KIT T-INFN-CNAF ES-PIC 325,997,642 8,07
IT-INFN-CNAF 198,473,663 4,91

m FR-CCINZP3 wmUK-TI-RAL mESPIC



4 MICC basic facility

/

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.

Polytech

The major user of the

POLYTECH

the MPD experiment

NIKS & |

distributed platform is

~\ Use of DIRAC platform by experiments in 2019-2022

Normalized CPU time

ODIRA T
THE INTERWARE \
HSPD 2
ho 8
LIT EOS MPD W Baikal- =
Govorun A 69% ove
m BM@N
e —
M— ]
- SSD
~—’ .
Lustre Total Number of executed jobs
Ultra-fast storage )

175
150
125

Sep 2021 Mar 2022 Sep 2022 Mar 2023

r ep ar
Max: 14.8, Min: 0.00, Average: 5.00, Current: 14.8

Data processed by experiments

I EOS MPD
I EOS BM@N
B EOS SPD

EOS Baikal-GVD

I
Mar 2020

en ar ep far en
Max: 1.70, Min: 0.00, Average: 0.47, Current: 1.70

Summary statistics of using the DIRAC platform for MPD tasks in 2019-2022

o5 3l $ki1783 B| Hrasom| T

njobs completed

data generation
campaigns

events generated events reconstructed

|.aM

o Ty

total computation time

o —

=51.0 P8

—

MED data produced
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GRID-conferences



: GRID2023
3 7 July 2023

10th International Conference
“Distributed Computing and Grid Technologies in
Science and Education”

10th International Conference 'Distributed Computing and Grid
Technologies in Science and Education” (GRID'2023)
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