PacnpeagesneHHble BblYUC/1€HUA
n 60/1bLLIME AQHHDbIE

-‘

KopeHbKoB Baagumup BacusibeBuy
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Hayka c uHTeHcMBHOM 06paboTKOU AQHHbIX —
HOBaA Napaagurma

BCTyMneHmne Hay4HbiX nccnegoBaHnn B Ha3Ba/ rpUA-TEXHO/AOr UK OAHMh U3 Tpex

9MNoxy neta- U 3k3a-AaHHblIX OOJTKHO ctonnoB ycnexa (Hapaay ¢ yckoputenem LHC
Hen3bexHo notpeboBaTb pa3BUTUS HOBOW i dU3n4eCKUMHU yCTaHOBKaMM).

HayKu C UHTEHCUBHOMN OOpPaboOTKOM U
Ha3Ban 3TO U3BMEHEHNE «YEeTBEPTOM
napagurMmomn Haykm», B JOMOMHEHMUE K
Tpem npeabiayLnm HayYHbIM
napagurmam — 3KCnepuMeHTanbHoM,

TEOPETUYECKOW U BbIYUCANTENBHON - .
A in S for l Cel'O,ﬂ,Hﬂ y*Ke HN OAUNH KPYMNHbIX MPOEKT HE

ocylecTsum 6e3 Mcno/bL30BaHUA
pacnpeaeneHHON MHPPACTPYKTYpbl A/1A

be3 opraHusauumu rpug-MHGpacTpyKTypbl HA
LHC 6b1/10 661 HeBO3MOXHO 06pabaTbiBaTh U
XPaHUTb KO/I0CCa/IbHbIM 06 beM AaHHbIX,
NOCTYNALWMX C KOAMANAEPA, A 3HAYUT, - U
COBEepLUAaTb Hay4Hble OTKPbITUA.

LLEPH BxoauT B 3py boablumx AaHHbIX 1 AB/1AETCA

8 0aHUM U3 Npumepos (HapAaay ¢ co3ganuem B LIEPHe
WWW-BCEMUPHOM NayTHHBbI), KOr4a pa3paboTku B
06/1aCTM PU3MKKM YACTUL, HAYMHAKOT BAUATD HA
MCCAeA0BaHMA B APYrUX HAY4HbIX 061aCTAX.




KoHuenuunsa [ puag
«I'puU1 - 3TO cUcTeMa, KOTOpas: N

- KOOPAMHUPYET UCTIOJIB30BAHUE PECYPCOB IIPU OTCYTCTBUM

[EHTPAJIN30BAaHHOIO YIPABJICHUS ITUMU PECypcamMmu
+ ICTIOJIB3YET CTAH/IAPTHBIC, OTKPBITHIE, YHUBEPCAIIbHBIC
IPOTOKOJIBI U UHTEP(EUCHI.

+ 00€eCcreunBaeT BBICOKOKaYECTBEHHOE 00CITY)KUBAHUE»

(lan Foster: "What is the grid? ", 2002 r.)

Mopeau rpua:

» Distributed Computing
High-Throughput Computing
On-Demand Computing

Data-Intensive Computing * ane carlicaaman

Collaborative Computing
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MeXIUCUUTUIMHAPHBIA XapaKTep IPUL: Pa3BUBAEMBIC
TEXHOJIOTUY MPUMEHSIIOTCS B PU3UKE BHICOKUX SHEPTUH,
KOCMO(HU3UKE, MUKPOOHOIOTHUH, SKOJIOTHH, METEOPOJIOTHH,
Pa3IMYHBIX MHXKCHEPHBIX WU OM3HEC MPUI0KECHUSIX.

Bupryajabhubie opranusanuu (VO)
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1999 — Monarc Project \

« Early discussions on how to organise distributed CERN
computing for LHC

2001-2003 - EU DataGrid project J/ \I\.
« middleware & testbed for an operational grid
2002-2005 — LHC Computing Grid - LCG

« deploying the results of DataGrid to provide a
production facility for LHC experiments
2004-2006 — EU EGEE project phase 1

« starts from the LCG grid

« shared production infrastructure

# expanding to other communities and sciences CC GG
2006-2008 — EU EGEE-II for ExgcioncE

« Building on phase 1

« Expanding applications and communities ...
2008-2010 - EU EGEE-III

2010-2012 - EGI-InSPIRE



Status Jan 2011 (yearly increase)
13800 users: +38%
288000 LCPUs (cores): +18.5% Astronomy
117PB disk: +192.5% Astrophysics

01.5PB tape: +5Q:%  __df on T ' Civil Protection
s s | :

28 million jobs/month: +86.7%. - - " 3 ..© Comp. Chemistry

Archeology

340 sites: +7,1«$ 4 d e Py . Earth §ciences

56 countries: +7.,7%
%17 VOs: +24% ,

30 active VOs: constant ;' - i
5 -‘!}#a . ¥
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UK Computing for Particle Physics







[TapameTpbl geTekTopa AT/1AC

Muon Detectors Electromagnetic Calorimeters

3Hepr|/|ﬂ U'eHTpa MaCC 14 TeV 7 Saeneg Forward Calorimeters

// T End Cap Toroid
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kaHanoB 140 000 000
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CERN Computer Centre

ATLAS ~ 320 MBISE:: !

ALICE ~ 100;.ME.-'531:




Tier-2 Centres

Tier-0 (CERN):
Tier-1 Centres PUELEL L A
- - - - 10 Gbit/s links *HayanbHas
e . o, GridKa PEKOHCTPYKUMA OAHHbIX
: 3 -PacnpepneneHne paHHbIX
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WLCG Grid Sites
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* Today >150 sites
* >300k CPU cores

Worldwide LHC Computing Grid
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ERN Computer Centre - = .' / AT
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» Built in the 70s on the CERN site (Geneva)
« = ~3000'm? (3 main machine rooms)

« = 3.5 MW for equipment

New extension:

» Located at Wigner (Budapest)

e ~1000 m?

e 2.7 MW for equipment

» Connected to the Geneva CC with 2x100Gb li
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CERN “Big Data”

Physics Data on CASTOR/EOS

e | HC experiments produce ~10GB/s
25PB/year

User Data on AFS & DFS
e Home directories for 30k users
e Physics analysis development
® Project spaces for applications
Service Data on AFS/NFS/Filers
e Databases, admin applications
Tape archival with CASTOR/TSM

e Physics data (RAW and
derived/additional)

e Desktop/Server backups

Service

AFS 290 TB 2.3B
CASTOR 89.0 PB 325 M
EOS 20.1 PB 160 M




Combined (sum of experiments)

TO CPU/KHS06
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ECG Country Normalized CPU time 2014

VEGI View': [/ normcpu f 2014:11-2015:3 f COUNTRY-VO / |he (x) / GRBAR-LIN /|

COUNTRY Normalised CPU time (kSI2K) per COUNTRY

Others

Canada
Czech Republic

4 France
United States of America

Germany
United Kingdom
Italy
Ukraine
Switzerland
Sweden Netherlands
Spain

Russia

South Korea

All Country - 23,107,789,664 Russia- 1,021,388,412
Job 724,967,359 34,061,750
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RDIG

~ussian | ata
ntensive  rid

Jow the RDIG infrastructurec
> 12000 CPU and > 10000 TB of disc storage.

Russian Data Intensive Grid
Infrastructure (RDIG)

omprises
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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



RDIG Normalized CPU time (2014)

View': / normcpu / 2014:1-2014:10 / SITE-DATE / lhc (x) / GRBAR-LIN / | 2014-]

Russia Normalised CPU time (kSI2K) per SITE

Others ITEP

RU-Protvino-IHEP JINR-LCG2

ru-PNPI

JINR-T1

RRC-KI-T1 RRC-KI



Worldwide LHC Computing Grid Project (WLCG

3anauun poccuiickux 1eHTpoB u OMAN B npoekte WLCG B 2014 roay:

Co3manue KoMILIeKca TecToB i glite

Buenpenune cepsucoB WLCG a1 s3KCriepMEHTOB
Pazutue cucrem monutopunra WLCG

CucTeMa r1o6aJIbHOTO MOHUTOPUHTA T1€r3 IeHTPOB
Pa3BuTre makeToB MOJAEIUPOBAHUS ISl SKCIIEPUMEHTOB
Pa3pabotka apxutektypsl Tlerl nearpa B Poccun



OcHOBHbIe HanpaB/eHUA ageATesbHOCTU /IUT

TpU OCHOBHbIX YPOBHA
CeTeBOM, peCypCHbI1, MPUKAAAHO

am .
\o_g@ 'S.;El‘ 2 2 == a2 a2
1 3

R > @ &

3
Labs’ Access o2 2 3 - - |
Networks =} 2 2

aTemaTu4yeckoe
QAenvpoBaHue,

mmmmm
Canter

Bcero corpynnukoB — 324 u3 18 crpan mupa, 30 —10KTOpPOB HayK, 65-KaHAMAThI HAYK,

B 2014 roay onyosiuxoBano: 270 crareii B pedpepupoBanHbIX KypHAJAX, 2 MoOHOTpaduu,
112 crareii B Tpynax KoHdepeHuuii



JINR-Gentral fnwmu tior) va F’:)m PULIN! Mm r,y 2. &: “ﬂh

30 million Jobs and 800 million normalized

CICC cbrﬁrises 4780 Cores

Disk storage capacity 4200 TB CPU time were executed in 2010-2015
Availability and Reliability = 99%

2015 | 2016

CPU (HEPSPECO06) | 28 000 | 40 000
JINR Disk storage (TB) 4000, 8000

covers

33% of Tape Library (TB) 5000 | 10 000

the RDIG
share to
the LHC




Utilization

JINR cloud infrastructure

EDOG e

OpenNebula
development
testbed 1

“ BES-l.ii,

e

O &

BONCsener + 36Lrkge

B)yz{inc

DesktopGrid

OpenNebula
development
testbed N

EMI testbed

ATLAS T3MON + PanDA

BES-I1I (DIRAC)

DesktopGrid testbed

HEPWEB

Test JINR document server (JDS)

JINR project management service (JPMS)

OpenNebula testbeds for development
and tests

Implementation:

Service URL:
http://cloud.jinr.ru
(Authentication needed)

Cloud platform: OpenNebula

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

Two types of VMs: highly reliable (run
on RAID1 disks) and normal

user access: web GUI and command
line interface

VM access: rsa/dsa-key or password
Authentication: JINR central user
database (LDAP+Kerberos)

HTTPS protocol (more secure
information exchange between clients
and service)

Username

Password




The heterogeneous computating cluster HybriLIT

Intel Xeon Processor x 2
E5-2695v2

ssh (eth0)

User Interface nVidia x 3
(shell, home, batch) TESLA K40 SXM

InfiniBand
Intel Xeon Processor x 2

E5-2695v2
nVidia
TESLA K20X
Intel Xeon Phi
Coprocessor 5110P

e WA | Intel Xeon Processor x 2

; E5-2695v2
CPU-blade Intel Xeon Phi

Coprocessorx2 7120P

Resources Installed software
CPU 96 cores RAM 512 Gb
GPU 19968 cuda cores  EOS storage 14 Tb
PHI 182 cores Ethernet

InfiniBand 40 Gb/s
.
Used compilers

Max. single-precision 46,914 Tflops
Max. double-precision 17,979 Tflops

Power consumption: 10 KW




YyebHble kypcbl Ha HybriLIT hYBRI | [l

Romania,
Russia

27 August, 2014 \\\ }}}\\\\\ Rt L
Participants from CIS and Russian institutes and companies

International Conference for Young Scientists
«MODERN PROBLEMS OF APPLIED

MATHEMATICS & COMPUTER SCIENCE»

1 and 5 September, 2014
Participants from India, Germany, Japan, Ireland, Austria,
Ukraine, Russia

Dubna International Advanced School of Theoretical Physics
Helmholtz International Summer School

o e Lattice. \,:! Hedron Structure and

[MonIHOEe YNCNOo YY4aCTHUKOB yqe6Hb|x KYPCOB — CTYAEHTOB, aClMPAHTOB N MONOAbIX YYEHbIX
coctaBusio nopagka 60 mn3 lfepmannn, UHamm, MoHronumn, YkpaunHsl, Poccuun, PymbiHum n ap.



WL CG Google Earth Dashboard
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ApXUTEKTypa CUCTEMbI pacnpege/ieHHOro XpaHeHus

AAHHbIX 3KcnepumeHTa ATLAS

Pa3paboTka HOBOW apXMTEKTYpPbl CEpBMCa

yAa/1eHUA AaHHbIX AnA obecneyeHuA

LLe/I0CTHOCTU pacnpese/IeHHOro XpaHeHus

MHbOpmaumm akcnepmmeHTa ATLAS.

*

*

*

06CNyKMBAET 3anpocChl Ha yAaneHue,
opraHusyeTt 6a1aHCMPOBKY Harpysku,

obecrneymBaeT MaclTabnpyemocTb U
OTKA30yCTOMYUBOCTb CUCTEMDI,

KOPPEKTHYIO 06pabOTKy UCKAOYEHUH,
BO3HMKAOLWMX B NpoLecce paboTol,

CTpaTeru1io NOBTOpa onepauum B
c/ly4ae BO3HMKHOBEHMA OTKA30B.

PaspaboTaHbi:

*

HOBbIM MHTEpbEenC mexay
KOMMOHEeHTamMu CepBMUCa

CO3faHa HoBaA cxeMa 6asbl AaHHbIX,
nepecTpoeHo AApa CepBumCa,

CO3/aHbl MHTepdencol C cucTeMmamu
MaCCOBOIr0O XpaHeHus,

MO/ EepPHM3NPOBaHa cucTema
MOHUTOpPUHra paboTbl cepBuca.

400000 Last 24 hours amount of deleted files at all clouds

350000

300000

250000

200000

150000

100000

N

CERN

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

Co3aaHHbIV cepBUC obecneymBaeT Le/N0CTHOCTb
XpaHeHuAa uHGopmMaLmm B reorpadpuyecku
pacnpegeneHHon cpege. [aHHble SKCnepuMeHTa

ATLAS pacnpegeneHbl 601ee, 4eMm Ha 130 rpug-camrtax

c 06LWMm 06 beMOM ANCKOBOrO NPOCTPaHCTBA boee

120 neTtabalT, B KOTOPOM XPaHATCA COTHU MU/I/IMOHOB

darnoB. HegenbHbi 06BbEM yaanaemblixX gAaHHbIX
coctasaseT 2 16 (20 000 000 daitoB).




Cuncrema MOHUTOPUHra Tier3-LeHTpOB aJ1s
aHanus3a gaHHbIX akcnepumeHToB BAK

KOHurypaumnm ueHTpoB ypoBHs Tier3. C npvwleHeHmeM TEXHOMNOrMM BI/IpTyaJ'IVI3aLI,VIVI
Takasi UHdpacTpyKTypa Obina peanusoBaHa Ha 0a3e BUPTYarbHbIX KIacTepoB, YTO
NO3BOMNMNO pa3paboTaTb AN KaXxaoro BapnaHta KoHurypaumm goKyMeHTaumio,
HaCTPOUTb UNn paspaboTaTb cpeacTBa NoKarbHOr0O MOHUTOPUHra, BblpaboTaTb NOMHbIE
pekoMmeHgaumn no cucteme céopa nHdopmaummn ansa rnodbanbHOro MOHUTOPUHIA

LEeHTPOB ypOBHS Tier3.

o 2wns)
>

Headnode + WN Headnode Headnode + WN

kPBS (Torque) /k PROOF j k Condor j

Headnode

Kracle Grid Engiry

/ servers

VA0 Ne

MDS | | Manager (redirector)

Cli
A

Manager (redirector)
XRootD ~ / \_ XRootD

Ganglia
E . web
< frontend

development
host
)

Peanun3auusa cuctemsl
MOHUTOpPUHra Tier3 —
LEHTPOB (He-rpna) umeet
OrPOMHOE 3Ha4YeHue ans
KoopauHaunn paboT B
pamMKax BUpTyanbHOW
opraHusaumu, Tak Kak
obecneynBaeTcs
rno6anbeHbIN B3rNgaa Ha
Bknag Tier3 canTtoB B
BbIYUCITUTENBbHbLIW NpoLecc.

28/98

Poster reports at the Conference “Computing in High Energy and Nuclear Physics” (CHEP) 2012

21-25 May 2012 New York City, NY, USA



nobanbHasa cuctema MOHUTOPUHIa Nepeaayn
AQHHbIX B MH(l)paCTp )YKT

CNocobHoM cobupaTtb MHPOPMALMIO

- O KaXA4ou nepegaye AaHHbIX
o Welcome to the Worldwide LHC Computing Grid
neTa6aMTa B AeHb), Last 24 hours

Throughput
130407 15:10 to 2013-04.08 15:10 UTC

- HE3aBMCMMO OT METOAa OCYLL,eCTB/eHNA
(HECKO/IbKO MPOTOKO/10B U i s

S
PP 00 09 PLICH 065990&0 QQ&‘S\GQ'O&QO LS

CepBMCOB nepeaaqn dpainos, FTS, xROOTd), .. T

oughput (MB/s) b
FOE

a

g

- YpoBeHb pecypcHoro ueHTpa (Tier-o,Tier-1,Tier-2 T|er-3)
- MPUHAA/NEKHOCTU AAHHBIX ONpesAe/IeHHOM BUPTYa/IbHOM OpraHmM3auuu;

- nepeAaBaTb C BbICOKOM CTEMEeHbI HAAEeXHOCTU COOpaHHYIO MHPOPpMaLUIO B
LeHTpasbHoe xpaHuaunwe (ORACLE, HADOOP);

- 0bpabaTbiBaTb COOpaAHHbIE AaHHbIE A7 NPeA0CTaB/€HMUA PA3/IMYHBIM
noTpebuTensam 1 NporpamMmmHble UHTepdecbl A4/1A NO/YYeHUA AaHHbIX.
CucTema no3BO/IAET NO/IHOCTBIO YAOB/IETBOPUTb NOTPEOBHOCTHU B
MHPOpMaLUK pas/IMYHbIX TUMOB NMO/Ib30BaTe/NIen U AAMUHUCTPATOPOB
nHppactpyktypol WLCG.
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LIT JINR - China collaboration ' supgr==

LIT team is a key developer of the BES-

[l distributed computing system O D I RAC

A prototype of BES-III Grid has been built (9 sites THE INTERWARE
including IHEP CAS and JINR). Main developments £55€ ltency monitoring SOEEEE) i

have been done at IHEP and JINR. The Grid is based on ~ s= Dustoston erered | LTI e e e
THEPD-USER THEPD-USER 2.678 e - - =
Dl RAC interwa re_ THEPD-USER. JINRAJSER. 16,316 ’i‘ :‘f o : =
IHEPD-USER USTC-USER 15.932 A: :
H H IHEPD-USER WHU-USER 6.728 e -
Monltorlng JINR-USER IHEPD-USER 14,322 . : E
- BES-IIl grid monitoring system is operational since RUSER RS 424 | feomo ve =
JINR-USER USTC-USER 14.827 - — -
February 2014. JINR-USER WHU-USER 8.516 N: :
A3 A3 A USTC-USER. IHEPD-USER. 3.677 “: :
- Implementation of the new monitoring system based = wcue  news 175 = =
on DIRAC RSS service are in progress oe= = == R =
J b t WHU-USER IHEPD-USER 5.727 - o] Recad v
oD mManagemen WHU-USER JINR-USER. 20,227 - b
. . g ‘e . WHU-USER USTC-USER 9,199 —— S e
- Advising on the CE's installation and management W wHuusR .09 . ey
- BES-IIl jobs can be submitted on JINR cloud service i WA S—
nOW I?:nﬂ mo"ﬂn'i“gHﬂst 24H! 2447 2941 29HRz 48H! 48H" 48H| 98HRz Weel WEE\EW:E\ AWE;kfI - ;':) . :
BES.IHEP-PES.cn  gridtb002.hep.ac.cn 2 2 e 2 2 W 2 2 o - 01
BES.UMN.us. 1 1 i 1 e 1 1.00 0 T w(w‘ I ;H “;gm
Data management SR
- Installation package for Storage Element was adopted =-.” “eid v m -
for BES-III Grid s oo D1 om
. . . . BES. JINR.ru wn 101 100
- Solution on dCache-Lustre integration was provided =~ =»e  woee 0 m o m
. . BES.WHU.cn w33 6 6 W8 s s 1.00
for main data storage in IHEP ) -
- Research on the alternative DB and data management =22 250 °° ® 11 &

service optimization is in progress

Infrastructure
- Creation of the back-up DIRAC services for BES-III grid
at JINRis in progress




YckopurenbHbid kKommieke HUKA

CD

Yoke’Cryostat ECal
/sC Coil /TOF
£k Vil

T _/FD /ECT/ BBC/)

Jns mpoexra HUKA 1mOTOK JaHHBIX HMEET " v
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6 6 o 6 pacnpenesreHHoOU & O .
- BBICOKasi CKOPOCTb Habopa coObITHII (10 KOMMNBIOTEPHOM e | Py
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. NPoLecCoB: AT i (s
- 001t 00BbEM MUCXOAHBIX TAHHBIX MOXET vTape robot, | -~ B R R | QQC
obITh onieHeH B 30 PB exeronno, ninu 8.4 PB  vDisk array, e e I N
nocJie 06paboOTKH. vCPU Cluster. | ) S




IlpoekT co3panusi neHTpa ypoBHsa [lerl B Poccun

C 2011 roga uayT MOArOTOBUTENBHBIE PAOC
Tier]l B Poccun myist oOpaboOTKH, XpaHEHUS U aHAIN3a JTaHHBIX C boIbIIoro
agponHoro koyaiaepa (BAK) na 6aze HULL K1 u OMAN. B HacTosiiee Bpems B
pamkax @IIT MunucTepcTBa oOpa3zoBanus U Hayku P duHaHCUpYETCS] TPOEKT
CO3/IaHUs MPOTOTHUIA 3TOTO KOMIJIEKCA.
28 cents0ps 2012 rona Ha 3acenanuu HabmronarenbHoro CoBeTa MpoeKTa
WLCG (rmmobanbHas rpua-uHdpactpykrypa mist bBAK) Obut IpuHAT M1aH CO31aHUs
Tierl B Poccun.
B 3T0M my1aHe 3 OCHOBHBIX 3TaNAa:
Ilepsblii 3Tan (1exadbps 2012 roma-3akoH4eH) - co3ganue npororuna Tierl 8 HUILJ
KN u OUSN.
Bropoii 3Tan (Hos160ps 2013 roma) — ycraHoBka o0opymoBaHus 1t 6azoBoro Tierl
LIEHTPa, €ro TECTUPOBAHUE U JIOBEACHUE 10 HEOOXOAUMBIX (DYHKIIMOHATIBHBIX
XapaKTEPUCTHK.
Tpernii 3tan (mapt 2015 rosa) - 100CHAIIEHUE 3TOTO KOMIIJIEKCA U BBOJ B
SKCILIyaTalnio mojHoMaciTaoHoro Tierl nenrpa B Poccun.
B naabHeiimem norpedyercs NJIaHOMePHOE MOBbIILIEHHE
BbIYHUCJIUTEIbHOA MOIIHOCTH M CHCTEM XPAHEHHS JAHHBIX B COOTBETCTBHH €
TpeﬁoBaHHﬂMﬁzakcnepnMeHTOB.

Da YPOBHS



LHCOPN

194.171.96.128/25

2x1G DFN-Surfret- USLHCnet-ESnet

26 ASmet
I 1G Canarne-Surinet
TW-ASGC ES-PIC CA-TRIUMF US-T1-BNL US-FNAL-CMS
ﬁnm M:ma !-335391 &43 A 3152
e 117.103.96.0020 193.109.172.0/24 206.12.1.0/24 130.199.185.0/24 131225202

140.109.96.0/24 2001:67c:1148:200::/64 206.12.9.0/29 130.199.48.0/23 131.225.160.0/24 —_—
140.109.102.024 2001:67c:1148:201:/64 206.12.9.64'28 130.199.54.0/24 131.225.184.0422
202.140.160.0/19 2001:67c:1148:202::/64 192.12.15.0024 131.225.188.0422
202.169.168.0/22 131.225.204.0/22
KR-KISTI RRC-KI-T1
AS17579 &524 | —
134.75.125.0024 144.206.224.0/24

144 .206.236.0/24

JINR-T1
NDGF !

5
ll 193.93.226.0/22
109.105.124.0/22
2001:048:40::/42
UK-T1-RAL NL-T1 DE-KIT IT-INFN-CNAF FR-CCIN2P3
AS 43475 Mﬁ Mﬂ!?ﬁ m
130.246.176.0/22 145.100.32.0/22 192.108.45.0/24 131.154.128.0/17 193.48.99.0'24
130.246.152 240028 145.100.17.0/28 2001:660:5009:9::/64
AS1104

106G RUNNet

2x1G USLHC net-ESnet

— T0-T1 and T1-T1 raffic
T 1-T1 traffic onby

= = = MNotdeployed yet
I (thick) >=10Gbps
e (thin) <10Gbps

0 = Aiice [ = Atlas
B=CMS  =LHCb

p2p prefic 192 16.166.0/24 - 2001:14 583024 8
edoardo marteliicern.ch 20 141212



REAL TIME NETWORK
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Co3zaaHune CMS Tier1 B OUAU

/IH)KeHepHaA MHPPaCTPyKTypa
(cuctema 6ecnepeboiHoro
3/1EKTPOMNUTAHUA, KIUMAT-KOHTPO/IA);

> BbICOKOCKOPOCTHanA HagexHad
ceTeBas MHPPACTPYKTYypa C
Bblg,e/1IeHHbIM pe3epBUpYyeMbIM
KaHaznom B LLEPH (LHCOPN);

>Bbl‘-ll/IC/1l/lTe/1bHaFl cucTema U cuctema
XpaHeHMA Ha 6a3e AMCKOBbIX
MaCCUBOB U /IEHTO4YHbIX BUBANOTEK
60/1bLLION EMKOCTU;

>Hae>KHOCT M AOCTYMHOCTb 100%
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5 PB nents1 (IBM TS3500)
2,4 PB nuckn
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[MpoekTbl B 06nacTu pacnpeaeneHHbiX BblMUCNEHUN

Worldwide LHC Computing Grid (WLCG)
EGI-InSPIRE
RDIG Development

Project BNL, ANL, UTA “Next Generation Workload Management and Analysis System
for BigData”

Tierl Center in Russia (NRC KI, LIT JINR)
6 Projects at CERN

CERN-RFBR project “Global data transfer monitoring system for WLCG
infrastructure”

BMBF grant “Development of the grid-infrastructure and tools to provide joint
investigations performed with participation of JINR and German research centers”

“Development of grid segment for the LHC experiments” was supported in frames of
JINR-South Africa cooperation agreement;

Development of grid segment at Cairo University and its integration to the JINR
GridEdu infrastructure
JINR - FZU AS Czech Republic Project “The grid for the physics experiments”

NASU-RFBR project “Development and implementation of cloud computing
technologies on grid-sites of Tier-2 level at LIT JINR and Bogolyubov Institute for
Theoretical Physics for data processing from ALICE experiment”

JINR-Romania cooperation Hulubei-Meshcheryakov programme

JINR-Moldova cooperation (MD-GRID, RENAM)

JINR-Mongolia cooperation (Mongol-Grid)

JINR-China cooperation (BES-III)



3HayeHne bo/blUMX AaHHbIX

MaCCUBbl M MOTOKU MHPOpMaLMK. [TOMCK ONTUMA/IbHBIX CNOCOOOB
06paboTKM 60/1bLLIMX OOBEMOB AAHHbIX MPUOOpPEeTaeT BarkHeNLee
3Ha4YeHue ANA Pa3BUTUA NePCNeKTUBHbBIX HanpaB/€HUI HAaYKK U
MHAYCTPUK, TAKUX KaK BMOMHDOPMATHKA, SIHEpPreTUKa HOBOTrO
MOKO/IEHMA, SKOHOMMUYECKOE MO/ Ee/IMPOBAHUE, COLMOIOTUA U AP.

CerogHsa y»xe o4eBUAHO, YTO boablume flaHHble — OAHO U3
K/IKOYEBbIX HarnpaB/1I€HUU KOMIbIOTEPHOM HAYKW, OTKPbIBaKoLLee
HOBble NepCreKTUBbI A/1A UCc/1e40BaHnU B chepe npescTaB/eHus,
aHa/IM3a 1 U3B/IYEHUA NOAE3HbIX 3HAHMMN 13 60/1bLLMX OOBbEMOB
AQHHbIX Pa3/IMMHOU NMPUPOAbI.

40/98



Y10 Takoe «bo/ibLLiMe gaHHbIE»

lipocroe onpe

OKHO 6b1/10 3(|)CIJEI-(TMBHO 3aNMOMHUTb, Nepe :
CpeACcTBaMM AOCTYMHbIX 633 AaHHbIX U UHBIX umelou.l, : Ten Afl,
nepegayu n o6paboTkm.

Kpome obbema, ciegyeT yunTbiBaTh U APYrne X XapakTepucTuku. Eue B 2001 roay
MeTa 'pynn BBe/1a B Ka4eCTBe Onpee/AoLLMX XapakTePUCTUK A1 BO/bLUMX AaHHbIX
TakK Ha3blBaeMble «mpu V»:

* 06bEM (volume, B cMbiC/1e Be/IM4MHbI Pu3ndeckoro o6véma),

* CKOpPOCTb (velocity B CMbIC/1ax Kak CKOPOCTM NMPUPOCTa, TaK U HEODXOAUMOCTH
BbICOKOCKOPOCTHOM 0OpabOoTKM U NO/y4YeHUs pe3y/1bTaToB),

* MHOroobpasue (variety, B CMbliC/1e BO3MOXHOCTU OAHOBPEMEHHOM 06paboTKu
Pa3/IMYHbIX TUMOB CTPYKTYPUPOBAHHBIX M HECTPYKTYPUPOBAHHbIX AaHHbIX

OAHaKo, Koraa obwuii NOTOK AaHHbIX PacTeT 3KCNOHEHLMAAbHO, YABaUBaACh
KaXXAblI1 rog, 33 CHeT PeBO/IIOLMOHHBIX TEXHO/IOMMYECKUX U3MEHEHUU, K 2014 roay
aaxe 3Ty "3V'" mogenb npegnaratoT pacluMpuTb, 406aB/AA HOBbIE U HOBbIE «V»,

o Validity (060cHOBaHHOCTb, MPUMEHMMOCTD ),

o Veracity (gocToBepHOCTD),

o Value (LeHHOCTb, M0/1€3HOCTD),

o Visibility (0603p1mMocTb, CNOCOBHOCTbL K BU3yaM3aLumn) U T. 4.




KakaA no/ib3a oT bo/ibLLIMX AQHHbIX?

BAKIOP MMREP-LUH‘BEFH" | KEMHET e

Y10 31O MOMET gare? - ¥n

Mpumep ¢ Bupycom HiN1: Google B 2009 r. TO4HO NMpeAcKasaz pacnpocTpaHeHne rpunmna B
pa3Hbix wWratax CLUA, npoaHa/n3nMpoBas 3 M/p/, 3arnpoCoB Ha /IeKapCTBa OT rpurna Ha 1x
KOoppe/Aaumio ¢ pacnpocTpaHeHnem rpurnra BO BpeMeHU U MpOCTPaHCTBeE.

BoabLune gaHHble TOMOrYT peLleHUIO HACYLLHbIX r/106a/1bHbIX
npobsem, Takux Kak 6opbba C U3MEHEeHUEeM KAMMaTa, UCKOPEeHeHue
60/1e3Hen, a TakxKe cogencTeme 3GPeKTUBHOMY YNpPaB/I€HUIO

M SKOHOMMYECKOMY pa3BuTuto. O4HaAKO 414 3TOro nNpuaeTca
nepecMoTpeTb TPaAULMOHHbIE NpeaCcTaB/aAeHnAa 06 ynpasaeHuu,

MPUHATUM pELLEHMI, Ye/10BEYECKMX pecypcax n obpasoBaHuu.
Kak ato penaerca?

YUTaM 3TY KHUry!
http://www.livelib.ru/book/1000755419 < ]

- Ucnonb3ayeTca He oTO6paHHas Ma/as YacTb AaHHbIX (BbIGOpKa), a BCE gocTtynHoe
MHOXeCTBO.

- Pagu 3TOro npMxoauTCa OTKa3biBaTbCA OT AeTa/ei (npeHebperatb TOYHOCTbIO) U
MCC/Ie40BaTh He MPUUYUHHYIO CBA3b (MOoYeMy NMPOUCXOAUT AB/IEHUE), @ KOPPeALUOHHbIE
CBAI3U, 06 BACHAIOLME, YTO UMEHHO NMPOUCXOAUT (NO/AE3HO, OMACHO).



bOMbLUNE OaHHblE — ropsA4Yad TeMa, MNOTOMY YTO TEXHONOTMA
MOXKHbIM aHann3 BCEX gocTynHbIX AaHHbIX

K

O dEKTMBHO C TOUKM 3peHns 3aTpaT YNpaensTb U aHANM3NpoOBaTb

BCE€ pocTtynHbie AaHHble, B UX NEPBO3AaHHOM BUAE — CTPYKTYPUPOBAHHbIE,
HECTPYKTYPUPOBaHHbIE, MOTOKOBbIE

Website a

Billing

ERP Network Switches



[lepBbIX B3r/1A4, Ha 60/1blUME AQHHbIE

Ou3H ec-npotecchl
0

Hay4Hble H3MEPEHUA
0

reHepaTopel
nioaH

CHCTEMB! XpaHeHHA

NporpammMHan WHXeHepua BbIYHCNEHNA Ha yanax

noHiMakue buaneca Habopsl 4aHKbIX J NOTOKK AaHHEIX
* KOMMETeHWin 0
npe3exTaymn knbepbeszonacKocTb

, SR B i

MaLUKHHOe 0DyyeHue _ / KL AaHHBIX

OXH3HUA Ananutnka bonbwmx AaHHbIX MapReduce
COLMArbHEIA TPeHA (3MEHeHHe Mupa) ;
paKee He BUAAHHbIE BOIMOKHOCTH > (Data Sclence)
A

o’

Kak NpHiTH K 03apeHIi0 ~
o

v \1_"/

c06pa60n<a 3HaHN Twitter API

(data) science & engineering

NOHNMaHKe DusHeca TexXHonoruu
o

BU3Yannaauna

' nogroroenexo

_ tmn xasohy
N0 MECTY pa3MeLLEHHA AaHHbIX

0
no oTpacnAm

MPUNOXKEHNA



Y10 MoxkeT aHAJIUTHKA BoJbIIINX TAHHBIX?

e

COBpEMEHHBIE TEXHOJIOTUH AECTAIOT BO3MOXKXHBIM 00pa00TKY U
aHaJIW3 OTPOMHOI0O KOJIMYECTBA JIAHHBIX, B HCKOTOPBIX CIydasx —
BCEX JIAHHBIX, KACAIOIIMUECS TOTO UM UHOTO SIBJICHUS, U TTO3BOJISIOT
TOCTHUYb Ka4€CTBEHHO HOBOT'O YPOBHS 00pa0OTKH M aHAINU3a
JTAHHBIX, PUHIMITHAILHO HEBO3MOXKXHOTO 0€3 MPUMEHEHMS TaHHBIX
TEXHOJIOTUH.

Bo BceM Mupe BeAyTCs UCCIEIOBAHUS B 00J1aCTH aHAITMTHKU
BoJIbIIMX TAHHBIX — PA3BUBAKOTCA METOAbI aHAJIN3A U
peJicKa3areabHbIe MOACIN (MaTeMaTHYECKasl CTATUCTHUKA, aHAJIU3
BPEMEHHBIX PSI0B, KIACTEPHBIN aHAIN3, KOPPEIALUOHHBIN aHAJIU3,
PETrPECCUOHHBIN aHAJIN3, HEUPOHHBIE CETU, TCHETUYECKUE
aJTOPUTMBI, HEUETKHE aJITOPUTMBI, paclio3HaBaHUE 00pa30B U Ap.).
C pa3BuTHEM MHTEpEca K bonblinM 1aHHBIM y OM3HEcCa,
roCyJIapCTBa, HAyKHA BCE OOJIBIIE YCHIMK NPEAIIPUHUMACTCS BO
BCEM MHUPE I10 pa3paOdOTKE HOBBIX BHICOKOI()(PEKTUBHBIX METOJIOB.




BctynaeHue B 3py Big Data

Whereis LHC in Big Data Terms?

Business emails sent
3000PB/year
(Doesn’t count; not managed as
a coherent data set)

We are BIG!

Current LHC data set, all

=

y \ data products: ~250 PB
'LHC data 1
\ 15PB/yr

N\

B US
Censugy

N

CpaBHUTENBHAS MarpaMma 00padaThIBAEMbIX JAHHBIX HAIVISIHO MOKA3bIBAET, YTO
uccnenosanud B [LIEPHe nayt B yeaoBusix boabumux JlaHHbIX.

ITocne monepuu3zanuu u 3anycka LHC B 2015 roay moTok JaHHBIX BO3pacTeT B 2.5
pasa, 4To NOTpeOyeT YBEIUUCHUS PECYPCOB U ONTUMU3AIIUMA UX UCTIOJIH30BaHUS.
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PanDa B akcnepuimeHTe ATLAS

PanDA
B skcniepumente ATLAS Ha bonbiiiom aapoHHOM KoJiIanuaepe p a s

yIpaBJieHHus BIMUCIUTENbHEIME pecypcamu PanDA Workload Management System (WMS), kotopast
00J1a1aeT CIEYIOIUMHU BO3MOKHOCTSIMH:

» IIpoekr PanDA navancs B 2005 romy rpymmamu BNL 1 UTA - Production and Data Analysis

system.

* ABTOMAaTH3UpPOBaHHAs W THOKAas CUCTEMa YIIPABIICHUS 3aJaHUSIMU, KOTOPasi MOXKET ONTUMAJIBHO
clieiaTh pacipeiaelcHHbIe PECYPChl JOCTYITHBIMU TOJh30BaTEIIIO.

» C momomisio PanDA, pu3uky BUIAT €MUHBINA BEIYUCIUTEILHBIN pecypc, KOTOPBIN MpeIHa3HAYCH

I 00pabOTKM JaHHBIX SKCIIEPUMEHTA, JaKe S€CIIH JIaTa-IIEeHTPhl pa30pocaHbl IO BCEMY MUPY

» PanDa u3onupyer (pHU3UKOB OT anmapaTHOro 00eCIIeUCHHS, CHCTEMHOTO U TIPOMEKYTOTHOTO
IPOrPaMMHOTO 00CCIICUCHHS M IPYTHX TEXHOJOTHYCCKUX CIIOXKHOCTEH, CBA3aHHBIX C
KOH(GUTYpPUPOBAHUEM CETU U 00OPYTOBAHUA.

*  BrruncnuTenbHbIe 337a9M aBTOMAaTHYESCKH OTCIICKUBAIOTCS U BBITIOMHSIOTCS. MOTYT BBITTOJHATHCS
IPYIIITOBBIC 3a/1a9u (DU3UKOB

B Hacrosimnee Bpemsi PanDa koHTpoJiupyer:
COTHH J1aTa - HeHTPoB B 50 cTrpanax mupa
COTHHU THICSAY BbIYUCIUTEIbHBIX Y3JI0B
COTHH MIWIJIMOHOB 32JIaHUI B IO/
THICAYH MOJIb30BaTEIeH

YV VY



PanDA Workload Management

Data Management
System (DQ2)
C Y

\/

Replica
Catalog

task/ job
repository
(Production DB

ARC In‘rer'face
(aCT)

pilot
scheduler
(autopyfactory)

condor'-g/ pN
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MHTerpauua TeXHO/10rmMu pacrnpeae/ieHHbIX BbIYMC/IeHUN
ANA ynpaB/ieHusa 60/1bLIMMKU AaHHBIMU

OOJ/IBIIVIMU
NAHHBIMU CJAeUT

06paboTKM U ynpaB/ieHMA AaHHbIMW AAS
MPUIOXKEHUN C DONBLLMMUY MOTOKAMMU
AaHHbBIX 1 MACCMBHbIMU BblMUC/IEHUAMM.

PasBuTtmne PanDA B Hanpas/ieHuu
MHTErpaLmmn pas/IM4HbIX CUCTEM
pacnpeAeeHHbIX M Napasie/IbHbIX
BbluMcaeHunn (rpug, cloud, kaactepsl, LOA,
CynepKoMMbOTEpPbI) C Le/1blo CO34aHUA
YHMBEPCA/IbHOM N1aTGOPMBbI 418 KPYMHbIX

NPOEKTOB ynpas/eHUs 60/bLIMMU AaHHbIMY ettt
B HayKe, roCy4apCTBEHHOM YNpaB/1eHUM,
MeaAULMHE, BbICOKOTEXHO/10MMYeCKOMN
MPOMbILL/IEHHOCTH, BU3Hece.

E€KCMKOHE He TOJIbKO

Cymnepkommbrorepsl Nel5, 2013, ctp.56



[Ipumep ncno/ib3oBaHUA cuctembl PanDA
(cynepkomnbTep Titan B Oak

Ridge)

‘

Lt ssbaiCapiin cynepkomnbtoTepa Titan
= rfF’eak 18 62878"c|>§nfpute 2%28[: 2(';6P'3F
erformance i
nodes M CXema yrnpaB/ieHuA
System memory 710 TB total memory
Interconnect Ger:'lni?eirgi)gnhnggeed 3D Torus 3aAaHMHMM C HOMOLU,bI'O
Storage Lustre Filesystem 32 PB
e naatdopmbl PanDA
Archive Storage System 29 PB
(HPSS)
I/O Nodes 512 Service and I/O nodes
12 OLEEF|[ 20

s

Interactive node

Q PanDA Job (HTTPS) “Piote
\ launcher”

% BigPanDaA
- [~

\

Titan LCF

Job scheduler

Comrrgnatrg

L\
E

Storage@BNL
Data (gridFTP) ] ¥
Y

Data Transfer
Node (DTN)

Shared FS / HPC Scratch -

T 8/6/13

- n CVMFS / rsync
I Big Data Workshop
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Pecypcbl, 4OCTYMHbIE C MOMOLLbIO

nnachoprl PanDA
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NORDUGRID

A Grid Solution for Wide Area v
Computing and Daca Hanaling
Open Science Grid
O{% = . FutureGrid
o . gid i .‘ v aF XSEDE 763020 proviant

nectar

EC2

271 PF
18,688 compute
nodes

710 TB total memory
Gemini High Speed
Interconnect

3D Torus

Lustre Filesystem 32PB

g
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webservices™

igh-Performance
Storage System 29 PB

512 Service and I/O nodes

[IpoekTsl ¢ cynepkomibiorepabiMu ieHTpamu HULL K1, HHI'Y, Octpasa (Yexus)
Hentpsl bonsmnx ganaeix B HULL KU, JIMT OUAN, POY um. I1nexanosa




LIT traditional conferences

Distributed Computing and Grid-technologies
in Science and Education

0
50y NEC 2013 == o "

XXIV International Symposium on Nuclear Electronics & Computing

19639013

,«;\I |
W

Mathematics. Computing. Education

IGITALYCOLTLTECTIONS

LIT schools

S 1 JINR / CERN Planned Schools In 2015
il GRID AND ADVANCED INFORMATION SYSTEMS. AIS-GRID-2015

SCHOOL ON NUCLEAR ELECTRONICS & Oktober

COMPUTING BASED ON

XXIV INTERNATIONAL SYMPOSIUM ON NUCLEAR In LIT holds regular

International Conference-School for Young Scientists t ral n ees h I p Of y O u n g
“Modern Problems of Applied Mathematics & . .
Computer Science” scientists and students

August 22 - 27, 2012, Dubna, Russia

MPAMCS 2012

from the JINR Member
States

INFORMATION


http://nec2013.jinr.ru/
http://nec2013.jinr.ru/

XXV International Symposium
on Nuclear Electronics & Computing

# On 28 September — 02 October, 2015, Montenegro (Budva), will
host the regular JINR XXV Symposium on Nuclear Electronics and
Computing - NEC'2015 and students’ schools on advanced
information technologies

 https://indico-new.jinr.ru/conferenceDisplay.py?confld=60
* Chairpersons

Vladimir Korenkov, JINR
lan Bird, CERN



The International Conference
Mathematical Modeling and Computational Physics, 2015

Stara Lesng, High Tatra Mountains, Slovakia, July 13 — July 17, 2015
http://web.tuke.sk/mmcp/mmcp2015/index.php

l_aboratory of Information Technologies, Joint Institute for Nuclear Research, Dubna, Russia,
the Institute of Experimental Physics, Slovak Academy of Sciences, KoSice, the Technical
University of Kosice, the Pavol Jozef Safarik University, Ko$ice, the Slovak Physical Society,

Kosice, Slovakia, IFIN-HH, Bucharest, Romania

Conference Chairmen:
V.V. Korenkov (JINR Dubna) and G. Semanisin (UPJS Kosice)


http://litpage.jinr.ru/Default.aspx?language=eng
http://uef.saske.sk/en/
http://www.tuke.sk/tuke?set_language=en&cl=en
http://www.tuke.sk/tuke?set_language=en&cl=en
http://www.upjs.sk/en/faculty-of-science/
http://kf.elf.stuba.sk/~slovenska_fyzikalna_spolocnost/
http://www.ifin.ro//
http://www.ifin.ro//
http://www.ifin.ro//

