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Uctopna OBM B JINT:

oT cpeaHux 9BM k GRID,
Knactepam, obnakam u
cynepkomMmnbioTepy «[OBOPYH»




TenekoMMYyHUKaLWNOHHbIE
KaHaJ/1a U J1oKa/ibHaA CeTb



YV VYV

CeTteBasi MHPpPACTPYKTYpa

OUNAN- Mocksa 4x100 Gbit/s

OUAU - LLEPH - 100 Gbit/s 1 ONAN - AmcTtepgam 100 Gbit/s ana ceteit LHCOPN,
LHCONE, GEANT

MpAmble KaHanbl cBA3Kn Ao 100 Gbit/s ans ceasu ¢ RUHEP ueHTpamu 1 cetamu
Runnet, ReTN

MynbTuknactepHasa cetb 4x100 Gbit/s mexkay JI®BI n JIUT

JlokanbHaa cetb OUAN:
Monb3oBatenen - 5758
n3 HUx cotpygHmnkos OUAN - 5570

He cCOTpyAHUKoB - 188

CeTeBbix an1emeHTOB - 13395
IP agpecos ipv4 - 22430
IP agpecos ipv6 - 1421
YpanéHHbin goctyn - 920
ANEeKTPOHHbIe bubanotekn - 1163
EDUROAM - 140
Email agpeca @jinr.int - 4786
CeteBon Tpaduk B 2023 roay
e 41,45 PB - BxoaALLMMA
e 27,28 PB - ucxoasawmm
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2012 -Tierl ana CMS - nporotun
1200 sapep, 720 TB gucku, 72 TB neHTbl




THE WORLDWIDE LHC COMPUTING GRID (WLCG)

WLCG — MexayHapoaHoe COTPYAHMYECTBO NO PACNpPoOCTPaHEHUIO U aHANU3Y
AaHHbIX BAK. O6beanHAeT KOMNbIOTEPHbIE LEHTPbI MO BCEMY MUPY,
npeaocTaBafloLWme BblYMNCAUTENbHDbIE PeCcypCbl U pecypcCbl XpaHEeHUA AaHHbIX, B
eAVHYI0 MHPPACTPYKTYPY, AOCTYNHYIO0 Bcem pusnkam bAK.
Mwuccua npoekta WLCG — npeaoctaBuTb /106a1bHble BbIMUCIUTENBbHbIE PECYPChI
ANA XPAaHEHUSA, PacnpoOCTPaHEHMS M aHanAu3a NnpumepHo 50-70 neTtabaidT AaHHbIX,
OXKMAAeMbIX KaXkabln rog ot boablworo aapoHHOro Konnanaepa.

KomnblotepHbie TexHonornm WLCG nossonnnu pusmkam ob6vasutb
06 oTKpbITUKM 6030Ha Xurrca (Hobenesckaa npemusa 2013 roga).

42 cTpaHbl

170 BbIYNCANTENDBHbIX LLEHTPOB
> 1,4 munnnoHa aaep

2 3KkcabaiTa xpaHUAULLA

> 2 MUIZIMOHOB 334a4/aeHb
KaHanbl cBasu 100-250 Gb/s

Tier0 (CERN): Tierl: Tier2:

3anNnCb AaHHbIX, NOCTOAHHOE XPaHEHME, MOAENNPOBAHMUE,
PEKOHCTPYKLMA U noBTOpHaA obpaboTka  PU3NYECKUIN aHanms
pacnpegeneHue

AaHHbIX
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OcHoOBHble GYHKLMUU rPUA CauToB

Tier1

[Mony4yeHne HeobpaboTaHHbIX (RAW) akcnepuMeHTarnbHbIX

AaHHbIX oT Tier0 B obbeme, onpeneneHHom cornaweHnem WLCG

ApXnBUPOBAHNE N OTBETCTBEHHOE XPaHEHNE NOSTyYEHHbIX

aKcnepumMeHTarnbHbIX AaHHbIX.

[MocnenoBaTenbHas U HenpepbiBHad 0bpaboTka AaHHbIX

HononHutenbHas obpaboTtka (ckmmmuHr) gaHHbix RAW, RECO

(RECOnstructed) n AOD (gaHHble obbekTa aHanusa).

[MoBTOpHaa obpaboTka AaHHbLIX C UCMONb30BaHNEM HOBOIO

NporpaMmmMHOro obecrneyeHns Unu HOBbIX KOHCTAHT KannbdpoBKu n

IOCTUPOBKN YycTaHoBkKn CMS.

Ob6ecneyveHne gocTynHocTn HabopoB AaHHbIX AOD

[Mepenava HabopoB gaHHbIXx RECO n AOD Ha gpyrue canTol

ypoBHen 1/2/3 ansa nx gybnmpoBaHHOIro XpaHeHus (pennukaumnm) T' 2

N PU3nYeCcKoro aHanmsa. 'e r

[MpoBeaeHne Npon3BoACTBEHHON NepepaboTku C

“CMonb3oBaHMeM HOBOIO MporpamMmmHoro obecrnedyeHnsa n HoBbix ® [1pon3BOACTBO CMOAENMPOBAHHBLIX AAHHbIX M QHANAN3
KaJ'II/I6pOBO‘~IHbIX N IOCTUPOBOYHbIX KOHCTAHT YacTeu YCTaHOBKU AQHHbIX 419 BCeX BUPTYa/IbHbIX OpraHM3aLLMl>’l,

ﬁMS’ 3ALUMLLEHHOE XPaHEHME MOAENMPYEMbIX COBBITUN. 3aperncTpmpoBaHHbIx B PAUI 1 Bcex SKCnepuMeHTOB ¢
OnyyYeHVe CMOAENMPOBAHHBIX AAHHBIX U aHAMKU3 AaHHbIX, ez OUAV], WETaE e .

3adlnCaHHbIX B XOA4€ 3KCNepnMeHTa CMS.
u npOMBBOACTBO CMO4EeNNPOBAHHDbIX AadHHbIX U UX dHAJIN3
rlpOVI3BO,EI,CTBO cMoaeriMpoBaHHbIX AaHHbIX U UX aHalTU3 A4

akcnepumenTos NICA (MPD, BM@N, SPD) ans skcnepumenTtos NICA (MPD, BM@N,13SPD)



O6uwmne cepBucbl ana 6onbwnHcTBa KoMmnoHeHT MIUBK:

kerberos, VOMS — ayTeHTuduMKkaumsa n asropmnsauusi 4OCTyna;

AFS — gomallHme katanoru nosib3oBaTtesien, yctaHoBKa U AOCTYn K
NOSIb30BaTENLCKOMY U rPpyrnnoBoMy NporpamMmmHOMYy obecrneyeHnto, 4OCTYNMHOMY
No BCeEMY MUPY, KaK JflokanbHas annosasa cuctema ¢ gocrtynom POSIX;
CepBepbl CVMFS (CernVM-File System) (stratum0/1) — ycTtaHoBKka u
XpaHeHue nporpaMmmMHoro obecneyeHns ansg COBMECTHOM paboTbl CO MHOMMMU
BEPCUAMM NPOrpaMMHOro obecrneyeHusi, LOCTYMHbIMWU MO BCEMY MUPY,
Hanpumep, nokanbHas gannosas cuctema ¢ goctynom POSIX.

KnneHtel CVMFES n kelunpoBaHue — OCTYyN K NporpaMMHoOMY obecneveHmto
0119 COBMECTHOM paboThbl (TONLKO AN YTEHUS), UCNONb3yeMOMY A8 AoCcTyna K
nokanbHbiM CVMFS 1 rmnobanbHbIM peno3nTopusiM co BCEro Mnpa;

EOS — xpaHeHue 1 goctyn K 60nblnM 00 beMEM OaHHbIX, AOCTYMNHbIX Ha
NHTEPAKTUBHbLIX U BbIYUCIIUTENBLHbLIX MalUMHaX, TakMX Kak nokanbHas FS c
noctynom POSIX, gocTyn no Bcemy MuUpy 4yepes npoToKosbl Xroot n hitp;

GIT — cepsuc gns cOoOpKM U TECTUPOBAHUA NMPorpaMmMHoOro obecrnevyeHmsa ang
COBMeCTHOM paboTkl ¢ nocrneyowen yctaHoskon B CVMFS.




BbiuncantenoHoiv pecypc (CE)

323820.54 HEP-SPEC06, 20096 aaep

CpepHee HEP-SPECO06 Ha aapoe = 16.11

468 mawuH

CMS ( nunotbl no 16 agep):
Max: 20096 agep

NICA (uepe3 DIRAC)

Max: 4000 apep

Cucrtembl xpaHeHusa (SE)
dCache: SE disks: 11763.44 PB

CMS @ dcache mss Total: 2642.24 TB
Tapes@Enstore: 35562,00 TB

JleHTOYHbIE pob6oTbi: 51.5PB, IBM
TS3500(11.5PB) + IBM T4500(90PB)
EOS: 21829.01 TB

CVMFS

2 squid servers cache CVMFS

UH}pacTpyKTypa U cepsucbi(Tierl 2023)

NMNporpammHoe

becneyeHue:

OC: Scientific Linux Bepcua 7.9.
EOS 5.1.23

dCache 8.2,

Enstore 6.3.

Slurm 20.11.

grid UMD4 + EPEL (TeKyw,an
Bepcus)

ARC-CE

FairSoft

FairRoot

MPDroot




JINR Tierl

Haw Tier 1
perynsipHo
3aHMMaeT
namaupyiollee MecTo
cpeau Tiera,
obpabaTbiBalowmx
AaHHble
akcnepumeHta CMS
Ha BAK.

C 2019 roga Tier1
onAn
OEMOHCTpUpyeT
cTabunbHyto paborty
He Tonbko Ana CMS
(BAK), HO n anga
9KCNEPUMEHTOB
NICA.



Cuctema xpaHeHunA(SE)
EOS=21829.04 TB
ALICE @ EOS 1653.24TB
AFS: ~12.5TB (nonb3oBartenbckue
ANpeKTopun)
CVMFS: 3 mawunHbl: 1 stratumO, 2 stratun
2 squid servers cache CVMFS (VOs: NICA
(MPD, B@MN, SPD), dstau, jjnano, juno,
baikalgvd).
dCache : SE disks =3753,69 TB

for CMS: 1903.2695 TB

for ATLAS: 1850.4248 TB
Local & EGI @ dcache2 Total: 256.91 TB

[MporpammHoe

obecneyeHue:

OC: Scientific Linux release 7.9.

EOS 5.1.23

dCache 8.2

BATCH: Slurm 20.11 apanTMpoBaHHbIN K
kerberos n AFS

grid UMDA4 + EPEL (TeKywue Bepcun)
ARC-CE

FairSoft

FairRoot

MPDroot



JINR Tier2

Tier2 B8 OMAU nipenocTaBiseT BEIYUCIATEIbHBIE
MOIIIHOCTH, CUCTEMBI XPAHEHHS JAHHBIX U JOCTYNa K HUM
1U1st OonbIIMHCTBA NoJib3oBareneid OUAN u rpynn
II0JIb30BATEJICH, a TAKXKE JJIS TI0JIb30BaTEICH
BUpTyalibHBIX opranuzanuii (VO) rpun-cpenst (LHC,
NICA u ap.).

Tier2 OUAU aBasgeTcsa caMbIM NPOU3BOAUTE/IHLHBIM B
PoccMiCKOM rpuj AJi1 UHTEHCUBHBIX ONlepalu C
AaHHbIMU (RDIG).

boJsiee 80% oo6uiero npoueccopHoro spemeHu B RDIG

HUCNOJIb3yeTCs AJIA BBIYMC/JIEHU HA HAallleM CauTe.
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O6na4yHble BblMUCNCHUA

O6nayHble MHPpaCTPYKTYpbl OUAU 1 cTpaH yyacTHUL,
OCHOBaHbI Ha peLlweHnn C OTKPbITbIM UCXOAHbIM KOAOM
OpenNebula. Obnako OUNAN aBnaeTca AApoOM 3TOM
NHOPACTPYKTYpbl. Ha Hem pa3mewatotca cay»Kbbl DIRAC,
KOTOpble YNPaBAAT BbIYMUCAUTENbHbIMM 33434aMN U AaHHbIMMU
C ucrnonbzoBaHuem pecypcos OUAN mn cTpaH y4acTHUL,.

BoluncanTenbHble pecypcbl AN HEMTPUHHbBIX SKCMEPUMEHTOB:
BupTyanbHblie mallinHbl AnA nonb3osatenen OUAN
NcnbiTaTeNnbHble CTEHAbI ANA UCCea0BaHUM U pa3paboTok B
obnactn UT

CepBucbl cnctemMbl 06paboTKM AaHHbIX akcnepnmeHTa COMPASS
Cucrtema ynpaBaeHuUa aHHbIMW NPOrpaMmmbl NO KOHTPOJIKO 33
3arpasHeHunem Bo3ayxa Esponbl (UNECE ICP Vegetation)

Cuctema gmarHocTMpoBaHMA 6onesHen arpokynbTyp NOCPeacTBOM
NCMNO/Ib30BAaHMNA COBPEMEHHbIX METOA40B MAaLLMHHOIO 06y4YeHuUs KOMAHIHOM CTPOKMN

CepBuc ana Bu3yanmsaunm gaHHbix, Gitlab n HekoTopble apyrue. — AyTEHTMdMKALMA B 0BNAYHOM BeB-MHTepdelice: LLIeHTPabHBIT
PacnpeaeneHHas UHGOPMALIMOHHO-BLIYNCIUTENbHAA CP@AA HA  nonp3oBaTens OMAM 6asa gaHHbIX (LDAP+Kerberos)
6ase DIRAC (DICE), koTopas nHTerpmpyet obnaka opraHv3aumii e AnnapatHoe obecneuerme: 174 cepsepa ans BM:
cTpaH-4neHos ONAN nT.a. >5000 sgep LM, O3Y Ha kaxaoe agpo LiN: 5,3-16 6

— 24 cepBepa gna xpaHuaunw, Ceph 3 Nb

e URL Beb-uHTepdelica: http://cloud.jinr.ru.

ObnayHasa nnatpopma: OpenNebula (v5.12.0.4 CE)
— Buptyanmnsayma: KVM
— CepBepHoe xpaHuaunuwe ansa o0b6pa3os BUPTYyanbHbIX MawmnH KVM:
6no4yHOe ycTpoicTBo ceph
— Monb3oBaTenbckue NHTepdenchl: Beb-uHTEpdeinc n nHTepdpeinc



O6na4yHble BblYUCNECHUA

PacnpeneneHHas
MHGOPMALIMOHHO-
BblYMCAUTENbHAA
cpena (DICE) Ha
6a3e DIRAC,
obbeaunHAoLWan
obnaka
opraHmMsauumn
rocyaapcrs-
ydyacTtHukos OUAN.

HelTpUHHbIE SKCNEePUMEHTbI ABNAKOTCA OCHOBHbIMM
nonb3oBaTeNAMU 061a4YHOM MHPPACTPYKTYpPBLI.



[eTeporeHHaa nnatpopma «HybrillT»

[eTeporeHHas nnatpopma coctomT n3 CynepkomnbroTepa
«fOBOPYH» N y4ebHO-TecToBOro nosnroHa «HybrillT».

Y4ebHO-TeCTOBbIN NOAUTOH UMEET reTEPOreHHYHo
CTPYKTYPY BbIYUC/INTENBHbIX Y3/10B U MO3BONAET
pa3pabaTtbiBaTbh NapanaenbHblie NPUIOKEHNA ANS
NpoBeAEeHNA PACcYETOB HA PA3IUYHbIX
BbIYMCAUTENbHbIX aPXUTEKTYPaX, TaKMX KaK
MHOroazepHble NpoLeccopsbl, conpoueccopsbl Intel
Xeon Phi u nnHenkn rpadpumnyecknx npoueccopos
NVIDIA (Testla K20, K40, K80), a Tak»xe npoBoAUTb
y4yebHble KypCbl MO TEXHONOTUAX NAaPanNenbHOro
NPOrpaMmMMpPOBaAHUA, MO3BONAOLWMM CTYAEHTAM
0CBauMBaTb PaboTy Ha HOBEMLUUX BbIMUCAUTE/bHbIX
apXUTEKTYypPax.

EavHas aByxypoBHEBaA NPOrpamMmMHO-
NHPOPMaLMOHHAA cpena AnAa Y4ebHO-TecToBoro
NOJINTOHA U cynepKomnbioTepa “loBopyH”
NO3BOJIAET NO/Ib30BaTENAM NPOTECTUPOBATHL U
OTNIagUTb CBOE NPU/IOXKEHUE A0 OTNPaBKU €ro Ha
«[OBOPYH».



Pa3ssutue rereporeHHou nnatdopmbl HybriLIT

2014

Knactep HybrillT:
140 TFlops —
OAMHapHaA TOYHOCTb
50 TFlops - aBOWMHas
TOYHOCTb

2018

Cynepkomnbtotep «[OBOPYH»

1 PFlops — oagnHapHaa TOYHOCTb

500 TFlops - ABOMHaA TOYHOCTb
9-biIt B penTtuHre 10500 (ntonb 2018)
#18 B Top50

2019

Cynepkomnbtotep «[oBOpyH»

1,7 PFlops — ogMHapHasa TOYHOCTb

860 TFlops - ABOMHaA TOYHOCTb

288 TB CCXA 1/0 > 300 Gb/s

17-bi1 B penTtnHre 10500 (mnronb 2020)
#10 B Top50

2020

RUSSIAN DATA
CENTER AWARDS
2020

«Jlyywee UT-
peleHune ans

LUOAa»



Cynepkomnbiotep «foBopyH». OxnaxkaeHue ropavyeu Boaou

B cynepKomnbloTep nocTynaeT BoAa,
OX/1a*KAeHHaA Ao TemnepaTypbl 45 rpaaycos.
MponaAa BeCb KOHTYP CynepKomnbioTepa,
HarpeTasa ao 50 rpaaycoB BoAa BO3BpaLlaeTcs
B TENNO0OMEHHMUK, rae oxna*kaaercs,
nepenaBas TEMNN0BY SHEPTUIO B
rMAPaBANYECKNI KOHTYP CYXOMN rpaanupHu.

BblCOKaA 4OCTYNHOCTp,
OTKa30yCTONYMBOCTb U
NPOCTOTa UCMNONb30BaHUA
BbIYMCUTENBHbIX CUCTEM,
obecneuynBatotcs bnrarogaps
nepeaoBoOn CUCTEME
ynpaBAeHUA U MOHUTOPMUHTA
Ha 6a3e N0 «PCK Ba3sUC».

Cuctema oxnaxaeHua nmeet
NNABHYO PEryANPOBKY
NPOU3BOANUTENBHOCTH,
KOTOpasa no3sondaet
YBE/IMYNBATb NN YMEHbLIATb
MOLLHOCTb CUCTEMbI
OX/1aXXAEeHUA B COOTBETCTBUMU
C peanbHOM 3arpysKkoun. 310
NO3BOIAET 3HAYUTE/IbHO
CHU3UTb NoTpebneHune
3NEKTPO3HEPrMn Npm
4YaCTUYHOM 3arpy3kKe.



Cynepkomnbiotep «[0BOpYH» cerogHsA

J1BYXKOMMNOHEHTHaA cnuctema:

CPU-KomnoHeHTa, 6a3upytowasncs Ha HoBenwux apxutekTypax Intel (npoueccopos Intel Xeon Phi u Intel Skylake);
GPU-komnoHeHTa, 6a3unpytowanca Ha yanax Niagara R4206SG Ampere A100 n NVIDIA DGX-1 Volta V100.

[ R () s SR O O E

[MNepKOHBEpPreHTHasA NPOrPamMmmHoO-
KOHUTypUupyemaa cmctema

Nepapxnyeckaa cnctema o6paboTtku n
XPaHEeHMA AaHHbIX

MacwTtabunpyemoe peweHune

Obuwan nMKkoBaA NPON3BOANTENBHOCTb:

1,7 Nononc DP

ObuLan eMKOCTb MepapxmMYecKoro XxpaHnamuwa:
8,6 b

GPU komnoHeHTa Ha 6a3e Niagara Ampere
A100 n NVIDIA DGX-1 Volta V100

CPU KomnoHeHTa Ha 6a3e pelueHumn
*}ungroctHoro oxnaxaerHma PCK «TopHago»
Camblii sHeproadpPeKTUBHbIN LEeHTP Poccum
(PUE=1,06)

CKopocTb BBOAa-BbIBOAA AaHHbIX: 300 M6uT/cC



CynepkomnbiloTtep «[OBOPYH»

Pecypcbl cynepkomnbtoTepa “loBopyH” MCMONb3ytoTCs Hay4YHbIMM TPyNnamu n3 Bcex s1abopatopmim MHCTUTYTA
A1 pelleHmns WUPOKOro Kpyra 3aa4 B 061actn Teopetnyeckon GU3UKK, a TaKKe Ana pusnyeckoro
MOAeNnpoBaHNA U 06paboTKM sKCNepuMeHTaIbHbIX AaHHbIX.

Ha CK «[oBOpyH» pa3BepHYT NOJIUIOH A1 KBAHTOBbIX BbIYMCAEHUIN (CUMYNATOPbI KBAHTOBbIX BbIYUCAEHWUI)

KnioueBble NpoeKTbl, B KOTOPbIX ncnonb3ytotca pecypcbl CK “lfoBopyH”:
meranpoeKT NICA,
PaCYeTbl PeeTO4YHON KBAaHTOBOU XPOMOANHAMUKM,
pac4yeTbl CBOMCTB aTOMOB CBEPXTAMKEJIbIX 2/1EMEHTOB,
nccnepnoBaHms B 06nactm paanaumMoHHoOW buonorum,
pacyeTbl pagvaunoHHomn besonacHocTn o6bekToB OUAMN.
B Teyenme 2023 roaa Bce rpynnbl nonb3oBaTtenen CK “fTosopyH” BbinonHmnam 640 861
3agaHue Ha CPU n 7 808 3agaHui Ha GPU KomnoHeHTax. CpeaHsas 3arpy3ka CPU
cocTtasuna 96,4%, B To Bpemsa Kak 3arpy3ka GPU - 91,2%.
3a 2023 roa nonb3osatenun HybrillT
onybnnkosanu 65 ctaten B
Pa3NNYHbIX 0bnacTax:
*  dU3MKa INeMeHTaPHbIX YacTumL, U
aTOMHOro A4pa,
*  (GU3MKA BbICOKMX SHEPTUMN,
* 6unodPusnKa n xumms,
°* HeWpoceTeBOW NOAXOA, METOAbI U
aJITOPUTMbl MaLLMHHOIO
* 1 rnybokoro obyyeHna ¢ @aPe2s

coooo
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GPU KOMIMOHEHTA

[NMnkoBaa npounssoanTenbHOCTb GPU-KOMNOHEHTHI:
900 Tflops 415 BbIMMCNEHUWN C ABONHOMN TOYHOCTbIO
26 Pflops ans BbluMCNEHUIN C MONOBUHHOM TOYHOCTbIO

GPU-KOMNOHEHTa gaeT Nonb3oBaTeNAM CynepKoMnboTepa

BO3MOXHOCTb MCMNO/1b30BaTb aITOPUTMbI MalLMHHOIO 0byyeHns u

rnyboKoro oby4yeHua ana peweHns NPMKAaaHbIX 3a4au

C MOMOLLbIO HEMPOCETEBOIO NOAX0AA:

e 06paboTka gaHHbIX aKcnepumeHToB B JIPB B cocTaBe
NHbOpMaUMOHHOM cUCTEMBI ANA 33434 paguauMoHHOM buonorum;

e 06paboTKa 1 aHaNM3 aKCNepMMeHTaNbHbIX AaHHbIX Ha NICA u 1.4,



MHOIOYPOBHEBAA CUCTEMA XPAHEHUA AAHHDbIX

OrpaHUYeHHOE KONAMYECTBO JAaHHbIX M KPAaTKOCPOYHOE XPaHUAULWLE - ANA XPaHEeHUs CaMoM
onepauyoHHOM CUCTEMbI, BDEMEHHbIX NO/Ib30BaTE/IbCKMX Hanios

PacnpegeneHHaa robanbHaa cuctema AFS — [na  XpaHeHMA AOMaLlLHMX  KaTa/aoros
nonb3oBaTesien U NporpaMmmHoro obecrneyeHus

dCache asnsetca TpaguumoHHbIM ansa Grid — ana xpaHeHua 6onblKX 06BLEMOB AaHHbIX (B

OCHOBHOM A7 3KcnepumeHToB Ha LHC) Ha cpeaHecpoYHbI nepuog,

EOS pacnpocTtpaHsetca Ha Bce pecypcbl MUBK — ansa xpaHeHua 6onblinx o6beMoB AaHHbIX Ha
cpegHecpoyHbl nepuog. B Hactosawee spema EOS mncnonb3yetca ansa xpaHeHua BM@N, MPD,
SPD, BaikalGVD wn gp.

JleHTOYHble POBOTM3NPOBAHHbIE CUCTEMbI — ANA XpaHeHuA 6onblimnx 06beMOB AaHHbIX Ha
ANVTENbHbIN nepunoa. B Hactoawee Bpema - gna CMS. BM@N, MPD, SPD, JUNO — B pa3paboTke.

Ha cynepkomnbtoTepe “loBopyH” 6bina pa3paboTaHa u
BHeApeHa cneumasnbHas MepapxmyecKkas cuctema
06pabOTKM M XPAaHEHUA AAHHbIX C MPOrPaMMHO-

onpenenaemon apxmTeKkTypon.

Mo cKOpOCTU AO0CTYNA K AaHHbIM PAa3NYatloT caeayrowme
YPOBHMU:

e ropsayme gaHHble(LUSTRE),

* Tennble AaHHble (EOS)

* XxonogHble aaHHble (TAPE)

07.10.2024 27



Cuctema gonroBpemeHHOro XxpaHeHus

Cuctembl XpaHeHUe U faHHble.

Cratuctuka no ob6meHy gaHHbiMM € Havana 2023  TS3500 B pexkume OXKUAAHUA, B AaHHbIM MOMEHT noakatoueH K CTA
TS4500 pa6botaet Ha CMS, nos10BMHA eMKOCTU 3ape3epBMpoBaHa ann
NICA.
TS3500 12 N6 cBob6ogHO
TS4500 Bcero 90 Nb

3000,00
5500.00 O6bem 3anncaHHbIX U cuUTaHHbIX B 2023 rogy AaHHbIX B PB

2000,00 Bread TB

1500,00 B-write-TB

Data volume, TB

1000,00

500,00

PasBuTtme Ha 6amnkanwime roa-asa

0,00
TS3500 12 PB, 12 LTO6 ncnonb3yroTca B KayecTse

ucnbiTaTteNbHOM NAoOWaaKK ana yctaHosku EOSCTA. byaer
XpaHUAULWEemM aNa SKCnepmmeHToB, He cBA3aHHbIX ¢ WLCG.
TS4500 90 PB 12 apaiiBoB 3592-60F Jaguar 6yaert pasgeneH
Ha HECKOJ/IbKO IoTUYecKnx bubamnorek

Yactb - nog ynpasneHuem Enstore gna CMS

Yactb - nog EOSCTA ana NICA
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Cncrtema cpegHeCpO4YHOro XxpaHeHuA

EOS aBnaertca cuctemou XpaHeHUA oveHb 6oablunMXx 06bEemoB gaHHbIX.

OnTMManeH no COOTHOLIEHUIO CTOUMOCTb/06bem XxpaHeHus.

YnobHa ansa nonb3oBaresieit NOUYTU KaK /IOKanbHaA ¢pailnoBasa cuctema.

MNMoppepXnBaetT MHOXKECTBO NPOTOK0N0B Aoctyna: POSIX npu ycTaHOBKe Ha N0/1b30BaTe/IbCKOM KOMNbIOTEpPE;
xroot u http gna 6bicTporo yaaneHHoro gocryna.

BbiCOKanA HaAeXXHOCTb XPaHEHUA AaHHbIX 33 cYeT Ay6anpoBaHMA Ha Pa3HbIX cepBepax, XpaHEeHUA Ha Pa3HbIX
cepBepax B popmare BepTUKanbHOro RAID ¢ KOHTPONAbHbIMU CYMMaMMU.

BbICOKaa CKOPOCTb AOCTYNA K AAaHHbIM 3a CYHeT Napanne/ibHOro KONMPOBaHUA C MHOXeCTBa CepBepoBs.
3awmTa AaHHbIX C MOMOLLbIO PAaCLUMPEHHOrO CNUCKA A0CTYNA ANA FPYNN U OTAEeNbHbIX N0/Ib30BaTENEMN.
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NPOrPAMMHOE OBECNEYEHUE ANA BbIYUCIUTE/NBHOWU CPEADI

Onsa obecnevyeHuna 6ecnepebomnHom pabotbl MUBK 1 apdpeKTMBHOro Mcnoab30BaHMA BbIYUCANTENbHbBIX PECYPCOB HEOBXOAMMA
pa3paboTKa 6a30BOro NnporpammHoro obecneyeHus.

pacnpegeneHHaa NporpamMmmHo-
onpeaensieman BbICOKONPOU3BOAUTENbHASA
BbluMCAUTENbHAA NAaTPopma ANS
06paboTKM M XpaHEHMA AAHHbIX
3KCNepUMeHTOB, 06beanHAKOLLLAA
CynepKommnbloTepPHbIe (reTeporeHHble),
rpua- n obnavHblie TEXHONOTNK ANS

3P PEKTUBHOIO UCMONb30BAHMNA HOBbIX
BbIYUCAUTENbHbIX aPXUTEKTYP

MHOTodyHKLMOHA/IbHaA NPOrpaMmMHO-
annapaTtHaAa naathopma aHa/INTUKU
H60NbLINX AaHHbIX Ha 6a3e rMbpuaHbIX
annapaTtHbix yckoputenen (GPU, FPGA,
KBAHTOBbIE CUCTEMbI); aATOPUTMBbI

MALUMHHOTO 0By4YeHMA; UHCTPYMEHTDI " nepeaoBble CUCTEMbI 3aLLUUTLI KNOEPUHPPACTPYKTYPbI, KOMMbIOTEPHOMN
aHAaNINTUKKU, OTYETHOCTU M BM3yan3aLUnm; N NONb30BATENbCKON MHPOPMALMKN, NYOBANUUYHBIX 3NIEKTPOHHbIX YCAYT U
noaaep*KKa Nonb30BaTeNbCKUX ayTeHTMdUKaLMmM nonb3oBaTenem

NHTepPencos n 3aaau
07.10.2024 31



PacnpeaeneHHas reteporeHHas cpeja Ha OCHoBe
DIRAC

Ha Tekywmin momeHT DIRAC Interware (Distributed Infrastructure with Remote Agent Control) — eamMHcTBEHHaA cnctema,
KoTopaAa nHterpmpyet sce KomnoHeHTbl MUBK. DIRAC Interware — 3To nporpammHas cpeaa anaa pacnpeneneHHbIX
BblYMC/IEHNI, 0becneymBaloLLLAa NONHOE pelleHne ana ogHoro (Mnm 6onee) coobuiecTsa nonb3osBaTtenen, TpebytoLlero
A0CTyna K pacnpeaeneHHbim pecypcam. DIRAC co3aaeT NpoMeXyTOUHbIN C/I0OM MeXAay N0/ib30BaTeN MU U PECYPCaMMU,
npeanaraa obwmimm nHtTepdenc ana psaaa reteporeHHbIX NOCTaBLLMKOB, MHTErpMpyAa nx becwoBHo, obecneynBas
nHTeponepabenbHOCTb, 0OAHOBPEMEHHO C ONTUMM3NPOBAHHbBIM, MPO3PaYHbIM M HAaAEXHbIM UCMONb30BaHMEM PECYPCOB.



PacnpegeneHHas reteporeHHas cpeaa Ha ocHoBe DIRAC

Vicnonb3osaHue NAaTGOpMbl  Nons McnoNb3oBaHUA
DIRAC skcnepumeHTamu B komnoHeHTos MUBK 8 DIRAC B
2023T. 2023 r

OcCHOBHbIM NoJib30BaTeIeM NAaTGOPMBI
ABafeTca skcnepmmeHT MPD

MPD Monte-Carlo

HUKC (HaunoHanbHaa nccneaoBaTtesibCKas
KOMMNbIOTEPHAA CETb, KPYNHEMLasn B
Poccum Hay4yHO-0b6pa3oBaTenbHasA CeThb).



PacnpepeneHHan reteporeHHasa cpeaa Ha ocHose DIRAC

B 2023 roay snepsblie B OUAN Ha

pacnpenenéHHoOn reTeporeHHom

BbIYNCAUTENBHOM MHDPACTPYKTYPE,

06beAMHEHHOM C NOMOLLbIO NAaTGOPMBbI BM@N Run 8 data processing

DIRAC, peann3oBaHa no/siHaa obpaboTKa -

CbIPbIX AAHHbIX 8-T0 CeaHca 3KCNepMMeEHTa
BM@N. B xoge ceaHca 6bi1n10 cobpaHo 430 Tb
AaHHbIX B BuAae ~30000 ¢pannos. B TeveHune
roga, nocae BHECEHUA N3MEHEHUIN B NAKET
BmnRoot, KoTopbi ncnonb3yertca ana
PEKOHCTPYKLMWN AaHHbIX, 3Ta Nnpoueaypa
NPUMEHANACb HECKO/IbKO pa3 Ana
nepeobpaboTKn NcxoaHbIX AaHHbIX. Bcero 3a
roa, 6b1/1n BbIMOAHEHbI 5 601bWKX N 7 ManbIX
CEeaHCOoB MO PEKOHCTPYKLMUK/reHepaumnm
NAHHbIX.

CBOAHAaA CTAaTUCTUKA ncnonb3oBaHua nnatdopmbl DIRAC ana obpaboTtkn gaHHbIx BM@N Run 8



MOHUTOPUHI



MWBK MOHUTOPUHI U aKKayHTUHT

YcnewHoe GyHKLNOHUPOBaHME BblYNCANTENBHOMO KOMMJIEKCa
obecneurBaeTca CMCTEMOW, KOTOPasi KOHTPOJIUPYET BCe
KoMnoHeHTbl MUBK.

Heobxoanmo:

* pacWUpUTb CUCTEMY MOHUTOPUHIA, MHTErpUPOBaB B Hee
NOKaNbHble CUCTEMbI MOHUTOPUHIA CUCTEM
3/1eKTPOCHabXxeHna (aM3enb-reHepartopsl, 610ku
pacnpeseneHus 31eKTpo3HepPrumn, TpaHcPopmaTopbl
MCTOYHUKM BecnepebomHOro NuTaHus).;

* OpPraHM30BaTb MOHUTOPUHI CUCTEMbI OXJ1AXAEHUS
(rpasvpHM, HACcOChl, KOHTYPbl FOPAYeN U XO04HOWN BOABI,
Ten10006MeHHNKW, Ynanepsl).;

* CO3AaTb LEHTP yNnpaBAEHUS MHXEHEPHOM
MHPpacTpyKTypou (cneumanbHble UHGOPMALMOHHbIE
MnaHenn ANs BU3yamM3aLmnm BCeX CTaTyCOB MHXEHEPHOM
MHPpacTpykTypbl MUBK B egnHOM TOUKe A0CTYNA);

*  YUMTbIBATb KaXA0e No/b30BaTe/IbCkoe 33JaHNe B KaXA0M
komnoHeHTe MUBK.

TpebyeTcst pa3paboTtaTtb UHTENEKTYanbHbIE CUCTEMbI, KOTOPbIE

no3BonAT obHapyxMBaTb aHOManuu, YTo NPUBEAET K

HeobxoOMMOCTM cOo3daHusA cneymanbHON aHanMTUYECKON

CUCTEMbI B paMKax CUCTEMbI MOHUTOPWHIa AJ1, aBTOMaTU3aumm
npoLecca.



4.

5.
6.

CemunetHum nnaH passutua MUBK

CeMMNeTKOW NpesyCcMOTPEHO Co3aaHMe Ha 6ase JINT ueHTpa A0rOCPOYHOrO XPaHEHMS AaHHbIX Ha pecypcax MUNBK.
Mpouecc MmogennpoBaHusa, 06paboTkm M aHaNM3a SKCNEPUMEHTAJIbHBIX AaHHbIX, MOAYYeHHbIX C geTekTopoB BM@N, MPD
n SPD, byaeT peanM3oBaH B pacrnpesesieHHOU BbluMCanTebHOW cpeae Ha 6a3e MBK v BbluncanTenbHbix ueHTpos JIPBI
M CTPAH-Y4YaCTHUL, Kosslabopaymi.

PernoHanbHbIn LeHTp 06paboTkn AaHHbIX, NpeAHa3HAYEeHHbIN A5 NPOU3BOACTBA, XPaHeHUs n 0bpaboTku ans
skcnepmmeHTa JUNO. OxunaaeTcsi, YTo 3TOT LeHTp 06paboTkm faHHbIX CTAHET OAHMM U3 TPeX €BPONENCKMNX LLEHTPOB
obpaboTku aaHHbIX JUNO. Pecypcol, Heobxoanmble ana obpabotkm 1 xpaHeHus ganHbix JUNO, 6bii1m og06peHb
CTOPOHaMM B pamkax «MemMopaHAyMa 0 B3aMMOMNMOHMMaHUM NO COTPYAHMUYECTBY B Pa3BepPTbIBaHUM M dKCNyaTaL UK
BbluncamtenoHom cetn JUNO», nognuncanHoro mexay OB n ONAN 1 ceHTabps 2022 T.

MpoagonxeHne paboTbl B kavectBe Tier! n Tier2 ana LHC (HL-LHC).

PacwupeHne nHPpacTpykTypbl 061aUHbIX BbIYMCAEHUNA.

[anbHellee pa3BmTHE, HapalLMBaHME NPON3BOANTE/IBHOCTM U BO3MOXHOCTEN CynepKoMmnbloTepa «[0OBOPYH».

NHdOopMaUNOHHO-BLIMUCINTENBHLIN BIOK KOMMeKca
NICA B OUAN BrntoyaeT B cebsi:

1. oHnanH-knactep NICA,

2. aBToHOMHbIN Kractep NICA B JI®BO,

3. Bce komnoHeHTbl MUBK (Tier0, Tier1, Tier2,
cynepkomnbtotep «oBOpYyH», 0ONavHbIE BbIYUCIIEHNS),
4. MHOrOYpPOBHEBYIO CUCTEMY XPAHEHUSI JAHHbIX,

5. pacnpenernieHHy BblYUCIUTENBHYIO CETb.
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Pa3ssuTtue cepsepHbix 3asn108 MUBK

CerogHsa (1000 kBrT) MnaHnpyem — HoBbIN cepBepHbiv 3an MUBK (600 KBT)
* 69 cToek ana cepsepos * 30Ha pob60TU3MPOBAHHDbIX NEHTOUYHDbIX BUbAnoOTEK
e 4 ctoinkn gna CK «foBopyH» * 130 ctoek gna cepsepos

e 10 cToeK gna ceteBoro o6bopyaoBaHusA
* 4 CTONKMU ANA aAMUHUCTPATUBHDbIX CEPBMCOB
e 2 po60TU3NPOBAHHDbIE NEHTOUYHbIE BUbBAKOTEKHU

38
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DHEPIOOBECIIEYHEHUE



OT PAVUI k POUT-M

Poccunckuim koHcopumnym POUI (Poccuickuim Data Intensiv GRID)
Obin co3aaH B ceHTsabpe 2003 roga kak HaunoHanbHasa denepauus
npoekta EGEE.

[MpoTtokon mexay LUEPH, Poccuen n OUAN ob yyactmmn B npoekTe

LCG 6bin nognucad B 2003 rogy. MemopaHaym 0 B3anMONoHUMaHUK

06 y4yacTtun B npoekte WLCG 6b11 noanucax B 2007 roay.

B Poccuun peannayetca nporpamma

MacLUTabHbIX Hay4YHbIX NPOEKTOB. [1s
peLIEeHnNsa 3ToM 3agaym Heobxoanmo
pasBUTUE pacnpenerieHHomn
KOMMbIOTEPHON MHAPACTPYKTYPHI,

1R 06bEeAVHSAIOLLEN KITOYEBbIE HAaYYHbIE U
\a ? obpasoBaTtesibHble yUpexaeHus,
POl yyacTeylowme B MeraHayyHbIX MPoOeKTax,
Dy ~ —_POur-wm.
Anpom UT-noooepxkmn Takom

RDIG-M ‘Mccneu,osaTeanKoﬁ NHPACTPYKTYpPHLI
OOIMKeH cTaTb co3daHHbin B 2024 roay
» w» Ha 6ase ONAN, HNL, «KypuaToBckui

NHCTUTYT», CI1 PAH KoHCcopunym no
‘ NT-noooepxke meracaneHc-rnpoeKToB.
07.10.2024 41




OcHOBHaA Ueb NPOeKTa —

obecneynTb

* MHOTropYHKLUMNOHANbHOCTD,

e MmacwTabupyemocTb,

* BbICOKYIO
NPOU3BOANTENbHOCTbD,

* HaAeXXHOCTb U AOCTYMNHOCTb B
pexmnme 24x7x365

ONA PA3NNYHbIX TPYMN

NONb30BaTe/IEN, BbINOJHAOLLUX

Hay4YHble UCCneaoBaHMA B

pPpaMKax TemaTmnyeckoro nsjaHa
OUAMN.



https://micc.jinr.ru/



Cnacmbo 3a BHUMMaHue
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