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AHHOTaNus

Haercs xpatkuii 0030p pa3BHTHS TJI00AIEHON
rpun-uHppactpykrypsl npoekra WLCG (World-
wide LHC Computing Grid nnn BecemupHslii rpua
s Bornbioro aapoHHoro koyaiinepa). Ocoboe
BHUMAaHHE YIENSETCS apXUTEKType paclpelesieH-
HOT'O XpaHEHHs CBEpXOOJbIINX 00bEMOB JaHHBIX.
Haercs kpartkast uHGOpPMAIMs O MPOEKTaX pa3BU-
THs CPEACTB MOHUTOPHUHIA U YIIPABIEHUS pacIpe-
JACJIICHHBIMU (baf/'IJ'IOBI)IMI/I CHUCTCMAaMMH, BBIIIOJITHCH-
Heix B OUSIM: cucrema MOHMTOpUHTA CEpBHUCA
nepenaun ¢aitnoB FTS pa3BuTHe cucteMsl yrnpas-
JICHUA pacnpe€ACICHHBIMU JTaHHBIMU OKCIIEPU-
menta ATLAS, cucteMa MOHUTOpHUHTA IIEHTPOB
ypoBHst Tier3 majsi aHanmM3a JaHHbBIX, TJI00anbHAas
CHCTEeMa MOHHMTOpPHHra IIepeadyd JaHHBIX B
undpacrpykrype npoekra WLCG. OG6o3HaueHBI
HOBBIC pEIICHHsS W IEPCHEKTUBbI B 00paboTKe
«bonpmmx J{aHHBIX»

1. 'pup-undppacTpykrypa ajsi 00padoTKu 1
XpaHeHus1 JaHHbIX BoJb1I0ro agponHoro
kos1aiiaepa (WLCG)

PazButne wmccnenoBaHuii B (QU3MKE  BBICOKHX
SHepruii, actpodusuke, OHOIOrUU, HAyKaX O 3emiie H
JIPYrHX HAy4HBIX OTpaciiax TpeOdyeT COBMECTHOH
paboTHl MHOTHX OpraHM3aluil Mo 00padoTke OOIBIIOro
o0beMa JaHHBIX B OTHOCHUTEIBHO KOPOTKHE CPOKH. s
9TOr0 HEOOXOAWMBI TeorpadpudecKu pacmpereeHHbIe
BBIYHC-JIUTENIBHBIE CUCTEMBI CIIOCOOHBIE IEpeNaBaTh U
NIPUHHA-MATh JaHHBIE TIOPSAAKA COTEH TepadailT B CyTKH,
OIHO-BPEMEHHO 00pabaThIBaTh COTHH THICAY 3aqad
JIOJITO-BPEMEHHO XPaHUTh COTHH NeTa0alT TaHHBIX.

CoBpeMeHHBIE rpUA-UHPPACTPYKTYPHI obec-
TIEYNBAIOT HMHTETpanuio amnmapaTypHBIX u
MIPOTPaMMHBIX PECYPCOB, HAXOISIIUXCS B Ppa3HBIX
OpraHM3alMsiXx B  MacmTabax CTpaH, pPETHOHOB,
KOHTMHEHTOB B €IWHYI0O BBIUHCIUTEIBHYIO CpEny,
MMO3BOJSIIOIYFO  pelIaTth 3ajadu 1o  oOpabotke
CBEpXOONBIIMX OOBEMOB JAHHBIX, YETO B HACTOSIIEE

"Tpyawt 14-ii Bcepoccuiickoil HaydHOil KoOH(epeHuuu
“«JIEKTPOHHbIe OUOJUOTEKH: NepcHeKTHBHbIE MeTOABI U
'TeXHOJIOTHHU, IJIeKTPOHHbIe Ko/ulekuum» — RCDL-2012,
IepecaaBab-3aneccknii, Poccusi, 15-18 okradps 2012 r.

BpeMsi  HEBO3MOXKHO  JIOCTHYb B JIOKAJIBHBIX
BBIYKCIIUTENBHBIX IIeHTpax. Haumbosee Brewatssroniye
pe3yJIbTaThI o OpraHu3au rI100aIbHON
MH(PAaCTPyKTYypbl ~ paclpeleseHHbIX  BBIYMCICHHH
nonyuensl B mpoekre WLCG (Worldwide LHC
Computing Grid wim BeemupHnslii rpun aist bonbrroro
anaponHoro komrainepa) B L[EPHe mpu oOpabotke
nmaHHbIX ¢ 9SkcnepumentoB Ha LHC (Large Hadron
Collider) nnmu BAK (Bonbiioii ampoHHBIH KomIaimep).
Ha cemunape 4 wronsa 20012 roma, mMOCBSIIIEHHOM
HaOmomeHmio 6o3ona Xwurca, qupekrop L[EPHa
P.Xoliep nan BBICOKYIO OLEHKY IPUA-TEXHOJO-THSM U
MX 3HAYMMOCTHU JJI1 MUPOBOM Haykd. be3 opraHuzanuu
rpun-uHpactpykTypsl Ha LHC 66110 ObI HEBO3MOXKHO
oOpabaThiBaTh M XPaHUTh KOJIOCCAJbHBIH  00beM
JAHHBIX, MOCTYMAIOIUX C KoJUlaiiiepa, a 3HAYUT U
COBEpIIAaTh HayuHbIC OTKPbITHSA. CEroiHs yxe HU OJUH
KPYIHBIA HAYYHBIH TPOEKT HE OCYIIECTBUM 0e3
HCIIOJIB30BaHUS pacnpeeIeHHOH NHQPaCTPYKTYPhI s
00paboOTKM MJAaHHBIX. 3ajadya OpPraHHW3ALUU KOMIIBIO-
THHTra 115 sKkcnepuMenToB Ha BAK Obuia coBepiieHHO
OecrperieIeHTHOM, TOCKOIBKY TPpeOOBaIOCh:
- obecrieunth OBICTPBIH HOCTYl K MaccHBaM
JAHHBIX KOJIOCCAIBHOI'0 00BEMA;
- obecrieunThb MPO3padHbIN JOCTYII K
reorpaduuecky pacupeeneHHbIM pecypcam;
- co3JaTh MPOTSHKEHHYI0 HAAEXKHYIO CETEBYIO
UH(PPACTPYKTYpPY B TETEPOreHHOU cpezie.
bruta pa3paborana 0azoBas MOIENh KOMIIBIOTHHTA
s skcnepuMeHToB  bBAK  kak  mepapxmdeckas
LEHTPAJIN30BaHHAsl CTPYKTypa PETHMOHAIBHBIX LIEHTPOB,
BKJIIOUaromas B ceOs IEHTPbl HECKONBKUX YPOBHEH.
Cyrp  pacnpeneleHHOM  MOIENH  apXHUTCKTYpHI
KOMITBIOTEPHOH CHCTEMBI COCTOMT B TOM, YTO BECh
oopeM wmHpopMammu ¢ gerekTopoB BAK mocme
00pabOTKM B peallbHOM BpPEMEHH W MEePBUYHOM
PEKOHCTPYKIMM (BOCCTAaHOBJICHUSI TPEKOB YAaCTHI, HX
UMITYJIbCOB U APYTUX XapPAKTEPUCTUK M3 XAaOTHIECKOIO
HaOOpa CHTHAJIOB OT PAa3IUYHBIX PETHCTPHPYIOMINX
CHCTEM) [ODKEH HANpaBIATHCA IS JalbHEHIIeH
00pabOTKN ¥ aHAIHM3a B PETHOHANBHBIE IIEHTPHI Pa3HBIX
ypoBuelt mwin sipycoB (Tier's): Tier0 (CERN) = Tierl
= Tier2 = Tier3 = KOMIBIOTEPHI OIB30BATEICH.
YpoBHM paznuuaroTcs Mo Macmrady pecypcoB
(cereBble, BBIUYMCIHUTENBHbBIC, JUCKOBBIE, apXWUBHBIC) W
TIO BBITIONTHSAEMBIM (QYHKIHSM:

Tier0 (LIEPH) - nepBu4Has peKOHCTPYKIHS
cOOBITHI, KAaMTNOPOBKA, XpaHEHUE KOMHIA MOJIHBIX 0a3
JIaHHBIX;



Tierl - moxHAs peKOHCTPYKIMS COOBITHH, XpaHEHUE
aKTyaJIbHBIX 0a3 ITaHHBIX 11O COOBITHSIM, CO3JaHHE U
XpaHeHHe HaOOpOB aHAM3UPYEMBIX COOBITHH,
MOJIEIUPOBAHUE, aHAIIU3;

Tier2 - permukanys 1 XpaHeHHe HAOOPOB
aHAJM3UPYEMBIX COOBITHH, MOJIETMPOBaHNE, aHAIH3.

B pamkax 3TOro mnpoekta OBUIH MPOpabOTaHBI
TpeboBaHUsA K pecypcaM U (PYHKIHH PErHOHAIbHBIX
neHTpoB ypoeuer Tier(, Tierl, Tier2. Pa3paGorannas
MOJIeIb OblTa peaju30BaHa W YCHEIIHO (YHKIIMOHHU-
pyeT ¢ MOMEHTa 3amycka BoJbIoro ajapoHHOTO KOJ-
nmatinepa B 2009 romy. EskeromHo coOuparorcs u
00pabaThIBAIOTCS JaHHBIE 00BEMOM B JIECATKH M JaXKe
COTHHU MeTabauT.

B nacrosmiee Bpems npoekt WLCG o0benuHseT
6onee 150 rpua-caiiroB, Gomee 300 000 LIITY, Oonee
250 TII0aWT cucTeM XpaHEHUS MAaHHBIX Ha JUCKaX H
JIeHTOYHBIX podorax. C Hauwanma 2012 roma go Hauana
ceHTsI0ps Ha Tpui-uHdpactpykrype WLCG Obuio
BBIMOJIHEHO Oosyiee 430 MUWIIHMOHOB 3a1a4 00pabOTKU |
aHanm3a JaHHBIX ¢ 3kcnepumeHToB Ha LHC, xotopsie
ucnone3oBany 10.5 MuIHap 0B 4acoB MPOLECCOPHOTO
BpemeHu B enuHuIiax HEPspec06.

COUNTRY. ermatsac CRU tima (<ST2K] per COUNTRY

Puc. 1. PacmpeneneHue mpoLecCOPHOTO BpEeMEHU
npoexta WLCG 1o crpanam 3a 2012 rof 1o ceHTAOpS.

Ha puc.1 nokaszaHo pacnpezneneHne mpoLeccopHOro
BpeMenH 1o ctpanaM WLCG, B xoropom: CIIA - 36%,
BenukoOputanus — 11%, I'epmanus — 9%, @panmmsa u
Uramus — mo 8%, Kamama- 5%, ILlBetimapus — 4%,
Ucnanuns n Hupepnauaet mo 3%, Poccus - 2 %.

Puc. 2.

Pacnipenenenue
npoekta WLCG no poccuiickum rpua-caiitam B Tederne 2012

HPOLIECCOPHOTO ~ BPEMEHU
roga: OMSIM (HAyb6ma) — 46%, HUIl «KypuaroBckuit
uHCTHTYT» - 19%, UOBD (IIporBuno) -16%, IINAD
(Tarunna) u UAU (Tpounxk) — o 5%, UTID 4%, HUNAD
MI'Y — 3%, DUAH-2%

Ha poccuiickux rpua-caiitax, ydacTBYIOIIHMX B
00paboTke ¥ aHanu3e JaHHBIX dKcnepuMeHToB Ha LHC
[9,10,12] 3a 2012 rom 1o Ha4ajga CEHTSOPS BBITOIHCHO
14.5 MUJUTMOHOB 337124, KOTOPBIE MCIIOIB30BANIN Oojiee
220 MWUIMOHOB YacOB IPOLECCOPHOTO BPEMEHU B
emuaniax HEPspec06 (m3 wmx OUSUN Gomee 100
MUUIMOHOB 4YacoB). Ha puc. 2 mokazaHa cTaTHCTHKA IO
POCCHICKUM LIEHTPaM.

2 ApXuTeKTypa NoJACUCTEMbI XPaHEeHHU
JAaHHbIX
INoncucrema ynpaBieHus JAHHBIMU BKJIFOUACT TPH
cepBHca, NOIePIKUBAOIIHE TOCTYII K (daiiaam:
- pecypc xpaneHus naHHbIX (Storage Element, SE),
- cepruc katanoros (Catalog Services, CS),

- IUTAaHUPOBINWK Tepenaun AanHbix (Data Scheduler,
DS).

OO0mIas CTPyKTypa KaTaJIOrOB TMOACHCTEMBI YIIPABICHHUS
JIAHHBIMHU TIpeficTaBieHa Ha Puc 3.

Karanor MeTaaaHHbIX
Meta
data

LNF —— GUID

= Karanor cainos

Site ID

LNF LNF

Karanor pennuk, caidt A

Katanor pennuk, caiit B

Puc.3 Karamoru mansbeIx

TaOnuipl COOTBETCTBUS MEXIy IePBOHAYAIbHBIMH
Ha3Banusivu  QaitioB  (Logical File Name, LFN),
YHUKAJBHBIMH ~ MICHTU(HUKAIMOHHBIMH  HOMEpaMH
(Glbally Unique Identifier, GUID) u Ha3BaHUsAMHU
¢aitnoB Ha koHkperHbiX caiitax (Site URL, SURL)
xpanstcss B karanore LCG  File  Catalog
(www.gridpp.ac.uk/wiki/LCG_File_Catalog),
obobenuHsONIEM B cebe QyHkuuu (ailioBoro karanora
U KaTajora pernk. CepBuc katanora GpaijioB 1 peIuIuK
MIPOCIEKMBACT HATMYKE (allJIoB ¢ JTaHHBIMHU HA Pa3HBIX
pecypcax  XpaHeHMsS [JaHHBIX W o0ecIieuuBaeT
corocTraBieHue jJormdecknx nMeH (aiioB (LNF) , ox
KOTOPBIMH K HHM OOpamiaercs MOJNb30BaTeNlb, HX
VHUKAJBHBIM B TpHUIEC YHUBEPCAIbHBIM HMEHaM
(GUID), mom kortopbeiMH (aiinbl (BO3SMOKHO B BHUAE
HeCKONbKMX Kommi — pemmnk, SURL) xpassarcs B
PECYPCHBIX LEHTpax rpuI-uHOPACTPYKTYPHL

Jns opraHn3anny XpaHeHUs NaHHBIX B cpele TpUi
HCTIONB3YIOTCS ~ PAa3NMYHBIE CHCTEMBI M CEPBHCHIL.
Haubonee pacpoctpanens! cnenyromue u3 aHux: Castor
[5], dCache [6], DPM [7], mis B3amMOAEHCTBHUSA C
KOTOPBIMH pa3paboOTaH CIeMuanbHBI cepBuc SRM
(Storage Resource Manager) [7]. 3a mepemenieHue
JaHHBIX Ha ¢u3mdeckoMm ypoBHe orBedaer GridFTP—
MpOTOKOJ, pa3paboranHelii B mpoekre Globus [4].
Cucrema dCache [6] opumeHTMpOBaHAa Ha XpaHEHHE
OompmIx 00BEMOB PKCIEPUMEHTATHHOW WH(OPMAIIHH.
Hus  nocryma k  ¢aitmam  dCache wucnombs3yercs
cobctBeHHbIe npoTokoinsl (Hanpumep, DCAP), gridFTP
WK JII000H TIPOTOKOI I0CTYTA K (aifmam.



Hns obecrieyeHns HEOOXOAMMOW  HAJEKHOCTH,
MIPONU3BOIUTENEHOCTH M OPTaHW3aIMM B3aWMOJICHCTBUS
MEXIYy OCTaJIbHBIMH CEPBHCAMHU YNPABJICHHS TaHHBIMH
Obu1 coznman cepuc nepenaun naHHelx — FTS (File
Transfer Service) [11], ocHOBHBIE 00S3aHHOCTH KOTO-
poro: obecriedeHre HAJEKHBIX U YIOOHBIX MEXaHU3MOB
nepenaud (aiJioB THIA «TOYKA-TOYKa», KOHTPOIb H
MOHUTOPHHTI Ilepefiad, paclpesieleHue pecypcoB caiita
MEXIYy pa3JIMYHBIMH OpPraHM3aLsIMU, YIPaBJICHUE
3ampocamMH Iojb3oBarenell. ExeTHEeBHO C MOMOIIBIO
FTS Mexay paznuuHbIMU caliTaMU MEPENAIOTCs COTHU
THICSIY (PAlIIOB, @ 00BEMBI COCTABIISIIOT COTHU TepabailT
B feHb. FTS mpenHasHaueH uisi HaJeKHOM MEepeChUIKU
(haiinoB MeXJy KpPYNHBIMU XpaHWIHMIIAMHU JaHHBIX, B
MepBYIO ovepenb, MeXAy LeHTpamu ypoBHS TierO0 u
Tierl. Ha puc. 4 npencraBieHa cxema (YHKIIMOHH-
poBanus cepsuca FTS

Site1 Site2
Storage system TS b FTs Storage system
il

CASTOR ] ; — CASTOR
W (

dCache SRM = SRM dCache
J L

DPM ] — DPM

<—>{ GridFTP ‘<—>

cpele moiaydmsia paclpeseneHHas QaiioBas cucrema
Xrootd, HampaBieHHass Ha BBICOKOIPOU3BOJUTENBHBIMH,
MacIITa0UPYeMbIi U OTKa30yCTOMYMBBIA  JOCTYI K
XPpaHWINIIAM JaHHBIX MHOTUX BHJIOB.

JlocTyn X [NaHHBIM OCHOBaH Ha MacHITaOHpyeMou
apXMTEKType, IIPOTOKOJIE CBs3M, a Takke Habope
IUIaTHHOB M HMHCTPYMEHTOB. Xrootd obecreunBaer
yIOOHBIA JUIsi TOJNB30BATeNsi W OBICTPBI JOCTYN K
JaHHBIM JF000ro Buaa. JlaHHBIE TOMKHBI OBITH OpraHu-
30BaHHBI B BUJIE MepapxHyeckoil (ailioBoil cuctemsl,
Kak IPOCTPAaHCTBA MMEH, OCHOBaHHBIC Ha KOHIICTIIIUH
KaTasora.

Xrootd BKJIIOYAeT TaKWe CIOXKHBIE (QYHKIMH, Kak
ayTeHTU(]UKaLHs/aBTOpU3aLUs, HHTETpaus ¢ IPYrUMHA
CHCTEMaMH, CO3JIaHHEe HOBBIX MEpapXuii U Qemepanuii
r7100a7IbHO PACTIPENCICHHBIX JaHHBIX.

3. PazBuTuHe cpeJCTB MOHMTOPUHIA H
ylnpaBJieHHusl pacnpe/ieileHHbLIMH
cucreMmamu xpanenus B OUSAN

OUAN akTHBHO y4acTBYeT Pa3BUTHH EBPOIIEH-CKOM
U POCCHICKOH TpUA-HHPPACTPYKTYPH, B TIEPBYIO
ouepenr B mpoekte WLCG [13]. fAapom »toit
HHPpACTPYKTYphl sBisercs LleHTpanpHBIT mHOOpMAa-
[IMOHHO - BBIYHCIUTENbHBIN Komiuiekca (IIMBK)
OUAH, GasupyromeMcsi Ha paclpeieIeHHOW MOJICIH
xpaHeHnss W oOpaborkm mamseix. [[MBK OWSAN
OpPraHW30BaH KakK eAWHBIN WH(OPMAIIMOHHO-BEIYNC-
JUTENBHBIA pecypc, NpenHa3HAYeHHBIH Uil obecre-
YEeHUs BCEX HaIpaBJICHUH AesrensHocT MHctuTyTa. B
HACTOsIIlee BpeMs BbIUUCIUTENbHBIN koMmieke [[MBK
cocTouT U3 2582 64-X OUTHBIX MPOIECCOPOB U CHCTEMBI
XpaHeHHs JaHHBIX oOmei emkocteio 1800 Toaifr.
CueTHble pecypchbl M Pecypchl Ul XpaHEHHS JaHHbBIX

UCTIONIE3YIOTCSI  KaK  JIOKAJTBHBIMH  TTOJB30BATEISIMH
OUSIM, Tak ® TONB30BATENSIMU  MEXKIYHAPOIHBIX
MPOCKTOB PACIPEICIICHHBIX BBIUUCICHUN, B IIEPBYIO
ouepenb OJKCICPUMEHTOB Ha bBoNbBIIOM —aapoHHOM
kommaiinepe (ATLAS, CMS, ALICE). octym k
JTAHHBIM 00ECTICYMBACTCS IPOTrPaMMHBIM 00ECIIEUCHUEM
dCache u Xrootd, koropble oOecneynBalOT JIOCTYN K
JaHHBIM KaK JIOKAJIBHO, TaKk W TJI00AJBbHO IS
nojip30BatTeNiel BUPTyadbHbIX opranmzanuiit WLCG.
Co3ganel cpeactBa MoHMTOpHHra [17], KoTopble
MOMOTAlOT pemaTth 3aaady 3(QQeKTHBHOTO HCIOMb-
30BaHUs CHCTEMBI XpaHEHHS B 0aTaHCUPOBKHU HATPY3KH
Ha JTUCKOBBIC TTyJIbl. Bce CHCTEMBI XpaHEHHUS TIOCTPOCHBI
C UCMOJb30BaHUEM ammapaTHoro Mmexanusma RAID6.

Corpynauxu OUSIM mpuHANIM aKTUBHOE y4yacTue B
pasBUTUM  TJO0ANBHBIX CHCTEM MOHHMTOPDHHTA |
yIpaBleHUs paclpeeeHHBIMI XpaHWINIAMH JaH-
HbIX. [IpeacraBneHsl Hambosee 3HaYMMBbIE MPOEKTH B
3TOM HampaBJICHUH.

3.1. Cucrema MOHMTOPHMHIa cepBHCAa NepegavH
¢daiinos FTS

Bruta pazpaboTaHa cUcTeMbl MOHHUTOPHHIA CEpBHCA
nepenaun  daiios FTS [11]. Wurepdeiic cucremsr
COCTOMT M3 HECKOJBbKHUX MOAYyJEH. Y IOJIb30BaTEIEH
€CTh BO3MO)KHOCTh HayaTh CBOIO palboTy C CHCTeMOU
HEMOCPEACTBEHHO M3 HHTEPECYIOLIEr0 €ro MOy,
700 C TITaBHOW CTPAaHUIIBI, HA KOTOPOH Mpe.I-CTaBICHbI
001Ie OTYETHI, TO3BOJIAIOIINE ONPENEIUTh COCTOSHHUE
CepBHCa U BO3MOXKHBIE MCTOYHHMKU IpodieMm. Cucrema
MPENOCTABISET BO3MOXKHOCTU IIOMYYEHHUsS] LIMPOKOIO
CIEKTpa  OTYETOB, PEHTHMHIOB,  CTaTUCTU-YECKUX
BBIKJIQJIOK U onpejeneHus KoddduimeHTa Koppensium
JuIs TTapbl omKOoK. IIpakTHIecKH BCe OTYETHI CHCTEMBI
MOHHTOpPHMHTA CepBHCAa Nepefadyd MAaHHBIX CHAO)KEHBI
NEePEeKPECTHBIMUA CCBUIKAMM, YTO OYeHb YJOOHO s
JeTalu3aluyi  pe3ylbTaToB. B cucreme peann3oBaH
MEXaHHM3M OIOBELICHU IpH COOSIX, MO3BOJIFOLIMH
aJIMUHHCTPATOPY CEpPBHCA CO3-IaTh CBOM COOCTBEHHBIC
HaOoOpel TmpaBUI (TpUITEpHI), MpHU cpabaThIBaHUU
KOTOPBIX OyZyT BBIITOTHEHBI ONPEACIECHHbIE IEHCTBHSA
(oTmpaBieHsI coo0MIEHNs MOCPEICTBOM Web-
uHTepdeiica, JJIEKTPOHHOW  IIOYTHI, KOPOTKHX
coo0mieHnit sms #u T.A.). TpUrrepsl MOXHO CO3IaBaTh
JUI  KaHAJIOB TIEpefadd, TPUA-CAHTOB, XOCTOB H
BUPTYyaJbHBIX OpraHu3alvil. Peanmu3oBaHbl Tpu Tuna
TpurrepoB: (1) Ipm TPEBBIIEHUH YHCIAa OIMIHOOK
OIIPENIeNIEHHOTO YPOBHA, (2) TpW W3MEHEHHWH YpPOBHA
ommOoK Ooree, YeM Ha 3aJaHHYIO BenuanHy U (3) mpu
NPEBBIIICHAN  TPOIEHTa  HEYJA4yHBIX  mepenad
ompezaeneHHoro yposHs. Ecnu monb3oBatens padoraer
c Tpurrepamu TMma 1 W 2, TO OH MOXET yKa3aTh
WICHTU(QHUKAIMOHHBI HOMEp OIPENeIeHHON OIMUOKH,
4TOOBI OTCIIEKUBATh TONBKO ee pa3ButHe. [Ipu padore ¢
KaHallaM{, TpHJ-CaliTaMM WM XOCTaMH, IIOJIb30BATEIb
MOXET yKa3aThb BHPTYaIbHYIO OpTaHHM3ALMIO JUIs
TIOJTy4eHUST HEOOXOJJIMBIX TTapaMETPOB.



‘ WHbopmaumnoHHble Tabnuubl ‘

‘ Kanans! Caritbl ‘

CucTema ononseLeHms ‘

# Tpurrepsl

WHdbopmaums o Mpasuna ans
cpaboTaBMX [  cucTeMbl

‘ HeobpaboTanHas uxdopmaum ‘

HeynauHble
nepepain

YpauHble
nepepaiun

CuctemHble
Tabnuubl

‘ BkcnepTHas cuctema ‘

‘ Mpasuna H BHaHus ‘
Coctosti

nakeTb!

O6paboTaHHas uHhopmaums ‘

Ownbkun Ha Ownbku Ha Obwasn
caittax u KaHanax v ans | | uHgopmaums o
xocTax BO kaHanax n BO

Puc. 5 Mopens nanssix cucteMbl MoHUTOpHHTa FT'S

WNudopmanmss o cpabaTblBaHUM TpUTTEPA MOXKET
ObITh TONy4eHa U3 CHENUAJbHOM TaOMUIBL, YTO
CYIIECTBEHHO YIIPOIIAET HCIOJIb30BaHUE MEXaHH3Ma
omoBemeHui. braromaps MexaHM3MY ONOBEIEHUM
3HAYMUTEIBHO YIpollaeTcs padora aIMHUHHCTPATOpPOB
cepBuca. Ha puc. 5 mpencraBieHa MoJenb JaHHBIX
cUCcTeMbl MOHUTOpHHTa cepBuca FTS

[IpenocraBnsiercst cneayromas HHGoOpManus o
KaHajax Tmepefadyd AaHHbIX cepBuca FTS c neramu-
3alUel 110 TpUA-CcaliTaM U BUPTYyalbHbIM OpraHU3alusM
(BbIaBaeMasi MH(OPMAIMsST OTHOCUTCS K BBIOpaHHOMY
MIOJIb30BaTENIEM MPOMEXKYTKY BPEMEHH):

®  KOJMYECTBO nepenay (aiiios;

e  a0CONIOTHOE M OTHOCUTEIBHOE YHCIIO YCIIEIl-
HBIX U HEYCIIEIIHBIX Mepeay;

e  BHIABJICHHBIC IPUYMHBI BO3HUKAIOMIUX OIIHOOK
(HECKONBPKO TEPBHIX B IETIOYKE) U HX KOJH-
YEeCTBEHHOE COOTHOLICHHE B OOLIEM 4YHCIe
OIIHOOK;

®  CpeHUIi pa3Mep NepeaHHbIX (aiiioB;

e  cpenHee BpeMs Iepenayy;

e  cpenHss CKOPOCTb Iepejaull JaHHBIX B KaHAJE;

e  00beM nepefaHHBIX U MOMYyYEHHBIX JaHHbIX.
3.2 Pa3Butue CHCTEMBI yIpaBJieHUsA
pacnpenejieHHbIMHA JaHHBIMHU JKCIepHMeHTAa
ATLAS

Cucrema ymnpaBJeHHS PaclpelelIeHHBIMU JTaHHBIMH
DQ2 xommabopamun ATLAS oTBewaeT 3a peninKario,
JOCTYIl W Y4YeT JaHHBIX Ha pacClpeleNeHHBIX TpHUI-
caifitax, obecneunBaromux OOpabOTKy MaHHBIX KOJIIa-
6opanuu. OHa TaKoKe peaan3yeT HOIUTHKY YIIPABICHHS
JaHHBIMH, ONPEAENICHHYIO B BBIYUCIUTENEHOH MOJIEIH
ATLAS.

B 2010 romy BO3HHKIIA HEOOXOAUMOCTE pa3padoTaTh
HOBYIO apXHUTEKTYpy CepBHCa YOaleHHs JAHHBIX IS
o0ecreveHH s IIeIOCTHOCTH PacIpe/IeNIeHHOr0 XpaHEeHUst
napopmanmu  dkcriepumernta  ATLAS.  Cepsuc
yHaJeHusl MAHHBIX OAWH W3 OCHOBHBIX cepBucoB DQ2.
OTOT pacmpeneneHHBI CepBHC B3aWMOICHCTBYET C
Pa3IMYHBIM TIPOMEXYTOUHBIM TPOTPaMMHBIM obecre-
yerueM Tpun U DQ2 xaTtamoramu Uit 0OCTYKUBaHHS
3ampocoB Ha ynamenue [14]. Kpome Toro, cepsuc
opraHuzyer OaJaHCHPOBKY HAarpy3kH, oOecreduBast
MacIITadNPyeMOCTh W OTKa30yCTOHYMBOCTH CHCTEMBI
DQ2, xoppekTHyt0 00pabOTKy MCKIIOYEHHH, BO3HHKA-
IONMX B IIpomecce padoOThl, CTPaTEeruio MOBTOPA

ornepanyii B ciydae BO3HHUKHOBEHHS OTKa30B. Paspa-
0oTKka BKIIOYaNa IIOCTPOSHHE HOBOro uHTepdeiica
MEXIY KOMIIOHEHTaMH CepBHCa ypianeHus (OCHOBaH-
HOTO Ha TEXHOJIOTHH BeO-CEpBHCOB), CO3JaHHE HOBOH
cxeMbl 0a3bl IAaHHBIX, IEPECTPOIKY sapa cepBuca,
pa3paboTKy WHTEP(PEHCOB C CHCTEMaMH MacCOBOTO
XpaHEHHs, U Pa3BUTHE CHCTEMbl MOHUTOPWHIa PadOTHI
cepBuca. CepBuC pa3paboTaH, BHEIPEH M IOMIICPKH-
Baercsi cotpyanukamu OMAN. JlaHHble 3KCHIEpUMEHTA
ATLAS pacnpenenensl O6onee, ueM Ha 100 rpua-
caiitax ¢ OOIIMM OOBEMOM JMCKOBOT'O IIPOCTPAHCTBA
Oonee 150 merabalfiT, B KOTOPOM XpaHATCS COTHH
MWUIMOHOB (aiinoB. HenenbHbId 00beM  ymanseMbIX
JaHHBIX coctaBisger 2 [16 (20 000 000 daiinos).
Co3naHHBIE  cepBUC  OOECleYMBAaeT  ILIEIOCTHOCTD
XpaHeHus HWHpOpMalKu B Teorpauyeckd pacnpene-
JIEHHOH cpefie.

3.3. Cucrema MOHUTOpPHHIra HeHTPoB ypoBHsA Tier3
JJ151 AaHAJIM3A AAHHBIX.

Jns aHanuza paHHBIX 9KcnepuMeHToB bAK cramm
UCIIONIb30BAThCsl  pa3HOOOpa3Hble  BBIYUCIHUTEIbHBIC
pecypchl  (CepBepbl, KIacTepbl, CYINEPKOMIIBIOTEPHI)
HeHTpOB ypoBHsi Tier3,  KOTOpble HAaXOASTCS BHE
HECHTPAJIU30BAHHOI'O YIIPABJICHU U IIJIAHUPOBAHUA U HA
KOTOpbIE HE DACIPOCTPAHSIOTCS KaKHe-JIMOO eIUHbIe
TpeOOBaHMS, KacalOUINecs] TEXHUYECKUX permeHui. s
9THX IEHTPOB XapakTepHO OoJblIoe pa3zHooOpasue
CHCTEM XpaHEHHS NAHHBIX U CHCTEM IIaKeTHOH oOpa-
0O0TKH 3a71a4. BBUIO BBHINIOIHEHO MCCIIEIOBAHUE LIEHTPOB
ypoBHsi Tier3 s cucremaruzalvd U OOeCIeYEHUs
CPEeICTB MHTErpaluu C LeHTpamu ypoBHs Tier2. B
pe3yabTaTe 3TOro UCCAeJOBaHUS ObIIO BBIBIEHO OKOJIO
40 pa3nUYHBIX BAPHAHTOB KOH(UTYpaLUii IPOrpaMMHO-
anmapatHeix KoMmiuiekcoB Tier3. HeoOxommmo Obu10
peasu3oBaTh BCE BapUaHTbl KoMIUIeKcoB Tier3 s
CO3aHMS JUCTPUOYTHMBOB M BHEIPEHUS CHCTEMBI
JIOKJILHOrO MOHHMTOPHHTA Ui cOopa HH(pOpMAIUU O
¢dyukponnpoBanun kaxaoro Tier3 uentpa [15,16].
Hdus »oroif wenmn B OUSIM  Obuio  pa3paborana
apXUTEKTypa TECTOBOH WHQPACTPYKTYpsl Ha 0ase
BUPTYaIbHBIX KJIaCTEPOB, YTO IO3BOJMIIO IPOMOJIE-
JUpOBaTh BCE BO3MOXKHBIE Ha JaHHBIA MOMEHT
KoH(purypauun Tier3 meHTpOB W BBIPabOTaTh  PEKo-
MEHIAIMH TI0 cucTteMe cbOopa wHPOpPMAIMU I
riio0anpHOr0 MOHUTOpHHTA Tier3-1eHTpoB.

IIpoekT rmobampHOr0o MOoHHTOpHHTra Tier3 meHTpPOB
(T3mon) nHampaBneH Ha pa3pabOTKy MPOrPaMMHOTO
KOMITIeKca aisi MoHuWTopmHTa Tier3 caiiToB, kak c
TOYKH 3pEHUS JIOKAIBHOTO aJ]MUHUCTpaTOpa caiiTa, Tak
M C TOYKM 3pEHHS aIMUHUCTPATOpPa BHPTYAIbHOH

opranm3aru ATLAS.
Peanmuszanuss  3TOro MpPOEKTA HWMEET OrPOMHOE
3HAa4YeHHE Uil KOOpAMHAIMHM paboT B  pamkax

BUPTYaJIbHOM OpraHU3allid, TaK Kak 00eCcreYrBaeTcs
ramo0anpHBIA B3IV Ha BKiag Tier3 caWTtoB B
BEIYUCITUTENBHEIHN porecc. CxeMa (HyHKIIMOHUPOBAHUS
OCHOBHBIX  BapwaHTOB Tier3 IEHTpOB H© WX
B3aMMOJEHCTBUE C CHCTEMOH TII00aJbHOIO MOHHUTO-
pHYHTa TIpe/iCTaBIIeHa Ha puC. 0.
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3.4. I'noGasibHAasA cHCTeMa MOHWTOPHMHIA Iepelavyu
JaHHBIX B HHppacTpykType npoexkta WLCG.

Local FTS
instance N\
\

Architecture

WLCG
Transfer
Dashboard

Xrootd
federation /

Dashboard Phedex

Ashan /
Other /
information
providers

Puc. 7 Apxurexrypa
MOHHUTOpPHUHI'a iepenayn Qaiinos

YHUBEPCAJIBHON  CHCTEMbI

B pamkax coBmectHoro mnpoekra POOU-IIEPH
«['mobanbHas cucteMa MOHUTOPHHTA Iepeladyl JaHHBIX
B uHppactpykrype mpoekta WLCG», paspaboran
MIPOTOTHII YHUBEPCATHLHON CHCTEMBI MOHUTOpHHTA [18]
nepenadd (aiioB, CIOCOOHOW COOMPaTh MOAPOOHYIO
uHpopmanuio:

- 0 Kaxzoi nmepenade daitnos (okono 1 I[Terabaiita B

JICHB),

- HEe3aBHCHMO OT METOJa OCYIIECTBICHHS Iepenadn
(HECKOJIBKO IPOTOKOJIOB ¥ CEPBHCOB Meperadn
¢aiinos, FTS, Xrootd),

- yposenb pecypcHoro mentpa (Tier0, Tierl, Tier2,
Tier3)

- TIPHHAIUIOKHOCTH JAHHBIX OINpEACNICHHOH BUPTY-
aJbHOM OpraHu3alvy;

- TIIepenaBaTh C BBICOKOH CTENEHBIO HAJISKHOCTH
coOpaHHyI0 HH(GOPMAIMIO B IEHTPAIEHOE XPaHU-
JIUIIE;

- oOpabaTeiBaTh COOpaHHBIC MaHHBIC U TIPEIO-
CTaBJICHUSI PA3JINYHBIM ITOTPEOUTENSAM;

- TIPeNOCTABIATH IIOJB30BATEIBCKAE W IPOrPaMM-
MHBIE HHTEp(HEHCHI IS TOTYYEHHS JaHHbIX.

Ha puc. 7. npeacraBieHa  apXUTEKTypa
YHUBEpPCAJIbHOM CHUCTEMBl MOHHTOPHHIA IE€peAadn
¢aitnoB B rpun-cpene mpoekta WLCG. Cucrema
TI03BOJISIET TTOJHOCTBHIO YIIOBJIETBOPHUTH ITOTPEOHOCTH B
nHpoOpManMK pPa3TUYHBIX THIOB IIONB30BaTENed |
aaMUHHCTpaTopoB MHppacTpykTypsl WLCG.

4 DBoJronusa MoaeJa KOMILIOTHHIA U
xpaHeHus JaHHbIX BAK

Jns obpabotku nanaeix BAK tpeOyercs pacrpene-
JICHHOE YNpaBJIeHHE IAaHHBIMH W MOJJIEpKKa OUYEHb
BBICOKHX CKOPOCTEil Iepefayd OrpOMHBIX MacCHBOB
JIAHHBIX. B 3TOM HampaBiieHWH IMOCTOSHHO COBEpIICH-
CTBYIOTCSI CEPBHCHI M IPOTPAMMHBIE ITPOJIYKTHI.

[Mpoucxonut »BoMOIK HHPPACTPYKTYPBI U MOJIEIH
KOMITBIOTUHTA 9KcTiepruMeHTOB Ha BAK:

- Iepexofl 0T MePapXUUYECKOH CTPYKTYPBI K CETEBOH,
a B uyiease K IOJIHO-CBS3HOM, TJie BO3MOXHBI CBSI3U
MEXAY LIEHTPaMH BCEX YpOBHEH;

- pa3BHUTHE CPEJICTB PACIPEIEICHHOIO YNpPaBJICHHs
JIaHHBIMHU, TOJJIEPKKA OYEHb BBICOKMX CKOPOCTEU
nepeaavyu OrpoOMHBLIX MaCCUBOB JJaHHBIX;

- CO3JaHMe MOIIHBIX W Pa3HOOOPa3HBIX IIEHTPOB
ypoBenst Tier3 s WHOMBHAYaJbHOTO aHaU3a
JIAHHBIX;

- Ppa3BUTHE U IPUMEHCHNE CPEACTB BUPTyaInu3allun U
obnaunbix BeramciieHuid (mpoekt «Helix Nebula —
Hay4qHOE 007IaKo»)

W3meHsiercss U MoJENb pa3sMELICHHs JaHHBIX —
OCYIIECTBIICH MEPEX0of] K KOHLEMUUU IUHAMHYECKOIO
pa3MellIeHHs. JaHHBIX U CO3JIaHUIO JOIOJIHUTENBHBIX UX
KONMH M YJAICHUIO HE MHCHONb3YEMBIX KOIHK.
OBomonMsA  paclpeneneHHoil  HHPacTpyKTypsl H
MOJIENTM KOMIBIOTHHIA IIOCTOSHHO pPa3BUBAcICs B
HAalpaBJICHUN KOHBEPI €HIIMU TEXHOIOTUIl.

4.1 HoBble pelieHNsl ¥ NepcneKTUBBI B 00padoTke
«boabmmux JJaHHBIX»

ITocrostHHO pacTymme 0oO0BEMBI HAayIHBIX JAaHHBIX
CTaBAT HOBBIC 3aJa4M IeEpe]l TEXHOJNOTHSIMU pacipe-
nenéuupix BeraucieHnit u ['punx [20]. Habuparomas
pa3smax peBomouusi bonpmmx JaHHBIX BENET K
OTKPBITUSIM B CaMbIX pPAa3IMYHBIX OOJACTIX HAYKH,
BKITIOYasi HAHOTEXHOJIOTHH, AacTpou3uKy, (UUKY
BBICOKMX JHEpruil, Omoioruto u MeaunuHy. HemaBHee
otkpeiTHe 0Oo30oHa Xwurrca Ha BAK sBrnsercs Hau-
JTyqIIM TIPEMEPOM 3TOro mporpecca. HoBble MPOEKTHI
1 pa3paboTKu TpeoOpakaroT MCCIEIOBAaHUsI, OCHOBAH-
HbIC HAa JAHHBIX, PacCHIMpsAs TPAaHUIBI NPUMCHEHHS
Bompmmx JlaHHBIX W TpeOyss MacCHBHON 00pabOTKH
JAHHBIX HOBBIMH Metomamu. [Ipu 00paboTke MaccHBOB
JAHHBIX 00BEMaMHU TIOpSAKA TEeTadaiToOB, COBPEMEHHBIC
yu€HBIE UMEIOT IeN0 He C OTHEeNbHBIMU (aiimammu, a ¢
Habopamu naHHBIX. B pesymnprate, emquHHIIEH 00padoT-
Ki merabaifiTHOro MaccuBa B cucreMax [pua
CTAaHOBHUTCS BBIUHMCIWTENbHAS 3a7ada, COCTOSIIAs W3
MHOTHX Tom3amad. PazOmeHme oOpabOTKM HA OTICIb-
HBIC 337a49M BEJET K CO3/IaHMI0 KOHTPOJBHBIX TOYEK C
BBICOKOH CTEIEHBIO AETAIbHOCTH, YTO ITOI00HO pa3due-
HHUIO0 Oonbmioro ¢aitna Ha Hebombinme makers: TCP/IP
npu nepexade no cersiM. [lepenaua Oonpmmx aiinos



MaJEHHKMMH TaKeTaMH O00ECHeYnBaeT OTKa30yCTOM-
YUBOCTh MYTEM IIOBTOPHOM TIEPECBUIKH YTEPSHHBIX
makeToB. [logoOHBIM ke o00pazoMm obecreunBacTcs
OTKa30yCTOWYMBOCTH OOpPAaOOTKH JAaHHBIX B CHCTEMax
I'pun: mpepBaHHbBIE B pe3ynibTaTe cOOEB 3aJaHUs] MOTYT
OBbITH aBTOMATHUYECKH IEPE3aIyIICHbI, YeM JOCTUTACTCS
KadecTBO 00paboTku. C Ipyroil CTOPOHBI, HEOOXOIH-
MOCTH IIOBTOPHOTO HCIIOJHEHHS OTIENbHBIX 3aaHui
BEAET K HENpeACKa3yeMOMY CHWKEHHIO J(PQEKTHB-
HOCTH HWCIOJB30BaHUS BBIYHCIUTEIBHOTO pecypca.
OnbiT KOMIIBIOTEpHOH 00paboTku gaHHbIX Ha BAK
MIO3BOJISIET U3YYUTH CBSI3b MEXKIY OTKa30yCTOHYMBBHIMH
pemeHusIMA 1 3G PEKTUBHOCTBIO, U pa3paboTaTh HOBEIE
MacITadupyeMble MOAXO/Abl K NMPUMEHEHHIO TEXHOJO-
ruii  I'pug  mmg1 oOpaGoTKM  00BEMOB  JaHHBIX,
MIPEBBINIAIONINX COTHU TIeTa0aT.
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Using of grid-infrastructure for distributed
processing and storage of enormous amount of data
(hundred’s of PB)

Vladimir Korenkov
Joint Institute for Nuclear Research

A short review of the development of the global
Grid-infrastructure ~ within the WLCG  project
(Worldwide LHC Computing Grid or Worldwide Grid
for the Large Hadron Collider) is presented. Particular
attention is paid to the architecture of the distributed
storage of enormous data volumes. A brief information
is given on the projects devoted to the development of
tools of monitoring and management of the distributed
file systems performed at JINR: a system of monitoring
the FTS file transfer service, development of the control
system for distributed data of the ATLAS experiment, a
system of monitoring the centers of Tier3 level for data
analysis, a global system of monitoring data transfer in
the infrastructure of the project WLCG. Advanced
solutions and perspectives in the processing of "Big
Data” are indicated.
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