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OBINAA XAPAKTEPUCTUKA PABOTBI
AKTYaJIbHOCTb T€MbI

Pa3zBuTne wucciiemoBaHU B (PU3MKE BBICOKHMX OHEPIUi, acTpodusuke,
Omonoruu, Haykax o 3emJie W APYTHX HAaydHBIX OTpaciix TpeOyeT COBMECTHOH
paboTBl MHOTHX OpraHM3anmuid 1o o0paboTke Ooipmoro obseMa HaHHBIX B
OTHOCHUTENIBHO KOPOTKHE CpOKH. Jlig 3Toro HeoOXOomMMBI reorpaduyecKu
pacrpenieNieHHble  BEIYHCIHTENBHBIE CHCTEMBI, CIOCOOHBIE TepenaBarb |
MpPUHAMATL JaHHBIE IIOpsigKa COTEH TepabalT B CYTKH, OJHOBPEMECHHO
00pabaTrIiBaTh COTHH THICSY 3a/ad M JOITOBPEMEHHO XPaHUTH COTHH IIeTabalT
JAQHHBIX.

I'pun — reorpadudecky pacmupenesneHHas HHQPacTpyKTypa, 00beIuHAIoMmAas
MHOXECTBO PECypCOB Pa3HBIX THUIOB (IIPOIECCOPBI, [JOJTOBpEMEHHas U
OTIepaTVBHAS TaMATh, XpaHWIHINA ¥ 0a3pl MAaHHBIX, CETH), HOCTYIl K KOTOPHIM
TIONIB30BATENIb MOXKET TIONYYWTb M3 JI000H TOYKHM, HE3aBUCHMO OT MeCTa HX
pacnonokenus. I'pyun mpenmosnaraeT KOUIEKTUBHBIH pa3nesieMbIi pekuM JOCTyIIa
K pecypcaM ¥ K CB3aHHBEIM C HHMH YCIyraM B paMKax II00aJIbHO
pacrpeneneHHbIX BUPTYaJIbHBIX OprammBamyi, COCTOAMMX M3 NPEINPHSTHN H
OTHENBHBIX CIEHUAIICTOB, COBMECTHO HCIONB3YIOMUX o0mue pecypcel. B
KQXKIOW BHPTYaJbHOH OpraHM3alluM WMEETCS CBOsS COOCTBEHHas IIONUTHKA
ITOBEICHUS €€ YYaCTHHKOB, KOTOpble MIOJDKHBI COONIONAaTh YCTaHOBJICHHBIE
TIpaBuia.

CoBpeMeHHBIE — I'PUA-MHQPACTPYKTYphl  O0ECHEUMBAIOT  HMHTETPALUIO
anmapaTHLIX U MIPOTPAaMMHBIX PECYPCOB, HAXOMSIMXCSA B PA3HBIX OpPraHM3alUIX B
Macmrabax cTpaH, PErHOHOB, KOHTHHEHTOB B €IVMHYI0 BBIUYHCIUTEIBHYIO CpELYy,
MTO3BOJITIONIYIO PeIIaTh 3aadn mo o0paboTke cBepXOONBIINX O0OBEMOB HAHHEIX,
Yero B HACTOSINEE BPEMS HEBO3MOXHO JOCTUYH B JIOKAJIBHBIX BBEIYHUCIHTEIBHBIX
neHTpax. Hawmbonee BIEYaTNIAIONINE DPE3ylAbTaThl 110 OPraHU3alMK II0OaNbHOH
UHOPACTPYKTYPHl pacHpedeNeHHbIX BRUUCICHHH monydeHsl B npoekre WLCG
(Worldwide LHC Computing Grid wmun BcemupHblii rpun s Bomemoro
aJpOHHOIO KoJUTaiizepa) B EBpormelickoit opraHU3alud SOEPHBIX HCCIIETOBAaHUI
(IEPH) mpu o6paborke mamHbBIX ¢ 3kcrepuMmeHToB Ha LHC (Large Hadron
Collider) mnmn BAK (bonsmoi agporHsli komnainep). Ha cemunape 4 urons 2012
rofia, IOCBAIIEHHOM HaOJIONEHUIO YaCTHIIB], ITOX0XKeH Ha 6030H XHrrca, JUPEKTOP
HEPH P.Xoitep Hayn BBICOKYIO OLIEHKY I'PHA-TEXHOJIOTHSIM U MX 3HAYAMOCTH IS
MupoBoil Hayku. ['pun-madpactpykrypa Ha LHC mo3Bonuna obpabarbiBaTe H
XPaHHTh KOJOCCAJBbHBIH 0OBEM AAHHBIX, IOCTYIAIOUMX OT SKCIEPHMEHTOB Ha
KOJUTaliziepe, ¥, CIIENOBAaTebHO, COBEPIIATh HAydHBIE OTKPHITHSA. B Hacrosmee
BpeMs HU OAWH KPYIHBIH HaydHbBIM NIPOEKT HE OCYIIECTBUM 0e€3 HCIIOIB30BaHHS
pacmpeneneHHOR HHGPACTPYKTYPH! A1 00pabOTKH M XpaHEHUS JaHHBIX.

B 2003 rony poccuiickue MHCTUTYTH 1 OMSIM BKIIOYHINCE B paboTy IO
npoekty WLCG. B 2004 romy Hauajics MacIITaOHBIM €BPOIEHCKHI IPOEKT
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cosmanus TobanpHON HaydHOH rpua- uHppacTpykrypsl — EGEE (Enabling Grids
for E-science in Europe). i1 obecrieueHus motHOMacmTabHOro yaactus Poccuun
B 9TOM Mpoekre ObUT oOpasoBaH koHcoprwym PIUI (Poccmitckuit ['pup mia
WHTEHCUBHBIX omlepaiuii ¢ JaHHBIMEH — Russian Data Intensive Grid, RDIG),
KOTOpBIN OpraHW30BaJI BBIIIOJHEHHE pabOT II0 3TOMY IIPOEKTY U CII0COOCTBOBAT
Pa3BHUTHIO POCCHICKOTO cerMeHTa rpun-uadpactpykrypsl EGEE.

Bompuryro  pomb B 3THX  IIPOEKTaX  WIPAOT  HHPOPMALMOHHO-
BBIUHMCIIATEIbHBE KOMIUIEKCH HHCTHTYTOB ¥ YHHBEPCUTETOB pa3HBIX CTpaH,
KOTOpBIE SIBILIOTCS PECYPCHBIMH IEHTpaMH (IPHA-CaiTaMu) IN00aIbHOH CHCTEMBI
pacrpenesieHHbIX BEIYHCICHHH.

Pecypcupiii mieHTp OOBEIMHEHHOIO HHCTHTYTA SIEPHBIX HCCIICIOBAHHN
(OMsIN) sBngercs kpynHedmuM B Poccum (POMI) neHtpoM B cocTase
miobamsHOM uHGpacTpykTypsl WLCG 1ms o0paOoTKH, XpaHEHHS U aHalu3a
nmagueix s LHC.

Kpome LHC corpymauku OVISIU y4acTBYIOT B SKCHEPHMEHTaX Ha 0a30BBIX
ycranoBkax OVSIV w B Apyrux HaydHBIX IIEHTpax Mupa. [IomHBIM X0HOM HAET
TTOJTOTOBKA [IPOEKTa CO3aHus yckopuTenbHoro Kommiekca HIAKA.

Bce  BolmenmepedrCleHHBIE — HAIPaBICHHS  UCCIECIOBAaHHH  TpeOyoT
OpraHU3aIMi KOMIIBIOTHHTA JUTS OTHOIICHHOTO YIaCTHs CIICIUANICTOB HHCTUTYTA
W Opyrux crpaH B ¢usmdeckux okcrepuMeHTax OMAM u MexmyHapOIHBIX
kouiaboparmsax. Ilog KOMIOBIOTHHIOM TOHHMAeTCsS IIPUMEHEHHE CpPEACTB
BLIYKCIIUTENLHOM TEXHUKH U TEICKOMMYHHKAIMHA JUIS [eled  HaydHBIX
HCCIICIOBAHHH.

OyHKIHOHAIBHEIE ~ TpPeOOBaHMS K  BEIYHUCIUTENFHOMY  KOMILIEKCY
OTJIMYAIOTCS UL PasHBIX OSKCIIEPUMEHTOB M TIPYII IIOJB30BaTeNied B CHILY
pasmMuMs  MoOjeNed KOMIBIOTHHIrA, MOTpeOHOCTe B pecypcax, CrenubuKi
pelraeMBIX 3a/1ad, CIEeHAIH3aIM IPOrpaMMHOTO 00eCIiedeH:  T.1.

AJITOPUTMBI TUIAHUPOBAHMS M YIPABICHUS IIOTOKOM 3aiad W NaHHBIX LI
pasHBIX TPYII TOJb30BaTeNel OTINYaroTCs. MeTonp! OoneHKH 3P(EeKTHBHOCTH H
HAIEeXHOCTH (DYHKIIMOHHPOBAHMS PECYPCHBIX IIEHTPOB B COCTaBe INTOOAIBHOU
rpUA-UHPPACTPYKTYpHl IIOKa HEJOCTaTOYHO IpopaboTaHbl. B cymecTByromieit
momend komrproTiara LHC mMOCTOSHHO pacTyT HOTOKHU IepeaBaeMbIX JaHHBIX U
KOJIMYECTBO 3aJaHMi IIONB30BaTelNed, 4TO NPHBOOUT K 3aMEICHHIO aHaH3a
JMAHHBIX. YTOOBI PEIUTEH 3T NPOOJIEMbI, HEOOXOIUMO COBEPIIEHCTBOBATH MOJEb
KOMITBFOTHHTa B COOTBETCTBHH C TPEOOBAHMSIME CO CTOPOHHI nones3oBareneit LHC.
J111 HOBBIX KPYHHBIX HAYYHBIX IIPOEKTOB HEOOXOAUMO COBEPIIEHCTBOBATH MOJEIH
KOMIIBIOTHHra  IIPH  IPOEKTHPOBAHHH  PACIPEHCICHHONW  KOMIBIOTEPHOM
HHGPACTPYKTYpHI (HapuMep, IS SKCIIEPUMEHTOB Ha YCKOPUTENHHOM KOMILIEKCE
HUKA).

Takum o6pa3zoM, MpHU pasBUTUH PECYPCHBIX IIEHTPOB IIOOATBHON IpHI-
UH(PACTPYKTYypsl ~ BO3HUKAeT  aKTyaJbHas  I[poOiema,  CBiI3aHHas  C
HEOOXOMMMOCTBIO MMOBBIIICHAS S(QEKTUBHOCTH HUX (QYHKIHOHHPOBAHMS IIPH
[IOCTOSIHHOM YBEIIMYEHHH ITOTOKOB 3a/1a4 U JaHHBIX.



Hem; AUCCEPTANNOHHOI0 HCC/IeJOBAHUS

Ilenvio puccepTalliOHHOM paOOTHI ABIAETCS pa3paboTKa METOOJNIOTHU
Pa3BUTHS HAyYHOTO MH(OPMAIOHHO — BBIYHCIUTEILHOIO KOMILIEKCA B COCTaBe
mI00ampHOW  TPUA-MH(PACTPYKTYpHl IS HOBBIIEHHS O(PQPEKTUBHOCTH U
HaJIeXHOCTH ero (YHKIHOHUPOBAHUA C YIETOM TPeOOBAHHH IPOEKTOB, CBA3aHHBIX
¢ 00paboTKO# U XpaHEeHHEM OOJNIBIIHNX U CBEPXOOIBIINX 00BeMOB HH(POPMALIHH.

OCHOBHBIMH 3aJa4aMH, PELIaeMBIMU B PabOTe, SBIAIOTCS:

1.  ObocHoBaHME KOHIIENIMK OpPraHM3aLlU¥ HAayJHO-HCCIIEI0BATEIBCKOTO
nHGOPMAIMOHHO-BBIYUCIIUTEIPHOIO KOMIIIEKCa B COCTaBe IVIOOAJBHOH TIpHA-
HHPPACTPYKTYPEL.

2.  Pa3paboTka apXUTEKTyphl, CTIPYKTYpHOH CXEMBI IIOCTPOCHHA
KpyHHOro  HH(pOPMAIOHHO-BEIYHACIUTENFHOTO  KOMILIEKCa, SIBIISIIOIIIETO
PECYPCHBIM LIEHTPOM II00aNbHON IPHA-UHPPACTPYKTYPEL

3.  Pa3BuTmMe MoOnenM KOMIIBIOTHHTA KPYIHBIX HAyYHBIX IPOEKTOB,
CBSI3aHHBIX C XpaHEHHEM U 00pabOTKOH OONMBIINX 00HEMOB HH(POPMAIIHH.

4. PaspaboTka HHTETpanIbHON OLIEHKH 3¢ QEeKTHBHOCTH

(YHKIHOHHPOBAaHHUA pECYpCHOrO IIeHTpa B cocTaBe mIOOANbHOM TpHn-
HHAPACTPYKTYPHI C YIETOM OCHOBHBIX ITOKa3aTellel KauecTBa paboThl.

5.  Pa3paboTka yHHBEpCAIBPHOM apXUTEKTyphl CHCTEMBI MOHHTOPHHTA H
CTATHCTHYIECKOIO ydeTa PECypcoB, CEPBHCOB, 3aJad, BUPTyaJbHBIX OpraHM3aLlii,
moyip30BareNiell s TOBBIMICHHS — 3(QQEKTHBHOCTH U HAIEKHOCTH
(GYHKIHOHHPOBaHUS IIO0ATBHON IPUA-UHPPACTPYKTYPHI i PECYPCHBIX IEHTPOB.

Hayuynast HoBH3Ha padoThI

1. PazpaboTana KOHLEIUSA, apXUTEKTYpa, CTPYKTYpHAS CXema Hay9dHO-
HCCIIEMOBATEIBCKOT0 BBICOKOIPOM3BOAUTEIBPHOIO BBIYHCIUTEILHOTO KOMIUICKCA,
KOTODPBIA SIBISETCS PECYPCHBIM IICHTPOM DIOOAIBHON IPUA-UHPPACTPYKTYPH H
COoYeTaeT HOBHIE BO3MOXHOCTH JUIS JIOKAJIBHBIX ITOJIB30BaTeNIeH M I0Jh30BaTeIeH
BHPTYaAIGHBIX OPTaHHU3alUH Pa3IUIHBIX TPUI-CPEL.

2. PazpaboTana HOBas MOIENT KOMIIBIOTHHIA JJIs BOJIBIIOro aIpOHHOTO
KoJTaiiiepa, BKIroyaromas uHdpacTpykTypHeIi cioit Tier3, koTopas pacmpser
BO3MOXKHOCTH JUISI aHAJIM3a JaHHBIX IT0JIb30BaTeSIMU KPYITHBIX KOJLUTaboparuii.

3. Cozmana 0a3oBass MOZENh KOMIBIOTHHTA OKCICPHMEHTOB HA
xomtaiinepe HHMKA, mnospomsiomas OCYILIECTBIATh pPas3iIMYHbIE CTPAaTETUH
YIIpaBIeHUS IOTOKAMH JJAHHBIX M 331ad.

4.  Paszpaborana UHTETrpaJIbHAsA OLIEHKa 3¢ dexTHBHOCTH
(YHKIIMOHMPOBAaHUA PECYpPCHOIO IIEHTpa B COCTaBe DIOOANBHOW TPHI-
HHPPACTPYKTYPHL.

5.  Buepssle pa3paboTraHa MHOTOYpOBHEBAs CHCTEMa I'PHI-MOHHTOPUHIA

pPECYpCOB, CEpPBHCOB, 3a/ad, BHUPTyaNbHBIX OpraHM3aldi, IOJIb30BaTENEH,
MIPEACTABIISIONIAs MHCTPYMEHTAJIBHBIE CPEICTBA AJIST MOBHIMICHUS 3()()EKTUBHOCTH,
KayecTBa M HAJEKHOCTH pacipe/eICHHBIX CHCTEM.



3anuinaeMble MOJI0KEHHS

1.  PaspaboraHHBIe KOHIENIHUS, apXHUTEKTypa, CTPYKTypHAas cxXema
HAYy4YHOI'0 BBIYHCIIMTEIBPHOIO KOMIUICKCA CHUMAIOT IIPOTHBOPEYUSI B TpC6OBaHI/IHX
PasHBIX TPYII I0JB30BATENEH, YIydINaloT (QYHKIHOHAIBHBIE XapaKTepHCTUKH
KOMILJIEKCA.

2. Pa3BuTas Monens KOMIBIOTHHTA boipmoro agpoHHOro Koyiaiaepa ¢
BBeIeHHEM HOBOro mH@pacTpykrypHoro cios Tier3 moseimaer 3(heKTHBHOCTD U
KayecTBO aHaJIH3a JaHHBEIX SKCIIEPUMEHTOB

3. bazoBas w™omenp kommbioTHHra npoekra HIUKA — noszsosser
BBIIIOJIHATH aHAIU3 Pa3IWYHBIX CIEHapHeB M BBHIOpaTh Hambonee 3 deKTHBHOE
pelneHue Iss TOCTPOEHHS paclpeleNeHHON cHcTeMBl 00pabOTKH W XpaHEHHUS
uH(pOpMAITHH SKCIIepUMEHTOB Ha Kosutarnepe HIUKA.

4, PaspaboranHas ~ WHTErpHpOBaHHAsI  OIeHKA  3(h(hEKTUBHOCTH
(GYHKIMOHUPOBAaHHUS PECYpCHOTO IIeHTpa B cocTaBe [I00albHONH —IpHm-
HHOPACTPYKTYPHI MO3BOJISET HOBBICUTh OOBEKTHBHOCTH NPHHATHSA PEIISHHH MO
YCTpaHEHHUIO HEIOCTATKOB B paboTe peCypCHOro [IEHTPa U €ro Pa3BUTHIO.

5.  Pa3paboraHHas apXUTEKTypa U CO3JaHHASI Ha €€ OCHOBE KOMILICKCHA
cucTeMa TIPHI-MOHHTOPHHIa (PEeCcypcoB, CEpPBHUCOB, 3ajad, BHPTYaJIbHBIX
OpraHu3aiyii, I[OJIb30BaTeNell) MOBHIIAIT S(Q(EKTHBHOCTE W HAASKHOCTH
GYHKIHOHUPOBaHMS  TPUA-UHQPACTPYKTYp M CIOYKHT . OCHOBOM Uit
MIPOrHO3UPOBAHHS UX PA3BUTHSL.

IIpakTH4yeckas 3HAYUMOCTD

1. Ha ocHoBe paspaboTanHOM B JHUCCEpTAlHH KOHIICIILIHH,
ApPXUTEKTYPHL, CTPYKTYpHOU CXEMBI Hay4YHO-HUCCIIEN0BATEIHCKOTO
BBICOKOIIPOHM3BOAUTEIHHOTO BBIYMCIHTEILHOTO KOMIUIEKCA CO3[aH pECYpPCHBIH
LEeHTp B  COCTaBe  IPHUI-UHPPACTPYKTYphl  aKTHBHO  BOCTpeOOBaHHBIN
MTOIIB30BATEIAMH TPUIL: TONBKO 32 8§ MecsueB 2012 roma 8 OV Ob1I0 BEITOIHEHO
Goilee 5 MHLIMOHOB 3a1ad, a IOTPEOICHNE MPOIIECCOPHOTO BPEMEHH IIPH 3TOM
cocrasuio 6onee 100 MmnnoHOB yacos B exununax HEPSpec06.

2. PazpuTass Mozene kommbioTHra LHC ucnonezoBana B OV npu
CO3MaHHUU IIPOTPaMMHO-AIINapaTHOM cpensl I HOJIb30BaTelel 3KCIEePUMEHTOB
ATLAS, CMS u ALICE, yro ofecne4yuio yJacTHe CIENHaJHCTOB B paboTax IIo
MacCOBOMY MOJENUPOBAaHMIO (U3UYECKUX COOBITHH, 00paboTke U aHaIu3y
pearbHBIX JaHHEIX C AehcTByromux ycranoBok LHC.

3. Ha 6aze pa3paOoTaHHOH apXHUTEKTYpHl CO3JaH KOMIUIEKC CHCTEM
TPUA-MOHUTOPHHTA H CTAaTHUCTUYECKOro y4era (pecypcoB, CEpPBHCOB, 3alad,
BHUPTYaJIBHBIX OpraHU3alii, I0Ib30BaTeel), BKIIFOUAIOMIHI:

e MOHHTOPHHT U Y4eT POCCHIiCKOM rpun-undpactpykrypsl PIIUT;

© MOHHTOPHHT cepBuca nepenaqu ¢paitnos (FTS);

®© MOHHTOPHHI BRIYUCIUTEIRHOrO KoMmruiekca OV,



© MOHHTOPHHI (PYHKIIMOHHPOBaHU INIo0anbHOM nHppacTpykrypsl WLCG
B pealbHOM MaciiTabe BpeMeHM C IpuMeHeHHeM HHTepdeiica Google
Earth;

¢ MOHHMTODUHT H Y4eT HaIMOHAJIbHOM HAHOTEXHOJIIOTHUECKOH CETH
IpunHHC;

e MOHHTOPHHT pecypcoB npoekta «CKUO-I'PUT»;

®© MOHHTODHHI LIEHTPOB aHaiuu3a HHbopmanuy yposHs Tier3 B Monenu
xomnetoriara LHC.

Peanmuzanus pe3yisTaToB padoThl

PesympraTsl guccepTaniuyl OBUIHM ITONYYEHBI IIOA PYKOBOACTBOM M JHYHOM
YYaCTHHM COHMCKAaTellsl B CIENYIOIIMX MEXIyHapomHbIx npoektax: EDG (mpoekT
epomeiickoit DataGrid-undpacrykryper), WLCG: npoexr rpun mns bomsmoro
amponnoro  komiatimepa (Worldwide LHC Computing Grid), EGEE:
pasBepThIBaHKE TPUO-CHCTEM IUI Hay4uHbIX ucciaenoBanuit (The Enabling Grids for
E-sciencE), SKIF-Grid (mporpamma pasBUTHS BBICOKOIIPOU3BOTUTEIHHBIX
BBIYHCIIEHUH coto3HOro rocynapcrea Poccus — benapycs), EGI-InSPARE (npoexT
Pa3BUTHUS €BPOIEHCKON rpua-UHPPACTPYKTYDHI).

ABTOp JHCCEPTALMH BHEC OIPENEIMIONMH BKIAX IPY BBHIIOMHEHWH psza
HAIMOHANBHBIX POCCHHCKUX IPOEKTOB, 3 KOTOPHIX Kak Hauboliee 3HaYUTENbHEIE
MOYKHO BBINENUTH: «Pa3paboTKa KOMIBIOTHHIOBOM CHCTEMBI M pasBUTUA ['pun-
xommuiekca RuTier2/PIUIT  nms  TpOBENEHUS POCCUMCKMMH — HMHCTUTYTaMH
pACIpEeNeICHHOTO AaHajli3a NaHHBIX O3KCIEPUMEHTOB Ha bonbmIoM ampOoHHOM
xointatinepe IIEPH B cocraBe moGaneno# I'pun-cucremsr WLCG/EGEE» (HIP),
«Co3manue mpoTOTHNA IIEHTpa 0a30BBIX IPUI-CEpBHCOB HOBOTO ITOKOJICHUS JUIA
WHTCHCHBHBIX OIEpalif ¢ pacupeneleHHbBIMH JaHHBIMH B  (eqepaJbHOM
macirabe» (OKP), «[pugHHC - wuHbpacTpykTypa peraoHambHEIX LEHTPOB
[IpOrpaMMBI Pa3BUTH HAHOTEXHOIOTHH 1 HaHOUHIyCcTpur» (OKP).

OcHOBHBIE HalpaBIeHUs padoT 0 CO3TAHUIO M PA3BUTHIO HHPOPMAITMOHHO-
BEIUMCITUTENbHOTO Komiuiekca OV u rmioGanpHOH CHCTEMBI pacipeleleHHBIX
BHIUMCIICHHA ObLIH momuepxansl B mepuoq ¢ 1995 roma mo 2012 rox
neBsTHannareio rpaHTtamu PO®U. B Hacrosmiee BpeMs aBTOp  SBISETCS
PYKOBOIHUTENEM IBYX MEXIYHapOIHBIX IpoekTtoB PODU: «I'mobampHast cucreMa
MOHHTOpPWHIA Tepefadd MaHHBIX B HHOpacTpykrype mnpoekta WLCG» u
«Obpabdorka mamHbIx B T2-mentpax JIMAT OWAM u HHI X®TU rpuzn-
uudpacTpykrypsl dkcnepumeHTa CMS B ycnoBuAx OBICTPOro  yBEIMYEHHS
CBETHMOCTH BOJBIIOro apOHHOr0 KoJUIanaepar.

Bazosas momens xommbroTuHra HUKA peanusyercs B npoekre «Mopens
pacIpeeseHHO i CHCTeMbl KOJUIEKTHBHOTO HOJIB30BaHUA U cOopa, mepefadu H
06paboTku cBepxOoNbIINX 00beMOB MHGOPMAIMK Ha OCHOBE TEXHOJIOTHM Ipun
s yckoputensHoro Komiuiekca HIKA», a pa3sBuTHe MOneny KOMIIBIOTHHIA JUIA
sxcrepumenToB Ha LHC — B npoekre «Co3gaHue aBTOMaTH3MPOBAaHHON CHCTEMBI
00paboTKK TaHHBIX 3KCIIEpMMEHTOB Ha borpmom aaporHoM kommainepe (LHC)
yposus Tierl u obecnedeHus TPUA-CEPBUCOB IS PacIpeIeIeHHOTO aHaJIN3a 3TUX
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maHHbIX».  O0a DIpoeKkTa peanusyloTcs B paMkax (enepasbHOH 1elneBoH
mporpammel (OIII) MunucrepcTa obpazoBanus u Hayku PO "HccnemoBaHus u
pa3paboTki 10  NPUOPUTETHHIM  HANPABICHHSAM  PasBUTHS  HAYYHO-
TexHojoruueckoro komruiekca Poccun Ha 2007-2013 roxer”, mpudyeM  aBTOD
JMUACCEPTALAU SBIIETCS PYKOBOIMTENIEM B MEPBOM MPOEKTE M KOOPAUHATOPOM OT
OWSIU BO BTOpOM.

Pe3ynbTaTel AUCCEPTAIME KCIOJNB3YIOTCS MPH PEaH3al[id  COBMECTHBIX
npoektoB OV ¢ opraHu3anusMy CTpaH-y4acTHHII.

Anpofanusi JuccepTaNMu:

PesynbraTel paboTHl SIBISIIOTCS UTOTOM Ooiyiee dem 20-TIeTHEH HaydyHOU U
OpPTaHM3AIlMOHHOM  HEsITeNBbHOCTH  couckarens.  OCHOBHBIE — Pe3yNbTaThl
JFICCEepTAllH JOKJIaABIBAIUCE U OOCY)XIANWCh Ha HaydHbIX cemuHapax JIBTA
(JIUT) wu pmpyrux mompasmenenmin OVISIM, yHuBepcurera «J[yOHa», Ha
MexXayHapOIHBIX COBELIAHHWAX ¥ KOH(PEpEeHIHIX B HAyYHBIX IEHTpax W
yHuBepcurerax Poccum, Apmenuu, bemapycu, Bonrapuu, Benrpuu, Vcnanuwm,
Uramuun, Kazaxcrana, Momnnossi, Monromuu, Ilompmud, Pymemuu, Cropaxuw,
VYkpaunsl, Y30ekucrana, @paunuu, OPI, Uexun, Hseiinapuu, B ToM gucie:

- Mexnaynaponusie koHepenmun “Computing in High Energy Physics»
(CHEP): 1997 (bepmun, OPT), 2004 (UuTepnaxen, Illeinapus), 2009
(Ilpara, Yexwust)

- Mexaynaponusie KoHbeperun “‘Marematrka. Kommerorep. O6pa3osanue’,
Hy6na: 2000, 2002, 2004, 2006, 2008, 2010,2012

- Mexnaynaponusie koHQepeHimu “‘Modern Trends in Computational
Physics”, Oy6na (2000, 2009), CnoBakus (2011)

- Bcepoccuiickas xoH(pepeHuus "HaydHbIii cepBHUC B CeTH I/IHTEPHET"
Hogopoccuiick, 2000, 2002

- Bcepoccuiickas xoH(pepeHnus "BbICOKOIPON3BONUTEILHEIE BEIYUCICHUS U
ux npunoxenus”, YUepHoromosxka, 2000

- MexnynaponHas koHpepeHnus "PelreHus IO YyIpaBI€HWIO JaHHBIMH B
Hay4YHBIX uccienoBanusax", [y6ua, 2001

- MexayHapoaHBIi KOHIPeCC M0 MaTeMaTHIeCKOMY MOASIHpOBaHuio, [lyoua,
2002

- Mexnynaponnas koHgepeHmus «Advanced computing and analysis
techniques in physics research» (ACAT-2002), Mockaa, 2002

- Bcepoccuiickue KOH(epeHINU "DneKTpOHHbIE OuOIMoTeKH:
MIEPCIIEKTUBHBIE METOAB! ¥ TEXHOJIOTUH, AIeKTpoHHbIe kojuiekiun ™ (RCDL),
Hy6na: 2002, 2008, 2012

- Ceccus otneneHuit nHGopmatuky U Marematuku PAH, Mocksa, 2003

- Mexnynaponueie koH(pepeHmmu RDMS CMS: Jly6ma (2003), MuHCK,
Benapycs (2004), Bapna, bonrapus (2006), Iyona (2009), Bapua, bonrapus
(2010)

- Kondepennus «Tenemaruka-2006», Cankr-IlerepOypr, 2006
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- Mexnynaponsas xoHpepenims «GRID Activities within Large Scale
International Collaborations», Cunas, Pymeraus, 2006

- Mexnynaponuas xoHpepenius Open Grid Forum u EGEE User Forum,
Manuecrep, Aarnus, 2007

- MexnynaponHoe cosewmanue “Physics and Computing at ATLAS”, [1y6Ha,
2008

- Mexnynaponsas xoudepennus "Distributed Computing before and during
LHC data-taking", Mocksa, 2008

- MexnyHaponsas koHbepeHIus « YKpauHCKUHN akageMudeckui rpun» (YAI-
2009), Kues, 2009

- Mexnynapomnas koHbepenmus «Annual Meeting of the Romanian LCG
Federation», Byxapecr, Pymsrans: 2009, 2010

- Mexnynaponnas koH¢pepenmus "Telecommunications, Electronics and
Informatics* (ICTEI 2010), Kumuaes, Mongosa, 2010

- MexayHapogHOE  COBEIlaHWE IO  KOMIIBIOTHHTY  KOJutabopaiuu
skcriepumenta ATLAS, Iy6ua, 2011

- MexnynaponHoe cosemanre "Perspectives on Physics on CMS at Very
High Luminosity, HL-LHC", Anymra, 2012

Comuckarenb SIBJISLIICS compezcenaTeneM OpPrKOMHTETa ©  INECTH
MEXIYHAPOMHBIX CHMIIO3MYMOB IO SIIEPHOM JJIEKTPOHHKE M KOMIIBIOTHHTY
(Bapna, Bomrapus) B 2001, 2003, 2005, 2007, 2009 u 2011 romy, 3am.
npencemareNs  ISITH  MEXKIYHapOoIOHBIX  KoHpepeHmuii  «PacmpeneneHuse
Berurcienust u I'PYJ[-Texuoornu B Hayke ¥ oOpasosanuu» ([yoHa) B 2004, 2006,
2008, 2010 u 2012 romy, Ha KOTOPBIX TAaKXE IIPEICTABIUINCH PE3YIBTaThl
HACTOAIIECH AUCCEPTAITHH.

Ily6aukanuu 1 JAYHBIA BKJIAJ aBTOpA

UznoxkeHHple B OHCCEPTALMM PE3YIBTAThl IOMYYEHBI COMCKATENIEM B
pe3yJbTaTe ero MHOTOJETHEH HaydyHOH M OpraHHU3allHOHHON paboTHl 110 Pa3BUTHIO
U COBEPILEHCTBOBAHMIO MH(YOPMALMOHHO-BRIYHUCIUTENBHOTO KoMmiuiekca OMAU u
BHEIPEHHUIO COBPEMEHHBIX apXUTEKTYPHBIX WH(PACTPYKTYPHBIX pEHICHUA B
Mmaciurabde Poccun u crpan-yusactann OVSN.

Bce uccenoBarensckie paboTh U pa3pabOTKU MO TeMe QUCCEPTAIlHH — OT
TIOCTAaHOBKY 3aJa9¥l W BBIOOpA METOAWKH IO IIONYYECHHS PE3yIbTaToB — OBLIH

BBIMIOJIHEHEI TI0[ HEMOCPEOCTBEHHBIM PYKOBOICTBOM COMCKATENsi, M €ro BKIal
SIBIIETCSI OTIPEHEIISIFOILIHM.

HeManoBaxHbIM NpH NPHHATHH pPEIICHHH O pasBUTHH HH(GOPMAIHOHHO-
BBIYHCITHTENbHOrO komiuiekca OWSIM kak 06a3oBoro cermeHra nIOOanbHOM
CHICTEMBI PaCTIPEIeNICHHBIX BBIYHCICHUH SBISIIOCh aKTHBHOE YJacTHE COMCKATeNs
B paboTe psga MEXIYHAPOTHBIX M POCCHHCKHMX KOMHTETOB M pabodYHXx TCpyI,
3aHUMAIOMUXCS  BBIPAOOTKOM  KOHIENTYaJbHBIX  pelmeHud B cdepe
BBIYHCIIUTENBHON TEXHUKH U CETEBbIX KOMMYHUKAIIUH.

ITo Teme muccepTalyl aBTOPOM OMYOIHKOBAHO cBhime 80 meyaTHBIX pabor,
B TOM YHCJIE IT0 OCHOBHEIM pe3ynbTartaM — 41 padora (13 HuX 13 paboT B M3MaHUIX
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U3 TIepedHs BEOyIIUX DPELEH3UPYEMBIX HayJYHBIX H3IaHUH, PEKOMEHIOBaHHOIO
BAK P® mis nyOnukanuyd OCHOBHBIX pe3ylbTaroB auccepranuii). Taioke
pe3ynsTarbl paboTHl OMyONHMKOBaHBI B OTYETaX IO PYKOBOIAWMBIM aBTOPOM
HHQPACTPYKTYPHBIM IIpoekTaM B paMkax (DenepalbHBIX LEJIEBBIX IPOrpaMM H
npoektaM, nogaepxaHHbix POON. Crcok O0CHOBHBIX NMyONIMKalUMi NpHUBENEH B
KOHIIe aBTopedepara

CTpyKTypa 4 00beM AHccepTaAlUU

Juccepranys COCTOMT W3 BBEAEHHA, IITH IVIaB, 3aKIIOYEHHS, CIIMCKa
mureparypsl u3 202 HauMEHOBaHHWI; ITOMHBIH 00beM paborel cocrabisier 260
CTpaHHII.

KPATKOE COOEPXAHUE PABOTBI

Bo Beegenun 060CHOBaHA aKTyalbHOCTb TEMbl, C(OOPMYIHPOBAHEI LEb M
OCHOBHBIE 337a4¥ pabOThI, OMHCAHBI Pe3YJIBTaTh], [I0Ka3aHa UX HaydHas HOBHU3HA U
[paKTHYeCKasi 3HAYUMO CTh, IPUBEACHBI ITOJI0XKCHHS, BEIHOCHMBIC Ha 3aIlHTY.

B mepBoii miaBe juccepranuy paspaboTaHa KOHIEIIHS, apXUTEKTYypa,
CTPYyKTYpHas CXeéMa HaydHOTO BBIYHCIMTENBHOTO KOMILIEKCA, YYUTHIBAIOLIME
TpeOOoBaHMs Pa3HBIX IPYIII OJIb30BaTEIEH.

[lpuBemeH  KpaTkui  0030p  3TalloB  pasBUTHSA  PACHPENEIEHHOIOo
BeruHCIUTENbHOr0 koMmiuiekca OVISIM. Jlnms xaXkmoro sTama BBITOJIHSUICS aHau3
TpeOOBaHMM IIONIL30BaTENIed M KJIACCOB PEUIaeMBIX 3a[4ad C y4eTOM TEHAEHLUH
Pa3BHTHS BBIYUCIMTENHHON TEXHUKH, CETEBOTO OOOPYNOBAHHS, APXUTEKTYPHBIX
peLIeHu.

Ha ocnoBe 3T0oro ananusa 6puH c(HOPMYITHPOBAaHEI OCHOBHBIE TPeOOBaHHUS K
COBPEMEHHOMY  BBICOKOIIPOM3BOAUTEIBHOMY  HAy4yHOMY  BBIYHCIHMTEIILHOMY
KOMILJIEKCY:

- MHOTO(YHKIIMOHAJIFHOCTB,

- BBICOKas MPOU3BOAUTENBHOCTE,

- pasBUTAas CHCTEMa XpaHCHUS JaHHBIX,

- BBICOKAas HaJIEXKHOCTb U JIOCTYITHOCTb,

- uHbOpMAaIOHHAs 6€30aCHOCTE,

- MAacIITaOupyeMOCTh,

- pasBuTas MPOrpaMMHas CPena U PA3IHYHBIX TPYIIT OJIB30BaTeNeH.

B pasHbie nepHoIp! pa3BUTHS KOMITBIOTEPHON HH(PPACTPYKTYPBI IPOBOLMIICS
aHaJM3 KJIACCOB 3a/ad I0JIb30BaTelielf, YTOOB MaKCHMAILHO COOTBETCTBOBATH HX
TpeboBaHmsIM. Tak, HalpuMep, B CEpeIUHE IEBSHOCTHIX IOOB OBLIO CieIyIolee
pacrpeleseHre 3a1ad, pellaeMbIX Ha BEIYHCIHTENbHOM KoMmiekce OV

- 3amayd MOJIENIMPOBaHWS, OOpaOOTKM ¥ aHamm3a HH(opManmuy B GH3HKe
BBICOKHX dHEPIHil cOCTaBIsUIN 0KoJIo 70%;

- 3ajJ1aud TEOPETHYECKOM M MaTeMaTH4ecKod (u3mkd, TpeOyromue OOIbIIHX
BBIYHCIIMTENBHEIX PECYPCOB M HCIIONB3YIOIINE ITapajuIeIbHbIe BRIUMCICHUS
(kBaHTOBas XPOMOJMHAMEKA Ha pEIIeTKaX, pacyeT MAarHUTHBIX IIOJeEH,
MOJIEKYJISIpHasl TUHAMUKa U ap.) — 15%;
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- 3amadd  sAnepHOM (U3MKH, HHU3KHX W IPOMEXYTOYHBIX OHEpPrHi, He

HCIIONB3YIOIINE apaljIeIbHBIX BEIYUCICHUH — 8 %;

- JOpyrue 3amaddl (aHAIHTHYECKHE NpeoOpa3oBaHUs, pa3pabOTKa UYMCICHHBIX

METOMOB, TAKETOB | T.1.) — 7%;

Co BpeMeHEeM 3TO pacHpeielsieHHe 0 KilaccaM 3a1ad MEHsIETCS B CTOPOHY
YBEJNMYEHUS TONX 3aa4 B (PU3MKE BEICOKHX SHEPIUil. DTa TeHACHIINSI Pa3BUBAIACE
B CBSI3W C aKTHUBHEIM ydactueM usuxos OMAN B sxciepumentax Ha LHC. Takum
o0pa3oM, IpH pa3paboTke KOHIEHINH U apXUTEKTYPHI KOMITBIOTEPHOTO KOMILIEKCa
HEOOXOIUMO YUHTHIBaTh B IIEPBYIO Ouepenb TpeOOBaHMS 3a1ad (BM3HKH BBHICOKHX
SHEprui, KoTopas SABISIETCS MHOHEPOM B OONACTH IPUMEHEHHS KOMIBIOTHHTA B
9KCIIEPUMEHTAIbHBIX UCCIEJOBAHUSX.

Oco0OeHHOCTD 3a/1a4 B (PU3HUKE BHICOKUX SHEPIHH COCTOUT B CIIETYIOIIEM:

- HCCIIEIOBAHHSA IPOBOAATCA B OONBIIMX MEXIYHAPOIHBIX KOJUIEKTHBAX
(xomurabopanuu ¢ gucaoM ygactHukoB 6oree 1000);

- OTpOMHBIE OOBEMBI OSKCIIEPUMEHTANBHBIX M CMOICITHPOBAHHEIX JAHHEIX,
KOTOpBIE ONMH pa3 (GOPMUPYIOTCS ¥ MHOTO pa3 HCIOJIB3YFOTCS s
00pabOTKH U aHAIN3a;

- wucrnonp3oBaHue cioxHoro 1O must 06paboTKM ¥ aHANH3a HaHHBIX, KOTOPOE
paspabaTeiBaeTCs OonpIuMu KOJUIEKTHBAMH 17§ [IOCTOSIHHO
COBEpILEHCTBYETCS;

- HEeOOXOIMMOCTb IIOBTOPHOHM 0OpabOTKH JaHHBIX IOCIIE YTOYHEHHUS YCIOBUIH
pabOTEI IETEKTOPOB M YCKOPHTEIIS W/YJIH TIPOBEACHUS KATHOPOBKH KaHAIOB
CUUTHIBAHHS,

- MOJEJIUPOBaHUE YCIOBUI PaOOTHl COBPEMEHHBIX YCTAHOBOK U (DH3HUECKHX
IIPOLIECCOB, OMHOBPEMEHHO C HAO0pOM U 00pabOTKOM «peaTbHBIX» TaHHBIX;

- Ha OCHOBHBIX OTamax oOpaOOTKH ¥ aHanmM3a HeT HeOoOXOXUMOCTH
IIPUMEHEHNs NapauleJbHBIX aJTOPUTMOB, TaK KaK MOXHO 00pabarbIBaTh
IapayieIbHO HE3aBUCHMBbIE JaHHBIE (COOBITHS).

CrenoBarensHO, U pelICHUs 3a1ad B 00MacTi (DU3UKH BHICOKHX SHEPIHI
MOXKHO HCIIOJIB30BaTh JIIOOBIE BEIYMCIHTENBHBIE PECYPCHI, KOTOpPHIE HMEIOT
3pQeKTUBHBI JOCTYl K CHCTEMaM XPaHEHHs OKCIICPUMEHTAIBHBIX U
MOIETUPOBAHHBIX  MaHHBIX. OCOOEHHOCTH 3TOr0 Kjacca 3amad  JellaeT
Hed((EKTUBHBIM IPUMEHEHHE KJIACCHYECKHX CYIEPKOMIIBIOTEPOB, TaK Kak
BBIMIOJHSAETCS OTPOMHBIM IIOTOK HE3aBUCHMBIX 3afad, Kakaas Hu3 KOTOPHIX
HE3aBHUCHMO  oOpabaTelBaeT  COOBITHS,  pacHOJIOKEHHBIE B CHCTeMax
pacrpeneneHHoro XpaHeHus. [Ipu 3ToM BBICOKOCKOPOCTHAS KOMMYHHKAIIHOHHAS
cpela CyNEepKOMIIBIOTEPOB, CBSA3BIBAIOINAsI BEIYHCIUTENBHEIC Y3IIBI MPAKTHICCKA
He ucrnonssyercs. [JoaTomy Hanbosee 3¢h(heKTUBHBIM peIIeHUEM JUIS STOTO Kiacca
3amaq SIBILSIETCS o0bevHEHNE cnab0CBI3aHHBIX KJIacTepOB c
BBICOKOIIPOU3BOAUTEILHEIMY PACIIPEICIICHHBIMHI CHCTEMAMH XPaHEeHHUs OOBIINX U
cBepX00IbIIUX 00BEMOB JaHHBIX.

B cepenune 90-X romoB IOJ pPYKOBOACTBOM aBTOpa IHCCEPTAaIlH Oblia
pa3paboTaHa KOHIEHNUMS M IIPOEKT pasBUTHSI CETEBOH Hu UH(DOPMAIMOHHO-
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BEIYHCIUTENbHON HHpacTpykTypsl OMAN (mpoext CONET), koTopslif chirpai
BOXHYIO POJIb B CHCTEMHOM Pa3[eIeHUH padoT MO CIEAYIOMINM HallpaBIeHUIM:

- CHCTEMBI TEIEKOMMYHHUKAITUH, BKJIIOYas pa3BUTHE BHEIIHHX KAHAJIOB CBSI3U
¥ BBICOKO CKOpOCTHOM ortopHo# cetri OSSN (Backbone);

- CHCTEMHI MOIIHEIX BEIYUCIICHUH U MaCCOBO¥ 00pabOTKY TaHHBIX;

- CHCTEMBI OIIEpaTHBHOIO XPaHEHWS JaHHBIX M apXUBHON MacCOBOM IaMATH;

- CHCTEMBI HIpOrpaMMHOTO, HH(POPMAIIOHHOTO  00eCIeueHUI u
BH3YaJTH3AIIHY.

BBICOKOCKOPOCTHAsI, ~ HaJeXHasd,  XOpOLIO  3allUIeHHas  CeTeBas
HHQPACTPYKTYypa CO3HaeT MpPOYHBIH (yHTAMEHT [UIS pasBUTHS HAydHOIO
BBIYHCIIMTEIBHOI0 KOMILIEKCA, KOTOPHIH SIBISETCS PECYPCHBIM LIEHTPOM CHCTEMBI
pacrpenesieHHbIX BBIUUCICHIH.

OnHo#t W3 3HaUMMBIX paboT Obuto passeprhiBanue B OMSIU cucremsr
pacripeneNieHHbIX BBIYHCICHMM Ha ocHoBe 1makera Condor, B KOTOpOH
IPOLIECCOPHOE BpeMs H JPYyIHe pecypchl CepBepoB M pabodMX CTaHIMH,
PACIIONOXKEHHBIX II0 BCEMY MHpY, IPEIOCTAaBISIOTCS BCEM YYaCTHHKaM B Te
MOMEHTEI, KOTIa 3TH PECypCHl JIOKAJIBHO HE HMCIONB3YIOTCS HIM HCIIOIB3YIOTCS
HEe3HaYUTeNbHO. [IpH 3TOM aAMMHHCTPATOp KAXIOTO M3 KOMIIBIOTEPOB MOMKET
copMyITHpoBaTh CBOE COOCTBEHHOE IIOHUMAHUE «3arpy>KEHHOCTH». B pesynsrare
YYaCTHHKM OTOW [WHAMHYECKH pa3BHBAMOIIEiics CHUCTEMBI MpUOOpETaroT
BO3MOJKHOCTB PE3KO YCKOPUTH 00pabOTKy CBOMX 3aJaHHi 0e3 pacIIMpeHus CBOUX
JIOKAJIBHBIX PECYPCOB.

B 1994 rony nyn u3 tpex SUN SPARC-cranmuii OMSIN 6p1m BKITIOUEH B
eBPOTICHCKUH IIyd pecypcoB C LEHTPOM aIMUHHCTPHPOBAaHHI B AMCTepIame
(Tommasmus). DTOT MMy, B CBOIO OYepeb, OBLI COCTAaBHOM YacThi0 00BeIUHEHHOTO
IMyJia ¢ IeHTPOM aJMUHHUCTPUPOBaHMs B YHHUBepcuTeTe mTara Buckorcus (CLLIA).
B pesynerare cosmaHus HEOONBIIONO COOCTBEHHOrO ITylla M BKJIIOYEHHSI €ro B
m1o6aneHyI0 cucTeMy monp3oBarenn OVISIM momywwmmu moctynm k 250 paboumm
crarnusaM B CIIIA u EBpore, KOTOpBIE HCIIONB30BANKCH I PACUETOB B (DU3HKE
BBICOKHX OHepruil. OTo OBLI mepBhlii B Poccuu OMBIT y4acTHsS B KpPYIHOM
MEXXIyHAPOIHOM IIPOEKTE, KOTOPBIHM MPOIEMOHCTPHPOBAT HOBBIH apXUTEKTYPHBIH
TIOAXOA K peanu3aliyl [o0aJbHONH CHCTEMBI paclpeeICHHBIX BBIYHCIICHHN Ha
HEBBIZCICHHBIX pecypcax.

B 1998 romy Owura pa3spaboTaHa W pealu3oBaHa apXUTEKTypa KOMILICKCA,
COCTOSAIIETO W3 MACCHBHO-IAPAIIICTPHOM BBHIUHCIUTEIBHON CHCTEMBI S-Kiacca
¢upmer Hewlett Packard (HP) SPP2000 c 8 mpomeccopamu (o6mast MHKOBas
mpousBoguTensHocTh 6,4 GFLops), daiinosoro cepeep D-kimacca W CHCTEMBI
MacCOBOH IMaMSATH Ha OCHOBE aBTOMATH3UPOBAHHON JIEHTOYHOH Oubmmorexn ATL—
2640 emxoctero m0 10 TepaGaitr. CrucTema MaccOBOH HaMiTH IOMycKala JIBE
TEXHOJIOTHYECKHE CXEMBI HCIIONB30BaHMA: C IIOMOIIBIO IPOTpaMMHEIX cpeacTB HP
OmniBack  (aBromarmueckoe  pe3epBHOE  KOMHPOBAHHE  HMHCTHTYTCKHX
koMmpioTepoB) u HP OmniStorage (ympaBmeHue Murpupymomiei ¢aiioBon
cucTeMoit). J[sg HHTerpalyy 3TUX 3JEMEHTOB U ONTUMH3AIMU PaO0THl KOMILIEKCA
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OBLJIO TIPOBENEHO HCCICHOBAaHWE C IIEIbI0  OIPENENCHUs  HaJCKHOCTH
(YHKIIMOHHMPOBaHHUS H BbIOOpa KOHWIYpamUM C MAaKCHMAaJIBHOH CKOPOCTHIO
BEITIONTHEHUS PE3epBHOTO KOMTMPOBAHMUS. bblila BEITTOTHEHA HHTETPAIHS PA3THUHBIX
3JIEMEHTOB KOMITBIOTEPHOTO KOMILIEKCa M KIIACTEPOB B €IUHYIO CHCTEMY MaCCOBOM
naMsTH Ha 6aze HP OmniStorage.

Haumnags ¢ 2000 roma, pa3sBUTHE BBIYHCIHATEIBHOTO Komiwiekca ONVSN
MIPOMOIDKMIIOCH Ha ©a3e KIacTepoB M KOMIBIOTEPHBIX (epm obmero u
CHeNMaJbHOTO Ha3HaueHus. Tak Kak TpeOOBaHMS pA3IMYHBIX  TPYIII
MOJIB30BaTeNed OTIIMYAINCh, ObLIa pa3paboTaHa apXHUTEKTypa PacIpeAeieHHOTO
KJIaCTepa, COCTOSIIEro M3 YEeTHIPEX OTHETbHBIX B3aMMOCBS3aHHBIX KOMIIOHEHT
Pa3MMYHON ammapaTHOW CTPYKTYpel ¥ (yHKUHMOHANBRHOrO HasHaueHHsI. OH
BKIIIOJasl B cebf KOMIUIEKC MHTEPaKTHMBHBIX CEpPBEPOB, HAa KOTOPHIX OBLIO
ycTaHOBIEHO 0OazoBoe u chenmamusupoBaHHoe IO, Heobxommmoe s
¢u3NYecKX  OSKCIepUMEHTOB. B cocrtaB  Kkiactepa  BXOAWIH 3
CHENHATN3NPOBAHHEIE BEIYUCIUTENbHEIE (epMbl: (epMma 00Iero Ha3HavYeHWUS,
¢bepma s sxcnepumenToB LHC u depma mapanensHbIx BEYHCIeHH. Bee ati
(dbepMBl COCTOSIM W3 2-TIPOLIECCOPHBEIX INepCOHANBHBIX KoMmmbioTepoB (1K),
o0BeMUHEHHBIX Ha 0ase cereBod TexHojoruud Ethernet, a y3msl B (depme
TapaJUIeTbHBIX BLIYHMCICHHI OBIM COeJHHEHB! KOMMYHHKAIIMOHHOH cpemoi
Myrinet-2000.

B 2004 romy Oplna BBIONHEHa paboTa IO HACTpPOWKE I'PHA-CEPBUCOB U
BKJIFOUEHHIO BbIYHCIUTENbHOro komiviekca OMSIM B cocra miobanbHOM rpun-
rHGpacTpykTypsl. UTOOGBI COOTBETCTBOBATH TPEOOBAHUAM DIOOATBHBIX TPHA-
IIPOEKTOB, TpeboBasioch 00eCreunTh HEOOXOAUMBINA YPOBEHD BCEX COCTABIITIOIINX
“HGPACTPYKTYPHl, BKIIOYAs IIHPOKONONOCHBIE KAaHANBl CBSI3M, HAISKHYIO
BEICOKOCKOPOCTHYIO  JIOKQJIBHYIO C€Th, DAa3BUTYH) CHCTEMY YIPaBIISTIOLINX
CepBepOB, MOIIHYIO CHCTEMY O00pabOTKM W XpaHEHHS [OaHHbIX, YCTAHOBKY
IPOrpaMMHOI0 00€CHeUeHMs] TPUI-CPERbl H IOANEPKHUBAEMBIX BHPTYAIBHBIX
OpraHH3aIuil.

Ha ortom oarame rpun-caitt OMSM  GyHKIHMOHMpOBAaN TOMBKO IS
[IOJIb30BATENe BHPTyaJbHBIX OpraHM3alKi, a JIOKaJbHBIE IIONB30BATCNIH U
MOJIb30BATENH  HApa/UICIBHBIX  BHIYMCIEHHWH ~ paboTamd  CHEHABHBIX
BEIMHCIHUTENBHBIX (epmax. [Ipu 3ToM pemeHnu Kaxmas ¢epma 0OCTyKHBala
Pa3HBIE TPYIIIILI I0NIB30BaTENeH (IOKaTbHBIE, TapaIeNbHbIe, TPUI) C Pa3IHYHBIMU
ANTOPUTMAaMH ILIAHUPOBAHUS 3aad M PaCIIPENEICHUS PECYPCOB.

Tlogemy nmd pasHBIX TPYNIl IIOAb30BaTENEed HCIONB3YETCS pasIHuHBIC
AJTOPUTMBI IUIAaHUPOBAHUS 3adaHui? {11 JIOKaJbHBIX IOJNb30BaTeNel Hambolee
IpuemiieMas CTpaTervsa: HCIIONb30BaHWE INPUOPUTETHOIO IUIAHHUPOBAHUS (deM
[IpOIIe ¥ KOpoye 3ajada, TEM BBIIIE IIPHOPUTET) UL MHUHHMH3ALHL CPEIHEro
BpPEMEHHU BBHINOJHEHMS 3ajaHuil. [{nd mapamienpHBIX 3a7ad CYIIECTBYET MHOTO
CTPATEeTHH pPACIpENEICHUsI pPECypcoB ¥ IUIAHUPOBAHUS 3a/laHUil, KOTOpHIE
HaIpaBlEeHBl Ha HaXOXKICHHE KOMIPOMECCA MEXIy CPEOHUM BpEMEHEM
BHITIONHEHMS 3afaHuil ¥ 3¢ GEKTHBHOM 3arpy3koi BBIYHCIHTENBHBIX PECYpPCOB.
IIpu 60oNBIIOM OTOKE MapaIeNbHbIX 3aJaHHI HEKOTOPEIE PECYPCOEMKIE 3a1aHus
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MOTYT CTOSTH B OYepeNu Ha BHIIONHEHHE HEIpenckasyeMo moiro. Iloatomy
CYILECTBYIOT AJITOPUTMBI, OTPAaHUYMBAIOIIAE MAKCHMAIIbHOE BpPEMsI HaXOXICHUS
3a/laHMs B O4epelH, IOHIDKas 3arpy3Ky BBIYMCIMTENBHBIX pecypcoB. Jing 3amad,
3allyIIeHHBIX II0Jb30BATENIMKA BHPTYaNbHBIX OpraHM3allMd B paMKaxX TIpHI-
MPOEKTOB, OOBIYHO MPHUMEHSIOTCA [pyrHe CTPaTerdHl IUIaHHpoBaHWs. Kaxk
MPaBUJIO, MEXIY BHPTYaJIbHBIMH OpPTraHU3AIlMIMH M PECYPCHBIMH LIEHTPAMHU
TIOATMCHIBAIOTCS  commamieHns o0 ypoBHe obcmyxuBanus (Service Level
Agreement, SLA), B KOTOPOM yKa3aHBI IIPEIOCTaBISIEMBIE PECYPCHI, B TOM YHCIIE
BBEIYHCIHUTENbHEIE. MOXXHO MOCTYHNHTh IPOCTO — 3aKPENHTh BBIYHCIUTEIHHBIC
PECYpCHl 3a ONpeNeNeHHBIMA BUPTYaIbHBIMHE OPTaHHU3aIMsIMH, KOTOPHIE TOJBKO
OHH MOTYT WCIIONB30BaTh. ECIM B KAKOM-TO TEPHOA BPEMEHHM OT KaKOH-TO
BUPTYaIbHOM OpraHM3alld HET 3aJaHWi, TO BBIACICHHBIE JJISI HEe pPEeCypChl
nmpocrauBaroT. Kak TOJIBKO 3a7iaHus 3TOH BHPTYalbHOM OpraHM3aIlMH MOSBISIOTCS
B OYEpeny, OHU cpady 0e3 3aIEepP)KKH HAYWHAIOT BBHIIONHATHCA. DTy CTPATErHIo
JErK0 peann3oBaTh, OHA YCTPaWBacT BUPTYyaJbHBIE OpraHW3aldH, HO MOXET
OPUBECTH K HEIP(PEKTUBHOMY HCIOIB30BAHUIO BEIYUCIUTEILHBIX PECYPCOB.
Hawnbonee pa3ymHas CTpaTerus COCTOMT B TOM, YTOOBI 3aKPEIHTh 32 BUPTYaIbHOM
OpraHu3anyed MPOIEHT BEIYUCIUTENRHBIX PECYPCOB, YKa3aHHBIX B COIVIAIICHUH U
o0ecreunTh 3TOT TMPOIEHT 3a OIpEeNeNIeHHBIA CpPOK. JTa CTpaTerus He
IPEAoaraeT 3aKpPeIuIeHHs] PEeCypcoB, IMO3TOMY OHH MOTYT HCITOIB30BAThCS
3aJaHUSIMH PAasHBIX BHUPTYANBHBIX OpPraHHU3alWN, IIO3TOMY BBEIYMCIHUTEIBHEIC
PECYPCHI HCIONB3YIOTCS 3 (EKTHBHO.

B TedeHHEe HECKONBKHX JIET O3TOT KOMIUIEKC, COCTOSIIHA U3 Tpex
BBIUMCIMUTEABHEIX (epM, pasBUBaiCA, HO OBUIM OYEBHIHBIE HENOCTATKH STOH
apXUTEKTYphl, KOTOpHIE BBIPAXKANNCh B HEPABHOMEPHOCTH 3arpy3Kd pPasHBIX
BBEIYMCIUTENBHEIX (EpM KOMIUIEKCA, YTO IPHBOAWIO K IPOCTOSM OTHHUX H
neperpyskam Apyrux depm.

Brumn  mpoBemeHBI  HWCCIENOBaHMS ~— C  HCIIONB30BAHHEM  IaKeTa
HMHUTAIIOHHOTO MOJENUPOBAHUS U1 OLEHKHA I[apaMeTpOB Kjacrepa IpH
00BeIMHEHNH BEYHMCIHTEIRHEIX GepM. PaccmarpuBauce Tpu BapuaHTa:

1) CremmanusupoBaHHbIE (BepMBl, T.e. HII KaxZOoH (epMBI CBOHM IOTOK
3aaHui.
2) YumBepcanpHble (epMbl, T.e. 3aJaHHWA U3 OOIEro IOTOKa MOTYT
BBINIOJHATHCS Ha J11000# depMe (00beNMHEHUE BEIUUCIUTENBHEIX (epMm).
3) KommpoMHUCCHBIN BapHaHT, KOorjja IIOTOK MapaijieNbHbIX 3aaHdd MOXET
BBIIIOJIHATBCS. TOJBKO HA BEIYMCIUTENBHON (epMe Ui mapajulelbHBIX
BBIYHMCICHUHA, a OCTaJbHBIE ITOTOKH 3aJaHUH MOTYT BBINONHATHCA Ha
000 BEIUHACTUTENEHON hepme.
B pabore mpuBeneHH! TapaMeTph! B paclpeneleH s TPeX IOTOKOB 3aTaHuH
JUI pasHBIX JWCHMIUIMH IUIAHHPOBAaHMS C 3aJaHHBIMH XapaKTEPUCTHKAMH TPEX
BEIYMCIUTENBHEIX (epM. Bputi momydeHBl pesynsraTel UL KaXIOro H3 Tpex
BapUaHTOB: o0Ilee BpeMs MPOXOXKAEHHUS 3aJaHuii, pasMep Ouepend 3aTaHuM,
3arpyska KJIacTepoB. Pe3ynbraThl MOAETHPOBAHMS IIOKA3aIH, YTO MPH 3aJaHHEBIX
TapaMeTpax MOTOKOB 3afaHuii oflee BpeMs BHIMONHEHHS 3a[aHMil YMEHBIIAETCS
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Ha 30%, a cpenHsAs 3arpyska KoMIUIekca yBenuuuBaeTcd Ha 20% B TpeTbeM
BapHaHTe 110 CPAaBHEHMIO C IIEPBBIM BAPHAHTOM.

B pesymsrare Opita paspaboTaHa = apXUTEKTypa BEIYHCIHUTEIHHOTO
KOMIIIIEKCA, KOTOPBIM OpraHM30BaH KaK CIWHBIA BBIYHCIUTEIBHBIA PECypc I
BCEX TPYII IIOJIb30BAaTeNed M BUPTYaJbHEIX OpPraHU3alMH C OIpelerIcHHOH
CreruaNu3ayeil BHyTpH KiacTepa sl TapauleNbHEIX BEIYHCIeHuH. PaspaboTana
CIPYKTYpHasl CXeMa, B paMKax KOTOPOW BBIYMCIHTEIBHBIE PECYpPCHI H PECYPCHI
XpaHeHUs TaHHBIX YIPABILIIOTCS 6a30BBIM mporpamMMmueM obecnedenneM (BII1O),
TIO3BOJITIOMIMM ~ HCIIONB30BaTh pPEeCcypChl Kak B MEXKIYHAPONHBIX IIPOEKTAX
pacupeneneHHbIX  BBIYUCICHHM,  IPemoCTaBaiss  JOCTYyIl  BHUPTYaJbHBIM
OpraHM3aLHsIM, TaK U JIOKAJIBHBIM IIOJIB30BATEISIM.

Jnst  o0ocHOBaHMS KOHILENIMH BBIYUCIHTENBPHOIO KOMIUIEKCA M €To
ApPXUTEKTyphl OBLIM MCCIENOBAaHBl pACHpENEleHHs ITOTOKOB 3ajad M JaHHBIX,
TOCTYIAalOmKX Ha 00paboTky. MMeroTes ciaemyromye oTOKH 3aJaHui:

- 3agaHUs JOKAJBHBIX II0JIB30BATENICH, KOTOpBIE XapaKTepHU3yeTcsl OOJBIINM
pa3Hoo6pa3ueM 110 BPEMEHH BHIIIOIHEHUS, II0 3allpaIliBaeMBIM PeCypcaMm;

- 3amaHus, KOTOpHle 3amlpamiuBaioT Ooyee 1 mpoieccopa Uil CBOETO
BHITIONTHEHUS (TapaijiebHble 3aJadH);

- 3apmaHus, 3aIllyCKaeMble MOJIB30BATEIIMH BUPTYalbHBIX OpTaHM3AILlUN depe3
TPUI-UHGPACTPYKTYpPY. OTH 3aaHUs SABILIIOTCS OCHOBHBIMH M CPEOH HHX
JBBHHYIO IOJIO 3aHMMAIOT 3aJadd MOJIEIHPOBaHUS, 00pabOTKM M aHaIu3a
naHHBIX oKcriepumenTtoB LHC. TpeboBanus y 3amaHuil 9TOTO Kilacca OYeHb
BBICOKHE: BBICOKOCKODOCTHBIE KaHaJBl CBS3M JId Ilepefadd JaHHBIX,
OBICTpBIM JOCTYIN K pacnpeeaeHHBIM CHCTEMaM XpaHeHHU s JaHHBIX H IP.

Juis pemeHMs 3amad MOAENUpPOBAHUS, 0OpabOTKM ¥ aHaiM3a MaHHBIX
skcnepuMerToB LHC Heo0XoqumMo obecieduTs CIeayIONre TOTOKH JaHHbIX:

- mepenava (aiiyioB U3 LEHTPOB XPAHEHHUS U UX 3aIlUCh B JIOKATBHYIO CUCTEMY
XpaHEeHHUST;

- muepenava GailioB U3 JOKAIHHOW CHCTEMBI XpaHEHHS B LIEHTPHI XPaHEHHUS
HHGOPMATINH;

- o0pabotka ¢ailoB, HAXOMSIMIUXCS B JIOKAJTLHOW CHCTEME XPaHEHHS.

B paspabarpiBaeMO¥ apXHUTEKTYpe U CTPYKTYPHOH cxeMe HeoOXomIuMo OBLIO
o0ecrneynTh KOMIIPOMUCCHYIO CTPAaTerdio IUIAaHUPOBAHUS 3aJaHUM, YTOOH y4ecTh
[IPOTHBOpEYMBEIE TpPeOOBAHMSA pa3HBIX IPYIIN IONB30BaTeNe B COYETAHHH C
BBICOKOM 3arpy3koif BBIUHCIHTENBHBIX PECYpPCOB U IONIEPXKKOW Hambolee
VHUBEPCAJIBHBIX M 3aIMIIEHHBIX METONOB MOCTYNa K XpaHWIUIIAM aHHBIX.
Pacmpenenierrie ¥ y4eT BBIYHCIMTENBHBIX PECYPCOB pEAM30BaH Ha OCHOBE
CHCTeMBI IIaKeTHOW 00pabOTKH torque M IUIAHHMPOBIIHKA pECypcoB maui.
ANTOpUTM  IIJAHHUPOBAaHMA 3aJaHMH HACTpaMBaeICi B  COOTBETCTBHH C
00s13aTeNbCTBAMH TI€pell BUPTyalbHBIMU OPTaHH3ALMSIMH, C OJHOW CTOPOHBI, H
obecneueHus BBICOKOI'0  YPOBHs  IIOKa3areyisi 3arpy3Kd  BBIYHCIHUTEIBHOIO
KOMILIIEKCA C JPYTOH CTOPOHEL.
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HOnsa HapgexHOH W 3(hQeKTHBHOM pPabOThl HAYYHOTO BBIYHCIUTEIBHOIO
KOMILIEKCa HEOOXOAUMO:

- ofecnmeydTh HANEXKHYI0 HHDKCHEPHYIO  HHOpacTpykTypy (cmcrema
becrepeOOWHOr0 TMHTAHUS, KIUMAar-KOHTPOIb H T.J.) H CETEBYIO
HHGPaCTPYKTYpY;

- TPOBOAWTEH TIIATENBHBIA BRIOOp mpHoOperaeMoro obopymoBaHus. bBeuin
pa3paboTaHBl CTEHABI W METONWKAa TECTHPOBAHHUSI BBIYMCIHTEIHHBIX
CEepBEpOB, YNPABJIIOMMX CEPBEPOB M CHCTEM XpaHEHHs. [IpoBeneHue
MpenBapHUTEIBHOIO TECTHPOBAHUS OCOOEHHO B)XHO, KOTIa MOAEPHHU3AIMS U
pa3BHUTHE KOMIUIEKCA IPOMCXOOUT IIOCTOSIHHO M HOBOE OOOpyHOBaHHE
IOIDKHO ObITh 3((EKTHBHO BKIIOUEHO B pPa0OTarOIIyl0 cucTeMy 0Oe3
OCTaHOBKH €€ (pyHKIIMOHHPOBAHUS.

- BBINONHATH OOOCHOBAaHHBIH BBIOOD TMPOrPaMMHOTO OOECHeYeHHT U
aBTOMATH3UPOBATh IPOIECC Mepexofa Ha HOBBIE BEpCHH B paboraromiei
CHCTEME;

- pa3BHBATH MHOTOYPOBHEBYIO CHCTEMY MOHHTOPHHTA, KOTOpPAs BBITONHSIET
¢yHKkupME cOopa, XpaHeHWs, aHaiauza HHpOpManuud 00 HHXEHEPHOH H
cereBoif MH(PACTPYKType, ammapaTHBIX # NPOrpaMMHBIX pecypcax,
CepBHCax ¥ IMOJIb30BATENAX, BUPTYAIbHBIX OPTaHU3AMMIX U IPUIOKEHUIX C
peauzaiuel onepaTuBHON 00paTHOM CBS3M.

- TIOCTOSHHO NpPOBOAWTH AaHAJIW3 IIOTOKOB 3ajad M MaHHBIX [ ydera
TpeOOBaHUI pasHBIX TPYIN IIOJB30BaTelied ¥ afanTaldd K HAM
apXUTEKTYphl,  alrOpUTMa  IUIAHUPOBAaHMS  3aJaHUH M CXEMEI
(YHKIIMOHUPOBAHUS BEIYHUCIUTEIHHOTO KOMILIEKCA.

O deKTUBHOCTE MPEMIOKEHHBIX METONOB M IOIXONOB K paspaboTke
APXUTEKTYPH! BBIYUCIUTENHHOIO KOMIUIEKCA, BEIOOpa HPOrpaMMHO-amIapaTHBIX
CPEACTB MOXHO IIPOAHAJIHM3HPOBaTh Ha IPUMEPE BEIYHCIMTEIBHOIO KOMILIEKCA
OouAN.

1 BeIOOpa CHCTEMBI XpaHEHHs OONpIIHX 00BeMOB HMH(opManuum ObLI
COCTaBIEH CIHCOK TpeOOBaHHMH ¥ KPUTEPHEB, CPEIM KOTOPHIX OTMETHM
CIeyIOIINE:

o [llnpokue QyHKIMOHATBHEIE BO3MOXKHOCTH, THOKOCTB, MACIITa0MPYEMOCTb.
e Boamox#OCTh paboThl ¢ poTokonamu dcap, SRM2, gsiFTP, xrootd.
e lluTeporepabenbHOCTh C APYTUMH CUCTEMaMU XPaHEeHHS.

IlpoBeneH aHamM3 pa3NIUYHBIX CHCTEM U OOOCHOBaH BBIOOD CHCTEMEI
xpanerus dCache, xotopas Hauboee ITOJIHO YIOBIETBOPSET cHOPMYIHPOBAHHEIM
KPUTEPHAM.

Baxueimell 3amadeil sBisieTcss oOecCIeUeHHe HaIeKHOU M 3¢ {eKTHBHON
paboTHl CHCTEMBI IHCKOBBIX MACCHBOB C YY€TOM OalaHCHPOBKH Harpy3KH Ha
JUCKOBBIC Tynbl. JJIT 3TOH Ied CO3MaHBl CPENCTBA MOHHTOPHMHIA M aHaIH3a
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Harpys3oK Ha JHUCKOBBIC MYJIbI, KOTOPBIC ITO3BOJIAIOT PEIIaTh 3adady paBHOMEPHOIO
pacnpeaeJICHUA Harpy30K Ha CHCTEMY JHUCKOBBIX MaCCHBOB.

Bonpmryro pons B 3dpexTuBHOCTH (QYHKIIMOHUPOBAHHS BBIYHCIUTEIHLHOTO
KOMIUIEKCA HWIpaeT MpaBWIBHO OpraHHM30BaHHAs ceTeBas HHOPACTPYKTypa,
COENUHSIOMAs YIIPABIIIONINE CEPBEPH!, BEIYHCIUTEIBHYIO CHCTEMY H CHCTEMY
XpaHeHus wuHQopManun. B OWSM ueHTpanbHBIA MapIIPyTH3aTOp CETH
PECYPCHOTO LIEHTPa COENMHEH C OCHOBHBIM IPaHWYHBIM MapIIpPyTH3aTOPOM CETH
OVSI1 wa cxopoct 10Twrabur Ethernet. [lns1 oOecmedeHus BBICOKOH
IPOITYCKHOM CIIOCOOHOCTH JIOKAJIBHON CETH M MHHHMaJIbHOTO BPEMEHH JOCTYIIa K
DaHHBIM W (aiilaM TPHMEHSETCS arperupoBaHHE HECKONBKUX COCIUHEHHUIH
1 I'mrabut Ethernet B emuneid BupTyanpeli kanan (TRUNK) ¢ ysenndeHHO#M
IPOIYCKHOU CrIocoOHOCTHIO 0T 4 10 8§ I'mrabut Ethernet.

Ha puc. 1 npuBeneHa apXuTeKTypa BBYHCIUTENIRHOr0 Komiurekca OUSAN u
ob1as cxema B3alMOICHCTBHS YPOBHEH, PECypCoB, CEPBUCOB.

B Hacrosmee Bpems BRIUUCIUTENBHBIN KoMiiekc OMSIU cocrout u3 2582
64-x OUTHBIX IPOLIECCOPOB U CUCTEMBI XpaHEHHUs NAHHKIX 00IIei eMKOCThIO Oolee
1800 T6a#T.

B kadecTBe MPaKTHYECKOIO pe3yibTara MOXHO NPEINCTABHUTEH CIICHAYIOLIHE
apTyMEHTHIL:

Iloxasarenu HaJEeXHOCTH M JOCTYIHOCTH pecypcHoro mentpa OMSIU
coctapiitoT B 2012 romy 99%, a 3a 8 mecsiies 2012 roga ObLIO BEIIONHEHO Ooiree
5 MWIIMOHOB 3afaHuil mosib3oBareneil. bonee monpoOHBIN aHAIM3 MPOBEAEH B
CIIEAYIOUIHX TIaBax.

FONBL3OBATENN . WLCG
ittt ey {Bastyes: 3 10178 LOG)
: 4 H i L]
1SL5/64|SL5164|SL/64| SL5/64|SL5/64 | glite | | oLite
{ IntiUl IntUl | InvUl| InvUI ‘nl/U1§ L\_NMS | LB
T IT ]
1 Pl ! :
— 1
7 e
3,07 W U, CE, W, o UL CE WX, Int | BATCH server
Py 8y i 4E 30 3t TORQUE+MAUT LCG-CE|| | CREAM| || CREAM
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(eoma]  lorepmnss
ROOTD| {dCacha | dCacho |
Storage Storage { Storage i - n 1 ¥ ¥ ¥
|System | {System | dSystem | 7 il —— H |
- L o }
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- L CE W,
3

o p ek, eLenws,
T = P R B 1
- BATCH dhopaalglite-WN | 1t ”""‘1 .
S | X509 VObox | VObox
Frontier . AFS |
|Fromier Ty PX || ALCE| cMs

j

UMBK. BoiuncauTtenbtbie pécypcm, AocTy‘n M NoA by p

Puc. 1. CtpykTypHas cxeMa BhIYHCIHUTENbHOr0 Komiuiekca OVISIN.

PesynpraTtel 1epBOW  IIABBl  NOATBEPXKIAIT  Knepeoe  3auguiyaemoe
nonodceHue:

Paspabomannvie KoHyenyus, apxumexmypad, CmpyKmypHas cxema Hay4HO20
BBLIUUCTUMENbHO20 KOMNJIEKCA CHUMAIOM NPOMUEOpeyUs 8 mpebosaHusx pasHbix
epynn nonvsosamerneil, YLy4umarom QyHKYUOHAIbHbIE XAPAKMEPUCTUKI KOMIIEKCA.
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Bropasi maBa quccepTanny MOCBSIIEHA YYacTHIO B paboTax MO pa3BUTHIO
KOMITEIOTePHOH HHQPACTPYKTYpHl i 0OpabOTKH, XpaHEHWs, aHalu3a JaHHBIX
SKCTIEPUMEHTOB Ha BoJpIIoM agpoHHOM KoJutaiinepe.

Jlyi1 MOmenupoBaHUA PacIpeNeIeHHON BBIYUCIUTENBFHON HHPPACTPYKTYpHI
nentpoB a1 LHC B 1998 romy OB cO3maH CHENUMANBHBIN MEXIyHApOIHBIH
rpoekT MONARC (Models of Networked Analysis at Regional Centres for LHC
Experiments). 3amaga OpraHM3alliii KOMIBIOTHHTa ObIa OYEHb CIOKHOH,
TIOCKOJIBKY TpeOOBaIOCH:

- obecneynTs OBICTPBIH JOCTYI K MAaCCHBaM JaHHBIX KOJIOCCAILHOTO 00BeMa;

- ofecneynTh MPO3PAYHBIA [OCTYI K TIeorpaQuyueckd pacHpeesieHHbIM
pecypcam;

- co3marh TPOTDKEHHYID HAOeKHYI) CETeBYI0 HH(paAcTpyKTypy B
reTepOreHHO! cpeie.

B pamxax mnpoekta MONARC Obima paspaboraHa 0as3oBas MoOJIETb
KoMIbroTHHTa I akcnepumenToB LHC kak mepapxudeckas LEHTpald30BaHHAS
CTPYKTypa pPErHOHANBHBIX LEHTPOB, BKIIIOYAOINAs B Ce0S HEHTPHl HECKOJIBKHX
ypoBreil. CyTb pacrpenereHHONH MOAETH apXHUTEKTYpPHl KOMIBIOTEPHOH CHCTEMBI
COCTOMT B TOM, YTO BeCch 00seM wHH(pOpManuu c gerekropoB LHC mocie
00paboTKM B pealbHOM BpPEMEHH M IEPBUYHOM PEKOHCTPYKIMH JOJDKEH
HAaIpaBIIATECS I JalbHene o0paboTKH U aHaJIK3a B PETHOHANIBHEIE [IEHTPHL.

MeToI0M EMHTALHOHHOTO MOJIEIMPOBaHMs OBLI 000CHOBAH HepapXHUIeCKIH
NPUHIMO ~OpraHM3alMy  MH(POPMAIMOHHO-BRUMCIHTENbHON cuctembl LHC,
MIpEAToJIaraoile Co3aHue LEHTPOB pasHEIX ypoBHeH win apycoB (Tier's): TierO
(CERN) — Tierl — Tier2 — Tier3 — KOMIIbIOTEPHI IOJIH30BATENICH.

YpOBHHU pa3nuyaroTcst o Macmrady pecypcoB (CeTeBbIe, BEIYHCIUTEIbHEIE,
JIFICKOBBIE, apXUBHBIE) U I10 BHITONHIEMBIM (QYHKIIHIM:

Tier0 IIepBUYHAs PEKOHCTPYKIHS COOBITHH, KanuOpOBKa, XpaHEHHE
(LIEPH) KOIIMH MOJHBIX 6a3 JaHHBIX

IIOJTHAsT PEKOHCTPYKIMS COOBITHH, XpaHEHHE aKTyalbHBIX 0a3
Tierl NAHHBIX 110 COOBITHAM, CO3JaHHME ¥ XpaHeHhe HabopoB
aHaJHU3UPYEMEIX COOBITHIA, MOZIEIMPOBAHHE, AHAIH3

THP2)XUPOBAHUE U XpaHEHUE HaOOPOB aHAIU3UPYEMBIX COOBITHI,

Tier2
MOJEJIMPOBAHUE, aHAJIN3

Tier3 KJIACTEPHI OTAEJIBHBIX HCCIIENOBATENBCKUX I'PYIIIT

B pamkax 3toro mpoekra OpimM mpopa®oTaHEl TpeOOBaHUA K pecypcaMm U
¢byHKIMK pernoHanbHBIX HeHTpoB ypoBHeH TierO, Tierl, Tier2. PaspaGorannas
MoOfieNib Oblila peaju30BaHa M YCHEIIHO (QYHKLIHMOHHPYET C MOMEHTa 3alycka
Bonpmoro anmponHoro kxommakmepa B 2009 ronmy. Exeromno cobuparorcs u
00OpabaThIBatOTCS NaHHBIE O0BEMOM B JIECATKH U AXE COTHU IeTadaiT. Ota
IIEHTpaIM30BaHHAs MOJENh KOMITBIOTHHIA XOpOLIO 3apeKoMeHmoBaia cebs B
nepBble rofs! paboTsl akcnepuMenToB Ha LHC, onHako HabmronaeTcs TeHACHIA K
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JEeIeHTPAIN3alli CEPBHCOB ¥ IIEPEHOCY AaKIIEHTOB C MAacCOBOM 00paboTKu
JaHHBIX Ha oOecledeHHe HHIMBHAYaJHHOTO aHaiu3a. [IPOMCXOOHUT 3BOJIOLHS
HHOPACTPYKTYPHI B MOJETH KOMIBIOTHHTa dKcnepuMenToB Ha LHC:

- MIEepEXoNl OT HMEepapXH4YeCcKOd CTPYKTYpHl K CETeBOW, a B HIeaie K IIONHO-
CBSI3HOM, IJIe BO3MOYKHBI CBA3HM MEXKIY LIEHTPaMH BCEX YPOBHEH;

- pa3BUTHE CPEACTB PpACIPENEICHHOTO YIpPAaBICHWS NaHHBIMH, IOIIEPIKKA
OYEHb BBEICOKHUX CKOPOCTEH Iepefady OrpOMHBIX MaCCHBOB JIaHHEIX;

- co3gaHue MHQPACTPYKTYpHl LEHTPOB ypoBHs Tier3 [Uis MHIHBHAYAITLHOTO
aHalM3a JaHHBIX;

- - pa3BUTHE ¥ NPUMEHEHUE CPE/ICTB BUPTYAIH3aIK U OOJaYHBIX BEIYMCICHUH
(mpoekTt «Helix Nebula — HayuHOE 0071aK0> ).

Ilom pyxoBOZCTBOM aBTOpa JOHCCEpTalMH pabOTEl 110 OpraHU3aIUH
KoMITeIOTHHTA T okcniepuMerToB Ha LHC B OMAU Havamucs eme B 1996 romy c
coznanus uHpopMmanmorHoro WWW-cepsepa mnit kxomnabopanuun CMS. B 1997
rogy B OMSIM 6put co3maH kimacTep w3 Tpex SunSparc craniwid. [Iporpammuoe
OKpY)XEHHE KJacTepa IOJHOCTBI0 COOTBETCTBOBAJIO NPOrPaMMHOMY OKPY>KECHHIO
Ha [IEPH-xnactepe cms.cern.ch. Ha kmactepe 8 OV npoBoxmace o6paboTka
JaHHBIX C MpOTOTMIOB gerekropoB CMS, ocymecTBIAIach MOCTAHOBKA
aKTyaJIbHBIX BEPCHU CIENHaTHN3MpOBaHHOIO IporpaMMHoro nakera CMS, Benuch
PaboTHI [0 MOIENUPOBAHUIO (PU3MUECKUX IPOIECCOB ¥ MOICHCTEM JeTekTopa. B
2000 romy B OMSIM Orla co3maHa BEIYHCIUTENBHAS (QepMa I SKCIIEPUMEHTOB
Ha LHC, kotopas BXoQuia B COCTaB BEIUMCIMTENbHOro Komiuiekca OMSIU. Otm
pecypcsl HCHONB30BAJIACh MO TeKymed paborsl cnenmamuctos OV u
nposeneHus MonTte-Kapno MonenupoBaHus (H3UYECKHX COOBITHH B paMKax
CEaHCOB MaCCOBOTO MOJEJIMPOBaHHMS, OCYyIIeCTBIsIeMoro komtabopamuesi CMS. B
2004 roxy 6BLT OpraHM30BaH PECYPCHBIM IeHTp ypoBHs Tier2, HHTErpupOBaHHEIA
B mobanpHyto rpua-uHdpactpykrypy npoexra WLCG. Tier2 uentp OUSAU umeer
ITOJTHBIH HaOOp HEOOXOTMMBIX I'PHI-CEPBHUCOB M OTBEYAET BCEM TPEOOBAHUAM IO
TEXHIHYECKOMY H TIPOrpaMMHOMY OOCCIEUEHHIO, HEOOXOMUMBIM IS YCIEIIHOIo
(GYHKIMOHUPOBAaHUS BHPTyaldbHBIX opraHmsammit CMS, ATLAS, ALICE. 3a
mepuox ceoero ¢yukiponrposanus ¢ 2004 roma mo HacTosIIee BPeMs PEeCypCHBIH
eHTp ypoBHs Tier2 8 OMSIU no cBoMM ITOKa3aTeIsIM HAJCKHOCTH U JOCTYITHOCTH
paboTHl SABJIAETCS ONHUM K3 JyYIINX CPEIH BCEX DPECYpPCHBIX IIEHTPOB YpPOBHS
Tier2.

ITocne 3amycka B skcrmuryatanuio LHC B skcriepumente ATLAS Bo3HHKITA
cepre3Has mpobiemMa ¢ 00eCIIeUYeHHEM LIENOCTHOCTH PacHpenesIeHHOI0 XpaHEHHUs
uH(QOpMaIH. DTO BEIPaXKaJoCh B TOM, YTO OONBIION MPOLEHT yaausieMsIx (aiiiion
U3 I00ANEHOIO KaTajora OCTAaBaJICS B JIOKANBHBIX KAaTalorax CHCTEM XPaHEHUS
JAHHBIX PECYpPCHBIX ILEHTPOB. UTOOBl pEmIUTh 3Ty CEPBE3HYIO0 MPOOJIEMY, IIOX
DYKOBOACTBOM aBTOpa JuccepTandy Opbra paspaboTaHa apxWTekTypa W
CIIPOCKTHpOBaHa IIOACHCTEMa OOECIEUCHHS IEIOCTHOCTH pacCHpenesIeHHOTO
xpaHeHusa wH(OpManuy s skcriepumenTa ATLAS. B pamkax 3ToH MOICHCTEMBI
ObUT pea30BaH OIUH U3 LEHTPAIBHBIX CEPBHCOB CHCTEMBI YIIPABICHHS JaHHBIMH
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skcriepumenTa ATLAS - cepBuca ynanenus nanabsix (Deletion Service), KoTopslii
OpenHasHaue€H Ul LEHTPaJM30BaHHOIO  yHaleHHWs HEHYXHBIX JaHHBIX
sxcnepumenta ATLAS Ha caiftax TierO, Tierl u Tier2.

OcHoBHBIE (DYHKIMU CEpPBHCA yIaJCHHUs JaHHBIX:

e 00CIy>XMBAET 3allpOCHl Ha yHaJIEHUE,

e OpraHusyeT 0aJaHCHPOBKY Harpy3KH,

e 00eCIeunBaeT MaCcIITa0HPYEMOCTh ¥ OTKa30yCTOMYHNBOCTD CHCTEMEL,

® BEHINOJHIET KOPPEKTHYIO OOpabOTKy HCKIIFOYECHHH, BO3HHKAIOIMIKX B
mporecce paboTH,

® pealM3yeT CTPATEerHi0 TOBTOPEHMUS ONEpalltii B ClIydae BOSHUKHOBEHHUS
OTKa30B.

Hauusie sxcrepuMenta ATLAS pacmpeneness! 6onee, yeM Ha 100 rpun-
cafitax ¢ oOmHUM 00BEMOM IHCKOBOTO IpocTpaHcTBa Oonee 150 merabaiit, B
KOTOPOM XPAaHATCS COTHH MMJUIMOHOB (ailnos. HemenpHbINM 00BeM yHalseMbIX
JIaHHBIX cocTaBisaeT okono 2 Ilerabaitos (20 MiTH. haiiios).

Co3pmaHHEINM cepBUC 0OecredrBaeT IeJOCTHOCTh XpaHEHUS HMH(OPMAalHH B
reorpauuecky paclpereIeHHON cpene.

OnpIT BBITONHEHHS aHANH3a NAHHBIX C HCIONB30BaHHEM ILIEHTPOB YPOBHS
Tier2 mokasajy, 4TO 3TH LEHTPHI HE BCErna ONEpPaTHBHO PELIAIOT 3a[a4yd aHaJIn3a,
TaK KaK 3arpy’kKeHbl MHOIMMHU IpYTMMH Ba)XHBIMHM 3aJadaMM, B TOM YHCIE
MOJIEJTPOBAHAEM COOBITHH, M YacTO ITOAASP)KHUBAIOT HECKOJBKO BHPTyalbHBIX
opranu3anmi. [Tlostomy 3amaun anamuza naHeeix LHC MoryT moctaTogso IoJro
HAXOQUTHCS B OdYepequ Ha BEHIIOJHEHHE. BCIEICTBHE BHIMIEIICPEYHCICHHBIX
00CTOATENHCTB, MHOTHE IPYIIHI IOJB30BaTENed B Pa3HBIX CTpaHax AJsl aHalIHu3a
9KCIICPUMCHTAIBHBIX ~ JI@HHBIX  CTQJIM  MCIOJNB30BaTbCs  JONOJIHUTEIIBHBIE
pasHooOpa3HBIe BBIYHCITUTEIHHbIE pecypcsl (cepBepsl, KJIACTEPHI,
CYIIEPKOMITBIOTEPEI), KOTOPBIE HAXOJSITCSI BHE IICHTPAIN30BAaHHOIO YIPABIEHUS U
IUIAaHUPOBAHMSI, HA KOTOpble HE pacIpOCTPaHSAIOTCA Kakue-mubo eIuHbIe
TpeboBaHMUs, KACAIOIIHEC] TEXHHUECKHX pelleHud. s 3THX IEHTPOB XapaKTEPHO
Oomploe pasHOOOpa3ye CHCTEM aHalld3a NAaHHBIX, CHCTEM XpPaHEHHS JAaHHBIX U
nmakeTHo# obpaboTku 3amad (PBS, OGE, CONDOR, Lustre, xROOTd, PROOF u
ap.). IlpakTudeckd, 3TH IEHTPHl COCTABHIIN HOBBIH HH(PACTPYKTYPHBIA yPOBCHb
(Tier3) B m™omemu KommbploTHHra odkcriepuMeHToB LHC, KOTOpBIA BHOCHT
CYLIECTBEHHBIH BKJIAJ B QU3UIECKHN aHATIN3 SKCIIEPHIMEHTAIBHBIX JaHHbIX.

B paMkax pasBUTHs MOAENH KOMIIBIOTHHIA 3kcnepuMeHToB Ha LHC B
JQUCCEepTalldd  IIPOBENEHBl  HCCIENOBAHMSA IEHTPOB ypoBHA Tier3, wux
CUCTeMaTHM3alldd M HUHTErpalui C LeHTpaMud Tier2. bBeuio  mpoBezneHo
AHKETHPOBaHHWE CYINECTBYIOUIMX LEHTPOB W WX KIACCHU(HKAIWS, BHIOPAHEI
HanboJiee pPAacIpoCTpaHEHHBIE KOH(UTYpaIWy, IPOaHAIU3UPOBAHEI pa3IMJIHbIE
CXeMBl B3aUMOIEHCTBHSI MEXAy YpoBHsIMH. B pabore cHcTeMaTH3UpOBaHBI
pas3nMYHbBle KOH(QUIYpaluHk HWCIONB3YEeMBIX CHCTEM ¥ BBIJIENCHBl Hamboiee
pacnpocTpaHEeHHBIE U3 HUX.

Jns  wccnemoBaHWs HEeHTPOB  ypoBHA Tier3d wu  cucTemMaTH3amuu
HCTIONB3YEMBIX CPEINCTB OOEeCIeueHrs] MHTETpalyi ¢ IeHTpaMu ypoBHA Tier2 B



21

OMAAN Gputa paspaboTaHa apXHUTEKTypa TECTOBOM HHQPaCTPyKTYpHI, KOTopas
II03BOJISIET CO37aBaTh IIPOTOTHIIEl PA3NIMYHBIX KOHGUTYyparui IEHTPOB YPOBHI
Tier3. C npuMeHeHHeM TeXHOJIOTHH BUPTyalH3alliy Takas HHPpacTpyKTypa Oblia
peanuzoBaHa Ha 0a3e BHPTYalIbHBIX KJIACTEPOB, YTO IO3BOJNHIO pa3paboTarh IUIL
Ka)XIOTO BapHaHTa KOH(UIypaluu NOKyMEHTALHIO, HACTPOUTh WK pa3paboTarh
CpencTBa JIOKAJLHOIO MOHHTOPHHTA, BBIpabOTaTh IONHBIE PEKOMEHNAIMH II0
cucreMe cOopa wHGOpPMAnuM U I0OATHFHOIO MOHHTOPHHIA LIEHTPOB YPOBHA
Tier3.

PaspaboranHas cucteMa I100aTbHOTO MOHHTOPHMHTA IEHTPOB ypoBHS Tier3
npenocraBiaieT 0000meHHY0 HHGOPMAamMIO O pecypcax, IIOMyIsIpHOCTH
aHAJIM3UPYEMbIX TaHHBIX, YTO UMeET OOJBIIOe 3HaYeHHE I KOOPAUHAIIMY paboT
B paMKax BHpPTyaJdbHOM OpraHM3allid, TaK KaK ODECIeuNBaeTCs BCECTOPOHHHUH
B3I Ha BKIa Tier3 caiiToB B BEIYMCIUTENBHBIN IpoIiecc.

(Tier3 site

Summary data

File access

xRootd data

PROOF

Publishing

MSG

Global monitoring

Puc. 2. Cxema QyHKIIMOHUPOBAaHUS OCHOBHBIX BapHaHTOB Tier3 LeHTpoB U UX B3aUMOJEHCTBHE
C CHCTeMOH II100aIbHOr0 MOHUTOPHHTA.

B nuccepranuu mpeicraBlieHa MoOAENb NI0OalbHOr0O MOHUTOpuHra Tier3
rerTpoB (T3mon), KOTOPEIA BHINONHAET 3aKadd cOopa HH(OPMAIHU OT CHCTEM
JOKaJbHOTO MOHHTOpHHTa Tier3 IHEHTpOB, OpraHW3allid XpaHEHHA OSTOH
HHGOPMAIMH VIS IIPEXOCTaBICHUS HyXKHOW HHpOpManuy agMuHACTpaTopaM Tier3
CalTOB, TIOJIF30BATEISIM BUPTyalbHBIX OpraHu3aniu. CxemMa (QyHKIIMOHHWPOBAHMA



22
OCHOBHBIX BapuaHTOB Tier3 IEHTpPOB M HX B3aUMONEHCTBHE C CHCTEMOH
106aIPHOr0 MOHUTOPHHTA IIPEACTaBICHE] Ha PUC. 2.

Pesynmbrarel BTOpOM TNABBI IOATBEPXKAAIOT  6MOpoe  3aujuujaemoe
nonodiceHue:

Pazsumas. moodenv romnvromunea bonvuiozo aoponnozo konnaidepa c
geedenuem Hogo20 uH@pacmpykmyprozo cnos Tier3 pacuupsem 803MOMCHOCHU
0151 AHANU3A OAHHBIX HOTb30BAMENIMU KPYNHBIX KOLIAOOPAyUlL

B TpeTneii raBe 00CyXIal0TCS BOIPOCH CO3/IaHMsI HIMUTAIIMOHHON Moieny
JUIS MCCIICMOBAHUS IUIAHUPYEMOH apXUTEKTYPhl PpaclpemereHHOro KOMILIEKCa
XpaHeHuss, 00pabOTKM U aHajW3a JAaHHBIX JKCIEPHMEHTOB Ha IPOEKTHPYEMOM
yckopurensHoM kommekce HKA.

MogenupoBanue cucreMbl off-line 00paboTkM W XpaHEHHS HaHHEIX
9KCIIEPUMEHTOB JTOJDKHO JaTh OTBET Ha CIEAYIOLIHE BOIPOCHL:

e KaKue BHIYHCIHTEIBHBIC PECYPCHI TPEOYIOTCA LI 0GpabOTKH TaHHEIX,
YTOOBI OMYYIUTH PE3YIbTaT B 33aHHOE BPEMS;
KaK JTOJDKHBI OBITH CBSI3aHBI MEXTy CO00H IEHTphI 00paboTKy;
KaKO€ JIOJDKHO OBITh pasesieHue QyHKIHH MEeXIy IICHTPaMHU;
KaK OpraHHU30BaTh paboTy MI0JIb30BATEINEH;
KaKas CTpaTerus 3arrycka 3aJaHui JoJDKHA IPUMEHSITHCS;
Kakoi 00BEM J[HCKOBEIX MAacCCHBOB HEOOXOAWMO BBINEJIMTH JUISL
obecreueHus HaI&KHOTO XpaHeH!s HHPOPMaIHH.

CoznaBaeMasi IMHUTALMOHHAS MOJEINb JODKHA HCIIONB30BaThCS JUTHTEIHHOE
BpeMsl Ha pa3HBIX dTanax CO3IaHUI YCKOPHTEIBHOIO KOMIUIEKCA: OT TEXHHYECKOTO
MPOEKTa IO CO3MAHUS CHCTEMBI 00pabOTKY M XpaHEHUs JaHHBIX.

Mopens TOmKHA BKITFOYATh:

= pHTepdec NoNb30BaTeN,
5 SIPO MOZEIUPOBAHUS,
" CHCTEMY BH3yaM3alllH PE3yIETaTOB MOIESIUPOBAHMS.

SAmpo MozmemupoBaHus oOpabaTeiBaeT BXOAHBIE JaHHBIE (CLeHapHit
00paboTKH, CTPYKTYpa U IapaMeTPhl KOMIUIEKCa, XapaKTePUCTUKY ITOTOKA 3aJaHuH
M Jp.) U ONpenessieT MapaMeTpsl MpOXOKIAeHUs 3ajaHuil. Heobxomumo Takxke
CMOJIETUPOBaTh OCHOBHBIE (YHKIMM U CEPBHCHI TPHI, KOTOpHle Hamboiee
CYIECTBEHHO BIIIIOT HA IIPOXOXKICHUE 3aJaHNH U IIepefady JaHHBIX.

Jlns pelneHus: 9TOH 3amadrl HeoOXOAMMO BHIOpaTh MakeT WMHUTAIIMOHHOTO
MOJIETHPOBAHHMS, HCXO U3 CHOPMYIHMPOBaHHBIX TpeOOBaHMUI.

B pesynbrare cpaBHHUTENBFHOTO aHAJIK3a 32 OCHOBY JUIS MOJEIHAPOBAHHS OBLI
B3sT rmaket GridSim, KOTOPEI UMEET CIEAYIOINE TPEUMYIIECTBA:

® MOIEIMPOBAHUE IETEPOr€HHBIX THIIOB PECYPCOB;

® BO3MO)KHOCTH MOICIMPOBAHMS IPIJIOKECHUH C PasNHYHBIME CTPATETHSIMHU
MapauIeNbHbIX BEYHUCICHUH;

® OTCYTCTBHE OTpaHHYEHHN Ha KOJHMYECTBO 3aJaHHM, KOTOpBIE MOTYT OBITh
OTIIPaBJICHEI Ha 00pabOTKY B peCypCHEIH IICHTD;



23

® BO3MOXXHOCTB 3agaHuAd HpOHYCKHOﬁ CTIOCOOHOCTH CETH MEXIYy peCcypCaMiu;

® TIOAJACPIKKa MOICIHNPOBaHUA CTaTHIECCKHUX u JAVUHaAMHUYCCKHUX
TUTAaHUPOBITUKOB 3aI[aHI/II\;I;

e rHOKHe BO3MOXKHOCTH peamm3anii PasInIHbIX CTpaTeI‘I/Iﬁ YIIpaBJICHUA
JTaHHBIMU;

® BO3MOXHOCTB PETHUCTpalliM CTaTUCTUKU BCEX HIIH BI>I6paHHbIX onepaum‘/i.

Mogens Ha ocHOBe makera GridSim ctpourcs u3 6a30BBIX OJIOKOB, KOTOPHIE
pealusyloT CIEHyIOIlMe KJIacChl MOAENUpyeMBIX 00BekToB: Ilomp3oBarens,
Pecypc, NudopmarmonHslii cepsuc rpux, Bsom/seiBom, Cerp u ap. (Puc. 3.).
Jlormyecku WX MOKHO OOBEIUHHUTD B JIBE TPYIIIBL: OIMCAHUE CTPYKTYPHI CHCTEMBI
H OIIMCaHUe IOTOKA 3alaHuM.

Pecypcbl #j
Quepenab 3aaaHui
Ha BbIXOf}

-
Ouepens Haﬁ

Monb3oBatenb #  Bpokep #i Bbixon

TnaHMpoBIWK )

BbINOMHEHIe|

Ovepenb 3apaHmit
Ha BXOJ

- Cnucok
pecypcos

Katanor
Puc. 3. lnarpaMma OCHOBHBIX 06JI0KOB 6a30BOH MOJEINH, IOTOKOB JaHHBIX ¥ 3a1a4 B GridSim.

Jaercs ommcaHHe M XapaKTEPHUCTHKHU Ooiee CIOKHBIX OOBEKTOB MOICIIH:
KHUTa CIIeHapueB, TaOluIa pecypcoB, CMeCh 3a[ad CIeHapHs, AWCKOBBIH My,
JEHTOYHAs IOACHCTEMA, 3ajada, II0JIb30BaTeNb, Karajor (aillloB M PEIIHK H
Ipyrue 00beKTHL.

Mogens paccUUTBIBAECT & MapaMeTPOB, ONPEAEIAEMBIX KaK IPOIEHT, MIN
abCoMIOTHOE 3HAUEHHE:

e CpenHsis 3arpy3Ka ceT o gaIM [%]
KonmnuecTBo aKTUBHBIX /0XXKUIAIOIMX 3a0aHUH
Kosu4ecTBo 3anponIeHHBIX U UCIIOIb3yeMbIX MIPOLIECCOPOB
HVcnonp3oBaHue Ipua-CTPYKTYpHI 110 yacaMm [%] B IeHb
Vcnonp30BaHKeE peCypcoB XpaHEeHUsI JaHHEIX [%]
TIponeHT OTKa3aBMINX MPOIIECCOPOB 10 IHAM [%]
OO0beM nepeqaHHbIX TaHHBIX B Hac
3arpyska Ki1acTepoB [%]
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JlauHpI HaOOp IapaMeTpoB NOCTAaTOYEH U OLEHKH 3()(EKTUBHOCTH
TOIOJIOTHH  DPACIPENETICHHOr0  BBIUMCIHTENBHOIO  KOMIUIEKCA,  OLEHKU
TEXHHYECKHX XaPaKTEPHUCTHK PECYypCHBIX LEHTPOB, 3(Q(EKTHBHOCTH alrOpUTMOB
pacmpeneneHus 3aJaHi U epefady TaHHBIX MEXIY PECYPCHBIMH LEHTPAMHL.

PazpaboranHas Mozens 0600maeT onbIT KommbroTHHra Ha LHC, KOTOpHIH
[OKa3all, 4YTO JJII BEIOOpa apXHTEKTyphl paclipeelIeHHON CHCTeMBI 00paboTKH U
XpaHeHusI HHpOpMauyd HeoOXoquMo pa3paboTaTh 0a30BYIO MOIENb, YIIPABICHHE
mapaMeTpaM KOTOPOH II03BOJIIET HCCJIENOBaTh pPAa3IUYHBIE apXHTEKTYPHI
CHCTEMBI, CLEHapud OOpabOTKM W XpaHEeHHS MHaHHBIX, B 3aBUCHMOCTH OT
WMHTEHCHUBHOCTH ITIOTOKOB 3a/iad U JaHHBIX U IPYTUX (haKTOpOB.

IInanupyeTcs UIMTENBPHOE KCIOJIB30BAaHUE CO3MAHHOM MOJENH B IpoIiecce
pa3paboTKH  TEXHHYECKOIO IPOEKTa, IIOCIHEHYIOMIET0 CO3MaHHUS CHCTEMBI
00paloTKM ¥ XpaHEHHs AAHHBIX U BCEro. XKM3HEHHOTO MUKIA (YHKIHOHHPOBAHUSI
cucteMsl. JIyist 3TOM menw co3maHa 0a3a JaHHBIX CLEHAPUEB, HCXOMHBIX JaHHBIX,
PE3yNIbTaToOB MOJENHPOBAHUA, KOTOpblE MOXKHO MCIONB30BaTh Ha BCEX 3Tarax
MPOEKTA.

CoopmymrpoBaHBl pe3yIsTaThl 10 CO3NaHUI0 0a30BOM Momenu oOpaboTKu
9KCIIEPUMEHTANBHBIX JaHHBIX YCKOpHTEIbHOro Komiuiekca HUKA:

ebrina paspaboTaHa MMUTAOHHAS MOJICIIE;

e Brizie/IeHB! KITIOUEBEIE [TapaMeTPHI OLICHKH MOZIEIIH;

o Co31aHbl CPECTBA BU3yaH3alluyl PEe3yIbTaToB;

eIMuTanOHHAs MOJIENb TIPOIIUIA OTIIAAKY U BEPH(HUKAIIHIO;

ePe3yneTaTsl MOZACIMPOBAHUS MO3BOJIAIOT CHOPMYIHPOBATE TPeOOBAHHS K
ApXUTEKTYpE CUCTEMBI 00pabOTKH.

ellMeeTcss BO3MOXHOCTH CO3[aBaTh pa3iddHbIe CIEHApUd OO0paboTKU
HUH(POPMALIIH, CTPYKTYp U ITapaMeTPOB CHCTEMBI 00paboTKH, I BEIOOpa
APXUTEKTYPHl U TEXHWYECKUX PEIICHUI B COOTBETCTBHUH C KPHUTEPHSIMH,
KOTOPBIMH PYKOBOJCTBYETCSI IIPOEKTHPOBIIHK.

PesynpraTel TpeThell IMABHI MTOATBEPXKIAIOT mpembe  3aujuujaemoe
nonodiceHue:

baszosas modenv xomnwviomurea npoexma HHUKA noszeonsem 6blnoiHume
aHanu3 pasiuyHelX CyeHapues u evlbpamsv Haubonee IPhexmusHoe peuleHue 0
NOCMPOEHUs. PACNpedeneHtol cucmemvl 00pabomxu U XpaHeHus uHQopmayuu
aKcnepumenmos Ha koanaiidepe HUKA.

B uyerBepToOii IaBe pazpaboTaHa WHTErpaybHAs OMEHKH 3(h(GEKTUBHOCTH
TPUM-CAHTOB B COCTaBE paclpenelieHHoN WHQpacTpykTypel. OTMeTuM, dTO
oOImenpuHATON OIEeHKH >(P(YEKTHBHOCTH TPHUI-CAHTOB Ha NAaHHOH MOMEHT HE
CYIIECTBYET.

WnTerpanpHas olieHKa paspabarsiBanack Ha npuMepe npoekra WLCG. Otot
MPOEKT HMeeT Hanbosee PasBUTYI0 HH(GPACTPYKTYPY C OOJIBIIUM KOIHYECTBOM
PECYPCHBIX LIEHTPOB Pa3HOIO YPOBHS, a TaKKe CPENCTBA MOHHUTODHHIA W ydeTa
PECypCOB, CEPBUCOB M IIOJIb30BAaTENEH BUPTYyalbHBIX OpraHusanuil. B HacTosmuii
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MOMEHT Kaxmplii wmecsny B mpoekre WLCG myOmukyercs uHGOpMAmus o
IOCTYITHOCTH/HAISKHOCTU T'PUJA-CAHTOB B IPOLEHTaX, YTO SBISIETCS BaXHBIM
mokasateneM (PyHKIHOHUPOBAHUS PECYPCHBIX TIEHTPOB.

OTH TIOKa3aTelnH BBIYHUCISIETCS 10 Pe3ylbTaTaM HEePHOIUYECKHUX TECTOB U
CIIEIYIOIHIM (OpMyITam:

Hocrynaocts = Tp / (To — TcH)

Hapexuocts = Tp/ (To — T3n — Tcew),

rie Tp - Bpems pabotel, To - obmiee Bpems, TcH - Bpems, B TeueHHE
KOTOPOTO CTaTyC OBLT HEM3BECTEH, T3II - BpeMs 3aIUIAaHHPOBAHHOTO IPOCTOSL.

Bpewms paboter (Tp) ompenernsercs ciuexyromuM 00pa3oM: KakOplil dac Ha
IPUIO-CAaT  aBTOMAaTHMYECKH  3allyCKalOTCS  TECTbl, 4YTOOBI  IMPOBEPUTH
paboTOCIIOCOOHOCTE BCEX CEpBUCOB. Ecimm XOTI OBl ONMH TECT 3aBEpIIMIICS
HEylayHO, CYMTAETCsl, YTO TpHA-caiiT 3ToT yac ObL1 Hepabotocmocober (Ti=0).
Eciu Bce TeCTHl BBIIONHMINCH YCIEIIHO, TO TPUA-CAUT 3TOT 4Hac OBLI
pabotocniocober (Ti=1). Tp onpenensercs kak cymma Ti 3a nepuon To. Ha puc. 4
IpUBeeHa CpeaHss HafexHocTh o rogaM ¢ 2009 mo 2011 rpun-caiita OVISIU u
poccuiickux rpun-caiitos PIUT.

CpepnHsAfA Hafe}KHOCTb CaWTOB MO rogam
iCo

e,

a5 =

. A\

=== CaiT OMAK

==g==Bce caliTel POMI

75
2009 2010 2011
=== CajiT OWAK 959 87,8 97,48
=== Bce calTel POWUT 82 92,7 85

Puc 4. Tloxazarenu HafexKHOCTH poccuiickux rpun-caiito PIIUT u OUSU ¢ 2009 mo 2011.
Baxxsast nHGOpMAIKs ISl OLEHKHA pabOTH TPHI-CAWTOB COCPEIOTOUCHA Ha
[opTalle CTaTHCTHYECKOro ydera pabotel rpun-caitoB (EGI Accounting Portal;
http://accounting.egi.eu/egi.php):

- KOJMYECTBO BHIIIOJIHEHHEIX 3aaY;

- KOJHMYECTBO YacOB, BBIJAHHBIX IIOJIb30BATEIAM, B PA3NHYHBIX CIUHHIIAX
H3MEPEHHS (mporieccopHOe  Bpemd, ACTPOHOMHYECKOE BpeM,
HOpMalln3oBaHHOE BpeMs B eaunuiax HEPSpec06);

- cpemaas 9(QEeKTHBHOCTh HCIOIB30BAHMSA IPOLECCOPOB  (OTHOIICHHE
[IPOLIECCOPHOTO BPEMEHH K aCTPOHOMIYECKOMY BPEMEHH).

I'maBHBIE MOKa3aTenu paboThl IPHI-CalTOB, MpuHATHIE B mpoekTe WLCG,
CIIEYIOIIHE:
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- HAISKHOCTH I'PHA-CAHTOB B IIPOIIEHTAX,

- KOJIMYECTBO HOPMAJIM30BAHHBIX YaCOB MPOIECCOPHOTO BPEMEHH B €UHHUIIAX
HEPSpec06, BBIIaHHBIX 0JH30BATEISIM BUPTYaIbHBIX OpraHU3alyii.
Kaxmpiif 13 3THX [MOKa3aTelel OueHb BaKEH, HO BCErna BO3HUKAET BOIPOC,

Kakoi u3 rpun-cadToB Oomnee 3(¢dexTHBEH, a Ui 3TOr0 HYXHO HMETh
HHTETPUPOBAHHYIO OLICHKY 3 ()EKTHBHOCTH I'PUI-CAHTOB.

ABTOpPOM [HICCEpPTalH TpEIOKeH Oa30BBI BapHaHT HHTETPUPOBAHHOU
oneHKH 3G QPEKTUBHOCTH Trpua-caitoB uHbpacTpykrypel WLCG, B KOTOpYIO
BXOJISIT OCHOBHEIE ¥ OOINEOCTYIHBIE [T0Ka3aTEeNH.

Bazosas onenka spdexrusHoctr (BOD) rpun-caitTos:

BOD = KH* COIT*IIB/KS*(IIB/OIIB)

KH — ko3 urueHT Hage:KHOCTH 32 YKa3aHHBIH IIepHOJ BpEMEHH,

COII - cpemusas 3¢¢EeKTHBHOCTh HCIOIB30BAaHMS IPOLIECCOPOB, Kak
OTHOIIIEHHE IPOIIECCOPHOTO BPEMEHH K aCTPOHOMHYECKOMY BPEMEHH,

I[IB — XOJWYECTBO HOPMAaIM30BAHHBIX YacOB IIPOIECCOPHOTO BPEMEHH,
BBIIAHHBIX I0JB30BaTENIIM BUpTyanpHbIX opraHusamuii LHC (WLCG) Ha rpun-
caifTe 3a yKa3aHHBIN IIEPUO],

OIIB — KomM4ecTBO HOPMAJIM30BaHHBIX YacOB IIPOIIECCOPHOTO BPEMEHH,
BBITAHHBIX IIOJB30BATeNAM BCEX BUPTYATbHBIX OpraHM3allMi Ha TpHA-caiiTe 3a
YKa3aHHBIN NEPUOT,

K1 — Konmr4ecTBO BEIYMCIUATENBHBIX SIEP, BXOAAINX B COCTAaB IPHUI-CaiTa.

Hampumep, s rpun-caiita OVSM 3a wuioms-aBrycT OBLIO BBLIAHO
nioste3oBatessiM 30,371,000 gwacoB 8 HEPSpec06 (u3 Hux mons3oBaremsM LHC -
30,046,224).

HanexxaocTts 3a 3710T nepuor cocrasuia 100%, mostomy KH=1.

COI1=0.89%4.

K41 - 2582 (xomm4ecTBO IPOLIECCOPHBIX SIED).

Taxkum oOpasom, Oa3oBasi oueHka 3(dexruBHOCTH rpun-caiita OVSIU 3a
mtonb-aBryct 2012 roga cocrasiser 10.52.

Bei1 mpoBeneH aHanu3 Hanbolee IPOU3BOAUTENBHBIX I'PUA-CAHTOB YPOBHI
Tier2 unadpactpykrypsl WLCG, T.e. TeX IEHTPOB, KOTOpPBIE 3a 3TOT IIE€PHOX
TIPEOCTABMIIN IIOJIb30BATEIAM BHUPTyalnbHBIX opraHuzamuit LHC nanGombinee
KOJIMYECTBO 9YacOB MPOLIECCOPHOro BpeMeHH B emuHHnax HEPSpec06.

INonydenHsIe pe3yinbTaTH IPEICTaBICHE] B TabmumIe 1.
Tabnuma 1.
Basosele ouenku 3dhekTuBHOCTH rpua-caiiToB ypoBHs Tier2 uadpactpyxrypst WLCG.

T'pun-caiit IIB OIIB KA C3Il KH BOO3
MWT?2 (CHLIA) 59312824 59312824 4504 .881 0.995 11.54
GRIF (@panmusa) 58766364 65639928 6289 .829 1.0 8.65
DESY-HH (®PT') 46775568 61261172 6355 .908 0.99 8.67
WT2 (CHIA) 45210192 45210192 7292 .883 0.985 5.39
IN2P3-CC-T2 37374520 37375044 3244 .822 0.99 9.38
(Dpanmusa)

AGLT2 (CHIA) 33825440 33825440 4452 822 0.975 6.09
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INFN-LNL-2 30830072 30965604 2416 .833 1.0 10.68
(Uranus)

JINR-LCG2 30046224 30371000 2582 .894 1.0 10.52
CYFRONET 28059368 29248312 10656  .895 0.975 2.40
(ITonpmra)

UKI-LT2-IC-HEP 27701236 30477856 3084 .86 0.995 8.46
(BenukobpuraHus)

UFlorida (CIIIA) 23980912 23980912 2496 .877 1.0 8.43
SiGNET 22969032 23033152 4416 915 0.985 4.70
(CnoBenmus)

INFN-BARI 22524940 23726584 4626 758 0.84 3.27
(Uramus)

praguelcg? 22390428 23462516 3860 57 0.925 426
(Yexus)

UKI- 21032132 22906928 2872 .899 0.955 6.85
SOUTHGRID-

RALPP

(BenuxobpuraHus)

UKI- 19890948 23624760 2592 .89 0.9 7.30
NORTHGRID-

MAN-HEP (B)

TOKYO-LCG2 17981292 17981372 3712 .88 0.99 4.22
(Snonwms)

UKI-LT2-QMUL 16764776 16929052 3496 .844 0.965 3.94
(BenmuxoOpuranus)

UKI-SCOTGRID- 15913660 16076612 3880 .838 0.95 3.30
GLASGOW

(Benuxobpuranus)

SFU-LCG2 15661156 15661212 4448 .907 0.99 3.16
(Kanapma)

Hcxons u3 6a30Bo# oneHK 3(Q(HEKTHBHOCTH, MOXKHO CHENaTh BBIBOI, YTO
rpun-caiit OMSIM mMeeT BBICOKMH IOKa3aTelb M BXOAHUT B YHCIO MHPOBBIX
augepoB 1mo SGQEeKTUBHOCTH. OTa OIEHKa MoDIa OBITH eIle BBHIIIe, eCIH
YYUTHIBATh TOT (DaKT, YTO YacTh IIPOLIECCOPHBIX PECYPCOB HCIOIB3YETCS Ha
pelIeHHe 3aJad JIOKAJIBHBIX II0Jb30BATENIC, B TOM 4HCIE MapaJUIeIbHBIX
IIPUTIOKEHHH.

IIpennoxeHHas OLEHKA yYUTHIBAET OCHOBHBIE IOKa3aTeNH 3(h(EeKTUBHOCTH
IpUA-CaliTOB, HO CYIIECTBYIOT MHOIO ITOKa3arelield, KOTOpPBIE TaKkKe OKA3bIBAiOT
BIIUsIHUE Ha 3()(EKTUBHOCT.

Hampumep, uMeeT CMBICI BBECTH KOX(P(UIHUEHT CIIOKHOCTH TpHI-CaiTa,
KOTOPBIH 3aBHUCUT OT KOIMYECTBA SAEP, KOJNMYECTBA IOIIEPKUBAEMBIX
BHPTYaJbHBIX OpraHu3anyii, KONUIEeCTBa 33124 U T.1.

Uem Gombiie sep, TeM CIoKHee obecneynTs uxX 3G (PEKTUBHYIO 3aTPy3KY.

UYewm Oompiie 3a1a4, TeM OOJIBbINE HAKITATHBIX PACXOI0B Ha UX MOMICPIKKY.

Uem Oonpmiee pasHooOpaswe KIACCOB 3adad U IONEPKUBASMBIX
BHPTYaJIBHBIX OpraHH3aIHi, TeM HIDKe 3P ()EeKTHBHOCTS.
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O1oT  KOI)QUIMEHT CIOKHOCTH  ABIACTCS (PYHKIHEH HECKOIBKHX
IIEPEMEHHBIX.

Kpome cucTeMbl BBIYUCICHUH B KaXKIOM PECYPCHOM LEHTPE €CTh CHCTEMA
XKpaHeHus, KOTopasi TOX€ BIHAeT Ha oOmyro 3hQeKTHBHOCTh Ipui-caifTa. Jid
OleHKH 3(pPEeKTUBHOCTH CHCTeMBl XpaHeHHsa (OCX) NpEennoxeHo y4JUTHIBATb
CIEIYIOIHUe TOKa3aTeIH:

9CX = HCX+CIID

HCX - Harpyska Ha CHCTEMY XpaHEHMs (CpeqHee KOJIMYeCTBO OOMEHOB B
eIUHUIY BPEMEHH)

CII® - cpemuee KOIMYECTBO IIEpPEJAHHBIX C/HA TPUO-CalT (aitiioB wuimn
JIaHHBIX B CAUHUITY BpeMeHH (CpeqHUM TeMII Iepejadrl J1aHHbIX).

B wHacrosmmit MOMEHT B IOTHOH Mepe HMH(pOpManHsi O IapaMeTpax H
Harpyske Ha CHCTEMY XpaHEHHS TpHA-CaliTOB IOKa He IyOImHMKyeTcs, Kpome
uadopManyy o nepemadn (GaiyioB c/Ha rpua-calT. B Hacrosmee BpeMms BemeTcA
pabora MmO HPOEKTY, B KOTOpPOM HemocTaromas HHGOpMaumus O Harpyske Ha
CHCTEMy XpaHEHHs M Ilepenadd MAaHHBIX OymeT myGmukoBarbes. Kax Tompko
HHpOpPMAIHS HauHET ITyOIHKOBaThCA, TO B (opMmyne 3(GheKTHBHOCTH Ipua-caiiTa
OymyT y4TeHBl oKa3arenu 3QQEeKTUBHOCTH CUCTEMBI XPaHEHUS.

AHanu3 WHTErpHpOBaHHOH OIEHKH 3(dexTuBHOCTH pabOTHl PEecypcHOTo
IIeHTpa 32 pa3NuyHbIe IIEPUOMBI (2 TaKKe CpaBHEHHE C aHAJOTHYHBIMU OIEHKaMHU
UL IPYTHX TPUA-CAWTOB) JaeT BO3MOXKHOCTE BBIAEIUTH ITOKA3aTelH, 10 KOTOPhIM
MOYKHO OTIpeNeINTh IPUYHHB! HeadheKTHBHOH paboTs! rpui-caiiTa.

Pesymbrarel 3TOH INaBBl IIOATBEPXKIAIOT — uemeepmoe  3aujuujaemoe
NONOJCEHUE:

Pazpabomannas UHME2PUPOBAHHAS oyeHka appexmusrocmu
QYHKYUOHUPOBAHUSL  PECYPCHO20  YeHmpa 8 cocmage 2n00anbHOU  2puo-
UH@pacmpyKmypel no360sen NosbLCUMb 00BEKMUBHOCINb NPUHAMUSA PEUIeHUL NO
YCMPaHeHuo HedoCMamKos 8 padome pecypCHO20 YeHmpa U e2o pasgumuro.

B naroil miaBe pa3paOoTaHBl ApPXUTEKTYpPHBIE NPUHIUIEI, METOOB M
CpencTBa U peald3alldyl MOHHTOPHHTA pPacIpeNeleHHBIX BBIYHUCIHTEIBHBIX
CHCTEM.

KiroueBbIM 3j1eMeHTOM B oOecriedueHMH OecriepeOoifHOW U HaIeXHOH
paboThl TIOOANBHBIX CHCTEM pACIPENeNCHHBIX BBIUKCICHHN H BXOMSIIHMX B HX
COCTaB PECYPCHBIX IIEHTPOB SBISIOTCS Ka4€CTBEHHBIE CHCTEMBI MOHWTOPHUHIA,
CBOEBPEMEHHO OIOBELIAIONTNE 0 COOSX, MO3BOJILIIONINE IPOBOAUTH KOMIUIEKCHBIH
aHanu3 paboThl CHCTEMBI, HAIOIIHe IOAPOOHYIO KapTuHY (QYHKIIMOHUPOBAHHUA H
[POM3BOAUTENHFHOCTH OTACIBHBIX JIEMEHTOB — 00BEKTOB MOHHTOPHHTA.

MOHMTOpDHHI ~ TpEemocTaBIsieT  Kak  o0myro  MHGOpPMAIUI O
GYHKIHOHUPOBAHUH MH(PACTPYKTYPHI, CHCTEM, CEPBHCOB, II0JIb30BATEIICH, TaK U
uHpOpMAIHIO 00 OMMOKaX, HECTAHAAPTHBIX CUTYAIHAX U «Y3KHX MECTax».

OcHOBHAas I1€JIb MOHHATOPHHTA 3aKIIFOUACTCSl B CIICKEHHH 33 COCTOSHHUEM U
paboTOCHOCOOHOCTHIO CHCTEMBI B IIJIOM M BCEX €€ JJIEMEHTOB B PEalbHOM
BPEMCHH, a TaK)X€ HAaAKOIUICHUE W NPEACTABICHHME CTATHCTHYCCKHUX HaHHBIX I
aHanu3a QyHKITHOHHPOBAHUS CUCTEMBL.
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Hapsimy ¢ mOHATHEM <«MOHHMTOPHHI» IIOBCEMECTHO HCIONIB3YETCS TEPMUH
«aKKayHTHHT» (Accounting), T.e. CTAaTUCTHYECKUN YUET UCIIOJIb30BAaHUSA PECYPCOB.
OCHOBHO# IIEJIBI0 YUETa PECYPCOB B paclpelelICHHBIX BEIUHUCIUTEIRHBIX CUCTEMaX
SIBJISIETCSI OTCISKUBAHUE U cOOp CTATHCTUKU MCIOJIB30BaHUI PECYPCOB, TAKUX Kak
IFCKOBasl MaMATh U MPOLIECCOPHOE BpeMsi, a TaKKe JaHHBIX O KOJIMYECTBE 3ajad,
BBIIOJIHEHHBIX HAa OSTHUX pecypcax OTHEIBHBIMM IIOJb30BaTeIMM W LEIBIMU
BUPTYyaJbHBIMU OPTaHUA3ALMAMH.

CucremMa MOHHTOpPHHTa JODKHA OBITH MacIITaOHpyeMOH, pacIIHupseMoi,
IEPEHOCUMON, NOCTYIIHOM, HE3aBUCHMOW OT MOJENIH IOCTaBKU IaHHBIX, HUMETh
Pa3BUTYI0 KIHEHTCKYIO 4acTh M OOECIeYrBaTh aHAIW3 COOpaHHOH MH(OpPMAIUH.
Hcxons w3 aTuX TpeOoBaHUH, pa3paboTaHa apXUTEKTypa U OCHOBHBIE COCTaBHBIE
JaCTH CHCTEMbI MOHHUTOPHHTA (pHUC.S):

e Jlomcucrema cbopa JaHHBIX — OCYIIECTBIAET C 3aJaHHOM PETYIIPHOCTBIO
orpoc  OOBEKTOB, MOMNEXKAIMMX  MOHMTOPUHTY, [JII  IONy4YEeHHUA
HCCIIeNyeMbIX 3HAYEHUH NapaMeTpoB CHCTEMBI. MOXXeT TakKe BKIIOYaTh B
ce0s aHaIN3 MOJTyYeHHBIX JaHHEIX C LIEJIBI0 PearupOBaHusI Ha KpUTUUIECKHE
CUTYaIHH.

e JlomcucreMa OIIOBEIICHHUS — OTBEYAET 32 YBEIOMIICHHE JIUII, OTBETCTBEHHBIX
3a QYHKIHOHHPOBAHHUE MPOBEPAEMBIX OOBEKTOB O HEIITATHBIX CHTYAlHUsIX U
WHBIX 3HAYUMBIX COOBITHSIX, BOSHUKAIOIINX B CUCTEME.

e [logcucrema XpaHEHHs] — OTBEYaeT 3a HaKOIUIEHHE, XpaHCHHE,
apXMBHPOBAaHUE HAHHBIX O pe3ylsraTax IpPOBEpOK. MoxeT BKIIOYarTh B
ce0si, HampuMep, KOMIIOHEHTH Ui paboTel ¢ 6Oasoit mamebix (BID),
IIpOTrpaMMHEIE CPEACTBA IS YCPEAHEHUS 3HAUEHUH 3a HEKOTOPHIM OTPE30K
BpPEMEHH JJIs1 YMEHBIIEH! 00beMa XpaHUMON HHPOPMAITIH H T.IL.

e [logcucrema aHanmW3a NAaHHBIX — BKJIIOYAET KOMIIOHEHTHI, MPOHM3BOISAIINE
HCCIIENOBaHUs JaHHBIX, ITOJYYaeMBIX CHCTEMOH, IOMCK 3aKOHOMEPHOCTEH,
cOOp CTATUCTHKH U TOMY IIOHOOHBIE OTIEPAIHH.

e [lomcucTema BBIBOZA — OTBEYAET 3a MpeAcTaBieHue HH(popMarmu o padore
CHCTEeMBI M PE3YJIBTaTOB MPOBEPOK B BHIE, YHOOHOM JUIS BOCIIPHATHS
[I0JIF30BATEIIEM.

e [loxmcucTemMa KOppeKIMH — B TOM CIydae, €CIH IPeaycMOTpEHa
BO3MOXKHOCTh ~ BBIIIOJIHCHHSI CHCTEMOM HEKOTOPBIX  HEHCTBUM  mis
YCTpaHEHHs BO3HHUKIIMX HEIUTATHBIX CHUTyallud, JaHHas MOACHcTEMa OyneT
BKJFOYaTh KOMIIOHEHTHI I BBIOOpDa W OCYIIECTBIECHHS ITOIXOISIIMX
JIEHCTBHH B COOTBETCTBHUHU C THIIOM IIPOOJIEMBI U JPYTUMHE IapaMeTpaMu.
CoopmynmupoBaHHble TpeOOBaHHSI W INPEUIOKEHHAS CTPYKTypa CHCTEMBI

MOHHTOPHHIA PACIIPEAEICHHBIX BEIYUCIUTEIBHBIX CHCTEM HMEIOT YHUBEPCAIBHBIN
XapakTep M MOTYT OBITP NPHUMEHHMBI K pa3lHM4HBIM apXUTEKTypaMm (KIacTepsl,
CYIEPKOMIBIOTEPHI, TPUI-UHPPACTPYKTYpPhI, 00Ja4HbIE BEIYUCICHUS U T.1.).
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Puc 5. CtpykTypa cHCTEMEI MOHUTOPHHTA

PacnpenmenieHHbIE BEIYHCIUTEIBHBIE CHUCTEMBI — OYEHB CIIOXKHBIH OOBEKT,
KOTOPBIH COCTOMT K3 OOJBIIOTO YHCIa KOMIIOHEHT, Pas3feleHHBIX Ha HECKOIBKO
ypoBHe#. Hampumep, ecmu paccMarpuBaTh DIOOANBHYIO I'PUA-HH(PACTPYKTYpY,
OCYIIECTBILIIONIYIO CKOOPIMHUPOBAHHOE B3aMMOJIEHCTBHE MHOXECTBa
reorpaYecKy pacIpeneneHHbIX TPUI-CaUTOB (PECYpCHBIX LEHTPOB), TO MEI
MOJKEM BBIJIEITUTH HECKOJIBKO YPOBHEH MOHUTOPHHTA:

- DI00ANBbHBIH MOHHTOPHHI C OTOOpakeHHEM COCTOSHHUM  CEPBHUCOB,
B3aMMOJICHCTBUS PECYPCHBIX IIGHTPOB M  aKTUBHOCTH IIOJIB30BATENEH B
peassHOM MaciuTabe BpeMeHH;

- MOHHTOPUHI BHPTYaJbHOM OpPraHM3aIlMM KaK IWHAMHYHOIO OOBEAMHEHHS
TOJIE30BATENICH, pECYPCOB U CEPBHUCOB: KOHTPOJIb U HH(GOPMAITHI O 3aJaHUIX
[OJIB30BATENEH, WX  PaclpeleNieHHH  MEeXIy  TIPUA-CAHTaMH, O
B3aMMOOTHOIIICHUAX OTIIPaBHUTENEH W HCIONHUTENEH, O paclpenelicHud U
UCIIONB30BaHNH CHCTEM XpaHEHHs JaHHBIX, a TaKXKe CIEeKEeHHE M KOHTPOIb
nepexadn HHGOPMaId MeXIy IpUA-CalTaMu U T.1.;

- JIOKQJBHBIH MOHHTOPHHI C OTOOpa)KEHHEM COCTOSHUM HH(PAaCTPYKTypH,
PECYPCOB, CEPBHCOB, IIONIB30BATENICH Ka)XIOro Ipr-caiTa (HIH peCypCHOTo
IEHTpa), BXOIAIIETO B IPUI-UHPPACTPYKTYPY.

B mroGanmeHO# pacmpenesieHHOM CHCTeMe MOXKHO BBIIEIUTH CIEIYIOLIe
YPOBHH MOHUTOPHHTA!

- CHCTCMa MOHHTOPHHIA PECYPCHBIX HEHTPOB, HIA I‘pH}I—C&ﬁTOB;

- CHUCTE€Ma MOHHUTOpHWHIA 100aIBHEIX TpUI-CEPBUCOB;

- CHCTEMa MOHHTOpHHI'2a BHUPTYaJIbHBIX opraHmaunﬁ, l'IpI/IJ'IO)KeHI/Iﬁ u
I0JIb30BaTeIeH (C BO3MOXHOCTBHO MOHHUTOPHHI'A BBIIIOJIHCHUA 33}1&‘1).

Ba3zoBBIM 37I€MEHTOM TPUA-HHGPACTPYKTYPHl SIBISIETCS TPUIO-CAHT, WM
PEeCYpCHBI IIGHTP, KOTOpHIH MpefcTaBiseT coOOH CIOKHBIA HpOTpPaMMHO-
anmapaTHBI KOMIUIEKC, IIO3TOMY CHCTEMa MOHHTOpPHHIA pPECypCHOTO LEHTpa
HUMeeT HECKOJIBKO YPOBHEH:

e AmnmaparTHbIf, KOTOpPBI BBEIIONHSIET MOHHUTOPUHT HH(PPACTPYKTYPHBIX
HIDKCHEPHBIX cucTeM (cucteMa oOecredeHus OecriepeOOMHOro IHTaHUS,
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CHCTEMa KIIMMAT — KOHTPOJIS ¥ APYTHE), alapaTHOro KOMILIeKca (CepBepEl,
BBIYMCIUTENbHBIC Y3JBl, CHCTEMBI XpaHeHHsA HH(OpMamuy, CeTeBoe
obopynoBaHue U T.1.).

e CereBoil ypOBEHb BBHINOJHSIET MOHHUTOPHUHI PAabOTHl KOMIIBIOTEPHOH CETH
pECYpCHOrO IIEHTpa, OCYIIECTBISET IIOCTOSHHOE HAONIOACHHE 33 CETHIO,
CEeTeBBIMH JJIEMEHTAMH, IIOPTaAMH B IIOHCKax cOOeB, HapylleHHH pabOTHI
WUTH TIEPErpy3KH CeTH MM OTOENBHBIX €€ 3IEMEHTOB MJI OIIEPaTUBHOIO HMX
YCTpaHEHHU.

e CepBUCHEI YPOBEHH BBIIONHIET MOHHTOPHHI HCIOJB30BAHUS DPECYpPCOB
rpuzg-caiita (KOJMYECTBO AKTHBHBIX 3afad, [UIMHA OdYepend 3ajad,
BBI/ICJICHHBIE M HCIOJB30BaHHbIC JUCKOBBIC PECYPCHI, KOTHIECTBO OOMEHOB
C JUCKaMH, 3arpys3Ka IPOIECCOPOB M IPYyTHe IIOKAa3aTelH), MOHUTOPHHT H
y4eT II0JIb30BaTeNeH, BUPTYaIbHBIX OPTraHHU3aIHi, CEPBUCOB U IIPUIIOKEHHUH.

Bce 3TH ypOBHM MOHMTOpPHHra NOJDKHBEI (DYHKIIMOHHMpPOBaTb Ha OOIIHX
MPUHIUIAX, HKCIOJIB30BaTh EIUHYI IardopMy, EAWHBIM PEerno3UTOpUN Ay
OlepaTHBHOrO X 3(PQPEKTHBHOr0 KOHTPOISI pPabOTOCIOCOOHOCTH pPEeCypCHOIo
IIEHTPa, OMEPaTHBHO PEarupoBaTh Ha BELIBICHHEIE IPOOIEMBI.

ABTOpOM JHccepTanuM pa3pabOTaHbl METOAMKA M CpeiacTBa LT
MIPOCKTUPOBAHMA MHOI'OYPOBHEBOM CHCTEMBl MOHHTOPHHIA, YHOBIIETBOPSIOMIEH
[IEPEYHCIICHHBIM BBIIIE TPEOOBAHUAM.

Bonpmioe 3HadeHHEe UMeeT pa3pabOTKa COOTBETCTBYIOIIMX METOHNOB
OoOHapy)KeHHAS H JIOKAIH3alMd cOOEB OTHETHHBIX CEPBHCOB, KOMIIOHEHTOB H
IpYrHx OOBEKTOB PAcIIpPENC/ICHHON CHCTEMB], a TAaKXK€ BBIABICHHS B3aMOCBS3EH
MEXIy ‘BO3HUKAIOIMME IpobreMaMy [UI1 MX IIPOTHOZHMPOBAaHMSA M CKOPEHIIEro
yCTpaHEeHHUS.

B a70i#1 m1aBe nuccepTanuy aBTOPOM CHCTEMAaTU3UPOBAHbI CYIIECTBYIOIHUE U
000CHOBaHB METOOBl W MEXaHU3MBI cOOopa NaHHBIX 00 O0BEKTaxX MOHHMTOPHHIA,
CIIOCOOBI OpraHM3aIlMM XPaHEHUS 3TUX AAHHBIX, AJTOPUTMBI U METOIbl aHaIH3a
MOJyYEHHBIX MaHHBIX U1 IIPOTHO3HMPOBAHUS IIOBEAEHMS CHUCTEMBI, a TakKXKe
CpeICTBa BU3YyaJIM3aIliHU PE3yIIbTaT0B MOHUTOPHHIA.

Ilonm pykoBOACTBOM aBTOpa [HUCCEpTalyd  pa3pabOTaHBl  CHCTEMEI
MOHHTOPHHIa Ha OCHOBE KOHIICIIIMH, AapXUTEKTYpHl, METOIOB M CPEICTB,
TIPEACTABICHHBIX B UCCEPTAIMH:

o (Cosmgama cucTeMa MOHHTOpHHra u cOopa crarucTuku Uit Poccuiickoro
rpung-cermesTa PHUIT riobampHoM wuHpacTpykrypsl WLCG. [laHHas
cucTeMa OTCIISKMBAeT COCTOsHHE TIpua-uHOpacTpykrypsl PIWIT mo
MHO)KECTBY IIapaMETpOB, a Taloke II03BOJLIET IIOMy4aTh CTATUCTHUYECKYIO
uH(opMaIyio ¢ OONBIION CTENEHbI0 AeTalu3alui B HalLIqHOH dopMe.

e PaszpaboraHa ¥ (yHKIMOHHPYET CHCTEMA JIOKAJIBHOIO MOHHTOpPMHIA TPUA-
caiira OUSIU, xoTopas oOecmeurBaeT KOPPEKTHYIO M HAJCXKHYIO0 paboTy
BBIYHCIUTEIEHOTO KOMIIIEKCA U NIPEAOCTABIIAET aKTyalbHYI0 OIEPaTUBHYIO
uadopmaimio o ero padore Ha Oonee BBICOKHE YPOBHH MOHHMTOPHHTA.
JlaHHBIE, MpEeNOoCTaBisieMble JaHHOW CHCTEMOM, MMEIOT OOJNbIIOe 3HaYEeHUE
Kak ISl CETEeBBIX aJMHUHHCTPaTOpPOB, OTBETCTBEHHBIX 32 IIPEIOCTABICHUE
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000pyROBaHIS ¥ KaHAJOB, TaK U AT pa3paOOTINKOB U IIOJIB30BATENICH IPUL-
CEPBHCOB.

e CymecTBeHHBI BKJIAQJ BHECEH B Pa3BUTHE CHCTEMBl MOHHTOpPHHIA LI
BUpTyanbHEIX opranusaunit LHC, paspabaTbiBaeMoii i moxIep KuBacMON B
oTreneHud HH(popMarmoHHEIX TexHoxoruit B LIEPH (cuctema Dashboard) B
paMkax coBMmecTtHOro npoekra POOU-IIEPH “Tpun MOHUTOpUHT AiIs
addexTrBHOrO  (QYHKIMOHUPOBAHWS  BHUPTYANBHBIX  OpraHU3aIlmii’.
Hampumep, paspaboTaHa cHCTeMa BH3yalW3allid IS IHHAMHYECKOTO
MOHHTOPMHI4 B  DPEaJIPHOM BpeMEHH (YHKIIMOHHPOBAHUS  TIPHUI-
uHpacTpykTypsl Ha miardopme Google Earth.

e Pazpaborana cucrema MoHuTOpHHTa cepeuca FTS s KoHTpois KadecTBa
nepexadn GpanioB B IpUI-CpeEE.

e Pa3paboraHa cucCTeMa MOHHTOPHMHIA TI'pUA-HHPPACTPYKTypH C BeO-
unTepdeiicom mis npoexkra CKUD-Ipum.

e (Co3aHa cHUCTeMa MOHUTOPHHIA U y4eTa PeCypcoB I'pUI-UHPPACTPYKTYpHI
HaIoHaJIBHOH HaHOTexHonornueckoi ceru I'punHHC.

e PazpaboraHa cucTeMa CTaTHCTHYECKOTO ydeTa JUId aHa/lH3a UCIIOIb30BAHUA
cucteMsl xpanenus uHpopmarmu dCache.

e Pazpa0orana cucTeMa MOHHTOpPHMHIa HOBOTO HMH(PACTPYKTypHOrO YpOBHSA
Tier3-neHTpoB I aHanu3a faHHBIX 3kcnepumenTos LHC.

e PaspaboraHa cucTeMa MOHHTOpHHIA M ydeTa pecypcoB Poccuiickoit rpun-
ceru (PI'C).

e Pazpaboran, B pamkax coBMecTHOTO npoekra POOU-IIEPH «ImoGampHas
cucTeMa MOHHTODHHIA IIepefaddl MaHHBIX B HH(pacTpyKType IpOeKTa
WLCG», mpOTOTHI YHHBEPCAIHLHOH CHCTEMBI MOHHUTOPHHIA, CIIOCOOHOU
cobmparp moApoOHYI HHGOPMAIMIO O Kaxmod mepexade (ailios,
HE3aBHCHMO OT METOJa OCYIIECTBIECHHS Iepeladd, CTaTyca peCypCHOTrO
neHTpa B MHorospycHod uepapxuu  (Tier-0,Tier-1,Tier-2,Tier-3) u
TPUHAISKHOCTH TaHHBIX ONpEeNeICHHON BHPTYalbHOW OpraHu3aIyH.
PesynbraTsl 3TOU IIaBBI MOATBEPKIAIOT AAMOE 3aUUUAEMOe NONOHCEHUE:

Paspabomannas apxumexmypa u CO30AHHAS HA ee OCHO8e KOMMNILEKCHAS
cucmema  epud-MOHUMOPUH2a  (Pecypcos, — Cepsucos, 3a0dy,  BUPMYATbHbIX
opeanusayui, noav3ogameneti) NOGLUUAIOM IP@EKMUSHOCL U HAOEHCHOCb
(DYHKYUOHUPOBAHUA — 2pUO-UHDpACMPYKMYD U CIAYHCUM — OCHOBOU  OJisl
NPOSHO3UPOBAHUSL UX PAZBUMIUSL.

B 3axaroueHum CchOpMYyIHPOBaHBl OCHOBHBIE BBIBOABI U PE3YNBTATHI
JICCEPTALHH.

Ha ocHoBe pa3pa0oTaHHON B [UcCepTalli¥l  KOHIIETIIUH, apXUTEKTYpHL,
CTPYKTypHOH CXEMBI Hay4HO-HCCJIENOBAaTEIBCKOIO BBICOKOIPOU3BOIUTEILHOTO
BEIYUCIUTENBHOTO KOMILIEKCA CO3MaH pECYpCHBIM IEHTP B COCTaBE TpPHA-
WHQPACTPYKTYypHl, HMEIOIUM BBICOKHH MHUPOBOM pPEUTHHI IO IIOKa3aTessM
MIPOM3BOOUTEIFHOCTH ¥ HAJIEKHOCTH, aKTUBHO BOCTPEOOBAHHBIN MTOJIH30BATEIISIMI
rpun: tonpko 3a 8§ MecsueB 2012 roga B OMAM Opuio BBINONHEHO Oonee S
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MIJUIMOHOB 3aJ[ad, a OTpeOIeHne MPOIIeCCOPHOTO BPEMEHH IIPH 3TOM COCTaBHIIO
6osnee 100 mumosoB yacos B eauruiax HEPSpec06.

OcHOBHBIE pE3yJbTaThl, BBIBOABI K PEKOMEHIAIWH, IIONy4YEeHHBIE B
IICCEPTalliy, WCIOJIB3YIOTCS IIPH peanu3aly KPYNHBIX HAMOHANBHEIX |
MEXIYHAPOIHBIX IIPOEKTOB (cozmanue poccuiickoi HaIMOHAJIBHON
HaHOTEXHOJIOTHYECKOM TIPHMI-CETH, CO3NaHHE aBTOMATH3MPOBAHHOW CHCTEMBI
obpabotku naHHBIX 3kcnepuMeHToB Ha LHC yposas Tierl u obecneueHus rpun-
CEPBUCOB IS PACIIPENEIIEHHOI0 aHaIKu3a 3THX JAHHBIX U Jp.).

CIICOK OCHOBHBIX ITYBJIMKAITVI ABTOPA T10 TEME
JUCCEPTAIIMIN

Pabomui uz nepeuns eedyujux peyeH3upyemvix HayuHvix U30aHul,
pexomendogannvix BAK P® 0na nybnuxayuu OCHOBHbIX pe3yIbmamos
ouccepmayuii:
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