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OBILIAA XAPAKTEPUCTUKA PABOTbBI

AKTyaJIbHOCTH TeMbl. B HacTos1ee Bpems B Poccun co3aatoTcsi cCOBpeMeHHbIe
Hay4YHbIE YCTAHOBKHU, KOTOPBIE TEHEPUPYIOT OOJbIINE 00BEMbI HIKCIIEPUMEHTATBHBIX
naHHbIX. Hampumep, HWHTEHCMBHOCTH TMOTOKAa TIOCNIE€ 3alycka YCKOPHUTEIBHOIO
komriekca NICA (OUSU, r. Jlyona) OymeT COCTaBIATH ACCATKH TETA0ANT B TO/I.
CoBpeMEHHBIE CHCTEMbl XpaHeHHs U O0O0pabOTKM MJaHHBIX — OTO CJOXHBIE
pacupesieNieHHble  MPOrpaMMHO-anmnaparHble  KOMIUIEKCHI,  IOCTPOEHHBIE  C
MPUMEHEHUEM TPUJ M OOJAYHBIX TEXHOJIOTHH, TPEOYIOMUE OMpPENeICHHOTO PeKUMa
paboThI, MEHSIOLIETOCsA KaK NP YBETUYCHUH 00BEMOB MOCTYHAIOIUX JTAHHBIX, TaK U
Opy M3MEHEHUU KadecTBa M cocTaBa oOopymoBanus. [Ipexae, yeM NPUCTYNUTh K
co3nanuto pacnpeneneHHou [T-undpacTpykTypbl, HEOOXOUMO PEIIUTh, KAaKOBa OyIeT
€€ apXUTEeKTypa B 3aBUCUMOCTH OT CTOMMOCTHBIX (PAKTOpPOB W HWHTEHCHUBHOCTHU
MOTOKOB JaHHbIX. C 93TOH 1enbl0 HEOOXOIMMO BBINOJHUTh MOJEIMPOBAHUE
paccMaTpuBa€MON  BBIYHMCIHUTEIBHOM  CTPYKTYpbl, 4YTOObBl ~HA  IOJY4YEHHOMU
JUHAMUYECKONM MOJENH, YYUTHIBAIOLIEH pealbHyI0 CHEUU(PUKY CHUCTEMBI U
MOCTYTAIOIIMX MOTOKOB JaHHBIX, BRIOPATh ONTUMAIBbHYIO apXuTeKkTypy. Kak mokasan
MIPOBEICHHBIA aHAJIU3 JIOCTYMHBIX AHATUTUYECKUX METOJOB MOJCIHUPOBAHUS, B CUITY
OTPaHUYCHHBIX TEOPETUYECKHUX MPEIANOCHUIOK OHM HE MOTYT OBITh NMPUMEHEHBI JJIsi
MOJEIIUPOBAHUSL  CJIOKHBIX ~ KOMIIBIOTEPHBIX  KOMIUIEKCOB ~ MHOTI'OYPOBHEBOM
aApPXUTEKTYpPHI C peaJbHBIMH PACIPEACICHUSIMU BXOJIHBIX IIOTOKOB 3a/JIaHHUM, CIIOKHOU
MHOTONPUOPUTETHOW  JUCHUIUIMHOW WX  OOCHYy)XMBaHMS UM  JIUHAMUYECKUM
pactipenenenueM. CUCTeMbl XpaHEHUSI U 00pabOTKU JTAHHBIX SIBJISIIOTCSI CIIOKHBIMU U
MHOTOKOMITOHEHTHBIMU YCTAaHOBKAMH, BKJIIOYAIONIUMHU KJIACTEPhl, a TaKXKe Y3JIbl,
peanu3oBaHHbIE B OOJA4YHOW apXUTEKType, MPU HUX CO3JAaHUU U HU3MECHCHHUH
HEOOXOJMMO HCIIOJIb30BaTh MMUTAILIMOHHOE MojenupoBanue. [lox umuTannoHHON
MOJEJIBI0 MTOHUMAETCS YHUBEPCAJIBHOE CPENCTBO MCCIEIOBAHUS CIIOXKHBIX CHCTEM,
MpeAcTaBIsoniee cOO0M JTOTMKO-aJrOPUTMUYECKOE OMUCAHUE MOBEACHUS OTAEIbHBIX
AJIEMEHTOB  CHUCTEMbl M  MpaBUJl  HMX  B3aUMOJEWUCTBHS,  OTOOpa)karouIux
MOCJIEI0BATEIbHOCTh COOBITHIA, BOSHUKAIOIIUX B MOJIECIUPYEMON CUCTEME.

NMuTaninoHHOE MOJIETUPOBAHUE TPHUJI W OOJIAYHBIX CHUCTEM TO3BOJISET
OOHapY>XUTh Y3KHE MECTa B apXUTEKType IIEHTPOB OOpabOTKMU MAHHBIX, TMPOBOIUTH
DKCIIEPUMEHTBl C W3MEHEHHMEM TOIIOJIOIMM M 3aMEHOW PECYpPCOB Il MPOBEPKHU
npenjaraéMblX — pemieHui  0e3  HemOCpeICTBEHHOro  BMEIIATeNlbCTBA B
(GYHKIMOHUPOBAHUE BBIYUCIUTENIBHOTO LIEHTPA, TECTUPOBATH AITOPUTMbI YIIPABICHUS
3aJlayaMyd W pAclpeleieHus PecypcoB IO TpymmnaMm IMoJib30BaTelieid. 3adacTyio
MOJEJIUPOBAHUE MPUMEHSIIOT TOJBKO Ha A3Tale MPOEKTHUPOBAHUS TPHUI U OOJauHBIX
CUCTEM, OJIHAKO, KCIIEPUMEHTBI MIPOJIOHKAIOTCS TOAaMU U JIECITUIETUSIMU, TP 3TOM
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o0beMbl oOpabaThiBaeMOl HMH(POPMAIIUA HMMEIOT TEHJCHIIMU POCTa, MOITOMY
OJTHOBPEMEHHO C OJKCIUIyaTallMiel CHUCTEMBbI IMPOUCXOJUT €€ Pa3BUTHE, HE TOJBKO
Ka4yeCTBEHHOE, HO M KOJIMYeCcTBeHHOE. OYEeBUIHO, UTO JJIS TOCTHIKEHUS ONTHUMATbHBIX
pe3yIbTaTOB MOJICTUPOBAHUE JTOMKHO HOCUTH IMOCTOSIHHBIN XapaKTep Ha MPOTSHKCHUU
BCEr0 KM3HEHHOTO IMKJIa OJKCIEpUMEHTOB. B Hacrosimiee Bpems MpoIecChl
MOJIETUPOBAHUSI M MOHUTOPMHTA PACCMATPUBAIOTCA, KaK HE3aBUCUMBIC 3a/ladyM, HE
CBSI3aHHBIE MeXay co00il. UTOOBI MOBBICUTH TOYHOCTH IOTYYaE€MBIX PE3yIbTaTOB,
HEOOXOUMO B KayeCTBE BXOJHBIX MJAHHBIX IJISI MOJEIUPOBAHUS HCIOJIB30BATh
CTaTHCTUKY, HAKOIUICHHYIO BO BpeMs paboThl TOMOOHBIX BBIYMCIUTEIHHBIX
uHppacTpyktyp. s d3toro Tpebyercs pa3paboTka NPOTPaAMMHBIX CPEJCTB,
OOBEIMHSAIOMNX TPOIECCH MOJCIUPOBAHUS W MOHHTOPHHTA CHCTEM XpaHEHUS W
00pabOTKHU TaHHBIX OOJBIINX HAYYHBIX SKCIIEPUMEHTOB.

Ileau ¥ 3a1aUn MCCJIeOBAHUS

Co3nianve METOJ0B M CPEACTB JUIsl MOJEITUPOBAHUS PacHpe/leI€HHBIX CUCTEM
XpaHECHHs B 00paOOTKH JaHHBIX C YU4ETOM Pe3yJIbTaTOB MX MOHUTOPHHTA.

JInst  MOCTMKEHHUS] TOCTaBIIGHHOM II€JIM HEOOXOAMMO PEIIMTh CJEIYIONIue
3a/1auu:

1. WccnenoBanue pa3idyHBIX MOAXOAOB K MOJACIUPOBAHUIO PACIPEICIICHHBIX
CHUCTEM XpaHEHHUsI 1 0OPa0OTKU JJAHHBIX OOJBIINX 00HEMOB,;

2. Pa3paboTka momxoma uisi MOJCITHUPOBAHHWS CHUCTEM XpaHEHHS W 00pabOTKH
JTAHHBIX C HCIIOJB30BAHUEM DPE3yJIbTATOB MOHUTOPHWHTA B KA4eCTBE BXOHBIX
napamMeTpoB JUTsl TMHAMHYECKOW KOPPEKIIUU TTapaMeTPOB MOJIEIH;

3. Co3ganue TPOrpaMMHOTO HWHCTPYMEHTapusi [JIsi MOJCIHUPOBAHUS CHUCTEM
XpaHeHus: U 00pabOTKH JIaHHBIX, PEATM3YIOIIETO MK CHHTE3a TMPOIECCOB
MOHUTOPHUHTA ¥ MOJICTUPOBAHUS,

4. Tlpumenenne  pa3paOOTAaHHOTO  MPOTPAMMHOTO  HMHCTPYMEHTapuisl  JUis
KOHKPETHBIX MPUKIIAIHBIX 33]1a4.

MeToabl HCCJIET0BAHNSA

JIns pemieHusi MOCTABICHHBIX 3a/ad B JUCCEPTALMU MCIIOJIb30BAHbI METO/IbI
TEOPUH BEPOSITHOCTEU U MATEMATUYECKON CTaTUCTUKU, TEOPUU CUCTEMHOTO aHAJIN3a U
MIPOEKTUPOBAHUS CIIOKHBIX cUCTEM, MeTOABI MoHTe-Kapio.

HavyHast HOBU3HA THCCEPTAIIMOHHON PA0OTHI

1. Pa3paboTan OpWUTHMHAIBHBIA TOAXOA JJII MOJEIUPOBAHUS BBIYHUCIUTEIHHBIX
CHUCTEM paclpelesieHHOW o0pabOTKM, OCHOBAaHHBIM Ha y4deTe JaHHBIX
MOHHUTOPWHTA, HCIIONB3YEMBIX IS KOPPEKTUPOBKH TMapaMeTPOB MOJEIH, UTO
BBITOJHO OTJIMYACT HOBBIA IMOAXOA OT JPYTHX M3BECTHBIX TMPOrPaMM
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MOJICJIMPOBAHUS, IOCKOJIBKY MTO3BOJISIET ONIEPATUBHO YYUTHIBATh U3MEHEHHUS KaK
aApXUTEKTYPBI, TAK U TUHAMUKY 3arpy3KU CUCTEMBI.

2. Pazpaboran mnporpaMMHBIA WHCTPYMEHTApUH, peaju3ylolui MpeiosKeHHbIE
METOAbl W  AITOPUTMBI, TO3BOJISIOIIMM  IPOBECTH  IMPEIBAPUTEIBHBIC
UCCJIEIOBAHMSI TI0 aHAIM3y U BBIOOPY BapHMAHTOB MH(PACTPYKTYP C yUETOM HX
3arpy3Kd W omnpenenuTh Hanbonee dpdexTuBHOE pemenue st moctpoenus [T-
uHPPaACTPYKTYpbl 00pabOTKU M XpaHEHHSI TAaHHBIX.

3. BrepBble moiy4deHbl JaHHBIE MOACTUPOBAHUS ISl BBIUMCIUTEIBHBIX IEHTPOB
skcriepuMeHToB BM@N u MPD yckoputensHoro xkomiuiekca NICA, a takxe
BBIYMCIIUTEIBHOIO ILIEHTpa N®BD' B Iekune. Pe3ynprarel MOAEIUPOBAHUSA
MO3BOJIWIIM MPOBEPUTH PA3JIMYHBIE BApUAHTHI OpraHU3alud UHPPACTPYKTYPHI U
JaTh PEKOMEHAALINH I10 COCTaBy 00OPYI0BaHHUS.

IloJ10keHNs1, BLIHOCHMMbIE HA 3aIIIUTY

1. HoBblil TOAX04 K MOJEIMPOBAHUIO CUCTEM XpaHEHUS U 00pabOTKU JaHHBIX HA
OCHOBE HCIIOJIb30BaHUSI pE3yJbTaTOB MOHUTOPHHIa il JIHUHAMHYECKOU
KOPPEKLUHU apaMETPOB MOJIEIIH.

2. IlporpaMMHBII WHCTPYMEHTApU IS MOJCIUPOBAHHUS CHUCTEM XpaHEHHS U
00pa0OTKM JaHHBIX, PEATU3YIOIUNA CHHTE3 IHPOLECCOB MOJICIMPOBAHUSI U
MOHHUTOpPUHIA, TO3BOJISIIOIIMI IIPOBECTH NPEIABAPUTEIBHBIE HCCIIEIOBAHUS
pa3nMuUHbIX ~ BapuaHTOB  opraHu3auuu  IT-uHdpacTpykTyphl,  OLICHUTH
BO3MOYKHOCTH CYILECTBYIOIIEH apXUTEKTYphbl IIPU PELICHUM 3a/1ad XPaHEHUS U
00pabOTKH TaHHBIX U JaTh PEKOMEHAALMH 10 €€ ONTUMHU3ALUU.

3. Hayunsie  pesymbrarel 1m0  TporHosupoBanuio  [T-uHGpacTpyKTypHI
skcriepuMeHToB  BM@N u  MPD  yckopurenbHoro komiuiekca NICA,
npousBoauTenbHOCTH MPI-tipunoxenuit Ha o6aunoit undpactpykrype JIUT, a
Takke HHPPACTPYKTyphl BbhuMcIuTeNbHOrO 1eHTpa HWDOBD B Ilekuwne,
NOJlyYEHHBIE B pe3yibTaTe MOJECIUPOBAHUS W OOECICUUBLINE MOJyYEHUE
uHdopMaIuu, HEOOXOUMOM JIJIsi ONITUMM3AIUMN PEKUMA PaObOTHI U TTOBBIIICHUS
() PEKTUBHOCTU yKAa3aHHBIX CUCTEM.

' Hay4HO-HCCIIeI0BATENBCKUAN HHCTUTYT (PU3UKK BHICOKUX SHEPIUil KATAMCKON aKaJeMHU HAyK
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IlpakTHnyeckas 3HAYNMOCTD

1. Pazpabotano IPOrpaMMHOE obecrnieueHne IS MOJIETTUPOBAHUS
PACTIPEICTCHHBIX ~ BBIYMCIMTEIBHBIX  IIGHTPOB -  KOMIUIEKC — SyMSim’
(CBunerenscTBO 0 peructpauuu nporpammbl  ainss OBM Ne2017618100
"IIporpaMMHBIII KOMIUIEKC JUIsl MOJEIMPOBAHMS PACIPEICICHHBIX CHCTEM
XpaHEeHHsI 1 00paOOTKH JaHHBIX Ha OCHOBE PE3yJbTaTOB UX MOHUTOPHUHIA", 1aTa
peructpauuu 21.07.2017).

2. TlpemnoxeHHbI B UCCIEAOBAHUM TOIXO]] TIO3BOJISIET MPOBECTH HCCIICIOBAHUS
IT-undpacTpykTypbl [JIsi TNPUHATHS YNPABIEHYECKUX pEHICHUH 1o ee
MOJEPHU3ALMHU C IENbI0 COXPAHEHHS CKOPOCTH TOJYYEHUS PE3YIbTaTOB
AKCIEPUMEHTOB NIPU IOCTOSHHOM TIOBBIIIEHUM TMOTOKA JAHHBIX, & TaKke
COKpPAaTUTh CPOK CO3JaHUs TEXHUYECKOrO IMPOEKTA. DTO JOCTUTaeTCs 3a CUET
000CHOBAHHOTO BBIYUCIUTEIBLHBIM SKCIIEPUMEHTOM MPOTHO3a YPOBHS 3arpy3Ku
000pyI0BaHUs U YTOYHEHUSI HEOOXOIUMOT0 3araca pecypcoB.

3. Pa3paboranHblii mporpaMMHBIA HMHCTpYMEHTapuid OBbUT HCIOJIB30BAaH IS
MOJICJTMPOBAHUST BBIYMCIUTENBHBIX LEHTPOB 3kcnepumeHToB BM@N u MPD
yckopurenbHoro komiuiekca NICA, B pesynbrare KOTOPOro ONIPEAEICHBI
OCHOBHBIE XapAKTEPUCTUKHU ITUX CUCTEM U JaHbI IIPAKTUUYECKUE PEKOMEH AU
1o BbIOOpPY oOopynoBanus. [IpoBeneHHOE MOJETUPOBAHUE BBHIYHUCIUTEIBLHOIO
uentpa UOBO B [lexknHe MO3BOMMIIO AaTh PEKOMEHIAIMY 110 PA3BUTHIO LIEHTPA.

J0CTOBEPHOCTL TIPEACTABICHHBIX B JMCCEPTAlMU PE3YJIBTATOB, IOATBEPKAACTCS

COIOCTABJIEHUEM PEAIBHBIX CTATUCTUYECKUX JTAHHBIX U PE3YJbTATOB, MOIYUYECHHBIX C
HCIOJIb30BaHUEM MMUTALMOHHOW MOJIeNId. Bce mpeicTaBieHHble pe3ysibTaThl ITPOILIH
anpoOaiuio B HAYYHBIX M3JaHUSAX, HA MEXIyHapoaHbIX KoHbepeHImsax. Ha
[IPOrPaMMHBIM UHCTPYMEHTAPUH ITOJYYEHO CBUIETENBCTBO O PETUCTPALMUA aBTOPCKHUX
pas.

Anpooanus padoTbl

Pe3ynpTaThl pabOThl HEOJHOKPATHO JOKJIAABIBAIUCH W OOCYXIAIUCh Ha
cemuHapax JIUT OUMSUN, a Taxxke Ha POCCHHUCKUX M MEXAYHAPOIHBIX HAYUYHBIX
KOH(epeHusIxX:

— The International Conference «Distributed computing and Grid technologies in
science and education» 2014, 2016 (Dubna, Russia);

2 Synthesis of Monitoring and Simulation - cuaTe3 MOHUTOPHHTA U MOJIETUPOBAHUSI
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— XVII wmexnynapoanas koHdepenuus DAMDID/RCDL “Amnanutuka u
YIIpaBJICHUC HNAaHHBIMH B 00J1acTIX € HHTEHCHUBHBIM HCIIOJIb30BaHUEM
nanHbeIx, 2015 (O6HuHCK, Poccus);

— The International Conference on Mathematical Modeling and Computational
Physics, 2015 (Stara Lesna, Slovakia);

— The 4th International Young Scientists Conference and Summer School, 2015
(Athens, Greece);

— 44th meeting of the PAC for Particle Physics, JINR, 2015 (Russia, Dubna,
poster session)

— RO-LCG 2016 Conference “Grid, Cloud, and High-Performance Computing in
Science”, Magurele, Romania, 26-28 October, 2016

— 23d International Conference on Computing in High Energy and Nuclear
Physics, CHEP2018, Sofia, Bulgaria, 2018.

JluccepTallmOHHOE HCCIIEOBaHWE BBINIONHSUIOCH B pamkax [IpobimemHo-
TEMAaTUYECKOro IIJlJaHA HAyYHO-HCCIENOBATEIbCKUX PpadOT M  MEXKIyHApOIHOTO
corpyaandectBa OUSIM mo Tteme Ne 05-6-1118-2014/2023 “UnbopmaiiuoHHO-
BbIYMCIUTENbHAA HHPpacTpykTypa OUSIN”, a Takke npu moasiepxKe:

- rpanta PO®U B pamkax HaydHoro mpoekta Ne 14-07-00215 “Pazpabotka
CPEICTB IJIAHUPOBAHMS TOCTPOCHHSI W PA3BUTHS CHCTEM XpaHCHHS W 0OpabOTKH
O0onpIIMX OOBEMOB [AHHBIX Ha OCHOBE CHHTE3a MPOLECCOB MOJEIUPOBAHMUS U
MoHUTOpUHra” (pykoBoautesb Ocockos [.A.);

- rpanta PO®U B pamkax HayuHoro mpoekta Ne 15-29-01217 “Pazpabotka
MIPOTrPaMMHO-AIIaPaATHOTO KOMILJIEKCa VIS YHCIICHHBIX UCCJIeIOBAHUM
JK03e(PCOHOBCKMX HAHOCTPYKTYp Ha ©Oa3ze obOmauydoro 1ieHtpa JIUT OUAUN ¢
MCIIOJIb30BAaHUEM TMapaJIeIbHBIX BhlunciieHui” (pykoBoautens Ocockos [.A.);

- rpaatoB OUSIN nns monmonbix ydeHbix u criermanuctoB (Nel4-603-02, Nel5-
603-03) u crunienguu umenu ['oBopyna (JIMT OUSAN).

B 2015 roay pe3ynbTarsl, IpeACTAaBICHHBIE B IMCCEPTALIMOHHOM HUCCIIEA0BAHUH,
yaocToeHsl pemun ['yoepHaTopa MockoBckoi o0actu B cepe HayKu ¥ MHHOBAIUH
JUTSI MOJIOJIBIX YYCHBIX.

B nuccepranronHoit paboTe HCMONB30BaHBI PE3YyJbTaThl JBYX MAaruCTEPCKUX
paboT, T1ie aBTOP ObUT KOHCYIHTAHTOM:

1. Ilpaxuna J{.M. "MonenvupoBaHue TMPOIECCOB YIPABICHUS PpaclpeieICHHBIMUA
JAHHBIMH JJIs1 KpyIHBIX poekToB", 2015

2. Aupusn B.C. "CozmaHue W HCCJIEIOBaHUE HMMHUTAIMOHHON MoJenu oO0JayHOM
uHdpacTpykTypsl Ha mpumepe LIT Cloud", 2017



JIMYHBINA BKJIAA

COI[ep}KaHI/Ie AUCCCPTaIu, a TAaKKC OCHOBHBIC PC3YJIbTATBI W II0JIOKCHMUA,
BBIHOCHMBIC Ha 3alIUTY, OTPAKAIOT HGpCOHaHBHLIfI BKJIaJl aBTOpa.

HOI[FOTOBK& K HY6HI/IK3HI/I}IM IMOJIYUCHHBIX  PC3YyJIbTATOB IIPOBOANJIACH
COBMCCTHO C COaBTOpaMH, IIPHU 3TOM BKJIaZ COMCKATCIIA OBLIT OIIPCACIIAIOIINM. Bce
MMPCACTABJICHHBIC B AUCCCPTALIMU PE3YJIbTATHI IIOJIYYCHBI JIMYHO aABTOPOM, b0 B
COAaBTOPCTBC ITPHU OIIPCACIIAIOIICM BKJIaJI€ COMCKATCIIA.

Co0oTBETCTBHE AUCCEPTAIMHA TACIIOPTY CHHCIMAJIBHOCTH

JlanHasi auccepraiioHHas paboTa COOTBETCTBYET (opMylsie CIeIUaTbHOCTH,
MIOCKOJIBKY COJIEP)KUT B cebe pa3paboTKy MpOrpaMMHOTO HHCTpYMEHTapus MAJis
MOJICIIUPOBAHUSL  MPOIECCOB XpaHEHHs W 00pabOTKM JaHHBIX B  CJIOXKHBIX
MHOTOKOMIIOHEHTHBIX ~CHUCTE€MaX, KOTOPBIMH SIBISIFOTCSA  pacmnpejaesneHHbie [T-

MH(DPACTPYKTYPHI.

ITpoGieMaTuka quccepTany COOTBETCTBYET 00JIACTAM UCCIIEIOBAHMMN:

* TyHKT 3 (OpMYJIBI CHEIUATBHOCTH - MOJIEIH, METOJIbI, aJITOPUTMBI, SI3BIKH H
IpOrpaMMHbIE MHCTPYMEHTHI [IJIsi OpraHU3allMi B3aUMOJICHCTBUS MPOTPAMM U
IPOrPAMMHBIX CUCTEM,

* nyHKT 4 HOpMyJbl CIIENUATBHOCTH - CUCTEMBI yIpPaBJICHUS 0a3aMu JaHHBIX U
3HAHUI;

* TyHKT 9 QopMylIbl CHEMUAIBHOCTA - MOJEIH, METOABI, AJITOPUTMBI M
mporpaMMHasi HHPPACTPYKTypa I OPTaHW3allid TI100aJbHO pacIpeeIeHHON
00pabOTKH JTaHHBIX.

Ily0aukanus pe3yJjbTaToB

[Io pe3ynpraram HCCIEIOBAHUWI, COCTABUBIIMX OCHOBY JIHCCEpPTAIUH,
omyonurkoBaHo 17 pabot, BeimoiaHeHHBIX B TeueHue 2013-2019 rr. B cOOTBETCTBUU C
TpeboBaHUsIMHU K myOnukanusaM [lojokeHus 0 MPUCYKICHUM YYCHBIX CTENEHEH B
ouAn (mp. OUAM ot 30.04.2019 Ne 320). Ilomyueno 1 cBUAETENBCTBO O
perucTpanuy NporpaMMHOTO IIPOIyKTa.

CTpyKTYpa H 00HLE€M PA0OTHI

JuccepTranyisi COCTOUT W3 3 TJaB, BBEACHUS, 3aKIIOYCHHUS U TPUIOKCHUS,
conepxuT 134 ctpanuilsl, BKItouaeT 34 pucyHka, 21 Tabnuity u 6ubmmorpaduro u3 71
HAaWMEHOBAHUSI.



COJEPXAHUE PABOTDI

Bo BBegeHnu 000CHOBaHA aKTyaJIbHOCTh BHIOPAHHOW TEMBI, ONPEACIICHbI 1IENb
U 3ajJauyd, pemiaembie B padore. OTpa)keHa MpakTUYecKass HEHHOCTh IMOJYYEHHBIX
pe3yNbTaTOB U MPUBEACHBI CBEJEHUs 00 ampoOanuu pe3yibTaToOB JAMCCEPTAMOHHOM
paboThl. M310%keHa CTpyKTypa IuCCepTallMOHHON pabOTHI.

B mepBoii riaBe gaercs aHadu3 CYIIECTBYIOIIHUX CPEICTB MMHUTALMOHHOIO
MOJICIIUPOBAHUS TPUJ U OOJAYHBIX CHUCTEM, YKa3aHbl MPUIUHBI HEAOPHEKTUBHOCTH MX
WCIIOJIB30BAHUS JIsl pELIEHUS TOCTABICHHBIX 33/1a4 MOJICTUPOBAHMS CUCTEM XPAaHEHHUS
1 00pabOTKH JTaHHBIX KPYIHBIX HAYYHBIX SKCIIEPUMEHTOB.

B cuity cBOel CIOXKHOCTH M BBICOKOM CTOMMOCTH pa3paboTka cuctem cbopa,
nepeayl M paclpe/iesIeHHOM oOpabOTKU OOJbIIUX OO0BEMOB JaHHBIX (JAECATKH
neradaiT) TpedyeT MpeaBapUTENbHBIX HCCIEAOBAaHUN O BBIOOPY HX ONTHUMATIbHOMN
CTPYKTYpPBI C YYETOM CTOMMOCTHU IMPEANOJIAraeMbIX pECypcoB U 3arpy3ku. [lomoOHbIe
UCCJIEIOBAHMS JTOJDKHBI OCHOBBIBATHCA HA TINATEIBHOM MOJEIMPOBAHUM KAK MOTOKA
3a/IaHUM C YYETOM MX THIIOB U CTATUCTHUYECKUX JAHHBIX O PaCHpeeiICHUN BPEMEHHU UX
MOCTYIUJICHUSI U TPeOyeMbIX KOMITBIOTEPHBIX PECYPCOB ISl UX BBIMOJIHEHUS, TaK U
coctaBa mojienupyeMoit [T-undpactpykrypsl.

CylmecTByIOT  pa3iau4Hble IMPOrPAMMHBIE HHCTPYMEHTHI HWMHUTALMOHHOIO
MOJICTUPOBAHUS TPUJ] U 00JIAUHBIX BEIYUCIUTENBHBIX cucTeM. Ha MOMEHT npoBeieHus
UCCJIE0BaHMs OOJIBIIMHCTBO 3TUX CHCTEM MOJEIMPOBaHUS ObUIM PACCUMTaHbl Ha
pelIeHNe CBOMX Y3KOCTELHAIN3UPOBAHHBIX 3aJ]a4 U HEe 001ananu HabopoMm (yHKUIUN
JUTSL TIOJTHOIIEHHOTO MOJICTTMPOBAHUSI TPUJT U OOJIAYHBIX BHIYMCIUTEIIBHBIX LIEHTPOB /IS
00paboTKH NaHHbIX Pu3nyeckux sKcrepumeHToB (Tabmuma 1).

Tabnumna 1. CpaBHEHHE CUCTEM MOJIECITUPOBAHUS

OyHKIWS GridSim | OptorSim | SimGrid | CloudSim | iCanCloud
Pennukanusa maHHbIx Ha [a Her Ja Her
[lmanupoBIIMK 33024 Ha Her Ha Ja Ja
PesepsupoBanue LIITY Ha Her Her Ja Ja
I'eneparust pOHOBOIO CETEBOTO
TpaduKa Ha a Ha a Ha
I'paduueckuii uatepdeiic Her Ha Her Her Ha
M 0

0JIeJIMPOBaHUE THOPUIHBIX Her Her Her Her Her
APXUTEKTYP
M

OICIMPOBAHUE JIEHTOYHOTO Her Her Her Her Her
pobora
14

CITOJIb30BaHUE JIAHHBIX Her Her Her Her Her

MOHUTOpPHHTA




Ha ocHoBanum daHaJin3a, MMpOBCACHHOI'O B AUCCCPpTALlMU, ACIIACTCA BBIBOJ, HTO
CUCTEM MOACIMPOBAHUA TI'pUa H 001aYHBIX BI)I‘II/ICJ'IeHI/II‘/'I, YUYUTBIBAIOIIUX JAaHHBIC
MOHHUTOPHHTIA, HC CYIICCTBOBAJIO.

B nucceprauum mnpeayiokeH MOAXOJX K MOJEIMPOBAHUIO paclpeeseHHbIX
BBIUUCIUTENBHBIX CHCTEM, OCHOBAaHHBIH Ha Yyd4eTe JaHHbIX MOHHUTOPHHIA,
MCIOJIb3YEMBIX IS TUHAMUYECKOM KOPPEKIIMU MapaMeTpoB Moienu (puc. 1): 3aganus
gepe3 CUCTeMy yrpaBieHuss Harpy3koil (1) moctymaror Ha o00paboTKy B
BBIUUCTUTENbHYIO cucteMy (2), umHpoOpManus O CTaTyce BBINOJHEHUS 3a/JaHui

noctynaet B b/ (3).
E oo > | 2
| _a— . ]
Jobs " Jobs > T I *ee ] '
Robot 1 Robot N v
-¢-Results
yobs
Site 1 Site N
F.iéé Workload Management ©
ii*. =l @ System A
WV
2 3
Users Data
4
o —
5\)\\ Monitoring
» 5 A
JOBS—>
o - 9
Workflow
Generator osel o
7
8 6

Hypotheses

Modifications

Researcher

Puc.1. MogenupoBaHue pacrpeieeHHO CUCTEMBI C YY€TOM JIaHHBIX MOHUTOPHUHTA

CraTucTrueckne JaHHbIE MOHHTOPHHTA HCIIOJNB3YIOTCS B Ka4eCTBE BXOJIHOTO
MOTOKa JJisi MMHTAMOHHOW Mojenu. Takke Ha 0a3e CTaTUCTHYECKHX JaHHBIX O
3aJja4ax MOJKET OBITh CTEHEPHUPOBAH HOBBIN MOTOK BXOJHBIX JAHHBIX Ui Mozenu (4,
5). UccnenoBarenb MoiydaeT pe3yjbTaTbl MOJEIMPOBAHUS M aHanu3upyer ux (6),
Jajiee OH MOXET HM3MEHUTh IapamMeTpbl U TMpOBepsATh HOBble rumotesbl (7,8).
Pe3ynbratel MoAenMpOBaHUS MOTYT OBITh HCIIOJIB30BAHBI JUIS HMHHUIMATU3ALUU
IpoLeAypbl U3BMEHEHHUSI KOHPUTYpaIlMU PECYPCHOTO LEHTPa C IENIbI0 YIYUILIEHUS €ro
XapaKkTepucTuk (9).
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B pe3ynpTaTe MpoBEIEHHOTO aHANW3a CYIIECTBYIOIIUX CUCTEM MOJEIHUPOBAHUS
rpul W OONAYHBIX BBIYUCIUTENBHBIX CHUCTEM OOOCHOBaHAa HEOOXOJAMMOCTh
OoObEIMHEHHUSI TPOLIECCOB MOJCIMPOBAHUS M MOHHUTOPHHTa B paMKax OJIHOTO
IPOrpaMMHOTO MPOAYKTa MJisi MPOCKTUPOBAHHUS M PA3BUTHUS CHUCTEM XpaHEHUS U
00paOOTKH JAaHHBIX OOJBIIMX HAYYHBIX SKCIIEPUMEHTOB. [ pemieHust 3Toil 3amaqu
Ob1a chopmyrpoBaHa 0a30Basi KOHIICTIINS MOICITUPOBAHMS:

1. Ilenpt0 MOJENUPOBAHUS COBPEMEHHOTO BBIUMCIMTEIBHOTO ILIEHTpA SIBISAETCS
YIOBIIETBOPEHUE HEKOTOPOTO KPHUTEPUS ONTUMATHHOCTH, MUHUMH3UPYIOIIETO
CTOMMOCTh 000pydoBaHMs IpH Oe3ycioBHOM BhimonHenun SLA (Service Level
Agreement);

2. Jlyummit cnoco0 JUHAMUYECKH OILEHUTh KadyecTBO pabOThl CUCTEMBI -
MCIIOJIb30BaTh CPEICTBA MOHUTOPUHTA;

3. IlporpamMmma mMojaenupoBaHUs JODKHA OBITH COBMEIIEHA C PEATbHOW CHUCTEMOM
MOHUTOPUHIA PACIpPEACICHHON CUCTEMbl O0paOOTKH JaHHBIX dYepe3 0azy
nanubix (bJ1);

4. IenecooOpa3HO MNPUHATH ABOSKYIO CTPYKTYPY MOJEIH, KOTOpas COCTOUT U3
g/ipa - €ro CTa0WIbHOW OCHOBHOM YacTH, HE3aBUCUMOW OT MOJEIUPYEMOIO
o0beKTa, ¥ JCKIApaTUBHOTO MOMYJS JUisi BBOJA IapaMeTPOB MOJECIIH,
OTIPEIEISAIONTUX KOHKPETHBIA pacIpeCICHHBIN BBIUNCIUTEIBHBIA IIEHTP (€T0
HACTPOWKU W TapaMeTphbl, MOJy4YCHHbIE W3 WH(OpPMAIMd MOHUTOPHWHTA, Kak
MMOTOK JTAHHBIX, IOTOK 3aJJaHUi U T.1I.);

5. B/l comepxut omnucanue UHPPACTPYKTYphI, KAXKIOTO €€ y3ia, CBI3CH MEKIy
HUMHU, WHGOPMAIMIO O 3alyIlIEHHbIX 3aJaHHsIX, BpPEMEHax WCIOJHEHUS,
pe3ynbTaThl MOHUTOPUHTA PA0OTHI PA3TUYHBIX MOJACUCTEM, a TAKXKE PE3yIbTaThl
MOJICJTUPOBAHUS;

6. Beb-mmopranm HeoOXxoauM AJis CBS3W MMHTAIMOHHOW Monenu u bJl, BweiOopa
[apaMeTPOB MOJEIMPOBAHUS U COXPAaHEHHUsI pe3yJIbTaToB B B/I.

s peanm3anuu CUCTEMBI MOJEIHPOBAHUS TPeOOBAIOCH OMUCATh OCHOBHBIC
OOBEKTHI M COOBITHS TPUA U O0Ja4YHBIX cuUcTeM. Takke TpeOoBajaoCch pa3padoTaTh
CTPYKTYpY 0a3bl JaHHBIX, KOTOpasi OyAeT comepkarh onucanue IT-undpacTpykTypsl,
KOKJOTO €€ y3Jia, CBsI3ed MEXIy HUMH, JaHHbIE MOHHTOPHUHTA PaOOThI Pa3IMYHBIX
MOJICUCTEM M PE3yJIbTaThl MojaenupoBanusi. Kpome sToro HeoOxoaumo pa3paboTaTh
WHCTPYMEHTAPUH, TIO3BOJISIONINI aBTOMATUYECKH T€HEPUPOBATh BXO/HBIC MApPaMETPhI
MOJIETI, peamnu30BaTh WHTEp(ENChl s peJaKTUPOBaHUS IMapaMEeTPOB MOJAETHU
CUCTEeMBbI 00pabOTKM JaHHBIX U OTOOPAKEHUS TTOJIYYEHHBIX PE3yJIbTaTOB.

Bo BTOpOIi ri1aBe omucaHa peaju3alus MPOTPAMMHOTO WHCTPYMEHTApHUS s
MOJICIIUPOBAHUSI CUCTEM XpaHEHHS M 00pabOTKH MaHHBIX SyMSim, BBITOIHSIONMIETO
CUHTE3 MPOIIECCOB MOJICITHUPOBAHUS U MOHUTOPUHTA.
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Pazpaborannoe nmporpammuoe obecnieuerre SyMSim Mo3BOISIET MOJSITHPOBATH
o0paboTky moTOoKa 3amaHuii IT-uHdpacTpykTypoi, oOianaronell 3aJaHHBIMU
pecypcaMu W TpaBUJIAMH UX PE3CPBUPOBAHUS W HCIOIB30BaHHUSA. ba3oBbIid
(GYHKIIMOHATT UMHUTAMOHHONW MOJICHM peali30BaH MyTeM JOPaOOTKU M PaCIIAPCHHS
KJIacCOB cucTeMbl MojaenupoBanusi GridSim. [[ns pemieHus] MOCTaBICHHBIX 3a7ad
pa3paboTaHbl OTIOJHHUTENbHBIE KJIAcChl, OOBEKTHI, TeHEpaTophl, UHTEphENcChH u
Moaynu. OOBEKTHI pean3yloTCs B BUJE java-KJIacCoB, IIPU STOM MOJIb30BaTEINb 3a/1a€T
TOJIbKO BHEIIIHEE OMHCAHHE MX KOJWYECTBA M CBA3CH MEXKIy HUMHU, HO HE U3MEHSET
TeKCT mporpamMmbl. Cxema pabOThl MPOTrPaMMHOTO KOMIUIEKCA TpEACTaBlIeHa Ha
PUCYHKE 2.

AauHbie
MOHMTOPUHIa

ol

__ Y -
ijigﬁéiigi ‘ !;;!\,
N 3

3anuco
@
as 2
7 R\
» '*i

pesynbTatos
Perucrtpauun/asTopusaumna
Py P 4 Buwbop 3anyck

KOHMrypayuu nporpammsl

3anyck
nporpammel MmoaenuposaHus obopynosaHua MO eNUpoBaHunA

A

Puc.2. Cxema paboTsl pa3pabOTaHHOTO MPOTrPAMMHOIO UHCTPYMEHTAPHS

[Ipomecc MMHUTAITMOHHOTO MOJICTMPOBAHUS COCTOMT B TPOXOKICHHH Habopa
3aaHui yepes 3aganuyto | T-undppactpykrypy. O0beKTaMu MOJIENHU SABJISIOTCS 3a/1auu,
npoiieccopsl, Gaisbl, JIEHTHI, UCKOBBbIC XPAHUJUINA, JUHUU Tepefaddl JaHHBIX,
pobotu3upoBaHHble OMOIMOTEKH. CHHCOK COOBITHH, MPOMCXOJAIIUX C OOBEKTaMHU,
BKJIFOYAET: MOCTYIUICHUE 3a/1a4u B O4YEpe/lb, U3BJICUCHUE 3a]]a4l U3 OUYEPE/Iv, 3aHATHE
WJIM OCBOOOK/IEHNE BBIYHCIUTEIHLHOTO pecypca, repeaady ¢aiiina, U3BICUCHUE JICHTHI
U3 XpaHWINIA, MOHTHPOBAaHWE, YTCHHE — 3alWCh Ha JEHTy W Jap. Habop
peaTM30BaHHBIX KJIACCOB TO3BOJISICT MMHUTHPOBATH BCE IMPOIIECCHI, MPOUCXOSIINEC B
CUCTEME.
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OnBIT MHUPOBBIX (U3UYECKUX IKCIECPUMEHTAIBHBIX IICHTPOB IOKA3BIBACT, YTO
JUI1  JIOJITOBPEMEHHOTO W apXHMBHOTO XpaHEHHs OOJBIIMX OOBEMOB JaHHBIX
MIPOM3BOJUMBIX JETEKTOpaMH (PH3UUIECKUX SKCIIEPUMEHTOB HamboJee 1eaecoo0pasHo
WCIIOJIb30BaHNE POOOTHU3UPOBAHHBIX JIEHTOUHBIX OuWOnMoTek. [lyis MomenupoBaHUs
poOOTU3UPOBAHHON OMOIMOTEKH OBLTM pa3padOTaHBl KJIACCHI, MPEACTABICHHBIC Ha
pucyHke 3. Habop 3TuX KJIacCOB MO3BOJISET MOJCIUPOBATH MPOIIECCHI, TPOUCXOISIIHIE
c kommeW (ailyla Ha JIEHTaX: 3arpy3Ky M BBITPY3KY JICHTHI MAaHHITYJISTOPOM,
MOHTHPOBAHHE Ha JpaiiBe, IOUCK (paiiyia Ha JICHTE U €ro YTCHUE/3aIHCh.

TapeArchive Arm
+Name:String +free:boolean
+resName:String -currentOperation:int
-rand_id:Random -loadRequest:Queue=0hject=
-rand_write:Random ~—— -send_|D:int
-tapesWaitingForDrives:ArrayList Arm -unioadRequestQueue=0bject=
-writeRobinRAW:int \ ~eventWaiting:int

~ge:Queue<String=
~type:int

+copyPools(DiskCacheHSM).void
+findTape(String): TapeReetHSM
+freeDrives(int):int
+mountTape(TapeHSM).void
+stopDrives():void
+unmountTape(TapeHSM)'void

+body():void
+processEvent(Sim_event).boolean
+queueToLoad(TapeHSM, Drive):.void
+queueToUnioad(TapeHSM, Drive).void
+stopDevice():void

drives e
driveTarget
IoadedTapes
Drive
Tapes tapeOnArm
ape +MaxTransferRate double
+dataTrans:hoolean
+id:int
Tape +loaded:boolean

+mounted:boolean
+currentPositionAdd:double +name:String
+currentPositionRead:double +pool:int
+pool:int +statusBusy:boolean
+statusBusy:boolean LoadedTape™ | -chanel:Stange
+statusFull-boolean & -reserved:boolean
+statusLoaded:boolean -send_|D:int
+statusMounted:boolean / -type:int
+statusNewlLoaded:boolean MountDrive
+statusNewMounted:boolean / +body():void
-ID:int +cancelRes():void
-capacity:double +connectToChanel(Stange):void
-files:LinkedList=ChimeraFile= +ConneciToPool(int).void
-filesToWrite:Queue +endDataTrans():void
-name:Siring +free().void

+mountDevice():void
+findFile{Sting):ChimeraFile +postMountTape(TapeHSM).void
+resetNewLoaded():void +processEvent(Sim_event):boolean
+tapeHasSpase(ChimeraFile):boolean +reserve().void
+useTape():void +timeToSearch(ChimeraFile).double

+timeToUnmountTape().double

+timeToWriteFile(ChimeraFile).double

+unmountDevice().void

+unmount():void

Puc. 3. Peanuzanus ki1accoB poOOTH3UPOBAHHON OMOIMOTEKU
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[Tpotiecc monenmpoBanust THGPACTPYKTYPHI ¢ POOOTU3UPOBAHHON OMOINOTEKOM
3aKIr0YaeTcs B caeayromeM. Dailnbl T0KHBI ObITh 3alMCaHbl Ha JIEHThI OMOJIMOTEKU.
[TapannensHO 3TOMY MPOIECCY BBIMIOJNHSIIOTCS 3a1aHusi o0paboTku. Kaxmoe 3amanue
TpeOyeT €IUWHCTBEHHbIN (ailsl, KOMUs KOTOPOTO MOXKET HaXOAUThCS Ha JIMCKOBOM
MacCUBe, WIH Ha JICHTE. 3a/laHue HAYMHAET BBITIOJIHATHCSA, €CJIH €CTh CBOOOAHBIN CIOT
U Bce (hailipl OCTYHmHBI Ha JUCKOBOM XpaHwnuiie. Ecnm  Qaitn xpanutcs B
poOOTU3UPOBAHHON OMONHMOTEKE, 3aJaHHE PE3EPBUPYET CJOT, HO BBIIIOJIHEHHE
3aJIep’KMBAETCs 10 MOMEHTA €ro 3arpy3ku Ha Auck. [Ipouecc nmepemernienus ¢aitna u3
OMOMMOTEKM B JUCKOBOE XpaHWIMINE BKIIOYAET B ce0s OMepanuio MOMEIEHUs
JICHTOYHOIr0 KapTpuka (tape) ma napaiiB (drive), KOTOpYIO BBINOJHSICT pyka poOoTa
(arm), MmoHTHpOBaHUs (halIOBOM CUCTEMbI KapTpHUKa HA JpaiBe U 3anucu ¢aitia Ha
muck. Kormmm aitioB Ha JUCKOBBIX HAKOMUTEISIX MOTYT CTHPAThCA COOPITUKOM
Mycopa, €ClIM K HUM J0JIT0€ BpeMsl HeT oOpaiieHuil. Takoi anroput™M paldoThl ¢
daiimaMu  COOTBETCTBYET airoputMmy, peamuzoBaHHomy B cucremMe dCache
(www.dcache.org), umMeromeli MIMPOKOE pPacIpOCTpaHCHWE B IIEHTpPaX OOpabOTKH
JTaHHBIX.

Bxoanoi#t moTok 3amanuii ans mojenupoBaHus dopmupyercs depe3 b/, s
ATOT0 peaJnu30BaHa BO3MOXKHOCTH TOJYUYECHHUS] M XPAHEHHUS JaHHBIX MOHUTOPHHTA
paboOThl BBIYUCIUTEIHHOTO IIEHTPA, YTOOBI HMCIOJB30BaTh MX B KAa4ECTBE BXOJIHBIX
TaHHBIX JUIsI MojenupoBaHus. [lpm OTCYyTCTBHMM HEOOXOIWMOW CTATUCTUKH 10
BBIUUCIUTEIIFHOMY LEHTPY WIM MOJCIMPOBAHUIO HOBOTO MOCIEA0BATEIHLHOCTh
BBITIOJTHEHUSI BBIYHUCIUTENIFHOTO ASKCIIEPUMEHTa OyAeT CleAyromas: aHalu3upyeTcs
CTaTUCTHKA 3aJaHUil 10 aHAJIOTHYHBIM BBIYMCIUTEIBHBIM IIEHTPAM; CTPOSTCS
pacnpeneneHus 3aJaHuil 0 BpEeMEHH MCTIOJHEHUS M pa3Mepy BXOJIHOTO (Qaiiia; ganee
BBIJIBUTACTCS M MPOBEPSETCS TUIOTE3a O KOJTUYECTBE TUIOB 3aJaHUI B TIOTOKE.

["enepanius MoToKa 3aJlaHuii OCYIIECTBISACTCS CIASAYIOMMUM 00pa3om (puc. 4):

— 3a/1al0TCsI HEOOXOAMMBIE MapaMeTpbl TOTOKa 3aJaHui: TEPHOM; CIHCOK
CalTOB-MCTOYHUKOB; KOJUYCCTBO (DAiJIOB B CUCTEME; MAaKCUMAJILHOE 1 MUHUMAJIBHOE
KOJIMYECTBO 3adad B JEHb I KaXKIOTO W3 TpeX THUIOB (MOJEIUPOBAHHE,
PEKOHCTPYKITUS, aHAM3); MaKCUMaJIbHOC M MHUHHMAJIbHOE MPOIECCOPHOE BpEMs,
KOJIMYECTBO COOBITHI M 00bEM MaMSTH );

— JI7IS1 K&KJ0TO TIepUoia CIIy4aifHO OMPeIeseTCsl KOJTMYECTBO 3a/1ay;

— BBIYUCIISIETCS] KOJTMYECTBO MPOIIECCOPHOTO BPEMEHH, MaMSITH U COOBITHI st
3aJla4M, BPEMS CTapTa, a TAKXKE TEHEPUPYIOTCS TOTIOTHUTEIBHBIC TapaMeTphl.
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lNesepaTop noToka 3aaaHuii leHepaTop CTPYKTYPLI BEIYMCTMTENBHDA CETH

Twin 3anad AHanua MoaenvpoBaHe PekoHCTPpYKL WA

MNepuon

CalTbl MCTOUHWEKN

Yucno dpainoe B cucTeme
O oo (000 EICHN -+ oo | (4 coo ETICIN + 000 (4 000 B

""HC]’IDSB.[IBLIB,CIEHI) o e e Ly ] & m—
I e e e T
I: 1250 2 500 avsa 5 ':-::II o i EIE 0 2 EI:: 3 750 5 D00 O 1 :I-:':' 2 EI':':I 3 TIE:I 5 '::JI
G 1 000 [ 4000 EL-ICIN 1 000 | [ 4 coo BTG 1000 EEZ) 5000
T T e e T
a 1250 2500 ITH 50000 1 250 2500 3750 [-:::”: 1:I-.'-:- :fl-:-:l ETIE-J -.'--:-:JI
¢ O3 [ oo LI cco '+ coo EL oo [+ 000 L)

Yucno cobeiTuit e [y T ] 'y 1 ®
I:- . I| :I:'JI o .:' :I:-.': o :';!.'I'\.:; ' :.C-I:JIEDI o I' ._I!.-GI o I_'I. o I'- 'I'-'.i ' ;-:.:.:”: Y I| ._I.‘:: . I.“ :I:-.': . :"J.'I:-JI ' :IC-I:GI
T 1 024 — 4 000 CEH 1 024 —4 060 10 384

KonwuectBo namAatTh RAM | (e ® ) 3 {® °
T N e
1024 4 B84 8704 12544 18 354 1024 4 554 2704 12 544 18324 1024 4 BE4 8704 12544 18334

Puc. 4. Be6-unrepdeiic reneparopa noToka 3aaHHi

CiydailHple  MOCIEAOBATEIBHOCTH  C  PA3JUYHBIMU  JIUCKPETHBIMH U
HEIIPEPBIBHBIMU  PACHpPENCICHUSAMHY, WMUTUPYIOIIHE BBIIICYKA3aHHBIE CIy4YalHbIE
BEJIMUMHBI, a TaKXKe TaKue ImapaMeTpbl pabOThl CUCTEMbI KaK, HallpUMeEp, KOJIUYECTBO
3a51BOK B O4Y€pEAM, BPEMS OXHUAAHMS 3arpy3Kd, JUIMTEIBHOCTh BBIIOJHEHUS 334
TEHEPUPYIOTCA IO CTaHAAPTHBIM AJITOPUTMAM MOJAECIUPOBAHUSA CIYyYalHBIX BEJINYMH C
COOTBETCTBYIOIIIMMHU PACIPENECICHUSIMHA C HUCIIOJIb30BAHUEM TI'€HEpPATOpa CIIy4alHBIX
qyucesl ¢ paBHOMEPHBIM pacmnpezaeneHueM B unrepnaie (0,1), ocHoBaHHbIM Ha «Buxpe
MepceHHa»3.

CrenepupoBaHHBIH TakuM 00pa3oM MOTOK 3amaHuil coxpansercs B bJI. Tlocne
4Yero MOJb30BaTeNb 33Ja€T HEOOXOIUMYI0 KOHQUIYpalMIO CUCTEMbl XpaHEHUS U
3aIyCKaeT NporpaMMy MOJAEIINPOBAHUS.

3anycK mporpamMbl MOAEIUPOBAHUS OCYLIECTBIIIETCS Ha cepBepe. [lapamerpsr
U pe3ynbTaTbl MOJEIMPOBAaHMS COXpaHAlTCAs B b/ mocne kaxagoro 3amycka
MPOrpamMMbl, YTOOBI MPEIOCTABUTH BOBMOXHOCTh MOJIb30BATENI0 CPABHUTH PE3YJIbTAThI
paboThl CHCTEM C HCHOJb30BAHMEM pA3JIMYHBIX KOH(Urypauuii 000pynIOBaHHUS.
Pe3ynbrarsl MoeaMpoBaHUs JOCTYIHBI OJB30BATENIO B BUJIE AUarpamMm U rpaukos,
YTO YHPOILIAET JATbHEUIINN aHAIU3.

Pesynbrarom paboThl MoOJENM SIBISETCS HaWJCHHAs BEJIMYMHA BpPEMEHU
00paOOTKM MOTOKA 3aJaHMN JJs pa3HbIX BAPUAHTOB CTPYKTYPHI BBIYMCIUTEIBHON
YCTAHOBKM W TPOU3BOAMUTENBHOCTH OTHAEJIBHBIX €€ YacTeW, YTO MO3BOJISET OLECHHT,
KaK 3T (aKkToOpbl BIMSIIOT Ha Bpemsi 00paOoTku. Takke MoJIb30BaTeNb MOJy4aeT

® https://www.boost.org/doc/libs/1_75_0/boost/random/mersenne_twister.hpp
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naHHbIe 0 Harpy3ke Ha pecypchl cuctemsl (CPU, RAM, nuckossiii Oydep), Bpems
OKUJIaHUA 337]a4 B OUeped, IPOIMYCKHYIO CIIOCOOHOCTh CETH, IaHHbIE M0 HArpy3Ke Ha
poboTta JieHTouHOU O6ubmmoTeku. Kpome Toro B pesynbTaTe MOJEIUPOBAHUS MOMXKHO
YTOYHUTH KaKMUMU pe3epBaMH 00JIaJaeT BHIYUCIUTENIbHASI YCTAHOBKA, TO €CTh KaKOBa
BEpXHSS TpaHUIAa MHTEHCHUBHOCTH IIOTOKA 3a7ad (JIaHHBIX) U KAaKHE€ KOMIIOHEHTBI
YCTaHOBKH OKa3bIBalOT HA HEE CYLIECTBEHHOE BIUSHUE.

B Tperbeii ri1aBe npuUBEACHBI PE3YJIbTAThl MOJAEIUPOBAHUS CUCTEM, CITyXKallHe
JI0Ka3aTEeNIbCTBOM YCHEIIHON BepuUKAIMKU TPEIJIOKEHHBIX METOI0B. B kauecTBe
anpoOanuu pa3pabOTaHHOTO MPOTPAMMHOIO OOECHedeHUs] MPUBEIEHBI Pe3yIbTaThl
pEeLIECHNs KOHKPETHBIX IPUKJIIAIHBIX 33a4.

Jns  mpoBepKkM  aJeKBAaTHOCTH  MOJEIM  IPOBEAEH  BBIYMCIUTEIbHBIN
HKCIIEPUMEHT MO0 MOJAEIMPOBAHUIO (DaiiIOBON 3arpy3KH B IIEHTpaxX paclpeaesieHHBIX
BBIUMCIICHUI ¢ IBYXypoBHeBOU cTpykTypoi tuma Tier-0 - Tier-1 (puc. 5). [Toka3ana
BO3MOXXHOCTh MOJICIMPOBAaHUSI BapuaHTOB 3kciutyatanuu |T-undpacTpyktypsl s
AKCIIEPUMEHTOB (DU3MKHU BBICOKMX 3HEpruil. B xone uccrnenoBaHuil co3gaHa MOJEb
cucteMbl 00paboTku gaHHbIX JkcriepumeHTta NICA-MPD ¢ BO3MOXKHOCTBIO
IpeJICKa3aHusl U3MEPEHUI MapaMeTpoB Ha OCHOBE COOpPaHHOM B XOJ€ MOHUTOPHHIa
CTaTUCTUKH MOCTYIAIOIIMX TOTOKOB JIaHHBIX U UCIIOJIB30BAHUS PECYPCOB CUCTEMBI.

Tier 1 Module 1 Tier 1 Module 2

tope 1 |.. ‘topen
P o~ 7~

AL

—rs. et e

._,- 4 file 2

Puc. 5. Cxema monenupyemoii ctpyktypsl Tier0-Tierl

Monenupyemasi CTpyKTypa COCTOWT W3 BBIUUCITUTEIHHOU (PepMbI, TUCKOBOTO
MaccuBa — IyJia, KaHAJIOB CBSI3H, JCHTOYHOTO poOOTa U JICHT. XapaKTePUCTUKU B3STHI
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n3 cucrembl MoHuTopuara CMS Tierl m TDR DAQ MPD. IlponyckHasi cmnocoOHOCTB
kaHaioB cBs3u oT 10 go 100 I'b/c. Tier0) oGo3HadaeT HEHTp cOOpa JAHHBIX U3
manupyemoro skcrnepumenta MPD-NICA. [TonydenHble JaHHBIE JOJKHBI XPAHUTHCS
Ha auckax. OmHa U3 3a7]a4 — MOJIy4eHHe PEeKOMEH IalliU 10 BRIOOPY 00beMa TMCKOBOIO
xpanwiuiia. VICXOMHBIMU JTaHHBIMM Ui Hayalla MOJICJTUPOBAHUS  SIBISIFOTCS
napameTpbl 00OpYyIOBaHMsI, CTATUCTHUKA O MOTOKaX JAHHBIX W CTATHCTHKA O MOTOKaX
3a/1ay.

Ha puc.6 mnpencraBieHbl [OaHHBIE O pPEalbHBIX U  CMOJEIUPOBAHHBIX
XapakTepucTukax 3arpy3ku meHtpa Tierl. I[lokazanbl TaHHbIE MOHUTOPUHTA 3a OJIMH
Mmecsl (06.2015) u monenvHble qaHHbIe. CpaBHEHUE peabHBIX U CMOJEIMPOBAHHBIX
JAHHBIX MO 3aBEpPIICHHBIM 3aJadaM BBIIIOJHEHO IO COMOCTABUMOCTU CPEIHUX
3HAYCHWH C YyYETOM KOPHIIOpa CPEIHEKBAIPAaTHYHOTO pa3dpoca 3HAYCHHIA.
Pe3ynbTaThl CcpaBHEHUs, T[OKa3aHHbIE HAa puC. 6, TMOKa3aId COMOCTaBUMBIC
XapaKTEPUCTUKHU.

JInst mpoBepKU aIeKBATHOCTH MOJIEIHU MPOBEICHBI PA3JTMYHBIC BHIYUCIUTEIbHBIE
AKCIIEPUMEHTHI TI0 MOJICIMPOBAHUIO (PailIoBOM 3arpy3Kd B IIEHTpaxX pachpeeeHHbIX
BbIyKcieHni. [lokazaHna BO3MOXKHOCTb MOJICTMPOBAaHUS HATPY3KH Ha JUCKOBBIN Oydep
B 3aBUCHUMOCTH OT CKOPOCTH MOCTYIUJICHUS JaHHBIX. Bce sSKkCniepuMeHTalbHbIE JaHHBIE
JOJKHBI OBITh TIEpE/IaHbl B IEHTP XpaHeHUs: U oOpaboTku. B ciyuae npoexkra NICA-
MPD 5710 merabaiiThl JaHHBIX 3a OJAMH MecCsI paboThl JeTekTopa. MojenupoBaHue
MO3BOJISIET TMPOTHO3UPOBATh COCTOSSHUE CHUCTEMBI OOpaOOTKH HKCHEPUMEHTATbHBIX
JAHHBIX TIPY U3MEHEHUM XapaKTEPUCTUK MOTOKA JAHHBIX (HAIpUMEp, YBEIUUYCHUU WU
yMeHbllleHun). OJHUM W3 OTPaHUYECHHN MOJENM SBJSIETCS TO, YTO OAHO 3aJaHUE
MOXET TpeboBaTh TOJNBKO ofuH ¢ain. OmHako Apyrue 3afaHus TakKe MOTYT

TpebOBaTh OJIUH U3 TeX (PailIoB, KOTOPHIE Y)KE MOATPYKEHBI.
Completed jobs (simulated) Completed jobs (real)
40000 Campleted jobs

31 Days from 2015-05-20 to 2015-06-20

35000
30000

25000
20000
15000
10000
5000
0

R U AR R S ISR .\VOQ’ & 0 \"'
R A A A AR A A A

X =23200 S =5900 T m——_————
WallClock HEPSPECO6 (simulated) X=19700 S =6700
40000 WallClock HEPSPECOQ6 (real)

35000
S S STl Hpsy o st

30000 o | e

25000 ‘ ‘

20000

15000
10000
5000

0

® S & PSS EE R \«
;v Qﬂﬂé’fﬂﬂﬂ&&ﬂﬂ K
X =21800 S=6100 X =21300 S =8100

Puc. 6. PeanbHble U CTeHEPUPOBAHHBIE JAHHBIE IO YHUCITY 3aBEPILICHHBIX 3a7a4

17



Hike mpencTaBiieHbl pe3yabTaThl IO MOJICTHMPOBAHUIO HATPY3KH HA JICHTOYHBIN
poboTt (puc. 7a). Harpy3ka onpeaensieTcsi CIeAYIOIMM 00pa3oM: UCXO/ISl U3 CPEIHETO
BPEMEHHU JBWKCHUS PYKH POOOTa 6 C., BBIYHCISACTCS MaKCHMAaIbHOE KOJHMYECTBO
JIBMOKCHUA 32 BpPEMEHHOM TMPOMEXYTOK. 3arpy3ka — OTHOIICHHE KOJUYECTBa
JBVKCHHUM TTPU MOJCITMPOBAHUN K MAKCHMAJILHO BO3MOXXHOMY KOJIMYECTBY JBUKCHHIA.
Oxka3anmoch, 9T0 pyka pobora Oymer 3arpyxeHa He Oomnee, yem Ha 4%. [lpuuem
BHAYaJle Harpy3ka Ha PyKy BO3pacTaeT, IOTOMY YTO HICT MaccoBas 3arpy3ka ¢aios,
KOTOpPBIE TPEOYIOTCS JIJIsl BBIIOJHEHHS 3a71a4, a TIOTOM HAarpy3Ka CHIDKACTCS, TOTOMY
4TO yacTh (paiiyoB yxke ectb B Oydepe. Takas sxe cuTyanust HaOM0AaeTCs Mpu padboTe
peanpHOU cucteMsl (puc. 70).

Harpyaka Ha pyky pobota, % Harpyska Ha pyky poboTa, %
45 45

4 4
ol | .|

3 3
25 25
2 2
L 15
1
4
0,5 J\)
0,5
0
0 100000 200000 300000 400000 500000 600000 700000 800000 0 - - - seeiea

s, 4
acTPOHOMUYECKOe BpeMA MoAenuposaHua B MaciluTabe 1:1 4:00 16:00 4:00 16:00 4:00

0) pealbHBIC JJAHHBIE

a) pe3yJIbTaThl MOJIENIN
Puc.7. Harpy3ka Ha poOOTH3MpOBAaHHOE 3aXBATHOE YCTPOMCTBO JICHTOYHOM OUOINOTEKH
[IpoBe/icHHBIE BBIYMCIUTEIBHBIE HSKCIIEPUMEHTHI IIO3BOJIJIM  aJIAlITUPOBATH

napameTpbl MOJIEIH K PeaJIbHBIM MPOIEccaM MpreMa, XpaHeHUs: 1 00pabOTKH JaHHBIX
U TIOJITOTOBUTH TPOTpPamMMy JUIsl MOJEIUPOBAHUS CHUCTEMbl XpaHEHUs U 00pabOTKU
JAHHBIX C  JKCIIEPUMEHTOB, KOTOpPbIE OYyIyT BBINOJHITHCS HA BBIYUCIUTEIHHOM
komruiekce NICA.

Mooenuposanue cucmemvt 06pabomKu u Xxpanerusi OauHvix dIxcnepumernma BM@N.

B cocraB kommiekca NICA BXxomdar pa3iuyHble JKCIEPUMEHTATbHBIE
ycranoBku: BM@N, SPD, MPD. Jlns cbopa nanHbix skcrniepuMmenta BM@N, nHa
MOMEHT MPOBEIEHUSI HCCIENO0BAHUNA, MPEANOIArajioch CO3JaHHE pacIpeleICHHOM
CUCTEMBI. JlaHHBIE JKCIEpUMEHTa TMPH 3TOM JOJDKHBI 3aMUChIBATHCA HA JIUCKOBBIC
HAKOIMUTENU ISl MOCIENYIOMEeH nepegayl N0 KOMMYHUKAIIMOHHBIM JIMHUSIM CBSI3U B
ueHtp ypoBHsa Tier-1, pacnonoxenusiii B JIMT (OUSAN). Ilpennonaranock, 4To
KOJIMYECTBO JAHHBIX, MOJYYEHHBIX C YCTaHOBKH, Oyner Ha ypoBHe 1 IIb 3a 3amyck.
JlaHHbIe JOJIKHBI 3alUCBHIBATBCS Ha JMCKM M OJHOBPEMEHHO 00pabaThiBaThCs Ha
KoMmbroTepHOU MHppacTpykrype JIUT. B nuccepranuu npuBeneHsl npeamnoiaracMbie
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XapaKTepUCTHKH IOTOKAa JTaHHBIX C JAETEKTOpOoB sKcrepumeHta BM@N, a Ttaxke
pe3yNbTaThl MOACIUPOBAHUSL.

MopaenupoBajioch KOJIMYECTBO CBOOOMHBIX siaep Ha ¢gepme JIUT Bo Bpems
BBITIOJIHEHHUS 33]]a4 PEKOHCTPYKIIMU B 3aBUCUMOCTH OT YaCTOTHI UX 3alycKa, IpU 3TOM
nojiHasi 00paboTKa OCYIIECTBISIACH OJHOBPEMEHHO C TMOCTYIJICHUEM COOBITUH.
[Ipeanonaraercs, uro 3kcrepuMeHT BM@N Oymer mpomommkatees 1500 wacos.
IlepBbie 120 yacoB pabOThl 3KCHepUMEHTa OyAEeT OCYIIECTBIATHCS HACTPOMKA
o0opynoBaHus, MOTOMY HWH(pOpMalMs 3alHChIBAThCS HE OyAeT. 3aTeM B TEUCHHUE
1000 yacoB OyAyT HakalUIMBaThCA JaHHBIE C JKCIEPUMEHTa NPU HHTEHCUBHOCTHU
notoka 70% OT MakCMMalbHOM M 3aMMCHIBATBCS HA JHWCKH, MPU 3TOM TOJHAs
00paboTka 3amaHuii OyAeT ocyecTBIAThCA Ha 880 siapax, sKcrpecc oOpaboTka — Ha
120 simpax. OctaBmmmecs 380 yacoB JaHHBIE OYAYT HAKaIJIMBATHCS C 3PPEKTUBHOCTHIO
100%. Ilocne 3aBepilieHHs] PKCOEPUMEHTA, T.€. OKOHYAHUSI HaOOpa JaHHBIX, MOJIHAS
00paboTka 3aganuii Oynet ocymiectBiaaThest Ha 1000 sigpax.

MopnenupoBasiuch  J1B€  cTpaTeruv  nogaitioBoil  00pabOTKH  COOBITHIA:
HeMeieHHass oOpabotka 100% coObiTuit  Kaxkaoro (aiina, 4YTO TPHUBEIAET K
HAKOIUICHHIO OOJbIION ouepenu HeoOpaOOTaHHBIX COOBITHI, KOTOpbIE MNPUAETCA
oOpabaTbiBaTh MOTOM IOCJIE€ OKOHYAHMs ceaHca, wiu oOpaborka Toibko 50%, T.e.
Ka)XJI0T0 BTOPOTO COOBITHSA, YTO CYIIECTBEHHO YMEHBIIUT ouepenn (puc. 8). OnHo
coObITHE B cpeaHeM oOpadateiBaeTcs 1 c., 32 OAMH 3allyCK 3KCHEPUMEHTA MOJIYYEHO
2500000 daitnoB u 00paboTKa COOBITUM OCYHIECTBISETCS OJHOBPEMEHHO C HX
MOCTYIUICHHEM. DTO 3HAYHT, YTO MOTPEOyeTCs HEKOTOPOE KOJIMYECTBO BPEMEHH MOCIIE
OKOHYAHMSI DJKCIEPUMEHTA, YTOOBI TMOJTHOCThIO 00paboTaTh BCE TMOCTYIMUBIINE
coObITHsi. MonenupoBaHue 3THX JBYX CTpaTerHil TOKaszalo, 4TO NpU 00padoTKe
Kaxaoro coOeitust B daine (100% coObiThi) TOCIe OKOHYAaHUS DSKCIEPUMEHTA
notpedyercss 2000 dacoB, 4TOOBI 3aKOHYHTH O0pPabOTKYy Bcex coObITHil. Eciu xe
oOpabatbiBaTh Kaxjaoe BTopoe coObithe (50%), TO myisi 3aBepiieHus 0O0pabOTKU
notpedyercs Toabko 500 yacos.

Ha 6a3e paspaboranHoro mnporpammHoro obtecredenus SyMSIim mposeneHo
MPOCKTUPOBAHKUE BBIUUCIUTEIHLHOTO KOMIUIEKCA MO MpHEeMy M 00pabOTKe NaHHBIX C
skcriepuMenTa BM@N. MopaenrpoBanre MO3BONHIIO OMPEACIUTh MPEANnoIaraeMyro
3arpy3Ky KaHaja CBSI3M, KOJIMYECTBO siep JUId IOJHOW M JKcIpecc oO0paboTKu
3a/1aHuid, TpeOyeMbIil 00BEM PECYPCOB XpaHEHUS JAHHBIX.
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Puc. 8. /IBa cuienapusi 00pabOTKH COOBITHIA

Mooenuposanue sviuucnenuit MPI-npunosicenuti Ha oonraunol ungpacmpykmype

Ha ©6a3e BwiuuciautensHoro uentpa OUWAN  paspaGotan mapaienbHBbIM
QITOPUTM W COOTBETCTBYIOIIMM KOMIUIEKC MPOrpamMM JUisl  MOJEIUPOBAHUS
CBEPXITPOBOJISIIINX MPOIECCOB B CUCTEME JUIMHHBIX J03€(COHOBCKHUX IMEPEXO0JIOB C
ucnons3oBanueM texHojgorun MPI (manee JIJIII-monenupoBanue). Hamvune B JIAT
oOnmayHOW  MHQPPACTPYKTYphl  TO3BOMWIO  TepeHectn  BoimoiHenue  JJII1-
MOJICIUPOBaHUsI B 00NayHyro cpemy. [ns onTuMuzamuu cXembl MapajuiebHbBIX
BBIYMCIICHUM HEOOXOAMMO IMPOTECTUPOBATH padOTy airopuTMa IpU Pa3TMYHBIX
COUETAHUAX IMapaMeTPOB OOOPYIOBaHHUA, KOJMYECTBA MPOIECCOPOB U ypOBHEH
pacniapayienuBanus. Takum oOpa3oMm, BO3HHMKAeT TMpoOsiemMa OIEHKU BIUSHUS
pa3IMuHbIX (DAKTOPOB TETEPOreHHOW Ccpeabl (YacTOThl MpoIEeccopa, IPOITYCKHOM
CIIOCOOHOCTH KOMMYHHUKAIIMOHHOW CeTH, €€ JJATEHTHOCTH) Ha CKOPOCTh BBIYMCIICHUM
KOHKPETHOM 3a/1aun. DTy npobsieMy MpeajaraeTcs peumarb METOI0M UMUTAITUOHHOTO
MOJIETUPOBAHUA.

JIst MOZIeTUPOBaHUST BEIUUCITUTEIBHBIX MPOIIECCOB, UCTIONB3YIONTUX UHTEpdEic
MPI, Obu1 mpumMeHeH KoMmIuieke SyMSim. OpuruHaibHOCTh MpeIaraéMoro mojaxo/ia
3aKJII0OYAETCS B TOM, YTO MPUMEHSIETCS JUCKPETHOE MOJEIUPOBAHUE COOBITHI, UYTO
MO3BOJISIET B paMKax €IMHOrO0 TOAXOJa OmNucaTh MPOTPAMMHBIM KOMILIEKC,
ucnonb3yromuii uarepgdeiicel MPI kak Ha HECKOJIBKUX SapaX, B paMKax OJHOIO
cepBepa, TaKk U BHUPTYaJbHbIC MAaIIMHBI, B3aUMOJICUCTBYIOLIME MEXKAY COOOU B
obOnauyHol apxutektrype. [lomuron mpenactaBisii U3 ceds KOP3WMHY C 8 JIE3BUSIMU,
Kaxaoe u3 Kotopeix — 310 cepBep Dell PowerEdge FC430 ¢ 48 sapamm (nBa
npoieccopa Intel(R) Xeon(R) CPU E5-2680 v3 @ 2.50GHz) u 256 I'b O3V, a Takxke
nBa SSD nucka no 256 I'b). CepBepa BHYTpHU 3TOil KOP3UHBI B3aUMOACHCTBYIOT MEXKIY
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cobort uepes Ethernet cers ¢ mnpomyckHo#t cmocobHOocThIO 10 T'6mt/c. bbin
ocyuiecTBieH 3amyck 10 mporoHos, npu GUKCUPOBAaHHOM KOJIMYECTBE KOHTAaKTOB 10 1
U3MEHSIOMIEMCSl KOJIMYECTBE Y3JIOB B MapajieIbHOM 00sayHoM kiactepe oT 1 g0 10 ¢
marom 1 (t.e. 10 koHTakToB Ha 1 y31e, 10 koOHTaKTOB Ha 2 y371ax U T.A4. 10 KOHTaKTOB
Ha 10 y3nax). JlecaTuKkpaTHble HOBTOPEHUS MO3BOJISIIM MOJYYUTh CPEHEE BPEMS U €TI0
pa3dbpoc UIs KaXJ0ro KOJWYeCcTBa pabOuyuX Y3JIOB MapajlieIbHOTO KiacTepa Mpu
JAII-monenupoBanuu ¢ 10 kOHTaKTamu.

[Ipuy  mocrpoennn wmoxenmu 1marun  anroput™a  JJIII-monenmnpoBanus
UHTEPIPETUPYIOTCA KAaK HECKOJbKO TMOTOKOB 3aJaHuil. KoOJIM4ecTBO IMOTOKOB
COBIAJAeT C KOJMYECTBOM TMPOIECCOPOB, W KAXKIbIM TOTOK oOpabaTbiBaeTcs
Ha3HAYEHHBIM €My MpoleccopoM. 3aiaHue (Iar aJropuTMa) MOKET BBIMOJHSATHCS
TOJIBKO TIOCTIE TOTYYeHHs] HH(POpPMAIMK OT MPEABLIYIIHNX IIaroB.

[TycTh mapanuenbHble IPOLECCH MPOHYMEPOBAHKI OT | 10 N, YKCIIO UTepauu 7.
Ha mnepBoM mare —Bce MpoLEcChl 3allyCKarOTCs OAHOBpeMeHHO. [Ipomecc m Ha
TEKYLIEH UTepaluu t MOKET OBbITh 3aIylIEH, €CJIM OH MOJIY4YWJ JaHHbIE OT Ipolecca
m — 1, BBIIIOJIHEHHOT'O Ha UTepauuu t — 1. Kpome Toro, cymecTByer npouecce, KOTopbli
JOJDKEH IOJIYYUTh JaHHBIE OT BCEX IPOLECCOB 0 OKOHYAHWM MOCIEIHEN UTEpaLUH.
Bpemss  pacuera  OIHOM  WTEpaluu  ONPEACIAECTCS  CIyYalHBIM  YHUCIIOM,
pacupeiesIeHHbIM 110 HOPMaJIbHOMY 3aKOHY C M3BECTHBIM CPEIHHUM 3HaueHuem. llpu
TaKMX YNPOUICHUSX BBIYUCICHHUS MOXHO TMPEACTaBUTh B TEPMUHAX MOJEIH
cnenyromuM odpazom. [Iporiecc HaxoAUTCA B COCTOSIHUM OKUIAHUSA 10 TEX MOp, MOKa
HE TO0JIy4aeT CUTHaJl O TOTOBHOCTH JaHHBIX. Ilociie oxkoH4aHusi paboTHI mpouecca
4yepe3 CIy4allHblii NMPOMEXYTOK BPEMEHHM MPOLECC NMOCBHUIAET CUTHAI O HAJIWYUU
JAHHBIX BCEM OCTaJbHBIM IpoueccaM. Ilocime 3Toro uMuTHpyeTcs nepenada JTaHHbIX
OT OJHOTO IIpoliecca K APYroMy, W ajaropuTM Iponospkaercsd. s mMopennpoBaHus
TaKoW CTPYKTyphl NOTpeboBanach He3HAYUTENbHAs MoAu(UKaius 0a30BOM BEpCHH
SyMSim, B KOTOpoH 3agaHusi paccMaTpUBAIOTCS Kak He3aBucumble. [[ns yuéra
3a/IepKEK, CBS3aHHBIX C TMOATOTOBKOM OydepoB wuHpopmanmuu K Inepenaye, B
porpaMMy  BBOJMJIMCH  JOINOJHUTENIbHBIE  BEIMYMHBI  3aJEPKEK, KOTOpbIC
ONPENEISUIMCH 110 PA3HULIE BPEMEHH BBINIOJIHEHHS Ha OHOM U JBYX IIPOLIECCOpax.

JInst  cpaBHEHHs ~ PE3yJIbTATOB ~ MMUTALMOHHOTO  MOJEIMPOBAaHHA  C
HKCIIEPUMEHTOM OBbLI HCIOJB30BaH aHAJUTHUECKUHW TMOAXOA TMpHU  CIEAYIOLINX
YIPOLIAOIIUX MPEAIOIOKECHHUIX:

— CymMma KoardecTBa onepaluid, BEITOJIHIAEMbIX JJI MOJTHOTO pacyeTa, NOCTOsSHHA

Y HE 3aBHCHUT OT KOJIMYECTBA MPOIECCOPOB;

— IlpomyckHas cnocoOHOCTP KOMMYHHMKAIlMOHHOM Cpelbl TaKoBa, 4YTO BpeMs
oOMeHa nH(popMalel He 3aBUCUT OT KOJIMYECTBA MPOIECCOPOB;
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— Pasmep Oydepa oOMEeHa TIOCTOSHHBIH W HE 3aBUCUT OT KOJUYECTBA
IIPOLIECCOPOB;
— KousmmuecTBo utepanuii MOCTOSIHHO U HE 3aBUCUT OT KOJIMYECTBA MPOLECCOPOB;
— Bpewms, 3arpadeHHOE IPOTpaMMOW [0 Hadaja WTEpalud M IOCIe HX
3aBEpUICHMS], MAJIO U UM MOXHO IIPEeHEOPEYb.
Bpemsa pacdera 1mpsMO NPONOPLMOHAIBHO BpPEMEHHBIM 3aTparaM Ha
BBINIOJIHEHUE BCEX UTEpalMii 1 0O0paTHO MPONOPLHUOHAIBHO YHCIY IPOLECCOPOB, a C
y4eToM 3aTpat Ha Oy(epu3aiuio JaHHBIX MOIy4aeM MpoCcTyio GopMyIy:

Tyl _
T=224] (1)

st n > 1, rie n — KOJMYECTBO MPOLIECCOPOB, T, — BpeMsi, KOTOPOE 3aTPATUT
OJIH TIPOIIECCOp Ha OJIHY UTepaiuio 0e3 ydeta oOMeHa, | — KOJIMYECTBO UTEpaluii,
t — Bpemsi mepenaun OydepoB MeXIy Ipolieccopamu 3a urepanuio. JlaHHbIE,
MOJTyYEHHbIC NPU MOJICTIUPOBAHUM, AHATUTUYECKHU U B PE3YyJIbTaTe TECTOBBIX MPOTOHOB
3agaun JI/{I1-MonenupoBanusi, mpeIcTaBiICHBI HIKE (puUcC. 9).
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Puc. 9. CpaBHEeHE HNMUTAMOHHOM Y aHAJIMTUYECKOW MOJIENN C PE3YIbTaTaMM TECTA

CpaBHEHUE pe3yJIbTATOB, NMOJYYEHHBIX IMIIUPUYECKUM IIYyTEM, C pE3yJibTaTaMu
MMUTALMOHHOTO MOJEIMPOBAHMS I10KA3aJI0, YTO MMHUTALIMOHHAS MOJEIb KOPPEKTHO
MOJEIUPYET NapajuIeIbHbIE PACUEThl, BBINOJHEHHBIE C MCIIOJIB30BAHUEM TEXHOJIOIMHU
MPI, u nmonTBepauiI0 peKOMEHIAIMIO, YTO Il OBICTPOTO CUETa 3a7a4 TaKOro Kiacca
HEOOXOJMMO OJHOBPEMEHHO C YBEJIMYEHUEM YKCIIa MPOILIECCOPOB YBEIUYUBATH
MPOIYCKHYIO CITIOCOOHOCTH ceTu. B cimyuae anropurma JI/{I1-MmonennpoBanus ynanoch
NONY4YUTh (OPMYJY, BBIPAXKAIOLIYI0 3aBUCUMOCTh BPEMEHM pacdera OT YHuCIia
MpoIeccopoB  mpu  pukcupoBaHHOM KoHurypanuu cuctembl. [IpuBenéHubie
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pe3ynbTaThl JIEMOHCTPUPYIOT, YTO MporpaMMmHoe obecredeHrne SyMSim MOXHO
YCHEUIHO MCMOJIb30BaTh ISl OLIEHKA BpeMEHHW BbINoJiHeHWs MPI anmroputmMoB B
o0JayHON Cpelie C Y4eTOM MEXIPOLECCOPHBIX COEAMHEHUN. DTO MO3BOIMUT  O€3
NPOBEJICHUSI CEPUM TECTOBBIX 3allyCKOB B pEaJbHOM KOMIIBIOTEPHOW OOCTaHOBKE
OTIPECTUTH 11eIECO00PAa3ZHOCTh UCIIONIB30BAHUS O00JIAYHON CTPYKTYPHI, ONTUMAIbHOE
KOJIMYECTBO INPOLIECCOPOB IIPU U3BECTHOM THIIE CETH, XapaKTEPU3yeMOU IPOITYCKHON
CHOCOOHOCTBIO M JaTeHTHOCThIO. CoOBHAJEHUE PE3yIbTATOB SKCIEPHUMEHTA,
aHAIUTUYECKOW (QOpPMYIbl M HMMHUTALMOHHOTO MOJCIUPOBAHUS JIEMOHCTPUPYET
NEPCIEKTUBHOCTD MPEIAaracMoro noaxo/ia.
Mooenuposanue sviyuciumenvrnozo yenmpa UOBI (Kumati)
Hay4Hno-uccienoBaTenbCKiuil UHCTUTYT (PU3UKK BBICOKUX JHEPTUM KUTAHCKOM
aKaJeMHH HAayK SIBJIICTCA KPYNHEWIIEeH KUTaWCKOW JiabopaTropHel 10 H3y4YEHHIO
¢u3uku snmeMeHTapHbIX 4actul. IT-undpactpykrypa HMDBD obecneunBaer
MOAJIEPKKY KPYIMHOMAcHITaOHBIX HAay4YHBIX IMPOEKTOB. MOJeIpoBaHUE MPOIIECCOB
MIPOXOXKJIEHUS TMOTOKOB JAHHBIX W 33JaHUil MpU paboTe€ 3TOr0 BBIYUCIUTEIBHOIO
LEHTPa UMEJIO 1IEJIbIO0 BBISIBUTH IPOOJIEMBI, BOSHUKAIOLIUE B X0/1€ 00paOOTKH JaHHBIX.
VYmpomennas cxema [T-undpactpykrypst UOBD npencrasnena Ha puc. 10.

7

Bapuanr 2

Computing Node 2

swl

106
10G6 / 106

3 0

v i Disk Server Disk Server Disk Server )
lapes

iBapuaHT3 | Q_Q Q_ ||

Puc. 10. YopomeHnHas cxema BO3MOKHBIX BAPUAHTOB Pa3BUTHUS BBIYMCIUTEIBHOTO
uentpa UOBO

J{ns BBIOOpa myTeil pa3BUTHUsS BhIUMUCIUTENIbHONU MoiHOocTH BII uiccnenoBanuch
pasznuyHble BapuaHThl 00paboTku AaHHbIX: Ha ¢depme ¢ 500 CPUs (Bapuant 1) u
nobasnenue emie ogHou ¢epmel ¢ 500 CPUs (Bapuant 2). Heckonbko 3aaHuil MOTYT
TpeboBaTh OJMH U TOT ke (paitn. JIyist Toro yToObI 3a/1aHNE HAYaJIO BBITIOJHATHCS, (haiii
JOJKEH OBITh JOCTYTIEH B JJOKAJIBHOM ITyJI€ TUCKOB.

23



[Tpu noGaBnenuu emie ogHON (epMbl 00IIee BpeMs 0KUIAHUS YBEIMYUIOCH Ha
75%, nockonbKy TpeOyercs 3arpy3ka (aityioB Ha 00e (epMbl, U CKOPOCTb 3arpy3Ku
(aliIoB NOCTOSIHHA, YTO JOKAa3bIBAET HEPALIMOHAIBHOCTH 3TOT0 BapuaHTa (Tabnuua 2).

JList 3alaHU |
3¢ (HEeKTUBHOCTH HCIIOJIb30BAHUSA TPOILECCOPOB  OBLIM  MPEATIOKEHBI

YCKOPEHMsI  TIpoliecca  MPOXOKACHUS MOBBIIICHUE
pa3nu4HbIC
pelIeHus, B TOM 4uciie ObUT CMOJICIMPOBAH BapHaHT JA00aBJICHUS POOOTU3UPOBAHHOM

OMOIMOTEKN XpaHEeHUs TaHHBIX (BapuaHT 3, puc. 10).

Tabnuna 2. CpaBHeHHE BpEMEHHU OXKUIaHUS Pa3IMYHBIX BAPHAHTOB

Oob1ee Koa-Bo Koua-Bo 3aaau ¢ [Kos-Bo 3agau Oob1ee
Bp. cueTa |3aaa4y 0e3 0KUJIAHUEM  [C OKHAHUEM BpeMs
(MMH.) |0KMJaHMSI | BBINOJHEHHUS /10 |BBINIOJHEHUS | O:KHAAHMSI
60 MuH. ot 60 MuH. (MHUH.)
Bapuant 1(500 CPU) 1934,1 8567 872 561 1205
Bapuant 2(2*500CPU) 1374,2 7598 1369 1006 2104

Cucrema DAQ nmpuHMMAaeT JaHHBIE O COOBITHSIX C JIETEKTOpa C ONpPEIEICHHON
yacToTol. MoienpoBaHue MO3BOJIMIO ONPEECIUTh 3aBUCUMOCTh O0ILIEro KOJIM4eCTBa
nepelaHHbIX (aillioB oT 3TOM 4acToThl. [IOCKONBKY KOJIMYECTBO IMEpelaBaeMbIX
(haiiyoB TakXke 3aBUCUT OT KOJMYECTBA JPABOB B POOOTHU3MPOBAHHOM JIECHTOYHOU
OoubMoTeke, OblIa CMOJIETMPOBaHA ATa JIBOMHAS 3aBUCUMOCTh. [loka3aHO KOJIMYECTBO
(haitsioB, KoTOphIie coxpanstoTcs B Oydep u3 cucremsl DAQ 0e3 Konuu Ha JICHTHI (MBI
HE MOXXEM YJalIuTh Takue (ailyibl)) U KoJWyecTBO (HaijoB C KOMMEH Ha JICHTE.
MopnenrpoBaHue MoOKa3ajao, YTO IPHU JOCTATOYHOM KOJIMYECTBE APANBOB MBI MOKEM
n30exath ouepeau GaiaoB u 3anucaTh Bee (Dailibl Ha JICHTHI.

[TporpammHbIi HHCTpyMeHTapui SYMSIm ObLI crienuaibHO aganTHPOBAH IS
MOJICTUPOBaHUs HHPPACTPYKTYypbl  BbluHcIUTENbHOTO 1HeHTpa MDBD B Ilekune.
[Tomy4yeHbl KOMMUYECTBEHHBIE XapAKTEPUCTUKH MPOLIECCOB 3aIlycKa 3a1a4 u 00padoTKu
TUTSt IT-undpacTpyKTypshl.

nepenayn AgaHHbIX ¢ DAQ Ha JIGHTOYHBIE DPECYpPCHI XpaHEHUs

MOTOKA  JaHHBIX, HEOOXOJAUMBIX ONTUMU3ALIUU
MonenupoBanue
MO3BOJIMJIO OIEHUTh HEOOXOAMMOE KOJIMYECTBO JIHT [JIS 3aliCH BCEX JaHHBIX.
Pe3ynbTaThl MOAEIUPOBAHMS TOKA3BIBAIOT, YTO MPEIJIOKEHHBIA IMOIXOJ MO3BOJISIET
JaTh PEKOMEH/IAIMU 10 BBIOOPY TOTIOJIOTUU CETHU U XapaKTEPUCTUKAM HEOOXOIUMOTO
000pynoBaHUsI.
B CUILY

MHCTpyMeHTapuil SyMSim MoOXeT ObITh MPUMEHEH JUIsl pelIeHUs HIMPOKOro Kiacca

OOLIIHOCTH  pealu3ald  pa3pabOTaHHBI  MPOrpaMMHBIN
3a/1ay MpY NPOEKTUPOBAHUU U MOAJEPKKE [IEHTPOB 00OPaOOTKHU M XpaHEHUs TaHHBIX B

Pa3TUYHBIX 00JACTSIX.
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B 3axmoueHun copMyaupOBaHbI OCHOBHBIE PE3YJIbTAThl TUCCEPTALMOHHON
padoTHI.

1. IlpemnoxxkeH MOAXOJ K MOJEIUPOBAHUIO CUCTEM XpaHEHHs U 00pabOTKH
JAHHBIX, KOTOPBIM IIO3BOJISIET HCIOJB30BaTh pE3yJbTaTbl MOHUTOPHMHIA IS
JTUHAMUYECKON KOPPEKIMH TapaMeTPOB MOJIEIH.

2. C wucmonb30BaHHEM MPENJIOKEHHOTO B JAHUCCEPTAlMUA TOAXOAa CO3IaH
MPOrpaMMHBI  MHCTPYMEHTApUM Uil TNPOBEACHHUS aHaiu3a BapuaHTtoB [T-
UHPPACTPYKTYp C YUYETOM HX 3arpy3kd C IIeJIbI0 BBIPAOOTKM Ha 3TOW OCHOBE
3¢ (EeKTUBHBIX pEIICHUN AJi1 MOCTPOCHHUS paclpelesieHHOM cucTeMbl 00pabOTKU U
XPaHEHMsI TaHHBIX.

3. Ha 06a3e pa3paboTaHHOTO MPOrPaMMHOTO OOECIEUEeHUs] IPOBEIEHO
MOJIETUPOBAHUE BBIYMCIUTENIBHBIX IIEHTPOB it sKcriepumentoB MPD u BM@N
kommuiekca NICA u  BoeiuuciurenbHoro 1eHtpa HW®OBD (IlekuH) u  jgaHbl
pPEKOMEHJauu 1o onTuMu3auu 3Tux IT-HHPpacTpyKTyp € ydyeToM XapaKTepUCTUK
0o00OpyZOBaHus, 4YTO TMOATBEPKICHO OT3bIBAMU Pa3padOTYUMKOB MPOTPAMMHOIO
obecnieuenus skcnepumenta BM@N mpoekra NICA u pykosoactsom BI[ MDBD
IlexuHa.

4. PazpaboTtaHHble METOJbl W IMPOTPAMMHBIE CPEACTBA HCIOIb30BaHbI JIs
MozeupoBanus BeinojHeHus MPI-ipunnoxenuit Ha o6aunoil undpacrtpykrype JIMT
OUSIN, B pe3ynbrare 4yero ompeneseHbl yciaoBusi 3()(PEKTUBHOCTU HCIOJIb30BAHUS
o0nauHbIX UHPPACTPYKTYp 11 poBeaeHust MPI-pacueTos.

YcnemHo npoBefeHHoe MoaenupoBanue IT-uHpacTpykTyp pa3iaudHbIX THIIOB
MOJTBEPXKJIAET MEPCIEKTUBHOCTh JalIbHEHIIEr0 MCIOIb30BaHUs pa3padOTaHHBIX
METO/I0OB, QJITOPUTMOB MW MPOrPaMMHBIX HHCTPYMEHTOB JUIsl pELICHUS 3aaad
NPOEKTUPOBAHUS W TMPOTHO3UPOBAHMUS pPaOOTBHl PpACHpPENEICHHbIX TI'eTEPOTeHHBIX
LIEHTPOB.
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