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AnnoTtamms. Llentp 06padotku aanubix (I[O/]) sBasieTcss Haubosee MPOrpecCHBHOM HopMOit
NPEIOCTAaBICHNS]  BBIYUCIHMTENBHBIX ~ pPECypcoB, Korja  HeoOXoquMo  oOecrneduTh
o0CIy)KMBaHHE IIMPOKOTO Kpyra Iojb3oBarened. B craThe paccmarpuBaeTcss OAWH U3
monxonoB k co3panuio L1O/] — KoHIenms mporpaMMHO-OTIpeaesieMoil HHYPACTPYKTYPHL.
IIporpammHo-onpeenssemoii siBisgercst Takas uHQpactpykrypa IO/, B KoTOpOii Bce ee
KITIOUEBBIE 3JIEMEHTHI — BEIUHCIIUTENBHBIE PECYPChI, CETh, CHCTEMbI XpaHEHHs JaHHBIX H TIp.
BUPTYaJM30BaHHEI W TMPEAOCTABISIIOTCS TIIOJB30BATEISIM KaK CEPBHUCH C  3aJaHHBIM
kauecTBOM. [lokazaHo, 4YTO peanu3anus TnpeayaraeMoil HMHQPACTPYKTYphl MO3BOJSET
obecreunTh BO3MOXKHOCTh Ka)KJJOMYy MOJIb30BaTENIO NMPOJYKTUBHO PEIIaTh CBOU 33aJayd 3a
HpUeMJIeMOe BpeMsl C NpHEMJIEeMBIM YpOBHeM 3arpaT. B cratee Qopmynmpyrorcst obmme
Tpe6OBaHI/I$[, NPpEABABIIAEMBIC K LICHTPaM O6pa6OTKl/I JaHHBIX MCXXBCIAOMCTBCHHOI'O ypOBHS[,
MpeiaraloTcs METOABl CO3/aHusl ImporpamMmHo-onpernensiemoro 1[OJ] (pa3BepThiBaHHe
BBIYUCIUTENBHBIX  TUIATPOPM, OOECIeYHBAIOMINX MAaKCHMAIBHOE TIEPEUCIIONE30BaHNE
anmapartypbl, o0ecriedeHne TOMEPKKH BBIIOJHEHHS MPOTPaMM pPa3HBIX KIJIACCOB 33/1a4 H
TIp.) ¥ OTIMCHIBAFOTCS pealli3aliui HHPPACTPYKTYP JAHHOTO KiIacca B KOHKPETHBIX IPOEKTaX.

KnaroueBble ciaoBa: mporpammHo-onpenensemsle 1[OJ];  oOmaunHble  BBIYMCIICHUS,
pacIipeieJIeHHbIC BHIUMCICHUS; BUPTYaJIn3alus
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1. BeedeHue

B Hactosmee Bpems Hambonee d¢p¢ekTuBHONH (GOpMOH TpEAOCTaBICHHUS

BBIYUCITUTEIHFHBIX PECypCOB IS OOCIYXXMBAHUS IIUPOKOTO KPyTa IIOJB30BaTElICH

saBIsieTcs eHTp oopabdotku manuex (LIOJ) [1].

O/l MeXxBeJOMCTBEHHOTO YPOBHSI HMEET CIEAYIOMIIE 0COOCHHOCTH:

e  00CIyXHMBAIOTCS 3aIPOCHI HA UCIIOJHCHHUE TIOTOKA 33]1a4, OTHOCSIIUXCS K
Pa3HbIM KJ1accaM;

e  JIOITyCKAIOTCS 3alPOCHI OT MOJIb30BATEIICH Pa3HOTO YPOBHS OATOTOBKH;

e  KJIacc 3aJaud M YPOBEHB MOATOTOBKH IOJIB30BATENS OMPEHCISIOTCS B MOMEHT
oOpamenns B MmexxBegoMcTBeHHBIN IO/,

I[Ipu »s1OoM Kk wMexBegoMcTBeHHOMY I[[OJ] mpeabsBisercs OMOTHUTEIHHOE

TpeOOBaHWE: MO  HEOOXOIMMOCTH  O0OECHEeYWTh  KaXIOro  MOJBH30BATEIA

BO3MOXKHOCTBIO TPOAYKTUBHO pemaTh CBOW 3aJadd. I[IpOMYKTUBHOCTBIO MBI

Ha3bIBa€M BO3MOKHOCTh KaYECTBEHHOTO PEIICHUS 3a7add 3a IpHUeMIIEeMOe BpeMs U

Ha TPHEMJICMOM YPOBHE 3aTpar.

KauecTBo pemeHns 3amaud ¢ TOYKH 3PCHUS IMPEJOCTABIIEMBIX BO3MOXHOCTEH

BKITIOYAeT YHOOHBIM MHTepdelic, obeceunBarOmuii BO3MOKHOCTh TOYHO OIHCATh

TpeboBaHus 3amadn k ammaparype LIO/], a takxe Bo3moxkrHocTn L[OJl amexkBaTHO

00eCTeYnTh ITH TPEOOBAHMUSL.

[Ipuemiemoe BpeMs CKIAQABIBACTCS W3 BPEMEHHU pEIICHHS 33/a4d, BpPEMCHH

OKUJIaHUS HA OpraHW3aldl0 IUIATPOPMBI MO TPEeOOBAaHUSAM IMOJH30BATENS U

BpPEMEHU MPENOCTABICHUS JOCTYTA K IIaThopme.

[IpuemMieMsIil ypoBeHB 3aTpat cBs3aH ¢ 3¢ GekTHBHOHN dopmoii opranuzarmu L[O/],

KOTJa ammaparypa MaKCHUMAalbHO MEPEUCIIONb3YeTCsl NPU BEIIOJHESHHH Pa3HOTO

KJ1acca 3a/1a4 py COOTIOACHUH YCIIOBUS KAYECTBEHHOTO PEIIECHHUS.

3amada CTaTbW COCTOMT B TOM, YTOOBI KOHKPETH3MPOBaTH OOIMIME TpeOOBaHUS B

TUIAaHe OpraHu3amuu MexBenoMcTBeHHoro [IOJ], a WMEHHO OTBETHTh Ha

CIIEYIOIIHE BOTIPOCHL:

®  METOJbl pa3BEPTHIBAHUS BEIYUCIUTENLHBIX IIATPOPM MEXKBEIOMCTBEHHOTO
IO/, oGecnieunBaronue MakKCUMaIbHOE TIEPEUCTIONH30BAHHE arapaTyphl;

e  ycrnojib3yemMas anmnaparypa, crnocoOHas 3G hexkTHBHO 00ecIeunTh ITOAIEPKKY
BBINTOJTHEHHS IPOTpaMMa U3 KJIacCOB 3a/1a4;

®  HCHOJB3YEMBIH CTEK CHCTEMHOTO MPOTPAMMHOTO OOECTICYECHHSI.

2. Obwue mpeboegaHusi MexeedOMCMEEHHO20 yeHmpa
KOJIJIeKmU8HO20 Mosib308aHusi o6uje2o HasHa4yeHus!

OCHOBHBIC KJIaCChI 33]1a4, Ha MOIICPIKKY BBITOJHCHHUS KOTOPBIX MPUXOIST 3aIIPOCHI
B IO/ [2]:
e  BeruuciurenbHbIe 3amaun (MPI, CUDA, OpenMP);
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e  3aj1a4u HCKyccTBeHHOro nHreswiekra (Machine Learning);

e  BcrpoenHsle Beruucienus (Embedded Computing);

e  3a3j1a4u 00pabOTKH rpaduKy;

e  yIpaBJICHHE U aHAIN3 OOJIBIINX JAHHBIX.

OmnpenenuM oOuye TpeOOBaHMS, NPEIbSBIIEMble K IEHTPaM KOJUIEKTHBHOTO
MOJIB30BAHUSL MEXBEJOMCTBEHHOTO YpPOBHsS. LIGHTp KOJUIEKTMBHOTO IOJIb30BAHMS
JIOJDKEH:

e  oOecneynTh BO3MOXHOCTB IOJICP)KKH PEIICHNS] MAKCUMAJIBHOTO YHCIIa
KJIacCcOB 3a/1a4;

e  obOecneunTh 3(h(HEKTHBHOE HUCIIONB30BaHUE ANNapaTyphl (KOHCOIUAAIMS
BBIYHCIIUTENICH, CHCTEM XpaHEHUsI, KaHaJIOB ceTel, 00ecTieunTh BO3MOKHOCTh
MepEeHCII0Ib30BaHMUS OJIHOM aIaparypsl o]l pa3Hble 331a4H, C yIeTOM
0COOBIX TPEOOBaHMIT K CHCTEMHOMY OKPY>KEHHIO);

e  oOecneynTh BO3MOXKHOCTB OBICTPOro AOCTYIA MOIB30BATEN K alnaparype,
HACTPOCHHOM B COOTBETCTBHHM C TPEOOBAHUSIMH €0 3a/1auu (IOCTYII K
anmapaTtype Ha ypOBHE FOTOBBIX IUIAT(HOPM, NPUII0KEHHUIT)

e  oOecneynTh BO3MOXKHOCTB JJOCTYIIA K alllapaType B CEPBUCHON MOAEIN
(moctym o 3ampocy)

e  oOecne4ynTh 33/IaHHBII YPOBEHb KauecTBa 00CITYKHBaHHUS;

e  o0ecreynTh BBICOKHH YPOBEHb MPOJLYKTHBHOCTH;

e  obecneynTs O€30MACHOCTh HAa BCEX YPOBHAX.

3. KoHuenuyusi npozpammHo-onpedensiemozo LJOO

CoBpeMEHHBIM TOJIX0JIOM K CO3[JaHUI0 BBIYHCINTENbHOH MHOpacTpykTypbl LIKII,

KOTOPBIH MO3BOJISICT YAOBICTBOPUTH BCEM MOCTABICHHBIM TPEOOBAHUSIM, SBJISICTCS

HCIIONIE30BAaHUE KOHIENIHUN MPOTPAMMHO-OTPENCISIEMOTO IICHTpa 00paboTKu

nansbix [3], [4], [5]-

[IporpamMMHO-OnpeeTsIEeMBIM SBISIETCS LEHTP 00paOOTKU TAHHBIX B KOTOPOM BCE

2JIEMEHTHI BRIYUCIUTEIBHON HHPPACTPYKTYPBI — CETh, CHCTEMBI XPAaHCHUS JaHHBIX,

BBIUHUCIUTENbHBIE  PECYpChbl, TMNPWIOKEHHS W Mp. BUPTYAIU30BaHHBI U

MPEIOCTABIISAIOTCS KaK CEPBUCHI C 3a/IaHHBIM Kau€CTBOM.

Bupryanuzamus sBiseTcs KIFOYEBOW TEXHOJOTHEH, (HOpMUpYIOMIEH MPOrpaMMHO-

OIpeneNsieMblid [EHTp OOpaOOTKM HaHHBIX. MOXKHO BBIJCIUTh TPU OCHOBHBIX

0JI0Ka, U3 KOTOPBIX CTPOUTCS MpOorpaMMHO-onpeaensieMbrii L{O/I.

e Bupryammzamus cepBepoB IO3BOJISIET CKPBITh OCOOCHHOCTH ammapaTHOM
peanu3alii  KOHKPETHOTO (DHU3UYECKOTO CcepBepa, MPEAOCTaBISAS Pa3HBIM
10JIb30BATENISIM TOCTYI K €r0 BHIYMCIUTENBbHBIM pecypcaM (BbIUHUCIUTEIbHBIM
sIIpaM  [poIieccopa, ONEPATHBHOM MaMATH | Mp.) B YHH(DHIMPOBAHHOM BHIE,
oOecrieynBasi MPY TOM TOJHYIO U30JISALHUIO NX BBIYHCICHUH.

e  Bupryanuzamus ceTH MO3BOJSET YNPABIATh CETEBBIMU pPECypcaMu IyTeM
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pasfeneHus JOCTYNHOMW MIMPOTHl MPOIMYCKAaHHs Ha HE3aBUCHUMBIE KaHAIIbI,
KOTOpPBIE MOT'YT Ha3HAYaThCs MM MEePEHa3HA4yaThCs MO 3alpocaM KOHKPETHBIM
BUPTyaJIbHBIM CEpPBEPaM B pEaIbHOM PEXHUMe BPEMEHH.

e  Bupryamuzanusi CHCTEM XpaHEHMs IaHHBIX MO3BOJISIET c(OPMUPOBATH TIO
3ampocy M3 HECKOJNBKUX (DU3UUECKUX, OOBEIMHEHHBIX CETHI0 XPaHMIIWIIL,
€IMHOE YCTPOWCTBO XpaHEHWS [IaHHBIX, KOTOPOE MOXET OBITh Ha3HAUYCHO
KOHKPETHOMY BHPTYalIbHOMY CEPBEpY.

Ha ocHoBe »Tux OJIOKOB CTpOSTCS CEPBUCHI OOJIee BBICOKOTO YPOBHSI — YpPOBHS
CTHELUAIN3UPOBAHHBIX  IUIATGOPM:  BHPTYaJbHBIH  BBICOKONPOU3BOIAMTEIbHBIH
kinactep (HPC-ximacrep), BUPTyanbHBIA KJIacTep XpaHEHUS W 00pabOTKH OOIBIITNX
manebIX (BigData-kmactep), BupTyadpHas Iiat@opMa MAIIMHHOTO OOydYeHUS,
BUPTyaJIbHAs pepMa BU3yAIN3ALMU | TIp.

Ha 6aze BUPTYaJIN3UPOBAHHBIX BBIYHCIUTEIBHBIX pecypcoB "
CTHEIUATN3UPOBAHHBIX IUIATGOPM MOTYT OBITh Pa3BEPHYTHI MNPWIOKECHUS WIH
NPUKJIAAHBIE HH)OPMALMOHHBIE CUCTEMBI, TIPEUIAralollie PeIeHNs B KOHKPETHBIX
NPUKJIAAHBIX  00JacTIX:  web-mabopaTopuyl  MH)XKMHUPHHTOBBIX — KOMITAHHWH,
wiaT(opMbl aHAIN3a COMANBHBIX CeTeH, IaT(opMBbI IPOMBIIIIIEHHOTO MHTEpHEeTA
BeLIEH U mp.

OmHMM W3 OCHOBHBIX MPEUMYIIECTB TAKOTO IOAXOJa SBISETCS IIOJHAS
aBTOMATH3alMsl BCEX PYTHHHBIX (yHKOMH, CBS3aHHBIX C  ONEPALHOHHBIM
ynpasinenueM UT-undpactpykrypoit 3a cdeT BO3MOXXHOCTH pEaM30BaTh
CHeUUaJbHbIi  YpOBEHb, OTBEUAIONIMH 32  OM3HEC-JIOTMKY  yNpaBJICHUs
BUPTYQJIM3UPOBAHHBIMU pecypcaMH. OTOT ypPOBEHb OO0ECIeUUBAET TPAHCIISLHUIO
3alpOCOB  HAa  pas3BepThIBAHHUE 110 33JIaHHBIM  [apaMeTpaM  KOHKPETHBIX
BBIYHMCIIUTEIIBHBIX CEPBUCOB MporpaMMHo-onpeaensiemoro 1O/l u npenocrasienue
K HUM JIOCTYTIA.

Takas opranmsanus [1OJ] mo3BonsieT oOecnednTh BBICOKYIO CTEMEHb THOKOCTH
(nmepeucrionbp30BaHUE AaNMapaTHbIX CPEACTB JJsl BBHIIOJHEHHS MPUIOKEHUH C
pa3MYHBIMM  TPEOOBaHUSIMM K HACTPOMKAM CHUCTEMHOTO OKDPYXXCHHS) IO
CPaBHEHUIO C TPaJUIMOHHBIM ITOJIXO/IOM, a TAK)KE HCIOJIb30BaTh MIACTUYHOCTh —
BO3MOKHOCTb PaBHOMEPHO paclpesieNsiTh TEKYIIYI0 BBIYHCIUTEIbHYIO Harpys3Ky
HE3aBUCHMO OT ocoOeHHocTel opraHmzanmu ¢uzndeckod UT-unppacTpykTypsl,
MOJIETH 00JIaYHBIX BBIYHCIICHHUH.

Bplcoknii  ypoBeHb MacmITabMpyeMOCTH TNporpaMMmHo-onpenensiemoro L1O/]
MO3BOJISIET  MPO3PAYHO  HApaIMBAaTh BBIYHUCIUTEIBHBIE PECYPCHI, CHCTEMBI
XpaHeHMs, KaHalbl OOMEHa JaHHBIMM IO Mepe BO3pacTaHus TpPeOOBaHMH K HX
o0bemy.
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4. Apxumekmypa npo2paMmMmHo-onpedensemozo LJO4

Apxutektypy mnporpammHo-onpenenseMoro I[OJ[ MoXHO pa3genuTb Ha TpH
JOTUYECKUX YPOBHS: YPOBEHb amNapaTypbl, YPOBEHb BHPTyalH3allid, ypPOBEHb
YTIPaBIECHUSL.

4.1 YpoBeHb annapartyphbl

YpoBens ammapaTypsl TporpammHO-ompenensemoro LIOJ] Bkmrodaer B celOs
obopynoBanue (cepmepa, cuctembl xpaneHusi, GPU yckopurenn, cetn oOmeHa
JaHHBIMH W T1p.), KOTOpOE 10 CBOMM XapaKTepPHCTHKaM YIOBIETBOPSCT
TpeOOBaHUAM KIIACCOB 3a[ad KOHEYHHIX IMONIb30BaTeneii, pemaeMsix B LIO/. Takas
amnmaparypa, Kak MpaBHJIO, COCTOUT M3 IIHPOKO PACIPOCTPAHESHHBIX KOMIIOHEHTOB
o01Iero Ha3HAYCHHUS Pa3HBIX MPOU3BOIUTEIICH, YTO 3HAYUTEIHHO CHIDKAET OOMIYIO
ctoumMocTh MT-uHGPACTPYKTYphl M IMO3BOJSCT HUCKIIOUUTH PHUCKH, CBSI3aHHBIC C
TEXHOJIOTHYECKOM 3aBUCHMOCTBIO OT €MHOI0 IIOCTABIIMKA.

YPOBEHB NPUNOAHEHWIA

JANpocH ¢
" TRiH —
MEHAKILHEMWCA - #nac = g

- . - NP EANGEEHAA
- __Tpebopammamn__ - I pp:qu: *

npaexna, WabnoHs —

walbingeon

paspaboTea

OpKecTpaLWA, aBTOMaTHIaLMA

YPOBEHb YMPABNEHWSA @

] BUpTYanusauma | | KOHTEHep-1A

YPOBEHE BUPTYANUIALIMK

‘ ceTb ‘ XpaHUnuLe cepeepa

YPOBEHb AMNMNAPATYPbI

MOHUTOPWHT, KOHTPOMNE

v 5

WH¥EHEPHaA UKD pacTpyKTYpa

De30nNacTHOCTE

Puc. 1. Apxumexmypa npocpammmno-onpedensemozo L{OJ]
Fig. 1. Software-defined data center architecture
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B 3aBucuMoOCTH OT KJIaCCOB pelacMbIX 3ajad OTENIbHbIE CEpBEPhl 0ObEANHSIIOTCS B
Bigdata-knactepsl, depmbl Bu3yamu3aiuu, amnmapatHbie MIATGOPMBI MOAICPIKKH
MAalIMHHOTO OOYYeHHMs W Tp. B COOTBETCTBUM C TpeOOBaHUSIMH K 0a30BOM
apXUTEKType NaHHBIX BEYHCIHTENei. Hampumep, s peiieHust 3ajad aHaiuza
OoNpmMX JaHHBIX B MOZENH in-memory B y3mel BigData-kmactepa
yCTaHaBIHBaeTcsa 0OIBIION 00beM orepaTHBHOM mamsaTH (ot 512 GB).

Jnist moayiep KKK pereHns 3a1a4d Kiacca UCKYCCTBEHHOTO MHTEIUIEKTa (hH3MYEeCKUit
yposenb 11O/l momkeH UMETh B CBOEM COCTaBe CepBepa ¢ IMMHOM 0OMeHa JaHHBIM
NVLink u rpadmuecknmu yckopuremsamu taria GPU NVIDIA V100.

KomnoneHTsl XxpaneHuss MoryT ObITh peanm3oBaHel kak SAN, NAS wmmm DAS
XpaHWIMINA JAaHHBIX. B 3aBHCMMOCTH OT Kjlacca peIIaeMbIX 3alad B KadeCTBE
(U3MYECKUX YCTPOWCTB XpaHEHMSI MOTYT HCIOJIB30BaThCcs Kak auckoBbie (HDD),
Tak W TBepHoTedbHbIe Hakomutenu (SSD) m mx coueranme. Hampumep, mis
pelIeHusT 3a/1a4, CBA3aHHBIX cO COOPOM M aHAIWTHUKOW OONBIIMX IAaHHBIX, Ha
cepBepax JIOKaJbHO YCTAHABIMBAIOTCS JUCKOBBIC IIOACHUCTEMBI OOJaTaroIye
3Ha4uTEIbHBIM 00beMoM (oT 16 TB), mpoumsBogurenvHbie n Hagexusile RAID-
KOHTPOJIJIEPHI, a IJIsI BBICOKOIIPOU3BOJUTCIbHBIX BBIYHCIICHUM B 06HaCTI/I He(bTI/I )44
raza TpeOyeTcs BBICOKOHaJEKHOE (C TIYyOMHOM pelIMKanuy JaHHBIX 3)
pacnpeseneHHoe (ailiioBoe XpaHHIHIIE, oOecreunBarolee napawiedbHbIi BBOJI-
BBIBOJI I MMEIOIIIEE B CBOEM COCTaBE KaK JMCKOBBIC pa3felibl OOLIero Ha3HAuYeHHs
Ha  HakomuTemsx  Tupa  NL-SAS, Tak u  paszgensi, o0OJaarorme
CBEPXIPON3BOIUTEIEHBIMH XapaKTEPUCTHKAMH Ha OCHOBE Hakomutenei SSD.
CeteBble KOMITIOHEHTHI IporpamMmmHo-omnpenensemoro 1O/] BkmrouatoT gusnueckoe
obOopynoBanue ans obecriedeHHs OOMEHA JaHHBIMH MEXIy BCEMM CepBepaMHu U
cHCTeMaMH XpaHEeHUs IaHHbBIX. AlapaTHoe oOeclieueHne MOXET BKII0YaTh B ceds
KOMMYTaTOpbl, MapUIpyTH3aTOPbl, NUII036I M JIIOObIE Jpyrue KOMIIOHEHTBHI,
HeoOxomumble Ui moxnepxku pemenns B L[OJ] Bcex kimaccoB 3amad. Tak,
HarpuMmep, JUId TOJJIEPXKKH BBICOKONPON3BOAUTENBHBIX BBIYUCICHUN  Y3JIBI,
Bxojsimue B cocraB HPC-kmactepa, NOKHBI OBITH JIOTIOJHHUTEILHO COEAWHEHBI
BBICOKOCKOpOCcTHOH ceThio INfiniband ¢ mm3koii maTeHTHOCTHIO M 3a/iepiKKaMH, a
cepBepa Big-Data-kmactepa IOJDKHBI OBITh COEIMHEHBI CETHIO C  BBICOKOM
MpOMycKHOU criocoOHOCTRIO (0T 40 Gbs).

4.2 YpoBeHb BUpTyanusauum

ypOBCHB BUPTyaJIU3allMUu ABJIACTCA KIHOYEBBIM B OpraHu3alyd HPOrpaMMHO-
onpeaensiemoro 110JI. Ha pgamHOM ypoBHE peanu3yercs CIoW aOCTpakiud,
OTACIAIOMNNA OT (DU3UUECKOrO cepBepa BBIYMCIHUTENBHBIE sIpa Ipolleccopa H
naMsiTh, KOTOpbIe B JajbHEHIIEM MNPEAOCTABISIOTCS, KaK MYJbl JIOTHYECKUX
BBIYHCIIUTEIbHBIX KOMIOHEHT. Takum 00pa3oM, QU3HUUECKHUI YPOBEHb allapaTyphbl
CKPBIT OT TPWIOXKEHHWH, W IS CBOEr0 BBINOJHEHHS OHH HCIOJIB3YIOT
UCKJTFOYUTETHHO BUPTYATH30BAHHBIC MIPOIECCOPHI U TTAMSTh.
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SlnpoM ypoBHSI BUPTYyalM3allMy SBISIETCS TUIIEPBU30P — MIPOrpaMMa, Peasin3yromas
OJTHOBPEMEHHOE, U30JIMPOBAHHOE BBINOJHEHUE BUPTYAIN3UPOBAHHBIX PECYPCOB Ha
OJTHOM M TOM e ammaparype. ['mnepBu3op Takxke obecreynBaeT repeBoj Habopa
KOMaH]l BUPTYaJIbHOW MalIMHBI B HA0Op KOMaH/ LeJIeBOH anmapaTypel.
Bupryanuzanus XpaHWIMI TaKke aOCTparupyer OCHOBHbIE —(usnueckue
YCTPOWCTBa XpaHEHWs, CKpbIBas OT MPWIOKEHHH cneuuuky 0a30BOro
000pyIOBaHUs ¥ TIPEJCTaBISAs 110 3aIpOCy JOCTYMHOE XpaHUIHIIE (OJIOYHOE HIIH
00BEKTHOE) B BUJIE JIOTHIECKOTO ITyJIa PECYPCOB.

Bupryanuzanus ceteld NO3BOJISIET  pa3leNATh  (PU3MYECKYI0  MPOIYCKHYIO
CIIOCOOHOCTh Ha HE3aBHCHMBIEC KaHaIIbl, KOTOPBIE B AJTbHEHIIIEM MOYKHO Ha3HA4aTh
WM TepeHa3HavyaTh, MOAKIIOYAs BUPTyaJbHbIE cepBepa Ul KOHKPETHBIX Pabounx
Harpy30K B peXXHMe peabHOr0 BPEMEHH.

B ejioM, YpPOBCHb BUPTyaJIu3alliu AC€JIA€T BO3MOXKXHBIM rubkoe yIipaBJI€HUEC
YHUQUIMPOBAaHHBIMH ~ peCypcaMd, YTO MOXXET OBITh  HCHOJIB30BaHO  JUIS
ABTOMAaTHUYECKOT'0 PAa3BEPTHIBAHMS IO 3aMPOCY CIOKHBIX IMPOrPaMMHO-aIapaTHBIX
matopM ISl PEIICHUS KOHKPETHBIX MNPHUKIAJHBIX 3aJad C y4eTOM BCEX HX
TpeOOBaHMIA.

4.3 YpoBeHb ynpaBfeHus

Kpome  BupTyanmusanmu — BBIYMCIHMTENBHBIX  PECypcoB,  HH(PACTPYKTypa
nporpamMmHo-onpenensgemoro IO/l  rtakke BKIO4aeT B ce0s  ypOBEHB,
obecrieuynBaOMMN  OpKECTpalio (KOOPAWHALUIO B3aUMOJCHCTBUS HECKOJIBKHX
3JIEMEHTOB  BHUPTyanu3upoBaHHOH WT-mHQpacTpyKTypsl) M  aBTOMAaTH3AIHIO
orepanuii pa3BepThIBAHNA U YIPABICHUS CEPBHCAMHU.
JanHbIil  ypoBeHb oO0OecneuMBaeT IIEHTPAIM30BAaHHOE  YIPaBJICHHE BCEMH
BUPTYQJIM3NPOBAHHBIMU pecypcaMu IporpaMmHo-opuentupoanHoro 1O/l wu
MOJKET paclpefeNsaTh 3TH PECYPChl B COOTBETCTBHH C BO3HHMKAIONIUMH BO BpeMs
BBINOJIHEHNUS TPHIOKEHUH pabounMu Harpy3kaMu, IepeHa3HadaTh Pecypchl IO
Mepe u3MeHeHHs] TpeOoBanwii u mp. JlaHHBIE (QYHKIUU pPEaTu3yIoTCs depes
MPEIOCTaBIIsIEMbIE TAHHBIM YPOBHEM HHCTPYMEHTAIBHBIE CPECTBA.
YpoBeHb ympaBIeHUS TakXKe peau3yeT BO3MOXKHOCTH 10 IPOAKTUBHOMY
MOHUTOPHHTY, OIIOBEIICHWIO W IUIAHHPOBAHHWIO BBIMOJHAEMBIX OIEpanuil, IO
MOJ/Iep)KKEe  PabOTOCIOCOOHOCTH  CEpPBHCOB  BCEX  ypoOBHEH. OTo  maer
agmuaucTpatopoM I[[OJl BO3MOXXHOCTH KOHTPOJHMPOBATH BCE ONEPAlUU IO
u3MeHeHHI0  KoHpurypaunu UT-uHOpacTpyKTypbl, CIE€AWTH 3a YpPOBHEM
NPOU3BOJUTENEHOCTH  CEPBUCOB, COOMpaTh M aHAIM3UPOBATH JIAHHBIE IO
UCIIOJIb30BAaHUIO PECYPCOB.
Kpome Toro, ypoBeHb ympaBleHHS peaju3yeT OW3HEC-JIOTUKY TpaHCIHPYs
TpeOOBaHUS M 3alpOChl NPWIOKEHUI B MHCTpYKuuMM API, xoTOpble BBINOJIHSIOT
oIepalyn OpKeCTpOBKU U aBToMaru3anuu. Yepes API-unrepdeiicsl nporpaMMHbIii
ciol  ypoBHS  ynpamieHus Qopmupyer smementsl  UT-undpactpykrypsl,
HEOOXOAMMBIE JUIsl BBINIOJHEHHS IPWIOKEHWH KOHEYHOTO I0Jb30BaTels B
13
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COOTBCTCTBUU C UX Tpe60BaHI/I${MI/I, a TaKiKC pCaJIM3yCT MOJUTUKU COTJIAIICHU 00

ypoBHe oOciyxuBanus (SLA).

4.4 ®yHKUMOHaNbHbIe U He (PYHKUMOHaNbHbIE TpeboBaHUsA

BrimeckazanHnoe

00001uM

B Buae TaOumun  (QyHKUMOHAJIbHBIE  H

He(l)yHKHI/IOHaJ'H)HLIX Tpe6OBaHHﬁ, MNpCeABABIACMBIX K pe€ajln3allui MPOrpaMMHO-

onpezensemoro LIO/I.

Tabn. 1. Dynkyuonanvhvie mpebosanus

Table 1. Functional requirements

TpedoBanue

Onucanue

Buptryanmuzanus

Peamuzanust nporpammuo-onpeznensiemoro 1O nmomxHa
BKJIFOYATh pEIICHHS, OOCCICYHBAIOIINE BUPTYaTHU3AIHIO H
KOHTCHHEPH3aIMI0 BBIYHUCIUTENBHBIX PECYPCOB, CHCTEM
XpaHEHUs JAHHBIX, CCTH.

MonuTopuHr, cOOp M aHaNIU3
COOBITHH,  ympaBlIeHHE U

HemnpepbIBHBII ~ MOHHTOPHHT  pabOTOCIIOCOOHOCTH U
3arpyKEHHOCTH 00JIaYHON HH(PACTPYKTYPHI, cOOp U aHAIH3

IUIAHUPOBaHUE PECYPCOB ClyqaeB  BO3HMKHOBEHHs c0OO€B, INIAHUPOBAaHHE U
yhpaBJICHUE NIepepacipeieeHUEM PEeCypCoB.
Camoo0ciTy)KnBaHUE u | ABTOMaTH3alys yIpaBieHHWs (BKIIOYEHHE B  KaTaJor,
OpKecTpanus pa3BepThIBaHME, IIPEIOCTaBICHHE MJOCTYIa, KOHTPOIb)
CepBUCAMM U BHUPTYaIbHBIMH pPECypcaMH IPOTPaMMHO-
onpenensiemoro O/,
VYnpasneHue notokamu | OfecrnedyeHre BO3MOXHOCTEH aBTOMAaTHYECKOH OpraHU3aIin
3aJaHui W YOpaBieHHs] IOTOKaMH 3afJaHUi, ITPH KOTOPOH 3arpockl Ha
BBIMIOJTHEHNE CEPBHCOB BEIMOTHAIOTCS KaKk OM3HEC-TIPOIECCH
B COOTBETCTBHH C HAOOPOM IIPOILEAYPHBIX MPaBHUI, KOTOPHIE
MOTYT TpeOOBaTh MOATBEPXKICHUI, MOU(PUKALMH, HACTPOEK
OTpaHMYEHHH JOCTyMa, JIENeTHPOBAHUS U TIP.
AZIMUHUCTPUPOBAHHE ObecrieueHue BO3MOXHOCTEH aJIMHHUCTPUPOBAHNUS
o6ayHo HHPPACTPYKTYPOit o6auHoM HHQPACTPYKTYpHI, KOTOpBIE BKJTIOYAIOT

[PO3payHOE pPACUIMPEHHE pPECypcoB: H00ABICHHE CHCTEM
XpaHE€HU, Bbl'—ll/ICJ'[I/ITeJ'[el\;I, arp€rupoOBaHHBIX KaHAJIOB CBA3H
U 1.

VYnpasienue mrabIoHaMK
BHPTYaJIbHBIX PECYPCOB

ObecrieueHne BO3MOXKHOCTEH CO3AaHMUs OMMCaHHi/1abIo0HOB
BUPTYaIbHBIX PECYpCOB, KOHTpPOJII BEpPCHH, CpaBHEHUS
OIIMCaHMH, PETUCTPAIMHU ONMCAHUK B PEIIO3UTOPHN.

Ynpasienue mrabIoHaMK

CEpBHUCOB

ObecnieyeHrne BO3MOXKHOCTEH CO3/IaHUsI CEPBHCOB/IIA0IIOHOB
CEpBUCOB, KOHTPOJS BEPCHUM, CpaBHCHHS I1A0JOHOB,
perucTpanuy mabioHOB B PEMIO3UTOPHH.

KOHTpOIII) JAocTyna

Ob6ecrieueHne BO3MOXKHOCTEH CO3MaHMsI Y4YETHBIX 3armceit
110JIb30BaTENIE, TPYII IMOJIb30BaTENIed U Ha3HAYEHMs IPaB
JOCTyrla K  paslUYHBIM ~ BO3MOXHOCTAM  0OnadHOM
HHPACTPYKTYpHl;  CO3MAHUS  pa3lelioB  apeHJaTOpoB

14




IIa6anos B.M., Camosapos O./. IIpuHIUIIBI MOCTPOCHHUS MEKBEIOMCTBEHHOTO IIECHTPA KOJIEKTHBHOTO MOJIb30BaHHUs
001ero Ha3HaueHHs B Moienu nporpammHuo-onpeaensemoro IO/, Tpyow UCIT PAH, Tom 30, BbimL. 6, 2018 1., cTp. 7-

24
pecypcoB LIO/] u uxX aAMHHHUCTPATOPOB, YYETHBIX 3amuceil
pa3pabOTYNKOB PECYpCOB M YUYCHBIX 3amuceil KOHEYHBIX
I10JIb30BAaTEIICH.

Murpanust BUpPTyanbHbIX | CpeacTBa MuUrparus MPUIOKEHUH, BUPTYalbHBIX MAlIUH U

MAIIWH mabJIOHOB ¢ OmUcaHWsIMH Mexnay oOmauneiMu O[],
00beIMHEHHBIMH B (hefepaliuy U MyONUYHBIMA 00JIaYHBIMU
nHppacTpyKTYpamu.

Murpanus npodpunert | CpencrBa murpamun npoduieid 6e30IacHOCTH  OIMCAHMH

6e3omacHoCTH HACTPOEK orpaHudeHuil cereBbix cepBucoB (firewall) mexmy

obmaunpivu  LIOJl, oObenuHeHHBIMH B Qenepanud |
MyOIMYIHBIME 00JaYHBIMUA HH)PACTPYKTYPAMH.

MacmrabupoBaHue cerei
Network Extension

CoxpaHeHHEe HACTPOEK CBOWCTB CETH BUPTYaJIbHBIX MAIIUH
(ypoBum L2, L3) npu murpammu mexnay obmaunsivu LIO/,
00BETUHEHHBIMU B (pe/iepalivi, U MyOJHYHBIMEA O0OJIAYHBIMHU

nHppacTpyKTYypamu.

VYmpasnenue karaigorom LHOJ]

Cucrema ymnpaBieHHs W OOMCHAa KaTalloraMd OIHCAaHUI
PeCypcoB, CepBUCOB, MPaBWII, MIA0IOHOB MEKIY OOIaYHBIMU
HOJ, oObenuHeHHBIMH B Qenepanud, W MTyOJINIHBIMU
00nauyHBIMU HHPACTPYKTYpaMu.

Tabn. 2. Hegpynxyuonanvuvie mpebosanus
Tab. 2. Non-functional requirements

TpebdoBanue Onucanue
Pesepsroe KOTIUPOBaHHE u | CucTeMa MHTETrpalbHOTO PE3EPBHOTO KOMUPOBAHUS H
BOCCTAaHOBIICHUE BOCCTAHOBIICHUSI

IIpocroTa nHCTAIIIALMU

CHIDKEHHE CIOKHOCTH PAa3BEPTHIBAHHS

[Ipocrota ynpasneHust

CHWXEHHE CIIOXKHOCTH YIpaBJIeHHUsS HHPPACTPYKTYpOid
¥ 00JJaYHBIMU TPHIOKCHUSIMH

TexHomornyeckas 6€30MacHOCTh

CHIKEHHE PUCKOB TEXHOJOTUYECKON 3aBUCUMOCTH OT
€IMHOTO TOCTAaBIIIMKA pEeLICHUI

MacmrabupyemocTb [Ipo3pauHoe MaciITaOMpOBaHWE KOMITOHEHT Ha BCEX
YPOBHAX C YBEIMUCHMEM 4YHCJIA IOJIb30BaTeNeH,
CEpBUCOB, HATPy3KU

Besomacuocts Peaymzanmss  mpoduield  0€30MacCHOCTH — JAHHBIX
IOJIb30BaTeNeH

HanexuocTs, JIOCTYITHOCTB u | Beicokas  OOCTymHOCTP H  OTKa30yCTOHYMBOCTB

y100CTBO 00CITyKUBaHUS

ynpasiieHus Ha Bcex ypoBHaAX LIO/I
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5. Peanu3sauyusi Modesiu rnpozpaMMHO onpedensiemozo LJOA

Monens ucnonb3oBaHus mporpammHo-onpenensemoro IO/ mnpexycmaTpuBaeT
BapUaHThI, IPEICTaBICHHbIE HA pUC. 2.

Ynpasnaowuu  [JO/] yupaBiseT pa3BepThIBAHWEM W KOH(QUTYpHPOBaHHEM
nporpammHo-onpeaensemoro LO/l, peanu3yeT moJuTUKN 0€30MacCHOCTH M IOCTYIa
K pecypcam, obecrieunBaeT cOOp M aHajlM3 JaHHBIX 10 WUCIIOJIH30BAHHIO PECYPCOB,
OTBEYAET 3a PACHIMPEHME aNNapaTHBIX BO3MOXKHOCTEH IO XPaHEHMIO JAHHBIX U
BBIYHUCIUTENBHBIX MOIIHOCTEH. Ynpasnaiowui [JO/] npenoctaBisieT BO3MOKHOCTH
MHQPACTPYKTYpHI apeHAaTopaM PecypcoB Yepe3 CO3AaHHe pa3zeiioB, YHpaBJICHUE
KOTOPBIMU HEPEAacT aOMUHUCPAMOPAM aPeHOAmopo8 pecypcos.
Aomunucmpamop — apenoamopa  pecypcoé  YOPaBIAeT  BBLICICHHBIMH €My
MOIITHOCTSIMU TporpaMMHo-onpenensemoro L{O/], HacTpauBaet npaBa 1ocTyma.
AOmunucmpamop  cepsuca  Ppa3BOpauMBAaET BBIYHCIUTEIBHBIE CEPBUCHI  Ha
NpeIOCTaBICHHON eMy HH(PACTPYKType, CISIUT 33 UX Pa0OTOCIIOCOOHOCTEHIO.
Koneunwiti nonvsoéamens HUCNOIB3YeT CEPBUC UIS PEIICHUS CBOMX MPUKIIAIHBIX
3amad.  Pa3paboTduMk  cepBHCa  MCIONB3Ys  BO3MOXKHOCTH  IIPOrPaMMHO-
onpenengemoro 11OJ] mpuHMMaeT ydyacThe B CO3JIaHUM CEPBHCA, €r0 Pa3BUTHUH,
o6ecneq1/IBaeT TCXHUYCCKYIO NMMOAACPIKKY KOHCUHBIX MOJIb30BaTEIICH.

Wncrannupo-
BaTh
obnauHyio
@ / uHdbpacTpyKTy-
Ynpasr ' C°3AaTb Py KoHdpurypupo-
uon obnako BaTh NONUTUKN
\ Ynpaenats / / 6esonacHocTi
l KoHdwrypu-
posatb
Cospate WHcpacTpyKTYpy \ Komdpurypupo-
pasgen BaTh
apeHparopa MOHUTOPUHI
pecypcos
. \ YnpaenTs / KoHdpurypupo-
AamuHKUCTpaTop KoHdmrypu- / Batb goctyn
apeHparopa posaTb
pecypcos pasgen \
SpeHpaTopa KoHdpurypmpo-
‘ pecypees BaT?pe)(,:’;’prl
Cospatb
AamuHucTpaTop e cepBuC
cepsuca
I PassepHyTb Monyunts
< ‘ / cepBuc fAocTyn K
Koneursii Wcnonssosars cepsicy
nons3osarens / B —
paspabotunk ' cepanc
crpouca Ypanuto
cepsuc
Puc. 2.

Ynpowennas mooenv ucnonvzosanus npoepammmo-onpedensiemozo LJO
Fig. 2. Simplified model of using software-defined data center
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5.1 ®dyHKUMOHanNbHasaA MopAenb MNporpaMmmMHo-onpeaensieMoro
uoa

OnuireM QyHKIMOHATBHYIO, KOMIIOHEHTHYIO M OTIEPAIllMOHHYI0 MOAENIH (CM. pHC. 3,

4, 5) mporpammMHo-onpenensemoro IL[OJ[ Ha mnpumepe peanusalii CEpBUC-

OpPUEHHUPOBAHHOTO IPOrpPaMMHO-aNNapaTHOIO KOMIIJIEKCa, HANpaBJIECHHOTO Ha

pelIeHne MUPOKOTo Kilacca 3a1ad.

Monyas mnapauieJbHbIX BbluHciaeHuid (momen HPC) mnpeanasHayeH mist

BBINOJIHEHNS BBICOKOIIPOU3BOJUTEIBHBIX IPOrpaMM C MOAAepxKKoH mapagurm MPI,

OpenMPI u npexacraBisier co0o0if BBHICOKOIPOW3BOIAUTENBHYIO BBUHCIUTEIBHYIO

KIIaCTEPHYIO CHCTEMY.

Moayas Bupryanuzanuu (o0JauyHbId J0MeH) TmpejacTaBisieT coboil cpemy

00JIauHBIX BBIYUCICHUM W INpEIHA3HA4YeH VI MOANCPIKKH PEHICHHS CIETYIOIINX

3ajaq:

®  IpenocTaBlieHUE YHU(DHUINPOBAHHBIX BHIYUCIUTEIBHBIX BUPTYAITU3UPOBAHHBIX
pecypcos (regular zone, bigdata zone) — BUpTyaJIbHBIC MAITHHEI, BUPTYaJIbHBIC
67104HBIC ¥ OOBEKTHBIE XPAHMIIHIIA, BUPTYaJIbHBIE CETH, BUPTYaJIbHbBIC
KJIaCTEepBhl XpPaHEHUSI U aHAJIN3a OONBIINX AaHHBIX, BUPTYaJIbHBIE KIACTEPHI
Cpemsl iot.

e  TIpenocTaBleHNE YHU(HUINPOBAHHBIX KOHTEHHEPH3UPOBaHHBIX pecypcos (ml
zone, vdi zone) — kouTeliHeps! BeraucaeHunit Machine Learning, konteiHeps
Beruncienniit CUDA, koHTeiiHepbl BU3yain3aluy pe3ybTaToB HAyYHBIX
pacueToB, KOHTEHHEPHI BUPTYANbHBIX pab0odnX CTOJIOB.

O6nayHbii
AomeH <_l l_) HPC pomeH
Iaa$, Paa$, LlomeH
file-xocTimr, V-Ilnatrdopmst XPaHeHUS Paanad
messenget HHPOPMAIIOHHBIX P L e
service,.. CHTeM AaHHbIX BBIYHCIICHHIT
mpi,openmp, cuda
IoT. V-ITnatdopmst
e yupaBjeHue i
AHAHTHKA J
Social media , ,‘"{_“"”"
PI— Gompumix
JAHHEX Borancomrrenbusie 3a1a4n
(MPI, OpenMP,CUDA)
V-IInarpopmsr
Machine 3a E;P
Leaming gy
HCKYCTBEHHOTO homes, O6pasht
HHTEeJIeKTa VMs, onucanus,
V-ILardopms mabnoHBl, paBHIa
Visualization VDI

Puc. 3. ¥Ynpowennas gpynxkyuonanvnas mooens npoepammuo-onpedensiemozo LJOJ
Fig. 3. Simplified functional model of software-defined data center
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Moayib T0JIT0CPOYHOr0 XpaHeHUsl MaHHBIX (storage domain) obGecreunBaeT
HaJexKHOE, A(GGEKTUBHOE JOJTOCPOYHOC XPAHCHUE JaHHBIX IOJIb30BATEICH.
PeanuzoBan Ha 0a3e pacmpesencHHoO# (aiinooii cucremsl Gluster.

5.2 KomnoHeHTHas Mmogenb nporpammHo-onpegensiemoro LLIO[L

[porpammuslii cTek nporpamMHo-onpenensemoro IO/ dopmupyercss Ha Gase
CBOOO/IHBIX CTaH/IAPTOB U MIPOTPAMMHBIX TEXHOJIOTHUH UHIYCTPHAIBHOTO KauecTBa C
OTKPBITBIM HCXOIHBIM KOJOM, YTO B COBOKYIHOCTH II03BOJISIET oOecrednBarh
BBICOKYIO THOKOCTB, TEXHOJIOTHUECKYIO HE3aBUCHMOCTh M O€30IaCHOCTh KOHEYHOTO
peLIeHus.

OpenStack

O6nayHbIn
NOVA NEUTRON

noMeH (T HPC gomeH
GLANCE SINDER |

OMEH
Loap  ICINGA V-ILnatdopmsr A
XpaHeHusa Pasnien mapasuienbHbIX
= HH(OPMAIITOHHBIX &
LETS OWNCLOUD cHTeM AaHHbIX BBIYHCIICHHIT
CHAT mpi,openmp, cuda
USR B
PRJs
V-IInardopmsr
GRIDGAIN IGNITE yIpaBJeHHe 1 |
e aHAMM3a
APACHE SPARK ©orbImx
JTAHHBIX OpenHPC
CLOUD FOUNDRY
SLURM
V-ITnardopmsr
ey Saza GlusterFS MODELING
ocker HCKYCTBEHHOTO
. HMHTeIeKTa APPs
FANLIGHT || vgL V-IInargopmsr
VDI

3D
APPs

Puc. 4. Ynpowennas xomnonenmuas mooens npocpammuo-onpeoensemozo LOJ]
Fig. 4. Simplified component model of software-defined data center

B kayecTBe OCHOBBI YIpaBICHHS H OPKECTpPAIlM BUPTYaJbHBIX pPECypPCOB
nporpammHuo-onpeaensemoro 1Ol MmoxxeT ObITh B3ST OTKPHITHIA TakeT OpenStack.
BupTyaneHple  BBIYHMCIHTENBHBIE  pecypchl  peanusyer kommoneHT — Nova
(ynpaBieHHE BBIYHCIUTENBHBIM O0JIAKOM). BUpTyanm3anuio CETeBBIX PECypcoB
obecreunBaeT KOMIOHEHT Quantum. Bupryanuzanuro anmapaTypsl 00eCIIeduBaIOT
runepBm3opel: XenServer/XCP, KVM/QEMU, LXC, ESX. Jlna cimydaeB, Korma
TpeOyeTCcsl HATUBHBIM JOCTYN K pPEalbHOW amnmaparype, HCIOJb3yeTcs ApanBep
OpenStack, peamusyronuii Meron BMD. ApTtoMaTtmzanuio pa3BEPTHIBAHUS H
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YIpPAaBJICHUS] NPUIOKEHUSIMH B paMKaxX W30JMPOBAHHBIX KOHTCHHEPOB, peaii3yeT
kommonent Docker.

BupryannzoBanHoe xpaHwinine peanusyror naker Gluster n kommonent Cinder
(BupTyasnbHbBIe OJOYHBIE ycTpocTBa XpaHeHusi) makera OpenStack. OObexTHOE
XpaHWIHIIE peann30BaHO ¢ ToMmomibio Kommonenta Glance makera OpenStack.
Oynkupy  ayreHTH(UWKAaNWM,  aBTOPU3allMd  KOHEYHBIX  IOJIb30BATeleH,
pa3paboTYMKOB, aJMHHUCTPATOPOB apEHAATOPOB PECYpPCOB pEaIM30BAHBI  C
oMOIIbi0  KOMIOHeHTa Keystone, Bxomsmiero B cocraB makera OpenStack.
HuTepoeiic, obecneunBaromuii goctyn k ¢yaknusMm LIO/], peaansyeT KOMIIOHEHT
Horizon (kommonenT makera OpenStack).

BoruucnurenbHpie IaTGOpMbl, MpeAHA3HAYCHHBIC ISl PELICHUS NPUKIAIHBIX
3a1a4, Takxke peanusyrores ¢ ucnonb3oBanuem CIIO. Tak, B Ka4eCTBE CHCTEMHOTO
nporpammHuoro obecrneuennss HPC-kiactepa UCHoIb3yeTcs onepannoHHas CUCTeMa
Linux CentOS u ctek yrumur u3 Hadopa OpenHPC (http://openhpc.community/).
OOecrieunBaeTCsl pa3BepPTHIBAHHE BBIYUCIUTEIBHBIX Y3JI0B C MOMOIIBIO EIHHOTO
o0pa3a, MOAICPIKUBAIOTCS ICHTPAIN30BAHHOE YIIPABJICHHE, aIMUHUCTPUPOBAHHE U
MOHUTOPHUHI. B KauecTBe IUTaHMpOBIIMKA 3ajady ucnonb3yercd maker SLURM
(mommepiKKa MakeTHOrO M MHTEPAKTHBHOTO PE)KMMA 3allycKa MPUIIOKEHUH, THOKOe
TUTAHUPOBAHKE U AKKAYHTUHT PECYPCOB U TIp.)

[punoxxennst ¥ mIaTOPMbI JUIsl PEIICHUs MOJIB30BATENLCKUX 3a/lad PEeaIu3yITCs
Ha ocHoBe laaS kak cepBucel Oomnee Bbicokoro ypoBHs (PaaS, SaaS) c
HCIIOJIb30BaHMEM COOTBeTCTBYIOmMX Iatgopm u SDK (ignite, gridgain, apache
sparck, cloud foundry u ap.). HoMeHkIaTypa Takux CEpBHCOB MOXKET OBITH JICTKO
pacumpena. CepBuchl ypoBHs laaS McIobp3y0TCS Kak OCHOBA JIJIsl Pa3BEPThIBAHUS
UH()OPMAIMOHHBIX CUCTEM.

5.3 OnepaumoHHas mogenb nporpamMmmHo-onpegensaemoro LOA

AnmnapaTtypa BbICOKOIIPOM3BOJMTENLHOM BBIYUCIUTENLHOM cucteMbl (hpc-kiiactep)
cocrout w3 ympasisifomiero CTR NODE u  BBIYMCIHTENBHBIX  Y3JIOB
COMPUT _NODE, ceru ynpasnenust CTR_NET Ha 6a3e texnosorun GigEthernet),
BerunciutenbHoil cetn COMPUT NET Ha 6a3e Ttexnosoruum Infiniband. HPC-
KJIacTep UHTErPUPOBAH C MOJYJIEM AOITOCPOYHOTO XPAHEHUS JAHHBIX C IOMOIIBLIO
cetu xpanenus (10 GigEthernet).
CoBOKyIHass MOIIHOCTb OJHOPOAHOIO BBIYMCIMTENBHOrO MHONs cocTaBisieT 1440
BBIUUCIIUTENEH.
Jns BuptyansHoii cpenbl OpenStack ucnonb3ytotes 4 cepBepa, obecrnieynBaromme
ymnpasienue U obmecuctemusle ¢ynkmun  OS CORE, wu 12 cepsepos,
(dopmupyOIIMX BUPTyalbHbIe BbIUUcIHUTENbHBIE pecypcsl OS COPMUTE. [lns
KOHTeHHepu3npoBaHHOH cpenbl Docker ucnonb3yrores 2 cepBepa ¢ rpa@MuecKuMH
yekopurensimu tuna NVIDIA V100 u NVIDIA GRID K2.
KonreiiHepn3upoBaHHas cpejia npeaHa3HaueHa ISl PHIoKeHHH, 3pdekTHBHOCT
BBIMOJIHEHUA  KOTOPBIX  YYBCTBUTENbHAas K  BHUPTyalM3allud,  CJIy4acB
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MPEAOCTaBICHUs MPSIMOr0 JOCTyNa K almaparype,
rpad)M4ecKux TPUIOKCHUM,

BBINOJIHEHUST  TSDKEJBIX
TpeOYIOIUX HCIIOJIB30BaHUS YCKOpUTENeH Juist

otobOpakenus 3D crieH u T.7. XpaHWIKIIE JAHHBIX HMEET 00BEM CHIPOTO JUCKOBOTO
npoctpanctBa B 92 TB B pazaene SSD. Bee annaparusie moaynu LHOJl coenuneHb
C CHCTEMOIl JOJITOCPOYHOTO XPaHEHHS II0 CETH XpaHCHHsS, pealn30BaHHON Ha 0a3e
10 Gigabit bEtnernet.

O6nayHbIn

OpenStack AOMEH (—l f—) HPC pomeH

0S_CORE V-t [NomeH
4xServers (2xCPU 16 V-1111aT()OpMBI
CORE; RAM 128 GB; HH(OPMAIITOHHBIX XpaHeHus Pasienn mapauiesbHbIX
2xNvMe SSD 480GB i LaHHbIX BBIYHCIIEHHIT
RAID10; NIC Intel x710 CHTEM s d
10Gbs 4-Ports); 2xPWR mp,openmp, cnaa
0S_COMPUTE
12xServers (2xCPU 16
CORE; RAM 512 GB; V-IInardopmst
4x4TB NL-SAS RAIDS; Intel
X710 10Gbs 4- YUpaRICHES
Ports;2xPWR) aHalmnsa
Gompmmx
JaHHBIX OpenHPC
Docker :
CTR_NODE

ML_ZONE COMPUT_NODE
1xServer (2xCPU V-ITnardopmer Regular (1440 CORES,
12 CORE; RAM 256 GB; e 10,24TB RAM)
2x SSD 200 GB RAID10; azad GlusterFS CTR_NET
NIC 10Gbs 2-Ports) HCKYCTBEHHOIO GigEthemnet
GPU NVIDIA V100 COMP_NET
NVLInK; 2xPWR) HHISHeRTE 4x STORAGE_CTR Infiniband

VIL Server (2xCPU STORAGE_NET
VDI_ZONE -ITnargopmet 6 CORE; RAM 128 GB; 2x SSD 120GB RAID10; 10G Ethernet
1xServer (2xCPU 18 VDI NIC 10Gbs 2-Ports; 2xPWR; 4x SAS Ch.)
CORE; RAM 1024 GB; 2x

NL-SAS 1TB RAID10;
10Gbs 2-Ports

GPU NVIDIA GRID K2;
2xPWR)

6.

Puc. 5. Ynpowennas onepayuonnas mooens npoepammmo-onpeodensemozo L{ON]
Fig. 5. Simplified operating model of software-defined data center

3aknro4yeHue

OnwucaHHBIH TOAX0]] OB YCIIEITHO BHEIPEH P peau3aIiiy psijia IPOEKTOB.
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BrruncurensHas HHPPACTPYKTypa MPOrpaMMBbl «Y HUBEPCUTETCKUI KIlacTep»
— cosmectHass mnporpamma MCIT PAH, MCI| PAH u xommanuun HP,
HaTpaBJICHHAs Ha MOIICPIKKY MapalICIbHBIX H PACIIPEICIICHHBIX BRIYUCICHUI
[6]. Ha ©0a3e omucaHHOW KOHICIIMM  CO3[JaHa  BBIYHCIUTEIbHAS
HHPPACTPYKTYpa C MOMOIMIBIO, KOTOPOH YYACTHUKU MPOTPAMMBI BBITIONHSIOT
HAyYHBIC  HCCICIOBAHUS, NPOMBIINUIICHHBIE  pa3pabdOTKH,  pPealu3yroT
0o0pa3oBaTeNpHbIC MPOCKTHI MO OOYYCHHIO CTYACHTOB M ACIHPAHTOB.
UudpacTpykTypa TnpeAHA3HAYECHA [UIS OpraHU3allMd Ha €€ OCHOBE
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MacmTabupyeMbIX OOJaYHbIX CEPBHCOB M MPEAMETHO-OPHUEHTHPOBAHHBIX

BUPTYQJIBHBIX J1a00paTOpUil, JOCTYIHBIX LIMPOKOMY KPYTY HOJIB30BATEICH.

Cpenn cepBHCOB, CO3/laBaéMBIX B paMKax IPOrpaMMBbl, MOXXHO BBIJICIIHTH

CleyIoIye:

1) obGecmeuente BBITIOTHEHUS TapajuIeIbHBIX IpoTrpamMm Ha
BEICOKOTIPOU3BOAUTEIEHBIX BBIYNCIIUTEIFHBIX cucTeMax c
pacrpeneneHHON MK 00MIei TaMsIThIO;

2) paspaboTKa TPOTPAMMHBIX MMPOMYKTOB: CPENCTBA YIIPABICHUS MPOCKTOM,
CHCTEMa OTCIIC)KUBAaHUS OIIHOOK U YIIPaBJICHUS BEPCUSIMI,

3) mommepkka  TPOBEACHWS  KOHQEpEHIHWH,  JEKIHi, CEMHHApOB,
J1a00PATOPHBIX PabOT B PEIKUME OHIIAIH.

HcnbitaTenbHblil cTeH MexAyHapoaHoro mpoekta OpenCirrus, B pamkax
KOTOPOTO TPOBOIATCS HCCIEAOBATEIbCKHE PAaOOTHI B 0ONAacTH pa3pabOTKH
CTeKa CHCTEMHOTO TIPOTpaMMHOTO oOecredeHnss s OONa4HBIX —Cpel.
HenTpamu komnerenuu npoekra cranu UCIT PAH u MCII PAH [7].

[IpoGneMHO OpuEHTHpPOBaHHAsT Web-1a0dopaTopusl pEeLICHUs 3a/1ad4 MEXaHUKU
crmotteeix - cpen UniCFD  [8], [9], [10]. Web-na6oparopus UniCFD
MIPOJICMOHCTPUPOBAIA CBOIO BBICOKYIO 3((EKTUBHOCT TPH BBINOJIHEHUH
HCCIIEOBATEIbCKUX M WHAYCTPUAIBHBIX IIPOEKTOB, & TAKXKE MPU PEIICHUH
obpasoBarenbHbIX mporpamm. Tak, Ha 0aze web-naboparopun UniCFD
paspaboran psx yueOHBIX KypcoB («OCHOBBI HCIIOJIB30BAaHMS CBOOOIHBIX
maketoB SALOME, OpenFOAM wu ParaView mpu peuienun 3amadu MCCy;
«Pacmmpennsie Bo3MoxHOCTH nakeTa OpenFOAM»y; yueGHbIN Tpek «llakeT
OpenFOAM — mnardopma mis peuienus 3amgad MCCy; «Mcnosb30BaHue
CBOOOJIHBIX TAKETOB JUIA CO3/aHMs pacyéTHbIX ceToK B 3amauax MCC»).
VYueOHble Kypchbl U JlaboparopHble pabOThl Al  O0y4eHHs CTYJCHTOB
npoBoastcs Ha kadeapax ®PH2, CM2, CM3 MI'TVY um. H.D.baymana. C 2014
roga mnpounumn oOyuenme Oomee 1000 cmymaremeir w3z Oomee 70
o0pa3oBaTeNbHBIX W HAYYHO-HCCIIEAOBATENbCKUX  YUPEXKICHHH U
MIPOMBIIIICHHBIX TPEANPUSATHH.
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Building the Software Defined Data Center
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Abstract. Data Center is the most progressive form of providing computing resources when
it is necessary to provide services to a wide range of users. The paper discusses one of the
approaches to the creation of a data center — the concept of software-defined infrastructure.
Software-defined is such a data center infrastructure, in which all its key elements —
computing resources, network, data storage systems, etc. — are virtualized and provided to
users as services with a given quality. It is shown that the implementation of the proposed
infrastructure allows each user to productively solve their tasks in a reasonable time with an
acceptable level of costs. The paper formulates the general requirements for inter-
departmental data processing centers, proposes methods for creating software-defined data
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center (deployment of computing platforms that maximize hardware reuse, provide support
for the execution of programs of different classes of tasks, etc.) and describes the
implementation of infrastructures of this class in specific projects.

Keywords: software-defined data center; cloud computing; distributed computing;
virtualization mporpammuo-omnpenensiemsie 1{O]]; oOnauHble BHIYKCIECHUS; paclpeeliCHHbIE
BBIUUCIICHUS, BUPTYyaIn3anus
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