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ApxuUTeKTypHO-3aBVUCHMBIe pelleHNs 3aJaun
ONITHMMM3alLIMM 3aIPOCOB K 0a3aM JaHHBIX
B 00/1a4HOVI MHPPpACTPYKType

1. B. JIeono8

Mockobcxuti mexrosozuveckutl uncmumym «BTY»

Amnnomayus. BoIBIIMHCTBO METOIOB ONTMMM3aIlMM IIOVCKa, B oOIeM, U 3a-
IIPOCOB, B YaCTHOCTM, TaK WIM VHadye, ABJIAIOTCS allllapaTHO-3aBVUCHMBIMM.
ITon apxmTeKTypHO-3aBMCUMMBIMI ITIOHVIMAIOTCS METOfIbI, )KeCTKO OpPMeHTUpPO-
BaHHBIE VI VICIIOIB3YIOMIVIe CBOVICTBA KOHKPETHBIX IIPOrpaMMHO-amIIapaTHBIX
peaymzanut. [Iposefens! aHasms v oeHKa 3(PPeKTMBHOCTI MeTO0B.
KatoueBvie cr06a: obrauHble BRIUMCIIEHNS, 00JIauHble MH(PPaCTPYKTYPBI, OITH-
MM3als 3aIIpOCcoB, Oa3bl TaHHBIX.

B nocneanne neckonbko et B odnactu UT HaGupaeT momysIsipHOCTb HamnpaBlieHHE
obmaunbix Beruucienuit (Cloud Computing) [1]. Kpynseitmmie mupossie UT BeHIOpPHI
(Microsoft, Amazon, Google u nmpoure) Tak WK HHAYES BHEAPSIOT CEPBUCHI «OOTAYHBIX)
BerurciaeHnd. CerogHsi oA OOJaYHBIMU BBIYMCICHUSIMH OOBIYHO TOHMMAIOT BO3MOXK-
HOCTB TOJYYEHHUS! HEOOXOIUMBIX BBIYMCIUTENIBHBIX MOIIHOCTEH IO 3alpocy U3 CEeTH,
IPUYEM I0JIb30BATENI0 HE BKHBI JICTATIM PEaTH3allii 3TOr0 MEXaHU3Ma M OH IOJTydaeT
U3 3TOT0 «o01akay Bce HEOOXOIUMOE.

B ontuMuzanmio pensiuroHHBIX 3alPOCOB BXOMST JBa Pa3iUYHBIX acrekTa [2]. Bo-
HEepBBIX, 9TO — BHyTpeHHss 3amada CYBJl, koTopas 3akirodaercs B ONpeIelICHUH
HamOoJee ONTUMANTBHOTO (3PPEKTUBHOIO) CIIOCO0a BHITIOTHEHUS PEJSAIMOHHBIX 3aIpo-
coB. Bo-BTOpBIX, 3TO — 3a/la4ya IporpaMMHCTa, KOTOpas 3aK/II0YaeTCsl B HAMCAHUU Ta-
KHX PeNALUOHHBIX 3ampocoB, st kotopbix CYB/] morna Obl ucnons3oBath Oomnee 3¢-
(heKTUBHBIE CLIOCOOBI HAXOXKICHUS JAHHbIX.

BonbIIMHCTBO METO/IOB ONTHMU3ALUH MOUCKA, B OOIIEM, U 3alIpOCOB B YaCTHOCTH,
TaK WM WHAYe, SIBJISIOTCS arnapaTHO-3aBUCUMBIMH [3]. [Tos apXUTEKTYpHO-3aBUCUMBIMH
MBIl TIOHHMMAaeM METOJIbl, KECTKO OPHEHTHPOBAHHBIE M HWCIOJB3YIOIINE CBOWCTBA KOH-
KPETHBIX IPOrPAMMHO-AIIAPATHBIX PEeAN3anil.

PaccmoTpuM moaxox K ONTHMHU3AaIUH MTOWCKA B 00JAYHBIX 0a3aX JaHHBIX, MPEIIO-
keHHbIH B [4]. OCHOBHON MHTEpeC YKa3aHHOTO IMOAXO0J]a 3aKIIYaeTcsi B TOM, UYTO €ro
LEeNbI0 SIBISIETCST OajJaHCUPOBKA HArpy3kW Ha OOOpYAOBaHHE IMOCPEACTBOM MHUTpAIUN
BUPTYaJIbHBIX MAaIIMH B 00JaYHOM OKPY)KEHHH, YTO ONOCPEIOBAHHO MPHBOAUT K IOBBI-
IICHUIO Ka4ecTBa MOMCKA (OYEBUIHO, YTO CKOPOCTh, C KOTOPOH «00IaKko» OTBeyaeT Ha
3aIpoChl MOJIB30BATEINSL, SIBISICTCS OTHUM M3 KPUTEPUEB KayecTBa MOMCKA).
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Ha puc. 1 npuBenena 6a3oBasi apxXUTEKTypa KpYMHOMACIITAOHBIX OOJIAYHBIX IIEH-
TpoB 00paboTKK JaHHBIX. Ha BTOpOM ypoBHE NPUBEACHHON apXUTEKTYpPbl pacroiaracTcs
CJIOM BUPTYaIbHBIX MAIIWH, KOTOPHIE MOTYT ObITh aBTOMAaTHYECKH 3aITyLEHbl WK OCTa-
HOBJICHBI B CJIy4ae HEOOXOJMMOCTH COTJIACHO OOIIIeH 3arpyKEHHOCTH 00JIa4HOT0 000pYy-
JOBaHUs. Wcnonb3oBanue BUPTYaAJIbHBIX MAalllWH IO3BOJIACT HAa OAHOM Y3JI€ 3aIllyCKaTb
MIPUIIOKEHUS, Pa3paboTaHHbIC MO PA3IMYHbIC OIEPALMOHHBIE CHCTEMBbI, YTO 0OECIIeUH-
BAaeT BBICOKYIO T'MOKOCTh M yJOOCTBO [UIs Hy K/l KOHEUHOTO 00JIAYHOTO MOJIb30BaTEs.

Tak xak BXozdIlasg Harpy3Kka HEIMOCTOSSHHA U MOJKET 3HAUUTCIIbHO BapbUPOBATHCA,
NOTPEOHOCTH B pecypcax KaKAoH BUPTYaIbHOW MalIMHBI OYAyT TaK jk€ MEHSThCS [5, 6].
UTo0BI KOHCOMUAMPOBATh PaboUyr0 HArpy3Ky Ha (uzmyeckoe o0OpymOBaHWE W 3aa€ii-
CTBOBaTb MaJIOHUCIOJIB3YEMbIE PECYPChl, BHUPTYaJIbHbIE MAIIWHBI MOTYT MHUIPHPOBATh
MexXIy y3namu. Hampumep, Ha puc. | IpUCYTCTBYIOT ABa y37a, HAXOAALIMXCS B PEKUME
OKUJIaHMs, B TO BpPEMS KaK Ha aKTHUBHBIX y3JlaX MapajuiesIbHO 3allyleHO HECKOJIBKO BUP-
TyaJbHbIX MalIMH.
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Pucynox 1. Baszosas apxumexkmypa 001auHbIX YeHmpos 0Opabomxy OaHHbIX.

3auacTyro A7 yIpaBiIeHUS pecypcamMy BHYTPH KPYITHOMACIITaOHBIX IEHTPOB 00pa-
OOTKHM JTaHHBIX pa3padaTBIBAIOTCS W BHEAPSIOTCS IICHTPATN30BAHHbIE PEIICHUs, OTHAKO,
B OTOM Cjly4ae, BOBHUKHOBEHHE COO0sl Ha YIPABISIONIEM Yy3JIe TPUBOJIUT K HEPaOOTOCIIO-
cOOHOCTH Bcell CHUCTEMBI B mejoM. B [4] mpuBOIUTCS ONMHCaHUE ACUEHTPATIN30BAHHOTO
MEXaHN3Ma, ITO3BOJIIONIETO N30ekKaTh YKa3aHHOM MPOOIEeMEI.
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Ha puc. 2 npencraBieHbl TpU TUIHUYHBIX CUTYAIIUH TIPEBHIIICHUS] BEPXHETO ITOPOTro-
BOTO 3HAUEHMS 3arpy>KEHHOCTH mpoueccopa. OueBUIHO, YTO AJSl CUTYalUH, MPeICTaB-
JICHHOW Ha puUC. 2a, HE COCTaBUT TpyJa BbIOPAaTh BUPTYaJIbHYIO MAIIMHY, IEPEHOC KOTO-
pOYi TO3BOJMUT CHHU3UTH OONIYIO 3arpy:KEHHOCTh y371a /IO YCTAHOBJIEHHBIX MOPOTOBBIX
3HaueHui. Puc. 2b nemoHcTpupyeT Oosiee CIOXKHBINA Cllydaid: Kaxaas U3 BUPTYaJbHBIX
MallliH NOTPEOISeT HE3HAUNTENBHYIO YacTh MIPOLIECCOPHOTO BpeMeHU. B 3Toli cutyauuun
PEKOMEHIy€ETCS! BBIIOIHATh IEPEHOC HECKOIBKUX BUPTYaJIbHBIX MAILIMH A0 TEX 0P, 10K
o0miasi 3arpy»KeHHOCTh y3J7la HE CHHM3MTCS HI)KE MOPOTOBOTO 3Ha4YeHus. B mocieanem
ciydae (puc. 2C) HEBO3MOKHO BBITIOJIHUTD MEPEHOC, KOTOPBIN MO3BONMI Obl HE BBIWTH 32
IPaHMLIBI HUKHETO [IOPOra 3arpyKEeHHOCTH IIpoLeccopa.

Br Br

Hr

a) b o)

Pucynok 2. Tunuunsie cumyayuu npesvlilieHUs: 6epXHe20 NOPo208020
3Hauenus 3azpyxrcennocmu npoyeccopa (BI' — eepxnas epanuya, HI' — nusicuasn epanuya).

ITocne TOro kak NPUHATO PELICHHE O MUTPALUU BUPTYaJIbHOW MAIIUHBI CTAPTYET
MOWCK y37a HasHaudeHHs [4]. s 3TOTo BBITONHSAETCS 00XO/ BEKTOpa 3arpyKeHHOCTH
TEKYIIero y3Ja ¢ Lelbi0 00HApyKEeHHUs y3ia ¢ HauMeHbImuM mnotpedbnenuem LIITY mpu
YCIIOBUY TIONa/IaHMsI B 33/laHHble MHTEPBaJIbl. Eciu Takoil y3en oOHApyKUTh HE yAaeTcs,
BBITIOJIHSETCS TOWCK TaKoro y3Ja, MHJEKC 3arpy’KeHHOCTH KOTOPOro NpH MepeHoce Ha
Hero BeIOpaHHOV BM He mpeBbimaeT HWKHEH TpaHUIBI 3arpykeHHocTu. Ecim ke u B
9TOM CIIydae IOUCK HE JACT PE3yJbTaTOB, OJUH M3 Y3JI0B, HAXOISLIMXCS B «CIISILLIEM
peXuMe, IEpPEeBOIUTCS B AKTUBHOE COCTOSIHHE M BBITIOJHAETCS. MUTPAITUS.

AHanu3 pe3ynbTaToB TECTUPOBAHUS MPHUBEIEHHOIO MOJX0Ja TO3BOJIMI BBIMOJIHUTh
OLIEHKY BEpXHEH M HWKHEH IpaHMIbl MHIEKCA 3arpyxkeHHOcTH. HauMeHblee kosmue-
CTBO OTKa30B B OOCIY)KMBaHWHU OBUIO BBISBICHO IIPU YCTAHOBJICHHH BEPXHEH TpPaHHIIBI
HHJIEKCA 3arpy>KeHHOCTH y31a paBHoi 90% u HuwkHe# rpanuisl — 10%.
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Paspaborannbiii moaxo obmagaet 3¢h(hekToM cOaNaHCUPOBAHHOCTH HArpys3ku [5].
Js moATBep K IeHUS TaHHOW THIIOTE3bI OBLTH UCTIONB30BaHbI TPH CIICHAPHS pacrpesielne-
HUS BHUPTYaJbHBIX MAIIMH IO y3JaM JKCHEPUMEHTAIBHOTO IIeHTpa OOpadOTKH JaH-
HBIX [6] (KOMHYEeCTBO (PU3UYECKHUX Y3II0B paBHO 50):

Cratnueckoe pacnpenenenue (Static): Ha sTarme MHAIMATH3AINN BUPTYAIbHbBIE Ma-
IIUHBI PACTPEEISITUCh 10 y3JaM 0 TeX IMOp, MOKa WHAEKC 3arpy>KeHHOCTH Ka)XIOTO
y3na e gocturai 100%.

Crparerust «Oaun k ogaomy» (RR): Ha sTane MHUIMANTHA3AUN BUPTYaJlbHbIC MaIlu-
HBbI pa3MeniaeTcs Ha (PU3MYECKUX y3j1aX M0 OJHOW Ha KaXAbIH y3el, murpamnus BM He
BBITIOJTHSIETCSL.

CrpaTerusi JeUEHTPATN30BAaHHOTO YIPABICHHS MHTPAIlUE BHPTYaIbHBIX MAIIHH
(DVM): coOCTBEHHO 3TO¥ CTpaTeruy MOCBSINEH TEKYIHHA pa3/ie.

HenocraTku paccMaTpuBaeMoro noaxosa:

— QITOPUTMBI HE TapaHTUPYIOT 00sS3aTeNbHOCTH BbIOOpa BM st mMurpamuu
Jlake TPU YCIOBUHM HEOOXOIMMOCTH B 3TOM M HaJIMYUH CBOOOIHBIX (pu3nye-
CKHUX Y3JIOB;

— HE paccMaTpHUBaeTCs ONTUMAIBLHOCTD BeIOOpa BM 11t Murpanmu;

—  TIOMCK IENIEBOTO y3IIa OCYIIECTBISIETCSl HE Ha BceM Habope y3JI0B (COTJIacHO
OTIMCAHUIO TTOIX0/1a);

— HE TOBOPUTCA O TOM, KaK 4acTO BBINOJHSETCS MPOBEpPKa HEOOXOIMMOCTH
MUTpaIiH;

— aJIrOpUTMBl HE YYUTHIBAIOT MPOIODKUTEIBEHOCTA HAXOXKJICHUS y3lia B CO-
CTOSIHUW TIOBBIIIEHHON 3arpyKEeHHOCTH: OYEBUIHO, YTO IPH HEMPOIOIDKH-
TEJIHHON 3arpyKEeHHOCTH JITUTEIFHOCTh MHUTPALUU MOXKET CHH3UTH ee d(-
(hEeKTUBHOCTB.

B [8] mpennokeHa cxema WCIOJHEHUS W ONTUMM3AIUN TUHAMUYECKHUX pacIpesie-
JICHHBIX 3alpPOCOB B OOJIAYHBIX MAPHHTOBBIX ceTsAX (puc. 3), Taxke pa3zpadoraH ¢peiiM-
Bopk (DObjects) utst paboTsl ¢ p2p-ceTsimu. Llenbio MpeuIoKeHHOTO MOIX0/1a SBISETCS
YMEHBIICHUE BPEMEHU OTKIIMKA Ha 3alpOC M YBEJIMYCHHE MPOM3BOAMTEIBHOCTH CHCTE-
MBI,

KitoueBbIM 211eMEeHTOM 00paOOTKH 3alpocoB B TPEUIaraéMoM TIOJXO/E SBISETCS
HaJIM4IUe SApa, CIOCOOHOTO TUHAMHUYECKH afalTHPOBATHCS K YCIOBUSM CETH M HCTOYHU-
kaM. [Ipu 3TOM nmoaxon obnagaeT psIoM HOBaTOPCKHUX HUICH:

BMmecTo reHepanuM MHOXECTBA IUIAHOB-KaHIUAATOB, MX CpPaBHEHHS W BBIOOpA
HaWTy4IIET0, CO37]aeTCs OJUH TIaH, KOTOPBIA COAEPKHUT MOAPOOHOE OMHMCAHUE B3aMMO-
CBSI3€H MEXJIy IIaraM W OIEpanusM{, KOTOPHIE HY)KHO BBIITOJHUTH JJIST 3aBEPIICHUS
HCTIOJIHEHHUSI 3aI1poca.
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Pucynox 3. Apxumexmypa obaaunoti nupureosot (p2p) cemu

Korga muian ucnonHsieTcs, BBIBOJ PE3yIbTaTOB M (PU3NUYECKUE pacyeThbl MO IUIAHy
BBITTOJTHSIFOTCSI TUHAMHYECKH ¥ UTEPATUBHO.

Takoi# moaxoa rapaHTUPYET JYUIIyI0 peakiuio Ha U3MEHEHNe Harpy3Ku M MO3BOJIs-
€T CHM3HUTH 3a/epKKH B cucreMe. ClenyeT OTMETUThb, YTO ONTHUMM3ALHA HCIOJHEHHS
3alpocoB Ha JOKAIBHBIX b/l B TEKyIeM MOAXO/IE JIOKUTHCS HA aAanTepbl M HCTOUYHUKU
JTAHHBIX.

HcnonHenne u onTUMH3aIMS 3a1poca COCTOUT M3 HECKOJIBKUX OCHOBHBIX 3Taros. B
MOMEHT IOJIy4E€HHE Y3JIOM 3allpoca OT MOJIb30BaTENsl TEHEPUPYETCS BEICOKOYPOBHEBBIN
U1aH ucnosiHeHus. Ha crnenyromem mare y3es, HCHOJTHSAIOLUINN 3a11poc, BEIOUPAET aKTHUB-
HBIE 3JIEMEHTHI IIJIaHa CBEPXY BHU3 B Mopsake cienoBaHus. OJHAKO MCIIOIHEHNE aKTHB-
HOT'O DJIEMEHTa MOXKET OBITh JIEJIETUPOBAHO JIIOOOMY Y311y CUCTEMBI B IEISX JOCTHKCHHUS
MaciuTaOupoBaHus Harpy3ku. Jlist BbIOOpa LesIeBOro y3ja MCIOJHEHHs B CETH pa3Bopa-
YMBAETCSI MOAYJIb, CIIOCOOHBIM aJanTUpOBAaThCS K CHElM(UKE CeTH WU 3arpy>KeHHOCTU
pecypcoB. Eciau akTUBHBINA 3JI€MEHT Iepe/laeTcsl Ha UCIOJHEHHE YAAJEHHOMY Y31y, TO
yIpaBJIeHHUE €ro JJOUEPHUMH IEMEHTaMM TaK K€ BO3JIaraeTcsi Ha 3TOT y3ell. Y IaJeHHbII
y3€JI B CBOIO OYepeNb MOXKET IPUHATH PEHICHHE O MEPEMEIECHUH JTOUYEPHHUX Y3IJI0B dIIe-
MEHTa IUIaHa Ha UCIOJHEHHE APYTUM Yy3JIaM, JIN0O BBIIOIHUTH JOKAIbHO.

BaxHpIM BOIIPOCOM MPH UCCIIE0BAHNHN aITOPUTMOB ONTHUMM3ALMN BBITTOJHEHUS 3a-
MIPOCOB SIBJISIETCS CIIOCOOHOCTh K MacmTabupoBaHuio. [ TOro yToObl OTBETUTH Ha BO-
IIPOC O TOM, KaK KOJIMYECTBO JOCTYIHBIX Y3JIOB BIHAET Ha MPOU3BOIUTEIBLHOCTh CHCTE-
MBI, OBIJIO U3MEPEHO CpeJHee BPeMs OTKIIMKA IS PA3IMYHOTO KOJIWYECTBA JOCTYITHBIX
CUCTEMHBIX Y3JI0B C 256 KJIMEHTaMH, OJJTHOBPEMEHHO BBIIIOJIHSIOIIMMH 3aPOCHl K CHCTE-
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Me. DKCHEPUMEHT MPOJIEMOHCTPUPOBAT, YTO TPEITIOKEHHBIN MOX0]T MTO3BOJsIET dhhek-
TUBHO CHHU3HTH CPEJIHEE BPEMsI OTKIIMKA MPU HATTMYHU OOJIBIIET0 KOJUYECTBA JOCTYITHBIX
y3710B (3a cueT OoNbIIero 00beMa JTOCTYIHBIX BBIYUCIUTENBHBIX MoIIHOCTeH). s He-
OOJBIIMX 3alPOCOB YBEJIMYECHUE KOJIMYECTBA Y3JIOB HE MPUBOJIUT K CHUKEHUIO BPEMEHHU
OTKJIMKA, T.K. TaKHE 3alpOChl HE TPEOYIOT 3HAYMTENLHBIX BBIYMCIHMTENBLHBIX PECYPCOB.
CKOpoCTh ceTH, Kak ¥ OKHAAIOCh, NUMEET OOJbIllee BIUSHUE MPHU paboTe C TSHKEITBIMHU
3anpocamu. [IpyuuHa B TOM, YTO KOJHYECTBO JAHHBIX, KOTOPbIe HEOOXOMMO IMepe/iaTh
JUTSL TSDKEJTBIX 3aIpOoCcOB OOJIbIIIe, YeM Ul CPEJHUX M HEOONBIINX 3allPOCOB, U TIOATOMY
BpeMsi, HEOOXOAMMOe UIsl Tiepefadn dTHX JaHHBIX B MEJICHHOH ceTH OyneT UMETh ro-
pas3zo Oobliee BO3IEHCTBIE HA OOMIYIO 3P PEKTHUBHOCTb.

JIOCTOMHCTBOM JIAaHHOTO MOJXOJa SIBIISICTCS TO, YTO OH MOXET OBITh BHEIPEH B
KpaTyailliie CpPOKH, MOCKOJIBKY aJTOPUTMBI OBUIM peajn30BaHbl B BUIE (peliMBOpKa
(Habopa OMOIHMOTEK), OJTHAKO TO, UTO IOCIETHUE U3MEHEHHSI B HCXO/IHBIN KOJI BHOCHIIUCH
HECKOJIbKO JIET Ha3aj (corjacHo caity mpoekra B 2008 r.), TOBOPUT O HE BOCTpeOOBaH-
HOCTH TIpoekTa. [IpuunHON STOMY OYEBHIHO MOXET CIYXHTh Clieliu(UKa CUCTEM, JJIs
KOTOPBIX BeJach pa3padOTKa, a UMEHHO OONa4yHble LEHTPbl 00pPaOOTKH JaHHBIX, OCHO-
BaHHbIC HA MUPUHIOBBIX CETAX, KOTOPbIE HA JAaHHBII MOMEHT Majlo NPUMEHSIOTCS Ha
MpaKTHKE.

B HacTosiiee Bpems pa3padaThIBatOTCs METOJIbI, UCTIONIB3YIOIIUE IPYTHE TIOAXOIBI K
BBIYHCIMTEIBHBIM IPOIIECCAM, B YaCTHOCTH, HCIIOJb3YIoLIHe o0paTHbie cBsizu [9].

Kaxnp1ii 13 mpencTaBIeHHBIX METOJ0B 00JIaaeT KaK JOCTOMHCTBAMH, TaK M HENIO-
crarkamMu. OOIIMM JUIsi BCEX HEIOCTATKOM SIBIISIETCS CHHTETUYHOCTH PE3YJILTaTOB, TO
€CTh TO, YTO CTATHCTUKA 10 BHEAPEHMIO MOJy4YeHa Ha MCKYCCTBEHHBIX CHCTeMax (co-
3JTAHHBIX TOJBKO JUIS TECTUPOBAHUS M01X0/1a). OJJHAKO OTHOCUTEIBHO OOJBINOE KOJTHYE-
CTBO HCCIIEIOBAaHUH (/11 TOBOJBHO MOJIOION 00JacTH) TOBOPHUT O TOM, YTO Tpodiema
ONTHMHU3AIINY aKTyallbHA M Takue pa3padoTKu B OmipkaiiieM BpeMeHu OymyT BocTpebo-

BaHBI.
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