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Introduction to cloud computing architecture

BupTyasbHble MAalUUHbI KaK CTaHOAPT pa3BepTbiBaHUsA
o00bekToB

B TeyeHune nocnegHUX HECKONbKNX NeT BUPTYaJibHble MalLWHbI CTaJIM CTaHAAPTOM pa3BepTbiBaHUA
06bekTOB. BupTyannsaumsa pacwmpseT rmbKoCTb, Tak Ha Ha OAHOM 1 TOM )K€ annapaTHOM
obecneyeHnn B 04HOM MeCTe MOryT pa3BoOpPavnMBaThCA U CBOPAYMBATLCS NPUIOXKEHNS, HE
NPVBS3bIBAasACb K KOHKPETHOMY CepBepy. BupTyanbHble MalLWHbI CTAHOBATCS PACNpPOCTPaHEHHON
abcTpakunen-eanHNLIEN pa3BePTLIBAHUSA,MOTOMY YTO OHU NPUBOASAT K 06LEeMY 3HaMeHaTeNto
NHTepgEencobl Mexay NocTaBLWMKaMm ycayr 1 pacpabotymkamu. Micnonb3oBaHme BUPTYasbHbIX
MalUWH 015 pa3BepTbiBaHNS 06bEKTOB AOCTAaTO4YHO B 80 NpoLIEeHTax Cly4aeB UCMOJIb30BaAHMAN
MOMOraeT yA0BAeTBOPATb NOTPEOHOCTSAM BbICTPOro pa3BepThiBaHNS U MacTabrpoBaHNS
NPUIOXEHWUA. BupTyanbHble NPUbopPbI-3TO BUPTYasIbHbIE MaLUWHbI, KOTOPbIE BKJIOYAOT NPOrpaMMHoe
obecneyeHne, KOTOPOE YaCTUYHO WJIM NMOJIHOCTLI0 HACTPOEHO 418 3aMycKa cneununyecknx
nporpamm, Taknx kak Web cepBepbl nnu cepepbl 6a3 AaHHbIX U Aajiee yBeIM4MBaeTCs
BO3MOXXHOCTb M0 CO34aHNI0 N ObICTPOMY pa3BEPTLIBAHWNIO MPUIOXKEHNA. KOMOUHALUMW BUPTYanbHbIX
MalUWH 1 BUPTYaJibHbIX NPpMOOPOB, KaK CTaHAApTa Pa3BepTbiBaHMA 0ObEKTOB -KJIlOYEBOE CBOWCTBO
Cloud computing. O6nayHble BblYMCAeHNs 0ObIYHO A0MNOAHATCA 061a4YHBIMUK XpPaHUAMLWaAMU,
KOTOpble NPeaoCTaBAATCS BUPTYasIbHbIMU XpaHunuwamu Yyepes API, KoTopble 061eryatoT xpaHeHne
obpa3oa BMPTYasibHbIX MalLWH, UCXOAHbIX (haliN0B AN KOMMIOHEHTOB TaKMX Kak Beb-cepBepsl,
NH(OPMaLINS O COCTOAHUW MPUIOXKEHWI U BaXKHas BU3HeCC nHgpopmaums.

The on-demand, self-service, pay-by-use model

Bce 3Tn Tpu mogenn,apndowmecs nepsoHadansHbiMn gna CC Tak e paMWnpsaTCcs B YCI0BUSAX
3TUX TeHAeHumMn. Mogenb on-demand nomMoraeT NoAAEpPKMBaTb aCMNeKTbl UCMOIHEHNSA U KaYecTBa Ha
YpPOBHE CepBUCOB. self-service No3BosseT opraHM3aumnsaM Co34aBaTb 31aCTUYHOE OKPY)KEHME,
KOTOpOE iBNSieCs pacluMpsiemMbiM U OCHOBbLIBAETCS Ha NapaMeTpax 6oMbLlLIMX Harpy30KM napameTpax
LeNIeBOr0 NCNOJIHEHMA. Pay-by-use- MoXXeT NpeaoCcTaBNATb pa3nyHble BUAblI apeHabl 06opyaoBaHums,
MUHUMabHbIA YPOBEHb 06CYXMBaHNSA(YCNYr) KOTOPOr0 rapaHTMPyeTCs NpoBanaepoM.

BupTyanusaumsa aBnseTcs KAo4YeBbIM MOMEHTOM 3TUX Moaenei. IT opraHm3aunm MMerT
npefcTaBAEHUS 0 TOM, YTO BUPTYann3aLms no3soaseT 6bICTPO 1 NPOCTO CO3A4aBaTb KOMUK
CYLLECTBYIOLLErO OKPY>XXEHWS, MHOT 1@ BOBJIEKASA CJIOXKHbIE BUPTYasibHble MaLUUHbI (MOAAEPXKKY
TecToB, pa3paboTKM 1 nepepacnpeneneHne akTUBHOCTN) CTOMMOCTb 3TUX OKYXXEHUIA MUHMAJbHA,
MOTOMY YTO OHW MOTYT COCYLLECTBOBATb B OKPY)KEHMM 0HOro 1 Toro xe production server-a,
MOTOMY YTO OHU UCMONb3YIOT HECKOIbKO PecypcoB. MpunioXKeHns 34ecb SBASIOTCA
MacwTabupyemMbIMU 1 UMEIOT BO3MOXXHOCTb ObICTPOro yaaneHHoro goctyna.

NHdpacTpyKTypa nporpamMmMupyemas

PaHblUe apXUTEKTOpPbI AOJHKHbI OblIM ONpeaennTb KakuMm 06pa3oM passinyHble KOMMOHEHTbI byayT
pacnosiaraTbCs Ha CepBepax, Kak OHW ByayT cBsA3aHbl Mexay cobown, omkHbl 6Ban obecneynTb
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onpeaeneHHyto BOCCTaHaBAMBAEMOCTb 1 MacluTabrpyemocTb.Cetvac pa3paboTynku MoryT
nconb3oBaThb cloud APl He TONbLKO ANS CO34aHNS CTPYKTYP NPUI0XKEHWUI Ha BUPTYabHbIX
MaLLUMHAX,HO TakK Xe U3MEHATb UX MNPV U3MEHEHUN paboyei Harpysku,

PaHblle ans obecrnevyeHns MHOronoTOYHOro NapasienbHOro BbiNOJHEHUS N0J1b30BaIUCh S3bIKOM
java, Tenepb CyLECTBYET BO3MOXHOCTb OJIHOBPEMEHHOI0 CO3AaHNS HECKOJIbKUX B3aUMOCBS3HbIX
MaLLMH. O4eHb Ba)KHO CMELLIEHNE OT apXMTEKTOpPa K pa3paboTumKy-apxXuTekTopy.

MpuMep pasBepTbiBaHuA web-npunoxeHun

Mpumep kak kKombrHauma BupTyanmsauum u self-ceperca cnocobCTBY0 pa3BepThbiBAHNIO
NpUNoXXeHUn, byaem cHnTaTh , YTO ABa CBA3HbLIX NPUIOXKEHUS pa3BepTbiBaloTCA B obnake. 1.
Pa3spaboTyumk posxkeH BbibpaTb 6anaHcMpoBLLKK 3arpy3ku, Web cnyxb n cepsepos Bl 13
6rnbnnoTekmn ¢ 3agaHHON KOHpUrypaumen obpasa BUpTyasbHON MallKHbI 2.Pa3paboTynk fomxeH
CKOH(UTKpMpPOoBaTb Ka)kAbl KOMMNOHEHT A5 nojyvyeHus Tpedyemoro obpasa. banaHCcMpoBLLKK
3arpy3kmn goskeH bbiTb HaCcTpoeH. web- cepsep 3anoHAETCA 3TUMK CTAaTUCTUYECKMMUN AAHHBIMU
AN 3arpy3kun ux Ha storage cloud ,npubopbl cepeepa NPUNOXKEHNI 3aMONHATCA AMHAMNYECKUM
KOHTEHTOM A9 canTa. 3.Pa3pabaTbiBaeMblil KOL YPOBHA HAACTPOMKN B HOBOW apXUTEKType
cooTBeTCTBYeT TpeboBaHMAM cneunduyHecKnx npunoxkeHnin. 4. Paspabotymky BeibrpatoT WabnoHbl,
KOoTopble bepyT 0b6pa3bl 419 Ka)XA0ro yPoBHA 1 pa3BopaynsatoT nx, obpabaTbiBaloT BONPOCHI
MacwTabupoBaHus, 6e3onacHOCTM 1 ceTeBble. 5.6e30NacHOCTY, BbICOKUIN NOKa3aTelb HafeXHOHYTUM
Beb-npunoxeHnn pacteT. Korga npunoxeHne Hyxxaaetca B 06HoBAeHUN, 06pa3bl BUPTYanbHbIX
MaLUMH MOryT BbITb 06HOBMEeHbI. Cloud computing NpUHMMaeT 3a UCTUHY TO, YTO BCE BPEMEHHO U
npoLLe nepepasBepHyTb BCE MPUJIOXKEHNE, HEXEeOWN CTaBUTb Ky4y NaTyen Ha BUPTYasibHble MaLUWHbI.
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CepBuCbl NpeaoCcTaBaiseMble Yepes ceTb

MoyTn camo cobom pasymeeTcs, 4To 0bs1avHble BbIYMCIEHUSA UMEIOT TEHTEHLNIO paclumpeHuns
MOCKOJIbKY YCNYrn CTAHOBATCHA AOCTYMNHbIMU Yepes ceTb. [pakTuyieckn Kaxkaas brnsHec-opraHm3auns
ncnonb3yeT Beb-nHTepdencol B CBOMM MPUNOXKEHUAM, 015 BO3MOXHOCTU AOCTYNA KIMEHTOB K 3TUM
NPUJIOKEHUSAM Yepes3 MHTEPHET, UK XKe OHWN ABASI0TCA BHYTPEHHUMUN NPUIIOXKEHUAMU, KOTOPbIE
CTaHOBATCS AOCTYMNHbLIMW A1 YNOJIHOMOYEHHbIX COTPYAHUKOB, NapTHEPOB, NOCTABLUNKOB, M
KOHCY/IbTaHTOB. KpacoTa VIHTepHeT-ycnyr Ha 6a3e, KOHEeYHO, ABASETCA TO, YTO NPUIOXKEHNSA MOTYT
ObITb [OCTYMHbI B NtoboM MecTe 1 B Ntoboe BpeMs. XOTA nNpeanpuaTus, XopoLo oCBeA0MEHbI 0
BO3MOXHOCTK 6e30MnacHom CBA3M ¢ nomowbio Secure Socket Layer (SSL) wndpoaHmsa, Hapsaay
CUNbHON ayTeHTUdUKaLmen, ysenmyeHne LoBepus K BblYMCAUTENbHON cpefie obnaka TpebyeT
TWATEeNbHOM0 U3YyYeHNS Pa3nynin Mexxay KOMNbIOTEPHON TEXHUKOW NpeanpuaTuidi u obnadyHbIMm
BblYMCneHnaMun. Npy NpaBUIbHON apXMTEKTypae AOCTaBKa Ype3 UHTepHET MoxXeT obecneyunTb
HeobxoaunMbl rMBKOCTb M 6e30NacHOCTb,NPeanpuUATUAM BCEX Pa3MepOB.

Ponb OTKpLITOro nporpaMMHoro obecneyeHus

MporpammHoe obecneyeHne C OTKPbITbIM UCXOLHBIM KOAOM MO3BONSET MPUNOXKEHUAM, CO3LaHHbIM
Animoto, MmacwtabuposaTtbcsa 8o 3500 ciyyaeB B Te4eHME HECKAOJIbKUX AHeN. JIerkocTb
KOMMOHEHTOB C OTKPbITbIM KOAOM MOXXET ObITb MCNOJIb30BaHa AN COOpKM BoNbLLIMX NPUNOXKEHNS,3TO
B CBOIO 0Yepelb YBeNUBUYAET POJib OTKPLITOro NporpaMMHoro obecneyeHuns, Hanpumep anropuTtm
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MapReduce, KOTOpbIN MOXET ObITb 3anyLLeH B OKpPY>XeHun cloud computing 6611 0gHMM 13 haKTOPOB
CTUMYNNPOBaHUA pa3paboTyMKoB.

Mopnenu undpactpyktyp B cloud computing

CywecTByloT Tpu Buaa mogenen:public, private,hybrid clouds public clouds 3anyckatoTcsa Tpems
CTOPOHAMUN M MPWJIOXKEHNS OT Pa3JIMYHbIX KIMEHTOB MOX0XMN Ha cMecb cloud’s servers, storage
systems, n networks.

04HMM 13 NpeumyLlecTs public cloud -3To To, 4TO OHU ropB340 HosbLIe HeXenun private y YacTHbIX
KOMMaHWIM, N NpeanaratoT BOXMOXHOCTU MaclwTabnpoBaHns BBEPX 1 BHUX Mo TpeboBaHmo. YacTu
public cloud moryT 6bITb Bblpe3aHbl 41 SKCK/O3MBHOI0 NCMOAb30BaHUSA €ANHNYHBIMU KINEHTaMMU,
C034aBas BUPTYaslbHble NMPUBATHbLIE LEHTPbI AaHHbIX. Tenepb KANEHTblI MOFYT MaHUMYAMPOBATb He
TONIbKO BUPTYasibHbIMY MaLlUMHAMK, HO U CEpBEPaMM, CUCTEMAMU XPaHEHWNS OaHHbIX, CEeTEBbIMU
YCTPONCTBaAMW N TOMONOrNEN CETH.

private cloud nctponTcs ona 3KCAO3UMBHOMO UCMNOJIb30BaHMA UK NS € QUHUYHOTO
KNMeHTa,NpefocTaBseT KOHTPOJIb Ha BCer nHdopmMaLumen. MHppacTpykTypa KOMNaHuu
COBCTBEHHUNKA MMEET KOHTPOJIb Ha TEM, KaK NMPUI0XKEHNE pa3BopadinBaeTCa Ha Hew. Private cloud
MOXXeT pacnonaraTbCs B AaTaLeHTpe ,KOMMaHUN TakK XXe MOXYT BbITb 3anpoCcTo pa3BepHyTb
NpUIoXXeHwue.

YacTHble obnaka CTPOATCSA UCKIIIOYMTENIbHO A UCNOJIb30BaHWA OAHOMO KNneHTa, obecneynsas
MaKCMMaJibHbI KOHTPOJIb HaA AaHHbIMK, 6e30NacHOCTU 1 KayecTBa obcnyxmBaHus . KomnaHusa
BnageeT MHPPACTPYKTYPON, a TakKe KOHTPOJIMPYET pasMeLLeHHbIe Ha Hel NPUaoXXeHus. YacTHble
obnaka mMoryT BbITb pa3MeLleHbl B LleHTpe 00paboTky faHHbIX NPeanpuUaTURN, N OHM TakXe MOryT
ObITb pa3BepHyTbl pa3MeLleHHOM Ha 0bbekTe. YacTHble ob6naka MoryT ObITb CO34aHbl M YNPaBAAOTCA
cobcTBEeHHbIMU UT-0opraHm3aunaMy npeanpuaTns nnm obnakom ycnyr. 3ta Moaesb AaeT KOMNaHUAM
BbICOKU YPOBEHb KOHTPONS Ha UCMOJIb30BaHNEM PeCypCoB.

CMewwaHHble obnaka 3T0 KoMbuHauwms private n public mogenen. Bo3aMoXHOCTb YBEANYNTb YaCTHbIN
obnaka 3a cyeT NybANYHbIX MOXET 6bITb NCNOJIb30BaHUA NpK BbICTPLIX KoNebaHnsax paboyen
Harpy3sku(nogaepxxka npunoxxeHun Web2.0).M'mbpungHas moaenb MOXXET TaK XN UCMOJIb30BaTbCS
npu 3anfaHMpoBaHHON paboyein Harpyske.34ecb Cpeamn BONpoCoB, KOTopble Hago byneT
PacCrnoTpeTb -3TO OTHOLLIEHNE MeXAY XaHHbIMU 1 06pabOTKON AaHHBIX.

ApxutektypHble ypoBHu Cloud Computing

Cloud computing npepnaraeT ycnyru, KoTopble MOryT 6bITb pa3aeneHbl Ha Tpy KaTperopumn:software
as a service, platform as a service u infrastructure as a service. Obwias CTpyKTypa COOTBETCTBUSA
annapaTHoro obecnevyeHns U NPOrpaMMHOro NPUBELEHA HUXKE:
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Web services. Flickr API, Google Maps API, Storage SERVICES

Web-based applications. Google apps,

salesforce.com, tax preparation, Flickr SRS

Virtual hosting. Use a preconfigured appliance or a

custom software stack, AMP, GlassFish, etc. L

Rent a preconfigured 0S. Add your own applica-

. OPERATING SYSTEM
tions. Example: DNS server

Rent a virtual server. Dt_eplny a VM image or install VIRTUAL SERVERS
your own software stack
Rent a compute grid. Example: HPC applications PHYSICAL SERVERS

nHTepdencsl nporpaMmmmupoBaHua npunoxxexHuu B cloud

OOHOM 13 KJIYEBbLIX XapakTepUCTUK, oTandatowmx cloud computing CTaHAAPTHOr0-3TO TO, Y4TO
NHMPaCTPYKTYpa ABNSETCA NporpaMMmpyemon. BMecto pusnyeckoro pasMeLleHuns cepeepos,
XPaHWNULL U CETEBbIX PECYPCOB AJ15 NOAAEPXKKY NMPUI0XKEHNI,pa3paboTinkm onpenensioT Kakme
NOEHTNYHbIe BUPTYasibHble KOMMOHEHTbl HaCcTpanBaTh U CBA3bIBaTb , BKJIIOYas TO, Kak obpasbl
BUPTYabHbIX MALUUH 1 OaHHbIE MPUNOXeHNU By AyT nonyy4aTbcs U xpaHuTbes B cloud storage. OHm
onpenensoT Kak 1 KOorga KOMNoHeHTbl ByayT pa3BepHyThl Yepe3 API, KOTopble cCneunguumpyoTcs
cloud nposanpepom.

3T0 aHanorn4Ho Tomy,kak pabotaet File Transfer Protocol (FTP) : FTP cepBepbl KOHTPOAPYIOT CBA3N
C KJINEHTOM, KOTOPbIE OCTAlOTCA OTKPbLITLIMY B TEYEHMe BCero cpoka ceccun. Korga ganbl 4OSKHBI
ObITb NepefaHbl, ynpasasoLlee coeuHeHne NCcnob3yeTcs ans obecneynTb NCTOYHMKA U UMEHN
(banna Ha cepsepe, 1 06paLLasCb K UCTOYHUKY MO HY>XXHOMY MOpTy NPOUCXOANT nepenaya ¢asnos. B
HeKoTopoMm cMmbicie, “cloud computing APl noxox FTP yrnipaBneHus KaHasoM: OH OTKPbIT B TeYeHue
BCEro CpoKa MCnosib30BaHna obnake, 1 OH onpefenseT, HaCKONbKO UCNoNb3yeTcs 061aKko B KOHLE
NpenoCcTaBnUTb yCAyr NpeayCcMOTPeHHble paspaboTynkamu. icnonb3osaHue APl ons KOHTPOAS Kak
ncnosb3ytowenca o61avyHon MHPPACTPYKTYpbl TauT B cebe NoABO3HbIE KaMHW. B oTanyume oT ftp
npoTokosa cloud APl He cTaHAapPTM30BaHbIl, YTO ABIAETCA €CTECTBEHHbIM A4 Nobon oTpacau,
HaxoA4sLWenca Ha Ha4aloHOW CTaAumn pa3BUTUS.
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MpeumywectBa Cloud Computing

Ncnonb3osaHue cloud computing uMeeT MHOXXECTBO NPenMyLLEeCTB:
* COKpalleHne BpeMeHU 3anyCcka 1 BpeMeHN OTKIINKA.

(BoCTaToO4YHO BLICTPO peLlaTCa pecypcoeMKmue 3afadn, 4To U yMeHbLUaeT BPEMEHHbIE 3aTpaThl)
* MUHM3ALNS PUCKOB MHPPACTPYKTYPbI.

(3T0 04eHb y06HO A8 MasbIX KOMMAHWIA, KOr4a HEN3BECTEH UTOrOBbIN PE3yNbTaT U HET XKeNaHus
TpaTuTh 60MbLLUME pecypchl Ha NpubpeTeHne AopPOrocTosLLero obopyaoBaHus)

® CHUXXEeHne CTOUMOCTMW.
EcTb psan npusHakos Cloud Computing, KOTOPbIN NO3BONSET CHU3UTbL 3aTpaThl:

1. ApeHpaa MHGOPACTPYKTYPLI(HET 3aTpaH Ha NpeobpeTeHmne)
2. MpunoxeHns pa3pabaTbiBalOTCA B OCHOBHOM MyTEM COOPKM @ He NMPOrpaMMUPOBaHUS, YTO
YBENYMBAET TEMMbl PAa3BEPThLIBAHNSA HOBbIX NMPUI0XEHWNA.

* yBeJIN4eHNe TEMMNOB NHHOBaL WM.

Cloud Computing MoXeT cnocobCcTBOBaTb MNOBbLILIEHNO TEMMOB MHHOBALMOHHOWN AEeATENIbHOCTH.
Hn3Kas CTOMMOCTb BCTYMNNEHMS HA HOBbIE PbIHKW, CO3AAET YC/I0BUS, MO3BOASIOWME CTapT-an
KOMMaHWNM pa3BepTbiBaTb HOBbIE MPOAYKThI ObICTPO 1 MPU HU3KKX 3aTpaTax. ITO NO3BOASET MENKUM
KOMMNaHusM 6osee 3¢HeKTNBHO KOHKYPMPOBATh C TPAAULMOHHBLIMU OpraHM3aLnsiMu.

ApxuTeKTypHble Bonpochl laasS

N3MeHAI0TCA apXUTEKTYpHbIe NoAXoAbl

B 90-x rogax 3alle pa3roBop, 0 TOM,KaK AEKOMMO3MPOBaATb NPUIOXKEHNA Ha Pa3/inyHble KOMMOHEHTI
W OaJiee Kak pa3BopaymBaTh 3TW NPUIOXKEHNA Ha OTAE/bHbLIX CEPBEPaXB NOPALKE ONTUMU3aLMM
HeyHKLMOHaNbHbIX TpeboBaHMA TakMX Kak MacTabnpyeMocTb,40CTYMHOCTb , IErKOCTb
ynpassieHns n 6e3o0nacHoOCTb. Ha cerofHAWHNIA LeHb NOALEPKNBAETCA EKOMMNO3ULNSA apXUTEKTYP
NPUNOXKEHUIA, @ B UTOre pa3BepTbiBaeTCA Ha 06beANHEHHON apxXUTEKType, KOTOpas UCNOJb3yeT
BupTyanusaumno. Cloud Computing npogosmkaeT naTu no nyTu NpefocTaBieHnsa NporpaMmMmpyemMoro
pa3BepTbiBaHNSA apXUTEKTYP NPUSIOXKEHWI, B KOHEYHOM cYeTe obellaeTca npefocTaBieHne
AnHamnyecknx data ueHTpos. C cloud computing pe3ko nosbilwaeTcs 3pPeKTUBHOCTb. Ecn
NPUSIOXKEHNe Henb3s caenaTbh ObICTPLIM 1 NPOrpaMMUpPyeEMbIM, 3HAYUT OHO HE COOTBETCTBYET
mMonenu.

N3MeHseTCcAs AM3alH NPUJIOKEHUN

B npoLusoM, NpUNoXKeHUst CTPOUANCL Ans 06paboTKM 6ONbLIKMX HAarpy30K NyTeM BEPTUKAILHOMO
MaclTabupoBaHus, TO eCTb A0baBNEHNS 6ONbLINX DU3NYECKUX PECYPCOB Ha MaLLWHY, Ceivac
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nponsowien nepexo K ropusoHTasigbHOMY MaCLIJTa6VIpOBaHI/I}O, pacnpeneneHHbIM BbIHNCNEHUAM.

Bbicokas npou3BOAUTENIbHOCTb

KnacTepHble BblHUCNEHUSA, MO3BONIAIOT B pa3bl yBENYMBAThL MPOU3BOANTENLHOCTL NpUIoXeHui,cloud
computing aBseTCcsA NpsSMbIM NOTOMKOM grid TEXHOOrUA.

Cucremsl ynpasBJieHuA basamm AaHHbIX

Cnctembl ynpasieHnsa 6a3aMum faHHbIX afanTupoBaHHbl 418 paboTel B 061a4HbIX cpefax nyTem
rOpU30HTaNIbHOro MaclTabupoBaHma cepeepoB H6a3 faHHbIX 1 Tabnuy pasfenos Mexay HUMK. ITa
TexHWKa, n3BecTHa Kak sharding, no3BonseT HeCKosIbKMM 3k3emnasapam b (4acTo
MySQL)macwTabmpoBaTb NPON3BOAUTENBHOCTL B cpefe obnaka. BmecTo Toro, 4Tobbl nMeTh AOCTYyN
K €OUHOWN LeHTpasibHOW Bll, NpnaoXXeHna Tenepb MMEKT AOCTYN K 0AHUM U3 MHOMOYUCEHHbIX BJl, B
3aBMCMMOCTW OT TOW 4YeCTU JaHHbIX, B KOOTPbIX OHW HY>XAA0TCA.

CPU obpaboTka

MprnoxXeHns, OpUEeHTUPOBAHHbIE HA aKTUBHOCTL TuMa frame rendering, Tenepb BMECTO co34aHuMA
OTAENbHOr0 NOTOKa MOryT CO3[BaBTb OTAEJIbHYIO BUPTYasibHYIO MaLUWHY, YTO yYBen4nBaeT
NPON3BOAMTENBHOCTb 3@ CHET FOPU30OHTAJIbHOr0 MacWTabuposaHus.

OO6paboTka maHHbIX

OCHOBHbIe MHCTPYMEHTbI-UHCTPYMEHTbI pa3BrBatoLLMECS Open source coobLecTBOM, KOTOpble
nomoratoT B 06paboTke 6onblinx 06 bEMOB AaHHbIX 1 Aafiee CMBAOT pe3ynbTaThl B € 4NHbIN
npouecc obpaboTkn. Hanpmumep Hadoop 3T0 open source pa3paboTka ans ppenmsopka MapReduce
KOTOpas COBMELLAET pa3BepTbiBaHME paboynx BUPTYabHbIX MaLIVH C 4aHHbIMUW, KOTOPbLIE OMH
NCMoNb3ytoT.

MocnepoBaTenbHbIN U CTAOMNBHBIK CNOK AbCTParupoBaHusA

Cloud computing yBenn4nBaeT ypoBeHb abCTpaKLMM Ha CTObKO, YTO BCE KOMMOHEHTHI SBNIAOTCA
abCTPaKTHBIMU UAN BUPTYANN3NPOBAHBLIMMK, U MOFYT ObITb NCMONb30BaHb! 415 ObICTPON KOMMAHOBKMY
NPWIoXKEHN 1 nnaTdopma 6onee BbICOKOr0 YPOBHA.ECIM KOMMOHEHT He ABNAETCS
noc/efoBaTENbHBIMM U YCTONYMBLIM CNOEM AJ19 KJIMEHTA UAW y3/1a OH SBASETCA HE NOAXOAAWMM 4N1A
cloud computing. CTaHgapTHaa eguHuLa pa3BepTbiBaHMA -3TO BUPTYasibHasA MallnHa,KOTopas rno
CBOEN NpupoAe npefHa3sHayeH ans paboTbl Ha abCTPaKTHOM YpPOBHE annapaTHOW NaaThopmbl.B
Cloud Computing Ba>xHO noaaep>xBaTb MOAENb, a He obpa3ec/n NoaaepXMBaeTCcs MoLenb, obpas
nosyyaertcs u3s moaenun. Obpas BUPTYasibHOM MallMHbI ByeT BCeraa MeHsTbCA, MOTOMY YTO YPOBHM
nporpaMmMHoro obecneyeHns scerga byayT Hy)KAaTbCA B NaT4yax, 0OHOBNEHUAX N PEKOHMUTYypaLUSIX.
YT0 He N3MEHSIeTCA, TaK 3TO NPOLIECC CO3AaHNS BUPTYasIbHOM MaLUMHbI U 3TO TO, Ha YeM
pa3paboTYMKM OOMKHbI CHOKYCUPOBAThL CBOE BHMMaHMeE. Pa3paboTumkm gosKHbl CTOUTb
BUPTYasibHYI0 MalUMHY B C/IeAYIOLLEN nepapxmum(nocnenoBaTenbHOCTM) web-cepBep, cepBep
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npunoxxexus, cepsep b MySQL Ha obpa3e OC, ycTaHOBKa naTyemn, U3MeHeHMsa 1 obwmx
KOMMOHEHTOB Ka)k40ro ypoBHs. PoKycupoBaHme Ha mogenu (ny4ywe 4yem obpas BUPTYyasibHOM
MaLlWHbI) no3sonseT 0bHOBNATL N0 HeobxoaumocTn, No Mepe fobaBneHns B MoLesb HOBbIX HAbopoB
KOMMOHEHTOB.1pn Hanm4ynyu CTaHZappTHON eANHNLN pa3BepTbiBaHMA cloud apxMTeKkTopbl MOryT
NCrnosb30BaTb “nNpubopbl”, KOOTPble MOMOralT 0b6ecne4ynTb CKOPOCTb Pa3BepPThIBAHNA MPWN HU3KOW
CTOMMOCTU. Pa3paboTymkn goKHbI MCNONbL30BaTh “Npubopkl”, KOOTPbIE NPeABapPUTENbBHO
HacTpoeHbl ANns 3anycka Hadoop Ha OpenSollaris 0S,3anMonencTsyto Yepes appliance’s API.
ApXMUTEKTOpPbl MOT'YT UCMONb30BaTh COAEPXKNMOE KOMMYTaTOPOB A1 pa3BepThiBaHUA HE KakK
(hu3nyYeckmx ycTponcTB, a Kak BUPTyanbHbIX “nNpnbopos” (yCcTponcTs). Bce 4To HeobxoanMo ans
pa3BepTbiBaHNSA-3TO BWwanmogenctame ¢ APl nan GUL.

CTaH.IJ,aprI, noMoratouime peLunTb TPYAHOCTHU

Cloud Computing nmeeT HECKOJIbKO CTaHOapPTOB 1 CTaHAAPTHbLIX KOHPUIypaumit,HanpaB/ieHHbIX Ha
COKpaLLeHne CTOMMOCTM 06CNyXUBaHUSA U pa3BepThiBaHUA. ECTb CTaHAapThl, KOTOPbLIE AenaloT
npoLecc pa3eepTbiBaHUSA NpoLle, 3To 6os1ee BaXKHO, HEXENN Hann4yme COBEPLUEHHO HAaCTPOEHHOM
OKpyXatoLlen cpeabl Ans pabotel. 3aecb gencreyet npasuno 80/20:CC gokycnpyeTcs Ha
HeCKOJIbKN3 CTaH4apToB, KoTopble noanepxunsatoT 80% Bcex ciy4aeB npuMmeHeHusa. CTaHgapT
BEPOATHO ByAeT BKAOYaTh TWUM BUPTYaIbHOM MalLMHbI, ONPaLMOHHYO CMCTEMY B CTaHAapTe obpasa
BMPTYasibHON MaLlUWHbI U NOALEPXKKY A3bIKOB NMPOrpaMMUpPOBaHUNS:

e Tnbl BUPTYanbHON MaLlNHbI.INIPUMEHNTENBHO K COLMAIbHBIM CETAM, U301AUMN 4114
6e30MacHOCTM 1 BLICOKUI YyPOBEHb abCTpakummn a5 nopTMPOBaHUSA peKOMeHAyeTCs
ncnonb3osaTh Typell BUpTYyasbHON MaLLnHbL. 115 BbICOKOW NPOU3BOAUTESIbBHOCTM U
BU3yanunsauum npunoXXeHnun, HenocpeaCcTBEHHO 419 AOCTYNa K annapaType 415 AOCTUXKEHUS
MaKCUMaNbHON NPOM3BOANTESNIbHOCTU HeobxoaAnmMo ncnosb3osateb TYPEl BUPTyanbHbIX MaLUWH.

e [pepBapuTeNbHO yCTaHABAMBAEMbl U HAaCTpParBaeMble CUCTEMbI. NPOrpaMmMHoe obecneyeHme
Ha BUPTYaJibHbIX MalLUMHaxX AO/HKHO NOALEPXKUBATLCA TakK XKe KaK 1 Ha (hU3NYecKnx cepeepax.
NmeeTca HebonbLion Habop cTaHAapTOB AN5 NOALEPXKKM KOHDUIYpaLuii, paspeLlatoLmx
pacpaboTynkKam NCNONb30BaTb TEKYLLYIO NOALEPXKMBaeMyO VM.,

Korfa Tekywas KoHpurypaumsa obHoBnAeTCs, MoAeNb, ANKTYIOWasn HaCTPONKN A0SIXKHa ObiTb
pa3paboTaHa Tak,4T0bbl ObII0 NErKo BHOCUTb U3MEHEHUS B HOBYIO BUPTYasbHbIO MaLLUHY. TO Xe
camoe [0/KHO ObITb BEPHO A1 YCTPOMCTB, rAe TeKyLas Bepcus MoxeT BblTb HaCcTpoeHa C
MOMOLLbIO CTaHAAPTHbLIX UHTepdencos API.

e VIHCTPYMEHTbI 1 A3blKW. [peanpusaTna AO/KHbI CTaHAAPTU3UMPOBaTh UCMOJIb30BaHNE A3bIKOB
java n Ruby on Rails. Manbin 6usHec moxeT cTaHAapTu3mpoBaTb PHP Kak npeanoyTuTenbHbIN
NHCTPYMEHT AJ18 NOCTPOEHNS NPUI0XKEHNI. MNOCKOAbKY 3TN CTaHAaPTbl LOCTAaTOYHO CTapble B
KoHTekcTe CC, OHM Ha4yMHaT hopMmnpoBaTh creayowmin cnon, PaaS(nnaTtdopmMa Kak cepsuc).

Cucremsl BUPTYaJIU3aulUM U UHKaNCynaumMm nogpep>xuvealot pe(baKTopuHr

Kofa Hag npuioXKeHneM Npou3BoAnTCA pethakTOPUHT U CO3Aat0TCA NyTEM KOMOUHMPOBAHMUA 1
HaCTpPoWNKK Habop 06pa3oB BUPTYasbHbIX MALUNH U UHCTPYMEHTOB” NpnOOPOB”, akLLEHT AenaeTcs Ha
TOM, 4YTO KOHKPeTHasa BMpTyasbHasa MalnHa paboTaeT, HO He 3HAeT Kak 3TO
peann3oBaHo.BupTyanusaums n MHKaNCynsaLmna CKpbliBatoT AeTanum peanmsaunm n gokycupyoT
pa3paboTYMKOB Ha MHTepdencax N ME)XXKOMMOHETHbLIM B3aUMOAENCTBMEM.ITU KOMMOHEHTbI A0/IKHbI
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NpenoCTaBNATb CTaHAAPTHbIE MHTepdeCk! Ans Toro, 4Tobbl pa3paboTymkn Moram bbICTPO 1 NPOCTO
pa3pabaTbiBaTb NPUI0XKEHUA-ITO KaK UCMOb30BaHNE TEX UM UHbIX a/lbTEPHATMBHbLIX KOMMOHEHTOB
C NoXoXen hYHKLNOHaIbHOCTbIO B 3aBUCUMOCTM OT MPOM3BOAUTENBHOCTU U CKOPOCTW.
Pa3BepTbiBaHME NPUSIOXKEHNIA MPON3BOAMTCA NPOrPaMMHO U AaXKe NPOrpaMMbl Pa3BepThiBAHUS
NPWUIOXKEHUA MOTYT BbITb MHKANCYMPOBAHbI U MO3TOMY MOTYT UCMO/b30BaTbCS MOBTOPHO.
dunocoms 061a4HbIX BbIYUCIEHNS OS5 MOOAEPXKKN NPUIOXKEHUN -He yCTaHaBAMBATb MaTyy, a
nepepa3BepTbiBaTb. YNpaBiieHNEe MOAEbIO, KOTOPasa Co34aeT BMPTYyasibHble 06pa3bl MaLLMH
ynpoLlaeT 3Ty npoueaypy. MNocne pa3BepTbiBaHNS UK BbIMYCKa HOBbIX BEPCMIA MALUUH NyTEM
0OHOBJIEHUSI KOMMOHEHTbI BUPTYaJIbHbIX MALLMH NPUMEHSIOT WABIOH NPOEKTUPOBAHUS ANS
nepepa3BepTbiBaHMSA. Korga pa3paboTymku gopabaThiBaloT BUPTYasbHYO MalUMHY, TOJbKO OAUH
0bpa3 BUPTYanbHON MallNHbI AOJ/KEH ObITb CO34aH, OCTajlbHble A0JKHbI ObITb TUPAXXMPOBAHLI U
pa3BepPHYTbl NporpaMmHo. VM goskHa MMeTb BepCuto ans obneryeHuns oTkata B Cjiyvyae
HeobxoanmMocTH.

Fopu3oHTanbHOe MacwTabupoBaHue

cnonb3ys ropn3oHTasbHOE MacliTabupoBaHme ciefyeT COCPeA0TO4YMTb BHMMAHME Ha obLuen
JOCTYNHOCTU NPUSIOXKEHUAC NPEABOJIOXKEHNEM, YTO JI0OON N3 KOMMNOHEHTOB B JIOO MOMEHT
BPEMEHUN MOXXET ObITb HEe AOCTYNeH.boNbLWMHCTBO NNaT¢hopM o0bnaka CTPOATCSH Ha BUPTYaJibHbIX
nynax CepBePHbIX PeCcypcoB. [OpM30HTaIbHOE pacLUMPEHNE He OOXKHO ObiTb OrpaHNYeHHbIM OHUM
06/1aKOM.

NMapannenusauus

Mpw BEpPTMKaIbLHOM MacwTabrupoBaHu , NP MHOrONPOLLECCOPHOM MalUMHe Nepennennsauns
Nno3BoJisiS1a YBENYUTL CKOPOCTb BbIMOHEHUA onepaumi. Ho cerofHs, Korga Bbl4UcanTebHble
cpenbl CMELLAloTCs K apxXnTekType x86 C ABYMSA UAW YeTbipbMS COKeTaMM, TONIbKO BEPTMKAJIbHOE
MacwTabmpoBaHne MMeeT MHOIO napasinefibHblX MPOLECcCOB Ha aapax cepeepos. Ha
MaKpocCKonuyeckoM Macwwtabe, nporpaMmHoe obecneyeHne, KOTOPOe MOXeT UCMOJIb30BaThb
pacnapaniennBaHne Ha MHOMMX cepBepax MOXET MaclWwTabupoBaTbCs A0 ThICAY CEPBEPOB,
npegnaras oOrpoMHy0 MaclTabupyemMocTb, 3TO CTasI0 BO3MOXHbLIM Barogaps CUMMeTpPUYHON
MHOronpoueccopHon obpaboTke. B hmanyeckom mupe, pacnapansiennBaHne 4acTo peaamsyeTca C
NoMOLLbi0 6aNaHCMPOBKY HAarpy3KM Uan COLEPXKMMbIM KOMMYTaTOPOB, KOTOpbIe pacnpenensoT
BXOASLLME 3anpoChl Ha HECKONbKO CepBepoB. ECTb MHOIO Apyrux cnocoboB NCM0/ib30BaHNSA
napannensHon 0bpaboTkn B cpene 06nayHbIX BbIYMCNEHWIA. [TPUI0XKEHNE, KOTOPOE UCMONb3YyeT
3HAYMTENIbHOE KOIMYECTBO NPOLLECCOPHOro BpeMeHn Ans 0bpaboTkm Nosb30BaTENbCKUX AAaHHbIX
MOXXeT UCMOoNb30BaTb MOLEsb NPUBELEHHYIO HUXE Ha PUCYHKE. NIAHUPOBLLNK NoJyvaeT 3af4aHunsa oT
nosib30BaTenNen,pacnosiaraeT AaHble B PENO3MTOpPUN 1 Aanee 3anyCcKaeT HOBYIO BUPTYanabHYHO
MalUVHYy ANS KaXXA40W 3afayn,npefocTaBnss BUPTYasbHOM MallMHe Mapkep, KOTOPLIN No3BoaseT
NoNy4YnTb OaHHblE U3 XpaHuauwa. Korga BupTyasibHas MallMHa 3aKaHYMBAET BbIMOHEHNE CBOEr0
3aJaHusd, pesynbTaT nocsenoBaTeNbHO BO3BpaLLaeTcsa 0bpaTHO NAaHMPOBLLMKY,KOTOPbIE
noc/efoBaTe/IbHO 3aBEPLUAET NPOEKT 1 NepenaeT pe3ynbTaTb NoJb30BaTEs0 U paboThl
BMPTYasibHON MaLUNHbLI 3aBepLIaeTCs.
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Paspensan u BnacTeym

NPWUJIoXKEHNe MoryT BbiTb pacnapasneneHbl eCan gaHble MOryT 6biTb pa3feneHbl N0 HE3aBUCUMbIM
cuctemam, Kotopble byayT obpabaTbiBaTh MX MapanfienbHO. XOpoLas apxXMTeKTypa NpuIoXeHNi
BKJIIOYAET B cebs NnaH pasfensi n BNaBCTBYA NPUMEHUTENBHO K f@aHHbIM N UMEET peasibHOM Mupe
HarnsaHble NPUMepPbl U MHOXECTBO MNOAXOA0B:

e Hadoop - 310 peanu3auma MapReduce wabnoHa, KOTOpbI peannlyeT master/worker naTTepH

pacnapannenmeBaHus.

B sharding MoxeT 6bITb peasv3oBaHa NyTAM psfa TEXHVK Pa3AeneHus, BKI0YAoLLMX
BEPTUKAJNIbHOE pa3feneHne, Anana3oHHoe pasfiesieHne Uam pasfiesneHne Ha OCHOBe
AMppeKTopuid. Moaxon NosHOCTLIO 3aBUCUT OT TOT0, KakMe AaHHble [LO/KHbI ObITh
CNOJIb30BaHbI.

BONbLWMHCTBO OMHAHCOBBLIX MHCTUTYTOB COBEPLUEHCTBYIOT aJiFOPUTMbI BbISBEHUS
MOLUEHHWYEHCTBA, OAHW U3 HUX -3TO data-mining onepawumn, KOTOPbIE MOXXHO pacnapaninenunTb
NPUMEHUTENBHO K 601bLWNM 06 beMaM AblHHbIX.

Jpyrve BbICOKONPON3BOANTENbHbIE MPUIOXKEHUS, KOTOPbIE PaboTaloT C TPEXMEPHOWA
nHopmaumen boinm paspaboTaHbl TakK, YTO COCTOSAHNE OQHOro Kybuyeckoro obbema
(HanpuMep rasa) MoXeT BbiTb BbIYUC/IEHO 3@ BpeMs t A1 0aHOro npouecca. [lanee cocTosiHme
0ZHOro Kyba-pacnpocTpaHseTCcs Ha COCTOsHME BOCbMI NpuaeratoLmx Kybos, KOTopbibl
BbIYUCNAIOTCS 3a BCcpems t+1.
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Pa3neneHune faHHbIX UMEET 3Ha4YeHne, Korjaa 06bembl JaHHbIX nepenarTca no CETU, 4HTO AENaET
qJI/I3I/I‘-IeCKVIe AdaHHble cneayruwnMnm B CNNCKe paCCMOTPEHNA.

du3mnkKa paHHbIX

®n3nKa AaHHbIX PACCMATPUBAET CBA3b MEX/Y d/IEMEHTAMU MPOLIECCOB U AaHHbIMU, KOTOPLIMU OHU
OMNepUpPYIOT. NOCKOJIbKY BONbLIMHCTBO AaHHbLIX XPaHATCS B 06/1aKe, @ He Ha NOKaJIbHbIX (hU3NYECKUX
cepBepax, HY>KHO BpeMs, 4Tobbl 4OCTaBUTb 3TN AaHHbIE Ha cepBep. Bonblive 06beMbl JaHHbIX 1
HM3Kas NPOoMNyCcKHas cNocobHOCTb KaHana yaJnHAET BpeMs, Heobxoammoe ansi nepeMelLeHuns
JaHHbIX.

time=(bites*8)/bandwidth;

OHa o4eHb YyacTo nomoraeT onpenennTbCa C Ll,eneC006paBHOCTb NPUHATNA peLLIGHVII7I, HanpuMmep
aKTYyaJlbHO I NepeMellaTb OaHHbIE N3 OQHOIr0 I'Iy6}'IVI‘-IHOI'O obnaka B apyroen T

B3auMooTHOLLUEeHUEe MeXAy AaHHbIMU U NpoueccaMu

MepeMelleHne AaHHbIX 13 XpaHuauw, gna obpaboTkm MmoxxeT noTpeboBaTh HOMbLIOE KOIMYECTBO
BpeMeHu 1 aeHer HekoTopble acneKTbl 3TUX B3aMMOOTHOLIEHUA He0OX0ANMO PacCMOTPETb:

1. ObIHHBIH XpaHaLWmnecs 6e3 BbIYNCINTENbHbIX MOLLHOCTEN N06M30CTYN NMEKT OrpaHNYEHHYIO
LEeHHOCTb./ 061aKo 80/HKHIO BbITb MPO3Pa4YHOM B CETEBOM MJIaHE: A0JKHbI ObITb N3BECTHbI
pa3Mep KaHasI0B,KakoBa NIaTEHTHOCTb,KaK0Ba HaeXXHOCTb coeanHeHmsto. Cloud nposangepam
NpeLACTBOUT OTBETUTb Ha BCE 3TW BOMPOCHI.

2. Cloud apxuTeKTopbl A0/KHbI UMETb CNOCOBHOCTL YETKO YKa3aTb MECTO PacnoioXeHmne
BMPTYasibHbIX MALLUWH 1 CMIUCOK YCNYr KOTOPbLIE ONPeaenstoT OTHOLEHNS MeXAy BMUPYasibHbIMY
MallMHaAMKN U LOCTYNOM K XPaHUULLY.

3. Cloud npoBangepbl AOMKHbI ONTUMU3NPOBATL 3TV OTHOLLEHNE ONS KJINEHTOB, HO TaK Xe ”
PaBCCMOTPETb BOMPOC O LienecoobpasHOCTU ONTUMU3ALMM IXTUX OTHOLLEHUI BPYYHY!IO.

4. nHorpa 6osiee BbIFOAHO pacyMTaTb 3Ha4YeHMe, HeXxean LOCTaBaTh €ro U3 CeTeBOro
XpaHunnuwa. Heobxoaum KoMnpommc.

nporpamMMHbie CTpaTerum

cloud cTpaTerumn Kak npnasuao PyKoBOACTBYIOTCA Cnegyowmmy npasunamu: 1. NMepemelleHne
yKa3aTenen Kak NpaBuio Nyylle, 4em nepeMeLteHne MakTuyecknx AaHHbIX. 2. yKa3aTenn L0/KHbI
paccMaTpUBATCA Kak NpeaoCTOpOXHOCTb, Heobxoanmasa oas Toro, 4Tobbl TpyaHee 6bI10 Nnogaenathb
AaHHble. 3. O6bekTHbIN gocTyn. MpoTtokon SOAP.
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