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HNIABUIEHHA EOEKTUBHOCTI POBOTH
MICROSOFT HYPER-V LIVE MIGRATION HA BIJICTAHI

MleaxoBuukoB b. M., boryaincekuii C. M. IlinBumenus epextuBHocTi podoru Microsoft Hyper-V Live
Migration na Biacrani. Onucano nepeBaru TexHojorii Bipryanizamii Microsoft Hyper-V mns BeG-opieHTOBaHOrO
IporpamMHoro 3a0esnedeHHs. JIOCHiKEHO 3alieKHICTh IapaMeTpiB cepemoBuia Ha mpormec Live Migration.
PeanizoBano apxiTektypy, nHpHu skiii mpomec Live Migration mnokasye eQekTHBHICTH pPOOOTH, JOCTaTHIO JUIs
BUKOPHCTaHHS HOTrO B SIKOCTI IHCTPYMEHTY YIpaBIIHHS BEIUKUMH OOCATaMH OOYMCIIOBAIBHHUX IOTY)KHOCTEH B
peaabHOMY 4aci.
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Beryn i mocranoBka 3agavi. OCKUIBKM TEXHOJIOTII BipTyaii3allii cepBepiB MigHSIIUCH [0
KOPIHOPAaTUBHOI'O pIBHSA HAAIMHOCTI, NPOAYKTUBHOCTI 1 ()YHKIIOHAJIBHOCTI, TO MIANPHUEMCTBA
MEePEBOISITh BCE OUIBINE 1 OUTBIIIE CBOTO KPUTUYHO BAXKJIMBOTO BEO-OpPIEHTOBAHOTO MPOTPAMHOTO
3a0e3nedyeHHsl y BIpTyalibHI cepenoBumia. [lpu mpomy, 3’SBIASIOTHCS MOKIJIMBOCTI JIJISI CYTTEBOTO
MOJIMIIIEHHS. 3arajibHOi JIOCTYIMHOCTI BE0-OpIEHTOBAHUX MPHUKIATHUX Tporpam. TexHOJIOTis
Bipryan3auii Microsoft Hyper-V € cnocobom nocsrueHHs 1iei metu, a npouec Live Migration
MIZHOCUTH BIAMOBOCTIMKICTh, OallaHCYBaHHS HaBaHTA)XCHHSM Ta aBapliiHe BIJHOBJICHHS Ha
HACTYIIHUI PIBEHb.

OpHiero 3 HaBaXKJIMBILINX XapaKTePUCTUK ePeKTUBHOT poboTu npouecy Live Migration € came
SKICTh IHTEPHET-KaHaJy, AKUM 3’ €JHaH1 KJIACTEpU B LIEHTpax 0OpoOku JaHuX. SIKiio MoBa e mpo
MacmTabu Mmicta, objacTi 4M KpaiHM — TO CKOpIll 3a Bce, 1€ Oyne ONTUYHHUII KaHall BUCOKOI
MPOIYCKHOI 3J]aTHOCTI 3 HEBEJIMKOIO 3aTPUMKOIO. AJie 3 pOCTOM BIJCTaHI Ta TEPUTOPIAILHOT
BIJIaJICHOCTI, SIKICTh KaHAJy Iajiae, 3p0OCTa€ 3aTpUMKa Ta BUHHUKAE€ MOXJIMBICTH ME€PEBAHTAXKEHHS
KaHally, 110 HETaTUBHO BIUIMBAaE Ha poOoTy mporiecy Live Migration.

Hesupiwenor wacmurnoro 3aeanvHoi 3a0ayi € maaiHHA MPOIYKTUBHOCTI poOoTH mpoiiecy Live
Migration npu 30UIbILIEHHI BIACTaHI MDK I€HTpaMu OOpoOKM naHuX. BupimuTtu na"y 3agady
MIPOTIOHYETHCS  3aCTOCYBAHHSAM PpO3pOOJEHOI B JaHIl poOOTI apXITEKTYpH, Memoro SKO1 €
niABUILEHHSA e¢deKkTuBHOCTI pobotu mnponecy Live Migration Ha BiacTaHl, 10 3a0e3nedye
M1IBUILEHY THYYKICTh Ta MAHEBPEHICTh Cy4YaCHUX OOYMCIIIOBAJIbHUX CEPEIOBHUIL.

OcHoBHi BinomocTi npo Bipryanizauiro. [IoHATTS BipTyanizanii MoXHa YMOBHO PO3AUIMTH
[1] Ha AB1 pyHIamMeHTaIbLHO BiAMIHHI KaTeropii (puc. 1):
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1) Bipmyanizauina nnamgopm. ITpoaykToM 1IbOTO BHAY BIpTyali3allii € BIpTyajabHI MaIlIUHH,
TOOTO MEBHI MporpamHi abCTpakiii, II0 3alycKaloThCsl Ha IUIATGOpPMI pealbHUX amapaTHo-
MIPOTrPaMHUX CUCTEM.

2) Bipmyanizauia pecypcie. Jlanuii BuJ BIpTyaji3alii MEpeCciiIye CBOEH METOIO
KOMOiIHYBaHHSI a00 CHpOIIEHHS YSBJICHHS amapaTHUX pPecypciB JUIsl KOpUCTyBaua Ta OTPUMAHHS
SAKUXOCh KOPUCTYBAJIbHULIBKUX a0CTpakiiil o0naiHaHHS, IPOCTOPIB IMEH, MEPEX 1 T.II.

Bipryanizaunis

4 Y4 )

Bipryanizauis niaargopm Bipryanizauis pecypcis
(cTBOpeHHsT ~ eMynsATOpiB  mIaThopM, (oO'eqHanHss  Ta  arperaiisi  pecypcis,
BIpTyanizaliss ONEpaliiHUX CHCTEM Ta pO3MOJUIEH] OOYMCIIEHHS, KJIACTEPHU3allis
exzemiusipie OC, BipTyasizallis mporpam) KOMIT'IOTEPIB,  PO3IOJIUICHHS  PECYPCIB,

\ ) \iHKaHCVJ'ISIHiSI) )

Puc. 1. Bunu Bipryanizamii

Texnousoris Bipryanizauii naardgopm. ¥ npomy BUIaJKy BipTyajibHa MallMHa BIpTyanlizye
JUIIe HEeoOXiTHY KUIbKICTh amapaTHOro 3a0e3nedyeHHs, o0 BOHAa Morjia OyTH 3amylleHa
1301b0BaHO. Takuil MIXia J03BOJISE 3aMTyCKAaTH TOCTHOBI OIEpaIliiiHl CUCTEMH, PO3POOJICH] TUTbKH
JUIA TIET K apXITEKTYpH, 10 M y XocTa. TakuM YMHOM, KUIbKAa €K3EMIUISIPIB FOCTbOBHX CHCTEM
MOXYThb OyTH 3amyiueHi ojaHodacHo. llefi Bux BipTyamizamii J03BOJISIE ICTOTHO 30UIBIIMTH
IIBHUJIKOJIIFO TOCTBOBUX CHUCTEM B MOPIBHAHHI 3 TOBHOIO EMYJIAIIEI0 1 IIMPOKO BUKOPHUCTOBYETHCS B
naHui vac. Takoxk, 3 METOI MIABUINEHHS IIBHAKOMI, B IuiaTdopmax BipTyamizaiii, 1o
BUKOPUCTOBYIOTh JaHMM MiAXiJ, 3aCTOCOBYETHCS CIELIAIBHUNA <«IIPOIIAPOK» MDK T'OCTHOBOIO
omnepauiiiHol0 cucTeMol Ta oO0jajHaHHAM (TiIEepBI30p), IIO JO03BOJISIE TOCTHOBIM CHCTEMI
0e3rmocepeIHhO 3BEPTATUCS 0 PECYpCiB amapaTHOTO 3a0e3mnedeHHs. [imepBi3op, 3BaHUN TaKOX
«Momitop BipTyanbHux mamun» (Virtual Machine Monitor) — oHe 3 KJIFOYOBUX IMOHATH y CBITI
BipTyasti3alii. 3aCTOCyBaHHS TilEPBI30pPa, IO € CIOIYYHOIO JAaHKOK MDK FOCTHOBUMHU CHUCTEMAMHU
Ta amapaTyporo, ICTOTHO 30UIbIIye MBUAKOAIO MIATGOPMHU, HAOIMKAIOYM HWOTO 110 IIBUIAKOIIL
¢uyHoi mnatpopmu. [lo MIHYCIB IBOTO BHUAY BIpTyadi3alii MOXHA BIAHECTH 3aJIeXKHICTb
BIPTyaJIbHUX MAIIWMH BIA apXiTekTypu amapatHoi miatdopmu. I[lpuxmamu mnpoaykTiB uis
BipTyanmzauii miargopm: VMware Workstation, VMware Server, VMware ESX Server, Virtual
Iron, Virtual PC, Hyper-V, VirtualBox, Parallels Desktop Ta ixmi.

Obaacti 3acrocyBaHHsi BipryaJjizaunii. Bipryanizamis 3a ocTaHHI pOKH Jyke m00pe
IIPOCYHyJIacsl BIIEpell, SIK B TEXHOJOTTYHOMY, TaK 1 B MapKeTMHIOBOMY CEHCI. 3 OJHOTO OOKY,
KOPUCTYBaTUCS TPOIYKTaMHU BIpTyali3aiii cTajgo Habararo MpOCTie, BOHH CTaJIH OUIBII
HaJIMHUMHU 1 (PYHKIIOHAJBHUMH, a 3 IHIOIOTO — 3HAWIUIOCS YMMAaJO HOBMX LIKaBHX 3aCTOCYBAaHb
BipTyasibHuM MamuHaMm. Cdepy 3acTocyBaHHS BipTyasi3allii MOKHa BHU3HAYUTH, K «Micle, /1€ €
KOMIT'FOTEpPH», IPOTE HA JaHUI MOMEHT MOYKHA BU3HAUYUTH TaKi BaplaHTH BUKOPUCTAHHS MPOIYKTIB
BIpTYyasi3anii:

1) Konuconioayia cepsepie. Y nanuii MOMEHT IIpOTpaMH, IO MPAIOIOTh Ha cepBepax B IT-
IHQpacTPyKTypl KOMIIaHIi, CTBOPIOIOTh HEBEJIMKE HAaBaHTAXXEHHs Ha armapaTHI pecypcH cepBepiB (y
cepenqHboMy — 5-15 BiacoTkiB). Bipryanizauis q03Bosisie MIrpyBatu 3 1ux (I3UYHUX CEpBEPIB Ha
BIpTyaJIbHI Ta PO3MICTUTH X BCl HA OJTHOMY (PI3UUHOMY cepBepi, 30UIBIIMBIIYN HOT0 3aBaHTAXKEHHS
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no 60-80 BiICOTKIB 1 TaKMM YWHOM TIIBUIIUTH KOEQIIEHT BUKOPUCTAHHS arapaTypH, M0
JI03BOJISIE ICTOTHO 3a01a/INTU Ha amapaTypi, 00CIyroByBaHHI Ta €JIEKTPOEHEPrii.

2) Po3pooka i mecmyeanna oOodamkie. be3niu TPOIYKTIB BipTyamizallii J03BOJSIOTH
3aIyCcKaTH KUIbKa PI3HUX OINEpalifHUX CUCTEM OJJHOYACHO, JO3BOJIIOUM THUM CAMUM PO3pOOHUKAM
1 TecrepamM HpOrpaMHOro 3a0e3MEeUYeHHs] TECTYBATHU iX 3aCTOCYBAHHS HA pI3HUX IIaThopMax i
KoH(irypanisix. Takox 3py4dHi 3aCO0M MO CTBOPEHHIO «3HIMKIB» MOTOYHOTO CTaHy CHCTEMH OJHUM
HAaTUCKOM MHUIII 1 TAKOro  IMPOCTOrO BIIHOBJIEHHS 3 LIbOIO CTaHy, JO3BOJSIOTH CTBOPIOBATH
TECTOB1 OTOUYEHHSI JUIsl PI3HUX KOHQIryparii, 1o iCTOTHO MIABUINYE MIBUIKICTD 1 IKICTb PO3POOKH.

3) Buxopucmannsa gipmyanvHux pooouux cmanyii. 3 IPUX0JI0OM €pU BIpTyaIbHUX MAIIUH
Oyne 6e3riry310 poduTu cobi pobOUy CTaHINIO 3 il MPUB'SI3KOIO O amaparypu. Temep CTBOPUBIIHN
OJIHOTO pa3y BIpTyallbHy MalIMHY 31 CBOIM poOO4YuM abo JOMalIHIM CepelOBHILEM, MOXKHA Oyze
BUKOPUCTOBYBATH il Ha OyJb-sIKOMY IHIIOMY KOMI'TOTepl. TakoX MO>KHa BUKOPHCTOBYBAaTH IOTOBI1
mabnaonu BipTyanbHUX MamuH (Virtual Appliances), siki BUpILIYIOTh [I€BHE 3aBJaHHs (HaIpUKIIAL,
cepBep Be0-OpIEHTOBAHUX JIOJIATKIB).

4) Bukopucmanmusn ¢ oizneci. lleit BapiaHT BUKOPUCTAaHHS BIPTyaJbHUX MAIIUH € HAHOLIBII
BEJIUKUM 1 TBOpYMUM. /[0 HBOTO BITHOCHTHCSI BCE, IO MOKE 3HAJOOUTHUCS MPHU MOBCIKICHHOMY
po6oti 3 IT-pecypcamu B Oi3Heci. Hampukiian, Ha OCHOBI BIPTyaJbHUX MAIIMH MOXHA JIETKO
CTBOPIOBATH pe3€pBHI KoIIii poO0YMX CTaHLIH 1 cepBepiB (IPOCTO CKOMIIOBABLIM MAIKY), OyayBaTH
CUCTEMHM, 110 3a0e3MeuyloTh MIHIMaJIbHHUI Yac BIAHOBJIEHHS Imicis 3001B, 1 T.0. Jlo maHoi rpymu
BapiaHTIB BUKOPUCTAHHS HAJIEXKaTh ycl T1 O13HEC-PIllIEHHs, SIKI BUKOPUCTOBYIOTh OCHOBHI I1€peBaru
BIPTYyaJIbHUX MAIllKH.

3Bakaroud Ha Te, 10 Oulbllla YyacTMHA POOOTH KOMIAHIM BEAEThCA B OHJIAHH-PEXKUMI,
KPUTUYHUM CTa€ 4Yac JOCTYIMHOCTI TOTO UM IHIIOTO BeO-OPIEHTOBAHOTO MPOTPAMHOTO
3abe3nedyeHHs. Ha puc. 2 300pakeHO y BHJI AiarpaMu pe3yibTaTH JOCTDKEHHS [2], 3araJbHUI
BHCHOBOK SIKOT'O Takuii: it 6;u3bko 30% KommaHiid Ha pUHKY HEMPUITYCTUMUM IPOCTid Oubiie 4
roJWH Ha piK; BiM 4 no 24 roaun — mnsa 35% KoMIaHid; KOMITaHIA, s SIKUX OHJIAH-poOoTa €
HEKPUTUYHOIO 3aJIMIIMIIOCH 30BCIM Malo.
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Puc.2. [IponieHT KOMMaHii, 110 MOTPEOYIOTH BKA3aHUI Yac BIIHOBIICHHS JIJII KPUTHYHO
BAYKJIMBOTO BEO-OpPIEHTOBAHOI'O MPOTPAMHOTO 3a0€3MeUeHHS

Texnouaoris Bipryasaizanii Microsoft Hyper-V. Texnounorisa Bipryanizaiii cepsepis Microsoft
Hyper-V [3] — nie cydacHe TexHIuHE pillIeHHs, [0 3aCTOCOBYETHCS IS MIABUIIEHHS €(DeKTUBHOCTI
po6otu IT-HdpacTpykrypu. OkpiMm Toro, BipTyanbHi cepBepu Microsoft Hyper-V no3BosnsroTh
36KOHOMUTHU KalliTaldbHl Ta ONEepaliiHl KOIITH, NIABUILUTH €()EeKTUBHICTh yTUII3alii 00saqHaHHS,
3MEHILIUTU CHOKMBAHHS €Heprii Ta, HalBaxJupille, 3a0€3MeYUTH BUCOKY BIMOBOCTIMKICTH Ta
IIBUJIKE aBapiifHE BITHOBJICHHS.

Hyper-V — ne mnardopma BipTyamnizaitii cepsepiB Big Microsoft, mo npuiiiiia Ha 3Miny Virtual
Server. Ha BiamiHy Bing octanHborO, Hyper-V — 11e He caMOCTIiiiHUI POIYKT, @ BCLOT0-Ha-BChOTO
komrnoHenta OC Windows Server 2008. Ha puc.3 300paxeHno, sik 3miHioeTbess Windows Server
2008 micnsa ycranoBku posi Hyper-V:
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Puc. 3. Windows Server 2008 nicns yctanoBku Hyper-V

IIpouec Live Migration. Live Migration € npoiiecoM NepeMillieHHs] BIpTyaJbHOT MalluHU 3
OJIHOTO (DI3UYHOTO BY3Jia Ha IHIIMK 6e3 mpocToiB y poOOoTi BipTyasibHOI MamuHu [4]. OnHiero 3
HaMOUIbII BaXKJIMBUX NepeBar npoiiecy Live Migration € Te, 1110 BIH CIIpUsi€ aKTUBHOMY TEXHIYHOMY
00CIyroByBaHHIO. SIKIIO 3a3jajieriyip IependauynTd HEeMHHY4Yud 301, MOTEeHIHHI mnpobieMu
MOXYTh OyTH BHUpILIEHI /10 MOpYyUIEHHS B poOOTI mporpamHoro 3abesmeueHHs. Live Migration
MOX€E TaKOX BHMKOPUCTOBYBATHUCA [UId OallaHCYBaHHS HABAaHTAXEHHS, 3 METOI OINTUMI3aLil
BUKOPUCTAHHS HasIBHUX PeCypCiB LEHTPY 00poOku aanux. Cii 3ayBaXKuTH, 11O MiJ] Yacy Mpolecy
Live Migration po6oTa BIpTyaJlbHUX MallMH HE 3yNHUHSETHCA HI HAa CEKYHIY, TOMY BCl NPHUIHATI
HUMHU 3anuTu OyayTb 00poOJieHl B 3BHYAMHOMY MOPSAKY — AJs BIPTyaJbHOI MalIMHH IPOILIEC
nepeMilieHHsl He NoMiTHUH. B Halimpocrimiomy BumNaaky, 300pakeHOMy Ha puc. 4, Uis JBOX
KJIaCTepIB BIPTYaJIbHUX MAIIMH, 1110 3HAXOAATHCSA B paMKaX OJHOIO IIEHTPY 0OpOOKHU JaHUX MPOIIEC
Live Migration mpoXoAauTh MIBUIKO Ta 0€3 3aTPUMOK, TaK SIK KJIacTepu 3 €qHAHI MDK 00010
BUCOKOUIBUJKICHUM KaHAJIOM, 3 MIHIMAJIbHO MOXJIMBUMU 3aTPUMKaMU Ta BTpaTaMu.

[Ipote onHiero 3 HaBAXKIMBIMIUX XapaKTepUCTUK eekTuBHOI poboTu Live Migration € came
AKICTh IHTEpHET-KaHally, SKUM 3’€JJHaH1 KJacTepu B IleHTpax oOpoOku aanux [5]. Skio mMoBa ize
Ipo Macutabu micta, 00yacTi UM KpaiHW — TO CKOpIII 3a Bce, 1€ OyJae ONTUYHUIN KaHal BUCOKOI
MIPOIYCKHOI 3JaTHOCTI 3 HU3BKOIO 3aTPUMKOIO. AJie 3 POCTOM BIACTaHI Ta TEPUTOPIAIBHOI
BIIAJICHOCTI, SIKICTh KaHaJly NaJae€, MIIBULIYETbCS 3aTpUMKa Ta BUHHUKAE MOXJIMBICTD
MePEBAHTAXKCHHSI KaHaJy, III0 HETAaTUBHO BIUTMBA€E Ha poboTty Live Migration.

Apxitekrypa, 10 300paxeHa Ha puc. 5, po3poOieHa B naHiil poOoTi ans Live Migration Ha
BiJICTaHl, 3a0e3nedye MIBUIIEHY THYYKICTh Ta MAaHEBPEHICTh Cy4aCHUX OOYHMCIIIOBAIBHUX
cepenosuil. lle n03BOJsSE BUKOHYBAaTH NPAKTUYHO Oylb-fKE TEXHIYHE OOCIYyrOBYBAaHHS LICHTPY
00poOKM HaHWX y 3BHYalHI poOodl roauHU, 0€3 KOJHUX HEraTUBHUX HACIIAKIB JJIs KIHIIEBUX
KOPHUCTYBaiB, OCKUIbKM aJMIHICTPATOpPU MAalOTh MOXJIMBICTb JIETKO IEpEMIIyBaTH BIPTyajbH1
MaIllMHA Ta TOB'S3aHI 3 HUMHU JaHl B IHINWW BiAJajeHud 1meHTp oOpoOku manmx. lle cmpomrye
IUIaHYBaHHS 4acy oOOCIYroByBaHHS, WI0 €(EKTHMBHO MIABUILYE 3arajbHy JJOCTYIHICTb BeO-
OPIEHTOBAHUX MPUKIIATHUX IPOTPaM.
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Puc.4. Cnpomniena cxema mporiecy Live Migration Mk qBOMa KiacTepamMmu
B MEKaX OJJHOTO IICHTPY 00pOOKHU JaHHX.
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Puc.5. ApxiTekTypa meHTpiB 00poOKH JaHUX s eeKTUBHOT poOoTH mporecy Live Migration.

BucHoBkM. ABapiifHe BIIHOBJICHHS JIaBHO 3aiiMa€ BUCOKHH PEUTHHT B CITMCKaX MPIOPUTETIB
IT-opranizamiii i #ioro 3HadeHHsI 3pocTae. IlocTiliHa MOCTYIHICTH BCIX CHCTEM Ta CEPBICIB Mae
CHOTOJIHI TIEPIIOPSIIHE 3HAYCHHS B CKOHOMIYHIM Ta autoBii chepax. [IpocToi abo BTpara maHmx —
e abo JopoTi HACIiAKH, a00 TIOBHUH 3aHenaa Oi3HeCy.

Tpamuiiitai MeToau 3a0e3MeYCHHs BIIMOBOCTIMKOCTI MPU3BEIA 10 HEHMPUUHATHUX BUTPAT 1
moTpeOM B pecypcax, BUMararud KOMIaHIl JyONOBAaTH OCHOBHI CEpEOBUINA OHJIAHHOBOT
JMSUTBHOCTI Ha BIAJICHHUX BY3JIax. 3a paxyHOK BipTyali3allii BChOTO CEpEIOBHINA, OpTaHi3allii
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MOXYTh 3HU3UTU BUTpPaTU Ha (I3UYHI cepBepa SK Ha MEPBUHHUX, TaK 1 Ha BIIAAJEHUX 00'€KTax,
OJIHOYACHO OTPUMYIOUH 1I1€ ¥ psiJ BaXKJIMBUX IepeBar.

3actocyBanns Live Migration Ha BiACTaHi JOUUIBHO B TAaKWUX CHUTYAIlIsX, SIK BUBEICHHS 3
eKCIUTyaTallli LIeHTpY OOpOoOKM JaHWX, HANpPHUKIAJ, MiJ 4ac HOTO KamiTaJbHOTO PEMOHTY, abo 10
MOYaTKy CTUXIMHUX JMX, SKI MOXHa 3adiKCyBaTH 3a3falierilp, a TakoX Juid e(EeKTUBHOIO
OanaHCyBaHHSI HAaBaHTAXXEHHSIM MK BIIaJICHUMH J1aTa-LIEHTPaMH B PeajlbHOMY Yacl.
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