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KopoTtKo o rnaBHom:

MpoaykTel VMware® ansa cepsepHon BUPTyaansaLmm HaueneHol Ha Hanbonee KpUTHMUYHblE Npobaembl B
IT, TakMe Kak BOMPOCHI CEPBEPHON MPOM3BOAUTENBHOCTU U HAZEMKHOCTM PaboTbl, pacTylimMe ypOBHM
notpebneHns pecypcos, MegjieHHble Temnbl Pa3BepTbiBaHUA CUCTEM M C/IOXKHOCTb MNPOLLECCOB
obecneyeHna 3alWmMTbl AaHHbIX. BbiI6Op NpaBWUIbHOrO pelleHuA XpaHeHUA U Hanbosee ONTUMANbHOM
KOHPUIypaumm — KAY K OOCTUMKEHUIO MAKCMManbHON 3¢PEeKTUBHOCTM Ballen BUPTYasIM30BaHHOM
cpenpbl.

B [OaHHOM [OKyMeHTe pacCMaTpuBAlOTCA MOTEHUMAJIbHble MpeuMyllecTBa WCMOAb30BaHMA B
NMHOPaCTPyKType xpaHeHua VMware pabotbl no Network File System (NFS) c cucTembl XxpaHeHus
NetApp®. Ncnonb3zoBaHne NetApp NFS npepgnaraet TakMe NpeuMmyLLEcTBa, Kak NpocToTa ynpasieHus,
CHUMKEHMe 3aTpaT, yNpoLLeHMe opraHn3aumm 3aWwmTbl AaHHbIX U pacnpegeneHne eMKOCTU XpaHeHus, a
TaKKe yay4ylleHne NPOU3BOAMTENbHOCTM M MacwTabupyemoctn xpaHuauwwa. Ob6cyxKaaroTes pAag,
HaUNYYLWINX, PEKOMEHAOBAHHbIX PELLEHUIN N BarKHble acreKTbl ucnonb3osaHmna VMware ¢ NetApp NFS.
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1 BBegenue

Mepexos K MOBCEMECTHOM CepBEepHON BUPTYa/nM3aLMM Ha CErOAHAWHWA AeHb eCTb KpynHelwas
UHPpacTpyKTypHaa ssontouma B IT-mupe. PelueHWa cepBepHOW BUPTyanusaumu, Hanpumep Te, YTO
npegnaratotca VMware, HaueneHbl Ha pelleHWe OCHOBHbIX Npobnem cepBepHON WHPPACTPYKTYpbI
npeanpuaTuii:

e  HM3KWI ypoBEHb UCMOb30BAaHUA aKTMBOB

e PacTywme TpeboBaHNA NO 3NEKTPONUTAHMIO, OXNAXKAEHUIO U NPOCTPAHCTBY B AaTaLeHTpe
e HeageKBaTHas NPOM3BOAUTENBHOCTb M HAAEKHOCTb

e MeganeHHOe BOCCTaHOBNEHUWE AAaHHbIX B Cyyae cbos

e MeaneHHble NPOLECCHI BblgeNeHNa pecypcos 3agadam (provisioning)

e CNoKHble NpoLecc opraHM3aLmm KaTacTpopoycToiumBocTu (disaster recovery)

CepBepHas BMpTyanusauma, npegnaraemasd VMware no3sonseT Bam 3anyckaTb MHOXeCTBO
BUPTYaNibHbIX cepBepoB (06bIYHO Ha3biBaeMbIX «BMPTYyasbHbIMK MalUMHamu», nam VM) Ha ogHom
¢dusnueckom cepeepe. Pecypcbl 3TOro 04HOTo GU3MYECKOro cepBepa PasaefoTCa Mexay HECKONbKUMM
BUPTYyaNbHbIMM  MallMHaMW. BupTyanusauma obecrneymsaeT BbICOKMI YpPOBEHb WCMO/b30BaHUA
obopyaoBaHNA U ycTpaHAeT npobiaembl, KOTopble MPUBOAAT K HeEobXoAMMOCTM 06CAYKMBaTb M
YyNpPaBAATb MHOMECTBOM HEA0MCNO/b30BaHHbIX GpU3NUYECKUX CepBepos.
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Puc. 1) B TMnuuyHoi cepBepHoi cucteme VMware, MHOXECTBO BMPTyasibHbIX MalWWH paboTaloT Ha
eanHom dusmnyeckom cepsepe. XpaHuauue ana VMware u pabotatowmx Ha Hem VM obecneunsaetca
ceTeBOM cUCTEMOM XpaHeHua, Hanpumep NetApp.

VMware noagep*KMBaeT Kak BapuaHTbl HENocpeaCcTBEHHO NOAKAYEHHOro XpaHunuwa (direct-attached
storage), Tak U ceTeBble CUCTEMbl XpaHeHUs, paboTatowue no npotokonam Fibre Channel, iSCSI, NFS u
FCoE. Kaxabih M3 HUX MOXEeT pacCMaTpMBATbCA B KayecTBe BO3MOXKHOFO BapuaHTa NOAK/OYEHus, B
3aBMCMMOCTU OT COOTBETCTBYIOLWMX TpeboBaHUM WU ycnoBUK 3adaun. [aHHbI AOKYMEHT COAEpPHKUT
0buwmii 0630p TexHoNOrMM BMpPTyanmsauum ot VMware, U onucbiBaeT pAd NPeumMylLLLecTs, KOTopble AaeT



ncnonb3oBaHWe cuctem xpaHeHua NetApp no npotokony NFS. HepasHuii otyeT The Gartner Group
TaK¥Ke NOATBEPKAAET BAXKHOCTb STUX NPEUMYLLECTB A1 BUPTYANbHOM MHPACTPYKTYPbI.

http://media.netapp.com/documents/gartner-report.pdf

1.1 lleneBasa ayauTOopUAa JOKYMEHTaA

[JOKYMeHT npegHa3HayeH NOAb30BaTeNiAM, KOTOpble PacCcMaTpUBAOT NMPUMEHEHME YHUBEPCAJIbHOMO
XpaHunuuwa (unified storage) NetApp ana xpaHeHMA AaHHbIX B 3a4a4axX BUPTyanusaLmm, U XoTaT bonblue
y3HaTb 06 wucnonbzoBaHunM NetApp NFS gns wx BUPTyaNN30BaHHOM CepBEPHOM CUCTEMbI. ITU
MO/Ib30BaTE/IN Y}KE UCMOJb3YIOT UM HAMepPeBatoTCA MCNO/Ib30BaATb XPaHMAULLE Ha TexHonoruu Ethernet
M Myt nHpopmaumio 06 ncnonbzosaHmm VMware no npotokony NFS n/unm acnekrax amsaiHa Takoro
peLweHus.

Llenesoi aygMTopmei He ABAAIOTCA:

e [lonb3oBaTenu, HaxoAdwMecA Ha paHHeW cTagum  pa3paboTKM  BUPTYaNM30BaHHOWM
MHOPACTPYKTYPbl, Hanpumep KOTopbiM TpebyeTca pPyKoBOACTBO o06lLero xapakrtepa no
OOCTUXKEHUIO MaKCMMaJIbHOM onepaunoHHoi 3¢EEKTUBHOCTM C UCMNOJIb30BaHMEM CUCTEM
yHUBepcanbHon apxutekTypbl NetApp coBmecTHo ¢ VMware

e [lonb3oBaTenu, KoTopble He MAaHWpy ucnonab3osatb NFS B cBoell BUPTya/nM30BaHHOWM

MHPPaACTPYKTYpe

2 0630p ucnosb3oBaHust VMware ¢ NFS

VMware npegnaraeT WCNONAb30BaHME TEXHONOTMM FMNEepBU30pPa, KOoTopasa obecrneymBaeT MOJHYO
BUPTYaNN3aLUIO ANA ONEPALMOHHOM CUCTEMBI B BUPTYa/IbHOM MalLMHe. BUpTyanbHble mawunHbl VMware
BeayT cebn TaKXe, KakK ¢M3MHECKME MallUNHbI. BMpTyaJ'IbeIe MalUMHbl MMeloT cBoe cobcTBeHHOoe
BMPTyanbHOoe obopyaoBaHMeE, BKAOYAA NPOLECCOPbI, MaMATb, }KECTKME ANUCKM U ceTeBble UHTepdelichl.
«locteBas» OS ycTaHaBAMBAETCA B BMPTya/ibHYl0 MalUMHY HE BUAA pasHULbl mexay ¢usnveckomn wm
BMpTyaﬂbHOVI MallMHaMMN. CBer 3TOro, BUpPTyasibHble MalUMHbl NpeanaralotT MHOXXeCTBO NpenmyLlecTs
No CpaBHEHUIO C ¢M3VILIECKMMM KOMNbOTEPAMMU:

e CoBmectumoctb. locteBble OS «BUAAT» CcTaHAApTHoe obopyaoBaHMe x86-cuctembl. Kak
pe3ynbTaT, «BMPTyasibHasA annapaTHas 4acTb» BUPTYasibHbIX MalIMH COBMECTMMA CO BCEMM
CTAaHAAPTHBIMW  ONEPALMOHHBIMW CUCTEMAMM NOL, APXUTEKTYPY Xx86, NPUAOKEHUAMWU W
ApaniBepamu.

¢ WU3onauma. BupTyanbHble MalWHbI M30IMPOBAHbI OA4HA OT APYroM U, Kak NPaBW/IO, AaXKe «He
3HAOT», YTO PaboTaloT Ha HeKoel ¢usnyeckon naatPopme BMecTe € APYrMMU BUPTYANbHbIMM
MalimMHamu. Ecnm ogHa M3 BMPTYasibHbIX MallMH aBapuIAHO OCTAHaBAMBAETCA, TO ApyrMe 3Toro
He 3aMeyaltor.

¢ WUHKancynauma. loctesana OS n ee BMPTyasibHaA MallMHA NpeacTaBaAT coboit Habop dainos.
3T0 penaet MX NErko NepeHOCMMbIMU U agMUHUCTPUPYEMbIMKU. Bbl moKeTe nepemeLLatb
BMPTYyasibHble MaLlIWHbI NMPOCTO Kak /1060l Habop 0bblYHbIX $aiioB.

e AnnapatHas He3aBUCMMOCTb. BupTyanbHble MallMHbI  MOJHOCTbID  HE33aBUCUMbI  OT
HUKenexawero ¢GU3NYeCcKoro YypoBHA 060pyaoBaHMA. ITO O03HAYaeT, 4YTO Bbl MOXKeTe
nepemelLatb BUPTYyaNibHYO MaWMHY C OAHOro ¢U3MYecKoro cepeepa Ha apyron, 6es
HeobX0AMMOCTU YTO-TO MEHATL B FOCTEBOW OMNEpPaLMOHHON cUcTeme.


http://media.netapp.com/documents/gartner-report.pdf

fmnepsusop VMware Bblaensaetr ¢usMyeckMe pecypcbl BUPTYasibHbIM MalUMHAM AUHAMUYECKU W
Npo3payHo, MNO3TOMY OHWM MOJIYYalOT POBHO CTO/MIbKO PEeCcYypCcoB, CKOJIbKO MM Ha camom gdene
HeobxoaMmo.
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Puc. 2) Apxutektypa VMware ESX server.
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MMnepsusop VMware no3BOAS€T WCNO/b30BATh A1 XPAHEHUS BUPTYasibHbIX MALWMH HECKOJ/IbKO
PasNIMYHbIX NPOTOKO/I0B, CPeAM KOTOPbIX MOXHO BblbpaTb Hanbonee COOTBETCTBYIOLWLMIA BaLLel 3a4a4e 1
ee TpeboBaHUsaM:

e Fibre Channel protocol (FCP) ncnonb3yet B Kadectse TpaHcrnopta 4Gbit/sec uan 8Gbit/sec
nutepdeiic Fibre Channel («610uHbIA» npoToKon SAN)

e Fibre Channel over Ethernet (FCoE), ncnonb3aytowmii B Kauectse TpaHcnopTa 10GbE («6104HbIA»
npoTtokon SAN)

e iSCSI protocol, paboTatowmin no GbE nnm 10GbE («6a04HbIN» NpoToKon SAN)

e NFS paboTtatowmin no Gigabit Ethernet (GbE) nam 10-Gigabit Ethernet (10GbE) («dalinosbii»
npoTtokon NAS)

Co BpemeHu cBoero nosasneHusa B 1984 rogy, Network File System ctana ctaHaapTom gas npoToKkona
COBMECTHOro AocTyna K daiinam B cetu, npexage scero B UNIX® u Linux®. Ha npoTaxeHun npoleawmnx
20 net, npotokon NFS nocTeneHHO 3BOMIOLMOHUPYET B HanpaB/ieHUM obecneyeHus COOTBETCTBUA
HOBbIM TpeboBaHMAM U MeHALWeMycs PbiHKY. NMpoTtokon NFS B cuctemax xpaHeHus NetApp (ganee
NetApp NFS) npepnaraet 3penyi0 M CTabUAbHYIO €ro peanusaumio, COOTBETCTBYIOLLYHO BCEM
TpeboBaHMAM, npeabasasembim VMware.

NFS - ato ¢annosbiii npoTokon anaa network-attached storage (NAS), nossonstowmin opraHM3oBaTb
KNMEeHT-cepBepHoe nogxatoueHne mexagy xoctom VMware ESX 1 ceteBon cuctemont xpaHeHus NAS. NFS
OTBEYAET 3a OpPraHM3aumto CTPYKTypbl GannoB U AUpPeKTopui Ha Ppusmyeckoln cucteme xpaHeHusa. OH
TaKKe o06pabaTbiBaeT pafg acnekToB COBMECTHOIO AocTyna u  obecneuymBaeT daiticepBepHble
«NPUMUTUBBI», KOTOPbIE MOMKHO WMCMOJIb30BaTb ANA KOOpAMHAUUM AOCTyNa C HECKOJIbKUX CEePBEPOB.
Xoctbl ESX Mcnonb3yoT 3TM NpumuTMBLI A1A obecreyeHMa COBMECTHOTO A0CTyna K BUPTyasbHbIM



mawmnHam VMware cxofiHbiMm o6pa3om ¢ Tem, Kak virtual machine file system (VMFS) aenaet ato ans
6/104HOrO NPOTOKONA.

VMware gob6asuna nogaep:ky NFS B VMware ESX 3.x. B vSphere™ 4, Bce OCHOBHblE BO3MOMHOCTH,
Takue Kak VMotion™, VMware snapshot, VMware HA, n VMware DRS paboTaloT u nogaeprknsatotcs
ans patactopoB NFS, TakKe Kak oHM paboTtatoT ¢ VMFS. VMware BcTpouna NFS B cnoli gucKoBoi
BUpTyanusaumm ESX n pabotaet c npotokonom NFS HenocpeacTBEHHO, TaK YTO rOCTEBOM OMepPaLMOHHOM
cucTeme HeobA3aTeNbHO MMETb NOALEPHKKY 3TOF0 NPOTOKoAA. O4HMM M3 NPENMYLLECTB TaKOro NOAX043
ABNAETCA TO, YTO BMPTyasbHble MALIMHbI MOFYT 3anyckaTb B KayecTBe «rocteBon OS» Windows®,
HecMmoTps Ha To, YTo Windows He nmeeT HaTUBHOM nogaepKkn NFS n He MOXKeT 3arpy»KaTbca ¢ TOMa Mo
NFS.

B cnyyae mcnosib3oBaHus 6/104HBbIX NPOTOKOA0B, Hanpumep FCP, FCoE, nam iSCSI, VMware co3aaeT Ha
noakntodveHHom LUN cneumanbHyto ¢annoByto cuctemy AAAa OpraHM3auMnm U xpaHeHua ¢alinos
BUPTYa/IbHbIX MalWnH. CUcTeMHanA normka ¢annosoit cuctembl VMFES BbINONHAETCA HA CTOPOHE cepBepa
VMware. B cnyyae ucnonbsoaHua NetApp NFS, cepsep NFS paboTaeT Ha CTOPOHE CUCTEMbI XPaHEHUS,
OTBETCTBEHHOM 3a ero paboTy u obecneymsaeT ee GYHKLNOHUPOBAHNE U CUCTEMHYIO JIOTUKY.

O

Puc. 3) CpaBHeHMe cTeKa BBOAa-BbiBOAa AN «B6A0YHbIX» KoHourypaumin VMware (FC, iSCSI) B
CpaBHEeHUM ¢ KoHourypaumen NetApp NFS.

3 3auyeMm HYKHO UcnoJib3oBaTh NetApp NFS B VMware?

[na nydiwero NOHMMaHMA BbIrog, UCNosib3oBaHua VMware, paccMmoTpum KomnaHuio ¢ 1000 ¢pusmyeckmx
cepBepoB. O6bIYHO TaKaa KOMNAHUA MOXET ncnoab3osatb VMware gna KoHcoanaaumm npumepHo 80%
3TN CepBepoB B ropasfo MeHbllee KonnyectTso AaTactopos VMware — 100 6yaeT A0BOIBHO TUNUYHOE
3HayeHMe. ITO TUraHTCKOE COKpalLeHWe C TOYKM 3peHUs ynpaB/ieHWs pecypcamu. YHMBepcanbHoe
xpaHunuuwe NetApp obecneumBaeT KaK O104YHbIM, Tak M PalioBbIA CEPBMC AN BMPTYa/M30BaHHOM
MHPPACTPYKTYPbI HA OAHOM U TOM e GU3NYECKON CUCTEME XPaHEHMUA.



YHuBepcanbHoe xpaHunuile NetApp npeanaraetT 3HauuTeSibHble MPEUMMyLLecTBa B CAeaytoLmx
obnacrax:

¢ [lpocTtoTa ynpaBaeHus

e [lpon3BoanTENbHOCTb

¢ MacwTtabupyemocTtb

* Ypno6cTBO pacnpeaeneHma eMKoCcTH
e 3awmTa faHHbIX

e 30bPEeKTUBHOCTb XpPaHEHUSA

e CrommocTb

Karkgoe U3 3TuUx npeumyliects obcyxgaeTca B c/ledylowux rnasax noapobHo, € yrnopom Ha
npeumyuiectsa KoHKpeTHo NFS. Mo npuBeaeHHOM CCbIZIKE Bbl MOXKETEe NpoyYnTaTb 06 04HOM U3 MHOIUX
HalMX nosib3oBaTenen, ncnonbayowmx VMware no NFS.

http://www.netapp.com/us/library/customer-stories/embl-en.html.

3.1 IIpocToTa ynpaBJjieHUs

Tak KaK 3K3emnasapbl BMPTYasbHbIX MawKWH B VMware 3T0 Npocto Habop 06blyHbIX ¢alinos, ToO
ynpasneHue cpegoit VMware, paboTtatoweri ¢ NetApp NFS 310 npocto ynpasneHue 3atummn dannamu.
Mcrnonb3ya NetApp NFS, Bbl moxeTe pa3mellaTb B AaTAacTOpPe 3HAuYuTeNbHO 6onbluee KOoAN4YecTBo
BMPTYa/NbHbIX MalWMH, YTO COKpALlLAeT KOJIMYeCcTBO [aTacTopoB, W  ynpowaeT npouecchol
aAMMHUCTPUPOBAHMA, UYTO CHUXKaeT oblune agMMHUCTPATMBHbIE 3aTPaTbl. YNpPOLEeHWe NpoLeccoB
aOMUHUCTPUPOBAHUA, KaK YyXKe roBOPWIOCH Bbilwe, 3TO 060/blIOE NPEeuMyLLecTBO Aa 60nbLnX
NPOMbILWIEHHbIX cncTem, ncnonbsyrowmx cpegy VMware ¢ NetApp NFS.

3.2 [IpoM3BOAUTEILHOCTH

Ha MynbTMNPOTOKO/IbHOM cncTeme XxpaHeHusa NetApp npaKTUYECKU HET 3aMeTHOM pasHuLbI Npu paboTe
VMware no 6a04Hbim (iSCSI unn FC) u daimnosomy npotokony (NFS). HegaBHuIA TecT, npoBeaeHHbIM
VMware no cpaBHEHWIO MPOU3BOAUTENBHOCTU BMPTYasibHOM MawwuHbl ¢ MS Exchange Ha NFS u iSCSI,
paboTatoLmx no Gigabit Ethernet, n FCP, paboTatowero no 4Gb/sec Fibre Channel, nokasan, uto Bce Tpu
NPOTOKONA MMENN PasHULY B MPOU3BOAUTENLHOCTU B Npeaenax 7% OAMH OTHOCUTENIbHO ApPYyroro, B
napameTpax NPONyCKHOM cnocobHOCTM M BpeMeHu 3aaep:KKu (latency). PaHee npoBeseHHOe COBMECTHO
NetApp n VMware TecTMpoBaHu1e Npor3BOAMTENIbHOCTU NOKA3a/10 CXOAHbIE Pe3ynbTaTbl.

[na noagpobHoCTel CMOTpUTE Cleaytowmne OKYMEHTbI:

e VMware vSphere 4: Exchange Server on NFS, iSCSI, and Fibre Channel (VMware white paper)
e NetApp TR-3697: Multiprotocol Performance Test of VMware ESX 3.5 on NetApp Storage Systems:
A Performance Comparison of FC, iSCSI, and NFS

e VMware vSphere and ESX 3.5 Multiprotocol Performance Comparison Using FC, iSCSI, and NFS

Ucnonb3oBaHue ceTeBoro uHTepdeiica 10GbE ¢ NetApp NFS moxKeT obecneunTb yBe/UUYEHHYHO
MPOMNYCKHYI0 CNOCOBHOCTb, BK/AOYas Gonee HU3Koe BpemaA 3aaepKku (latency) n 6onee BbicOKME
nokasatenun IOPS, Ha 3aZa4yax C BbICOKOWN CTEMEHbO MCMOAb30BAHUA NOOCHI NPONYCKaHUA. CmoTpuTe
rnasy NFS 1 npon3BoauUTeNbHOCTb CUCTEMbI XPaHEeHUA A41a noapobHocTei.

3.3 KoHcosmmganua ¥ MaclITabupyemMocTb
Hdatactop NFS morkeT obecneuntb paboTy 6onee 250 BMPTYyasibHbIX MalIMH B OAHOM AaTacTope.
BO3MOXHOCTb MCMONb30BAaTb MeHblUee KOAMYecTBO OONbLIMX [AaTacTOPOB CHUMKAET KOAMYECTBO


http://www.netapp.com/us/library/customer-stories/embl-en.html
http://www.vmware.com/files/pdf/vsphere_perf_exchange-storage-protocols.pdf
http://media.netapp.com/documents/tr-3808.pdf
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KOHTEMHEPOB XpaHeHus, Tpebylowmx agMUHUCTPUPOBaHMA. TakMum 06pa3om, MWCMoAb3oBaHMe
JatactopoB NFS cHuKaeT obluiee KOAMYECTBO HeobXoAMMbIX onepauuin aaMUHUCTPUPOBAHMA MpU
pacnpeaeneHnmn NPoCTPaHCTBa, PENAUKALMM, pe3epBHOM KOMMPOBAHUK, U TaK Aanee.

3.4 PacnpepesieHde NpOCTPAHCTBA

MockonbKy ¢ ncnonb3zosaHmem NetApp NFS Bbl cmoXkeTe 060MTUCH MEHbBLIMM KOMYECTBOM AaTacTOPOB,
TpebyeTcA M MeHblle MPOLECCOB «pacnpenenieHnsa pecypcoB», MPOLLECC TAKOFO «pachnpeneneHus»
cBOAMTCA MpocTo K co3gaHumio Toma NFS u moHTMpoBaHumAa ero Ha cepBepe VMware 4yepes ero
rpadmyeckunii Htepdenc. Ecam sam notpebyeTca U3IMEHUTb Pa3mMep, Bbl CMOXKETE KaK pacluMpuUTb, TaK U
CKaTb AaTactop «Ha xoay». MnarnH NetApp Rapid Cloning Utility (RCU) ato 6ecnnaTHbIi MHCTPYMEHT
ONA VHTerpauMm npoueayp BblAeNeHUA MpocTpaHCTBA WM ynpasaeHua um B VMware vCenter™
(nnatdopma aaAMUHUCTPUPOBAHMA  BUPTYaAIM30BaAHHOM  UMHPPACTPYKTYpbl  VMware), KoTopblii
aBTOMaTM3MpPYyeT pacnpefeneHne NpoCcTpaHCTBa B AaTacTope, KAoHMpoBaHMe VM Kak Ha yposHe VM,
TaK M Ha YPOBHe AaTacTopa, W ynpoLaeT NpoLecc pacnpeaeneHma NpocTpaHcTea xpaHeHma. RCU moxet
aBTOMATMYECKM «KaCTOMM3MpOBaTb» roctesytd OS AnA  Kaxkaoro CoO3faHHOro KiaoHa VM wu
umnoptuposatb KnoHol B VMware vCenter 4.0. RCU wuHTerpmpyer B8 VMware vCenter onepauuu
BblAENEHNA MeCTa, USMEHEHMA pa3Mepa BblAeNEHHOr0 MecTa, AeAyNAMKaumMn U yaaneHus gatacropa.

3.5 YayuymieHHas 3alMTa JAHHBIX U KaTaCTPOPOYyCTONYUBOCTDh

NetApp SnapManager® for Virtual Infrastructure (SMVI) paspaboTaH, 4To6bl yNpoCcTUTL ynpaBieHue
npoueccamy co3gaHua Pe3epBHbIX KOMWIM, BOCCTAaHOBNEHWMA W3 HUX, W onepauuii obecrneyeHus
KaTacTpodoyctoitumsoctn B cpese VMware. C nomouibto SMVI Bbl MOXKeTe co34aBaTb KOHCUCTEHTHbIE
pe3epBHbIe KOMUW BCEX BalUUX BUPTYa/bHbIX MawnH VMware 3a CYMTaHHble CeKYHAbl, UM MTHOBEHHO
BOCCTaHaB/AMBATb AATacTop, BUPTyasibHYIO MalIWMHY, BUPTyanbHbId auck (paiin VMDK), unmn xe paxe
oTAenbHbln daiin BHyTpU «roctesoit OS». Tak Kak SMVI paboTtaer ¢ VMware He3aBMCMMO OT
MCMNO/Ib30BaHHOTO MPOTOKO/1a XpPaHEHUsA, FPaHyIAPHOCTb BOCCTAHOB/IEHWUSA AAHHbIX Ha YPOBHE OTAE/bHbI
dainos ato 6onbwoe npemmywectso NetApp NFS, nockonbky ¢dainoBas cucTema pacnonoxeHa Ha
cUCTEME XPaHEHMUA.

CpeacTBa Bbicokon rotoBHocTn VMware (VMware HA) u VMware Site Recovery Manager (SRM) Takxe
paboTatoT ¢ NetApp NFS. (Moagep*kka NFS B SRM nosisunace B VMware vSphere.) SRM4.0 ¢ SRA 1.4.3
noanepKMBatoT AncKkosble xpaHuamwa NFS HaunHas c vSphere 4.0.

3.6 3¢ PpeKTUBHOCTb XpaHEHUS]

NetApp npegnaraet pAg TEXHONOTM MoBblWeHUs 3GGEeKTUBHOCTU XPaAHEHWUs, KOoTopble MOryT
3Ha4YNTE/NIbHO COKPAaTUTb Tpe6OBaHMﬂ K obbemam XpaHeHWnA, BblaBUTraemble cuctemoirt VMware. Kak 1 B
CcQlydae C MeTo4aMu 3alnTbl AaHHbIX, BCE€ 3T BO3SMOXHOCTU pa60Tar0T He3aBUCMMO OT NPOTOKO/aA.

e [Jeaynaukauma. [atactop VMware 06bl4HO MMEET A0BO/ILHO BbICOKMI YPOBEHb AYN/IMKALUK
XPaHUMBbIX AaHHbIX. OTO BbI3BAHO T€M, YTO OH OObIMHO COAEPMKUT MHOMKECTBO 3K3eMMIAPOB
OLHON W TOWN Ke rocTeBOM ONEpPaLMOHHOM CUCTEMbI B PasHbIX BUPTYasibHbIX MaLLUMHAX,
NPUKNAAHbIX NPOrpamMm, U Tak ganee. TeXHONOrMA AeAynaMKauum B cuctemax xpaHeHuns NetApp
MOXEeT YCTpaHUTb Aybaupylowmecs AaHHble Ha cyb-¢painioBOM YpOBHE, Pe3KO CHUXana 0bbem
XpaHeHUsi, 3aHMMaeMbln Bcel cuctemon VMware. BenmumHa 3KOHOMMM MNPOCTPAHCTBA
coctasnseT ot 50% g0 90%, C TMNUYHOW OXKUAaemol BesindmHol B 70%.

NetApp UcCnonb3yeT UHTENNEKTyaNbHOEe ynpaBieHUMe MNaMAaTbio U K3LWMPOBAHUEM,
B3aMMOAENCTBYIOLWEE C MEeXaHM3MOM AeaynauKaumu, nod HassaHuem Flash Cache. Bnoku



AaHHbIX, 3anpallMBaemMble KAMEHTOM, B C/lyyae, eCiu OHU AeAyn/MUMPOBaHbl, NO NepBomy
0bpallleHMI0 K HMM WM3BNEKAIOTCA C KECTKUX AWCKOB M MomellatoTca B Kaw. lNocnepytowme
obpaleHma K 610Kam TOro e CoAep*KMMOro NPomcxoanT U3 Kawa. Onepaunmn BBOAA-BbIBOAA
M3 NamMATM 3HauUTesIbHO BbICTpee, YeM TaKME Ke onepaunmn ¢ ANCKOB. bonee BbICOKMI YPOBEHb
Aeaynankaumm u bonee 4acTblit 4OCTYN K UAEHTUYHbBIM MO COAEPKMMOMY 610KaM 03HAYaEeT, uYTo
nosblwaetca 3PpPeKTUBHOCTb K3lla, YTO BeAEeT K Jydllei npou3BOAUTENbHOCTM MO BBOAY-
BblBOAY ANA AeAynaMUMPOBaHHbIX AaHHbIX. KombuHauua us gepynavkaumm mn Flash Cache
OeNaeT BO3MOMKHbIM, Hamnpumep, 3arpysky COTEH BMPTyasbHbIX MallMH OAHOBPEMEHHO C
3aK3LWMPOBAHHOIO 3a cyeT AeAynavKauuu 3arpy3odHoro obpasa VM B nmpocTpaHCTBe Kawa
yteHus Flash Cache.

e Thin provisioning. Thin provisioning WAKM «3KOHOMHOE pacnpegesieHne MNPOCTPAHCTBAY
NMo3BO/ISIET BaM MCMO/Ib30BaTb TaK HasbliBaeMblli oversubscribing Ha patactope VMware, To ecTb
BbIAENATb NPU pacnpeaeneHnn NpPoCcTPaHCTBa BUPTYasibHbIM MaluMHamM 6o/blie MecTa, Yem ero
dU3NYECKM NPUCYTCTBYET B AAHHbI MOMEHT Ha CUCTEME XPaHEHWA B AAaTaCTOpPe, PacCymTbiBas
Ha TO, YTO He BCe BUPTYasibHble MALLIMHbI MOMEHTA/IbHO 3aMOJIHAT BCE OTBEAEHHOE MM MECTO.
Ons dannos VMDK Ha NFS pexxkum thin provisioned 3To onums no ymon4aHUIO, U OHA 3aMeTHO
COKpaLLLaeT HayanbHOe NoTpebaeHne NPOCTPAHCTBA HA CUCTEME XPAHEHMUS.

Thin provisioning moeT Ucnonb3oBaTbca Kak Ha Tomax NFS, Tak n Ha LUN-ax. Ha Tomax NFS,
BO3BpaT MPOCTPAHCTBa paHee 3aHATbIA pannamm VMDK, nocne ux yganeHus, ocylecTBaseTca
HEMOCPEeACTBEHHO, TO €CTb CUCTEMA XPAHEHMA HEMEeAJ/EHHO MOJMyvaeT Ha3ag MPOCTPaAHCTBO,
ocBoboxaeHHOe ToMamu thin provisioned, 63 He0H6X0AMMOCTN KaKNX-NMBO A0NONHUTENBHbIX
AEeNCTBUIN agMUHUCTPATOPA CUCTEMbI XPAHEHUS.

e KnoHuposanue. Moutn nwbas nHbpacTpykTypa VMware HyKaaeTca B CpeacTBax CO3AaHuA
KOMWUiA (MAN  KKJIOHOBY») CYLWECTBYIOWMX BUPTYaNbHbIX MalWH A1A LUefel TecTMpoBaHus,
CO34aHMM HOBbIX BMPTYaNbHbIX MaWWH U3 3Ta/IOHHbIX 3K3EMMNIAPOB, U TaK ganee. TexHonorua
NetApp FlexClone® nosBosnfeT Bam C034aBaTb MIHOBEHHbIE  K/AOHbl  CYLLECTBYIOLWMX
BMPTYaNbHbIX MalWH, B MOMEHT CO34aHMA MPaKTUYECKM He 3aHMMAIOLWIMX AOMOAHUTENbHOMO
MecCTa Ha AMcKax. KaK y»ke onucbiBanoch Bbilwe, ytuanta NetApp RCU moxKeT aBToMaTn3MpoBaThb
60/IbLUMHCTBO NPOLLECCOB KNOHUPOBAHWS.

3.7 CHU>)KeHue CTOUMOCTHU

YnpolieHMe aaMUHUCTPUPOBAHUA, KOHCONMAALMA PECypcoB, MaclwTabmpyemoctb UM 3$PEKTUBHOCTb
XpaHeHus, obecneyeHHble  ucnonb3oBaHMem  NFS,  CHMXKAOT  OMEPALMOHHYHD  CTOMMOCTb
nHopacTpykTypbl VMware.

CxoAHbIM 06pa3om, ceTb XpaHeHMA C UCNob3oBaHMeM iSCSI MOXKeT NCNob30BaTb HEAOPOTrYIO CETEBYHO
MHPPACTPYKTYpPY.

4 BOIIpOCbI npoiecca pa3dBepTbiBaHUA

Kak n B cny4dae nob60ro BaxKHOro Bbibopa KPynHOro MHGPACTPYKTYPHOrO peLleHns, B Cly4ae, Korga Bbl
BblbMpaeTe ncnonb3osaTb VMware ¢ NetApp NFS Bbl 401KHbI BHUMaTENbHbIM 06pa3omM CniaHMPOBaTb
M ocywecTsuTb BblbpaHHOe pelweHue. B KavecTBe pyKoBoACTBAa pasymHo 6OypeT MCnosib30oBaTb
pekomeHaaunn NetApp, U3N0KeHHbIE B CeAyOWMX AOKYMEHTAX:



e  TR-3428: NetApp and VMware Virtual Infrastructure 3 Storage Best Practices’
° TR-3749: NetApp and VMware vSphere Storage Best Practices’

Bbibepute [OOKYMEHT, COOTBETCTBYHOLWMA MCNoAb3yeMon Bamu Bepcum VMware. Oba [oKymeHTa
BK/1H04AIOT B ceba McUepnbIBaOLWMA CIMCOK HaUYUYLIMX NPAKTUK U PEKOMeHAaLMN, BKAOYatoWmxX B cebs
n Bonpocbl nucnonbsosaHna VMware ¢ NetApp NFS. PaccmoTpeHbl Tembl:

e KoHouUrypauma cuctembl XpaHeHUsA

e PekomeHaaumm no KoHourypaumm NFS, BKAlOYana CceTeBble HACTPOMKUM U Hauaydwue
peKoMeHAyeMble pelleHunn

e OnTumanbHasa KoHpUrypauus ana cetm Ethernet

e OnTUmanbHas cTeneHb UCNOb30BaHMA CUCTEMbI XPaHEHUA

e Pe3epBHOE KONMPOBAHME HA ANCKMK

NetApp Virtual Storage Console (VSC) - ato nnarH ansa VMware vCenter, KOTopblii no3BosifeT
aAMUHUCTPATOPY Habato[aTh U YNPaBAATb cneunduyeckumm atpnbytamm xocta ESX, Kak npu pabote ¢
NAS, Tak n ¢ SAN-npotokonamu. VSC 3amensieT NetApp ESX Host Utilities Kit ans nonbsoBaTenei
vSphere 4.0. Korga Bbl KoHurypupyete cucremy xpaHeHus NetApp yepes VSC, Bbl moxeTe ObiTb
YBEPEHbI, YTO HACTPOIMKM CUCTEMbI XpPaHeHMA (BKAtoYasa HacTponku NFS) 6yayT caenaHbl B COOTBETCTBUM
c pekomeHpaumamm NetApp. OH TaKKe npenoCcTaBAseT cpencTBa OOHapy)KeHMA W yCTpaHeHus
BO3HMKaOWMX npobnem nogkaoveHuns. VSC obbeauHsaeTr B cebe Bce JiyyllnMe MPaAKTUKMK,
pekomeHaoBaHHble NetApp n VMware, BKAOYaA U MHCTPYMEHTbI ANA NPaBUAbHOIO BbipaBHMBaHUA VMM
Ha HUXKeNEeXKallem XpaHuaumue.

B rnaBax ganee mbl pasbepem pag BONPOCOB, BaXKHbIX Npwu ucnosbsosaHum NetApp NFS, u npusegem
CCbIZIKM Ha AOMNOAHUTENbHbIE PecypCbl Ha COOTBETCTBYIOLWME TeMbl. PacCmOTpeHbl BONPOChI:

e Co3faHuWe oNTMManbHOM ceTeBoOM cpeabl

e BblpaBHMBAHWE BUPTYasIbHOMO AMCKA

e HayanbHaA 3arpys3Kka

e 3JddeKTUBHOE ynpaBaeHne BpemeHHbIMK daiinamm
e Thin Provisioning

e VMware Tools n apansepa

e  3almuTa AAHHbIX

e BbicoKaA AOCTYMHOCTb M KAaTacTpopoyCcTonN4MBOCTb

4.1 Co3aHMe ONITUMAJIbHOM CETEBOM Cpe bl

Korga Bbl co3paete cetb NFS gna sawux cepsepos VMware u cuctem xpaHeHua NetApp nomHute, 4to
Bbl pa3pabaTbiBaeTe CeTb XpPaHEHMA, KOTOPas A0JXKHA 061a4aTb A4OCTaTOYHOW NPOU3BOAUTENBHOCTBIO U
HaZeXHOCTblo, Ana obecneyeHns paboTbl Balero Knactepa VMware.

PekomeHpaunm, KOTopble MOMOryT BaM CO34aTb ONTMMA/IbHYIO CETEBYIO Cpeay:

e Ortgensante ceteBol Tpaduk IP-cetm xpaHeHus (NFS wmam iSCSI) oT Tpaduka LAN B oTaenbHyo
dU3nYeCKyIO NOACETb HAa CBOMX KOMMYTATOPax, UK, NO KpalHel mepe, IOTMYeCcKn U3oAnpyiTe ee B
VLAN.

1 o
EcTb nepeBog Ha pyCcCKUM A3bIK
2 v
MNepeBoa Ha PyCCKMMN A3bIK TOTOBUTCA HA MOMEHT BbIMyCKa AAaHHOIO AOKYMEHTA
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e Bkawouute flowcontrol. B runepsusope n Ha nopTax cMCTEMbl XpaHEHWA A0XKHbI ObITb YCTaHOB/EHDI
3HaueHusa flow control send ON. Ha cOOTBETCTBYIOWMX MOPTAX KOMMyTaTopa AOJXHbl ObiTb
yCTaHOBNEHbl 3HauYeHua Desired nnu receive ON.

e BkawounTe UCNOJIb30BAHUE NPOTOKOAA spanning tree protocol c ncnonbzoBaHuem RSTP unu portfast.
Mpu ncnonbsoBaHMM TpaHKMHra VLAN 802.1q BKAOUUTE TaKXKe spanning-tree portfast trunk.

e  OunbrpyiTe/orpaHnumnsainTe bridge protocol data units Ha nopTax cMCTEMbI XpaHeHUA.

e CKOHOUrypupyiTe ncnonbsoBaHue jumbo frames (Bcerga A0NKHbI 6bITb CKOHOUIYPUPOBAHbI «OT U
[0» Ha BCEM MPOTAXEHWUWU CETW, OT MOPTa XOCTa, A0 MOPTa CUCTEMbI XPaHEHWsA, BKAKOYasA Bce
KOMMYTaTOpbl «MO NyTU») OAA BCeX YCTPOMCTB M AnA Bcex nyTel IP. Tmnepsmsop M cuctema
XpPaHEeHUs 40JIKHbI MCNOb30BaTb CTaHAAPTHLIN pasmep jumbo frame B 9000 6aiiT, ogHako MTU size
Ha nopTax KOMMYTaTopa AO/KHbl OblTb YCTaHOBAEHbl B MAKCMMA/lbHO BO3MOXHOE AfA
obopyaoBaHuA 3HauyeHue. MoaaepxKa jumbo frames ana NFS (u iSCSI) 6bina gobasneHa 8 VMware
ESX 3.5U3 un HoBee.

e PaccmoTpuTe nepexof Ha McNonb3oBaHWe ceTeBoro Kabena CAT6, smecto CAT5/5e, ana cetu
XpaHeHus. GbE 6yper paboTtatb M no Kabento Cat5, a npoueccbl retransmission nomoryT
BOCCTAHOBWUTb A0CTaB/IEHHbIE C OWMOKamM dpelimbl, HO B cayyae 3agady IP-ceTM xpaHeHus 3To
MOMKET CKa3aTbCA HeXelaTesIbHbIM M NA0X0 NpeAcKasyeMblM CHUXKEHNEM NPOU3BOANTENLHOCTH.

e Ybeautecb, 4To BaluM KommyTaTopbl Ethernet nmetot goctaTtouHoe Konnyectso 6ypepos NOpPTOB, U
APYrMX BHYTPEHHUX BO3MOXKHOCTEN, YTO6bl ONTUMaIbHO 0becneunTb NpoxoxaeHne Tpadpumka NFS.

e Xotsa B vSphere u 6bina gobasneHa nogaeprkka IPv6 ana ceten VM u VMkernel, IPv6 ana VMkernel
Mo NpeXHemMy HAaxoauTCA B COCTOAHUM «3KCMEPMMEHTaNIbHOro» B NepBom penuse vSphere, n ero
MCNONb30BaHWUA CeayeT, N0 BO3MOXKHOCTH, U3beraTb.

e HactoATeNbHO pPEeKOMEHAYeTCA pPacCMOTPETb BO3MOMKHOCTb WMCMO/b30BaHMA KOMMYTAaTOPOB C
byHKUMel cross-switch port aggregation, Hanpumep Takux, Kak cross-stack Etherchannel vaw Virtual
Port Channeling.

* PaccmoTpuTe BO3MOXHOCTb nepexoga Ha 10GbE, kak Hanbosnee nepcnekTMBHOE HanpaB/ieHue
pa3BuTUa TexHonornit Ethernet, gna ncnonobsosaHma ero npu pabote ¢ gatactopamu NFS.

NFS 1 npou3sBoAUTE/ILHOCTb CUCTEMbI XpPaHEHUA

CyLLecTBYeT TPpU OCHOBHbIX NapamMeTpa NPoM3BOAUTENIbHOCTU CUCTEMbI XpaHeHUs: Mosoca NponycKaHus
KaHana (bandwidth, nsmepseman B merabaritax B cekyHay (MBps)), nponsBoanTeNbHOCTb B onepaumsax
BBOAa-BblBOAA B cekyHay (//O operations per second (IOPS)), n spema 3agmepku (latency (ms)).
MponsBoanTeNbHOCTL B ONepaLmMax BBOAA-BbIBOAA M MO0Ca NPONYCKAHMA CBA3AHbI Mexay coboM, Tak
KaK WMPMHa NoJI0Chbl MPOMNYCKaHMA eCTb KOIMYECTBO OMNepaLmMin BBOAA-BbIBOAA, YMHOXEHHOE Ha pasmep
610Ka onepupyembix AaHHbIX. Pasmep 6/10Ka BBOAA-BbIBOAA 0ObIYHO OMNpeaenseTcsa Ha CTOPOHE XOCTa.

BennumHa B IOPS o6bluHO onpeaensetca backend-koHourypaumeit cuctembl xpaHeHua. Ecan pabouasn
Harpyska xopowo Kswupyetcs, T0 IOPS 3aBUcUT OT ObICTPOAENCTBMA K3LLA; 4Yallle Ke BCEro OH
onpeaenseTcs KoHUrypaumen n KonnmyectBom Gpusmnyecknx AUCKOB CUCTEMbI Ha 0OBEKT XpaHeHus. B
cnyyvae partactopa no NFS, o6beKkTom XpaHeHua byapeT aenatbca dainosas cuctema. Ha cucreme
xpaHeHna NetApp BenuuumHa poctmxkummoro IOPS B nepsyto odvepeab 3aBUCUT OT YMCaa AWUCKOB,
BXOAALWMNX B aggregate.

Cneanyet 3HaTb, UYTO KaxAablit aatactop NFS moHTMpyeTca Ha ESX (Bkntouasa u vSphere) ¢ nomoulbto
ToNbKO ogHon TCP-ceccum Ha NFS-paTactop, Hecyweit kak NFS control, Tak u NFS data. Mo 3tol
NpUYnMHE BEPXHWUA MOPOr MPOMNYCKHOM CNOCOBHOCTM, AOCTUMXMMbIN Ans  OfAHOro xocta ESX,
NOAKNIOYEHHOrO K oaHomy patactopy no NFS — BHe 3aBUCMMOCTM OT MCMNONbL30BAHUA WU
Heucnonb3zosBaHuA link aggregation — paBeH NponyckHOM cnocobHOCTM OAHOrOo AWHKA. Ecam Bbl



ucrnonbsyerte nopt 1GbE, 3To o3HauaeT, 4To Nosioca nponyckaHma ero byaet npumepHo ~80-100MB/sec
ONA  «ogHOHanpaBfeHHOM» Harpysku (GbE uHTepdeilc nonHoaynnekcHbI, No3ToMy B C/ayyae
«OBYHaNpaBAEHHOM» Harpyskum AOCTMXMMA nosioca nponyckaHua ~160MB/sec). Bosnee BbicOKMe
nokasaTenn NPONyCcKHOM cnocobHocTn ana cepsepa ESX moryT ObiTb AOCTUIHYTHI C UCMO/Ib30BaHUEM
HECKONIbKUX AaTacTopoB. Bbl moxkeTe macwTtabuposaTb 0OLLYHO MOAOCY NPOMYCKaHUA K HECKOJIbKMM
AaTacTopam Ha cucTeMe XpaHeHusa, ucnonb3ysa link aggregation n mapwpytusaumtio.

OnuncaHHble Bblle 3HAYeHuA npon3soanUTENIbHOCTU 3a4aCTyl0 AOCTAaTOYHbl ANA MHOTUX Cay4daes
ncnonb3oBaHWA. OCHOBbLIBAACL HA HAMNWMCAHHOM Bblle, MOXHO OPMEHTUPOBOYHO PACCMOTPETL
cnepytowme cueHapumn ncnoabsosaHmna NFS 8 VMware:

e CoBMeCTHO MCNOAb3yeMblid AaTacTop, XpaHAWMM MmMHoXecTBo VM c  arperMpoBaHHOW
NPOMNYyCKHOW MOJIOCOM BBOAA-BbIBOAA B nNpeAenax Ha3BaHHbIX Bbllle BenuMynH (6onbluoe
Konunyectso IOPS, HO, KaK NpaBuao, Heb6oNblMMM BAoKaMK)

e OpHa cuMNbHO 3arpyeHHas VM, ecaM ee BBOA-BbIBOA, MOMeET 6biTb  06CAyXeH
NPou3BOAUTENbHOCTLIO OAHOMO NMHKa GbE

B cnyyae Hebonblimx 610Kk0B BBOAa-BbiBoAa (8K), nHTepdeitc Gigabit Ethernet moxet obecneuntb
12500 IOPS — 4TO NpUMmepHO COOTBETCTBYET NPOM3BOANTENBHOCTU 70 ANCKOB CO CKOPOCTLIO BpaLleHma
15K obopoToB.. C apyroi ctopoHsbl, SharePoint® VM mncnonbsyeTt 6,10K1 BBOAa-BbiBOAa pasmepom 256K
unu 6onee. Mpu pasmepe 6s10ka BBoAa-BbIBoAa B 256K, nHtepdeiic obecneumsaet Bcero 390 IOPS, uto
MOMET ObITb B psAfe C/ly4aeB HeAOCTaTOYHO. B TakoM ciyyae, BOSMOMKHO NYHLWIMM BapUMAHTOM C TOYKMU
3peHuMA NPoM3BOAMTENBHOCTM MOMKET BbiTb MHTepdelic 10GbE. Ecnm Bbl ncnonbayete 10GbE — xoTa no
NnpeKHemMy oAMH AaTacTop orpaHuyeH oaHoit TCP-ceccnenr — pns Tpaduka [OCTynHa ropasgo bonee
LWIMPOKAA Monoca NponyckaHua B npeaenax oAHoro uHtepoderica. Ecam BapnaHT 10GbE no Kakum-to
NpUYMHaM HeZoCTyrneH, TO Bbl MoXeTe ncnosnb3oBatb NFS ana otgencHbix VM yepes 1GbE, u FC nau
iSCSI gna apyrux VM, B 3aBUCMMOCTM OT MX TpeboBaHW K MPOMYCKHOM CNOCOBHOCTM U BPEMEHMU
33 EPXKKU.

Bam cneayeT OLEHUTb HEOOXOAMMYIO MPOU3BOAMUTENBHOCTb, EMKOCTb, M CMPOEKTMPOBATL CUCTEMY,
CoOTBETCTBYIOWYIO Balumm TpeboBaHuam emroctn (TB) m npoussoauTenbHoctu (MB/sec, IOPS, u
latency). Bam cnepgyeT Mcnosib3oBaTb BCE AOCTYMHbIE METOAbl, KOTOPble MOTYT 6biTb 3¢ dEKTUBHbI, HO
cnepyet ybeamnTbca, NPeXae BCEro, YTo CUCTEMA XPaHEHMA UMEET AOCTAaTOYHOE KOIMYECTBO GU3NYECKUX
JKECTKUX AWUCKOB («wnuHaenem») Ha Karkagom «akcnopte» NFS, ytobbl obecneuntb Heobxoanmble
nokasaTtenn Mo BBoAy-BbiBogy Ana Bcex VM Ha pgatactope. OueHWUTb 3TM MapameTpbl HECN0XKHO:
BOCMO/Ib3YMTECH HA MHTEPECYHOLMX BAC XOCTaX MHCTPyMeHTamu perfmon, top, unm VMware Capacity
Planner. B VMware vSphere 4.0 ¢yHKuMAa Storage VMotion nopaep»kvnaeT patactopbl NFS Kak B
KayecTBe WMCTOYHMKOB, TaK WM B KayecTBe MoJiydaTesiel, NO3ITOMYy Bbl MoxKeTe pebanaHCMpoBaTb
AaTacTopbl TaK, Kak Bam 3To byaeT Heobxoaumo. Mpu MCNONb30BaHMM BO3MOKHOCTEN «YHUBEPCANbHOM
apxutektypbi» NetApp, NFS (dainbl) n FC/iSCSI/FCoE (6/10KM) mMOryT cocywecTsoBatb Ha OAHOW M TOM
e CcUcTeEME XpaHeHMUA.

NetApp TaKkKe paspabotan u npegnaraeT annapaTHoe YCTPoOWCTBO nof HasBaHuMem Flash Cache.
YcTaHaBiMBaemoe B C/OT  pacluiMpeHua  KOoHTpoanepa ycTpoictBo Flash  Cache, saBnsetcs
OOMNONHUTENbHBIM, Mcnonb3aylowmm flash-namaTe Kawem BTOporo ypoBHA, paspaboTaHHbIM AnA
NOBbIWEHMA NPOU3BOAUTENBHOCTU, YBEINYEHNA NPOMYCKHON CNOCOBHOCTM NpM onepaumax cay4aiHoro
YTEHMA N YCTPAHEHUA BO3MOMKHOIO «y3KOro MecTa» npu paboTe ¢ AUCKaMM, KOTOPOe YacTo BCTpeyaeTcs
B CMCTEeMax BMpTyanmsaumm cepsepoB W pecktonos. Flash Cache obecneunBaeT AONOAHUTENbHBIN
pacWMpPEHHbI YPOBEHb K3WMPOBAHMA, MNO3BOAA CUCTEMAM XPaAHEHMA [aHHbIX XPaHUTb YacTo



3anpawnBaemble AaHHble B paclUMPEHHOM eMKOM Kalle 60nblIol eMKOCTM Ha base flash-namaTtu. Takoe
peleHme UMeeT ABa NONOKUTENbHbIX 3¢deKTa. Bo-nepBblx, NOBbILAETCA NPONYCKHAA CNOCOBHOCTb, MO
cpaBHeHUO ¢ cuctemoir 6e3 Flash Cache. BTopoe — cHu)KaeTca obbem onepaunii ¢ AUCKOBOM
noAcuMCTEMOM, YTO yMeHbLUaeT BpemMa 3aaepkKu (latency). Flash Cache TaKe ymeeT Mcnosib3oBaTb
BO3MOHOCTM AeAynMKaLuMM XpPaHUMbIX AaHHbIX. JeaynamumMpoBaHHble 610KM MOTYT K3LWMPOBATLCA B
Mmoayfie Kak M obblyHble 610KM AaHHbIX. TONbKO 0fHA KonuA cogepkmmoro 610KkoB xpaHutca B Flash
Cache, To4HO TaKXe, Kak M Ha Anckax. Mogynu Flash Cache nossonaiT cucteme AOCTUYL MaKCUMyMa
NPOM3BOAUTENIBHOCTM C MEHbWWUM KoanmyecTBom ¢usmnveckux puckos. Flash Cache nosBsonser
3HAUNTE/IbHOM YacTu onepauuit YTeHua uatm ns obnactu, obnagatolleit 3HaunTeIbHO 6osiee BbICOKMM
6bICTPOAENCTBMEM, YEM KECTKME ANCKU; 3TO YMEHbLUAET 0OLLYIO 3arpy3Ky CUCTEMbI XPaHEHUS.

4.2 BolpaBHUBAaHUE BUPTYAJIbHOI'O AUCKA

BbipaBHMBaHWe TpebyeTca B TeEX CAyYasx, Korga guckosas naptuuma OS B VM co3gaHa He no rpaHuue
6710Ka AaHHbIX HUXKenexalenh cucTembl XpaHeHusa. Mpobnembl BblpaBHMBAHUA BO3HWUKAIOT T1aBHbIM
06pasom nNoTomy, YTo HO/bLINMHCTBO FOCTEBLIX OMEPALIMOHHbIX cucTem (B nx uncno sxoaat Windows
2000, 2003 1 pasnnyHble AUCTPUBYTMBLI Linux) HauMHaOT NepBy0 NAPTULMIO C CEKTOpA (NnorMyeckoro
610Ka) Homep 63. Takoe NoBeaeHMe BeAET K HEBEPHOMY PACMONOXKEHUIO PaltIoBON CUCTEMDI (C TOUKM
3pPEHUA CUCTEMbI XPaHEHMSA) TaK KaK NapTUUMA HAauMHAETCA He Ha rpaHuue 610K0B, a B NPOCTPaHCTBe
MeXAy HUMK. B pesynbTaTte, Korga BMPTYasbHaa MallMHa XO4eT cYUTaTb OauH 610K dainnoBon cucTemsl
rocteBon OS, OHa BbIHY}KAEHA YUNTaTb ABa 6/10Ka HUXKeNexallen cuctembl XpaHeHUs (B 04HOM — NepBas
nonosuHa 610Ka ¢aiinosoit cuctembl OS, BO BTOPOM — BTOpas), YTO yBEANYMBAET Harpy3Ky no BBOAY-
BblBOAY. HeBepHOE BblpaBHMBAHME MOXKET Bbi3blBaTb YBE/IMYEHNE BPEMEHWN 334EPKKM NPU onepaumnax
(latency). OHO TpebyeT OT cUCTEMbI XPaHEHWUS YMTaTb UK NKcaTb 6onblie 610KOB, Yem HeobxoanMMO ann
NnpoBeLeHMA JIOTMYECKOrO BBOAA-BbIBOAA. ITO BeAeT K HeapPeKTMBHOMY WMCMNO/b30BaHUIO MecTa, a
TaKKe B/AMAET Ha NPOM3BOAUTENbHOCTb, KOrga CUCTeMa XpaHeHWs obpabaTbiBaeT, Hanpumep, NATb
6710K0B NMpPKU 3aNNUCU N YTEHUKM, KOTAA 3anpallMBaETCA C XOCTa BCEro 4YeTbipe. ITO BedeT K yXyAWeHMUIo
3 PeKTMBHOCTM BBOLA-BbIBOAA, TAK KaK cucTeMa XpaHeHuAa aenaeT 6osblwe paboTbl, Yem peanbHO
TpebyeTcs.

B cnyyae ucnonbszosaHua NFS, korga cnos VMFS He cyuwiectByeT, TpebyeTcs TONbKO BblpaBHMBaHUE
dainosomn cuctemnbl «roctesoit OS» VM B VMDK ¢ cuctemoit xpaHeHua NetApp.
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NFS Export

Compensation via diskpart

Puc. 4) UnntocTpaums NpaBuUIbHOTO BbIPaBHUBAHMSA «rOCTEBOM» GaitIoBOM CUCTEMBI.

MpaBuabHOEe cmelleHMe Ans BHOBb co3gaBaemoirt VM moxkeT ObiTb YCTAHOBAEHO KaK C MOMOLLbHO
KOMaHgbl diskpart u dopmaTtvpoBaHWA MapTULMKM C MPaBWUJIbHbIM CMELLEHMEM, TaK U C NOMOLLbIO
KomaHgbl fdisk u3 ESX service console. Ha npaKkTuKe, 4Tobbl M36eXKaTb BO3MOMKHOCTM CO34aHUS



HEBEPHO BbIPOBHEHHON BUPTYanbHOMW MalUMHbLI, BamM CcnedyeT COo34aTb «3TA/NIOHHYID CUCTEMY»
(template), c npaBUNbHLIM BblpaBHMBAHWEM, YTOObI BHOBb CO3aBaeMble€ U3 TAKOWM 3TaNOHHOW CUCTEMBI
BUPTYa/ibHble MallWHbI BblAK cpa3y NPaBUAbHO BbipoBHEHbI. NetApp NpeaocTaBaAeT UHCTPYMEHT, Noj,
Ha3BaHMem mbralign, ANS NPOBEPKU U KOPPEKTUPOBKU BbIPaBHMBAHMUA CYLLECTBYHOLWLMUX BUPTYaIbHbIX
MaLLWH.

MonHocTbio Npoueaypa NoApobHO onucbiBaeTcA B rnasax 4 U 5 cneayowWero Ao0KymMeHTa:

e TR-3747: Best Practices for File System Alighment in Virtual Environments

NHCcTpymeHT mbralign, paHee 6biBWMIA YacTbio ESX Host Utilities Kit, Tenepb nocTaBaseTcs B coCTaBe
NetApp VSC.

4.3 Haya/sipbHad 3arpyska

Mpouecc 3arpysknM MHOMKECTBa BMPTYasibHbIX MalUMH OAHOBPEMEHHO MOXKET MNOPOXKAATb BbICOKYHO
HArpysky no BsoAay-sBbiBO4y Ha CUCTEMY XPaHEHUA U MeLWaTb BUPTYa/ZibHbIM MallMHAM 3arpy3nTtbCA Tak
6bICTp0, KaK OT HUX OXWAOaeTcAa. Ncnonb3osaHue NFS-AaTaCTOpa, Ha KOTOPOM MOTYT pacnosaratbCa
COTHM BUPTYa/IbHbIX MALUMH, MOXET ycyrybuTb 3Ty CMTyauMio, TaK Kak B 3TOM c/lydae mHoxectso VM
6yayT NbITaTbCA NPOM3BECTU YTEHME C OLHOTO M TOFO e AaTacTopa.

Ecnn y Bac cTouT 3aZa4a O4HOBPEMEHHO 3arpy:KaTb MHOMECTBO BUPTYa/IbHbIX CEPBEPOB UM LECKTOM-
cucTeM, Ucnonb3ynte geaynavkaumio NetApp coBmectHo ¢ Flash Cache, uto pesko yseanuut
NPOM3BOAUTENIbHOCTL TAKOro npouecca. [efynivKaums CKUMaeT 3arpysouHble obpasbl MHOXeCTBa
BMPTYaNbHbIX MalWWH B eAnHbIA Habop 6/10KOB, KOTOPbLIA MOXKET BbiTb /IErKO 3aK3WMPOBAH B NaMATH.
Ucnonb3ytowmii Flash-namate moaynb Flash Cache npeanaraer go 2TB yHMBeEpCasbHOrO Kala YTeHuA
AN TOro, YTObObI K3LWIMPOBATL 3arpy304Hble 06pasbl BCEX TOCTEBbIX ONEPALMOHHBIX CUCTEM, C KOTOPbIMM
Bbl paboTaeTe, NO3BOAAA NPOBECTU 3arpy3Ky HENOCPEACTBEHHO M3 K3LI-NAamMATM, BMecTo AucKos. Flash
Cache npegnaraet npoussoauTenbHocTb SSD 6e3 HeobxoaMMOCTM LOMONHUTENIBHOTO «YPOBHA»
XpaHuAuLWa.

Bo3sbmem ana npumepa cutyaumio, Korga y sac Haxoamtca Ha NFS-gatactope 200 BMpTyanbHbIX MALLUWH,
BCE MO OAHOW M Tol e roctesoi OS. 3anyck npouecca geAynAnKaLuMu Ha TOM AaTacTope ycTpaHaeT
XpaHeHue aybnupytowmxca 6n0kos, B pesynbtate 200 NouTM UAEHTUYHBbIX Konui oaHoin OS 6yayT
ncnonb3oBatb 200 «KOMUA» IK3EMMNIAPOB COBMECTHO MCMOJIb30BaHHbIX 6/I0KOB, XPaHALLMXCA Ha AUCKe
B eAMHCTBEHHOM 3K3emnasape. bes ncnonbsosaHua Flash Cache, Kaxkaan BMpTyanbHaa mawmHa cyMTaeT
cBoM Habop 6/10KOB € AnMCKa B xoae onepaumn 3arpysku. Flash Cache obecneunBaeT pacluMpPeHHbIN KLl
yTeHus, BeayLwmi ceba B CBOO ovyepeab Kak AeayninumpoBaHHbIA OUCK, HO nmetowmii ckopocTb flash-
namaTtu. Mpu ncnonbsosaHum Flash Cache, 6n0kn 3akawmpytotca Bo flash-namatn npu nepsom uteHuy;
Korga nepsas VM 3arpysuTcs, BBOA-BbIBOL OMepauumin  3arpyskM Aas  OCTaBLUMXCA Nownaert
NPenMyLLECTBEHHO U3 K3Lla, YCKOPUB NPOU3BOAUTE/IbHOCTL OMepaunii Ha 3arpysKke B YeTbipe U bonee
pas.

4.4 ddpPexTUBHOE ynIpaB/ieHUE BpeMeHHbIMU dpajilaMu

Kpome noctosHHO cyuwecTtsytowmnx dannos VMDK, VMware ucnonb3yet psf BpeMeHHbIX ¢annos,
KOTOpble CO34al0TCA M UCNOAb3YIOTCA, TO/MIbKO KOrAa BMPTyasbHaA MalMHa 3anyweHa u paboTaer.
Kaxkpaaa BupTyanbHasa mawmnHa nog VMware o6bluHO Ucnonbayet dpaiin noaxadkum (cson-dainn, pagefile)
TaK)Ke, KaK OHa 3TO genlaeT U Ha obbluHOM, dusnyeckom cepsepe. Kpome 3Toro, cam cepsep VMware
ESX TpebyeT ncnonb3oBaHua virtual swap space (vSwap) Ana Kaxgoh BUpTyanbHOM MalUMHbI, KOTOPbIM
paBeH pasmepy BblAE/SIEHHON BUPTYa/sibHOM MaluMHe NamATu. IToT dann virtual swap space ponxeH


http://media.netapp.com/documents/tr-3747.pdf

pacnosiaraTtbCd Ha COBMECTHO WCMOAb3yeMOoM Khaactepom VMware xpaHuauwe, 4Tobbl 6bina
BO3MOXHOCTb UCMO/1Ib30BaTb Takne dyHKuumM VMware, Kak, Hanpumep, VMotion.

MPOCTPaHCTBO XPaHEHUA, 3aHMMaeMoe TaKMMW BPeMeHHbiMK dainamm, He TpebyeT pe3epBHOro
KOMMPOBaHMA, TaK KaK 3TW ¢aiibl Nepecos3naloTcs BCAKUMA pas, Korda BMPTyanbHaa MaluuHa
3arpy’KaeTcs, TOYHO TaKXKe U He MMeeT CMbICNa AeAynaNLMPOBaTh ero. XpaHeHne BpemeHHbIX ¢aiios
Ha COBMECTHO MCMOJ/Ib3YyEMOM XpaHuuliLe 3To TpebosaHue VMotion. Mo yMmon4aHMIO U NOCTOAHHbIE, U
BpemeHHble daiinbl XpPaHATCA Ha OAHOM M TOM e AaTactope, Ho, YTobbl n3bexaTb HEO6X0AMMOCTH
PEe3epPBHOIO KOMUPOBAHWUA, AEAYMNAMKAUMU UX, U APYTUX HEHYXKHbIX AEUCTBUA Hamd, HUMW, CTOMT
pa3smMecTUTb MX Ha OTAEe/IbHOM AaTacTope.

MNopobHoe onucaHue npouecca ycTaHOBKM daiina noakaykm rocteson OS u dainos vSwap runepsmsopa
B a/IbTEPHATUBHbIN AATAacTOP NPUBEAEHO B JOKYMEHTE:

e NetApp TR-3671: VMware vCenter Site Recovery Manager in a NetApp Environment

YcTaHoBKa ¢aiina vSwap runepsmsopa B anbTePHATUBHbIN JaTAaCcTOP peKoMeHAyema, HO nepemelleHune
daina noakaukm roctesolrt OS MOXKeET ObiTb HeXKenaTeslbHbIM A1A CalTOB, Pa3sBEPHYTbIX C MOMOLLbIO
VMware Site Recovery Manager , TaK Kak TpebyeT AONONHUTE/bHbIX LWAroB Npu KOHOUTYpUpoBaHUK
SRM. NepemeweHne dainnos cHanwoTtoB VMware (gononHutenbHbix ¢paiios, cosgaHHbix VMware npum
NepeKkItoYEHNN BUPTYANbHOM MaLUMHbBI B PEXMM CHIMWOTA) «/aomaeT» paboty SRM un He [OMKHO
NPOU3BOAMUTLCA NPU UCMONb30BaHUU cnuctembl SRM.

ESX Cluster NetApp FAS Array

Datastore A

Datastore C

Puc. 5) PekomeHA0OBaHHaA CXema, 41 YCTPAHEHMUS HEHYXKHbIX onepauuini (pe3epBHOr0 KONUPOBaHUS,
Aeaynavkaumu, 1 Tak ganee) Hag BpeMeHHbIMU paiiamu.

4.5 VMware Tools u gpaiiBepa

B npouecce yctaHoBkM OS B VM Bam NoHagobuTcA TakKe YCTaHOBUTb COOTBETCTBYHOLLME YTUAUTBI U
ApaiiBepa VMware, Takue, Kak ApanBepa Ha BUAEOMOACUCTEMY, W TaK ganee. B paHHUX Bepcusx,
VMware Tools npegnaranucb Ha CD, Ho, HaunHan c vSphere 4.0, oHu aBnaTcA YacTbio VMware, u moryT
6bITb YCTaHOB/IEHbI Bbibopom Settings>VMware Tools nsHyTpu roctesoit OS.


http://media.netapp.com/documents/tr-3671.pdf

Ona noapobHocTelt 0 KOHKpeTHbIX Bepcmax VMware 1 rocteBbix OS, cmoTpuTe cTtaTb B base 3HaHWUM
VMware:

http://kb.vmware.com/selfservice/microsites/search.do?language=en US&cmd=displayKC&externalld=
340

http://kb.vmware.com/selfservice/microsites/search.do?language=en US&cmd=displayKC&externalld=
731

4.6 Thin Provisioning
Kak y»e roBopunoch Bbille, BOSMOXHOCTb MCNONBL30BaTh thin provisioning 3To 60nbLIOE NPEeUMyLLECTBO
ncnonb3osaHma NetApp NFS.

VMware wucnonb3yeT thin provisions gna ¢annos VMDK Ha pgatactope NFS no ymonyaHuioo, HO
CYLLLEeCTBYET ABa pa3HbIX TUMA MCMONb30BaHWA thin provision pns BUPTYyanbHOTO AMCKa:

e Twun "Thick" thin-provisioned virtual disk. Tako TMn BUPTyaNbHOTO ANCKA CO34AETCA MO YMOJIYaHUIO
Ha paTtactope NFS, B xo4e CTaHAApTHOM Mpoueaypbl co34aHUA BUPTYyanbHOM MalnHbl. OH nmeet
cneayouwme CBOMCTBa:

- Cospaetca ¢aiin VMDK; oH He 3aHMMaeT peanbHbIX ANCKOBbIX 6/10K0B (thin provisioned),
MoKa B HEro He HauyMHaeTcsa ¢dM3mMyeckas 3anncb AaHHbIX roctesoi OS

- PesepBupyerca MecTo rapaHTMPOBaHHOMW €MKOCTM Ha AUCKaXx

- Henb3a genatb oversubscribe anckosBoro npoctpaHcTBa gatactopa NFS

e Tun "Thin" thin-provisioned virtual disk. Bbl Mmo)eTe co3aaTb TaKOW TUM BUPTYaNbHOro AMCKa
ncnonb3ysa KomaHay vimkfstools. Ero cBOMCTBa TaKOBbI:

- Cospaetca ¢ain .VMDK; oH He 3aHMMaeT peasibHbIX AMCKOBbIX 610K0B (thin provisioned),
MoKa B HEro He HauMHaeTca ¢dM3mMyeckas 3anncb AaHHbIX roctesoi OS

- He pe3sepBupyeTtca MecTo rapaHTUPOBAHHOW MKOCTM Ha AMUCKaX

- MoxKHo genaTb oversubscribe anckosoro npocTpaHcTBa gatactopa NFS

Bbl MorKeTe 3anycTuTb NpPUBEAEHHYID KOMaHAy, 4Tobbl MOCMOTPeTb AEWCTBUTENbHbIA YPOBEHb
MCNONb30BaHUA AUCKOBOro NPOCTPaHCTBA Ha gatactope NFS:

# vdf -h /vmfs/volumes/<NFS Datastore Name>

Mcnonb3ya TMN BUPTYaNbHOTO AMUCKA -thin Bbl MOMKETe OCYLLLECTBMTb TaK HasbiBaemblli oversubscribe, To
eCcTb pacnpedenuTb Ha [atacTope MeXKA4y BMPTYaNbHbIMM MallMHaMM MecTa 6osblle, Yem ero
dU3nYEeCKM nMmeeTcAa, Npeanosiaras, YTo BUPTyasibHble MALIMHbI HE UCNOJIb3YIOT CPasy BCe BblAENEHHOE
MM MPOCTPAHCTBO. ITO MOXKET 6biTb OYeHb MOME3HOM ONuUMen; 04HAKO, CYLLeCTBYET PAL OrPaHUYEHUN,
KOTOpble CieyeT NOMHUTDL, NPEeXAE YEM Bbl HAUHETE UCMOJIb30BATb 3TY BO3SMOMKHOCTD.

Echn patactop ucuyepnbiBaeT cBO6OAHOE MeCTO Ha Hem, Bce paboTalolme BUPTYasbHbl MALUMHBI
CTQHOBATCA HefoCTynHbl. VM TONbKO NpuoCTaHaBAuBaloT paboTy, oxuAaaa noasneHuAa cBoboaHoro
MECTa, HO MPUNOXKeEHUA BHYTpM VM MOryT aBapuMMHO 3aBEPLUUTLCA MO NPUYMHE HEXBATKM MECTa.
Hanpumep, 6a3bl Oracle® ocTatoTca B paboyem COCTOAHMM Ha MpoTAxKeHuM 180 ceKyHa; nocse 3Toro
paboTa 6a3bl AaHHbIX 3aBepLIaeTcA.

NetApp no3sonseT CKOHGUTYMPUPOBATL TOM, UCMOJIb3yeMblli NoA, AaTacTop C NapaMeTpom autogrow,
YTO 3aLLMLLAET OT TaKOW HeXKeNaTeNbHon cuTyaumu. [ns aToro cieayeT yCTaHOBUTb ONUMM TOMa:

vol options <volume_name> guarantee=none


http://kb.vmware.com/selfservice/microsites/search.do?language=en_US&cmd=displayKC&externalId=340
http://kb.vmware.com/selfservice/microsites/search.do?language=en_US&cmd=displayKC&externalId=340
http://kb.vmware.com/selfservice/microsites/search.do?language=en_US&cmd=displayKC&externalId=731
http://kb.vmware.com/selfservice/microsites/search.do?language=en_US&cmd=displayKC&externalId=731

vol options <volume_name> try_ first=volumes_grow
KOHEeYHO, 3TV BO3MOXKHOCTM TPebyIOT HaIMYMA A0CTAaTOYHOro MecTa A/1a PoCTa TOMA Ha ero aggregate.

MHcTpymeHT NetApp rapid cloning utility (RCU) moskeT ynpaBasTb HacTpolikamu autogrow 415 TOMa Ha
cucteme xpaHeHua NetApp.

4.7 3ammTa AaHHBIX

NetApp SnapManager for Virtual Infrastructure HaueneH Ha peleHue npobaem C MCMNO/Ib30BaHUEM
pecypcoB Mpu CO34aHUM pPe3epBHbIX KOMNUIM B BMPTyasibHOM cpeae, ucnosb3ys TexHonoruto NetApp
Snapshot™ ans cHuxkeHus 3arpyskm CPU 1 ceTn Ha XOCT-CUCTEME, YTO 3HAYUTE/IbHO COKpaLLLaeT Bpems,
3aTpayMBaeMoe Ha BbINOJAHEHWEe pe3epBHON Konuu. SMVI MoKeT ObiTb ObICTPO YyCTaHOBAEH W
CKOHOUTYPUPOBaH A5 UCMO/Ib30BaHMA Ha HOBOW, UM yxKe cyllecTsytowen cucteme VMware, sKoHOMA
LEeHHOe BpemMsa BO Bpems Mpouecca Co3aaHns pe3epBHON Konuu, 1 no3sonsn bbicTpoe n adpdeKTuBHoe
BOCCTaHOB/IEHME.

CnepBa SMVI co3gaeT KOHCUCTEHTHbIN cHanwoT VMware Bcex VM Ha yKasaHHOM gaTtacTtope. 3aTem, U3
co3aaHHoro cHanwota VMware, genaetca 3¢¢dEKTUBHO MCMOJb3YIOWMIA NPOCTPAHCTBO XPaHUAMLILA
cHanwoT NetApp, nocne yero cHanwoTt VMware ocBoboxkgaetca n yaanseTtcsa. ITOT Npouecc no3BoasT
co3aatb 0b6pasbl Bcex VM B cHanwoTe NetApp KOHCUCTEHTHbIM C TOYKKN 3peHUn ¢annoBoi CUCTEMbI. ITU
CH3MNWOTbl MOTYT XPAaHWUTbCA Ha AMCKe AAA BbICTPOro BOCCTAaHOB/EHMA, MEePeHeceHbl Ha BTOPUYHYLO
cuctemy ¢ nomouubto NetApp SnapVault®, pennvumpoBanbl ¢ nomouwbio NetApp SnapMirror®, mam
cbpolleHbl Ha NeHTy.

Mcnonb3ya Tako meTond, BMECTO CO34aHMA pe3epBHON Konuu ana Kaxgoro LUN mam BupTyanbHoM
MaLINHbI UHAMBUAYANBLHO, Bbl MOXeTe CO34aBaTh pe3epBHY0 KOMNUIO BCero gatactopa, co scemm VMDK
pasom. 3TO ropa3go Jewesse, 4Yem MOKyMaTb WHAMBUAYANIbHYIO JIMUEH3UKO AN1IA Pe3epBHOro
KOMMPOBaAHUA KaxKa0l BUPTYabHOM MaLLMHbI, @ TaKXe ropasgo npolle ynpasnseTca. Kpome Toro Takon
CNocob ropasgo MeHbLLE HarpyaeT pecypcbl (NpoueccopHble 1 BBOAA-BbIBOAA) XOCT-CUCTEMBI.

Hanbonee csexkan Bepcma SMVI, Ha MOMEHT HanucaHusa AaHHOro JoKymeHTa, SMVI v2.0, BKAtoYaeT B
cebs psaf HOBbIX BOSMOHOCTEMN, MU HECKO/IbKO BaXKHbIX Y/IyULLEHWI NpoLecca BOCCTAHOB/EHUA:

e BbinonHeHMe aBTOMATU3UMPOBAHHOIO Pe3epBHOr0 KOMMPOBAHMA MO PACNMUCAHUIO ONA OAHOTO U
60/1ee 4aTacTOPOB UM BUPTYaIbHbIX MaLLMH.

e OnpepeneHve NOMUTUKU XpaHeHuWs (retention policy) pna coxpaHsaembiXx pPe3epBHbIX KOMWiA,
OCHOBbIBAaACb Ha MaKCMMa/JIbHOM BPEMEHM XPaHEHUA WUAM  MAKCMMAJIbHOM KO/MYecTBe
pe3epBHbIX KOMUN.

e OnpepgeneHune KpuTepues ana cobbiTuii ysegomnenus (alert notification).

e T[lopaep:kka paboTbl C BUPTYasSbHbIMM MalIMHAMM M A3aTacTOPaMK, PasMELLEHHbIMM KaK B
anpektTopuax NFS, Tak n Ha ¢pannosbix cuctemax VMFS.

e [lepepaya pe3epsBHOM KOMUKU Ha yaaNeHHOe XpPaHEeHWe C MOMOLLbIO AOMONHUTE/bHbIX CPeACTB,
TaKMX Kak SnapMirror ana BMpTyasibHbIX MallMH U 06pa30B AaTacToOpPoB.

¢ OO6HapyKeHue 1 oTobpaKkeHMe BUPTYaIbHbIX MallWH M AaTacTopoB Ha ¢daiinosoi cucteme NFS.

*  MOHTUPOBAHME pe3epBHbIX KOMWUA ANA UX MPOBEPKM Nepes BOCCTAHOBNEHUEM.

* BoccTaHOB/EHME KaK BUPTYaAIbHbIX MALUWMH, TaK U NONHOCTbIO AaTAaCTOPOB.

e BocctaHoBneHWe oaHOro n bonee ¢annos roctesol OS n3 BupTyanbHoro aucka (VMDK), 6e3
HeobxoAMMOCTM BOCCTAaHABAMBATb BCHO BUPTYa/IbHYIO MaluMHy nam VMDK.

[na noapo6bHOro pacCMOTPEHUA TEMbI CMOTPUTE AOKYMEHT:



e TR-3737:SnapManager 2.0 for Virtual Infrastructure Best Practices

4.8 CucTeMbl BbICOKOH AOCTYMMHOCTU M KATACTPOPOYCTOMUYMBOCTHU

MeTo/Abl 06ecniedyeHHs1 BBICOKOU AOCTYNHOCTH AAHHBIX ¢ NFS

NFS ncnonb3yeT MHOM cnocob obecneyeHns BbICOKOM AOCTYNHOCTU AAHHbIX, YemM BA0YHbIE XPaHUAULA.
MepBoe oTAMUME 3aKAO4YaeTcs B TOM, YyTOo 6104Hble npoTokonbl (iSCSI, FC) ucnonb3ywoT moaens
obecneyeHna MHOrONyTeBOro COeAMHEHUA OT MHMLMATOPA K TapreTy, nog HassaHvem MPIO. YuacTok,
Ha KOTOPOM MPOUCXOAMT BbIOOP NMYTM, 3TO Yy4acToK OT MHuumMatopa (FC nam iSCSI) po Tapreta. B chyyae
NFS, y4acToK, Ha KOTOPOM MPOUCXOAUT BbIBOP NyTH, 3TO y4acToK oT ogHoro Ethernet MAC go apyroro
Ethernet MAC — Tak HasbiBaembli oanH «xon» (link hop). Myt dopmupyloTca mexay XOCTOM U
KOMMYTaTOPOM, KOMMYTaTOPOM U XOCTOM, mexay cepsepom NFS 1 KOMMyTaTOPOM, U, HAKOHeU, MmexXay
KommyTaTtopom u cepsepom NFS.

MexaHun3mbl, UCNONb3yemble ANA Bbl60pa TOro AN MHOIO JIMHKa:

e Bbibop ¢ nomouwpbio mexaHusma link aggregation, KOTOpbIA YCTaHAB/IMBAETCA Ha COeAUHEHMue
TCP (TCP connection) n MOXeT 6bITb UMM CTaTUYECKUM (YCTaHaABAMBAETCA OANH Pa3 U NOCTOAHHO
Ha Bce Bpems Xu3Hu TCP-ceccum) nam aumHammyeckum (nepeonpegensietca npu paborte TCP
coeaMHeHuA, Ho Bceraa IMbo Ha 04HOM /IMHKe, NMB0 Ha ApYrom)

e Bbibop c nomoubio mapwpytusaumm TCP/IP, npu KoTopom IP-agpec (M CBA3aHHbIN C HUM JIMHK)
BblIOMpPaeTCs, UCNONb3ys MapLIPYTM3aUMIO Ha YPOBHe 3.

OTtmeTbTe: HenocpeactseHHO «U3 Kopobku» ESX/ESXi He nopaepkusaet dynamic link aggregation
control protocol (LACP); opHako, ucnonb3ys KommyTaTopbl cepum Cisco Nexus1000V, KoTopble
nogaep:kmeaot VMware vNetwork Distributed Switch (vDS), Bbl MoOXeTe NOAY4YUTb 3Ty
$YHKUMOHANBbHOCTb, BMECTE C PALOM APYIMX CYLLECTBEHHbIX YAYULLEHWUNA.

BIOK-Cxema gepeBa pelleHuit NnpuBeaeHa Ha PUCYHKe 6.

[ns nogpobHocTei 06 ncnonbsosBanum link aggregation pna NFS, cMoTpuTe rnaBbl O CETU B AOKYMEHTax
TR-3428 n TR-3749.



http://media.netapp.com/documents/tr-3737.pdf
http://media.netapp.com/documents/tr-3428.pdf
http://media.netapp.com/documents/tr-3749.pdf
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Puc. 6) Cxema Bbi6bopa KOHOUTYypaLMK BbICOKOMN aocTynHocTh ansa NFS.

[na nytm cnesa Bbl A0/MKHbI cKOHOUrypupoBaTth link aggregation/static teaming ¢ xocta ESX K

KOMMYTaTOPY, M TaKKe C KOMMyTaTopa K xocTy ESX. [na nyTu cnpaBa Bbl TaKKe MOXKeTe MCMo/b30BaTb

link aggregation/teaming Ha 3TUX /NIMHKaX, HO MOMHMTE, YTO 3TO He MOMOMKET MPU WMCMNONb30BaHMU

TOJZIbKO O4HOT0 AaTacTopa. MapLIJDYTM3aLI,VIFI 3TO MEXaHU3M Bbl60pa.

daitnosep ana NAS-ycTpoicTBa 06bIYHO 3aHMMaET 60/blie BPEMEHM, YeM A1A BA0YHOro yCTPOWCTBa:

BfioyHoe yCTpoMCcTBO OObIYHO nNpou3BoAMT daiiioBep B C/y4ae OWMBKM 3a CeKyHAObl, MHOr4a W

MWUNZINCEKYHAObI, @ B cnydyae NAS-ycTpolicTBa Ha 370 MOXeT noTpeboBaTbCA WMHTEPBA/N BPEMEHM,

NCYNCNAEMDbII AeCATKaMUn CeKyH/ (MO)'KET yBe/In4nBaTbCA B 3aBUCUMMOCTU KaK OT CamMoro yCTpOVICTBa

NAS, Tak 1 obuwei KoHourypaumm). Peub MAET O TOM BpPEMEHM, MO MUCTeyeHunm Kotoporo ESX

npeanpnHMMmaeT ‘-ITO-ﬂM60, n o nosegeHunn rocTeBoin CUCTEMbI B 3TOT nepuoa.




Ona 6no4yHoro yctpoicTea sBpemsa dannoBepa npeaenbHO Mano noytn B ntobom cnaydae. OTKas nytu
O0OHApPYKMBAETCA NPAKTUYECKU CPaA3y YKe, KAaK TONIbKO NPOMUCXOAUT NEPBbLIN Ke O0TKas BBOAA-BbIBOAA B
Fibre Channel u FCoE, n aKTMBHbIA MNyTb MNEpeKoYaeTca, Kak TO/AbKO oaHa M3 KomaHg SCSI
curHanmnsmpyet o6 otkase nytu (NOT_READY, ILLEGAL_REQUEST, NO_CONNECT n SP_HUNG gns MRU
arrays, unn NO_CONNECT ana Fixed arrays). 9ToT MHTepBan BpeMeHU KoHdurypmpyem (B 3aBUCMMOCTH
oT Tuna HBA), HO BeAMYMHbI MO YMOMYAHMIO AOCTAaTOYHO Npuemnembl Aaa 60/bMHCTBA CAy4Yyaes
MCMNO/Ib30BaHWUA W COOTBETCTBYIOT BE/IMYMHAM TalimayTa B 6o/blIMHCTBE rocTeBbix OS. B cnyyae vSphere,
3TO noBegeHWe ynpasnasetca nnarMHom Path Selection Plug-in (a coctosHMe nyTM obpabaTbiBaeTcA
nnaruHom Storage Array Type Plug-in). CTOpOHHWE nnarvHbl «MHoronyTeBocTu» (multipathing) moryt
OCYLLECTBNATL AaNbHENLWYO ONTUMM3AUMIO 3TOTO NOBeAEHUs. YCTAaHOBKKM TalimayToB B ESX u roctesbix
OS moryT bbITb yBENNYEHbI, YTOObI 0b6ecneunTb becnepeboliHyto paboTy B caydyae dannoBepa cUCTEMBI
XpaHeHMUs.

PasnuuHble cnocobbl Mcnonb3osaHua VMware moryT no-pasHomy pearMpoBaTh Ha Takoe MoBeAeHue;
HeKoTopble OT/IMYHO ceba YyBCTBYIOT C ANMHHLIMW TaliMayTamu, He Tpebysa nsmeHeHuin. pyrue 6onee
YyBCTBUTE/bHbI.

NetApp pekomeHAyeT YCTaHOBWUTb Cheaylolime BeIMYMHbl TalmayTa npu ana ¢annosepa ESX npu
pabote ¢ NFS. Mbl peKoMeHAyeM YBEIMUYUTL 3HAYEHUS MO YMOJIYAHUIO, YTOObI YCTPAHUTb BEPOATHOCTb
TOro, 4TO BMPTya/NbHasA MallMHA OTKAOYMTCA MO TalMayTy B Xxoge npouecca ¢ainoBepa CUCTEMBI
xpaHeHus. NetApp VSC KoHOUIypUupyeT 3TM 3HAYEHUA aBTOMATUYECKM.

PekomeHaoBaHHble NetApp HacTpoiKu (ansa Bcex xoctos ESX):

e NFS.HeartbeatFrequency (NFS.HeartbeatDelta B vSphere) =12
e NFS.HeartbeatTimeout = 5(default)
e NFS.HeartbeatMaxFailures =10

Ecnn yBennumBaeTcA KoamyecTBo gatactopoB NFS, Mbl TaKkKe peKoMeHAyem yBe/nMYMBaTb 3HaYeHue
heap:

e Net.TcpipHeapSize =>'30"' n Net.TcpipHeapMax =>'120'

C yvactoToi, 3agaHHOW B NFS.HeartbeatFrequency (umnam 12 cekyHa) cepBep ESX nposepser
poctynHoctb gatactopa NFS. 3toT mHTepBan «heartbeats» ucTekaeT nocne mMHTepBana, 3agaHHOIO B
NFS.HeartbeatTimeout (unun 5 cekyHA), nocne Yyero nocbinaeTtca HoBbil «heartbeat». Ecan gocturaetca
NFS.HeartbeatMaxFailures (uaM 10 wuHTepBanos «heartbeats») Heygay noapsa, To AaTacTop
nomeyvaeTca Kak HegocTynHbiM M VM ocTaHaBaMBaeTcA.

310 o3HauvaeT, yto gatactop NFS moxkeT ObiTb HeAOCTYNeH Ha MPOTAMKEHMM MaKcumym 125 cekyHg,
npexae 4yem oH 6yaeT nomeyeH Kak HegOCTYMNHbIN.

B TeueHue atoro nepnoaa, roctesasn OS Bnant HeoTeevatowmin SCSI-anck Ha vSCSl-agantepe. MapameTp
disk timeout 3To Bpemsa, Ha npoTAXKeHWM KoToporo rocteBas OS nNpoao/KaeT 0XuAaTb OTBETa OT
HeoTBeYaloLWero gMcka. Bocnonb3oBaBWNCL NPUBEAEHHOM HUMXKE NPoLEeaypPOn, Bbl CMOXKETE YCTaHOBUTb
3HaYeHMe cMCTeMHOro TalimayTa ana aatacropa B OS Windows Ha makcumym B 190 ceKyHA;:

1. CospainTte pesepsHyto Konuto peectpa Windows.
2. Bblbepute Start>Run, BBeauTe regedit.exe, u HaxkmuTe OK.



3. B neBoi naHenu ¢ gpeBoBUAHbIM Bblbopom wenkHuTe HKEY LOCAL_MACHINE, pnanee System,
Aanee CurrentControlSet, panee Services, n 3atem Disk.
4. BblbepuTe Kntoy TimeOutValue u ycTaHOBUTE 3HaYeHUe 190 (aecATUYHOe).

[Ons nogpobHoOCTEN O HAacTpPoOMKax TamMayTa Ans Apyrux «rocreBbix OS» cmoTpuTe:

https://now.netapp.com/Knowledgebase/solutionarea.asp?id=kb41511.

OnuuoHa/IbHbIE pelieHus

Pap pononHUTENbHbIX, ONUMOHaNbHbIX peweHunii oT NetApp n VMware fenaet BO3MOXHbIM YCTaHOBKY
Pa3/INYHbIX YPOBHEN aBTOMATM3aLMN NPOLLECCOB BbICOKOM AOCTYMHOCTM M KaTacTpodOoyCcTOMUMBOCTH, B
3aBMCMMOCTM OT Bawux TpeboBaHMn U bOrogxketa. OHNAWH-pe3epBHble KOMMM C  BbICTPbIM
BOCCTAHOBJ/IEHWEM M3 HUX, OMMCaHHbIE B NpeaLecTBylOLLeN raBe 3alWuTa AaHHbIX 3TO NPOCTEMLLMIA U
HU3LWWIK NO YPOBHIO U CTOMMOCTM BapWaHT NpPeaoCTaBAAEMOro CEPBMCA BbICOKOW AOCTYMHOCTU, HO BO
MHOTUX Cy4YasX AOCTAaTOUHbIW AN OpraHU3aL MM 3alMTbl AaHHbIX.

[ononHUTeNbHbIM YPOBHEM 3aWnTbl AaHHbIX NetApp n VMware paspabotann v npegocTaBasaioT pas
KOMMOHEHTOB NOCTPOEHMSA PELLUEHNA CUCTEMbI BbICOKOM 40CTYMHOCTU M KaTacTPopOyCTOMUYNBOCTH:

e NetApp SnapMirror. SnapMirror 3T0 npocToe B WMCNOAb30BaHWUM CPeACTBO OpraHM3auumn
penivKaumm, KOTopoe MOKeT ObiTb CKOHOUIypUpoBaHO [AnA obecrnevyeHus LWKMPOKOro
OManasoHa NpUMeHeHW W 3afay, B 3aBUCMMOCTM OT AOCTYMHOW LWIMPUHbI KaHafa M BalMx
cneumduryeckux TpebosaHUM.

¢ NetApp MetroCluster. MetroCluster obecneunBaeT HenpepbiBHYI AOCTYNHOCTb AAHHbLIX C
NMOMOLLbIO CMHXPOHHOIO 3ePKAIMPOBAHUA HA paccTosHMK A0 100 Km..

e VMware High Availability. VMware HA nomoraetT nonb3oBaTenam YyAyylWTb YPOBEHb
obcnyKmMBaHMA NOObIX MPUIOXKEHWUI, 3anyLEHHbIX B BMPTYasbHOM MalUMHE, OpraHM3oBaB
BbICOKO3PEKTUBHOE, BUPTYa/IM30BAHHOE KNACTEPHOE pelleHMe, /IETKO YCTaHaB/MBAEMOE U
aAMUHUCTPUPYEMOE.

e VMware vCenter Site Recovery Manager. SRM ycKopseT npouecc BOCCTaHOBAEHUA
paboToCcnoCOOHOCTU CUCTEMbI, AaBTOMATU3MPYA KOYEBblIE NPOLECCHl M YCTPAHAA CAOXKHOCTb
ynpasnenuna npoueccamm DR. SRM moxeT nomoyb Bam ObICTPO  BOCCTaHOBUTb
paboTtocnocobHocTb cuctembl VMware LenAMKOM, NOCAe aBapuu ypoBHA caiTa. OH ycTpaHAeTt
CNOXKHblEe PpYy4YHble Mpoueaypbl B C/ly4yae OCYLECTBAEHUA MPOLECCOB BOCCTAHOB/EHUS nocne
KaTacTpoduyeckux cboes.

[na noapobHOCTeNn O BLICOKOM AOCTYMHOCTM M KaTacTPodOoyCTOMUMBOCTM, C MCMO/b30BAHWEM 3TUX
peleHnid, MPOKOHCYNbTUPYMTECH CO CeAYIOWNMM SOKYMEHTaMM:

e TR-3606: High Availability and Disaster Recovery for VMware Using NetApp SnapMirror and

MetroCluster
e TR-3788: A Continuous Availability Solution for Virtual Infrastructure

e TR-3671: VMware vCenter Site Recovery Manager in a NetApp Environment

e TR-3822: Disaster Recovery of Microsoft Exchange, SQL Server, and SharePoint Server using VMware

vCenter Site Recovery Manager, NetApp SnapManager and SnapMirror, and Cisco Nexus Unified

Fabric


https://now.netapp.com/Knowledgebase/solutionarea.asp?id=kb41511
http://media.netapp.com/documents/tr-3606.pdf
http://media.netapp.com/documents/tr-3606.pdf
http://media.netapp.com/documents/tr-3788.pdf
http://media.netapp.com/documents/tr-3671.pdf
http://media.netapp.com/documents/tr-3822.pdf
http://media.netapp.com/documents/tr-3822.pdf
http://media.netapp.com/documents/tr-3822.pdf

5 BbIBOABI
YHUKANbHOCTb apXMTEKTYpbl cUcTeM XpaHeHus NetApp no3BoaseT UM B PaBHOM Mepe, O4MHAKOBO
ycnewHo pabotaTb no NFS, Fibre Channel, n iSCSI.

BonblwKHCTBO nosib3oBaTenen NetApp ucnonb3yoT 6onee OAHOrO MNPOTOKONA XPaHEHUA B CBOMX
BUPTYa/IN30BaHHbIX cucTeMax. Bbl MoxKeTe co3gaTb ONTUMANbHYKO cuctemy, BblbpaB Haubonee
noAXoAAWMN ANA BallMX YCIOBUIM MPOTOKOA, npumeHus «npasuno 80/20»: 80% Bcex cucrtem
BUPTYaNN3YyIOTCA, NOMyYan NPEenMMyLLECTBA OT BCEX BO3MOHOCTEN BMPTYyanM3auumM U «YHUBEPCANbHOM
apxutekTypbl» NetApp; octaBwmecs 20% BU3HEC-KPUTUYHbBIX MPUIOKEHUIA UCMONBL3YIOT U30/IMPOBAHHbIE
[ATaceTbl, HAxXo4AWMECA Ha TOM e CcUcTeMe XpaHeHus, HO 6e3 UCno/ab30BaHMA CepBepPHOW
BUPTYanmsaumm.

Mcnonb3sosaHune NetApp NFS npegnaraet cnegytowme npemmyLLectsa npm ncnoab3oBaHum ¢ VMware:

¢ [lpocTtoTa ynpaBaeHus

e [lpon3BoguTENBHOCTD

¢ MacwTtabnpyemoctb

¢ bbIcTpoe pacnpeseneHne eMKoCT1

e 3awwuTa gaHHbIX n DR

o 3¢dPEKTUBHOCTb XpPaHEHUS

e  CTOMMOCTb (B TEPMUHAX KaK onepaLMOHHbIX, Tak U KanuTaabHbIX 3aTpar)

OpaHako, npeanpuatmam, passeptoiBatowmm NetApp NFS gna cuctem VMware, chegyeT NOMHUTb TaKKe
0 cnefyoLmx ocobeHHoCTAX:

e Ha 6onbwom Konunyectse aatactoposB NFS npouecc daiinioBepa MOXKET NPOUCXOANUTb AOJbLUE,
Yyem Ha 3KBMBANEHTHOW B104HON cucTeMe.

e VMware He noagepxunsaet NFS ¢ MPIO (oaHako NFS moKeT Mcnonb3oBaTh ApyrMe meTtoAbl
obecneyeHns MHOronyTeBoro A4ocTyna).

C Bbinyckom VMware vSphere, npaktMyecku Bce BO3IMOXHOCTM VMware nopfepusatotca UM Ans
patactopos NFS, Hapagy c pgatactopamu, pabotamowmmm no 6104HbIM npoTokonam. Chneaya
npuBeAeHHbIM B AaHHOM [OOKYMEHTE pPEeKOMEeHZAUMAM, Bbl CMOXKEeTe cOo34aTb MNpPOou3BOAUTENbHOE
XpaHunuuwe c wucnosnbzoBaHnem NetApp NFS, obcnyxuatowee notpebHocTn cuctembl VMware
pasmepom OT cpegHein, Ao bonblol, Kak nog VMware vSphere, Tak n nog, VMware ESX 3.x. Moasoan
UTOrM, cneayet NepeyncInTb STM peKoMeHAaumMm BKpaTLe:

e CnpoeKkTUpyhTe U CRAAHUPYWTE ONTUMaNbHYlO KOHourypauuto cetn Ethernet, pna
ob6cnyKmMBaHMA noTpebHoCTel ceTn XxpaHeHUs gaHHbix VMware.

e [lpaBWAbHO BblpaBHWBaAWTE ¢Gal/ibl BUPTYaNbHbIX AUCKOB ¢ ToMamn NetApp, OCHOBbIBAACH Ha
Tune OS.

e [lpaBWabHO pacnpenenanTe BUPTyaabHble MalIMHbBI NO AaTacTopam, YTO NO3BOAAET UM bbicTpee
3arpy»KaTbCA NapannenbvHo, Koraa sto HeobxoaMmo.

e BblHOcuTe oTaenbHO ¢alin NOAKAYKM U BpeMeHHble ¢aibl, KOTOpble HET HeobXxoAMMOCTU
penavunpoBaThb, AeAyN/NLMPOBaTb U CO34aBaTb A1 HUX PE3EePBHYIO KOMUIO.

* lcnonb3yiTe BO3MOXKHOCTM thin provisioning.

e CKOHOMUIrypmpyiTe [OCTAaTOYHbIM YPOBEHb 3aLLMTbI AaHHbIX, AOCTYyNHOCTM, DR ana BUpTyanbHbIX
MaLUMH 1 paboTaoWwmx B HUX NPUNOKEHUN.
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