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1 JOMEH OTKA3A

IloMeH oTKas3a oripejie/isieT, Kak pacrpe/essitoTCs KO IaHHBIX /1711 o0ecrieueHust
OTKa30yCTOMUMBOCTU. PeruiMkyu ofHOro pecypca (Toma) AO/DKHBI pa3melaTbCs Ha
Pa3HbIX y3/1aX XpaHeHUsl.

Makcumym 1 Komusi JaHHBIX Ha OJHOM (PU3MUeCKOM/BUPTyaJbHOM CepBepe
rapaHTHUPYEeT, UTO TIPU BBIXOZIe y3/1a U3 CTPOs TepsieTCsl He 0oJiee OHON PervIuKy.

B KauecTBe W/UTFOCTPALIUU, TIPY UCIOIB30BaHUM WH(GPACTPYKTYPhI, COCTOSIILeN U3
TPEX y3JI0B C TIO/I/IeP>XKKOM TPEX KOMHUM JJaHHBIX, JOCTUTaeTCsl BbICOKasi yCTOMUUBOCTD

CUCTeMBbI K OTKa3aM U 00ecrieunBaeTCsi HEMPepbIBHOCTh [IOCTYTIA K pecypcaM:

Node3

Disk1 Disk2

\_/

Replica3-Part2

Node2

Disk1 Disk2

\/

Replica2-Part2

Nodet

Disk1 Disk2

\

Replical-Part2

PucyHok 1 — BusyasnbHoe 1ipeficTaBieHue pacripe/ieieHust JaHHbIX
— B cniyuae Bbixoza u3 cTposi Aucka Ha y3ne Nodel, faHHble aBTOMaTHUeCKU
BOCCTaHaBJIMBAIOTCS 3a CUET PerviMK, pa3MeléHHbIX Ha Aucke Disk?, yto nckmtouaer
IIOTepIO JOCTYyIa K JAaHHBIM.
— Ilpu otkaze Bcero cepBepa Node2 mnporpammHoe ob6ecrieueHue OXHUJaeT

BOCCTaHOBJ/IeHUsI paboThI OTKa3aBIlero y3ia. Eciv cepBep He y1aéTcsi BeDHYTb B CTPOM,

TROK



cucTeMa MOXKET CO37aTh HOBYHO DEIUIMKY Ha JOTMOJHUTENbHOM Y3/e (Harpumep,

Node4), eciui oH Oyzet 106aB/IeH B KiacTep.



2 OBBEM /IMCKOBOI'O ITIPOCTPAHCTBA

2.1 Pacuer o0beMa XpaHH/THILA

Pacuet 00111ero 06beMa AMCKOBOTO TTPOCTPAHCTBA [jisl XPaHeHUs! IaHHbIX SIBJISIeTCS
KPDUTUYECKA Ba)XHBIM 35TariOM MPU MPOEKTUPOBAHWM M SKCIUIyaTallud CUCTEM
xpaHeHusi. TouHoe orpeziesieHMe HeoOXoAUMOro obbemMa AUCKOBOTO TPOCTPAHCTBA
103BoJisieT 00ecreunTb HaJeXXHOCTh JAHHBIX 3a CUeT pervIMKal[iH, MpeAoTBPaTUTh
reperoiHeHre XPaHWIWILA U TIOAJepKMBaTh OMNTHMA/JbHYH MPOM3BOAUTENBHOCTh
cuctemMbl. Kpome TOro, yuer pe3epBHOr0 CBOOOJHOTO MPOCTPAHCTBa CIIOCOOCTByeT
3¢ deKTHBHOMY yMpaBIeHUIO peCypcaMH U CHYPKAeT PHUCKHU Jierpajjalfii paboThl TPy
MMUKOBBIX Harpy3kax. Takoi pacyer TiomMoraer cOa/JlaHCUpOBaTh 3aTpaThl Ha
obopy/ioBaHre U IKCIUTyaTal[iio C TpebOBaHUSIMU K [JOCTYITHOCTA M YCTOMYMBOCTU
JTaHHBIX.

PacueT eMKOCTU cucTeMbl XpaHeHHs AaHHBIX (SDS) BBIMOJIHSIETCS HA OCHOBE Tpex
K/TIOUEBBIX TTApaMeTPOB: TI0/1e3HOr0 06beMa JlaHHbIX (D), KoadduieHTa perviMKaiyuu
(R) 1 HopMaTHBa pe3epBHOTo cBoboAHOTO MpocTpaHcTBa (F).

[Tose3ubiii o6bveM paHHbIX (D) — 23TO0 (QakTuyeckue JaHHble 06e3 yueTa
n30bITouHOCTH, Haripumep, 50 TH daitio 6a3 JaHHBIX.

Kosdduiment perukaumu (R) onpesesnsieT KOMMUeCTBO TO/THBIX KOMUWM JTaHHbIX
ansi  obecrieyeHWsT  OTKa30yCTOMUMBOCTHM;  Harpyumep, TIPH  TPeXKPaTHOM
3epKasMpoBaHuu R = 3.

Pe3epB cBobomHOoro mecta (F) — 3T0 [0/ TIpPOCTpaHCTBa, 3ape3epBUpPOBaHHAast
MOBepX JaHHbIX C pelviMKauuen Mg M[ojJepXKaHdus MNpOU3BOAUTETLHOCTH,
JedparMeHTaI[ii ¥ OTlepaTHBHOTO MaHeBpa. BeipakaeTcst mecsatuuHou poonio (0.2
nnst 20%). st cucteM C MHTEHCMBHBIMM OTepalysiMy BBO/ZIa-BbIBOZA MUHHUMAJIBHOE
3HaueHHe MoXKeT cocTaBsiTh 15% (F = 0.15).

dopmysia Ay pacueta o0iiero TpebyeMoro JUCKOBOTO TIPOCTPAHCTBA BBITJISIIUT
ceyomyM o6pa3om:

SDSgi,e =D XR X (1+F)



[aHHasi MoZie/ib IEMOHCTPUPYET, UTO 00111l 00beM CK/aZibIBaeTCsl U3 eMKOCTH T0/]
perumLpoBaHHble  fgaHHele (D x  R) W f#omosHUTENBHOTO — pe3epBa,
TIPOTIOPLIMOHA/ILHOTO 3TOMY 00BeMY.

st HarnsIAHOCTHU pacCMOTPUM TpuMep. [1pu rmonesHom o6beme JaHHbIX D = 100
TB, ko3ddurmenre peruikauyu R = 3 u pesepse F = 0.2 (20%) pacueT OyJeT Takum:

SDSi,e =100 X 3 X (1 + 0.2) = 300 x 1.2 = 360 Th

W3 3TOro pesysbTaTa BUiHa pa3buBKa:

Hannbie ¢ perukaiueii: 300 Th.

Pe3epe cBobGogHoro wmecta: 60 TB, uro cocraBnaser 20% ot o0bema
PeIIMIMPOBAaHHbIX TaHHbIX.

Ba)kHO 0TMeTHUTh, uTO MapameTp F go/mkeH ObITh HeoTpullaTenbHbIM (F > 0). s
BBICOKOHArpy>X€HHbIX CUCTEM MUHUMAa/JbHBI pPEKOMEHJYEeMbIM pe3epB MOXKHO
OTIpe/IeTUTh CJIeAYIoM 00pa3oM:

Fonin = max(0.15,0.5 x (R — 1))
[Ipy usmeHeHun HopMaTuBa pe3epBa C Foq Ha Fnew Iepecuer o6ijero obbvema

CUCTEMBI BBITIOTHSETCS TI0 popMyie:

(1 + Fnew)

SDS. =SDS,;; X —m—
new old (1 + Fold)

2.2 AjanTuUBHBIN 3anac XpaHWIHIA B ONOpe Ha ypoBeHb SLA

Ecmu TpebyeTcs BK/IIOUMTH aBTOMaTU4YeCKoe MaciuTabupoBaHWe, TO WTOTOBBIN
pa3mMep TOMa YBeJMUMBAETCS B 3aBUCMMOCTH OT YpoBHS SLA. AfanTWBHBIM 3anac
MecTa /Il aBTOMAaTUUeCKOTO MacIITabMpOBaHUSI TOMOB PACCUUTHIBAETCS C yUETOM
ypoBHs1 SLA ciienytoiyumM o6pa3oMm:

— Ilpu camom BbicOKOM ypoBHe TpeboBaHuM (SLA = 1) HeOOXOAMMO YBETUUUTD
pa3mep Toma Ha 50% (YMHOXUTB Ha 1.5), uT06bI 06eCTIeunTh AOTIOTHUTE/ILHBIN 3arac
JJ1s1 CTaOUTbHOM PabOoThI M POCTA Harpy3KH.

— Ilpu cpennem ypoBHe TpeboBaHuit (SLA = 2) pa3mep TOMa yBeMUWBaeTCs Ha

20% (ymHO>kaetcs Ha 1.2), 4TO JaéT yMepeHHbIM 3arnac MpOCTPaHCTBa.
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— Ilpu Hu3KOM ypoBHe TpeOoBaHuii (SLA = 3) [OMOSHUTENBHBIM 3arac He
nobapnsiercss (ymMHOXKeHHe Ha 1.0), MOCKOJILKY TpeOOBaHMS K MacIITaOMpOBaHUIO
MUHUMAJTbHBI.

Takum 06pa3om, ueM Bhillle TPeOOBaHKS K KaueCTBY 00CTy>KUBaHUs1, TeM OOJIbIIIHIA
3arac MecTa pe3epBUpPYeTCs [/l aBTOMAaTH4YeCcKOro MaciuTabrvpoBaHUsi TOMOB, UTO

I103BOJIsIeT CUCTeMe THOKO ddIITUPOBATBCA K U3MEHAIOIMMCA HAIPY3KdM.

2.3 IIponyckHasi ClIOCOOHOCTHh B CDABHEHHUH CO CKOPOCTHI0 JIOKA/TBHOI0 JUCKA

OpvH BbICOKOMNpPOU3BOAUTEeMbHbIM NVMe-HakonuTenb MOXKET TIOAAep>KUBATh
TMIPOIyCKHYH0 criocobHocTh 6omee 8 I'B/c. bonee moapo6Has nHGoOpMalUsi 0 KaXKJoM

TUIIE HAKOITUTE/IA YKd3dHa B Ta6JII/II_[e HIXe.

Tabsuija 1 — Tunel HakonuTesnnei a1 [TK 1 cepBepoB

Tun Nutepdeiic / | OpuentrpoBouHasi | KomMeHTapuu

HaKOIUTeJIsI | MPOTOKOJI TIPOITYCKHast

CIIOCOOHOCTh

HDD SATA III no 150 Mb/c 7200 0o06/MMH,  THITUUHBIE
CepBepHble W  HACTOJIbHbIE

JICKH

SATA SSD SATA III 70 550-600 Mb/c  TlomynspHeiii BapuaHT gs [TK

1 OFO/PKETHBIX CEPBEPOB

NVMe SSD  PCIle 3.0x4 ~3500 Mb/c [ITvpoko pacripocTpaHeHbl B
ITIK u cepBepax
PCIe 4.0 x4 ~7000 Mb/c HoBble 110K0/1€HUsT CepBepPHBIX

v urposbix [1K

PCIe 5.0x4 ~14000 Mb/c [osgBnsroTcs B
BbICOKOITPOM3BOAUTEBHBIX

CUCTEeMdX



SAS SSD SAS 12 ~1500 Mb/c Yacro WCIMOJIb3YIOTCA B
'éut/c cepBepHbBIX cucteMax u CX/]

[ToMuMO THIIa HAKOMUTeNs HEoOXOAUMO TakKkKe VUMTBIBATb OCOOEHHOCTH

TIPOTOKOJIOB ZIOCTyIlAa K JAHHBIM MO ceTssM. VIX 0coOeHHOCTH mepejauud JaHHBIX

yKa3aHbI B CJiefiytoliei Tabmiie.

Tabsuija 2 — [Tpotokobl v uHTEpdeich! AocTyma B [1K 1 cepBepax

[IpoToko /| OpueHTUPOBOYHAsA TIPOIyCKHasA | KomMmeHTapuu

WuTepdetic CTIOCOOHOCTD

SATA III 6 I'6ut/c (~600 Mb/c) CranpapTHbIM UHTEpdec a/s
HDD/SSD

SAS 12 I'éut/c 12 I'éut/c (~1,5 I'b/c) CepBepHble HAKOMUTENMd |
CX/[

PCle 3.0 x4 32 I'but/c (~4 I'b/c) Nurepderic NVMe SSD

PCle 4.0 x4 64 I'éut/c (~8 I'b/c) Hogetitme NVMe SSD

PCle 5.0 x4 128 I'but/c (~16 I'b/c) [TepcrieKTUBHBIN CTaHAAPT

iSCSI (1 GbE)  [lo 1 I'but/c (~125 MB/c) Wcnons3yetcst ajs gocTymna K
SAN

iSCSI (10 GbE) /lo 10 I'6ut/c (~1,25 I'B/c) Bosee BbICOKOCKOPOCTHbIE
SAN

NVMe-oF o 100 I'6ut/c (3aBUCKT OT CeTH) BBICOKOMPOU3BOAUTETHHBIH

(Ethernet, poctyn K NVMe HakonuTe M

RDMA) T0 CeTH

NVMe-oF Mo 128 I'owur/c Ucrnionb3yercsi B SAN gs

(Fibre Channel) CepBEpPOB



3 OCOBEHHOCTMU OITPEAEJIEHUA APXUTEKTYPbI XPAHW/INIIA
JI11 ®AVJIOB BOJIBIIINX PASBMEPOB

Ons sddexkTrBHOrO ympaBiaeHus ¢aiiamu 6Gombiioro pasmepa (50+ Th) B
TIPOrPaMMHO-OTIpe/le/IsieMbIX ~ XpaHWIUIaX TpeOyeTcss KOMILUIEKCHBIM — TOAXOf,
Oo0BeIVHSAIONIMY  CeTMEHTAI[dI0  JaHHBIX, IIepe/ioBble MeTOJAbl obecrieueHust
OTKa30yCTOMUMBOCTU U CHEL[MaTU3UPOBaHHbIE TEXHOJIOTUM XPaHEHUS.

MexaHu3Mbl W30BITOUHOCTH 00€eCIeurnBalOT COXPAaHHOCTh [JAHHBIX TIPU COOSX
obopymoBaHus1, Co3/1aBast JOTIOTHUTE/TbHbIe KOTTUY WHGMOPMAI[UH WM MaTeMaTUUeCKU
pacCcuMTaHHble KOPPEeKTUPYHoLMe KOAbl. TpaguliMoHHbIe pellieHus BKIouatoT RAID-
MaccuBbl (Haripumep, RAID 6 c gBolHOIM YETHOCTBIO), I/le JaHHbIe paclipe/e/sstoTCs
110 HECKOJILKUM /IMCKAM C pPe3epBUpPOBaHWEM, HO OHHM YSI3BUMbI K OIIMOKAM UTeHHs
(URE) npu BoccTaHoBieHHMH 6osbiiinx 00BEMOB. bosiee coBepiiieHHbIe (haiinoBbie
CUCTeMBI, TakHe Kak ZFS, KOMOMHUPYIOT KOHTPOJIbHBIE CyMMBbI JJAHHBIX, MTHOBEHHbIE
cHarmmioTel ¥ RAID-Z, KOTOpBIM AWHAMHUYECKH TPOBEpsieT IIeJIOCTHOCTh O/I0KOB,
MUHUMU3UPYs PUCKU TIOBpeXKAeHUs. bosiee moapobHast nHGopmaius 0 MexaHUu3Max

M30BITOYHOCTH IMpeCTaB/IEHA B Ta6J'II/IL[e HIXe.

Tabsuija 3 — CpaBHeHMe TeXHOIOTUM XpaHeHust ayist datina 50 Th

RAID 5 (HDD) | RAID 6 (HDD) | RAID-Z2 (ZFS)

Hy»xHo guckoB 7x8 Tb HDD 8x8 Tb HDD 6x10 Tb HDD

[TosiesHas éMKOCTH 48 Tb 48 Tb 40 Tb

OTKa30yCTOMYUBOCTh 1 AUCK 2 nucKa 2 JINCKa +
KOHTPOJIbHbIE
CyMMBbI

Bpewms 20-30 yacosB 40-60 yvacoB 15-25 yvacoB

BOCCTaHOBJ/IEHUS

Puck URE KpuTtnunbii Bobicokuit Huskuii (<1%)
(Backblaze Stats (33%) (15%)
2023)
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BiusiHue pa3/MyHbIX TeXHOJIOTMM M30bITOYHOCTH Ha TMPOIYCKHYH CIOCOOHOCTH
onpejensieTcsl UX apXUTeKTypOl, MexaHH3MaMH pacyeTa YeTHOCTH, pacripefiesieHrieM
Harpy3ki U TpebOBaHUSIMH K BBIUHC/IUTENBHBIM pecypcam. PaccmoTpum
CpaBHUTEJIbHBIN aHa/IM3 YKa3aHHbIX T€XHOJIOTHM.

RAID 5 Ha 6a3ze HDD o6ecrnieuriBaeT uTeHue, O/M3Koe K JIMHEHHOMY
MaciuTabupoBaHu0 — TIpUMepHO N-KpPaTHYH0 CKOPOCTh OJJHOTO JIMCKA; Harpumep,
[JI1 MaCCHBa U3 YeTbIPEX JUCKOB M0CJ/IeJoBaTe/IbHasi CKOPOCTh UTE@HUS JOCTUTaeT J10
600 Mb/c. OpHako 3amucCh CyIeCTBEHHO OrpaHWYeHa U3-3a He0oOXOJUMOCTU
BBIUMC/IEHUS] UeTHOCTH: KaK/asi oriepaliys 3aricy TpedyeT yeTbipéx I/0O oneparmii —
UYTEHWs [JaHHbIX W CTapOM YEeTHOCTH, BBIUKWCJIEHUS] HOBOW UYETHOCTA W 3aluCHh
pe3yJsibTaTa. B “UTOre CKOpOCTh 3anMcy COCTaB/sgeT 25—75 % OT NPOU3BOAUTE/TLHOCTU
RAID 0, uto a5t yeTbipéx AuCcKOB npuMepHo 150—400 MB/c. KitoueBbiMu pakTopamu
3[1eCh SIBJISIFOTCSI «ITeHAbTH» 3arucy, 00ycoBIeHHOe ueThipbMsi /O Ha omeparuto,
arinapatHble  RAID-KOHTpoOJUIepbl C K3LIMPOBAHWEM, CHWDKAOL[We 3a[ep)KKd, |
3HauuTe bHOEe 3aMe/ljieHre CiTyuarHbix 3anucei (1o 30 Mb/c ans 4K-onepaimin).

RAID 6, takke peanusyeMbli Ha HDD, geMOHCTpUpyeT uTeHUe, aHaJIOTMYHOe
RAID 5, To ects npuMepHO N-KpaTHOe yckopeHue. 3anuch npu 3ToM Ha 20-30 %
mezyienHee RAID 5 m3-3a HeOOXOAMMOCTH BBIUMC/ISTH [BOMHYIO UETHOCTB; IS
YeThIPEX AUCKOB CKOPOCTh 3anucy cocTasiisieT ropsizika 100—-300 MbB/c. OcobeHHocTH
RAID 6 BK/mOuYalOT HEOOXOAWMMOCTb BBIUMC/IEHHS [ABYX OJIOKOB YETHOCTH, UTO
NpUBOAUT K Iectd I/O omepaiussM Ha 3aluch, a Takxke Oojee yIMTebHOE
BOCCTaHOBJieHHe Tpu cbosix — Ha 50100 % monbiie, ueM B RAID 5, uTo ymeHbIiaeT
JOCTYTTHYO MPOITyCKHYIO CTIOCOOHOCTh MPY OTKa3ax.

Texnosoruss RAID-Z2 B daiiioBoit cucreme ZFS obecrieunBaeT BBICOKYIO
CKOPOCTh UTeHUs O/iarofjapsi mapasuie/lbHOMy JOCTYIY K BUPTya/IbHbIM yCTPOUCTBaM
(vdev). Hanpumep, ansi maccuBa u3 BocbMU AUCKOB Mo 10 Th ckopocTb uTeHus
nocturaer g0 800 Mb/c. 3amuce B RAID-Z2 Obictpee TpagurioHHoro RAID 6
6iarozaps ucrosib30BaHU0 MeToZa Copy-on-Write, KCK/TIOUAIOLL[eTo orepalyy «read-

modify-write» a1 MeKUX 3arvceid, a TakXXe a/lalITUBHBIM CTpaMmaM, JUHaMUUeCKU
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MO/ICTParBaIOIIMM pa3Mep T0JIOChI MO/, Harpy3Ky. BakHbIMU (DakTOpaMu SIB/SIFOTCS
pacripeziesieHue JAHHBIX C Uepe/ioBaHreM O/I0KOB JJaHHBIX ¥ YeTHOCTH, UCIIO/Ib30BaHUe
kowrpoBanusi ARC B onepatuBHoM namsaty 1 L2ARC Ha SSD, a Takke arirapaTHoe
yCKOpeHHe BbIUKMC/IEHUM YeTHOCTU C MIOMOII[bI0 BEKTOPHBIX MHCTPYKLMM AV X.
Takum o6pa3oMm, Kax/asi TeXHOJIOTHSI M30BITOUHOCTH 00/1aZiaeT YHUKaJIbHBIMU
XapaKTepUCTUKaMU, BJ/USIONIMMUA HAa TIPOMYCKHYH CMOCOOHOCTb, U  BBIOOD
ONTHMA/bHOTO pellieHusl J0/DKeH YUUThIBaTh OaaHC MeXXAy MPOU3BOAUTETbHOCTHIO,

Ha/leXKHOCTBIO U 3aTpaTaMu pPecypCoB.
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4 IOPS B SDS

IOPS (Input/Output Operations Per Second) — dQyHAameHTa/bHas MeTpUKa
TIPOU3BO/IUTE/ILHOCTH CUCTEM XpaHeHUsl, orpejesstoljas KOIMUeCTBO Orepariyii
YTeHWsl/3aTTMCH B CEKYH/Y.

Pacuér mnpousBoautessHocty DRBD (Distributed Replicated Block Device)
OCHOBBIBAeTCsI Ha YuéTe OrpaHUUYeHMM Kak CO CTOPOHBI IMCKOBOM TO/ICUCTEMbI, TaK U

CeTH, a TaK)Ke 0COOeHHOCTel CHHXPOHHOM peTlTHKAaL|H.

4.1 Pacuétr IOPS paa DRBD

OO011jas1 MaKCUMasTbHasi IPOM3BOIUTETHHOCTD 10 OTepaliysM BBoza-BbiBozia (Total
IOPS) omnpenensieTcsi MWHUMAa/bHBIM 3HaueHUEM MEX1y ITPOU3BOAUTE/IbHOCThIO
JIOKQ/IbHOTO [JUCKAa W TIPOMYCKHOM CIIOCOOHOCTBI0 CeTH, CKOPPEeKTUPOBAaHHOW Ha

KOJ/IMYECTBO PEIIHK:

IOPSnetwork
replica_count

IOPStOtal == min(]OPSdiSk )

30ecb IOPS,etwork DPACCUMTHIBAETCS KakK MHWHUMAaabHOE 3HaueHue MeXIy
MaKCHUMaJIbHOM CKOPOCTBIO 3aMCH OJJHOTO [IMCKa U TIPOITYCKHOM CITOCOOHOCTBIO CeTH,
JIeNIEHHOM Ha Y/IBOEHHBLIM pa3Mep OrepanuH 3amuch (YUuTbiBash He0O0XOAUMOCTB

repeiauy JAHHBIX B 00 CTOPOHBI PeTIMKALAN):

network_bandwith

IOPSnetwork = min (IOPSsingle_disk_write: WT‘ite_iO_SiZB )

Bo3bmeM B KauecTBe TipuMepa CJie[iyroliue rapaMeTphbl /s CHHXPOHHOW 3arucCHu:
HMuckoas nogcucrema: 100 000 IOPS (SATA SSD);
— Cetsb: 10 Gbps (1.25 GB/s);

— Pa3wmep onepaumu 3armcu (write 1O size): 4 KB;
— KonuuecTtBo peruk (replica_count): 2.

Hnst Bbiuncaenus cereBoro IOPS noacTaBbTe 3HaueHus B hopmyiy:

1,25 x 10°

I0PSpetwork = min(100 000, ——=——>)

Brruucnenus 3HameHaTe s

4096 X 2 = 8192 6aiiTa
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Bbruncienus 1pobu:

1,25 x 10°

3192 ~ 152 587 IOPS

TakuM obpa3zom,

I0PS, ctwork = min(100 000, 152 587) = 100 000 IOPS

MpU JlaHHBIX T[lapaMeTpax OrpaHUYUBAIOIIMM (PAKTOPOM SIB/SIETCS IMCKOBast
noacuctema ¢ 100 000 IOPS, a mporyckHasi CIOCOOHOCTb CEeTH TIO3BOJISIET
obpabateiBaTh A0 =152 587 IOPS, 4uyTo BBIIIe [JHUCKOBOTO OrPAaHUUEHUS.
CrnemoBaTelbHO, MaKCUMa/lbHasi POU3BOAUTENBHOCTD 110 IOPS OyaeT ompeensiThes
CKOPOCTBIO IMCKOBOM IO/ CUCTEMBI.

B cranpaptHoi kKoH(urypaiuu DRBD Bce KauMeHTCKue omepalnuu UTeHUs!
BBITOJIHSIFOTCS TOJILKO HAa TOM Yy3J/ie, T[je peCypC HaxOAUTCS B COCTOSIHUM Primary.
[Ipov3BOAUTENIBHOCT UTeHUs [PU 3TOM OrpaHUYUBaeTCsl [POU3BOAUTETLHOCTHIO
JIOKQ/ILHOTO [IMCKA 3TOT0 y3/1a ¥ He MacIITabupyeTcs C KOJTMUeCTBOM PeIlIHK.

IOPSeffective_read(Primary—Only) = IOPSlocal_disk_read

[ nmpumepa:

— JlokaneHbi auck: 1000 IOPS;

— Peruuk: 2.

I0PSeffective reaa = 1000

(orpaHMuYeHO OJHMM JMCKOM primary-ys3sa)

4.2 Pacuét 3agepxku (Latency) giis DRBD

[Ipn 3anmcyh B CUHXPOHHOM peXUMe 3aJlepKKa CKJIa[bIBaeTCs W3 MaKCUMyMa
MEeXAY 3a[ep>KKOM AMCKa U 3a1eP>XKKOU CEeTH, YMHOKEHHOTO Ha KOJTMUeCTBO PETIvK:
WTiTe gency = max(disklatency, networklatency) X replica_count
11 yTeHus1, eCc/iM OHO JIOKa/IbHOE, 3a/lepyKKa paBHa 3a/iepyKKe JucKa:
readigrency = AiSkiatency
[Ipumep pacuéTa 3aZep>KKU 3aruncu:
— 3agepxkka aucka (SSD): 2 mc;

— Bpewms nepesauu naketa 1o cety (RTT): 0.5 mc.
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C yuéToM TOro, UTO CUHXPOHHAs 3aIuCh Mofipa3yMeBaeT 00OMeH JaHHBIMU Ty/a U
obpatHo (RTT ymHO)KaeTcs Ha 2):
Wrireigtency = 2ms + (0,5ms X 2) =3 ms
CO6op maHHBIX /151 OL[€HKH TTpou3BOANTe/NbHOCTH DRBD MOXXHO OCYIIeCTBUTD C

MOMOLLIbIO0 MHCTPYMeHTa fio, HanprMep, cieyroiel KOMaH/ou:

fio --filename=/dev/drbd100@ --rw=randwrite --ioengine=1libaio --direct=1 --bs=4k
--numjobs=1 --iodepth=32 --runtime=60 --name=test

[laHHas KOMaH/ia BLITIOJ/IHSET C/TydaiiHble 3armucy 610kamu 110 4 Kb ¢ acMHXPOHHBIM
BBO/JOM-BBIBOZIOM, UTO TO3BOJISIET MOJIyYMTh peasibHble roka3atend IOPS u 3ageprkek

Ha ycrpouctBe DRBD.

4.3 Pacuér IOPS no Tuny paboueil Harpy3Ku

Ha 3HaueHus mnokasatener IOPS oka3biBaeT CyllleCTBEHHOE B/MSIHUE XapaKTep U
THT [JJaHHBIX, OOpabaThiBaeMbIX B XpaHwWwiMile. IIpy BbIUKMC/IEHUM HWTOTOBOU
TIPOM3BOJUTEILHOCTU CHUCTeMBI 1ie/ieco0bpa3HO YUMTHIBAaTh CTEUPUKY pa3/IdyHbIX
TUMOB pabOuMX Harpy3oK, YTO TI03BO/isieT 0Oojiee TOUHO OLEHUTb peasbHbIe
BO3MOJKHOCTH BBOZIa-BbIBO/|a:

— Ecm paboueii Harpyskoii siBiasiercss 6a3za gaHHbIXx (DB), TOo (akTHueckas
MPOU3BOUTENILHOCTh yBenunBaeTcs: Ha 50% (ymHo)kaeTcd Ha 1.5). 3TO CBsA3aHO C
TeMm, uTo 6a3bl JAHHBIX YaCTO UCTIOB3YIOT MeJIKHe 1 uacThie Orepaliiy BBOZa-BbIBO/Ia,
KOTOpPBbIE MOTYT JIyullle UCI0/Ib30BaTh BO3MOXXKHOCTH IUCKOBOM IO/ CUCTEMBI.

— Ec/m pabouasi Harpy3ka — BUpTyasbHasi MaivHa (VM), To TTpor3BOJUTETbHOCTD
yBennurBaeTcsi Ha 20% (ymHOXaeTcsi Ha 1.2). BupTyasnbHble MalllMHbI CO3[ar0T
CMeIllaHHble HAarpy3Kd, KOTOpble OO0BIUHO Oosiee TpeOoBaTe/NbHBI, YeM IPOCTOE
(aiisioBoe XpaHU/IUILe, HO MeHee MHTeHCHUBHBI, UeM 0a3bl JaHHbIX.

— [nst ocTanbHBIX TUIOB HAarpy3ok (Hampumep, (aiyioBoe xpaHuauilge — FS)
TIPOM3BOUTE/ILHOCTh TIPUHUMaeTCs 0e3 n3meHeHM (yMHOXKaeTcst Ha 1.0), To ecTh 6e3

JIOTIOJTHUTETbHOTO KO3(PdhuLIreHTa.
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4.4 IIpou3BOAUTE/ILHOCTH B AerpajupPOBaHHOM COCTOSHUU

[Tpu BbIXOZe M3 CTPOSi OJHOTO U3 Y3/I0B K/aacTepa MPOU3BOAUTETBHOCTb CUCTEMBI
XpaHeHUs! JAHHBIX CHWKAeTCsl B COOTBETCTBUU CO CJIeAYIOLMMU TPaKTHUeCKUMU
KODPeKTHPOBKaMMU:

— Omnepaiuu 4YTeHUs:: TIPOMYyCKHast CrHocoOHOCTh cHmkaercsi o 30% ot
HOMHHA/IbHOW B KOH(UIypalluM C TPEXKpPaTHOM perviMKalyeu Mpu IoTepe OJHOM
Komuu JaHHbIX. CHWwKeHHe 00yC/I0B/eHO HeoOXOAWMOCTBI0 —peopraHu3aluu
TIPOLIeCCOB JIOCTYTIA K IaHHBIM.

— Onepalyy  3amycu: TMPOU3BOJUTENBHOCTh OrPaHWUYMBAETCS  IIPOIMYCKHOMU
CTI0COOHOCTBIO CETH, BbIZIe/IEHHOM Z1JIs TPOLiecca BOCCTAHOB/IEHUS JAHHBIX, UTO MOYKET
TIPUBOJUTH K YBEJIMUEHUIO 3a/leprKeK.

[nst  olleHKM BpeMeHM BOCCTAHOBJeHUs PAbOTOCIIOCOOHOCTH  CHCTEMbI

rpUMeHsieTcst popmy.ia:

|74
T = X K

S min

['pe:

V — 06bEM AaHHBIX, TIO/IIEXKAII[MX BOCCTAHOB/IEHUIO;

Smin — MUHMMaJjbHasi CKOPOCTb Tepefiaud [JaHHBbIX, OmpejesisieMasi MPOIYyCKHON
CTIOCOOHOCTBRIO CeTH U 3HaueHWeM TlapaMmeTpa disk.c-min-rate B koHpurypauuyu DRBD;

K — ko3dduiyeHT, yuyMThIBAIOIIUM JOMOJHUTE/NbHbIEe (DAKTOPhI (HarpuMmep,
Harpy3Ky Ha CPU wm napasiiesibHble TPOLeCChI).

YkazaHHasi Mo/ie/ib T03BOJIsSIeT MPOTHO3UPOBATh [JIUTENLHOCTb BOCCTaHOBJIEHUS

TIPY IPOEKTUPOBAaHMK OTKa30yCTOWUUMBBIX KOH(HUTYpaLHH.
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5 KO/IMYECTBO AJEP ITPOIIECCOPA 1 TPEBOBAHUSA SLA

OTOT NMPUHIMIT pacyéTa KomuecTBa sifiep rpoijeccopa (CPU) ocHOBaH Ha ypoBHe
TpebyeMoro cornaiieHusi 06 ypoBHe oOciy>kuBaHusi (SLA), KOTOpbIM ompepersier,
HACKOJIbKO BBICOKYHO MPOUW3BOAUTENHHOCTh M Ha/IE)KHOCTb HY)KHO 00ecreuvThb Ais
Ka)KJ|0ro pecypca:

— Ecmu SLA paBen 3 (HU3KU ypoBeHb TpeOOBaHMiA), Ha OJJUH PeCyPC BbIe/ISIeTCs
2 aapa CPU.

— Ecu SLA paBeH 2 (cpeaHuWii ypoBeHb TpeOOBaHMM), Ha OJWUH Pecypc
BbizlesisieTcs 4 sapa CPU.

— Ecmu SLA paBeH 1 (BbICOKMI ypoBeHb TpeOOBaHWiI), Ha OJWH pecypc
BoIgensiercs 8 saep CPU.

To ecTb, ueM BbIile TPeOOBaHKS K KauecTBy 00CTyKuBaHuUst (HrKe 3HaueHre SLA),
TeM Oosiblile siilep Tipolleccopa HeoOXOAWMO BbIZIENIATb Ha KaKIbIM pecypc Ajis
obecrieuyeHust Hy>KHOM MPOU3BOAUTETBHOCTH U CTaOW/ILHOCTU PabOoTHhI.

[Ipy 5TOM MHHMMAaJbHOE KOJMYeCTBO sifiep, AO0CTaTOuHoe [/s1 3(PQPeKTUBHOM
pabotesl DRBD mnpu craHgapTHeIX Harpy3kax — 2 sgpa CPU Ha pecypc, c
BO3MOXXHOCTBIO YBe/TMUEHHsI B 3aBUCUMOCTH OT KOHKPETHBIX YCJIOBUM 3KCILTyaTaluu
u TpeboBaHMII K TIPOM3BOJUTE/NLHOCTH. OTO 0a30Bble 3HaueHusi, TpeOymoiye

Ba/IW/IaLiM T10/1 Harpy3KOu.
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6 PEKOMEH/IYEMOE PACIIPEJIE/TEHUE OTIEPATUBHON ITAMATHA

[TpakTHUueCcKuii MUHHUMAJIbHBIM 00beM mamMsaTu coctaBiaseT 8 GB O3Y Ha y3en
XpaHeHus (peKoOMeHTyeMbiii He MeHee 64 GB), 0co6eHHO /17151 TIPOM3BO/[CTBEHHBIX U/
6onbimmx 06beMoB. OOIIee MPaBUIO 3aK/IOUaeTCsl B ToM, uto Ha 1 TiB xpanummiia
DRBD Ha ofjHOpaHTOBbIM y3en TpebyeTcs okosio 32 MiB O3Y. Eciu y Bac mecsaTthb
pecypcoB DRBD, kax/ip1ii 13 KOTOpbix nMeeT 06beM 100 GiB permmiupyeMbix MexXy
JIBYMsI OJTHOPAHTOBLIMM y3/laMH, BaM TTOTpeOyeTcss He MeHee 64 MiB mamsiTH TOMBKO
i permkatyd DRBD. DRBD noazep>kuBaeT MakCMMa/IbHBIM pa3Mep YCTPOKCTBa 1
PiB (1024 TiB) Ha pecypc.

Ecrm  Bel  ucronb3yere  mporpaMmHoe  obecrieuenne u DRBD B
TMIMIEDKOHBEPreHTHOM  Cpefle,  pacCMOTpPUTE  BO3MOXKHOCTb  3HAUMTEIbHOIO
pacmmpenus 06béma ramsatu (ot 256 I'b 7o 1024 I'B) aia koMmpopTHOTO pa3MelreHus
pabourx Harpy3oK MPWIoXKeHU 1 TpeboBaHui K ramsatd DRBD.

9T0 6a30BbIe 3HaUEHUS, TPeOYIOIMe Ba/MALIUU 110/l Harpy3KOH.
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7 CETEBBIE ACIIEKTbDI ITPH NCITIO/Ib3OBAHWU DRBD

[Tpon3BoAUTE/ILHOCT CUHXPOHHOM pervikaiui B DRBD  cylijecTBeHHO
orpeJensieTcsl XapakKTepUCTUKaMK CeTeBOro KaHajla, B YaCTHOCTH €ro IMpOMyCKHOU
CTIOCOOHOCTBI0 U 3aZiep)KKaMHy TepefiauM  JaHHbIX. OrpaHWuYeHHasi TPOITyCKHast
CIOCOOHOCTh W/ BBICOKAsl JIATEHTHOCTb CETH CO3/al0T Y3K0e MeCTO IpU Tepejade
PerUIMLIUPyeMbIX 3arnuceii W TOyYeHUM COOTBETCTBYIOIIUX TMOZATBEP)K/eHUM, UTO
HeraTMBHO CKa3bIBaeTcs Ha 00111e 3(pGeKTUBHOCTH PeruIMKal[MOHHOTO MpoIjecca.

Llesniecoobpa3Ho ¢u3nuecky paseyiiTh TpPAaQUK perimKaruu, KIMeHTCKUM JOoCTyI
Y yrpaB/ieHWe [Jid MAHUMU3alMd KOHKYDEHI[MM 3a CeTeBble PeCypChbl U CHUKEHUS

3a7ieprKeK.

7.1 TIlnaHupoBaHuUe ceTeBOM UH(PPACTPYKTYPbI
TpeboBaHWST K CETEBOW TOIOJIOTUA W 00OOpPYZOBaHHIO OIPe/esITIOTCS TUIIOM
riepe/laBaeMbIX JAHHBIX U He0OXO0UMbIM YPOBHEM CepBHUCa:
— CeTb pervIMKallud [AAaHHBIX: TpebyeTcs: BbiJe/NeHHbIM (PU3NUeCKU CeTeBOM
vHTepQencC.
— PekomeHyemas ripomnyckHasi criocobHocth: 25 win 100 Gigabit Ethernet
(GbE) anst obecrieueHust BBICOKOW CKOPOCTH CUHXPOHHM3ALIUU JAaHHBIX MEKAY y3/TaMHU.
— Pasmep MTU: 9000 6aiéir (Jumbo Frames) pasisg TIOBBIIEHUS
3¢ heKTUBHOCTH epe/ilaudl KPYITHBIX OJIOKOB /JaHHBIX.
— 3apepxka (latency): go/mkHa coctaBisTe MeHee 100 MUKpPOCEKYHZ, AJ1st
VCKJIIOUeHUs 3aZiepKeK B MpoLecce peryiiKaluu.
— KrnmeHTckasi ceTb JocTyma K JJaHHBIM: TpeOyeTCsl Bbiie/IeHHBbIM (PU3NUeCKUid
vHTepdelic.
— HOns 6mokoBeIx mpotokosioB (iSCSI, NVMe-oF): pekomeHayeTcs
HCM0/1b30BaTh JTUHUM CBsi3U 10 wmu 25 GbE.
— [ns daiinoeix npotokosioB (NFS, SMB): agoctaToyHo TpoIyCKHOM

criocobHoctu ot 10 GbE u BhIlLIe.

TROK
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— CeTb ympaBnieHus:: Jjisi Tiepefaud Ciay)keOHOW uWHPOpPMALUA  MOJKET
HCI10/1b30BaThCsl OT/eTbHbIN UHTepdeliC.
— IlponyckHast cmocobHocTh: 1 GbE  sBnsieTcsi  goctatouHou — asist
OOJIBIIIMHCTBA 33/la4 MOHUTOPUHTA U YTIPABJ/IEHUS.
Pa3zeneHve ceTeld TMO03BOJIIeT W30/IMPOBAaTh BU/bI Tpa(uKa, UYTO TMOBbILIAET

OTKaBOYCTOI‘/JI‘-II/IBOCTB " yripoiideT JUarHOCTHUKY HPO6JIEM MPpOM3BOANTE/IbHOCTHU.

7.2 UYyBCTBUTE/JBHOCTH K 3a/iep)KKam

10-rurabutHoe Ethernet-coemvHeHrie B pealbHOM BbIpaKeHUU oOOecrieunBaeT
TIPOMYCKHYI0 crmocobHocTh okosio 1,25 T'b/c. Ecmm cKOpoCTh JIOKAaAbHOTO [AWCKA
TIPEBBIIIAET TMPOMYCKHYI CIIOCOOHOCTh CEeTH, CeTh CTAHOBUTCS y3KUM MECTOM [jist
BBO/Ia-BbIBO/IA TIpY UCT0/b30BaHuM DRBD /14 perivkanyuu JaHHbIX.

YrobbI B 1OJIHOM Mepe MCIT0/1b30BaTh MPOou3BoAUTebHOCT NV Me, paccMoTpuTe
ceteBble coeguHeHust 25, 40 wi 100 GbE mexpay y3namu perumkaiuyu DRBD.
OpHako, TIOCKOJIBKY Oosiee ObicTpasi ceTeBasi MHGPACTPYKTypa (ceTeBble KapThl,
KOMMYTaTOPHI U T.JI.) 00XOAUTCS JOPOJKe, TI[aTe/IbHO OLIEHUTe COOTHOILIeHHe 3aTpaT
Y BBITO[,.

CunxponHas 3arvcs DRBD TpeOyeT roATBepKeH s OT yja/eHHbIX y3/10B. Jaxe
TIPU ZIOCTAaTOUYHOM TIPOMYCKHOM CIIOCOOHOCTU BBICOKAsi 3aZiepkKka MOXKeT CHU3UTH
TIPOM3BOJUTE/ILHOCTh. PeKOMeH/yeTCsl WCIO/b30BaTh CeTeBoe 00opyaoBaHHE C
HU3KOW 3a/lep’KKOU, HarpuMep, ONTOBOJIOKOHHOE C MHUHHUMA/bHBIM KOJTMYECTBOM
repexoZioB. Ec/i 35T0 HEBO3MOXXHO, paCCMOTPUTE aCUHXPOHHBIA PE)KUM PeIlIMKaLuu
DRBD.

OCHOBHBIE THIBI UHTEPHET-COeAMHEHUsS] U OCOOEHHOCTH TiepeJjaud JaHHBIX MPH

HCII0J/Ib30BAHWH KaXKJ0I'0 U3 HUX IepeurC/IeHbI B Ta6m/1ue HIDXe.

Tabnwmiia 4 — OCHOBHBIE THUITbI HHT€PHET-COeIMHEHHH

Ethernet (CtaHgapTHbIi) RoCE (RDMA over Ethernet)

CKopoCThb 1 T'out/c — 800 I'buT/cC 25— 400 I'out/c

nepesaunt

TROK
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3aznepxkka (latency) 50 — 200 Mkc 1 -5 MKC

[TportyckHas o 800 I'but/c (Ha mopT) o 400 I'éut/c

CIOCOOHOCTh

TexHonorus TCP/IP, UDP RDMA noBepx Ethernet
[0CTyTIa

TpeboBaHust K CranpaptHbele kKommyTatopel  CoBmectuMocThk ¢ DCB (Data
MH(pacTpyKType Center Bridging)

7.3 MN30bITOYHOCTD M CBA3LIBAHHE

CeTeBoe CBsI3bIBaHWE, HarpuMep, MPOTOKOJI YIIpaB/IeHUsl arperanyerd KaHasoB
(LACP), MmoxkeT 06ecCreunTb 0TKa30yCTOMUHNBOCTh M 00beJUHUTh HECKOJIBKO KaHa/IOB
JJIs1 yBeJIMUeHUsT TIPOIycKHOUM crocobHoct. DRBD umeeT omimio 6anaHCHPOBKU
Harpy3ku misa Tpaduka pervivkaiua TCP/IP. Bbel Takke MoykeTe HaCTPOUTh
OamaHcHpoBKYy Harpy3ku DRBD i ucrosb30BaHHSI HECKOJIBKUX — KaHaJIOoB.
CrabwibHasi JOCTaBKa MAaKeTOB, a TakK’)Ke MUHUMA/IbHbBIN PKUTTEDP U 3afiepKKa UMeroT

pelliatoliee 3HaUeHUe MPU HaCTPOMKe pe3epBUPOBaHUS U 00beIMHEHUs CeTel.

74 RDMA

[Ipu wucnonb3oBanuu TCP/IP  Bbl  MOKeTe CTOJIKHYTbCA C [aJieHUeM
TPOM3BOJUTEIbBHOCTA CHUCTEMBI TIPU JOCTHM)KeHUM CKOPOCTU repenaur AaHHbIX 10
rurabur B cekyHay (I'6ut/c). Ilocse 3TOro TIPOM3BOAUTE/NLHOCTH CHUCTEMBI
MPOJ0J/DKAET CYLLeCTBEHHO CHWXATbCs. EC/IM Bbl CTOJIKHY/IMCh C TAKUM CHUXXKEHHEeM
IIPOM3BOUTEIbHOCTH WU/IH OXKUJjaeTe ero, paCCMOTPUTE BO3MOXKHOCTB MCII0/Ib30BaHUs
a/IbTePHATUBHOI'O TPaHCIIOPTHOrO mpoTokosa — RDMA. RDMA nepejaeTr JaHHbIe
HaMpsSMYyI0 MeXy (pr3nuecKor NaMsThiO BYX CUCTEM I10 BHICOKOCKOPOCTHBIM CETSIM,
Harnipumep, InfiniBand uiu RoCE, MuHys rpoiieccop v orepalyoHHY0 CUCTEMY. JTO
CHIKaeT 3a/iep>KKy M Harpy3Ky Ha IpOoL{eCcCcop, TOBBILLIast MPOITYCKHYIO CIIOCOOHOCTh U
5(Q$eKTUBHOCTb CpeJ, XpaHeHWs1 WA KjacTepu3alM, KPUTUYECKU Ba)KHBIX ISl

IMMpOXU3BOAWTE/ILHOCTH.

TROK
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Peanu3saiiyist RDMA TpeOyeT BbiZie/IeHHOTO CITelaJIu3upOBaHHOT0 000pY0BaHUS.

[Tepen moKyTiKoii 060pyi0BaHMsI HEOOXOANMO OLIEHWUTD 3aTPAThl U BITO/bI.

7.5 AcnekTsbl e3arperupoBaHHOr0 XpaHU/IHIA

[Ipy ucnosb30BaHUM [le3arpPerdpoOBaHHON apXWUTEKTYPbl XPaHW/MINA, TJle XOCTHI
TO/IK/IFOUAIOTCS K OT/Ie/IbHBIM y3/1aM XpaHeHUsl, Heo0X0JuMO yUHThIBaTh C/efyIoliee.

Kaxxapiii pecypc DRBD 3epkanvpyeT JlaHHble KAK MUHAMYM Ha /iBa y3/1a XpaHeHUsl
C JaHHbIMU. B fe3arperupoBaHHOM apXUTEKType XPaHWIWILA Ballli BEIYUCUTETbHBIE
XOCTBI OTIPABJ/ISIIOT KaKAYH0 OIepalyio 3aluCcH M0 CeTU Ha KaXKbIA y3en XpaHeHwUs,
COZleprKalllii PerviMKY, TaK Ha3biBaeMble TTOTHOIUCKOBBIE y3/bl. [Ipy UCMo/1b30BaHUU
apyroro uHrepgerca xpaHenusi, HanpuMmep, NFS, NVMe-oF vm iSCSI, onepanumn
3anMCy OTHPABJSIIOTCSL TOJIBKO Ha OCHOBHOW y3enm DRBD. OcHoBHOM y3en 3atem
perviMLupyeT U3MeHeHUs1 Ha BTOPUUHbIe y3/bl. EC/IM XOCT K CeTU XpaHeHus [JaHHbIX
TTO/IK/TFOUEH TOJILKO 110 ojHOMY KaHay 10GbE, oguH 1 TOT ke OJI0K JaHHbIX TO/DKEeH
riepe/jaBaThCsl ABAKAbl B TUIIMYHOM TPEXY3/I0BOM KjacTepe (2 MOJHOJUCKOBBIX y3/ia
+ 1 6e3UCKOBBIM y3e/-TTIOCPeAHMK): TI0 OJHOMY pa3y Ha KaKAbIH ITOTHOAMCKOBBIN
y3en-peryiiKy. [lockonbky kaHan 10GbE umeeT (MKCUpOBaHHYI0 MaKCUMasbHYIO
TIPOITYCKHYIO CIOCOOHOCTh, O0Kosio 1,25 T'b/c B peasbHBIX YCIOBUSX, JOCTYIHas
10Ji0ca NponycKaHus (hakTUUeCKy pacripefiesisieTcsi Uin «pase/sieTCs» MeX1y STUMU
OJHOBPEMEHHBIMHU IMOTOKAMM.

OTO 03HauaeT, YTO BaM MOKET TIOTpebOBaTbCS pPacCMOTPETh  BOMPOC
pacripeziesieHuUs1 IPOMYCKHOM CITOCOOHOCTU ¥ BO3MO>KHBIX Y3KUX MECT B CETH.

CoBMeCTHO€ MCIO/Ib30BaHKe TTPOITyCKHOM CTIOCOOHOCTH: TIPY HaCBIII[eHWH KaHajia
CBSI3U KaXKJbIM MYTh 3alMCU K KaKJOMY Y37y MOXKeT UCMO0JIb30BaTh TOJBKO UYaCTh
o0i11eit riportyckHOM criocobHocty 10GbE.

IToBbIllieHHAs! TIPOITYCKHAsA CITOCOOHOCTh AMCKA M Y3KHEe MeCTa CeTH: Jake eC/IH
Ballld BbICOKOMIPOU3BOJUTE/IbHbIE JIOKA/IbHbIe AUCKU, Takve Kak NVMe um SSD-
HaKOTUTe/H, CTIOCOOHBI CITPABUTHCS C Oojiee BHICOKOM TIPOIYCKHOW CITIOCOOHOCTHIO,
Tpapuk permkauquu DRBD mno opHomy kaHany 10GbE  moxer craTh

OrpaHUYMUBAIOLIMM (DaKTOPOM.

TROK
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7151 pellieHrst STUX TIPO06JiIeM MOYKHO paCcCMOTDPETh C/ie/lyIOle BapUaHThI:

O6bearHeHNe KaHa/IoOB: 00beuHeHre HeCKOMbKUX KaHanoB 10GbE, Hampumep, ¢
nomotibio LACP umu GanancupoBku Harpy3ku DRBD, gns yBenuuenusi o6ireid
JIOCTYITHOM TIPOITYCKHOM CITIOCOOHOCTH U 00ecrieueHHsI M30BITOUHOCTH Ha XOCTax.

Bosee 6picTphie cetu: paccmoTtpute nepexos Ha 25GbE, 40GbE umu 100GbE, ecin
TIPOM3BO/IUTE/ILHOCTD JMCKa U TpeOoBaHUs K paboueli Harpy3Ke OrpaB/bIBalOT 3TO, a
MpeuMyllleCcTBa OMpaBAbIBAIOT 3aTpaThbl. Pa3jesieHve TpaduKa: HCIIOMb3yUTe
OTJie/bHbIe (Pr3MUeCcKre WK JIOTUYecKue CeTH /sl OT/e/eHUs Tpa(uKa pervivkalu
oT 00bIUHOTO TpadrKa AAHHBIX, CHI)Kasi KOHKYPEHLIMIO 3a TPOITyCKHYH0 CIIOCOOHOCTb.
Kopoue roBopsi, TTIOCKOJIbKY KakZasi 3alvch J0/DKHA ObITh OTIIpaB/ieHa Ha ABa (Wiu
Gosiee) y3a xpaHeHwus, 3ToT KaHan 10GbE obpabaTbiBaeT HeCKOJ/ILKO TapasuieibHbIX
MOTOKOB [IJaHHbIX OZHOW W TOW >Ke orepalyy 3alucy, 4To (haKTUUYeCKU CHIDKaeT
JOCTYIIHYIO TIOJIOCY TIPOIYyCKaHUs AJii Ka)KJOro TIOTOKa, ec/id KaHan O/M30K K
HacblleHrI0. Ha rpakTuke Ballia «MCroJib3yeMast» M0JI0Ca MPOITyCKaHUs [J1S1 KaXKA0ro
KOITMPOBaHUs JaHHBIX MOXKeT ObITh yMeHbllleHa B/iBoe. Bam criefiyeT 3arjiaHUpOBaTh
JIOCTaTOYHYIO0 CyMMapHYHO T0JIOCY TPOITyCKaHUsl, YT0ObI 130eKaTh HaChIILEeHUs TIPU
Tapaiyie/lbHOM BBITIO/THEHHHM HeCKOJIbKUX pecypcoB DRBD wmm Gosbiiimx 06beMOB

3dITUCH.

7.6 YpanéHHas perviMKalys 4 Jpyrvue MeTo/ibl aBapUHHOT0 BOCCTAHOB/I€HMS

Ecu He HacTpoeHo vHOoe, DRBD 110 ymo/1yaHuIo periviupyer JaHHble CHHXPOHHO.
DRBD Takxke mnoaJep)KUBaeT AaCMHXPOHHbIA WIW TOJYCUHXPOHHBIM PEXXHUMBbI
peIyIMKalluid MeXXAy Treorpaguueckyd pa3HECEHHBIMU JIOKAL[USIMM, UYTO OOBIUHO
VICTIO/Ib3YeTCsl TIPU CO3J,@HUM TIJlaHa aBapUMHOIO BOCCTaHOB/IEHUS [aHHbIX. Ecim
TIPOMYCKHOM CITIOCOOHOCTY WY 3a/IepXKKH MeXKAy CeTeBbIMU KaHalaMU Hel0CTaTOUHO
J/1s1 IOJTHOCTBEO CHHXPOHHOM 3allvCH, Y BaC eCTh a/lbTepPHaTUBBI:

Pe3epBHOe KONNMpOBaHUe U OTIIPAaBKa CHUMKOB

Ecu nponyckHasi CriocOOHOCTb OorpaHUueHa Wi 3a/leP)KKa CJUILIKOM BesiKa st
HerpepbIBHOM peIIMKAaLMK, Bbl MOXKeTe MepruoAUUeCcKr CO3/laBaTb CHUMKU PeCypCOB

DRBD, yripaBisieMbIX IPOTPaMMHBIM 00ecrieueHreM, ¥ TIePeHOCUTD UX Ha y/laIeHHYI0
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TJIOIIA/IKy, UCMOJIb3Yys I0CTaBKy CHUMKOB (TakKke Ha3biBaeMylO pe3epBHOU Komuen).
[71st ;ocTaBKU CHUMKOB TpeOyeTcsi, uToObI pecypcChl MoAiep>KuBaiuch Tomamu LVM
wm ZFS C TOHKUM BblJje/IeHHeM pPeCcypCcoB. JTOT TUIl PEIUIMKalUU OTJIAYaeTCs OT
craHzaptHoi permkaiud DRBD, HO mokeT ObITb 3(pPeKTHBHBIM MOAXO0J0M IS
aBapUUHOrO BOCCTAHOBJIEHUS B CpeZlaX C OrPAHUYEHHBIMY CeTeBbIMU PeCYPCaMU.

AcuaxpoHHbie npoToko/6l DRBD (A)

[1py Mcno/ib30BaHMU MPOTOKOJIa aCUHXPOHHOM peruvivkauyy DRBD A onepatyu
3aNuCy MOATBEPXKAAIOTCSA JIOKAaTbHO [0 TOr0, Kak OAHOpaHroBbid y3en DRBD
MOATBEPAUT Y[a/eHHYIO 3allMCh. JTO CHU)KAeT JIOKA/IbHYI0 3a/lepKKYy BBO/la-BbIBO/A,
HO CO3/7]aeT PUCK TIOTE€PH [JaHHBIX B Cjiyuyae COOs OCHOBHOTO y3/1a ZI0 3aBepIleHuUs
y/la/ieHHO!W peruivKaliiy, TIOCKOJIbKY Y YaJIeHHOTO y3/1a MOXKeT He ObITh aKTyabHOU

KOITMHW JdHHBIX.

7.7 PekoMeHJaluH /sl ONPeJAe/IeHHBIX Pa00YHX HArpy30K

ba3bl JaHHBIX

ITpu ucrionb3oBanu DRBD faj1st perivkaryiyl JaHHBIX 0a3 ZAaHHBIX, 0COOEHHO [IIsI
JIAaHHBIX, CBSI3aHHBIX C 00paboTKoM oHaiH-TpaH3akumi (OLTP) wnm oHsaiiH-
aHa/MtHyeckod  obpabotkoit  (OLAP),  KpUTHMUeCKM  Ba)KHbI  BBICOKas
TPOU3BOJUTENBHOCTE BBOZA-BbIBOZA (IOPS) u Hu3Kasa 3amepkka. [ig 5ToM 3amauuv
pekomeHzyetcss ucronb3oBatb NVMe wmmu  SSD-xpanwmia. Takxke crout
PacCMOTpeTh MCIO/b30BaHWe ceTeBbIXx coeauHeHnid 25, 40 mmm 100 GbE, uTo6mI
006ecITeunTh COOTBETCTBHE MPOM3BOAUTENBHOCTU AUCKOB. RAID 10 miu jloKambHbIe
SSD pns uTeHWs TIOMOTaOT O00eCIeuuTh JIOKAJbHYI0 OTKA30yCTOMUHMBOCTH 0e3
HeMe/IJIEeHHOT0 TIepPeK/TIoUeHUsl PeCypCoB B cTydae c6osi fvcka B maccrBe RAID.

BupTyanu3anusa ¥ KOHTeHHepbl

[Ipu wucnone3oBanud DRBD g perymkauuu — JaHHBIX — XpaHWIMLLA,
TIO/IIeP/KUBAIOIIETO BUPTya/lIM3UpPOBaHHble pabourie Harpy3ku WM KOHTEeWHepHl,
C/lyJaiiHble TIaTTepHbI BBO/A-BbIBO/Ia, OOBIYHO BCTpEYAIOIIMecs B 3TOM ClLieHAapHH,
W3BJIEKYT BBLITOly W3 WCMO/Mb30BaHus ObicTpeix SSD  wmm  NVMe-ancKoB.

PekomeHpyeTcst obecrieunts Hamuuue 64 I'b wim 6osee oriepaTBHOM MMaMsATH Ha y3el,
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umu Oosiblile [J11 TUTIEDKOHBEPreHTHBIX CpeJl. PekomeH/yeTCsl MCMO/b30BaTh Kak
MuHUMyM 10 GbE ceTeBble coeiiHeHUSI.

ApxuBHpOBaHHUe U pe3epBHOE KONMPOBaHHe

[Ipu wvcnonb3oBanuu DRBD g1 co3maHvs BbBICOKOAOCTYITHBIX apXUBHBIX WU
pe3epBHBIX JAaHHBIX TIPUOPUTETOM SIB/IsIeTCs OO/bIllass €MKOCTh, a He BBICOKas
TIPOU3BOAUTENBHOCTD. [l/1g 3TOM 3a/jlauy MOXKHO HCIIO/Ib30BaTh JKeCTKUe NUCKU SAS
nmi SATA kak 3KkoHOMHYecKU 3¢ deKTrBHOe peliieHHe. Vcrosb3oBanue RAID 6 wiu
RAID 10 moxker obecrieunth 6OanaHC MeKAy €MKOCTBIO U 1Ie/ISIMH JIOKaJbHOU

U30bITOYHOCTH.



