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Wcnonb3oBaHne matepuanoB Kypca

HekomMmepueckoe 1cnosib3oBaHne maTepunanios Kypca (npeseHTaLmu,
AeMOHCTpaummn) paspeluaetcs 6e3 orpaHuyeHunii. Kommepueckoe
MCNOJIb30BaHNe BO3MOXHO TO/IbKO C MMCbMEHHOIO paspeLLeHns KoMmnaHum
Postgres Professional. 3anpeuwjaeTcsi BHeCEHME U3MEHEHUI B MaTepuasibl
Kypca.

OGpaTtHas cBA3b
OT3bIBbl, 3aMeYaHnst 1 NPeASIOKEHNA HanpaBNANTe No aapecy:
edu@postgrespro.ru

OTKa3 OT OTBETCTBEHHOCTU

KomnaHus Postgres Professional He HeceT HMKako OTBETCTBEHHOCTM 3a
N06bIE NOBPexXAeHUA 1 YObITKKX, BK/IOYas NoTepto A40X04a, HAHECEHHbIe
NPSAMbIM UN HENPAMBIM, CleunasibHbIM UK CyYaiHbIM UCMO/Ib30BaHMEM
MaTtepuasnioB kypca. KomnaHus Postgres Professional He npegocTtasnser
Kakux-1mbo rapaHTuii Ha matepuasibl Kypca. MaTtepuasnbl Kypca
NPeaocTaB/STCA HA OCHOBE MPUHLUMNA «KakK eCTb» 1 KoMnaHua Postgres
Professional He 06s3aHa nNpeAoCcTaBNATb COMPOBOXAEHME, NMOALEPXKKY,
06GHOB/IEHNSA, pacLUMPEHNA N U3MEHEHNS.
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Tembl Posigres

O’KupaHus OT Kjacrepa
CpezcTBa peanusalyu
Perienusi ¢ peanuzanuen BHyTpu PostgreSQL

PellieHust ¢ BHELIIHUMU CUCTeMaMU YIIpaBJ/I€eHUA
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OxngaHuma oT Knacrtepa

Bricokas AOCTYIMHOCTb CHUCTEMBI

B TOM 4Hucsie OTKa3OYCTOﬁQHBOCTb
MacmrabrupyeMocThb

CornacoBaHHOCTb AaHHBIX
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BblicOKas AOCTYMHOCTb Posigres

ObecrieueHrie MUHUMAa/TbHOTO BpeMeHHU TPOCTOSI CUCTEMBI

BBI3BAHHOI'O KdK C6OHMI/I, TdK U I1JIaHOBBIMHK pa60TaMI/I

Pa3uHblie XapaKTepUCTUKU

OTHOILLIEHWe BpeMeHU paboThI cucTeMbl K 001ieMy BpeMeHu — 100 %

BpeMsi HapabOTKH Ha OTKa3 - 0
RTO — nienieBoe BpeMst BOCCTaHOB/IEHUS -0
RPO — 1jesieBast Touka BOCCTaHOB/IEHUS - 0
U ipyrve

[lOCTYNHOCTb CUCTEMbI — OTHOLLEHME BPEMEHU, B TEYUEHUM KOTOPOrOo
cucTeMa coxpaHsieT A4OCTYMNHOCTb, K 00LLEMY BPEMEHU 3KCNyaTaL i,

MoHATMe AoCTYNHOCTK 6oNee LWMPOoKoe, YeEM OTKa30yCTONYMBOCTb,
MOCKO/IbKY NPOCTOWN MOTYT ObITb BbI3BaHbl HE TO/IbKO OTKa3aMu, HO 1
N1aHOBbIMU paboTamu.

YacTo roBopsT 0 AOCTYMNHOCTY

«opgHa pesatka» 90 % — 36,5 AHei NpocToS B rog,

«aBe AeBsaATkn» 99 % — 3,65 AHeN NpocTos B rof,

«TpU AeBATKM» 99,9 % — 8,76 YacoB NPOCTOA B rof,

«YyeTblpe AeBATKN» 99,99 % — 52,56 MUHYT NPOCTOA B oA,

«MATb AeBATOK» 99,999 % — 5,26 MUHYT NPOCTOA B rof, U T. A.
Bbicokasi AOCTYNHOCTb npegnonaraeT undpsbl, 6nmskue K 100 %.

[na npumepa: ob6n1ayHblin cepBuc ansa penauymoHHeix CYB[ Amazon RDS
obewaer (https://aws.amazon.com/rds/sla/) 4OCTYNHOCTb Y3/10B HA YPOBHE
99,95 %.

ApyruMn xapakTepucTUKaMm AOCTYMHOCTU MOTYT ObITb:

- BpeMsa HapaboTKM Ha 0TKa3;

- ueneBoe BpeMs BoccTaHoBeHUs (Recovery Time Objective) — Bpewms,
3a KOTopoe cucrtema Ao/HKHa BOCCTaHOBUTLCS;

- yeneBas Toyka BocctaHoBneHus (Recovery Point Objective) — nepuog,
3a KOTOPbI MOXXHO NOTEPATHL AaHHbIe npu c6oe) u ap.
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MacLTabnpyemocTtb Pos{gres

MacmrabrpyeMocThb
HN3MEHEHHE XdDAKTEPHUCTUKKW CUCTEMBI IIPYM OAHOBPEMEHHOM YBE€/IMYEHHUU
o0beMa JIaHHBIX, HAarpy3KU U UKcia y3/10B B N pa3

ujieasibHast Macwmaoupyemocmsb 8pemMeHU OMKAUKA —
BpEMsi OTK/TMKA He [IO/DKHO YBe/TMUUBAThLCS

ujieasbHas Macuwmaoupyemocms nponycKHol cnocobHocmu —
uKcio 06pabaThiBaeMbIX 3aMPOCOB JJO/HKHO PACTU JIMHEHHO

YckopeHue

OTHOLLIEHWe BpeMEeHU OTK/IMKa Ha OJJHOM y3/1e KO BpeMeHH! OTK/IMKa
B K1actepe u3 N y3/10B

BaXHbIM MOHATMEM A/19 KNacTepa SBNsSieTcs MacuwmabupyeMocms. 3T0
CBOIACTBO MOKA3bIBAET, KAK MEHSIETCSA Kakas-/IMbo XapakTepucTka CUCTEMbI
C YBE/IMYEHMEM UMCa Y3/10B, 06 beMA AAHHbIX U Harpy3Kku.

Macwmabupyemocmbs BpeMeHU OMK/iuKa NnoKasbIBaeT, Kak MEeHAETCHA Bpems
oTknkKa (B KoHTekcTe CYB/[] — BpemMs BbINO/IHEHMSA 3anpoca) C POCTOM
ob6bemMa [aHHbIX 1 Yyncia 3anpocoB Npy fobaBneHuy y3/oB Knactepa.

B ngeane Bpems oTKMKa He OO/DKHO YBENNYMBATbLCA.

MOXHO roBOpPUTb HE TOIbKO O MacLuTabmnpyemMmocTn BpeMeHU OTK/IMKa, HO 1
006 yCKOpeHuUU, KOTOpOe MoKasbIBaeT, KakK Npu TOW e Harpyske 1 TOM Xe
o6bemMe AaHHbIX BPeMSA OTK/IMKa MEHAETCA C yBeNIMYeHneM ymcna y3nos.
OT1a xapaktepucTuka ocobeHHo BaxkHa ansa OLTP-cuctem.

Macwmabupyemocms rnpornyckHol crnocobHOCMuU NokasbIBaeT, Kak
MEHSETCS YMCcno obpabaTbiBaeMbIX 3aMpoOCOB C POCTOM 06beMa AaHHbIX
npu fobasnieHun y3noB knacrepa. B ngeane yncsio obpabdarbiBaembIxX
3anpocoB A0/IKHO YBENYMBATLCA JIMHENHO C POCTOM 4uKc/a Y3/10B.

NaeanbHas macliTabrupyemMocTb (YBbl, He AOCTUXMMAn Ha NpakTuKe)
NO3BO/ISIET peLlaTb NPO6EMbI pocTa NPOCTbIM A06aBIEHNEM HOBbIX Y3/10B
B KnacTep.
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CornacoBaHHOCTb Posigres

JIoKasbHbIe TpaH3aKLUuU

MPAKTHY€CKKY HUKAKUX I"apaHTI/II\/JI IMpH MEePEeKIIYEHNN MEXY y3/IaMH
COITIaCOBAHHOCTEL 00eCIeunBaeT MpUIoKeHne

['mobasnbHbIe (pactipeiesieHHbIE) TPAH3aKIUN

ACID-cornmacoBaHHOCTb
npob/ieMa aTOMapHOCTH TPaH3aKI[UH

Uem 60oniee cTporme rapaHTum COrnacoBaHHOCTU AaHHbIX NpeaocTaBnsier
KnacTep, TeM 60/ibLLE OH NMOXO0X HAa «&MHON Lie10e», TEM NPOLLE C HUM
paboTaTb, TEM MEHbLLE HaA0 YYNUTbIBATb OCOBEHHOCTU B NPUKIAAHOM KOJIE.
Ho Tem Aopoxe 3To 06X0AMTCS B CMbIC/IE NPON3BOAUTENTLHOCTM.

Ecnn knactep OCHOBaH Ha CXeMe «MacTep-pen/nka» ¢ OAHUM AULLYLLM
Y3/10M, W TpaH3aKUNKN BbINOHAKOTCS /I0OKa/IbHO Ha OAHOM U3 Y3/10B,
rapaHTUM MOryT OKa3aTbCs OYeHb cnabbiMu. Hanpumep, oanH y3en mor
ycneTb NPUMEHUTb 3annCb 0 oMKcaLUUM TPaH3aKUUKN 1 ee pesynbrar yxe
OOCTYMNEeH K/IMeHTaM, a Apyrom y3en — ewe HeT. B TakoM cnyyae y K/IMeHTa,
B YACTHOCTW, HET rapaHTUK, YTO OH He MPOYUTAET CTapoe 3HaYeHne

(Ha ogHOM Yy3/1e) y)e nocne Toro, Kak NpoynTasl HoBoe (Ha ApYyrom y3ne).
O6paboTKa Takux CUTyaLuii NOXUTCSA Ha NPUOXEHNE, KOTOPOE A0/HKHO
ObITb paccyMTaHo Ha paboTy B 3TOI KOHUrypaumw.

Ecnun knactep npefgoctaBnseT 2/106a/ibHble (pacrnpedesieHHbIE)
mpaH3akyuu, TO MOXHO rOBOPUTbL O COMNMacoBaHHOCTU B 0ObIYHOM CMbIC/e
ACID: rnobanbHada TpaH3akuus Ao/mKHa nepeBoanTb 6a3y AaHHbIX U3
OAHOrO COornacoBaHHOrNo COCTosAHUA B gpyroe cornacosaHHoe (C), npu
YCNOBUU, YTO TpaH3akumMs MOSIHOCTbLIO BbIMO/HAETCA Ha Bcex y3nax (A) npu
OTCYTCTBUM NOMEX CO CTOPOHbI APYrMX KOHKYPEHTHbIX TpaH3akuuii (1).

B aTom cnyyae TpebyeTca ob6ecneyunTb amomMapHOCMb TPaH3akLUWii: Bce
Y3/bl KflacTepa A0/MKHbI BbINOSIHUTL OA4MHaKoBOe AelncTBMe — nmbo
NPUMEHUTb, INGO OTMEHNTbL TpaH3akumo. PostgreSQL npegocrtaBnser ans
3TOro OTHOCUTENBHO NPOCTOW NPOTOKON AByXthasHon hukcaunn (2PC),
KOTOpPbI, OIHAKO, HE YCTONYMB K COOSIM.
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Cpenacrsa peanmsaumm

ObecrieueHre BLICOKOM JOCTYITHOCTH
Buel cboeB 1 uX 0OHapy»KeHHe
PacnipeziesieHHbIE TIPOTOKO/IbI KOHCEHCYCa

Ob6ecrnieueHre MacIITaOMPyeMOCTH
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BblicOKas AOCTYMHOCTb Posigres

[TnaHoBbIe paboThI Oe3 TIpephIBaHUS 00CTYKUBAHUS

cpenctBamu PostgreSQL
BpEMEHHbIN BbIBOJ, y3/1a U3 KJlacTepa

[ybrupoBaHre KOMITOHEHTOB, MCK/TFOUeHNe ToUeK OTKasa

cepBepsl PostgreSQL (1 apyrve HeoOX0AUMbIe CHCTEMbI)
ceTeBoe 000pyIOBaHHE
3/IEKTPOTUTAHIE

OOHapyskeHre cO0€eB U yIIpaB/IeHe BOCCTAaHOBIEHHEM

Bpemsi npocToA MOXET ObITb BbI3BAHO HE TO/IbKO BO3HMKAOLUMU
Hernosagkamu, HO U NJIaHOBbIMU paboTamu, KOTOPble HEBO3MOXHO
BbINO/IHUTL 6€3 npepbiBaHns 06¢cnyxmnBaHus. C KaxKaon Bepcuei
PostgreSQL ymeHbLIaeTca YAC/10 AeNCTBUIN, TPEBYIOLWMX nepe3arpy3ku
cepsepa. Kpome T0ro, knactep Ao/HKeH yMeTb oTpabarbiBaTb N/1aHOBbIN
OCTaHOB OHOM0 U3 CEPBEPOB C MUHUMaJIbHbIMMK NMpobemMamn ans
nosb3oBarenen.

OcHoBa 06ecneyeHnss 0TKa3oyCcToOMUMBOCTM — Ay6NMPOBaHME BCEX Y3/10B
cucTeMbl. Peub He TONbKO 0 cepBepax 6a3 AaHHbIX, HO U O CETEBOM
obopyaoBaHuK, obecnevyeHnn aNeKTPoNUTaHns 1 np.

Pa3ymeeTcs, He4oCTaTO4YHO NPOCTO Ay6/MpoBaTb KOMMOHEHTbI CUCTEMBI.
Hapno obecneuntb 06HapyxeHne c6oeB B paboTe CUCTEMbI U UX
06pabOoTKy — KOPPEKTHOE NepekioyeHne Ha pe3epBHbIe Y3/bl U
BO3BpalLLleHVe Y3/10B B CTPOi NOC/ie yCTpaHeHMst HEMCNPaBHOCTMW.

Bonbluas yacTb HEO6XOAMMbIX CPEeACTB OTCYTCTBYET B CTaHAAPTHOM
PostgreSQL nnan BoobLLe OTHOCUTCA K APYTMM KOMMNOHeHTaMm. B uenom, yem
6onee AOCTYNHOI A0/MKHA ObITb CUCTEMA, TEM C/IOXHEE OHa byaeT
YCTPOEHa.
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OTKas y3na Posigres

oOHapy’keHMe OTKa3a:
repyuoAnYecKrii 00MeH COOOIIeHUSIMU
(heartbeat)
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UT06bI roBOPUTL 06 OGHAPYXXEHUN 1 ynpaBneHnn c60aMn, HYXXHO
onpenenuTbCA, 4To cuntartb cboemM. C TOUKU 3peHns NPorpaMmMHOro
obecrneyeHuns knacTepa 06bIYHO paccMmaTpuBaloT ABa Buaa CO0eB: 0mkKas
y3/1a n pasoesieHue cemu (network partitioning).

[Mpn oTKase y3na 3ToT y3en nepecraet PyHKUNOHMPOBATL KakK YacTb
knacTtepa. OTka3z MOXeT ObITb Bbl3BaH OCTAaHOBOM W/ cO0eM cepsepa
CYb/, c60oemM onepaunoHHON CUCTEMbI, BbIK/IHOUEHMEM CepBepa n T. 1.

[ns o6HapyxeHusa c60eB y3/bl Knactepa nepuoanyeckn 0oMeHnBaroTCs
KopoTkumMmun coobuleHnamn (heartbeat). Ecnu kakoin-nmbo 13 y3/10B He
OTBEYaET B TEYEHUUN ONPeAE/IEHHOr0 BpeMeHu, (OMKCUPYETCA U
oTpabaTbiBaeTcAa c60i 3aToro ysna.

Mpoueaypa oTpaboTKN OTKa3a 3aBUCUT OT apXUTEKTYpPbI KnacTepa.
Hanpumep, B Kfiactepe, NOCTPOEHHOM Ha CXemMe «MacTep-pensnka, npu
cboe macTepa Kakas-To U3 penvK Ao/HKHa 3aHATb ero MecTo (A0/MKHO
NPOU30MTN NEPEKIHOYEHME POSIEN).
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PasneneHune cetu Posggres

split-brain: kyactep pacnagaetcs
Ha He3aBHCHMbIe, OJHOBpEMEHHO paboTarorye
YyacTH, MPUHUMAIOIIUE 3arpOChl Ha 3aMUCh

OTKa3 y3/1a, 3a/lep’KKa UM 0TKa3 CeTu
HEOT/IMUUMBI JIPYT OT JIpyTra
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PasgeneHve cetn npomcxoauT npu cboe ceteBoro obopynosaHuns. MNpu aTom
BCE Y3/1bl MOTYT COXpPaHUTb paboTOCNOCOOHOCTL, HO OfAHa rpynna TepseT
CBS3b C APYrow rpynnoi y3nos KniacTepa.

Camasi HenpusiTHasi CMTyalms BO3HUKaET B Clyyae, Koraa obe rpynnbi
COXPaHSIIOT CBA3b C KIMeHTaMn. DTO MOXET NpuBecTu K npobneme split-
brain: knactep pacnagaetcsi Ha [IBe YacTu, Kaxaas U3 KOTOpbIX HauyMHaeT
paboTaTb aBTOHOMHO M NPV 3TOM NPYHUMATL 3anpochkl Ha 3amnuchb.
Bo3HuMKaeT paccornacoBaHne AaHHbIX, U NPy BOCCTAHOBMEHUN [laHHble
OZIHOIA U3 rpynn 6yayT BbIHYXAEHO NOTEPSHbI.

3aMeTUM, YTO CETb MOXET BbITU U3 CTPOSI, & MOXET BPEMEHHO HauaThb
TepsiTb NakeTbl NN AOCTABNATb UX C 3aAePXKOW (6osiee Toro, B HEKOTOPbIX
OC 06bl4Has 3arpy>XeHHOCTb MpoLLeccopa TOXe MOXET NPUBOAUTb

K CETEBbIM 3alepXKkam). Bce aTu ciyyam HeoTAnYumbl oT ¢60s y3na: ecnu
OT y31a BOBPEMS HE NOCTYNUT NOATBEPXAEHNE, KNacTep AO/MKEH CUNTATb
TaKylo CUTyaLuo CO0EM. Y3e/1 MOXET COXPaHsTb PaboTOCNOCOGHOCTL UK
HET, HO y3HaTb 3TO HEBO3MOXHO, EC/IN C HUM HET CBA3W.

MHorve cuctemMbl 6yayT HecTabusbHO paboTaTb B YCNIOBUSAX HEHALEXHOIO
CETeBOro NOAK/IYEHUs. YTOObl YMEHbLUNTL BEPOATHOCTb JIOXKHbIX
cpabarbiBaHWIA, MOXHO YBEMUYNTbL NMOPOroBOe 3Ha4YeHne, HO Torga
YBENMYNTCA U BPEMSA 0O6HapYyXXeHust HacTosiwero c6os, a aTo npuBeaeT

K CHMXXEHMIO AOCTYNHOCTU. 15 npumepa: etcd npegnaraet yctaHaB/vMBaTb
nopor B 10 pas Bbille, YeM BPeEMA HOPMasIbHOIo OTK/IMKa y3na.

https://github.com/coreos/etcd
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[Mpo6GnemMa KoHCceHcyca Posigres

Y371b1 K1acTepa JJO/DKHbI YMeTh MPUXOJUTh K 00I1leMy MHEHHIO

o0I1iee rpeJcTaBIeHUe O TEKYI[eM COCTOSHUM BCEX Y3/I0B KacTepa
aromapHas (ukcalys ro00asbHBIX TPaH3aKI[Ui

KoHceHcyc uepe3 00MeH CO0bII[eHUsIMU

HeT oO1jert mamsat (shared nothing)

WICTIOJ/IB3YIOTCS CleljasibHble pacrpe/iesieHHble POTOKOIbI,
YUUTHIBAOLI[Fie BO3MOXKHOCTL COOEB Ha KaXK/[OM 3Tarie TeperoBopoB

MOCTPOEHNe, [0Ka3aTe/bCTBO KOPDPEKTHOCTH M TeCTUPOBaHUe peav3alyd —
CJIOXKHas 3ajaval
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Knactep, coctaB/ieHHbI U3 HE3aBUCKMMbIX Y3/10B, AO/DKEH paboTarb —

B HEKOTOPOM CMbIC/Ie — KaK eguHoe uenoe. YTobbl ynpaBnaTb C60sMM,
y3/bl [O/DKHBI pa3fensaTb obuee npeactaB/ieHne 0 COCTOSAHUM BCEX Y3/10B
KnacTtepa. Utobbl NPUHATL pelleHne o doukcaumm rnobasibHOM TpaH3akuum,
BCe Y3/1bl Knactepa A0/DKHbI COMNacuTbCs, YTO 3TO BO3MOXHO, U B UTOre
BbIMOJ/IHATL (pMKCaL M0 aTroMapHo.

[MOCKOMbKY HUKAKOro O6LLEro YCTPOMCTBA XPaHEHUS Y Y3/10B HET (Mbl
paccmarpuBaeM cucTeMsbl knacca shared nothing), To eANHCTBEHHbII
cnoco6 NpuUNTKN K 06LLLEEMY MHEHNIO — OOrOBOPUTLCS, UCMOMb3YSA KaKon-
NGO NMPOmMOoKos1 pacrpeoesieHHO20 KOHCceHcyca. MNMpoToKo onpenesnser,
KakMMu COOOLLEHNSIMU M B KAKOM NOpPsSAKe A0/MKHbI OOMEHATLCS Y3/bl,
4TOObI NPUATU K COrNaLLEHNIO.

BaXHblli MOMEHT: pacnpeaesieHHble anropuTMbl OYeHb C/10XKHbI, MOCKOMNbKY
YUUTbIBAIOT MHOXXECTBO MPaHUYHbIX C/lyYyaeB. Hanpumep, OHW [0/MKHbI
KOPPEKTHO paboTaTb B CUTyaLusiX, Koraa Ha 1tobomM aTane neperoBopoB
NPOVCXOAUT KaKoii-nnbo c6oii. [jokasaTenbCTBO KOPPEKTHOCTMN TaKmX
aNIropUTMOB 1 TECTUPOBAHUE UX peanmn3aunii — Takke 04YeHb CoXHas
3aa4a. MoaToMy He CTOUT MblTaTbCA CO3aTbh COOCTBEHHbIV anropuT™ Uu
[10BEPSATb HEN3BECTHOMY.



[MpoTtokonbl 2PC, 3PC Posggres

IByxdazHasi hukcaiys

prepare: KOOPZMHATOP MPOBOJUT T'0JI0OCOBAHHUE;
commit: eCJIU BCe «3a», KOOPAUHATOP coob1ijaeT 0 hUKCALIUH.

nozagepxvBaetcs PostgreSQL (PREPARE TRANSACTION + COMMIT)

Tpexda3zHas pukcarms

prepare: KOOPAUHATOP MPOBOJUT I'OJI0COBaHUE;

pl‘eCOI'l’llTlitI eCJ/Ii BCe «3a», KOOP,Z[I/IHaTOP C006H_IaET BCeM O HaMepeHI/II/I;

commit: €CJIU BCe YCIIelIHO, KOOPJUHATOP COO0O0IIIaeT 0 hUKCAIHH.
CBoricTBa

BO3MOJKHBI CUTYalUY (Harpumep, paszesieHue CeTu),
B KOTODBIX HEBO3MO)KHO Pa3pellnTh TPaH3aKI1Io /IO yCTpaHeHUs cOost
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[MpocToi NpoTOKON ANA daukcaunmn rnobasibHbIX TpaH3akunini, nogaepxka
KOTOporo BcTpoeHa B PostgreSQL, — aByxdrasHaa domkcauma (2-Phase
Commit). ¥Y3en, BbIMOMHAOLWNIA TpaH3aKLUM0, CYUTAETCA KOOPANHATOPOM.
Ha nogrotosutenibHoOM pase (prepare) koopanHaTtop coobuaeT ocTasibHbIM
y3nam 0 doukcauumn TpaH3akumm n AoXnaaeTcs OT HUX NOATBEPXAEHMS, UTO
OHW roTOBbI BbIMO/THUTL hMKcaLmIo (eC/iv XOTHA Obl O4MH Y3€e He ToTOB —
TpaH3akumsa obpbiBaetcA). Ha gpase cpukcauymm (commit) koopanHaTtop
cooOLLaeT BCEM y3/1aM O peLleHnmn 3adpuKCMpoBaTh TpaH3akuuio. MNpu
MO/TyYeHUM OT BCEX NOATBEPXAEHNA, KOOPAMHATOP TOXe (hukcmpyet
TpaH3aKuuio.

DTOT NPOTOKO/1 MNO3BOMSET 0O60UTUCH MUHUMYMOM COOOLLEHWIA, HO He
yCcTonumB K c6osimM. Hanpumep, npu oTkase koopanHaropa nocne gasbl
prepare, OCTa/lbHble Y3/1bl HE UMEKT MHJIopMaLMK O TOM, A0/DKHA N
TpaH3akuma ObITb 3adIUKCMpoBaHa umM oTMeHeHa. Im npuaeTcs xnatb
ycTpaHeHus cbos.

DTO orpaHnyeHne npeoosnieBaeT 60s1ee CNOXHbIN NPOTOKO/ TpexdiasHo
dukcauum (3-Phase Commit). B Hem BBOAUTCA AOMNONHUTENbHAA dpa3a
precommit, Ha KOTOPOI KoopAMHAaTOP coobLaeT BCeEM y31aM O MPUHATOM
peLeHnn omkcMpoBaTb TpaH3akLmio. locne atoro, faxe ecnu nponsonget
cboi koopanHaTopa, ocTaBLUMecs y3/1bl OyayT UMeTb NpaBo 3adIMKCMpPOoBaTh
TpaH3akLuMio caMoCToATe/bHO (a A0 dpasbl precommit — camMoCTOATENTbHO
OTMEHUTL ee).

OpaHako o6a anropMTma He CnpaBnsloTCs C CUTyaUUsIMU pa3aeneHns ceTu.
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KBOpYMHbIE NPOTOKO/1bI Pos{gres

Paxos, Raft, ZAB, E3PC u apyrue

npu oTKase 7o N/2—1 y3/10B CBsi3HOE GOJIBIIMHCTBO MPOZIO/KAeT paboTy
MEHBIIUHCTBO OJIOKUPYeTCs 0 yCTpaHeHusi COOost
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ANropUTMbI, OCHOBaHHbIe Ha KBopyme (60NbLUNHCTBE r0/10COB), NO3BOMAIOT
B YC/I0BUAX pasfesieHns cetT He 610KMpoBaTh y3/ibl, COXPaHUBLLME CBA3b
APYr C Apyrom 1 obpasyroLine KBopym. Takum obpa3om (ecsm rosioca Bcex
y3M10B paBHbl), 3 N y35108 N/2+1 cMoryT npogo/mknTb pabory.

¥Y3/bl, OCTaBLUNECSH B MEHbLUNHCTBE, BbIHY)XAEHbI OXNAaTb Ucrnpas/ieHns
€609, 4TOObI NPUHATL peLleHne 0 ouKcaLnmn Uan oTkaTe OTKPbITbIX
TpaH3akumin. Takue y3nbl MOryT MOSTHOCTLIO HE 06CYXMBaTb K/TMEHTOB UK
Kak MMHVMMYM He NpuHMMaTh 3anpockl Ha 3anncb, YTOObI HEe AOMNYCTUTb
cutyauumto split-brain.

CyLLecTBYEeT paj a/lropuTMOB, AoKasaHHbIX MaTemMaTuvyeckmn U MMerLLnX
npoTecTnpoBaHHbIE N NPOBEPEHHLIE BPEMEHEM peasin3aLnn.

- Paxos ony6nnkoBaH B 1998 roay, a oaktnyecku nosiBunca B KoHue 80-x.
ECTb uenoe ceMencTBo aTUX a/IOPUTMOB AJ151 Pa3/INYHbIX CUTYyaL WM.

- Raft cozgaBanca kak anropuTtm, aKBUBasIEHTHbIN Paxos, HO 6onee npocToun
ONS NOHMMaHUA. B aToM anropnutMe OAuH M3 y3/10B BbIOMPAETCA B KQ4ecTBe
nnaepa, KOTopbii MOXET M3MEHATb AaHHbIe; OCTa/IbHble Y3/bl YnTatoLme.
DTOT NPOTOKO/ NEXUT B OCHOBE Takmnx cuctem, kak etcd n Consul
(NnpefocTaBNALLWNX pacnpesesieHHOe XpaHUNULLLEe «KNHY-3Ha4YeHne»).

- ZAB ncnonb3yetca B cucteme ZooKeeper.

- E3PC - Enhanced 3PC ynydwaet anroputm TpexdasHon tomkcaumu,
paspellas uKcMpoBaTb TpaH3akLmMo Npu nosyvyeHnn 6obWNHCTBA (a He
BCEeX) ro/10COB.

CyLecTBYHOT UHblE NOAX0AbI, NO3BONAKOLLINE peLwaTb Npobnemy
KOHCceHcyca, Hanpumep, Virtual synchrony (Mcnosib3yeTca B cucteme
Corosync).



o)) PROFESSIONAL

MacLTabnpyemocTtb Pos{gres

[TpomyckHast CrioCOOHOCTD T10 UTEHUIO

pacripeZiesieHre Harpy3Ku 110 y3/1aM KJjiactepa

[TpomyckHasi CriocoOHOCTD T10 3arucu

He JOCTUraeTCsd IIpu TTOTHOM perviiKalii JdHHBIX Ha BCe Y3JIbl

[MIapAWHI' — pacIipeae/jieHrue CTPOK Ta6J'II/II_[ I10 pA3HbIM Y3J/1aM,
CWUJIBHO 3aBUCHUT OT IIPUPO/AbI XPAHHUMBIX OJdHHBIX

Bpewms oTk/vika

Tapa/ijie/IbHbIe BBIUMC/I€HKA Hda HeCKOJIBKUX Y3/IaX
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[MpoLye BCero 4ocTnyb MacluTabmnpoBaHnsa NPoMnycKHOM CNOCOGHOCTH NO
OTHOLLEHMIO K YNTAIOLLMM TpaH3akuusam. 18 aToro AOCTaTtOuHO KakMM-TO
obpa3om pacnpenensatb yMtarowme TpaH3akuum 6onee nm meHee
paBHOMEPHO MO y3nam Knacrepa.

[0CTYb MacTabMpoBaHUS NULLIYLLEA HArpy3Kn 0O6bIYHO CNIOXHEE:

B KOHpUrypauumsix Tuna «Mactep-mactep» Yy3/ibl BbIHYXAeHbl 06MEHNBATLCS
[IPYr C APYroM COOOGLLEHUSAMU U laHHbIMUW, TaK YTO 06LLIan Harpyska Ha
CUCTEMY C yBEMYEHMEM YMC/a Y3/10B TONbKO Bo3pacTaeT. OfgHaKo 3aTo
BO3MOXHO, €C/IM AaHHble pacnpeaenaTcsa Mexay y3namu, a He
PENMNLMPYIOTCA Ha Kaxkapblid y3en NoNHOCTbo. O6bIMHO ANS 3TOro
NPUMEHSIETCS WwapouHa: pacnpeaeneHme NnpoMcxoauT Ha YpoBHE CTPOK
Tabnuu. MoXHO NPOBECTU aHaOrMI0 C CEKLMOHMPOBAaHEM, B KOTOPOM
CeKLMN pacnosioXeHbl Ha pasHbIX y3nax knacrepa.

3aMeTuM, YTO BO3MOXXHble CXeMbI wapanpoBaHna o4eHb CU/1IbHO CBA3aHbl
C /TOTMKOW AaHHbIX; KaKkOe-TO YHNBEepPCa/IbHOE peeHne TyT HEBO3MOXHO.

icnonb3oBaHve WwapAnHra No3BosISeT 4OCTUYb U MacluTabupoBaHusA
BpeMeHW oTkAunKa. [15 3Toro knactep AO/PKEH YMETb pacnapasinenmsarb
3anpochbl, BbIMOHAA UX OAHOBPEMEHHO Ha HECKOJ/IbKMX Y3nax, UMeLLnX
HeobXxoAMMble faHHble. DTO MOX0Xe Ha napasiiesibHOe BbiNOSIHEHNE
3anpocos B cTaHAapTHOM PostgreSQL, HO napasiiensHble npoLecchl
BbINOJTHAKTCA HE BHYTPM OA4HOIO cepBepa, a Ha pasHbiX y3nax. KoHeuyHo,
Npy 3TOM BO3pacTaeT CTOMMOCTb U NePEeChISIKA AaHHbIX (Hanpuvep,
pe3ynbTatoB YaCTUYHOWN arperaumm) Mexay npoweccamu.



o)) PROFESSIONAL

PacnpeneneHne Harpysku Pos{gres

CpencTtBa, crietjuduunblie ays PostgreSQL

oubsmoreka libpg
PgBouncer — MeHemxep myna
Pgpool-II — 6amaHCUPOBIIUK U MEHePKeP ITy/a

[pyrue cpeacrsa
BUPTYyanbHbIN [P-azipec
HAProxy — 6anancupoBuuk TCP/HTTP
round-robin DNS
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[ns pacnpeaeneHuns Harpy3ku yxe UMeeTcsi 0CTaTO4HO MHOIO rOTOBbIX
PeLleHNii; 06bIYHO TaKMe CPeacTBa He BXOAST B COCTaB CaMOro KfacTtepa.

- bBubnunoteka libpg No3BoNSET yKasaTb B CTPOKE NOAKIHOUYEHUS HECKOSbKO
y3/10B (NepebupatoTca no nopsaky) n TpedboBaHns K y3ny (40/HKeH nn
NPUHUMATb NULYLLME TPpaH3akKuun).

- PgBouncer — y06Hblin MeHepkep nyna coeguHeHnii onis PostgreSQL.

- Pgpool-lIl — meHemkep nyna n 6anaHcMpoBLUMK, aHanm3npyrowmii SQL-
3anpocbl U HanpasASALWMIA NMULWYLLYI0 Harpy3ky Ha Mactep, a YnTatoLLyo Ha
PEnINKN.

3 06umx cpeacTB, He cBA3aHHbIX ¢ PostgreSQL, oTmeTum:

- BupmyasibHbil IP-adpec No3BOJISIET NepeHanpaBnaTb CETEBbIE NAKETbl HA
OAVH 13 peasibHbIX IP-agpecoB y3n10B KacTtepa, Hanpumep, K Tekywemy
MacTepy.

- HAProxy — BbICOKONPOM3BOAUTE/bHbIN GasTaHCUPOBLLUVK U MPOKCU-
cepsep, paboTatrowmii Ha yposHe TCP u HTTP. lns nepnoanyeckoro
OOGHOB/IEHNSA CNUCKA Y3/10B MOXHO UCMNO/1b30BaTb CPeACTBO yrnpas/ieHns
KOH(purypaumsamm confd. [lpyroit BapmaHT — MCNO/Mb30BaTb BO3MOXHOCTb
camoro HAProxy BbINOMHATL nepuoanyeckne nposepkn (health check)

K y3/1am Knacrtepa 4/1 UCKIHYEeHUS Henogxoaawmx u3 cnucka
GaslaHCNPOBKM.

- HekoTtopble cuctembl (Consul), npegoctasnatoT round-robin DNS: BbI6Op
y3/10B 1 6aniaHCMPOBKa MOXET MPOUCXOAUTL Ha aTarne paspeLLleHns UMeHu
(HO KelmMpoBaHVe CBOAWT Ha HET NPenMyLLLECTBA TaKOro peLleHns).

EcTb 1 apyrue cpeactea. MHOrMe MOXHO MCMNo/1b30BaTb COBMECTHO.



«[pocTblie» pelleHns Q

Pacmmpenue o06bruHoro PostgreSQL

He Tp86yeTC${ BBICOKdA NOCTYIMTHOCTb WJ/IM COIVIACOBAHHOCTD

[Ipumepsl: Postgres-BDR, Citus
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KOMMNOHEHTHI Posigres

OO6b1uHBIN PostgreSQL ¢ ycTaHOB/IEHHBIM pacIiipeHreM

Touka Bxoza

croco0 HampaBUTh KJIMEHTOB Ha HY)KHBIM y3es1 K/1acTepa
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B cnyyasx, korga ot knactepa He TpebyeTcsl BbICOKOW AOCTYMNHOCTU U
MOXHO NpeHebpeyUb BEPOSATHOCTLIO CO0S, UM HET CEPbE3HbIX TPEOOBaHWNI
K COr/1acoBaHHOCTU AaHHbIX, MOXHO OrPaHNYnTbLCA «MNPOCTbIM» Kf1laCTepomM,
COCTaB/IEHHbIM 13 0ObIYHbIX 3K3eMnAApoB PostgreSQL. Ec/iv B TakoM
Knactepe n peasin3oBaHbl 106asibHble TpaH3aKUUn, TO UCMNO/b3YEeTCH
cTaHgapTHbIN NpoTokon 2PC, HEeYCTONYMBbIA K COOSM.

CoBO «MPOCTOi» B3SITO B KaBbIUKN: TaKMe CUCTEMbI MOTYT, HanpumMep, He
obecneunBasi 0TKa30yCTOWUMBOCTb, B TO Xe BPeMSs NpeAoCcTaB/saTb 6oratble
BO3MOXXHOCTM MO MacLUTabupoBaHUO U T. M.

Ecnun nogkniodeHne fonyckatT HECKO/bKO Y3/10B KnacTtepa, To AN
K/IMEHTOB 0ObIYHO TPEBYETCH eAnHasi ToUKa BXoAa, KoTopas HanpaBuT UX
Ha HY)XXHbIA y3ern.

MpenmyLecTBO Takoro nojxoAa — B NPOCTOTE U AeLleBU3HE pPeLleHMsI.
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[Mpumep: Postgres-BDR Posigres

[ByHanpaBneHHas
nornyeckas pennvkauus,
aBTOpaspelleHne
KOHCPIMKTOB
PostgreSQL

PacwupeHune Postgres-BDR (EDB) ago6asnsieT BO3MOXHOCTb ABYCTOPOHHEN
NIOrMYECKON pennukaumm ¢ asToMaTnyecknm paspeLleHnemM KOHMNKTOB
(MCnonb3ysa OAUH U3 TOTOBLIX a/TTOPUTMOB WU/ CBOW COOCTBEHHbIN).

https://www.enterprisedb.com/products/bidirectional-replication-bdr-postgres
gl-database

B Takoil cxeme nosyyaem aga Unun 6onee rnosIHoCMbH He3asuCcUMbIX ApYT
OT Apyra y3na. M13-3a BO3MOXHOCTU KOH(P/IMKTOB HET rapaHTuu, UYTo BCE
y3/bl KnacTepa 6yayT coAepXaTb OANHAKOBYH MHAOpMaLnio. [axe ecniu
KOHMMIMKTbI OTCYTCTBYIOT, 411 NPU/IOXEHWS HET rapaHTuii CornacoBaHHOCTY
[laHHbIX NPU YTEHMUU C Pa3HbIX Y3/10B.

3aro — MNOJIHOCTbLI0 OTKa3aBLUNCh OT COrMlacoBaHHOCTN — KnacTep
OKa3blBaeTcs YyCTOMUYMBbLIM K NI06LIM CO0AM. Hanpumep, npu oTkase cetu
y3/bl Kf1lacTepa npoAo/HkarT OYHKUMOHNPOBaTL OTAE/bHO ApYr OT Apyra,

a nNpu NosiBNEHNN CBA3N 0OMEHMBAKOTCA HAKOMMBLUMMUCA AaHHbIMU
(pa3peluasi BO3HMKatoLme KOHQ/IMKTbl — BO3MOXHO, pa3HbiM 06pa3om Ha
pasHbIX y3ax). 3To, B HaCTHOCTU, NO3BO/ISIET CTPOUTbL reopacnpeseneHHble
Knactepbl, He Hecsl AOMNOMHUTENbHbIX 3aTpar Ha pukcaunto rnobasibHbIX
TpaH3aKLUnia.

(AnbTepHaTuBHbIN pexum Eager Replication obecneunsaet
COrlacoBaHHOCTb, 3a4€NCTBYA MeXaHU3M KOHCEHCyca).
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Mpumep: Citus Pos}gres

=
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Citus (Citus Data, https://www.citusdata.com/) — pacwmpeHune PostgreSQL
AN pacnpeneneHnst AaHHbIX 1 3anpocoB Mo y3nam kKnactepa. Mimeetcs
Community-Bepcusi C OTKPbITbIM UCXOAHbLIM KOAOM.

Citus — npumep cucTembl, B KOTOPOIi AaHHble He pPennuupyoTcs
MO/IHOCTbIO, a WapAnpYTCcsa Ha paboune y3nbl. OauH y3en Bblaensiercs
B KauecTBe KOOpAMHATOpa — OH COAEPXUT MeTauHgopMaLImio

O PacnosIOKeHUN AAHHbIX.

B cocTaB paclumpeHmnst BXoAUT crelyasibHbIi onTUMn3aTop 3anpocos,
reHepupyoLWnii napannenbHble NaHbl BbINOSIHEHUS, a UCMOTHUTENb
BbIMO/HSIET 3aNpOoChl, pacnpeaensis ux Ha COOTBETCTBYHOLME Y3/bl. 3a cueT
atoro knacTep Citus N03BO/ISET AOCTMYL MACLLUTABMPYEMOCTM N0 BPEMEHM
OTK/IMKA U MaclITabupyeMocTu NULLIYLLE Harpy3Ku.

Takol Knactep Henb3s Ha3BaTb BbICOKOAOCTYMNHbIM. OCHOBHOW TOYKOM
oTKasa 3[1eCb SIBNSAETCA KOOpAMHATOP: YTOObI YBEMNUYUTD
OTKa30yCTOMYMBOCTb, AOKYMEHTAUNA npeanaraeT UCnosib3oBaTb 0ObIYHYIO
dmsnyeckyto pennmky. OTkas paboumx y3/10B TakKe MOXHO
KOMMEHCMpPOoBaTb (hr3MUECKOW penmKaymen nnn penamumpoBath Wapabl Ha
HECKO/IbKO y310B cpeacTeamu camoro Citus.

Citus ncnonb3yeT rnobasibHble TpaH3akUnn Ansa Toro, YTobbl rapaHTUpOBaTb
aToMapHOCTb U3MEHEeHUIN Ha BCeX y3nax knacrtepa. Vicnonb3yeTtcs BapnaHT
npoTtokona apyxdasHon domkcauum 2PC.

[Moxoxuin oyHKUMoHan nmeet cuctema Postgres-XL
(https://www.postgres-xl.org/)




((BHyTpeHHVle)) peUJeHI/IFI (AEPROFESSONAL

BcrpaunBanue (outu Bcero) Heobxoaumoro B PostgreSQL

PostgreSQL c ynpaBieHreM 17106a716HbIMU TPAH3aKLIHSIMU
TOYKa BXO7ia

[Tpumepsl: multimaster PostgresPro
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KOMMNOHEHTHI Posigres

PostgreSQL ¢ n3amMeHeHUsIMU B sfipe

yripaB/ieHHe 17106abHbIMK TPaH3aKIUSIMA
obHapy>keHHe cO0eB

Touka Bxoza

criocob HAIllIpABUTBb K/IMEHTOB Ha Hy}KHLIﬁ y3eq1 Ki1acTtepa
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paea nogxofa cOCTOUT B TOM, YTOObI HAYUNTb CaMM 3K3eMMNJIAPbI
PostgreSQL obarbcs, ncnosb3ysa oguMH U3 pacCMOTPEHHbIX NMPOTOKO/0B.
DTO HENPOCTOM NyTb, NOCKO/IbKY NPUXOANTCA BCTPaMBaTbCs B MMEKLLYHOCH
NHPPaCTPYKTYpPY. 13-3a 3TOro NpUXoANTCA NATU Ha U3SMEHEHKe aapa
CUCTEMBI.

B KkauecTBe KOMMOHEHTOB K/1acTepa BbICTynakT ak3emnnapbl PostgreSQL,
B KOTOpPble BCTPOEHa nogaepxka rnobanbHbIX TpaH3akunin 1 cuctema
obHapyxeHus c6oes.

MHorga ynpasneHue rnobasibHbiMu TpaH3akumamu (Global Transaction
Manager) BblAensoT Kak OTAe/bHbI cepBep, Toraa U OH CTaHOBUTCS
KOMNOHEHTOM KniacTepa. [Npobsiema Takoro peLweHust B ToM, 4YTO 4J15
OTKa30yCTONYMBOCTN HEOBXOANMO MMETb HECKO/ILKO 3K3eMnaspoB GTM,
4TO NPUBOAUT K YBE/TMYEHUIO C/IOXXKHOCTU CUCTEMBI.

[Ns KNMEeHTOB MOXET NOTPeboBaThbCsA eMHas TOUKa BXoAa, KoTopast
HanpaBWUT NX Ha HYXHbIA y3en knacTepa.
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Mpumep: multimaster Posigres
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TOYKa BXoga HAProxy
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PostgreSQL
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B pacwmpeHnn multimaster (Postgres Professional) B8 CYB/], BCcTpanBaeTcs
rnoGasibHblii MEHeMKeP TPaH3aKLUMiA, KOTOPbIA paclunMpsaeT UMeoLLNNCS
AByxdasHbiii npotokon 2PC ao E3PC. TexHuyeckun 15 3TOro Ha Kaxkaom
y3/ie 3anyckaeTtcsa oOHOBbIN NpoLecc-apouTp; aTn npouecchbl 6epyT Ha cebs
Heob6XxoAMMble AOMONHUTE/bHbIE KOMMYHUKaUUKN. Icnonb3yeTcsa afiroputm
KOHCeHcyca Paxos.

https://postgrespro.ru/docs/enterprise/13/multimaster

Kpome TOro, y3nbl knactepa oomeHusarotca heartbeat-coobeHnsamum,
4YTOObI CBOEBPEMEHHO BbIBOAUTL M3 KNnacTtepa COOMHbIe Y3/ibl.
MpenycmoTpeHa npoueaypa aBToMaTnyeckoro Bo3BpalleHuns ysna

B K/1acTep rnocsie ero BOCCTaHOB/IEHNA OT CO0S.

Pennvkauma aaHHbIX MeXay y3namuy Knacrtepa ocHoBaHa Ha MexaHusme
nornyeckon pennukauun, DDL pennuumpyetcsa cO6CTBEHHbLIM afIfTOPUTMOM.

No6oli U3 y3noB Knactepa multimaster MoXeT NPUHMMATb 3aMnpochl Kak Ha
YTeHMWe, Tak U Ha 3anuck. YuTaroLLme TpaH3akLUMmM BbINOMHSKTCS NOKa/TbHO.
MuwyLLme TpaH3akLUMy BbINOMHSTCS r106anbHO; y3es, (UKCUPYHOLLWIA
TpaH3aKLUuo, CTAaHOBUTCS KOOPAMHATOPOM.

[ns pacnpeneneHnsa Harpy3ku MMeeT CMbIC/1 6asiaHCcMpoBaTb COegMHEHNSA
Mexay y3namum knactepa. Hanpumep, MOXHO yKa3sbiBaTb pasHble CTPOKK
coefMHEHUI N5 pa3HbIX K/IMEHTOB, & MOXHO BOCNosib3oBaTbcsd HAProxy.

[MpunoxeHne, paboTalLiee Ha OQHOM CepBepe, MOXET ObITb 3anyLLEHO U
Ha multimaster-knactepe 6e3 fOMNO/IHUTE/bHbLIX 3a60T 0 COr/lacoBaHHOCTH
OaHHbIX. [lognepxmBaroTca yposHM nsonaummn read committed n repeatable
read. OgHako, B CUYy TEKYLLIMX OrPaHNUYEHNn peannsaymm, HEKOTopbIe
HIHOAHCbI MPUNOXEHNE AO/HKHO YUMTbIBATb.



«BHelHne» peleHns 02

BreruHue 110 oTHOLIeHUtO K PostgreSQL cpepactBa

areHT
yHpaB/SIOIIAN
KOHCEHCYC
TOYKa BXOZA

[Tpumepsr: Stolon, Patroni, Corosync/Pacemaker
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KOMMNOHEHTHI Posigres

AreHT

yTpaBJ/isieT OAHUM 3K3eMIspoM PostgreSQL

YripaB/sroiyn

JIOTHKa YTIpaB/IeHUA BCEM K/IaCTepOM

KoHceHcyc

BHEIIIHSISI CUCTeMa T0/], yTIpaB/ieHreM OJJHOTO U3 MPOTOKOJIOB KOHCeHCyca
rofi/iep>kKa 00I11ero COCTOSIHUSA /1711 YTIPaB/ISTFOIIMX

Touka Bxoza

Crocob HarmpaBUTh KJIMEHTOB Ha HY)KHBIW y3eJT KiacTepa
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B otnnumne ot cuctem, moandpouumnpyrownx PostgreSQL, B aToM noaxoae
ncnonb3lyeTcst cTaHaapTHbIA PostgreSQL 1 Habop BHELLHNX CPeacTB.

Ha TekyLwimii MOMeHT aTo Hanbonee AOCTYMHbIN U pacnpoCTPaHeHHbI!
Crnocob NoCcTpPoeHns KNnacTepoB, HO C/IOKHOCTb CYLLLECTBEHHO BO3pacTaer.

MockonbKy PostgreSQL He MoXeT cam cebsa KOHGMryprpoBartb,
nepesanyckarb, OCTaHaBNMBaTb U T. M., HY)KHa NporpamMmmMa, Kotopas byaet
3TUM 3aHUMATbCA. ITY POJIb BbIMOMHAET areHT.

Norvika ynpaBneHus Knactepa cocpefioToyeHa B ynpasnsiowmx. Ha atom
YPOBHE NPUHMMAETCS peLLieHne 0 TOM, YTO TaKOK-TO y3en cneayert cunTatb
BbILLEALLNM U3 CTPOS!, O TOM, KaKyto 13 pensvk creayet Ha3HauuTb HOBbIM
MacTepoM MNpu BbIXoAe CTaporo U3 CTPos U T. M.

UTo6bI pa3nenaTb 06Uy TOUKY 3PEHUS, YNPABASIOLLME ONUPAIOTCS Ha
cucTemy, paboTaroLLyt Mo OAHOMY U3 PACCMOTPEHHBIX paHee
pacnpeaeneHHbIX NPOTOKO/I0B KOHCEHCYca.

HakoHeLl, Ans KNMeHTOoB TPebyeTcs eAnHas ToUKa BXoga, kotopas
HanNpPaBUT UX Ha HYXHbIA y3en (M1 y3nbl) Knactepa.

B pasHbIX KNnacTepHbIX cMcTeEMaXx 3TU KOMMNOHEHTbI MOTYT Ha3bIBATLCA MO-
pa3HOMY; HEKOTOpble MOTyT 06beVHATLCSA BMecTe. Ecnn Kakne-To
KOMMNOHEHTbI OTCYTCTBYIOT, KNlacTep HaA0 AOMNOMHATL APYTMMU PeLLEeHUSIMU.
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OrpaxaeHue (fencing) Posigres

OTKIroueHue Yy3J/1a B HEM3BE€CTHOM COCTOSHHHU OT K/IMEHTOB

13-3a pa3esieHus CeTU MOXKeT BO3HUKHYTh cuTyauus split-brain

HY>KHO He TOJIKO OTPaJiuTh y3el,
HO U He [IOMYCTUTB B 3TO BPeMsI Ilepexo/| Ha PerviuKy

Mexanusmsl {{[i]

OTKJIFOUeHUe TUTaHUs
OTKJIOUEHUe CeTeBOro ropra
3aBeplIeHe U MepeHanpaB/ieHre KIMeHTCKUX COeUHEeHU
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[MockonbKy B 3TOM noaxofe cepsepbl PostgreSQL HMYEro He 3HaloT 0 TOM,
4yTO paboTaloT B K/1lacTepe, BaXXHO YMETb OTrOpoAUTb COOMHbLIN y3en —
BO3MOXHO, paboTatoLLuii, HO NOTEPSABLUNIA CBA3b C KNacTepoM — OT
BHeLlHero mupa. 3Ta npouenypa Hasbisaetcs fencing.

Ecnun aToro He caenaTb, TO MacTep, OKasaBLUMCh B pe3y/brare pasfesieHus
CETN B MEHbLUNHCTBE, MOXET NPOoA0/KNTL paboTy (cutyaums split-brain).
MonaratbCcs Ha TO, YTO ynpasnswwme, obHapyXxus cb6oi, camm OCTaHOBAT
cepBep PostgreSQL, Henb3sA: y ynpaBnaowmx MOXeT He oKa3aTbCA CBA3U
C areHToM, MOXET NPoun3oiTn cboi B areHTe u T. M.

Mpoueaypa MOXET BbINOMHATLCS NO-Pa3HOMY, HO HE [O/KHA PacCUNTbIBATb
Ha [OCTYNHOCTb y3/1a no cetTn. Hanpumep:

- NporpaMMHO OTK/Io4aTb NuTaHne cepsepa (MHTepeince! IPMI, PDU);
- NpOrpaMMHO OTK/Ilo4aTb CETEBOWN NOPT HA KOMMYTAaTOpPE;

- €C/I1 COeANHEHNE UAET Yepes cneunann3npoBaHHblli KOMMOHEHT, TO
KNMEHTbI MOTYT NPUHYANTENLHO OTKNHYATLCA OT COOMHOTO y3na Ha YPOoBHE
3TOro KOMMOHEHTA.

Hazo 3ameTuTb, YTO Npoueaypa orpaxaeHns ymeHbllaeT Mmaclitab
npo6siembl, HO cama no cebe He pellaeT ee NOMHOCTLI0. Hy)XHO Takxke
rapaHTMpoBaTb HEBO3MOXHOCTb Nepexoga Ha ofHY U3 pensnk Ao Tex nop,
noka c6oiHbIn MacTep He byaeT orpaxaeH. Beab Ha NpUHATUE peLleHuns
06 orpaxaeHun TpebyeTcs BpeMsi, B Te4eHne KOTOPOro y3es1 MOXeT
npogomkarb PYHKUMOHMPOBaHWE, 1, cefoBaTesbHO, YacTb
3aoMKCUPOBAHHbBIX AAaHHbIX MOXET NOTEPATLCA NPU BOCCTAHOBEHUM
(HyneBoe RPO He gocturaertcs).
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[Mpumep: Stolon Posigres
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Stolon (SorintLab, https://github.com/sorintlab/stolon) — knactepHoe
pelLeHne ANna BbICOKOW AOCTYNHOCTU C OTKPbITbIM UCXOAHbIM KOAOM,
paccyMTtaHHOe Ha 06/1a4Hy0 UHQIPACTPYKTYPY.

B Hem peann3oBaHbl BCe KOMMOHEHTbI. AreHTbl B TepMuHonornmn Stolon
Ha3blBaloTCA keeper, ynpasnsowue — sentinel, Toukn Bxoga — proxy.
KaxXablil 13 KOMNOHEHTOB MOXET ObITb NPeAcTaBIeH HECKOTbKAMMN
aK3emnaspamMmn Ana otkasoyctonumsocTn. OB6bIYHO (Kak Ha nncTpaumnmn)
Ka>KAbIA KOMNOHEHT yCTaHaBMMBaETCs Ha Kaxablii cepeep PostgreSQL.
DT0 He 06sA3aTeNIbHO, HO YA0OHO M He BbI3bIBAET AOMO/HUTE/bHbIX
C/IOXHOCTEN B C/yyae pasfesieHns ceTu.

[lnA KOHCeHcyca UCNo/b3yeTca XpaHWuLLEe «K/Y-3HadyeHne» etcd nnm
XpaHunuule, Bxogdulee B coctaB Consul (06a ncnonb3yot npotokon Raft).

JononHutensHoe orpaxaeHue (fencing) He npeaycMOTPEHO, Tak Kak proxy
nosiydyaeT MHoOpPMaLM0 O COCTOSHUM KlacTepa HenocpeacTBeHHO U3 C/104
KOHCEeHcyca U, B C/lydyae pasfesieHnsi CETU, He MPOonyCTUT KIIMEHTOB

K OCTaBLUMMCS B MEHLLUMHCTBE Yy3/1aM.

Kak KnneHTam BblGpaThb N3 BCEX Proxy TOT, K KOTOPOMY MoAk/toyaTbea? Ana
3TOI0 HYXHbI AOMONIHUTENbHbIE peLleHus. Hanpnmep, MOXHO NUCMNO/b30BaTh
BUPTYasibHbIN IP-agpec. MOXHO YCTaHOBUTb U 6a1aHCUPOBLLMK, HO 3TO He
NMEET CMbICNa B AaHHOM c/lyyae, NMOCKO/IbKY Proxy nepeHanpasnsaroT BCEX
K/IMEHTOB Ha OAMH Yy3en (TeKyLu il MacTep), B TOM YUC/1e N TOTbKO
YMTAIOLLYIO HarpysKy.
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[Mpumep: Patroni Posigres
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Patroni (Zalando, https://github.com/zalando/patroni) — euie ogHo
KnacTepHoe pelleHne C OTKPbITbIM UCXOLHbIM KOL4OM, paccuntaHHoe Ha
Mcnosib3oBaHne Kak B ob6r1akax, Tak U Ha Bble/IEHHbIX CepBepax.

34ecb areHT 1 ynpasnsiowmii 06begnHeHbl B O4HOM KOMMNOHeEHTe. 1A
KOHCEHCYCa UCMOoJIb3yeTCA XPaHU/INLLE «K/THY-3HAYEeHNE»,
npepocTtasnsiemoe ogHoun n3 cuctem eted (Raft), Consul (Raft) nnu
ZooKeeper (ZAB).

[ns Toukn BXoga TpebyeTcsa ncnonb3oBarb oTaenbHoe peweHne. OB6bIYHO
npepgnaraetcsa ncnosnb3oBarb HAProxy B cBsAske ¢ confd, KOTopblit
nepuoanyeckn obHoBASAET KOHJurypaunio HAProxy Ha ocHoBe
nHhopmauumn n3 cnos KoHceHcyca. CtaHgapTHasa HacTponka npegnonaraet
nepeHanpas/ieHne BCex K/IMEHTOB Ha y3e/, BbIMO/THAKLWMIA posib MacTepa.

(UYTo6bl HAProxy cam He cTas1 TOUYKOW OTKasa, He06XoA4MMO UMETb
HECKOJ/IbKO Takux CepBepoB 1, Hanpumep, BUPTYyasibHbI IP-agpec ans
KnneHToB. OfHAaKO 3TO MPUBOAUT K TOMY, YTO KOH(pUrypaumm pasHbix
cepBepoB HAProxy Hy>kHO 06HOBNSATb CUHXPOHHO, M Mbl CHOBa
CTa/IKMBaeMCS C BOMPOCOM MOCTPOEHUS KnacTepa — yXXe Ha Apyrom
YPOBHe.)

[ns orpaxaeHnsa y3na (fencing) MoXeT Ncnonb3oBarbCs MeXaHn3m
cTopoxeBoro Tanmepa (watchdog timer) sgpa Linux. Ecnv y3en, 6yayun
MacTepoM, HEe MOXET CBA3ATbCA CO C/I0EM KOHCEHCYCa B TedyeHne
onpefenieHHoro BpeMeHu, TaiMep nepesarpyxaet onepawlyoHHYH CUCTEMY.
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Mpumep: ctek ClusterLabs Pos{gres
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KomnaHusa ClusterLabs (https://clusterlabs.org/) npegoctaBnsgeTr cTek
KOMMNOHEHTOB C OTKPbITbIM UCXOAHbIM KOAOM /151 MOCTPOEHMUS KNacTepoB 13
6onee nnm MeHee NPoOn3BOJIbHbIX CUCTEM.

')

KOHCEHcyC

AreHT (resource agent B TEPMUHOOTUN 3TOW CUCTEMbI) NPeaCcTaBnseT
KOHKPETHYI0 CUCTEMY KaK YHUPULMPOBAHHbI «pecypc», peanunsys
onepauun ocTaHoBa, 3arnycka, NPoABWKEHUS PEM/IMKA U T. N. ITOT
KOMMOHEHT [O/IKEH ObITh peanM3oBaH OTAENbHO A/151 KaXA0W CUCTEMBI.

YnpaBnsawLwmin KOMNOHeHT — Pacemaker — B3anMofeincTByeT ¢ pecypcom
yepes areHTta. [na o6Lero cCoOCToAHNA 1 06HapPYXXeHNA c60eB NCMO/b3yeTCs
Corosync (Virtual synchrony).

OrpaxgeHuto (fencing) y3noB yaeneHo 6osbloe BHUMaHue. Icnosnb3yeTtcs
TexHonorna STONITH (Shoot The Other Node In The Head), no3sonstouwias
HaJeXHO U30/1MpoBaTb COOMHbIN y3es1 OT Knactepa v KIMEHTOB NyTeM

NPOrpaMMHOro OTK/TIOYEHUA NUTaHUA UM CETEBOTO NopTa Ha KOMMyTaTope.

Toukoli BXofa A1a KNMeHTOB 06bIYHO SBNSIETCS BUPTYanbHbI IP-agpec,
KOTOPbIA YNpaBnawoLLMi NOAHUMAET Ha y3ne, SBASIOLWMMCS B AaHHbINA
MOMEHT MacTepOoM.

[ononHUTENbHO NPY HEO6XOAMMOCTY MOXHO pacnpeaesinTb YNTaKOLLYHO
Harpysky no pennvkam c nomotubto HAProxy, PgBouncer n 1. n.

KnacTtepHoe pelueHne Ha ocHoBe cTeka Corosync/Pacemaker npepgnaraet
Postgres Professional; Takxe nmeetcs OTKpbIToe pelleHne PAF
(http://clusterlabs.github.io/PAF/).
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Toru Posigres

51 co3manus Knactepa TpebyroTcs Cpe/iCTBa,
He BXOZglIue B cTaHAapTHbIM PostgreSQL

OFpOMHOE KOJ/IM4eCTBO BAPHUAHTOB ITOCTPOEHUA KIaCTepd

pasHble 1[eJii: BbICOKasi JOCTYIMHOCThb, MacCIITabupyeMoCThb
PeIIeHust C TIOAeP>KKOM TI00aTbHBIX TPAH3aKLIUH
pelleHys C UCI0/Ib30BaHHeM BHEILITHMX KOMIIOHEHTOB

UeM BbIlLIe TIPeAbsB/ISIOTCS TpeOoBaHus,
TeM CJIO)KHee CHCTeMa U TeM [IOpPOKe OHa 00XOAUTCS
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