ApXnUTekTypa
ByhepHbIN K3LL 1 XXYpPHaUT

ol PROFESSIONAL

Posygres

ABTOpCKue npaBsa
© Postgres Professional, 2017 rog.
ABTOpbI: Erop Poros, NaBen J/lysaHoB

Wcnonb3oBaHne matepuanoB Kypca

HekomMmepueckoe 1cnosib3oBaHe maTeprasioB Kypca (npeseHTauuu,
AeMOHCTpaumn) paspeluaetcs 6e3 orpaHuyeHnii. Kommepyeckoe
MCNOJIb30BaHNe BO3MOXHO TO/IbKO C MUCbMEHHOIO paspeLleHns KoMnaHum
Postgres Professional. 3anpewjaeTcsi BHeCEHME U3MEHEHWI B MaTepuasibl
Kypca.

OGpaTtHas cBA3b
OT3bIBbl, 3aMeYaHus 1 NPEANIOKEHNA HaNpaBnaAnTe no agpecy:
edu@postgrespro.ru

OTKa3 oT OTBETCTBEHHOCTU

KomnaHus Postgres Professional He HeCceT HMKakol OTBETCTBEHHOCTHU 3a
N06bIe NOBPeXAeHUs 1 YObITKN, BKKOYaA NOTEP0 A0X04a, HAHECEHHbIEe
NPSAMbIM U HENPAMbIM, CrieunasibHbIM WU CyYalHbIM UCMO/Ib30BaHNEM
MaTtepuasioB kypca. KomnaHusa Postgres Professional He npegoctaBnsaer
Kaknx-nmoo rapaHTnini Ha matepuasbl Kypca. Martepuasbl Kypca
NpeaocTaB/SATCS HA OCHOBE NMpUHLUMNA «KakK eCTb» U KOMNaHus Postgres
Professional He 06s3aHa NpefoCcTaBNATL CONPOBOXAEHWE, NOALEPXKKY,
0OHOB/IEHNSA, pacLUMPEHNSA N U3MEHEHNSA.



o] PROFESSIONAL

Tembl Posigres

YcrpoiicTBo OydhepHOro Kaiiia
ANTOpUTM BBIT@CHEHUS
JKypHan yripexkjarorieit 3aricu
KoHTposbHas Touka

[Tporjeccel, cBsi3aHHbBIe ¢ OyhepHbIM K3111eM U >KypHA/IoM



BydepHbIin K3LL POQSF???

MaccuB 6ydepoB B 00111eii TaMATH

cTpaHuLia jaHHbIX (00b1uHO 8 KB) + nomnonHuTenbHast MHGopMaliys

bJ/IOKMPOBKU /111 COBMECTHOI'O OCTyIIa

6yhepHbIN KaLL

ByhepHbIii K3 MCnonb3yeTcs A5 CrAaXnBaHMs CKOPOCTN paboThl
onepaTuBHOI NamAT! 1 ANCKoB. OH COCTOUT U3 Maccusa OydoepoB, KOTOpble
cofepXar CTpaHuLbl AaHHbIX U A0MO/THUTENbHYH MHJIOpPMaLUMo (Hanpumep,
nms doaina u NosoXeHne CTpaHuLbl BHYTpK 3aToro doaina).

Pa3mep cTpaHuubl 06bI4HO cocTaBnseT 8 Kb; pazmep MOXHO U3MEHUTb
TOMbKO Npun cbopke PostgreSQL.

JTiob6as paboTa co cTpaHuuamn gaHHbIX NPOXOANT Yepes bydIepHbIi K3LL.
Ecnn kakon-nn6o npouecc cobmnpaetcsa padotaTb CO CTpaHULEN, OH B
NnepByto o4Yepeapb NbiTaeTcsa HaTh ee B Kalle. Ecnu ee HeT, OH obpallaeTcs
K ornepauyoHHOM cucTemMe € NPocbO0oi NpoYnTaTb 3Ty CTpaHULy U
nomMelaet ee B bydoepHblin KaLw. (ObpaTtute BHMMaHune, 4To OC MoXeT
npoynTaTb CTpaHuUy C ANCKA, a MOXET 0OHapyXUTb ee B COOCTBEHHOM
KaLle.)

[Mocne Toro, Kak cTpaHuue 3anncaHa B 6y(pepHbIil KaLL, K HEN MOXHO
obpallarbCsa MHOroKkpaTHoO 6e3 HaklafHbIX pacxofos Ha Bbi3oBbl OC.

OpHako 6ydoepHblil KaLW, Kak 1 gpyrne CTPYKTypbl O6LLEN NaMATH, 3allnLLEH
610KMpOBKaMu AN ynpasneHns ogHOBPEMEHHbIM focTyna. XoTs
GNOKMPOBKN N peann3oBaHbl 3EKTUBHO, AOCTYN K BydhepHOMY K3LLy
[aieko He Tak ObICTp, Kak NpocToe obpalieHne K onepaTtvBHON NamaTn.
[Mo3sToMy B 06LEM C/lyyae YeM MeHbLUE AaHHbIX YATAET N N3MEHSIET
3anpoc, Tem bbiCTpee OH OyaeT paboTars.



BbiTeCHeHue po@a?zsg

BhITeCHSIIOTCS CTPaHUL[bl, UCITOJIb3yeMbIe peXXe APYTUX

MecTo B Oydepe ocBoOOXK/JaeTcs MO/ APYTYIO CTPAHULTY
M3MeHeHHast CTpaHuLIa («rpsi3HbIA Oydep») cHavasa 3armchIBaeTCs Ha JUCK

6yhepHbIN KaLL

Pa3mep 6ygpepHoro Kallia 06bI4YHO He Tak BE/IUK, UTOObI 6a3a AaHHbIX
nomMellanach B Hero LieNnMkomM. Ero orpaHnunBatoT U A0CTynHas
onepaTuBHasi NaMsaTh, 1 BO3pacTaloLLME NPU ero YBE/IMUYEHUN HakaaHble
pacxofbl. Mo3TOMY NPV YTEHUN oYyepeAHOoli CTPaHLIbl PaHO UK NO3AHO
OKaXeTCs, YTO MECTO B BY(DEPHOM K3Lle 3aKOHYM/I0Ck. B 3TOM crydyae
NPUMEHSIETCS BbIMECHEHUE CTPAHMULI,

ANropuTM BbITECHEHUSA BbIOMPAET B K3LLle CTpaHuLy, KoTopas B nocnegHee
BPEMS 1CNob30Baslach pexe ApYyrnx, U 3aMeHsieT ee HOBOW. Ecriu
BblOpaHHasa cTpaHuua nameHsaachb, To ee nNpeaBapuTesibHO HaA0 3anucartb
Ha AMCK, YTOObl HEe NOTEPATb U3MeHeHus (Bydhep, coaepxaLmii
N3MEHEHHYI0 CTPaHWULYy, Ha3blBAETCH «TPA3HbIM).

Takol anroputm BblTeCHeHUS HasbiBaeTca LRU — Least Recently Used. OH
COXpaHsEeT B K3alle AaHHble, C KOTOPbIMU NPOUCXOAUT akTUBHaA paboTa.
Taknx «ropA4mx» faHHbIX 00bIYHO HE Tak MHOro, U Npu A40CTaTO4YHOM
06beme BydpepHOro kalla nosyvyaeTcs CyLEeCTBEHHO COKPaTUTb KOIMYECTBO
o6pauleHnin K OC (1 ANCKOBbIX onepaunit).



XKypHan (WAL) o

[Tpu c60e MOTyT TpOIIacTh JaHHbIe, He 3aMiCaHHbIe Ha AUCK

OydepHbIi K311 (CTPAHULIBI TaOJUL] ¥ UH/IEKCOB)
Oydeps! cocTosiHUS TpaH3aKIMi (clog)
Oydepbl oreparoHHON CUCTEMBI

JKypHa 3amuinaeTr JjaHHble B ONepaTUBHOM NaMATH
TI0TOK I/IHCbOpMaLlI/II/I O BBITIOJ/THSA€MBIX I,Z[EI‘/JICTBI/IFIX,
I'IOBBO]IHI-OH_[ef/'I TTOBTOPHO BBITTIO/THUTDL IMOTE€PAHHBIE TIPDH cboe oriepanuvu

3amuCh MOTMa/jaeT Ha JUCK pPaHbIlle, ueM M3MeHeHHbIe /JaHHbIe
(CMHXPOHHO W/IM aCUHXPOHHO)

6osee 3(1)(1)EKTI/IBHO, UeM Cpa3y 3dlIMCbIBATh JdaHHbBIE HA JUCK

Hanunune 6ydepHoro kawa (1 gpyrnx 6ycepos B oneparnBHON NamsTm)
yBe/IM4MBaeT NPon3BOAUTENbHOCTb, HO YMEHbLUAET HaAeXHOCTb. B cnyyae
c6osa B CYB/ cogepxummoe 6ychepHOro kawa notepsiercs; ecnm cboi
NPOM30iAET B ONepaunoHHoin cucteme (MM Ha annapaTtHoOM YPOBHE), TO
nponaget cogepxunmoe n éydgepos OC.

[na obecneyeHns HagexHocTn PostgreSQL ncnonb3yer xypHasimpoBaHue.
[Mpn BbINOSTHEHUKX NOGOI onepauun hopMmnpyeTca 3anucb, cogepxallas
MUHUMaJ/IbHO HEOBXOANMYIO MHGDOPMAaLNIO A/ TOr0, YTOOLI onepauunto
MOXHO Obl/10 BbINO/IHUTL NOBTOPHO. Takas 3anvcb NULLETCH Ha AUCK IGO0
cpasy, Moo ¢ HeEGO/bLLOW 3aZ1EPXKON, HO B I0O0OM C/lyyae paHbLle, YEM Ha
ANCK nonagatoT n3MeHsiemble onepaumein gaHHble (NO3TOMY XypHau U1
Ha3blBaeTCs ynpexaoarouwum).

UToObI XXypHa/ibHasA 3anmcb He «3acTpsaaia» B Kalle onepawunoHHON
CUCTEMbI, BbINOsHAETCA BbI30B fsync: PostgreSQL nonaraetca Ha 10, UTO
3TOT BbI30B rapaHTUpyeT nonagaHune faHHbIX HA 3HEeProHe3aBUCHMBbIA
HOCUTENb.

MexaHn3Mm XypHanmpoBaHus 6osee achpekTuBeH, Yem paboTa Hanpsmyto C
ANCKOM 6e3 6ydhepHOro kawwa. Bo-nepsbiX, pasmep XypHasibHbIX 3anucei
MeHbLUe, YeM pasmep Lesion CTpaHuLbl AaHHbIX; BO-BTOPbIX, XypHa
3anucbiBaeTcs CTPOro nocnenoBaresibHo (M He YMTaeTcs, NokKa He C/1yuYnTCs
c6oi1), c yem BMNosIHe crnpasnsaTca NnpocTble HDD-ancku.

Ha 3dhhekTMBHOCTb MOXHO TakxXe B/INATb HACTPOMKOW. Ecnn 3anuck
npoucxoauTt cpasy (CMHXPOHHO), rapaHTUPYETCA, YTO 3adonKCMpoBaHHaS
TpaH3akuma He nponaget. OgHako OTNIoXKeHHas (aCMHXPOHHAasA) 3anncb
NO3BONAET YBE/INYNTL NPOU3BOANTENBHOCTb.



o] PROFESSIONAL

KOHTpO/bHaA To4vka Posggres

[Teproanueckuii cOpoc BcexX rpsi3HbIX OydhepoB Ha JUCK

rapaHTHpyeT IorajlaHue Ha JJUCK BCeX M3MeHeHU /10 KOHTPOJIbHON TOUKU
OrpaHHYMBAET pa3Mep >KypHasa, HeoOX0AUMOTO /i/Isi BOCCTaHOB/IeHUS

Boccranosnenue 1ipu cboe

HAQUMHAETCHd C HOC]IG,[[HEI\/JI KOHTpOJIBHOﬁ TOUYKHN
rnocjienoBare/IbHO IMPOUT'PDBIBAOTCA 3alliCH, eC/Id W3MEHEeHUM HeT Ha AHUCKe

Ha4yano
BOCCTaHOB/1IEHUA

HeobxoanMble doalinbl XypHana

1(
@ ® { » xid

KOHTPO/IbHasA Touka KOHTpO/IbHasA Touka cboi

Mpun 3anycke PostgreSQL nocne c604 cepBep BXOAUT B PEXUM
BOCCTaHOB/IEHUNA. Ha aucke B 3TO BPEMSA HaxXo4uTCA Hecor/iacoBaHHas
NHJOOpMaLMA: OAHWN CTPaHuLbl 6bIN 3anncaHbl B O4HO BpeMd, gpyrne —

B ApYroe.

UToObl BOCCTAHOBUTbL COr/lacoBaHHOCTb, PostgreSQL untaet xypHan WAL
N nocsiefoBaTe/lbHO NPOUTPbIBAET KavkKAyH0 XYPHaUIbHYIO 3annucb, ecn
COOTBETCTBYIOLLEE M3MEHEHNE He Nnonaslo Ha Auck. Takum obpasom
BOCCTaHaB/IMBAKOTCA BCE TPaH3akuuu, Kpome Tex, 3anncb o dpukcaymm
KOTOpPbIX He ycnesia nonacTb B XypHaJl.

OpfHako 06beM XypHana 3a Bpems paboTbl cepBepa MOXeT AocTurartb
FMraHTCKNX pa3mepoB. XpaHUTb ero LesiImkomM 1 LeiImkoMm npocMarpmBarb
npun c60e coBepLLUEHHO He peasbHO. NMoaTtomy CYB/, nepnogmyecku
BbIMOJTHAET KOHMPO/IbHY0 MOYKY: NPUHYAUTENBHO cOpacbiBaeT Ha AUCK BCe
rpsisHble 6ydoepsbl (BKIHOYAA COCTOSAHUE TpaH3aKUuin). TO rapaHTUPYET, YTO
N3MEHEHNA BCEX TpaH3aKLUMii 0 MOMEHTa KOHTPOIbHON TOYKM HaxXo4ATCS
Ha gucke.

KOHTpo/ibHast TOYKa MOXET 3aHNMaTb MHOTO BPEMEHM, U 3TO HOPMaJIbHO.
COOBCTBEHHO «TOYKa», O KOTOPOI Mbl FTOBOPUM Kak O MOMEHTE BPEMEHN —
3TO Havyaso npouecca. Ho Toyka cuMTaeTCs BbINOIHEHHOM TONBLKO Nocne
TOro, Kak 3anvcaHbl Bce Ipsi3Hble Bydepbl, KOTOPbIE UMENNCh HA MOMEHT
Hayana npotuecca.

BoccTtaHoBneHne nocsie c60s HauMHaeTcs ¢ brvxanileir KOHTPOIbHOM
TOYKW, YTO MO3BOJISAET XPaHUTb TONbKO haii/ibl XXypHasa, 3annucaHHble ¢
MOMeEHTa nocnegHein nponaeHHOM KOHTPOIbHOWN TOUKMW.



OCHOBHbI€E npoLecchl Po@a’?é%

PostgreSQL
3aruch XXypHana postmaster

KoHTposnbHas Touka P

cOpoc Bcex backend walwriter | | checkpointer | | bgwriter
Ips3HBIX OydepoB —
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cratyc
TpaH3akuuii

OO0cy>KuBarolI1e TIPOLIeCChI

c6pOC BBITECHSIEMOTO =
XypHan
rpsizHorO Oydepa @ m

BepHemcs K unacTpaumm n3 TeMbl «ApPXUTEKTYPa» 1 YTOYHUM HECKO/IbKO
JoOHOBbIX C/Y>XXEOHbIX NMPOLLECCOoB, CBA3AHHbIX C 00CNYXMBAHNEM
OychepHOro kawa 1 XxypHana.

Bo-nepBblx, 3TO npouecc walwriter, 3aHMMaLLMIACA aCUHXPOHHOW 3anncbio
XXypHana Ha auck. Mpu CUHXPOHHOM pPeXUMe XypHaslibHble 3anucu nNueT
TOT NPOLECC, KOTOPbIV BbINOHAET (PUKCALMIO TPAH3aKLIN.

Bo-BTOpbIX, NPOLECC KOHTPO/IbHOM TOUKM checkpointer, paboTy KOTOPOro Mbl
TONIbKO YTO paccMOTpenu.

B-TpeTbux, npouecc qooHOoBOI 3anucu bgwriter (v npocTo writer). 3T10T
MPOLIeCC NOXOX Ha NPOLECcC KOHTPO/IbHOM TOYKU, HO 3aNUCbIBAET TOLKO
4yacTb rpA3HbIX Oydhepos, NpUYemM Te, KOTopble C 00/1bLLION BEPOATHOCTbIO
Oy4yT BblTECHEHbI B G/vkailliee BpeMs. Takum o6pasom, korga
obcnyxusaroLeMy npoueccy noHagooutcs bydgep, oH ckopee Bcero Hanget
ero He rps3HbIM 1 He ByJeT TepATb BpeMs Ha copoc bydhepa Ha ANCK.

N B-ueTBepTbIX, 06CNYXMBaOLWME NPOLECCHI, YATAIOLIME AaHHbIE B
6ydepHbIii Kaw. Ecnn, HeCcMOTpSA Ha paboTy NPOLECCOB KOHTPO/IbHOM TOUKK
N POHOBOW 3anNuUCK, BbITECHAEMbI Bydiep OKaXXeTCHA rPA3HbLIM,
o6cnyxmnBaroL M NPoLecc caMmoCToATE/IbHO 3anuLLEeT ero Ha ANCK.
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[eMoHCcTpayus Pos{gres
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Toru Pos}gres

BydepHbIii K3111 CyIjeCTBEHHO YCKOpsieT paborTy,
yMeHbllIasi YMC/I0 AUCKOBBIX OTepaLuii

Haze)xHocTh 06ecrieurBaeTCsl )KypHa/IMPOBaHUEM
Pa3mep KypHasia orpaHuueH 61arofapsi KOHTPOJIbHBIM TOUKaM

JKypHars yno6eH 1 UCIT0/Ib3yeTCst BO MHOTHX C/Tydastx

JJU1s1 BOCCTaHOBJIeHUs rocrie cbost
TIPYU pe3epBHOM KOIMMPOBaHUMU
JUTs1 perIMKaLui Mexly cepBepaMu
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[1pakTuka Pos{gres

1. CpeactBaMu orepaLiOHHOM CUCTeMbl HalJuTe MpoLecChl,
oTBeuarolue 3a paborty 6ydepHoro Kaiiia 1 )xypHaia WAL.

2. OcranoBure PostgreSQL B pexxume fast; cHoBa 3arycTure ero.
[TpocmoTpuTe XypHas coob1eHUi cepBepa.

3. OcranoBure PostgreSQL B pexxume immediate; cHOBa 3arycTUTe ero.
[TpocMoTpwHTe >KypHasl COOOIeHNI cepBepa U CpaBHUTE
C TIpebIAYLLHM Pa30M.
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