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

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



BydepHbIin K3 POQSF???

Maccus 6YCI)EPOB postmaster PostaresQL
ctpanula JaHHbIX (8 KB) [
Aor. HHpopMmaLys bacI:end ’ ’ )
BJ'IOKI/IPOBKI/I B I1aMSATH H:% ¢bQHOBbIE| MPOLECCh!

[Jis1 COBMECTHOI'O AOCTyIIa

6yd)epr|ﬁK3m[|:||:||:||:|@|:||:||:|j

o6Las namaTb

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 peasn3oBaHbl 3PIEKTUBHO, AOCTYN K OyddepHOMY KaLly
[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

BriTecHeHue peiko Sostmaster PostgreSQL
WUCIO/b3yeMbIX CTpaHuy | - p————
poT P i
«Tpsi3HbIN» Oydep backend
3alKChIBAeTCS HA IUCK H:% (boroBbie npoLetCh!

Ha 0CBOOOIMBIIIEECS] MECTO
YMTAETCs JIpyrasi CTpaHuLa

o6Las namsiTb

eyepepsi vow ([ )

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

[Tpo6ema: ripu cboe TepsroTCs JaHHbIe U3 OTIepaTUBHOM
TaMsITH, He 3alMCcaHHbIe Ha JIUCK

KypHnan
TIOTOK I/IHCbOpMaL[I/II/I O BBITIO/IHI€MBIX I,Z[EI‘/JICTBI/IFIX,
HOBBO]IHI-OH_[ef/JI HOBTOpHO BEITIO/JITHUTH HOTepHHHLIE HpI/I C6OE Ol'IepaL[I/II/I
3aITuChb HOH&,E[&ET Ha ,I[I/ICK paHbH_Ie, yeM U3MEeHeHHEBIe ,E[aHHbIe

JKypHan 3ainuiijaet

CTpaHULIbI TabIUL], UHIEKCOB U JPYTUX 0OBEKTOB
cTatyc TpaH3akiui (clog)

JKypHas He 3amuiaer

BpeMeHHbIe U He)XKypHalIipyeMble TabmuLbl

Hanunune 6ydepHoro kawa (1 gpyrnx 6ycepos B oneparnBHON NamsTm)
yBe/IM4MBaeT NPon3BOAUTENbHOCTb, HO YMEHbLUAET HaAeXHOCTb. B cnyyae
c6os B CYB/] coaepxummoe 6ydhepHOro kawwa notepsaetca. Ecnn céoi
NMPOM30iAET B ONepaLnNoHHON CUCTEME UMM Ha annapaTtHOM YPOBHe, TO
nponaget coaepxunmoe n éydpepor OC (HO € 3TUM cripaBnAeTcs cama
ornepaunoHHas cuctema).

[na obecnevyeHna HagexHocTy PostgreSQL ncnonb3yeT XypHasimpoBaHue.
Mpwn BbINOHEHMM NOGOI onepauun opMUpyeTcs 3annchb, cogepxatias
MVUHMMa/TIbHO HEOBXoAUMYHO MHpopMaLnio Ansa Toro, YTobbl onepaymto
MOXHO Obl/10 BbINOSIHUTL NOBTOPHO. Takas 3anvcb AO/HKHA NnonacTb Ha AUCK
(Mnn gpyron aHeproHe3aBMCUMbIA HAKOMUTENb) paHbLue, Yem 6yayT
3anucaHbl M3MeHsieMble ornepaument gaHHble (NO3TOMY XypHas n
Ha3blBaeTCs ynpexoarouwum).

>KypHan 3aumuiaet Bce 06beKTbl, pabota ¢ KOTOpbIMU BEAETCS B
onepaTuBHOI NamATN: Tabnuubl, MHOEKCHI N ApYyrne 06bEeKTbI, CTaTyC
TpaH3aKUuiA.

B XypHan He nonagatT AaHHble 0 BpeMeHHbIX mabsiuyax (Takme Tabnmupl
AOCTYIMHbI TO/IbKO CO3A4aBLUeMy UX Mosib30BaTesto 1 TO/IbKO Ha BpeMs
ceaHca U TpaH3akuun) N 0 HexxypHasiupyembix mabsuyax (Takue
Tabnumubl HAYEM HE OT/INYAOTCA OT 0ObIYHbLIX, KPOME TOro, YTO He
3alMLeHbl XXypHasiom). B cniydae c604 Takve Tabnmupbl NPOCTO OUULLAKOTCS.
CMbIC/ X CYLLLECTBOBaHUA B TOM, YTO paboTa ¢ HAMWN NPOUCXOAMUT BbICTpee.
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[1pon3BOANTENBLHOCTb Pos{gres

v PostgreSQL
CHUHXPOHHBIU PEXXUM postmaster
3amnKch MpU (PUKCALUU T
. »- v AR
o0c/Ty>KMBarOLLHi NpoLiecc backend walwriter
—] ¢hoHOBbIE NMPOLECCHI

ACHHXPOHHBIU PEXXUM

(hoHOBas 3aMKch 06l namsTh

. xlog 6ychepHbIii KaLL clog
walwriter @ [ ] D
fsync
KaLL

XypHan R
WAL -

ocC

cratyc
TpaH3akuuii

£

MexaHn3Mm XypHannmpoBaHusi 6osee athhekTuBeEH, Yem paboTa HanpsimMyto C
ANCKOM 6e3 6ydhepHOro kawwa. Bo-nepsbiX, pasmep XypHasibHbIX 3anucei
MeHbLUe, YeM pasmep Lesion CTpaHuLbl AaHHbIX; BO-BTOPbIX, XypHa
3anucbiBaeTcs CTPOro nocnefosartesibHO (M He YATaeTCA, Nnoka He Cy4YmTcA
c6oi1), c yem BMosIHe crnpasnsTca NnpocTble HDD-ancku.

Ha 3dhhekTMBHOCTb MOXHO Takxe BNATb HACTPOMKOW. Ecnn 3anuck
npoucxoanTt cpasy (CUHXPOHHO), TO rapaHTUPYETCH, YTO 3addMKCMpoBaHHas
TpaH3akuMa He nponajgeT. Ho 3anncb — A0BOJILHO Aoporas onepauns, B
TeyeHne KOTOpoin 06CNyXMBAOLLMNIA NPOLLECC, BbIMOTHAOLWNIA ddnKcauuio,
BbIHYX/EH XAaTb. YTOObI XXYypHa/IbHasA 3anncb He «3acTpssia» B Kalle
onepaumoHHO cncTeMsbl, BbINOMHAETCA BbI30B fsync: PostgreSQL
nosiaraeTca Ha To, YTO 3TO rapaHTUpPyeT nonagaHne faHHbIX Ha
9HEeproHe3aBNCUMbIA HOCUTESTb.

[o3TOMYy €CTb U PEXUM OT/IOKEHHOI (ACUHXPOHHOIA) 3anucuK. B aTom cnyyae
3anucy nuwyTcs poHOBbIM NpoLleccoM walwriter nocteneHHo, ¢ He6O/bLLIOWA
3a/1epPXKoil. HaaexXHOCTb YyMeHbLLIAETCS, 3aTO NPON3BOANTENBHOCTb
yBenmumBaeTcs. Ho 1 B 3TOM criyyae nocse c6osl rapaHTupyeTcs
BOCCTaHOB/IEHME COr/1aCOBAHHOCTMU.
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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 —

o6Las namsiTb

@[ 6yhepHbIA K3LL j@

doHoOBas 3ar11ch

cbpoc acTu
rpsi3HbIX OydepoB

O6cmy>KuBarolue MMpoLiecchl ( o

C6pOC BLITECHSEMOTO
rpsizHorO Oydepa

BepHeMcsa K unnctpauumn u yTo4HUM ocTaBLUMecs CnyXebHble NpoLecchl,
CBSA3aHHbIX C 06CNyXnBaHMeM B6ydpepHOro Kalla 1 XxypHana.

Bo-nepBblx, 3TO npouecc walwriter, 3aHMMatOLLMIACA aCUHXPOHHOW 3anmcbio
)XypHasna Ha guck. Mpy CUHXPOHHOM PeXunMe XypHasibHble 3anvMcy nueT
TOT NPOLIECC, KOTOPbII BLIMNOHAET hrKCcaLMIO TPAH3aKLNUN.

Bo-BTOpbIX, NpOLECC KOHTPO/IbHOM TOUKM checkpointer, nepnoanyecku
cbpachbiBatoLmii BCe rpsA3Hble 6ydiepbl Ha AUCK.

B-TpeTbux, npouecc qooHOoBOI 3anucu bgwriter (v npocTo writer). 3T10T
MpoLLecc NOX0X Ha NPOLECcC KOHTPO/IbHOM TOYKM, HO 3anNUCbIBAET TOIbKO
4acTb rPA3HbLIX 6ydepos, Npuyem Te, KOTopble C 60/1bLIOIN BEPOATHOCTLIO
OyayT BbITECHEHLI B GNkaillee BpemMs. Taknm obpasom, korga
o6cnyxuBarLLemMy npoleccy noHagooutca 6ydep, OH CKopee Bcero Hanget
€ro He rpsA3HbIM U He ByAeT TepATb BpeMs Ha copoc bydrepa Ha AUCK.

N B-ueTBepTbIX, 06CNYXMBaOLLME NPOLIECCHI, YATaKoLLMe AaHHbIE B
6ydhepHblii KaLl. Ecnv, HECMOTPS Ha pa6oTy NPOLECCOB KOHTPO/IbHOM TOUKM
1 OOHOBOW 3anncu, BbITECHSAIEMbI Bydhep OKaXeTCsi TPSI3HbIM,
06CNyXMBaOLLMIA NPOLIECC CAMOCTOSITENbHO 3aMNULLET €70 Ha AUCK.



OOOOOOOOOOOO

[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 Pogza’??é:

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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2. OcTaHoB B pexume fast BbINONHAETCA 06bIYHON KOMaHAOi
pg_ctlcluster 9.6 main stop

Mpu 3TOM cepBep 06pbIBAET BCE OTKPbITblE COEAUHEHUNA N Nepes
BbIK/TIOYEHMEM BbIMNOTHAET KOHTPOJSIbHYIO TOUKY, YUTOObI Ha AMCK 3anncasinchb
cornacoBaHHble AaHHble. Takum 06pa3oM, BbIKHOUYEHNE MOXET
BbINO/IHATLCA OTHOCUTE/IbHO A0/1T0, HO NPW 3arnycke cepBep cpasy xe oynet
roToB K pabore.

3. OcTtaHoB B pexnme immediate BbINO/IHAETCA Tak:
pg_ctlcluster 9.6 main stop -m immediate --skip-systemctl-redirect

Mpu 3TOM cepBep TakkKe 06PbIBAET OTKPbITbIE COEAUHEHNS], HO He
BbIMNO/IHSIET KOHTPO/bHYH TOUKY. Ha AncKe ocTalTcst HecornacoBaHHbIe
[laHHble, Kak nocne c60s. TakuM 06pa3oM, BbIK/HOUEHNE NPOUCXOANT
6bICTPO, HO MpK 3anycke cepBep A0/MKEH ByAEeT BOCCTAHOBUTL
COrMacoBaHHOCTb AAHHbIX C MOMOLLbI XypHana.



