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BydepHbIin Kell ncnonb3yeTca ANAs CriaxmnsaHna CKOpocTu paboThl
onepatvBHOM NamMsaTu 1 anckos. OH COCTOUT N3 Maccusa bydepoB, KOTopble
cofepxar CTpaHuLbl AaHHbIX U AONONTHUTE/BHYI0 MHG)OpMaumto (Hanpuvep,
nMs hana v NosIoXXeHne CTpaHnLbl BHYTPU 3TOro doanna).

Pa3mep cTpaHuubl 06bI4HO cocTaB/iseT 8 Kb6anT; pasmep MOXHO U3MEHUTb
TONbKO Npun cbopke PostgreSQL.

JTiobasa paboTa co cTpaHULaMn AaHHbIX NPOXOAUT Yepe3 ByepHbIit KeLl.
Ecnu kakoin-nnbo npouecc cobrnpaetcs paboTtarb CO CTpaHULEen,

OH B MepBYI0 oyepepb MbiTaeTca HalTK ee B Kewle. Ecnv cTpaHuubl HeT,
OH ob6pallaeTcs K onepayuMoHHON cucTeMe ¢ NPocbOoi NpounTatb ATy
CTpaHuuy 1 nomMellaet ee B bydoepHbiin kewl. (Obpatnte BHAMaHWE, YTO
OC MOXeT npoynTaTb CTpPaHWULY C AUCKE, & MOXET OOHapYyXUTb ee

B COOCTBEHHOM Kelle.)

[Mocne Toro, Kak cTpaHuua 3anucaHa B 6ydyepHblil Kell, K HEN MOXXHO
obpallarbCa MHOroKpaTHO 6e3 HaknagHbIX pacxoAoB Ha Bbi30Bbl OC.

Ecnv npouecc nsMeHun JaHHble B CTPaHuLie, COOTBETCTBYOLLMI Bydep
CTaHOBUTCA «TPA3HLIM». I3MeHeHHas cTpaHuLa NOANEXUT 3anncu Ha AUCK,
HO MO COOBPAKEHNAM NPON3BOANTENBLHOCTY 3aNUCb MPOUCXOANT
ACUHXPOHHO N MOXET OTK/1aAbIBATHLCS.

ByhepHbIii Kew, Kak 1 gpyrne CTpyKTypbl 06LLel naMsaTu, 3almeH
610KMpOBKaMK ANA ynpasfieHNA OAHOBPEMEHHbLIM AOCTYNOM. XOTH
G1OKMPOBKN 1 peasnin3oBaHbl 3OEKTUBHO, JOCTYN K BythepHOMY KeLly
[laneko He Tak BbICTpP, Kak NPoCcToe obpalleHne K onepaTtMBHON NaMaTy.
[MoaToMy B 06LEM C/lyyae YeM MEeHbLUE JaHHbIX YATAET U N3MEHSET
3anpoc, Tem 6bICTpee oH byaet paboTaTb.



of] PROFESSIONAL

BbiTecHeHue Posigres
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Pa3smep 6ydhepHOro kewa obbIYHO He TaK Be/nK, YToObl 6a3a AaHHbIX
nomeulanacb B HEro LesiMkoM. Ero orpaHnumBaloT 1 AOCTyNHas
onepaTtuBHasa NamATb, ¥ BO3pacTaloLme npu ero yBesIMyeHnn HaknagHole
pacxofpl. Mo3ToMy Npu YTEHUM OYEPEAHON CTPAHWULbI PaHO UK NO3A4HO
OKaXkeTcs, YTO MecTo B BydpepHOM Kelle 3aKoH4YMnock. B aTom cnyyae
NPUMEHSIETCA BbIMECHEHUE CTPaHULL.

ANropuTM BbITECHEHUS BbIOMPAET B Kelle CTpaHuLy, Kotopas B nocregHee
BPEMS MCMNOMb30Baslach pexe Apyrnx. Ecnv BolbpaHHbIi 6ydiep okasascs
rPSA3HbIM, CTpaHULA 3anicbiBaeTCAa Ha AMCK, YTOObI He NOTeEpPSATb cAe/aHHbIe
B HEW U3MEHeHUs. 3aTeM B ocBobGoaAMBLLMIACA Bydhep untaeTca HoBas
cTpaHuua.

Takol anropuTm BbITECHEHUA Ha3biBaeTcs LRU — Least Recently Used.

OH coxpaHsieT B Kelle AaHHble, C KOTOPbIMWU NPOUCXOAMUT akTUBHas paboTa.
Taknx «ropsavnx» faHHbIX 00bIYHO HE C/IULWKOM MHOrO, M Npu A0CTaTOYHOM
06beme BydrepHOro KeLla nosryvyaeTcs CyLeCcTBEHHO COKPaTUTb KOIMYEeCTBO
o6pauleHnin K OC (1 AMCKOBbIX onepauni).



Bimsiane 6ydepHOro Kema Ha BEIIIOJIHEHHE 3alIPOCOB

Co3naeM HOBYIO B/l B KJ1acTepe U IIOAK/IIOUaeMcsI K Helt (IIojpo6Hee IIpo 6a3bl JAHHBIX — B Moy Ie «OpraHu3ariys JaHHbBIX»):
=> CREATE DATABASE arch_wal_overview;

CREATE DATABASE

=> \c arch_wal_overview

You are now connected to database "arch wal overview" as user "student".
Cosgagum TabIuIy:

=> CREATE TABLE t(n integer);

CREATE TABLE

3am0JIHUM TabJIUIY HEKOTOPHIM KOJITYeCTBOM CTPOK:

=> INSERT INTO t SELECT id FROM generate_series(1,100_000) AS id;
INSERT 0 100000

Pa3mep 6ydepHoOro Kela rmokassiBaeT mapameTp shared_buffers:

=> SHOW shared_buffers;

shared buffers

3Ha4eHMHe 10 YMOTYAHHUIO CIMIIKOM MaJIo; B 060 pealbHOM CHCTeMe ero TpeGyeTcs YBeJUIHUTD CPasy I10C/Ie YCTaHOBKH
cepBepa (M3MeHeHUe TpebyeT Ilepe3alrycKa).

Telepp Iepes3alryCTHM cepBep, YTOOBI CoflepKUMoe 6ypepHOro Kelna cO6pOCHUIIOCh.
=> \q

student$ sudo pg_ctlcluster 16 main restart

student$ psql arch_wal_overview

CpaBHHUM, UTO IIPOMCXOJUT IIPH IIEPBOM H IIPH BTOPOM BBIIIOJTHEHHMH OJHOI0O M TOTO >Ke 3aIIpoca. B aToM Kypce MBI He
paccMaTpHBaeM II0[POOHO IIJIaHBI 3aIIPOCOB, HO MHOIZA 6y/leM B HUX 3aI/Isi/ibIBaTh. Cefiuac MBI BOCIIO/Ib3yeMCsl KOMaH/0H
EXPLAIN ANALYZE, KoTOpasi BEIIIO/IHSIET 3aIIPOC ¥ BEIBOJUT He TOJILKO IIAaH BBIIIOJIHEHMS, HO ¥ JOTIOJTHUTEILHYI0
UHOOPMAIHIO:

=> EXPLAIN (analyze, buffers, costs off, timing off)
SELECT * FROM t;

QUERY PLAN
Seq Scan on t (actual rows=100000 loops=1)
Buffers: shared read=443
Planning:
Buffers: shared hit=12 read=8 dirtied=1
Planning Time: 0.160 ms
Execution Time: 6.335 ms
(6 rows)

Ctpoxka «Buffers: shared» rrokassIBaeT HUCIIOIbL30BaHUE 6yPepHOro Kelra.
e read — KoaHM4ecTBO 6ydepoB, B KOTOPEIe IIPHIILIOCH IIPOYUTATh CTPAHHIIBI C JACKA.

=> EXPLAIN (analyze, buffers, costs off, timing off)
SELECT * FROM t;

QUERY PLAN
Seq Scan on t (actual rows=100000 loops=1)
Buffers: shared hit=443
Planning Time: 0.034 ms
Execution Time: 4.310 ms
(4 rows)



e hit — KosuecTBO 6yPepoB, B KOTOPHIX HAIIUIUCEH HY>KHBIE /IS 3a1Ipoca CTPaHUIIBL.

06paTI/ITe BHHMaHHeE, UTO BO BTOpOfI Pa3 YMEHBIIIHUJIOCHh ¥ BpeMs BBIIIOJIHEHUS 3alIpoca, 1 BpeMs ero INIaHUPOBaHUA (HOTOMY
4qTo TaﬁJII/H_H;I CHCTEMHOTI0O KaTaJIiora Toxe KEH_II/Ipy}OTCH).



of] PROFESSIONAL

JKypHan npeasanucu (WAL)  Posggres

[Tpo6siema: 1ipu cboe TepsFOTCS AaHHbIE U3 OTIepaTHBHOMN
MaMsITH, He 3alMCaHHbIe Ha JIUCK

KypHan
IIOTOK I/IH(bOpMaI_[I/II/I O BBITIO/THAEMBIX ﬂeﬁCTBHHX,
1'IO3BO]'IHI-OLL[I/II‘/JI IMOBTOPHO BLITIO/THHUTL ITOTE€PAHHBIE ITPHU cboe ornepanyu
3adllMCh MoraaeT Ha JUCK paHbIlle, YeM W3MeHeHHbIe JdaHHbIe

JKypHaut 3aiuiriaer

CTpaHMULIbI TabO/IUL], UH/IEKCOB U APYTUX 00BHEKTOB
cTaTyc TpaH3akiuii (clog)

JKypHas He 3aiuiaer

BpeMeHHbIe U He)KypHanipyeMble TabnuLibl

Hannune 6ydepHoro kewwa (1 gpyrmx oydepos B ornepartvBHOM NamaTh)
yBe/IM4YMBaET NPOU3BOANTENBHOCTb, HO YMEHbLUAET HaeXHOCTb.

B cnyuae c6osa B CYB/[] coaepxmmoe 6ydrepHoro kella notepsieTcs.

Ecnn cboi nponsongeT B onepaymMoHHO cucTeMe UM Ha annapaTHOM
YPOBHe, TO nponaget cogepxunmoe n 6ydepos OC (HO € 3TUM cripaBnsaeTcs
cama ornepaumnmoHHas cuctema).

[na obecneveHnsa HageXHocTn PostgreSQL ncnosnb3yeT XypHasimpoBaHue.
Mpwn BbINOAHEHWW NO6OI onepaumm OPMUPYETCS 3anunchb, cogepxallas
MUHUMaJ/IbHO HEOBXoAUMYIO0 NHGbopMaUUIo A1 TOro, YToObl onepaLuio
MOXHO Obl/10 BbINO/IHATL MOBTOPHO. Takasa 3anncb A0/HKHA NonacTb Ha AMCK
(M gpyroin aHeproHe3aBUCUMbIA HaKONUTESb) paHblle, YeM byayT
3anucaHbl U3MeHsemble onepaunein gaHHble (MO3TOMY XYpPHaUT

N Ha3blBAETCA XYpHa/IoM ripedlanucu, write-ahead log).

dalinbl XXypHana pacnonaratorcs B katasiore PGDATA/pg_wal.

>KypHan 3aumuiaet Bce 06beKTbI, paboTa ¢ KOTOpbIMU BeAEeTCH
B ornepatuBHON NamMsaTu: Tabnnupl, UHAEKCHI U Apyrne 06bLEeKTbI, cTaTyc
TpaH3aKunia.

B XypHas1 He nonajaroT AaHHble 0 BpeMeHHbIX mabsiuyax (Takne Tabnmubl
[AOCTYMHbI TO/IbKO CO3A4aBLUEeMY UX MOJ1b30BaTeNto U TOIbKO Ha BpeMS
ceaHca Unun TpaH3akuun) 1 0 HexxypHasaupyembix mabsuyax (Takme
TabNuubl HUYEM He OT/INYAKOTCA OT 0ObIYHBIX, KPOME TOro, YTO He
3almueHbl XXypHasiom). B criydae c60s HexypHanupyemble Tabnuupbl
MNPOCTO OUULLLAKOTCA, 3aTO paboTa C HUMU NMPOUCXOANT BbICTpee.

https://postgrespro.ru/docs/postgresql/16/wal-intro



https://postgrespro.ru/docs/postgresql/16/wal-intro

KypHai npej3anucu

JloTH4YeCcKH >KypHaJI MO>KHO IIpeZiCTaBUTh B BHU/le HEIIPePEIBHOTO ITOTOKA 3amucei. Kaykziad 3aliuch UMeeT HOMeD, Ha3bIBaeMBIN
LSN (Log Sequence Number). 3To 64-paspsiiHOe YHCIO — CMellleHHe 3allicy B 6aliTax OTHOCUTEILHO Havasla KypHaJa.
TeKyIyro ITOSHUIUIO II0KaskIBaeT YHKIM pg_current_wal_lsn:

=> SELECT pg_current_wal_lsn();

pg_current wal 1lsn

0/2378D28
(1 row)

[To3uITys 3aIKChIBaeTCs Kak ABa 32-pa3psaHbIX YHC/Ia yepe3 KOCYI0 YepTy. 3allOMHUM 3TO 3Ha4YeHHUe.
BBITNIOSTHUM Tellepb KaKue-HUOY/Ib oIlepaliiy ¥ IIOCMOTPHUM, KaK H3MeHUJIaCh ITO3UITHSL.

=> UPDATE t SET n = 100_001 WHERE n = 1;

UPDATE 1

=> SELECT pg_current_wal_lsn();

pg_current wal 1sn

0/237BD40
(1 row)

VHTepecHB! He a6COIOTHEIE YHCJIA, a UX Pa3HUIIA, KOTOpAas II0KA3bIBAET pa3Mep CreHePHUPOBAHHBIX JKYPHAJIbHBIX 3aITHCEH B
famTax:

=> SELECT '0/237BD40'::pg_lsn - '0/2378D28'::pg_lsn AS bytes;

Pu3MUeCKH KypHaJ XpaHUTCA B ¢paiiyiax B 0TAeJbHOM KaTasore (PGDATA/pg_wal). ITo ymordaHuio aiiasl UMeloT pasMmep 16
M6aMT, 3aaTh APYrod pasMep MOKHO IIPH MHUIMAIHU3AUY KIacTepa 6a3 JaHHBIX.

Ha ¢aiIsl MOKHO B3IVIIHYTE He TOJIBKO CpefcTBaMU GariIoBOM CHCTEMBI, HO U C IIOMOIIbI0 QYHKITHH:
=> SELECT * FROM pg_ls_waldir() ORDER BY name LIMIT 10;

name | size | modification

000000010000000000000002 | 16777216 | 2025-06-23 23:23:12+03
000000010000000000000003 | 16777216 | 2025-06-23 23:23:06+03
(2 rows)
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KOHTpO/bHaA To4vka Posigres

[Mepuoguueckuii cOpoc Bcex rpsi3HbIX OydepoB Ha AUCK

rapaHTUPYeT IoMajJiaHre Ha JUCK BCeX M3MeHeHHH 10 KOHTPOIbHOM TOUKU
OrpaHHYMBAET pa3Mep >KypHasa, He0OX0AUMOTO /ISt BOCCTAHOBJIEHUS

BoccraHoBnenue rpu cooe

HaUMHAeTCd C HOCHEAHEﬁ KOHTpOJ'II:HOﬁ TOUKHN
nocjen0BaTe/IbHO MPOUT'PBIBAIOTCA 3allUCH, €C/IN W3MEHEHUM HeT Ha AUCKe

Ha4asno
BOCCTaHOB/1EHUA

HeobxoanMble dhalinel XypHana

’/ .
L { @ { » Xid
KOHTPO/IbHAsi Touka KOHTPO/IbHAs Touka c6oii

Korga cepsep PostgreSQL 3anyckaetcs nocne c6os, OH BXOAUT B PEXUM
BOCCTaHoOB/IeHUSA. MHGhopMauus Ha AMcKe B 3TO BPEMS Hecor/1acoBaHHa:
N3MEHEHUS «TOPSAYMX» CTPAHMUL, Nponasnun, NOCKO/IbKY 3TU CTPaHuLbl BCe
elle HaxoAunchL B Kelle, a 6o/1ee No3aHne N3MEHEHUS Yxe Obln
cbpoLlueHbl Ha AUCK.

UT0ObI BOCCTAHOBUTL COr/lacoBaHHOCTb, PostgreSQL untaet WAL n nocne-
[oBaTeNbHO NPOUrpbLIBaET Kaxayl ero 3annuck, ecin COOTBETCTBYIOLLEe
N3MEeHeHVe He nonasio Ha AucK. Takum 0bpa3om BOCCTaHaB/IMBaETCH
paboTa Bcex TpaH3akuuii. TpaH3akummn, 3anmcb 0 hukcaumm KoTopbIx He
ycnesia nonacTb B XypHaJsl, CUMTaTCA 060pPBaHHbIMMU.

OpHako 06beM XypHasia 3a BpeMs paboTbl cepBepa Mor 6bl 4OCTUTHYTb
FMraHTCKNX pasmMepoB. XpaHUTb ero Lie/IMkoM 1 npocmaTtpueatb npu cboe
COBEpPLUEHHO He peasibHO. Noatomy CYB/, nepnoanyeckn BbINosHAET
KOHTpO/bHY0 Touky (KT): npuHygMTenbHO copacbiBaeT Ha ANCK BCe Tps3Hble
6ychepsbl (BKNtouas 6ydepsbl clog, XpaHsiLme cOCTOSIHNE TpaH3akLUuii).

COOCTBEHHO «TOYKa» — 3TO MOMEHT Hadasia 3anucu 6ydgpepos, KoTopble
Obl/IX TPA3HBIMU HA 3TOT MOMEHT. HO Touka cumMTaeTcA BbINO/IHEHHOW TOSLKO
nocne Toro, Kak Bce Takue 6ydpepbl 3anMcaHbl. 3TO rapaHTUPYET, YTO BCe
N3MEHEHNA, caenaHHble 0 MmoMeHTa KT, HaxoaaTcsa Ha Ancke.

B peasibHbIX cuctemax ¢ 6onblumMm 6ydbepHbimM Kewem KT MoxeT
cbpacblBaTb MHOIO rpsA3HbIX Oyhepos, NO3ITOMY cepBep pacnpeaenser
npouecc 3anucu no BpeMeHu, Ytobbl CrnaguTb Harpy3ky Ha BBOA-BbIBOA,.

BoccTaHoB/IeHWE Nnoc/ie c60s1 HauMHaEeTCsl C MOMEHTa nocneaHel
3aBepLUeHHol KT, UTo No3BO/IAET XPaHUTb TOMIbKO dhaiinibl XXypHana,
3anncaHHble Nnocse Hee.



BoccTaHOBJIEHHE IPH IIOMOIIH >KypHaJIa

V3MeHeHHbIe TaG/IMYHbIe CTPAHMIIEI HAXOASITCSI B GybepHOM Kellle, HO ellfe He 3aIMCaHbl Ha IUCK. [Ipr 06BITHO 0CTaHOBKE
CepBep BBITOJIHSIET KOHTPOJILHYIO TOUKY, UTOGBI 3aIIMCATh BCE IPSI3HbIE CTPAHHUITBI Ha IHCK, HO MBI CLIMUTHPYEM C60i CHCTEMBI,
I10CJIAB CHIHAJ IIPOLieccy postmaster.

student$ sudo head -n 1 /var/lib/postgresql/16/main/postmaster.pid

11382

student$ sudo kill -QUIT 11382

IIpu cTapTe IIPOM30/[eT BOCCTAHOBJIEHHE COIJIACOBAHHOCTH JAHHBIX C IIOMOIILI0 XKypHasIa. IlpoBepum:
student$ sudo pg_ctlcluster 16 main start

student$ psql arch_wal_overview

=> SELECT min(n), max(n) FROM t;

min | max
_____ [

2 | 100001
(1 row)

Bce n3MeHeHUs ObLJIM BOCCTaHOBJIEHBL.

PostgreSQL aBTOMAaTHYECKH YAaJsIeT )KypHaIbHbIe GatiIsl, He TpeGyOIIHecs /IS BOCCTAHOBJIEHUS, II0CJIe BBIIIOJTHEHUS
KOHTPOJIBHOM TOYKH.
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[1pon3BOANTENBLHOCTDb Posigres

T PostgreSQL
CHUHXPOHHBIU PeXUM postmaster

3amuch TP (pUKCcaru I o

obcyxuBatoLyi npoLecc backend walwriter | | checkpointer

|

ACVHXDOHHBIW PeXXUM

o6Las namsTb

(hoHOBas 3aMMcCh

walwriter (wal ) @ ( GychepHbiii Kew )
[ Kew oc
Yy
=0 N

cTaryc
TpaH3akuuii
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MexaHu3M XypHanmpoBaHus 6onee apdekTnBeH, yem pabota HanNpAMYyHo
C Auckom 6e3 ByhepHoro Kewa. Bo-nepsbiX, pasmep XypHaslbHbIX 3anuncen
MeHbLUE, YeM pasmep Lesoin CTpaHnubl AaHHbIX; BO-BTOPbIX, XYPHa
3anucbiBaeTCs CTPOro nocnenosatesibHO (M 06bIYHO HEe YnTaeTCs, Noka He
CnyymTcs c6oM), ¢ Yem BNosiHe cnpaBnaTcs npocTtble HDD-ancku.

Ha adhhekTBHOCTb MOXHO Takxe BMUSTb HACTPOiKol. Ecnn 3anucb
npoucxoauTt cpasy (CUHXPOHHO), TO rapaHTUPYeTCsl, YTO 3adMKCMPOBaHHAS
TpaH3akKuusi He nponadeT. Ho 3anncb — A0BOJILHO loporasi onepauus,

B TeueHMe KOTOPOoIi 06C/yXMBaOLWMIA MPOLECC, BbINOMHAWLLMI uKcaLmio,
BbIHYX/1€H X/AaTb. UT0ObI XXypHasibHas 3annch He «3acTpsifia» B Kelle
onepaLnoHHOI cUCTEMbI, BbINOTHAETCS CUCTEMHBIN BbI30B fsync:
PostgreSQL nonaraeTcs Ha To, UTO 3TO rapaHTMpyeT nonajgaHne AaHHbIX
Ha 3HEepProHe3aBNCUMbI HOCUTENb.

[03TOMY ECTb U PEXMUM OT/IOXKEHHOI (ACUHXPOHHOI) 3anucu. B aTom cnyvae
3anucy nuiLyTest OoHOBbLIM NpoLleccom walwriter nocTeneHHo, ¢ He6Oo/bLLON
3a/1ePXKON. HaaeXHOCTb YMEHbLLAETCS, 3aTO NPOoM3BOANTENTbHOCTb
yBenmumnBaeTcsi. Ho u B 3TOM c/iyyae nocsie c6osi rapaHTMpyeTcs
BOCCTAHOB/IEHME COINAacOBaHHOCTMN.

Ha camom gene o6a pexnma pabotatoT COBMECTHO. YKypHasibHble 3anmcu
[ONTON TpaH3akumu 6yayT 3anncbiBaTbCA aCUHXPOHHO (4TO6bLI 0CBO6OANTL
6ychepbl WAL). A ecnv npu cobpoce CTpaHuLbl AaHHbIX OKaXETCS, UTO
COOTBETCTBYHIOLLASA XYypPHa/IbHasA 3annchb eLle He Ha AuCcKe, OHa TyT Xe oyaer
3anncaHa B CUHXPOHHOM pexume.
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OCHOBHbI€ npoLecchl Pos{gres

PostgreSQL
3amnuch XXypHaJsia postmaster

KOHTpO JIbHasI TOUKa [U— ez

cOpoc Bcex backend walwriter | | checkpointer | | bgwriter
rpA3HbIX Gydhepos —

o6Las namsTb

@ @ [ 6ychepHbIii KeLl ]

doHoBag 3armch

cOpoc vacTu
rpsi3HbIX Oydepos

O6cmy>kuBatole MpoLecchl ( kew oc

)
cOpOC BBITECHSIEMOTO
rpasHoro 6ydepa D D @
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BepHemcs eLle pa3 kK npoueccam, CBA3aHHbIM C 006CTyXMBaHNEM
OGychepHOro Kella n XXypHana.

Bo-nepBbiX, 3TO Npouecc walwriter, 3aHUMatOLLMINCA aCUHXPOHHOW 3annchblo
)XypHasna Ha guck. Mpy CUHXPOHHOM pPeXunMe 3anmcbio XXypHana 3aHMMaeTcsl
TOT NpoLEecc, KOTOPbI BbINOMHAET OUKCALMIO TPAH3aKLMW.

Bo-BTOpbIX, MpOLECC KOHTPO/IbHOM TOYKM checkpointer, nepnognyecku
cbpachbiBatoLmii BCe rpsi3Hble 6ydepbl Ha AUCK.

B-TpeTbux, npouecc poHoBoi 3anmucun background writer (v bgwriter).
DTOT Npouecc NOX0X Ha NPOLECC KOHTPO/IbHON TOYKKU, HO 3anncbiBaeT
TOJIbKO YacTb rPA3HbIX 6ydpepos, NpuyemM Te, KOTopble C 60/1bLLOM
BEPOSATHOCTbLIO OYAyT BbITECHEHbI B G/vKalilee Bpems. Takum o6pasom,
Korga o6cnyXxunsaroLwmini npouecc Bblbepet bydep, UTo6bI NpoYnTaTh HOBYHO
CTpaHuLy, CTapas cTpaHuLua CKopee BCEro yXxe He 6yaeT rpsA3Hon 1 He Hajo
oyneT TpatuTb BpeMs, YTOOblI COPOCUTL €€ Ha AMCK.

N B-4yeTBepPTbIX, 06CYXMBaAIOLLME NPOLECCHI, YNTaroWme AaHHble

B OydpepHbIin Kew. Ecnu, HecMoTps Ha paboTy NPoLEecCcoB KOHTPOJTbHOM
TOYKM 1 (POHOBOW 3aNUCK, BbITECHAEMbI Oydoep OKaXKeTCs rPA3HbIM,
06CNyXMBaKOLLMIA NPOLECC CAMOCTOATE/IbHO 3anuLLIET ero Ha OUCK.



of] PROFESSIONAL

YpPOBHU XypHasia Pos{gres

Minimal
FapaHTI/IH BOCCTaAHOBJIeHUd 110c/ie C60${

Replica (no ymoauanuro)

pe3epBHOe KOMMpOBaHHe
pervIMKalys: repejiaua v MpOUrphIBaHue XKypHasia Ha IPYyTOM cepBepe

Logical

norryeckas perviMKarus: uH@opmaiys o f06aBneH!H, U3MeHeHUH
Y yJa/IeHAH TabTUUHBIX CTPOK

12

Kak y>ke roBopusiocb, NPUYMHON NOSIBIEHUS XypPHasia ABNAETCS
HeobxoAMMOCTb 3almuarb MHopmaLmio OT C60eB 13-3a NoTepu
COAEePXUMOro onepaTtuBHOM NaMsATH.

OpHaKo XypHan — MexaHW3M, KOTOPbIA OKa3anocb Y400HO NPUMEHSTH
n oNsa opyrux uenemn, ecnn ob6asuTb B HETO AOMO/THUTENbHYHO
NHdpopMaLnIio.

O6beM AaHHbIX, KOTOPbI NonagaeT B XXypHasl, perynmpyerca napaMmeTpom
wal_level.

Ha ypoBHe minimal xypHan obecrneynBaeT TO/IbKO BOCCTaHOB/IEHNE
nocre c6os.

Ha ypoBHe replica B XXypHan gobasnsercsa nHgopmauuns, no3sonsaoLas
MCNO/Mb30BaTh €ro A5 CO34aHns pe3epPBHbIX KOMUIA 1 pensiukauuu.

Mpu pennukaunn XXypHasibHble 3an1ucu nepegaroTca Ha Apyron cepeep

N NPUMEHSIOTCA TaM; TakuMm 06pa3oM co3faeTcs 1 noanepXxnsaercs
TOYHasA Konua (pensinka) OCHOBHOIO cepBepa.

Ha ypoBHe logical B xxypHan gobasnsetca nHopmauus, no3sonsouas
[EKOANPOBaTb «(OU3NYECKME» XYPHa/IbHbIE 3ancn 1 chopMmpoBaThb

N3 HUX «J1I0rMyeckne» 3anncu o gobasneHnm, UISMeHEHUN N yaaneHnm
Tab/IMYHbIX CTPOK. DTO NO3BOMISAET OPraHN30BaTh JIOTMYECKYHO
pennnkaunio (paccmarprBaeTcs B COOTBETCTBYHOLUUX TEMaxX KypcoB
DEV2 1 DBA3).
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Toru Posygres

BydepHbiii Kelll CylijeCTBEHHO yCKOpsieT paboTy,
yMeHblLasi UAC/I0 AUCKOBBIX OrepaLyi

HazexxHocTb 0becrieurBaeTcs )KypHaIMpOBaHUEM
Pa3mep >KypHaa orpaHuueH 61aroapst KOHTPOJIbHBIM TOUKaM

’KypHan ynobeH 1 UCII0/b3yeTcsl BO MHOTMX C/Tydasix

U151 BOCCTaHOBJIEHHsI 11ocye cbost
TIpY pe3epBHOM KOITMPOBaHUU
[J1s1 pelIvKalliu MeXX/ly cepBepamu
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of] PROFESSIONAL

[1pakTnka Posigres

1. CpexcTtBamu ornepaliOHHOM CUCTeMbI HAUAUTE TIPOLIECCHI,
oTBeuaroliye 3a pabory 6ydepHoro Keiiia 1 )kypHaiaa WAL.

2. OcraHoBurte PostgreSQL B pexxume fast; CHOBa 3arycTuTe ero.
[TpocmoTpuTe >KypHasn coobl1iieHui cepBepa.

3. Tenepb ocTaHoBuUTe B pexxrMe immediate ¥ CHOBa 3aryCTHTe.
[TpocmoTpuTe >KypHa coo011leHui cepBepa U CPaBHUTe
C TIpebIAYIIIMM Pa30oM.
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2. [ins octaHoBa B pexunme fast ncnonb3ymte kKomaHay

pg_ctlcluster 16 main stop

[Mpn aTOM cepBep 06pbIBAET BCE OTKPbITbIE COEANHEHUA N Nepes
BbIK/TOHEHNEM BbITNOJ/THAET KOHTPOJ/1IbHYIO TOYKY, yTOObI HA ANCK 3anncasjincb
cornacoBaHHble AaHHbIe. Takum o6pa30|v|, BbIK/TOUEHNE MOXXET

BbINONIHATLCA OTHOCUTE/IBHO A0/1T0, HO NPU 3anycke cepBep cpasy xe oynet
rotoB K pabore.

3. [insi octaHoBa B pexunme immediate ncnosnb3ynte KomaHay
pg_ctlcluster 16 main stop -m immediate --skip-systemctl-redirect
|_|p|/l 3TOM CepBep Takxe O6prBaeT OTKPbITblIE COEANHEHNA, HO HE
BbIMNO/THAET KOHTPOJIbHYH TOYKY. Ha ANCKe OCTaloTCA HecorsnacoBaHHbIE
AaHHble, KakK rnocsne c605. Takum 06pa30|v|, BbIK/TOHEHNE NPONUCXOoONT

ObICTPO, HO NP 3anycke cepBep A0/MKEH Gy1eT BOCCTAHOBUTb
COrMaCcoBaHHOCTb [1aHHbIX C MOMOLLbIO XypHana.

[Ons PostgreSQL, cobpaHHOro n3 UCXoAHbIX KOA0B, OCTAaHOB B pexume fast
BbIMO/THAETCA KOMaH0#

pg_ctl stop

a 0CTaHoB B pexume immediate — komaHa0M
pg_ctl stop -m immediate



1. IIponeccrl onepanioHHON CHCTEMBI

CHavaJIa IOJIy4YUM HAEeHTHOUKATOP IIpoIiecca postmaster. OH 3aIlKCcaH B IIepBOI CTpoKe datiia postmaster.pid. IToT paiin
pacIIoJiokeH B KaTaJjiore ¢ JaHHBIMH U co3laeTcs KaXK/AbIi pas IIpu cTapTe cepBepa.

student$ sudo cat /var/lib/postgresql/16/main/postmaster.pid

33069
/var/lib/postgresql/16/main
1750710666
5432
/var/run/postgresql
localhost

1336658 32777
ready

Teneps HalifieM BCe IIPOIECCHI, IIOPOKeHHBIe IIPOI[eCCOM postmaster:
student$ sudo ps -o pid,command --ppid 33069

PID COMMAND
33070 postgres: 16/main: checkpointer
33071 postgres: 16/main: background writer
33073 postgres: 16/main: walwriter
33074 postgres: 16/main: autovacuum launcher
33075 postgres: 16/main: logical replication launcher
33119 postgres: 16/main: student student [local] idle

K mporjeccam, 06cay>KUBarOIKUM 6yepHBIH Kelll ¥ )KypHaJl, MOXKHO OTHECTH:

e checkpointer;
e background writer;
o walwriter.

2. OcTtaHOBKa B pe>xume fast

UT06HI JIETKO OT/EJIUTD CTapble CO0OIIIeHUs 0T HOBBIX, OUMCTHM >KypHaJI COO6IIeHUH IIepe/] ITepe3allyckoM cepBepa. KoHeuHo, B
peanbHOM paboTe Tak IIOCTYIATh He CIefyerT.

student$ sudo -u postgres truncate -cs@ /var/log/postgresql/postgresql-16-main.log
student$ sudo pg_ctlcluster 16 main stop

student$ sudo pg_ctlcluster 16 main start

JKypHaJ1 coob1ieHHU cepBepa:

student$ cat /var/log/postgresql/postgresql-16-main.log

2025-06-23 23:31:10.382 MSK [33069] LOG: received fast shutdown request

2025-06-23 23:31:10.406 MSK [33069] LOG: aborting any active transactions

2025-06-23 23:31:10.407 MSK [33119] student@student FATAL: terminating connection due to
administrator command

2025-06-23 23:31:10.413 MSK [33069] LOG: background worker "logical replication
launcher" (PID 33075) exited with exit code 1

2025-06-23 23:31:10.413 MSK [33070] LOG: shutting down

2025-06-23 23:31:10.424 MSK [33070] LOG: checkpoint starting: shutdown immediate
2025-06-23 23:31:10.843 MSK [33070] LOG: checkpoint complete: wrote 5 buffers (0.0%); 0
WAL file(s) added, 0 removed, 0 recycled; write=0.112 s, sync=0.032 s, total=0.430 s;
sync files=4, longest=0.013 s, average=0.008 s; distance=0 kB, estimate=0 kB;
1sn=0/19220A0, redo 1sn=0/19220A0

2025-06-23 23:31:10.857 MSK [33069] LOG: database system is shut down

2025-06-23 23:31:11.095 MSK [33361] LOG: starting PostgreSQL 16.9 (Ubuntu
16.9-1.pgdg24.04+1) on x86 64-pc-linux-gnu, compiled by gcc (Ubuntu
13.3.0-6ubuntu2~24.04) 13.3.0, 64-bit

2025-06-23 23:31:11.095 MSK [33361] LOG: 1listening on IPv4 address "127.0.0.1", port 5432
2025-06-23 23:31:11.105 MSK [33361] LOG: Tlistening on Unix socket
"/var/run/postgresql/.s.PGSQL.5432"

2025-06-23 23:31:11.133 MSK [33364] LOG: database system was shut down at 2025-06-23
23:31:10 MSK

2025-06-23 23:31:11.154 MSK [33361] LOG: database system is ready to accept connections

3. OctaHOBKa B pe>xuMe immediate

student$ sudo -u postgres truncate -cs@ /var/log/postgresql/postgresql-16-main.log



student$ sudo pg_ctlcluster 16 main stop -m immediate --skip-systemctl-redirect

student$ sudo pg_ctlcluster 16 main start

JKypHaul coobl1ieHUM cepBepa:

student$ cat /var/log/postgresql/postgresql-16-main.log

2025-06-23 23:31:13.585 MSK [33361] LOG:
2025-06-23 23:31:13.610 MSK [33361] LOG:
2025-06-23 23:31:13.864 MSK [33542] LOG:
16.9-1.pgdg24.04+1) on x86 64-pc-linux-gnu, compiled by gcc (Ubuntu
13.3.0-6ubuntu2~24.04) 13.3.0, 64-bit
2025-06-23 23:31:13.864 MSK [33542] LOG:
2025-06-23 23:31:13.874 MSK [33542] LOG:
"/var/run/postgresql/.s.PGSQL.5432"

2025-06-23 23:31:
at 2025-06-23 23:
2025-06-23 23:31:

10.02 s, current

2025-06-23 23:31:

20.01 s, current

2025-06-23 23:31:

30.00 s, current

2025-06-23 23:31:

13.896

MSK [33545] LOG:

31:11 MSK

23.931
path:
33.926
path:
43.914
path:
47.695

MSK [33545] LOG:

./base/1/2609 fsm

MSK [33545] LOG:

MSK [33545] LOG:

./base/5/4166

MSK [33545] LOG:

automatic recovery in progress
2025-06-23 23:31:47.720 MSK [33545] LOG:

least 24, got 0

2025-06-23 23:31:47.720 MSK [33545] LOG:
2025-06-23 23:31:47.751 MSK [33543] LOG:

wait

2025-06-23 23:31:47.821 MSK [33543] LOG:
WAL file(s) added, 0 removed, 0 recycled; write=0.020 s, sync=0.010 s, total=0.080 s;
sync files=2, longest=0.005 s, average=0.005 s; distance=0 kB, estimate=0 kB;

1sn=0/1922118,

redo 1sn=0/1922118

2025-06-23 23:31:47.848 MSK [33542] LOG:

received immediate shutdown request
database system is shut down
starting PostgreSQL 16.9 (Ubuntu

listening on IPv4 address "127.0.0.1", port 5432
listening on Unix socket

database system was interrupted; last known up
syncing data directory (fsync), elapsed time:

syncing data directory (fsync), elapsed time:

./base/16385/2840 fsm

syncing data directory (fsync), elapsed time:
database system was not properly shut down;
invalid record length at 0/1922118: expected at

redo is not required
checkpoint starting: end-of-recovery immediate

checkpoint complete: wrote 3 buffers (0.0%); 0

database system is ready to accept connections

Ilepex TeM, KaK HauaTh IPUHUMATh coefiHeHMs, CYB/] BRIIIOJTHUIA BOCCTaHOBJIeHHe (automatic recovery in progress).



