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Tembl Posygres

YpoBHU XKypHasa U peliaemMsble 3a/1auu
HapexxHocTs 3anvcu

IIpon3BogUTE/IBHOCTD
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YpOBHU XypHasia Pos{gres

Hacrpoiika

4eM BblLLE YPOBEHb,
TeMm GosbLLe UHGhopMaLMK

() wal_level = replica 5 XypHasie
Minimal

BOCCTaHOBJIEHUeE [T0C/Ie cOos
Replica

BOCCTAaHOBJIEHHE U3 pEBEpBHOﬁ KOTINH, perviMKalua

+ omeparyy MacCoBOM 00pabOTKU JaHHBIX, OITOKUPOBKH,
HOMepa BBITIO/THSIOIIUXCS TPAH3aKIUH

Logical

JIoruyecCkasl perviKalus
+ I/IHCbOPMaI_[I/IH JJI JIOTUYEeCKOIro JeKOAPOBAHUA

Kpome OCHOBHO1 3aja4n — BOCCTAHOB/IEHWS COINIacOBaHHOCTM Nocse
c6051 — XypHas1 MOXHO MCNONb30BaThb U ANA APYIUX Lenei, ecniv 4o6aBuTb
B HEro AonosIHUTENbHY MHJoOpMauuio. a8 3TOro CyLeCcTBYHOT HECKO/TbKO
YPOBHEN XypHasna, ycTaHaBnBaeMblx napametTpom wal_level.

YpoBeHb minimal cogepXuT To/1bKo MHhopMaL Mo, HeobXoANMYH AN
BOCCTaHOB/IEHNSA nocse c60s. B XypHas He 3anncbiBaloTCA onepauum
MaccoBoil 06paboTkn gaHHbIX (Takne, kak CREATE TABLE AS SELECT,
CREATE INDEX # T. n.), X AONTOBEYHOCTb rapaHTUpyeTcs Hemea/1eHHOW
3anucblo JaHHbIX Ha OUCK.

YpoBeHsb replica (Mcrnonb3yeTcs no ymMosiHaHui) no3BonseT
BOCCTaHaB/IMBaTb CUCTEMY M3 TOPAUNX Pe3ePBHbIX KOMWUIA, caeNaHHbIX
yTunuton pg_basebackup. [lnsa aToro B XXypHasi 3anmcbiBatoTCA BCe
N3MEHEHNA faHHbIX, BK/1IOYasa onepayum MaccoBoi 06paboTkn. YpoBeHb
TaKxe Mo3BOJISET OpraHM30BaTb penvkaunio — nepegaBsarb NOTOK
XXYPHa/IbHbIX 3anuncein Ha gpyron cepeep (3T TEMbl paccMaTpmBaroTC

B Kypce DBA3), AN Yero B XXypHas1 BK/KoYaeTcs MHpopmauma o psae
G1OKMPOBOK.

YpoBeHsb logical ncrnonb3yetca gasa nNormyeckon pensimkaunm — oH A0/HKEH
ObITb BK/IIOYEH Ha cepBepe, NyonvKyLWweM n3MeHeHna. Jnsa npaBuibHON
paboTbl JIOrMYECKOro AeKOAMPOBaHNA B XXypHaUl 3anmcbiBaeTca
AOMNONHUTENbHAA NHG)OpMaLMs, NO3BO/IAKWAasA KOPPEKTHO paclumdpoBarh
CMbIC/1 onepawmii No XypHasibHbIM 3annCcaMm.

UeM BblLLIE YPOBEHb, TEM 60MbLUe MHOPMALMK NONAAaET B XypHas U,
cnepfoBaresibHO, TeEM 60/IbLLE Er0 0OBLEM.



VposHH XypHaj1a

Hcrionp3yeM HOBYIO 6a3y JaHHBIX.

=> CREATE DATABASE wal_tuning;

CREATE DATABASE

=> \c wal_tuning

You are now connected to database "wal tuning" as user "student".
=> CREATE EXTENSION pg_walinspect;

CREATE EXTENSION

VcTaHOBUM I KypHaJia ypoBeHb minimal (IIpu sTOM IIPUAETCS TakKe 3a7aTh HyJleBOe 3SHaUeHHe IlapaMeTpa max_wal_senders
U IlepesallyCTUTh CepBep).

=> ALTER SYSTEM SET wal_level = minimal;

ALTER SYSTEM

=> ALTER SYSTEM SET max_wal_senders = 0;

ALTER SYSTEM

student$ sudo pg_ctlcluster 16 main restart

student$ psql wal_tuning

ITocMOTpHM, KaK 3aIliCcbIBaeTcd B )KypHaJs koMaHzia CREATE TABLE AS SELECT.
=> SELECT pg_current_wal_insert_lsn();

pg _current wal insert lsn

0/1FF0700
(1 row)

=> CREATE TABLE t_wal(n) AS SELECT 1 FROM generate_series(1,3000);
SELECT 3000
=> SELECT pg_current_wal_insert_lsn();

pg_current_wal_insert_lsn

0/2025C10
(1 row)

06©BeM KypHaIa:
=> SELECT '0/2025C10'::pg_1lsn - '0/1FF0700'::pg_lsn;

?column?

218384
(1 row)

B >KypHasle HeT 3aIIicel, OIIMCHIBAIOIIMX BCTaBKY CTPOK B TabJIHITY:

=> SELECT resource_manager, record_length, xid, start_lsn, record_type
FROM pg_get_wal_records_info('0/1FF0700','0/2025C10")

WHERE record_type IN ('CREATE','INSERT+INIT','COMMIT')

ORDER BY start_1sn;

resource manager | record length | xid | start lsn | record type

------------------ B e R Lk T
Storage | 42 | 0 | O/1FF45E8 | CREATE
Transaction | 34 | 745 | ©0/2025BE8 | COMMIT

(2 rows)

Ha ypoBHe minimal n3MeHeHwUs, BhIITOSTHeHHbIe onlepaTopamMi CREATE TABLE AS SELECT, CREATE INDEX, TRUNCATE u
HeKOTOPBIMH IPYTUMH, He )KXYPHAIUPYIOTCSA. ITH OIlepaTOPhI BCEr/ia CaMHU BBIIIOJIHAIOT CHHXPOHHU3AIIHI0, 06ecIieunuBas
OJITOBEUHOCTD. A )KypHAaJI COLEP>KUT TOJIBKO 3aIIHCH, HE0OX0AHUMBIe /11 BOCCTaHOBJIEHUS I10CIe COO0SL.



ViamuM TabJIHIly, BepHEM YPOBeHb 110 YMOTUaHHIO (replica) ¥ TIOBTOPUM 3KCIIEPUMEHT.
=> DROP TABLE t_wal;

DROP TABLE

=> ALTER SYSTEM RESET wal_level;

ALTER SYSTEM

=> ALTER SYSTEM RESET max_wal_senders;

ALTER SYSTEM

student$ sudo pg_ctlcluster 16 main restart

student$ psql wal_tuning

=> SHOW wal_level;

wal level

replica
(1 row)

ITocMOTpHM, KaK Telleph 3allkcbIBaeTcs B )KypHaJs koMaHzia CREATE TABLE AS SELECT.
=> SELECT pg_current_wal_insert_lsn();

pg current wal insert lsn

0/202FE40
(1 row)

=> CREATE TABLE t_wal(n) AS SELECT 1 FROM generate_series(1,3000);
SELECT 3000
=> SELECT pg_current_wal_insert_lsn();

pg_current_wal_insert_lsn

0/20730A0
(1 row)

0O6BeM )KypHaJla YBeJIUUHIICS:
=> SELECT '0/20730A0'::pg_lsn - '0/202FE40'::pg_lsn;

?column?

275040
(1 row)

IToMHUMO U3MeHeHUH CUCTeMHOI0 KaTaJjora, B JKYpPHaJI IT0IIaJar0T 3alluCH:

o CREATE — cospmaHue aliiyia OTHOLIEHUS;
e INSERT+INIT — BcTaBKa CTPOK B TabJIHILy;
o COMMIT — ¢uKcaIiys TpaH3aKIUH.

=> SELECT resource_manager, record_length, xid, start_lsn, record_type
FROM pg_get_wal_records_info('0/202FE40','0/20730A0")

WHERE record_type IN ('CREATE','INSERT+INIT','COMMIT')

ORDER BY start_1sn;



xid | start lsn | record type

I I

------------------ B e S R T
Storage | 42 | 0 | 0/20333D0 | CREATE
Heap I 59 | 747 | ©/2043EB8 | INSERT+INIT
Heap I 59 | 747 | 0/2047768 | INSERT+INIT
Heap | 59 | 747 | ©/204B018 | INSERT+INIT
Heap | 59 | 747 | ©/204E8C8 | INSERT+INIT
Heap I 59 | 747 | 0/2052178 | INSERT+INIT
Heap I 59 | 747 | ©/2055A10 | INSERT+INIT
Heap I 59 | 747 | ©/20592C0 | INSERT+INIT
Heap | 59 | 747 | ©/205CB70 | INSERT+INIT
Heap | 59 | 747 | ©/2060420 | INSERT+INIT
Heap I 59 | 747 | 0/2063CB8 | INSERT+INIT
Heap I 59 | 747 | ©/2067568 | INSERT+INIT
Heap I 59 | 747 | ©/206AE18 | INSERT+INIT
Heap | 59 | 747 | ©/206E6C8 | INSERT+INIT
Heap | 59 | 747 | ©/2071F60 | INSERT+INIT
Transaction | 421 | 747 | 0/2072EF8 | COMMIT

(16 rows)

Ha ypoBHe replica )KypHaJI COZIep>KUT BCe U3SMeHEeHUs JaHHBIX, YTO I103BOJIsIeT IIPUMEHUTh UX K QU3UUeCKOM pe3sepBHOM KOIIMU
WJIU K PeIUInKe.



HaaeXHOoCTb 3anncu Q

KemipoBanue
[ToBpexeHve naHHbIX

HeaTOMapHOCTb 3dlMUCHU CTPAHUIL
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KewwnpoBaHue Posigres

CHHXPOHHU3ALMS C JUCKOM OybepLi WAL

JAHHbIE [J0/DKHBI JOUTH /10 SHEPrOHe3aBUCUMOI0 D D D D {

XpdHuW/HIla yepe3 MHOrouucjieHsdble kemm 0 oo oo oo oo oo

CYB/] coobiijaeT 0 CMHXPOHM3ALIWY OTIePALIMOHHOMN CUCTEMe

criocobom, ykazaHHbIM B wal_sync_method
Kew sapa OC

HaJ0 YUHNTBIBATL dlllldPATHOE KEIKMPOBAHUE

Hactporiku

OTNOXEHHast Kel KoHTposnepa

fsynC =0n 3anuch — c Garapeeit
Wal Sync method pe3epBHOro NuTaHusa
(yTunura pg_test_fsync)

Kell anucka

CKBO3Has
3annchb T
[

6

ECTb HECKONIbKO MOMEHTOB, KOTOPbIE BNSIIOT HA HAAEXHOCTb. BO-NepBbIX,
BCEBO3MOXHbI€ Kelln, HaxoAsLWmMecs: Ha NyTN K 3HEProHe3aBNCUMOMY
XpaHunuLLy (TakoMy Kak MsiacTUHa XXEeCTKOro [MUCKa).

Korga PostgreSQL TpebyeTtcsa HagexHo 3anucaTtb AaHHble, OH Nosib3yeTcs
cnocoboM, ykazaHHbIM B napameTpe wal_sync_method. BapnaHToB
HECKOJ/IbKO, HO OCHOBHbIX — ABa: NM60 nocre 3anncu onepaunoHHOM
cucteme gaetcs komaHga cuHxpoHmnsaumn (fsync, fdatasync), nméo dpaiin
OTKpbIBAETCS UK 3aNnCbIBAETCA CO cneynasibHbiM donaroM, KOTopbIi
rOBOPUT O HEOOBXOAMMOCTN CUHXPOHM3ALNK, & N0 BO3MOXHOCTU — MPSAMOIA
3anucu, muHysa Kew OC. Ytunuta pg_test fsync nossonser Bblopatb
crnoco6, Hanbonee noaxoAswmii onst KOHKPeTHoM OC N KOHKPETHOW
dhaitnoBoi cuctembl. Ho B 11060M C/lyyae 3TO AOpOrocTosLwas onepayus.

Kpome 3Toro, agMUHUCTPATOP A0/MKEH YOEeaAUTbLCSA B TOM, UTO AaHHble
NeNCTBUTENbHO A0XOAST A0 AMCKA, a He 3a1ePXXMBAlOTCS B Kelle
KOHTpOsI/1Iepa nan camoro aucka. Ecnv kel KOHTposiepa oTknabiBaet
3anuncb, TO KOHTPO/I/IEP B 06a3aTeNbHOM NOPsiKe AO/KEH MMETb 6aTapeto
pe3epBHOro NUTaHus. A9 AUCKOB Nydllie ycTaHaBNMBaTb CKBO3HYHO 3aMniChb.

BoobLue roBopsi, CUHXPOHM3ALUMI0 MOXHO OTMEHUTL (NapameTp fsync), HO

B 3TOM C/ly4ae Npo HaAeXHOCTb XpaHeHus cnepyet 3abbiTb. EAMHCTBEHHbIN
pa3yMHbIil BapaHT OTK/TOUYEHNS 3TOr0 NapameTpa — BPeMEHHOoe
yBe/IM4yeHne Npon3BoanTeibHOCTU B Crlydae, ecnn flaHHble MOXHO 1erko
BOCCTaHOBUTb (Hanpumep, Npu HadasibHO MUrpaumn).

https://postgrespro.ru/docs/postgresal/16/wal-reliability
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[loBpexaeHne AaHHbIX Pos}gres

KoHTpOnbHBIE CYMMBI )KyPHA/IbHBIX 3alliceu

BK/IrOUeHbI Bcerga, CRC-32

KOHTPOJ'IBH]:IE CYMMBI CTPdHHL]

HY>XHO BKJ/TFOUYUTD TIPHU MHULIMA/IM3al]UX K/IdCTEPA

. HaKnagHble

initdb -k pacxoppl, yBenuueHne
pasmepa XypHana

Hacrtporiku

& data_checksums
ignore_checksum_failure = off

Bo-BTOpbIX, AaHHble MOTYT ObITb NOBPEXAEHbI HA HOCUTENe, Npu nepegadve
[aHHbIX N0 MHTEPMENCHbIM Kabensam n 1. N. YacTb Takmx oLmnboK
obpabarbiBaeTcA Ha annapaTHOM YPOBHeE, HO YaCTb — HET.

UT0ObI BOBPEMS 0OHaPYXXNTb BO3HUKLLYIO NPO6/1eMy, XypHasibHbIe 3anucu
BCerga cHabXarTcsl KOHTPOIbHbIMU CyMMaMM.

CTpaHuLbl AaHHbIX TAKXKE MOXHO 3alUNTUTb KOHTPOSTbHBIMU CYMMamM.

D710 nyywe cgenatb cpasy nNpy NHULManu3aymm knactepa, Ho MOXHO
BK/IIOYNTb YTUNIUTOM pg_checksums n noTom, OCTaHOBUB CepBep.

B npon3BoACTBEHHON cpefie KOHTPOJIbHbIE CYMMbI AO/MKHbI OblTb BK/IHOUYEHDI
06s3aTeNIbHO, HECMOTPSA Ha HakNaAHble pacxofbl Ha NX BblYNC/EHNE

N KOHTPO/Ib. VIHa4Ye MOXHO MO/yYnTb CUTYyaL Mo, Koraa BO3HUKLLMIA COOM

He ByaeT BOBpeMs 0OHapyXeH.

MpoBepUTL, BKITHOYEHBI 1N KOHTPO/IbHbIE CYMMbI, MOXXHO C MOMOLLbHO
napametpa data_checksums (ToNbKo Ans yteHus). MNMapametp
ignore_checksum_ failure no3BonsieT He NpepbIBaTb TPaH3aKLUMIo,
NpoYMTaBLUYO0 COOMHYHO CTPaHuLy, HO 00bIYHO €ro He crieyeT BKKYaThb.
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HeaTtomMapHOCTb 3anmcu Posigres

O6pa3 cTpaHulbl

pr cboe CTpaHUIld MOXKeT OBITD 3arTMcaHa He MTOIHOCTBIO

B JKyPHaJl 3al1cbIBaeTcst 00pa3 CTpaHUL{bl
TIpY [1ePBOM ee M3MeHeHUH T0CJIe KOHTPOJIbHOM TOUKU

TIPY BOCCTaHOBJ/IEHUU >KypHaJ/IbHbIE 3aCH
TIPUMEHSTIOTCS K 3arMcaHHOMY 00pasy

HacTpoiiku
pasmep xypHana

full_page_writes = on
wal_compression = off

B-TpeTbux, ecTb Npo6aemMa aToMapHOCTM 3anncu.

CrtpaHuua gaHHbIx 3aHnmaeT 8 Kb (nnm 6onblue: 16 Kb, 32 KB), a Ha
HU3KOM YpPOBHe 3anncb NPOUCXOAMUT 6/10KaMu, KOTOpble 0ObIYHO NMET
MeHbLWNn pasmep (512 6aiT, 4 Kb, XoTa 6bIBalOT U Apyrne pasmepsbl).
MosTtomy npu c60e NUTaHMA CTpaHuLa AaHHbIX MOXET 3anucarbCs
4aCTU4YHO. NMOHATHO, YTO NPU BOCCTAHOBIEHUN BECCMbICIEHHO NPUMEHATH
K TAKOW CcTpaHuLe 00blYHbIEe XYypPHaUIbHbIE 3anucu.

Ons 3awmuTbl PostgreSQL nNo3BoNSIET 3anncbiBaTh B XXypHas1 0b6pa3 BCei
CTpaHuUubl NPV NEPBOM €€ U3MEHEHUN NOC/1e KOHTPO/IbHON TOYKN — 3TUM
ynpasniseT napametp full_page writes. OTKNO4aTb €ro UMeeT CMbIC/I,
TO/IbKO eCNn UCnob3lyemMas paisioBas cuctema 1 annaparypa camm rno
cebe rapaHTUpPYOT aTOMapHOCTb 3anucu.

Ecnv npu BOCCTAHOB/EHUM Mbl BCTPEYAEM B XypHasie 06pas cTpaHuLbl,

To 6e3yCNOBHO 3anncbiBaeM ero Ha auck (K Hemy 60o/bLie AoBepusi, Tak Kak
OH, KaK 1 BCsIKasi XypHasibHasi 3anuchb, 3aluiLeH KOHTPOsIbHO CyMMOIA).

N nanee K HeEMy yxe NpUMeEHSIEM 06bIUHbIE XYPHa/IbHbIE 3anucu.

Xotsa PostgreSQL ncknroyaeT M3 NoaHOro obpasa CTpaHuLbl He3aHATOe
MEeCTO, BCe XXe 00beM XYpHasibHbIX 3annucen ysenununsaetcsa. Ecnm

B KnacTtepe BK/IH0UYEHbI KOHTPOJIbHbIE CYMMbI CTPaHUL, NPy N3MEHEHUN
OMTOB-NOACKA30K B XXYpHasie NoABMSETCA AONOMHUTEIbHAaA 3amnuch,
oTpaxaroLas N3MeHeHne KOHTPOsIbHOM CYyMMbI.

Pa3mep XypHasia MOXHO YMEHbLUUTL 3a CHET CXaTus NosiHbIX 06pasos,
3aZlaB MeToj cxkartna napametTpom wal_compression. logaepxusaroTcs
mMeToapbl pglz, 1z4, zstd. 3Ha4yeHne on coOTBETCTBYET Bbi6OpY pglz, off
OTK/I0HaEeT cxarue.



KoHTpOJIbLHEIE CYMMBI

CosfiafiuM ellfe OfHY Ta6GIHITY:

=> CREATE TABLE t(id integer);
CREATE TABLE

=> INSERT INTO t VALUES (1),(2),(3);
INSERT 0 3

BoT daii1, B KOTOPOM HaXOJATCS JaHHBIe:
=> SELECT pg_relation_filepath('t');

pg relation filepath

base/16390/16404
(1 row)

OCTaHOBHM cepBep U ITOMeHsIeM HecKOJILKO GafiTOB B cTpaHUIle (COTpeM U3 3arosioBKa LSN mocseiHe )KypHaJIbHOM 3aIIHCH).
student$ sudo pg_ctlcluster 16 main stop

student$ sudo dd if=/dev/zero of=/var/lib/postgresql/16/main/base/16390/16404 oflag=dsync conv=notrunc
bs=1 count=8

8+0 records in
8+0 records out
8 bytes copied, 0,0457797 s, 0,2 kB/s

MO>KHO 6bLI0 OBI 1 He OCTaHABJIUBATh cepsep. JlocTaTo4HO, YTOOBL:

¢ CTpaHMHIIA 3alIHcajach Ha JUCK U 6bLyIa BEITECHEHA U3 Kellla;
® ITPOM30ILIO ITIOBPEXIEHUE;
® CTpaHHIIa OBLIa IIpoYHnTaHa C JHUCKa.

Temeps 3aIrycKkaeM cepBep.

student$ sudo pg_ctlcluster 16 main start
student$ psql wal_tuning

ITonpo6yeM IIPOYUTATH TAOIHITY:

=> SELECT * FROM t;

WARNING: page verification failed, calculated checksum 40449 but expected 2668
ERROR: invalid page in block 0 of relation base/16390/16404

ITapametp ignore_checksum_failure 1103BoJIseT IIOIIBITATHCS BCE-TaAKHU IIPOUNTATD TaOJIHITY, XOTh U C PUCKOM IIOJIy4IUTH
HUCKa)kKeHHbIe TaHHbIe (HallpuMep, ecId HeT pe3epBHOM KOIIHHN):

=> SET ignore_checksum_failure = on;

SET

=> SELECT * FROM t;

WARNING: page verification failed, calculated checksum 40449 but expected 2668
id

1
2
3

(3 rows)



[Mpon3BOANTENIbHOCTb Q OOOOOOOOOOOO

Xapakrep Harpysku
CUHXpOHHas 3aruch

ACI/IHXPOHHaH 3dITUCh

10
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XapakTtep Harpysku Pos{gres

IToCTOSIHHBIM TTOTOK 3artMcH

rocie/joBaTe/ibHasl 3arvch, OTCYyTCTBUE C/Iy4alHOro JOCTYyIIa
XapakTep Harpy3Ky OT/IMUAeTCsl OT OCTa/lbHOW CUCTEMBI

TIpY BBICOKOM Harpy3ke — pa3MelljeHre Ha OT/leIbHbIX (Pr3UYeCcKUX JUCcKax
(cumBosmyeckas ccoliika 13 PGDATA/pg_wal)

Penkoe urenue

IIprU BOCCTaHOBJ/IEHUH

nipu paboTe mipolieccoB walsender, ecii perivka He ycrieBaeT ObICTPO
TIO/Ty4aTh 3arich

11

Mpn 06bIYHOM paboTe NPOMCXOANT NOCTOSAHHAsA U nocriegoBaresibHas
3anuncb XypHasibHbIX dpainnoB. MNMocKobKy OTCYTCTBYET Cly4YaliHbIi OCTYN,
C TakoW Harpys3Kkom OT/IMYHO CrpaBAATCs N 00bl4HbIE AMUCKK HDD.

Ho Takoi xapakTep Harpy3ku CyLeCcTBEHHO OT/InYaeTcs OT TOro, Kak
NPOUCXoAUT AOCTYN K thanam gaHHbIX. Mo3aToMy 06bI4YHO BbIrO4HO
pasMeLLaTb XypHas Ha OTAeNlbHOM (pu3nyeckom ancke (amnckax),
NPUMOHTMPOBaHHbLIX K PC cepBepa; BmecTo Katasiora PGDATA/pg_wal
HY>XHO CO34aTb CMMBOJINYECKYIO CCbIJIKY HA COOTBETCTBYHOLLMIA KaTasior.

OfHako ecTb cuTyauusi, Npu KOTOPOW XypHasibHble doaiibl He06XoANMO
yntatb (KpOMe MOHATHOrO C/lydyasd BOCCTaHOB/IEHUA nocse c6os). OHa
BO3HUKAET, €CNIN UCMOJIb3yeTCA NOTOKOBAA Per/inkaunsa 1 pensnka He
yCcneBaeT MnoJslyyaTb XypHasibHble 3an1cu, noka OHW eLlle HaxoasaTCcs

B Oychepax onepatvBHOI NaMATM OCHOBHOIO cepsepa. Toraa npoeccy
walsender npuxoanTCa YnTaTb HYyXHble faHHble C Ancka. Baanmogenctene c
pennnkon nogpobHo paccmarpusaeTcs B kypce DBA3 B moayne
«Pennukaunsa».

[N MOHUTOPUHIA 1 OLLEHKM NPON3BOAUTENBHOCTU paboTbl WAL
B PostgreSQL Bepcun 14 661510 fobasneHo npeacrtasneHne pg_stat wal.
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CUHXpPOHHasA 3anncb Posigres

Ajiroputm

pr CbI/IKCaL[I/II/I M3MeHeHUN CGPHCLIB{:H-OTCH BCe HaKOIMMBIIIMeCd 3allhCH,
BKJ/IFOUas 3dIT1Ch O CbI/IKCaI_[I/II/I

oxuzanue commit_delay, ecriv akTUBHO He MeHee commit_siblings
TpaH3aKLMi

CBoricTBa

rapdHTHUPYeTCA OO0JITOBEUHOCTb
YBEJ/IMUMBAETCS BpeMs OTK/IMKA

HacTporiku
. BK/KOYaATb
synchronous_commlt =0on npy 60/1bLIOM notoke
. KOPOTKUX TPaH3aKLuii
commit_delay =0
commit_siblings =5
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3anncb XypHasia NnponcxoauT B 04HOM U3 ABYX PEXUMOB: CUHXPOHHOM
(korga npu chmrkcaunm TpaH3akunmn NPoaoc/KeHne paboTbl HEBO3MOXHO
[10 TEX NOop, NoKa BCe XXYPHaslbHble 3anncu 0 TpaH3akKUM He OKaXyTCs
Ha AWCKe) M aCMHXPOHHOM (Korga XypHasi 3anmcbiBaeTcs Yactamu B ooHe).

CWHXPOHHbBIN pexum BKIKYaeTca napaMmeTpom synchronous_commit.

[MOCKOMbKY CUHXPOHM3auUusa paboTaeT 40110, BbIrOAHO BbINOSHATL €€ Kak
MOXHO pexe. 1N 3Toro npouecc, 3anncbiBatoLLnii XXypHas, genaet naysy,
onpeaensemyo napameTpom commit_delay, HO TO/IbKO B TOM c/lyvae, ecnm
NMeeTcsa He meHee commit_siblings akTUBHbIX TPaH3aKUNin — B pacyeTe
Ha TO, YTO 3a BpPeEMSI OXMAAHMS YacTb TPaH3akLUUii ycneeT 3aBepLUnNTbCA

N MOXHO OyAeT CUHXPOHU3MPOBATh MX 3anucu 3a o4uH pas.

3arem npouecc BbINOHAET COPOC XypHasia Ha ANCK Ao Heobxoammoro LSN
(M1 HeckKonbKo 60/bLUE, eCN 3a BpeMS 0XuaaHus 0o6aBuIMCb HOBbIE
3anucum).

[Mpy CUHXPOHHOI 3anucKn rapaHTUpPyeTCsa A0/ITOBEYHOCTb — €C/IN
TpaH3akuma 3adoMKCupoBaHa, To BCe ee XypHasibHble 3anucu yxe ecTb
Ha oucke n He ByayT notepsiHbl. ObpaTHas CTOpoOHa COCTOUT B TOM, YTO
CUHXPOHHas 3annch yBenmumBaeT BpemMs oTknuvka (komaHga COMMIT
He BO3BpalLaeT ynpasneHne 40 OKOHYaHUA CUHXPOHMU3aLUUN) N CHKAEeT
Npon3BoAUTENIbBHOCTbL CUCTEMBI.
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ACNHXPOHHAaA 3anncb Posigres

Ajiroputm

LIMKJIbI 3anMcH uepe3 wal_writer_delay

3dIMMCBIBAOTCA TOJIBKO LI€/TMKOM 3all0/IHEHHBIE CTPAHUWIBI;
HO €CJ/IM HOBBIX IMOJ/IHBIX CTPAHMI] HET, TO 3aIllMCbIBA€TCA MMOC/IeJHAA 10 KOHILA

CaoiicTBa
rapaHTUPYeTCs COTVIaCOBAHHOCTh, HO He JI0JITOBEUHOCTh
3a(vKCcMpOBaHHbIE U3MEeHeHHs1 MOTYT nponactsk (3 X wal_writer_delay)

HacTporiku T

U3MEHSATb Ha YPOBHE

synchronous_commit TPaHsaKyMm
wal_writer_delay = 200ms
wal_writer_flush_after = 1MB

13

[Mpn acMHXPOHHOWM 3anucu paboTaeT npouecc wal writer, cbpacbiBas
HaKoMMBLUMECS XYPHasibHbIe 3anucu nnbo vyepes wal_writer_delay eanHul
BpeMeHu, Mnbo no AocTmxeHnn oobema wal_writer_flush_after:

* Ecnn c npowsioro pasa B 6ydoepax 6bin1a Lenmkom 3anosiHeHa ogHa
NN HECKOJ/IbKO CTpaHuL, copacbiBaloTCA TOMIbKO TakuMe, NOSIHOCTbIO
3anosiHeHHble, CTpaHuUbl (UM YacTb TakMX CTPaHuL,; BCIOMHUM,
4TO XXYPHa/IbHbIN Kell NpeacTaB/isieT cob0i KosbLeBoil bydep —
3anuncbiBaeTCcs TOMIbKO HeNpepbIBHaA NocsiefoBaTe/lbHOCTb CTPaHuL).
Mpn 60/1bLIOM NOTOKE U3MEHEHNIA 3TO NO3BOSISIET HE CUHXPOHM3MPOBAaTb
OfHY M Ty Xe CTpaHuLy HECKOJIbKO pas.

e Ecnu xe 3anofiHeHHble CTPaHULbl He MOSABU/INCH, 3anuCbiBaeTCA TeKyLas
(He 40 KOHUa 3anosiHeEHHas) cTpaHuua XypHana.

ACVHXPOHHas 3anmcb 3ddeKTMBHEE CUHXPOHHON — domKcauuns N3MEHEHWI
He XaeT 3anucn. OgHako HaeXHOCTb YMeHbLIaeTcs: 3addMKCUPOBaHHbIEe
[laHHble MOryT NponacTb B caiydae c60s, ecniv mexay dukcauunein n coem
npowsio meHee 3 x wal_writer_delay eguHuL, BpeMeHN.

MapameTp synchronous_commit MOXHO yCTaHaB/MBaTb B pamKax
TpaH3aKUUiAi. DTO NO3BOJISIET YBE/TMUMBATL NPOU3BOANTENNBLHOCTb, XEPTBYS
HaAEXHOCTbIO TONbKO YaCTV TPaH3aKLWIA.

https://postgrespro.ru/docs/postgresgl/16/wal-async-commit

B peanbHoCcTN 06a pexnma paboTaloT COBMECTHO. YKypHasibHble 3anncu
[ONTON TpaH3akumu 6yayT 3anncbiBaTbCA aCMHXPOHHO (4TOObLI 0CBO6OAUTL
6ychepbl WAL). A ecniv npu cobpoce rpsi3Horo dygpepa okaxeTcs, UuTo
COOTBETCTBYIOLLLAA XYPHa/IbHas 3anuchb €eLLle He Ha AWCKe, OHa TyT Xe byaet
cbpolleHa B CUHXPOHHOM pexume.



https://postgrespro.ru/docs/postgresql/16/wal-async-commit

BiusitHIe CHHXPOHHOM pHUKcaii Ha IPOU3BOAUTETHHOCTh

Pe)XHM, BKIIOUEHHBIH 110 YMOJIUaHUI0, — CHHXPOHHAas QUKCcaIys.
=> SHOW synchronous_commit;

synchronous_commit
on
(1 row)

3aIryCTUM IIPOCTOM TECT IIPOU3BOJUTEIHFHOCTH C IIOMOIIILI0 YTHUINTEI pghench. /Iyt 3Toro cHavama HHUITHAIHU3UPYeM
Heo0X0IUMble Ta6JIHIIEL...

student$ pgbench -i wal_tuning

dropping old tables...

NOTICE: table "pgbench accounts" does not exist, skipping

NOTICE: table "pgbench branches" does not exist, skipping

NOTICE: table "pgbench history" does not exist, skipping

NOTICE: table "pgbench tellers" does not exist, skipping

creating tables...

generating data (client-side)...

100000 of 100000 tuples (100%) done (elapsed 0.06 s, remaining 0.00 s)
vacuuming. ..

creating primary keys...

done in 0.47 s (drop tables 0.00 s, create tables 0.02 s, client-side generate 0.23 s,
vacuum 0.07 s, primary keys 0.14 s).

... TAaK)Ke COPOCUM CTATUCTHKY O paboTe >KypHasIa IIpe/3arikicy:
=> SELECT pg_stat_reset_shared('wal');

pg _stat reset shared

3amyckaeM TecT Ha 10 ceKyH[,.
student$ pgbench -P 1 -T 10 wal_tuning

pgbench (16.2 (Ubuntu 16.2-1ubuntu4))
starting vacuum...end.

progress: 1.0 s, 125.0 tps, lat 7.918 ms stddev 1.125, 0 failed
progress: 2.0 s, 135.0 tps, lat 7.406 ms stddev 1.112, 0 failed
progress: 3.0 s, 129.0 tps, lat 7.747 ms stddev 1.317, 0 failed
progress: 4.0 s, 138.0 tps, lat 7.290 ms stddev 0.595, 0 failed
progress: 5.0 s, 134.0 tps, lat 7.446 ms stddev 1.583, 0 failed
progress: 6.0 s, 130.0 tps, lat 7.642 ms stddev 0.822, 0 failed
progress: 7.0 s, 122.0 tps, lat 8.209 ms stddev 0.838, 0 failed
progress: 8.0 s, 152.0 tps, lat 6.593 ms stddev 0.381, 0 failed
progress: 9.0 s, 105.0 tps, lat 9.516 ms stddev 3.186, 0 failed

progress: 10.0 s, 75.0 tps, lat 13.254 ms stddev 3.400, 0 failed
transaction type: <builtin: TPC-B (sort of)>
scaling factor: 1

query mode: simple

number of clients: 1

number of threads: 1

maximum number of tries: 1

duration: 10 s

number of transactions actually processed: 1246
number of failed transactions: 0 (0.000%)

latency average = 8.029 ms

latency stddev = 2.201 ms

initial connection time = 4.191 ms

tps = 124.518577 (without initial connection time)

B pesysibTaTax pghench Hac HHTepecyeT YHCI0 TPaH3aKIIUH MM CKOPOCTS (tps), a B JAHHBIX IIpeficTaBIeHUs pg_stat_wal —
KOJITYeCTBO OIIePAITii 3alHCH B CHHXPOHM3AI[UH JKypHaIa:

=> SELECT wal_records, wal_bytes, wal_write, wal_sync FROM pg_stat_wal;



wal records | wal bytes | wal write | wal sync
------------- B et S

8387 | 655969 | 1249 | 1248
(1 row)

Temnepb yCTAHOBUM aCHHXPOHHBIH PEsKUM.

=> ALTER SYSTEM SET synchronous_commit = off;
ALTER SYSTEM

=> SELECT pg_reload_conf();

pg_reload conf

C6pocuM HaKOIIEHHEIE JaHHBIE.
=> SELECT pg_stat_reset_shared('wal');

pg _stat reset shared

U cHOBA 3aIlycKaeM TecCT.
student$ pgbench -P 1 -T 10 wal_tuning

pgbench (16.2 (Ubuntu 16.2-lubuntu4))
starting vacuum...end.

progress: 1.0 s, 2630.0 tps, lat 0.378 ms stddev 0.066, 0 failed
progress: 2.0 s, 2605.0 tps, lat 0.384 ms stddev 0.079, 0 failed
progress: 3.0 s, 2644.0 tps, lat 0.378 ms stddev 0.065, 0 failed
progress: 4.0 s, 2612.0 tps, lat 0.383 ms stddev 0.070, 0 failed
progress: 5.0 s, 2596.0 tps, lat 0.385 ms stddev 0.077, 0 failed
progress: 6.0 s, 2630.1 tps, lat 0.380 ms stddev 0.070, 0 failed
progress: 7.0 s, 2610.0 tps, lat 0.383 ms stddev 0.083, 0 failed
progress: 8.0 s, 2588.0 tps, lat 0.386 ms stddev 0.087, 0 failed
progress: 9.0 s, 2632.0 tps, lat 0.380 ms stddev 0.066, 0 failed

progress: 10.0 s, 2667.0 tps, lat 0.375 ms stddev 0.063, 0 failed
transaction type: <builtin: TPC-B (sort of)>
scaling factor: 1

query mode: simple

number of clients: 1

number of threads: 1

maximum number of tries: 1

duration: 10 s

number of transactions actually processed: 26254
number of failed transactions: 0 (0.000%)

latency average = 0.381 ms

latency stddev = 0.073 ms

initial connection time = 4.140 ms

tps = 2622.446863 (without initial connection time)

=> SELECT wal_records, wal_bytes, wal_write, wal_sync FROM pg_stat_wal;

wal records | wal bytes | wal write | wal sync
------------- R e e T

158631 | 10465644 | 1324 | 52
(1 row)

KpOMe TIOBBIIIEHHS tPS, MBI BUJUM H CaMy IIPHUYHHY IIOBBIIIEHHS IIPOU3BOJUTEIHLHOCTH: KOJTMYECTBO onepaunﬁ CHUHXPOHU3alNH
JKypHaJla 3SHaUYUTE/JIbHO YMEHBIIIUJIOCE.

Pa3yMeeTCS{, Ha pea]ILHOﬂ CHCTeMe COOTHOIIIeHHEe MOXKeT ObITh APYTHUM, HO BUJHO, UTO B aCHHXPOHHOM pe’KHUMe
IIPOU3BOAUTEILPHOCTE CYIII€ECTBEHHO BBIIIIE.
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Toru Posygres

>KypHaJI I103BOJIAeT BOCCTAHOBUTH COITIACOBAHHOCTSH I10C/IE
C60€B, HO MOJKET UCII0JIb30BATbCA U AJId APYIHUX 3a4d4

HapexxHocTb 3anvcu TpeOyeT HacTpoiiku He Tosibko CYB/],
HO U Ha ypoBHe OC, ®C u anmnaparypsbl

HacTpoiika no3BossieT JoCcTHYb OanaHca
MEX[y [J0JITOBEUHOCTHIO U NTPOM3BOAUTETBHOCTBIO
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[1pakTuka Pos{gres

1. W3yuuTe, KaK BAMsIeT Ha pa3Mep >KyPHA/IbHBIX 3aITUCeH 3HaUeHue
napameTpa full_page_writes.

I171s1 3TOTO MOBTOPUTE MPOCTOU TeCT pgbench, nmoka3aHHbIM
B [IeMOHCTpALMM, C pa3HbIMUA HaCTPOMKaMH KypHana. [lepen
3aIyCKOM Ka)X/IOTO TeCTa BBITIOJIHSAWTE KOHTPOIBHYI0 TOUKY.

OO6bsicHUTe TOyUYeHHbIN pe3y/ibTar.

2. Bo ckonbKo pa3 yMeHbIlIaeTCs pa3Mep )KypHaJbHbIX 3anucei
TIpU BK/IFOUEHWU TlapameTpa wal_compression?

16

Ona aetasibHOro aHasM3a MOXET NPUroaAnTbCa PYHKUMA pg_get wal stats
N3 pacwmpeHunsa pg_walinspect.



1a. Full page writes = on

=> CREATE DATABASE wal_tuning;

CREATE DATABASE

=> \c wal_tuning

You are now connected to database "wal tuning" as user "student".
=> CREATE EXTENSION pg_walinspect;

CREATE EXTENSION

student$ pgbench -i wal_tuning

dropping old tables...

NOTICE: table "pgbench accounts" does not exist, skipping

NOTICE: table "pgbench branches" does not exist, skipping

NOTICE: table "pgbench history" does not exist, skipping

NOTICE: table "pgbench tellers" does not exist, skipping

creating tables...

generating data (client-side)...

100000 of 100000 tuples (100%) done (elapsed 0.33 s, remaining 0.00 s)
vacuuming...

creating primary keys...

done in 0.65 s (drop tables 0.00 s, create tables 0.02 s, client-side generate 0.40 s,
vacuum 0.11 s, primary keys 0.11 s).

=> SHOW full_page writes;

full page writes
on
(1 row)

=> CHECKPOINT;
CHECKPOINT
=> SELECT pg_current_wal_insert_lsn();

pg _current wal insert lsn
0/2C5E9B8
(1 row)

3amyckaeM TecT Ha 10 ceKyH[,.
student$ pgbench -T 10 wal_tuning

pgbench (16.2 (Ubuntu 16.2-1ubuntu4))

starting vacuum...end.

transaction type: <builtin: TPC-B (sort of)>
scaling factor: 1

query mode: simple

number of clients: 1

number of threads: 1

maximum number of tries: 1

duration: 10 s

number of transactions actually processed: 1225
number of failed transactions: 0 (0.000%)
latency average = 8.165 ms

initial connection time = 4.061 ms

tps = 122.477587 (without initial connection time)

=> SELECT pg_current_wal_insert_lsn();

pg _current wal insert lsn

0/35AC458
(1 row)

CMOTPHM CTaTHCTHKY )KYPHAJIbHBIX 3aIIHCELt:



=> SELECT sum(count) count,
pg_size_pretty(sum(record_size)) record_size,
pg_size_pretty(sum(fpi_size)) fpi_size,
pg_size_pretty(sum(combined_size)) combined_size

FROM pg_get_wal_stats('0/2C5E9B8', '0/35AC458');

count | record size | fpi size | combined size

8260 | 606 kB | 8875 kB | 9481 kB
(1 row)

3HAYUTEILHYIO0 YacTh 00'beMa >KypHaJla COCTaBJISIOT II0JIHEIE 06pa3sl crpaHurl (FPI).

1b. Full page writes = off

=> ALTER SYSTEM SET full_page_writes = off;
ALTER SYSTEM
=> SELECT pg_reload_conf();

pg_reload conf

=> CHECKPOINT;
CHECKPOINT
=> SELECT pg_current_wal_insert_lsn();

pg_current_wal_insert_lsn
0/35B82D8
(1 row)

3amyckaeM TecT Ha 10 ceKyHJ,.
student$ pgbench -T 10 wal_tuning

pgbench (16.2 (Ubuntu 16.2-lubuntu4))

starting vacuum...end.

transaction type: <builtin: TPC-B (sort of)>
scaling factor: 1

query mode: simple

number of clients: 1

number of threads: 1

maximum number of tries: 1

duration: 10 s

number of transactions actually processed: 1292
number of failed transactions: 0 (0.000%)
latency average = 7.740 ms

initial connection time = 4.177 ms

tps = 129.194948 (without initial connection time)

=> SELECT pg_current_wal_insert_lsn();

pg_current_wal_insert_lsn

0/364FE70
(1 row)

CMOTPHM CTaTUCTHKY >KypHaILHBIX 3aIIHCeH:

=> SELECT sum(count) count,
pg_size_pretty(sum(record_size)) record_size,
pg_size_pretty(sum(fpi_size)) fpi_size,
pg_size_pretty(sum(combined_size)) combined_size

FROM pg_get_wal_stats('0/35B82D8', '0/364FE70');

count | record size | fpi_size | combined size
8707 | 583 kB | © bytes | 583 kB

(1 row)

O6'beM 3aMETHO COKpaTHJICd, II0ITHbIE 06})33}:1 CTpaHHI] B )KypHaJI TeIlepb He 3allMChIBATCH.



=> ALTER SYSTEM SET full_page_writes = on;
ALTER SYSTEM

=> ALTER SYSTEM SET wal_compression = on;
ALTER SYSTEM

=> SELECT pg_reload_conf();

pg reload conf

=> CHECKPOINT;
CHECKPOINT
=> SELECT pg_current_wal_insert_lsn();

pg _current wal insert lsn
0/364FF40
(1 row)

3amyckaeM TecT Ha 10 ceKyH[,.
student$ pgbench -T 10 wal_tuning

pgbench (16.2 (Ubuntu 16.2-1ubuntu4))

starting vacuum...end.

transaction type: <builtin: TPC-B (sort of)>
scaling factor: 1

query mode: simple

number of clients: 1

number of threads: 1

maximum number of tries: 1

duration: 10 s

number of transactions actually processed: 1311
number of failed transactions: 0 (0.000%)
latency average = 7.626 ms

initial connection time = 4.264 ms

tps = 131.130147 (without initial connection time)

=> SELECT pg_current_wal_insert_lsn();

pg _current wal insert lsn

0/3829340
(1 row)

CMOTPHM CTaTHCTHKY )KYPHAJILHBIX 3aIIHCEL:

=> SELECT sum(count) count,
pg_size_pretty(sum(record_size)) record_size,
pg_size_pretty(sum(fpi_size)) fpi_size,
pg_size pretty(sum(combined_size)) combined_size
FROM pg_get_wal_stats('0/364FF40', '0/3829340');

count | record size | fpi size | combined size
8839 | 572 kB | 1293 kB | 1865 kB

(1 row)

B JaHHOM cJTydae — IIPH HaJIUYHUK 60JIBIIOT0 YKC/Ia II0JIHBIX 00pa30B CTPAHUIl — pa3Mep >KyPHAIbHBIX 3allMCced YMeHBIITHIICS B
HEeCKOJIbKO pa3s. X0Ts c’KaThe U Harpy»KaeT IIPOoLieccop, IIPaKTHUYeCKH HaBepPHsIKa UM CTOMT BOCII0/Ib30BaThCS IIPH BKIFOUEHHBIX
TIOJIHBIX 06pasax CTpaHUIL.



