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Mcnonb3oBaHue MaTepuasioB Kypca

HekoMmmepueckoe ncnosib3oBaHne Marepuanos Kypca (npeseHtauuu,
AeMOHCTpaummn) paspeluaeTtcs 6e3 orpaHnyeHnii. Kommepueckoe
MCNOMb30BaHNEe BO3MOXHO TOSIbKO C NMMCbMEHHOIO paspeLleHms KoMnaHum
Postgres Professional. 3anpeliaercs BHeECEHNE U3MEHEHWNI B MaTepuabl
Kypca.

OGpaTtHaA cBsi3b
OT3bIBbl, 3aMeYaHns 1 NPeasIOKEHUA HanpasnsnTe No agpecy:
edu@postgrespro.ru

OTKa3 OT OTBETCTBEHHOCTHU

KomnaHus Postgres Professional He HeCceT HMKaKo OTBETCTBEHHOCTM 3a
N06ble NOBPEXAEHUA N YObITKA, BKKOYAA NOTEPI0 40X04a, HAHECEHHbIEe
NPSAMbIM UM HENPAMBIM, CleunasibHbIM UK CyvYaiHbiM UCMO/Ib30BaHWEM
mMaTepuanos kypca. KomnaHusa Postgres Professional He npegoctasnsaet
Kakux-nnbo rapaHTuii Ha matepuasbl Kypca. MaTepuasbl Kypca
NPeAoCTaBNSTCS Ha OCHOBE NMpuHLUMNa «Kak ecTb» U KoMmnaHusa Postgres
Professional He 06s13aHa NpefoCcTaBNATb CONPOBOXAEHME, NOALEPXKKY,
OGHOB/EHNSA, PaCLUNPEHNS N N3MEHEHNS.
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YpOBHU )XypHasia U pelliaeMble 3a/1auu
HapgexxHocTs 3anvcu

[IpousBogUTETLHOCTD
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YpPOBHU XypHasia Pos{gres

Hactpotika

YeMm BbllLE YPOBEHb,
TeMm 6onblue nHchopmaLlmm

() wal_level = replica 8 XypHane
Minimal

BOCCTAHOBJ/IEHUE IT0C/Ie COost
Replica

BOCCTdHOBJIEHHE U3 pe3epBHoﬁ KOITHNH, peIrviKalus

+ oreparyy MaccoBoi 00pabOTKM JaHHbIX, OJTOKMPOBKH,
HOMepa BBITOHSOIIMXCS TPaH3aKLUH

Logical

JIOTU4YeCKas perimKkaliuysa
+ I/IHq)OpMaI_II/IH AJI JIOTUYEeCKOro JeKoArpOBaHUA

Kpome OCHOBHOI 3aia4n — BOCCTAHOB/IEHNSA COINacoBaHHOCTY Mocne
c6051 — XypHas1 MOXHO MCNOoMb30BaTh U ANA APYIrMX Leneit, ecnm o6aBuTb
B HEro AonosIHUTENbHY MHopMauuio. A 3TOro CywecTBYT HECKO/bKO
YPOBHEW XypHasna, ycTaHaBMBaeMbIX napameTpom wal_level.

YpoBeHb minimal cogepXxuT To/IbKO MHpopMaLunio, HeobxoauMyto 41
BOCCTaHOB/IEHNSA nocse c6o4. B XXypHas He 3anucbiBalOTCA onepaymm
MaccoBoil 06paboTKn gaHHbIX (Takne, kak CREATE TABLE AS SELECT,
CREATE INDEX # T. n.), UX 4OMTOBEYHOCTb rapaHTUPYeTCS HEMEAIEHHO
3anncbio AaHHbIX Ha OUCK.

YposeHb replica (ncnonb3yetcs nNo ymonvaHuio) no3BoNAseT
BOCCTaHaB/IMBaTb CUCTEMY M3 FOPSAUNX pe3epPBHbIX KOMWUIA, caenaHHbIX
yTunuton pg_basebackup. [1ns aToro B XXypHas 3anncbiBatoTcsi BCe
N3MEHEHUS OaHHbIX, BKKOYasa onepauymm MaccoBoi 06paboTkn. YpPOBEHDb
TaKxXe rno3BoJISeT OpraHM3oBaThb penavkaunio — nepegasarb NOTOK
XYpPHasbHbIX 3anucei Ha Apyron cepsep (3T TeMbl paccmaTpuBaroTCs

B Kypce DBA3), ANns yero B XXypHas1 BKIK0YaAETCA MHGhopmaunsa o psae
6G10KMPOBOK.

YpoBeHb logical ncnonb3yetcsa Ansa NOrMyeckoin pensimkaunm — oH O0/HKEH
ObITb BK/IIOYEH Ha cepBepe, Ny6/nKyoLwem naMmeHeHus. na npasusibHOM
paboTbl /TOrMYECKOro AeKoANPOBaHNA B XXYpPHaU1 3anvcbiBaeTcs
[ONONHUTENbHAA MHG)OpMaLKMs, NO3BONAIOWAs KOPPEKTHO paclumndpoBarb
CMbIC/1 onepawmii No XypHasibHbIM 3annCcsaMm.

UeM BblilLIe YPOBEHb, TEM 60/blIe MHDOPMALMKX NoNaaeT B XypHas U,
crefoBaresibHO, TeEM 60/IbLLE Er0 06BLEM.



YpoBHHu XypHaa

Hcnonb3lyeM HOBYIO 0a3y DaHHBIX.

=> 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

YcranoBUM 151 XKypHasia ypoBeHb minimal (IIpu 9TOM IpUAeTCs: TakKe 3aJaTh HyJIeBOe 3HaUYeHue lapaMeTpa
max wal senders u repe3anycTuTh 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

ITocMoTpuM, Kak 3anuckhiBaeTcs B KypHan Komanna CREATE TABLE AS SELECT.
=> SELECT pg_current_wal_insert_lsn();

pg_current wal insert lsn

0/1FD9508
(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

0/200EA30
(1 row)

O0BeM XKypHana:
=> SELECT '0/200EA30'::pg_lsn - '0/1FD9508'::pg_lsn;

?column?

218408
(1 row)

B KypHaJie HeT 3amucew, OIIMCEIBAIOIIUX BCTABKY CTPOK B Ta6J'[I/IL[y:

=> SELECT resource_manager, record_length, xid, start_lsn, record_type
FROM pg_get_wal_records_info('0/1FD9508"','0/200EA30")

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

ORDER BY start_1lsn;

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

------------------ e S T
Storage | 42 | 0 | 0/1FDD3F@ | CREATE
Transaction | 34 | 745 | 0/200EAG8 | COMMIT

(2 rows)

Ha ypoBHe minimal uamenenus, BreinonHeHHble onepaTopamu CREATE TABLE AS SELECT, CREATE INDEX, TRUNCATE u
HEKOTOPHIMHU OPYTHUMH, He XKyPHAIUPYIOTCSI. DTH ONEPATOPH BCETfla CaMH BHITIOTHSIIOT CHHXPOHU3AIH0, 06ecredynBast
IOJITOBEYHOCTh. A JXKypHaJI COOEPKUT TOJIPKO 3allMCH, He0OOXOAMMEIe A BOCCTAaHOBJIEHUS ITOCye COOsI.



Vmanum ta6nuily, BEpHEM YPOBEHD 10 YMONIYaHUo (replica) ¥ IOBTOPUM 9KCIIEPUMEHT.
=> 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)

ITocmoTpuM, Kak Teleps 3anuceBaeTcs B xKypHan komaHga CREATE TABLE AS SELECT.
=> SELECT pg_current_wal_insert_lsn();

pg_current_wal_insert_lsn

0/2018C60
(1 row)

=> CREATE TABLE t_wal(n) AS SELECT 1 FROM generate_series(1,3000);
SELECT 3000
=> SELECT pg_current_wal_insert_1lsn();

pg_current_wal_insert_lsn

0/205BEA8
(1 row)

O6BeM XKypHasla YBeJIMUUIICS:
=> SELECT '0/205BEA8'::pg_lsn - '0/2018C60'::pg_lsn;

?column?
275016
(1 row)

TloMuMoO M3MeHEHUM CUCTEMHOTO KaTajora, B 2KypHAaJI IIOIIafar0T 3allUCH:

e CREATE — co3panue (aiina OTHOIIIEHUS;
e INSERT+INIT — BcTaBKa CTPOK B TaOIHILY;
e COMMIT — dukcaiuss TpaH3aKIUH.

=> SELECT resource_manager, record_length, xid, start_lsn, record_type
FROM pg_get_wal_records_info('0/2018C60', '0/205BEA8")

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

ORDER BY start_1lsn;



xid | start lsn | record type

I I

------------------ B e S R T
Storage | 42 | 0 | 0/201C1FO | CREATE
Heap I 59 | 747 | ©/202CCD8 | INSERT+INIT
Heap I 59 | 747 | ©/2030588 | INSERT+INIT
Heap | 59 | 747 | ©/2033E20 | INSERT+INIT
Heap | 59 | 747 | ©/20376D0 | INSERT+INIT
Heap I 59 | 747 | 0/203AF80 | INSERT+INIT
Heap I 59 | 747 | ©/203E830 | INSERT+INIT
Heap I 59 | 747 | ©/20420E0 | INSERT+INIT
Heap | 59 | 747 | ©/2045978 | INSERT+INIT
Heap | 59 | 747 | ©/2049228 | INSERT+INIT
Heap I 59 | 747 | 0/204CAD8 | INSERT+INIT
Heap I 59 | 747 | ©/2050388 | INSERT+INIT
Heap I 59 | 747 | ©/2053C20 | INSERT+INIT
Heap | 59 | 747 | ©/20574D0 | INSERT+INIT
Heap | 59 | 747 | ©/205AD80 | INSERT+INIT
Transaction | 421 | 747 | 0/205BDOO | COMMIT

(16 rows)

Ha ypoBHe replica xKXypHaJ COepKUT BCe U3MEHEHUs NaHHBIX, YTO [103BOJISET IPUMEHUTh UX K GU3UIEeCKON pe3epPBHOHN
KOIIUU MU K PeIlIUKe.



HaaeXHOoCTb 3anncu Q

KemipoBanue
[ToBpexxaeHve naHHbIX

HeaTOMapHO CTb 3dlTMCH CTPAHUI]
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KelwnpoBaHue Posigres

CI/IHXpOHI/BaLII/IH C JUCKOM Bythepbl WAL

JlaHHble JIOJDKHBI IOUTH 10 SHEeproHe3aBUCHUMOr0 D D D D {

XpaHW/IHla 4yepe3 MHOro4yruc/ieHHble kemmm - oo oo oo oo

CYB[I coobiijaeT 0 CHHXPOHH3al[X OTIePaljMOHHOMN CHCTeMe

criocoboM, yKa3aHHbIM B wal_sync_method
Kew sapa OC

HaJ0 YUYHUTBIBATH alllldPDATHOE KELIMPOBAHUE

Hactporiku

OT/IOKEHHas KeLll KOHTponepa

fsync =on 3anmchk — ¢ Garapeeit
Wal Sync method pe3epBHOr0 nmTaHus
(yrunuta pg_test_fsync)

Kell ancka

CKBO3Has
3anvchb T
[

6

ECTb HECKO/IbKO MOMEHTOB, KOTOpPbIE B/VAIOT Ha HAZAEXHOCTb. Bo-nepB.bIX,
BCEBO3MOXHbIE KeLlW, HaXOAALMECs Ha MyTN K SHEProHe3aBnCcCUMOMY
XpaHmnuuly (Takomy Kak njiacTuvHa XeCTKOro Aucka).

Korga PostgreSQL TpebyeTtca HagexHo 3anncartb AaHHble, OH Mo/b3yeTcs
cnocoboMm, ykazaHHbIM B napameTtpe wal_sync_method. BapnaHToB
HECKO/IbKO, HO OCHOBHbIX — f1Ba: IN60 noce 3an1Mcu onepawumoHHON
cucteme gaetcst KomaHga cuHxpoHusaumm (fsync, fdatasync), nnéo cain
OTKpbIBAETCS UK 3anNUCbIBAETCS CO cneunasibHbIM iaroM, KOTOpbIi
FOBOPUT O HEOBXOAMMOCTN CUHXPOHM3aLNK, a MO BO3MOXHOCTN — NPAMOA
3anucu, mmHya kew OC. YTunuta pg_test_fsync nossonset Bbibpatb
crnoco6, Hanbonee noaxoaawmin Ans KoHKpeTHo OC N KOHKPETHOW
dhaiinoBoi cuctemMbl. Ho B 1t060M cnyyae 310 AOpOorocTosulas onepayusi.

Kpome 3Toro, agMUHUCTPATOpP A0/MKEH YOEANTLCS B TOM, UTO [aHHbIe
[IeCTBUTENbHO A0X0AST A0 AMCKA, a He 3a/1epPXXMBatoTCsl B Kellle
KOHTpOsI/1Iepa navm camoro aucka. Ecnm kel KoHTposniepa oTknaabisaet
3anuncb, TO KOHTPO/EP B 06s13aTE/IbHOM MOpPsiAKe AO/HKEH UMETb 6aTapeto
pe3epBHOro nuTaHus. AN ANCKOB Nydlle ycTaHaBIMBaTb CKBO3HYIO 3aMiChb.

Booo6LLe roBopsi, CUHXpPOHM3aLMI0 MOXXHO OTMEHUTb (NapameTp fsync), HO

B 3TOM CJ/ly4ae npo HaZeXHOCTb XpaHeHus crefyeT 3a0biTb. EANHCTBEHHbI
pa3yMHbI BapyaHT OTK/IOYEHUSA 3TOro NapameTpa — BPEMEHHOE
yBe/IM4yeHne Npon3BognTeNlbHOCTU B C/lyyae, eciv AaHHble MOXHO J1Ierko
BOCCTaHOBUTb (Hanpumep, Npu HadasibHOW MUrpauumn).

https://postgrespro.ru/docs/postgresgl/16/wal-reliability
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[loBpexaeHue gaHHbIX Posigres

KoHTpOo/ibHBIE CyMMBI )KyPHA/IbHBIX 3alUCen

BKJ/ItOUeHbI Bcerga, CRC-32

KOHTpOJ/ibHbIE CyMMBI CTPaHUI]

HY>XHO BK/IFOUUWTE IMPpXW MHHULUA/IW3dl|UK KjlaCTepd

.. HaknagHble

initdb -k pacxofbl, yBenuyeHue
pasmepa XypHana

Hacrpoviku

& data_checksums
ignore_checksum_failure = off

Bo-BTOpPbIX, faHHblE MOTYT GbITb NOBPEXAEHbI HA HOCUTENE, NPK Nepesaye
[AAHHbIX M0 NHTEP(ENCHBIM Kabensm 1 T. n. YacTb Taknx owmnboK
obpabarbiBaeTcsa Ha annaparHOM YPOBHE, HO YaCcTb — HET.

UToObl BOBpEMSA 0OHAPYXUTb BO3HMKLLYIO MPOGNIEMY, XXYPHasIbHbIE 3anncu
BCerga cHabalTCs KOHTPOIbHbIMY CyMMaMW.

CTpaHuLbl AaHHbIX TaKKe MOXHO 3alUNTUTb KOHTPO/TbHLIMU CYyMMaMMU.

3710 Nnydule chenartb cpasy npu MHULMamMsaunmn Knactepa, Ho MOXHO
BK/IIOYUTb YTUUTOM pg_checksums 1 noTom, 0CTaHOBUB CepBeEp.

B npon3BoAcTBEHHOW cpefie KOHTPOSIbHbIE CYMMbI [O/HKHbI ObITb BK/THOUYEHDI
06sa3aresibHO, HECMOTPA Ha HakNnagHble pacxogbl Ha X BblYUCIEHNE

N KOHTPO/Ib. MIHa4Ye MOXHO NOyYuUTb CUTYyaL Mo, Korga BO3HUKLINA cOOM

He ByaeT BOBpeMSA 0OHapyXXeH.

[MpoBepUTb, BK/IKOUYEHbI /I KOHTPOJIbHbIE CYMMbIl, MOXHO C NMOMOLLbH
napametpa data_checksums (TonbKo As1s uteHus). Mapametp
ignore_checksum_failure Nno3BOMISET HE NpepbIBaTb TPaH3aKLNIO,
NPoYMTaBLUYO COOMHYHO CTpaHuLYy, HO 0BbIYHO €ro He cnefyeT BK/oYaTb.
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HeaTtomapHOCTbL 3anmcu Posigres

OO6pa3 cTpaHHIbI

npu cboe CTPAHHULIA MOXXET OLITH 3arycaHa He I10THOCTEIO

B JKYPHaJI 3alrchIBaeTcst 00pa3 CTpaHUL{bl
TIpU [1ePBOM ee M3MeHEeHUH 10C/Ie KOHTPOJIbHOW TOYKH

MIPYU BOCCTaHOBJIEHUU >KyPHa/IbHBIE 3alCH
TIPUMEHSIFOTCS K 3alMcaHHOMY 00pasy

HacTpoiiku
pasmep xypHana

full_page_writes = on
wal_compression = off

B-TpeTbux, ecTb NpobnemMa aToMapHOCTH 3anNucu.

CrtpaHuua gaHHbIX 3aHnmMaeT 8 Kb (unv 6onblue: 16 Kb, 32 KB), a Ha
HW3KOM YPOBHE 3anncb NPOUCXOAUT 6/10KaMn, KOTOpble 06bIYHO NMEDT
MeHbLNn pasdmep (512 6aiiT, 4 Kb, x0Ts 6bIBalOT 1 Apyrne pasmepsbl).
MosTtomy npu c60e NUTaHMA CTpaHuLa AaHHbIX MOXET 3anucarbCcs
4acTU4YHO. NMOHATHO, YTO NPU BOCCTAHOB/IEHUM 6ECCMbICNIEHHO NPUMEHATL
K TaKOW CcTpaHuLe 0b6blYHbIe XYPHasIbHble 3anuUCHu.

[na 3awmtbl PostgreSQL no3BoNsSeT 3anvcbiBaTb B XypHas1 06pas Bcel
CTpaHu1Lbl NpY NEPBOM €€ U3MEHEHWNN MOC/IE€ KOHTPOJIbHO TOUKUM — 3TUM
ynpasnsaeT napametp full_page_ writes. OTKNOYaTb €ro UMeeT CMbIC/T,
TOMIbKO ecnu ucnonb3yemas hannosas cuctema u annaparypa camu no
cebe rapaHTUPYHT aTOMapHOCTb 3armncu.

Ecnv npu BOCCTAHOB/EHUM Mbl BCTPEYAEM B XYypHasie 06pa3 CTpaHuLbl,

To 6e3yCNOBHO 3anncbiBaeM ero Ha Auck (k Hemy 6onblue JoBepusl, TakK Kak
OH, KaK 1 BCAKas XypHasibHas 3an1chb, 3allMLLIEH KOHTPOMNLHOW CYMMOIA).

N nanee K HeEMy yxe NpUMeEHSIEM 06bIUHbIE XYPHa/TbHbIE 3aMUCHU.

XoTsa PostgreSQL nckntoyaeT 13 nosiHoro obpasa cTpaHuLbl He3aHAToe
MECTO, BCe XXe 00beM XypHaslbHbIX 3anucein yeenmumeaetcs. Ecnu

B KnacTtepe BKNHUYEHblI KOHTPO/IbHbIE CYMMbI CTPaHUL,, NpY U3MEHEHUN
OUTOB-MOACKA30K B XYpHasie NosABMSEeTCS A0MNO/IHUTENIbHAsA 3amnuchb,
oTpaxarolias N3mMeHeHne KOHTPOsIbHOM CyMMbI.

Pa3mep XypHasia MOXHO YMEHbLUUTb 3a CYET CXaTus MosiHbIX 06pas3os,
3aZlaB MeToj cxkatusa napameTpom wal_compression. lNogaepxusaroTcs
meToapl pglz, 1z4, zstd. 3HayeHMe on COOTBETCTBYET BblOOPY pglz, off
OTK/I0HaEeT cxarue.



KOHTpPOJIbHBIE CYMMBI

Co3pmanuM elre ofgHy TabuIly:

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

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

Bor ¢aiin, B KOTOPOM HaXOASTCS NaHHBIE:
=> SELECT pg_relation_filepath('t');

pg_relation filepath

base/16390/16404
(1 row)

OcCTaHOBHUM CepBep U IIOMeHsIeM HECKOJIBKO 6aiiTOB B cTpaHuIle (coTpeM u3 3aronoBka LSN mocnenHed XKypHaIbHON 3alIHCH).
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, 0,0463555 s, 0,2 kB/s

MoHO OBLIO OB ¥ HE OCTaHABIIMBATh cepsep. IHocTaTo4HO, YTOOBI:

¢ CTpaHHUIla 3allicajlaCbk Ha OUCK U ObLIa BEITECHEHA U3 Kellla;
e TIPOU3OLIJIO ITOBPEXKIEHUE;
e CTpaHHULa ObLIa IIPpOYHTaHa C JUCKa.

Teneps 3amyckaeM cepsep.

student$ sudo pg_ctlcluster 16 main start
student$ psql wal_tuning

[Tonpo6yeM mIpoYuTaTh TAOMUITY:

=> SELECT * FROM t;

WARNING: page verification failed, calculated checksum 40449 but expected 22821
ERROR: invalid page in block 0 of relation base/16390/16404

ITapameTp ignore checksum failure mo3BosnsieT nmonsITaThCS BCE-TaKU IPOYUTATH TAOIHITY, XOTh U C PUCKOM IIOJTy4YUTh
HUCKaykKeHHbIe NaHHBe (HallpuMep, ecii HeT pe3epBHOM KOIUH):

=> SET ignore_checksum_failure = on;

SET

=> SELECT * FROM t;

WARNING: page verification failed, calculated checksum 40449 but expected 22821
id

1
2
3

(3 rows)



Mpon3BoANTENBHOCTb s

Xapakrep Harpysku
CUHXpOHHad 3aruch

ACI/IHXPOHHaH 3dITUChb

10
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XapakTtep Harpysku Pos{gres

[TOCTOSIHHBIN TTOTOK 3arucu

T1oc/ie/loBaresibHas 3ar1ch, OTCYyTCTBUE CIy4alHOTO JJO0CTYTa
XapakTep Harpy3Ky OT/IMYAeTCsl OT OCTa/bHOW CUCTEMBI

TIpY BBICOKOM Harpy3ke — pa3MelljeHre Ha OT/le/bHbIX (Pr3nyeCcKUx JucKax
(cumBoMueckas ccbiika 3 PGDATA/pg_wal)

Penkoe uteHue

MpHY BOCCTAHOBJ/IEHHUA

ripu pabote miporjeccoB walsender, ecyiv perivika He ycrieBaeT ObICTPO
TIO/Ty4aTh 3aIricu

11

[Mpn 06bIYHOW paboTe NPOMCXOAUT NOCTOAHHANA U NnociegoBare/lbHas
3anuncb XypHasbHbIX doainnoB. MNMocKobKy OTCYTCTBYET C/yYaiHblii A0CTyn,
C TakoW Harpy3kom OT/IMYHO CrpaB/istoTCA N 06blYHbIE Anckn HDD.

Ho Takoi xapakTep Harpysku CyLleCTBEHHO OT/IMYaeTCs OT TOro, Kak
npoucxoamuT AOCTynN K thanam pgaHHbIX. MoatoMy 06bI4YHO BbIrO4HO
pasMeLllaTb XypHasn Ha oTaeNlbHOM oM3NYEeCKOM ANCKE (auckax),
NPUMOHTUpPOBaHHbLIX K PC cepBepa; BMmecTo katanora PGDATA/pg_wal
HY>XHO CO3[aTb CMBOJINYECKYHO CCbI/IKY Ha COOTBETCTBYHOLLMNIA KaTaslor.

OfHako ecTb cuTyaumsi, Npu KOTOPOW XypHasibHble doai/ibl He06X0ANMO
yntatb (KpOMe MOHATHOrO c/lydas BocCTaHoB/eHUsA nocne c6os). OHa
BO3HMKAET, €C/I1 UCMOJIb3YETCA NOTOKOBAsA penivkauusa n pensamka He
ycneBaeT MnosyyaTb XypHasibHble 3an1cu, noka OHW eLlle HaxoaAaTCA

B Oydpepax onepatnBHO NaMATM OCHOBHOIO cepBepa. Torga npoueccy
walsender npuxoanTca YmtaTb HYXHble faHHble C Ancka. Baanmogencreune
C pennukoit nogpobHo paccmatpusaeTca B kypce DBA3 B moayne
«Pennnkayns».

L5 MOHUTOPUHIa 1 OLEHKM NPou3BOANTENbHOCTN paboTbl WAL
B PostgreSQL Bepcuun 14 66110 Ao6aBneHo npeacTasneHne pg_stat wal.
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CUHXpPOHHaA 3anncb Pos{gres

AnroputMm

npu Cl)I/IKCaI_II/II/I W3MeHeHUH C6paCLIBaI-OTCH BCe HAKOIIMBIIIKMeCd 3al1HMCH,
BKJ/IFOUad 3aIl1MCh O (I)I/IKC{:U_[I/II/I

oxuganue commit_delay, eciv akTUBHO He MeHee commit_siblings
TpaH3aKLMi

CBoMcTBa

rapaHTUPYyeTCd O0JI0OBEYHOCTb
YBEJ/IMUMBAECTCS BPpEMsS OTKJ/IMKA

Hacrtpoiiku
. BKNKOYaTb
synchronous_commzt =0on npu 60/1bLIOM NOTOKe
. KOPOTKUX TpaH3aKumii
commit_delay =0
commit_siblings =5

12

3anncb XypHasia NponcxoauT B 04HOM U3 ABYX PEXUMOB: CUHXPOHHOM
(korga npu comkcaunm TpaH3akunm NPoAo/KeHne paboTbl HEBO3MOXHO
[0 Tex nop, Noka BCe XypHasibHble 3anMcu 0 TpaH3akUnn He OKaxkyTCs
Ha OWCKe) M aCUHXPOHHOM (KorAa »XXypHaul 3anncbiBaeTcs YactaMn B (OOHe).

CWHXPOHHbBI pexum BKKOYaeTcA napaMmeTpom synchronous_commit.

[MOCKONbKY CUHXPOHM3aumMs paboTaeT A01ro, BbIrOAHO BbIMOMHATL €€ Kak
MOXHO pexe. [1nA 3Toro npouecc, 3anucbiBatoLnii XXypHaUl, genaet naysy,
onpeaensemMyto napameTpom commit_delay, HO TO/IbKO B TOM C/ly4yae, ecnu
NMeeTCA He MeHee commit_siblings akTUBHbIX TpaH3akuMi — B pacuyeTte
Ha TO, YTO 3a BpPeMsi OXXnaaHus YacTb TpaH3akumMii ycrneeT 3aBepLUnTbCS

N MOXHO OyAeT CUHXPOHU3NPOBAaTh NX 3anMcu 3a OAVH pas.

3arem npouecc BbINOMHAET COPOC XypHasia Ha ANCK Ao Heobxoanmmoro LSN
(M1 HecKoNbKO GorblLUe, ecnu 3a BpeMsa oxuaaHusa o6aBnIncb HOBblE
3anucum).

[Py CUHXPOHHOI 3anucKu rapaHTUpPyeTcs 40/ITOBEYHOCTb — €C/IN
TpaH3akuma 3adoMKcupoBaHa, To BCe ee XYypHasibHble 3anncu yXxe ecTb
Ha gucke n He 6yayT notepsaHbl. ObpaTHaa CTOpPOHA COCTOUT B TOM, YTO
CUHXPOHHAasA 3annuch yBenmumBaeT Bpems oTknumka (komaHga COMMIT
He BO3BpaLlaeT ynpas/ieHne 40 OKOHYaHUS CUHXPOHU3auMmn) U CHUKaeT
Npon3BoAUTENTIbHOCTbL CUCTEMBI.



of] PROFESSIONAL

ACUHXPOHHaA 3anncb Posigres

AnroputMm

L[MKJIbI 3anUcu uepe3 wal_writer_delay

3dIIMCBhIBAOTCA TOJJIBKO LIE/TMKOM 3all0/IHEHHBIE CTPAHULIBI;
HO eCJ/IM HOBBIX ITOJ/IHBIX CTPAHUI] HET, TO 3allMCbIBAE€TCA MOC/IeJHAA 10 KOHIla

CaoricTBa
rapaHTHPYeTCs COIVIaCOBAHHOCTh, HO HE [JO/ITOBEYHOCTh
3a(hMKCHpOBaHHbIe M3MEeHeHUsI MOTYT npornacTs (3 x wal_writer_delay)

Hactporiku —

M3MEHATb Ha YPOBHE

synchronous_commit VEEBEER
wal_writer_delay = 200ms
wal_writer_flush_after = 1MB
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[Mpu acMHXPOHHOM 3anncu paboTtaeT npouecc wal writer, cépacbiBas
HaKonMBLUMECSH XYpPHasibHble 3anucun nnbo yepes wal_writer _delay egnHuy,
BpeMeHU, 6o No AoCcTmxkeHun obbema wal_writer_flush_after:

* Ecnu c npownioro pasa B 6ycdepax 6bi/1a LesiMkomM 3anosiHeHa ogHa
NN HECKOJ/IbKO CTPaHuLL, copacbiBalOTCA TO/IbKO Takue, NosIHOCTbIO
3anosiHeHHble, CTpaHuLbl (MK YacTb Takux CTPaHUL,, BCNOMHUM,
4TO XXYpPHasIbHbIN Kell npeactas/isieT cob0i KonbLeBoi bydep —
3anuncbIBaeTCs TOMIbKO HeNpepbIiBHaA Noc/ef0BaTe/IbHOCTb CTPaHuLL).
Mpn 60/1bLIOM NOTOKE N3MEHEHWNI 3TO NO3BOJISIET HE CUMHXPOHN3NPOBATb
OfHY U Ty Xe CTPaHuLy HECKO/IbKO pas.

e Ecnu Xe 3anofiHeHHbIe CTpaHuLbl He NOABUIUCH, 3annCbliBaeTCsa TekyLas
(He 40 KoHUa 3anosiHeHHas) cTpaHuua XypHasna.

ACUHXPOHHas 3an1cb 3hheKTUBHEE CUMHXPOHHOW — (hrKcaumnsa n3aMeHeHNi
He XaeT 3anucn. OgHako HaAeXXHOCTb YMeHbLUaeTCs: 3ahnkcmpoBaHHbIe
AaHHble MOryT nponacTtb B c/yyae c6os, ecnim mexay domkcaumnen n céoem
npowsio meHee 3 x wal_writer_delay eanHUL, BpeMeEHWN.

MapameTp synchronous_commit MOXHO yCTaHaB/MBaTb B paMkax
TpaH3aKUuiA. DTO NO3BOJISIET YBE/IMUMBATL NPON3BOANTENBHOCTb, XEPTBYS
HAAEXHOCTbIO TOMbKO YacTU TpaH3aKLNIA.

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

B peanbHoCTK 06a pexnma paboTatoT COBMECTHO. XXypHasibHble 3anucu
[ONTON TpaH3akumn 6yayT 3anucbiBaTbCs aCUHXPOHHO (YTOObI 0CBOGOANTL
6ydhepbl WAL). A ecniv npu cbpoce rpasHoro dydpepa okaxetcs, UTo
COOTBETCTBYIOLLANA XYPHa/IbHas 3amnuchb €Lle He Ha ANCKe, OHa TyT Xe byaet
cbpolleHa B CUHXPOHHOM pexnme.




Biausinue CHHXPOHHOH (PHKCAIUU HA NPOM3BOAHUTEIHLHOCTH

PexxuM, BKIIIOYEHHBIH 110 YMOTYaHUIO, — CUHXPOHHAas (puKcanus.
=> SHOW synchronous_commit;

synchronous commit
on
(1 row)

3amyCcTUM IPOCTOU TECT IPOU3BOAUTEILHOCTHU C IIOMOIIBI0 YTUIUTEL pgbench. [I71st 9TOro cHavaia MHUIHATU3UPYEM
HeoOXomuMble TaOIUIIbL...

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 0.09 s, remaining 0.00 s)
vacuuming. ..

creating primary keys...

done in 0.51 s (drop tables 0.00 s, create tables 0.03 s, client-side generate 0.23 s,
vacuum 0.09 s, primary keys 0.15 s).

...a TakxKe cOPOCUM CTATUCTHUKY O paboTe KypHasa IIpe3anucu:
=> SELECT pg_stat_reset_shared('wal');

pg stat reset shared

3amyckaeM TecT Ha 10 cekyHT.
student$ pgbench -P 1 -T 10 wal_tuning

pgbench (16.3 (Ubuntu 16.3-1.pgdg22.04+1))
starting vacuum...end.

progress: 1.0 s, 153.0 tps, lat 6.510 ms stddev 1.237, 0 failed
progress: 2.0 s, 160.0 tps, lat 6.228 ms stddev 0.854, 0 failed
progress: 3.0 s, 155.0 tps, lat 6.467 ms stddev 0.845, 0 failed
progress: 4.0 s, 159.0 tps, lat 6.281 ms stddev 0.841, 0 failed
progress: 5.0 s, 138.0 tps, lat 7.204 ms stddev 1.307, 0 failed
progress: 6.0 s, 97.0 tps, lat 10.337 ms stddev 2.610, 0 failed
progress: 7.0 s, 152.0 tps, lat 6.608 ms stddev 0.879, 0 failed
progress: 8.0 s, 159.0 tps, lat 6.285 ms stddev 0.892, 0 failed
progress: 9.0 s, 144.0 tps, lat 6.915 ms stddev 1.327, 0 failed

progress: 10.0 s, 166.0 tps, lat 6.025 ms stddev 0.806, 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: 1484
number of failed transactions: 0 (0.000%)

latency average = 6.736 ms

latency stddev = 1.554 ms

initial connection time = 3.092 ms

tps = 148.423688 (without initial connection time)

B pe3ynbraTax pghench Hac mHTepecyeT 4uCIo TpaH3aKIWI UM CKOPOCTSH (tps), a B JaHHBIX IIpefAcTaBleHus pg stat wal —
KOJIMYECTBO OIlepaluil 3alKiCH ¥ CHHXPOHU3AINY KypHaa:

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



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

9919 | 746777 | 1486 | 1486
(1 row)

Tenepb yCTaHOBUM aCHHXPOHHEIN PEXKUM.

=> ALTER SYSTEM SET synchronous_commit = off;
ALTER SYSTEM

=> SELECT pg_reload_conf();

pg_reload conf

COpocUM HAKOIJIEHHEIE TaHHEIE.
=> SELECT pg_stat_reset_shared('wal');

pg stat reset shared

U cHOBa 3amyckaeM TecT.
student$ pgbench -P 1 -T 10 wal_tuning

pgbench (16.3 (Ubuntu 16.3-1.pgdg22.04+1))
starting vacuum...end.

progress: 1.0 s, 2743.9 tps, lat 0.363 ms stddev 0.084, 0 failed
progress: 2.0 s, 2386.8 tps, lat 0.418 ms stddev 0.122, 0 failed
progress: 3.0 s, 2005.1 tps, lat 0.498 ms stddev 0.162, 0 failed
progress: 4.0 s, 2354.0 tps, lat 0.424 ms stddev 0.129, 0 failed
progress: 5.0 s, 2374.0 tps, lat 0.421 ms stddev 0.110, 0 failed
progress: 6.0 s, 2397.9 tps, lat 0.416 ms stddev 0.107, 0 failed
progress: 7.0 s, 2525.9 tps, lat 0.396 ms stddev 0.089, 0 failed
progress: 8.0 s, 2361.2 tps, lat 0.423 ms stddev 0.118, 0 failed
progress: 9.0 s, 2294.9 tps, lat 0.435 ms stddev 0.109, 0 failed

progress: 10.0 s, 2385.2 tps, lat 0.419 ms stddev 0.112, 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: 23863
number of failed transactions: 0 (0.000%)

latency average = 0.419 ms

latency stddev = 0.119 ms

initial connection time = 2.481 ms

tps = 2383.788679 (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
------------- L T L Ty e

144160 | 9506706 | 1216 | 52
(1 row)

KpOMe IIOBEBILIICHU A tpS, MBI BUJUM U CaMy IIPUYUHY IIOBHILIEHUA IMMIPOU3BOOUTEIIBHOCTHU: KOJIUYECTBO onepaunﬁ
CHUHXPOHHM3AllUX XKYypPHaJjia 3HAYUTEJIbHO YMEHbIIINJIOCh.

Pa3yMeeTC5{, Ha peaanoﬁ CHUCTEME COOTHOIIIEHUE MOXKET ObITh APYTuM, HO BUOHO, YTO B ACHHXPOHHOM pPeXHnumMme
IIPOU3BOOUTEJIBHOCTE CYIIIECTBEHHO BEIIIIE.
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Toru Posigres

>KypHaJI IMO3BOJIsSIeT BOCCTAHOBUTL COITIACOBAHHOCTH I10C/IE
C60€B, HO MOJKeT HCIIOJIb30BATBCA U IJId APYI'HUX 3d/4d4

Haze)xHocTb 3arvicu TpebyeT HacTpouiku He Tonbko CYB/,
HO ¥ Ha ypoBHe OC, ®C v anmnaparypsl

HacTpolika no3BosisieT JoCTUYb OanaHca
MeXX/1y JOITOBEUHOCTBIO U NTPOU3BOUTETBHOCTBIO
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[1pakTnKa Pos{gres

1. W3yuuTe, Kak B/IMsIET Ha pa3Mep >KyPHAJIbHBIX 3alTUCel 3HaueHHe
napameTtpa full_page_writes.

st 5TOr0 MOBTOpPUTE MPOCTOM TeCT pgbench, nmokasaHHbIN
B IEMOHCTPALUH, C Pa3HbIMU HaCTpoWKamu >XypHana. [lepeq
3aIyCKOM Ka)X/]OTO TeCTa BBITIOIHSIITe KOHTPOJIbHYIO TOUKY.

OO6BsicHUTe TIOTyUYeHHbIN pe3y/IbTar.

2. Bo CKOMBKO pa3 yMeHbIllaeTCsl pa3Mep )KypHa/lbHbIX 3alUCcen
NpY BKJIFOUEHUH NapameTpa wal_compression?

16

Ona getanbHOro aHasmsa MOXeT nNpuroanTbesa PyHKUMA pg_get wal_stats
N3 pacwmpeHna 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 0.22 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 0.25 s,
vacuum 0.08 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
0/2C477C0
(1 row)

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

pgbench (16.3 (Ubuntu 16.3-1.pgdg22.04+1))
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: 1450
number of failed transactions: 0 (0.000%)
latency average = 6.900 ms

initial connection time = 2.418 ms

tps = 144.935330 (without initial connection time)

=> SELECT pg_current_wal_insert_lsn();

pg current wal insert lsn

0/365E678
(1 row)

CMOTpUM CTATUCTUKY XKYPHaIBHBIX 3allUCen:



=> 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('0/2C477C0', '0/365E678');

count | record size | fpi size | combined size

9700 | 707 kB | 9573 kB | 10 MB
(1 row)

3HauUUTENbHYI0 YacTh 00beMa XKypHajla COCTaBISIOT IOoNIHbe 00pa3ksl cTrpanun (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
0/366A4F8
(1 row)

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

pgbench (16.3 (Ubuntu 16.3-1.pgdg22.04+1))
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: 1359
number of failed transactions: 0 (0.000%)
latency average = 7.360 ms

initial connection time = 2.452 ms

tps = 135.873029 (without initial connection time)

=> SELECT pg_current_wal_insert_lsn();

pg_current_wal_insert_lsn

0/3707DB0O
(1 row)

CMOTpI/IM CTAaTUCTHUKY XKYPHAJIbHBIX 3amnucen:

=> 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('0/366A4F8', '0/3707DBO');

count | record size | fpi size | combined size
9129 | 605 kB | © bytes | 605 kB

(1 row)

O6BbeM 3aMeTHO COKPATHIICS, IIOJIHbEIe 00pas3bl CTPAHUI] B JKyPHAJI Teleph He 3alHUCHIBAIOTCS.



2. CxkaTtue

=> 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

=> CHECKPOINT;

CHECKPOINT

=> SELECT pg_current_wal_insert_lsn();

pg_current_wal_insert_1lsn
0/3707F30
(1 row)

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

pgbench (16.3 (Ubuntu 16.3-1.pgdg22.04+1))
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: 1394
number of failed transactions: 0 (0.000%)
latency average = 7.174 ms

initial connection time = 2.529 ms

tps = 139.394048 (without initial connection time)

=> SELECT pg_current_wal_insert_lsn();

pg current wal insert lsn

0/38F3080
(1 row)

CMOTpUM CTATUCTUKY XKYPHaIBHBIX 3allUCen:

=> 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('0/3707F30', '0/38F3080');

count | record size | fpi_size | combined size
9372 | 605 kB | 1330 kB | 1934 kB

(1 row)

B marHOM Cllydyae — IIPpU HaJIu4Yuu GOJTBIIIOTO YKCJIA TTOTHBIX 06pa303 CTpaHUILl — pa3Mep XKypPHaJIbHBIX 3anuceu
YMEHBIIINJICA B HECKOJIBKO pa3. XoTs cxKaTue u Harpyzxaert IIpoueccop, IPaKTU4YeCKU HaBEePHSIKA UM CTOUT
BOCIIOJIB30BATHCA IIPU BKJIIOYEHHBIX ITOJITHBIX o6pa3ax CTpaHHUII.



