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Wcnonb3oBaHne matepuanoB Kypca

HekomMmepueckoe 1cnosib3oBaHne maTepunanios Kypca (npeseHTaLmu,
AeMOHCTpaummn) paspeluaetcs 6e3 orpaHuyeHunii. Kommepueckoe
MCNOJIb30BaHNe BO3MOXHO TO/IbKO C MMCbMEHHOIO paspeLLeHns KoMmnaHum
Postgres Professional. 3anpeuwjaeTcsi BHeCEHME U3MEHEHUI B MaTepuasibl
Kypca.

OGpaTtHas cBA3b
OT3bIBbl, 3aMeYaHnst 1 NPeASIOKEHNA HanpaBNANTe No aapecy:
edu@postgrespro.ru

OTKa3 OT OTBETCTBEHHOCTU

KomnaHus Postgres Professional He HeceT HMKako OTBETCTBEHHOCTM 3a
N06bIE NOBPexXAeHUA 1 YObITKKX, BK/IOYas NoTepto A40X04a, HAHECEHHbIe
NPSAMbIM UN HENPAMBIM, CleunasibHbIM UK CyYaiHbIM UCMO/Ib30BaHMEM
MaTtepuasnioB kypca. KomnaHus Postgres Professional He npegocTtasnser
Kakux-1mbo rapaHTuii Ha matepuasibl Kypca. MaTtepuasnbl Kypca
NPeaocTaB/STCA HA OCHOBE MPUHLUMNA «KakK eCTb» 1 KoMnaHua Postgres
Professional He 06s3aHa nNpeAoCcTaBNATb COMPOBOXAEHME, NMOALEPXKKY,
06GHOB/IEHNSA, pacLUMPEHNA N U3MEHEHNS.
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Tembl Posigres

YpOBHU )XypHasia U pelliaeMble 3a/1auu
HapgexxHocTs 3anvcu

[IpousBogUTETLHOCTD



YPOBHM XypHana

minimal, replica, logical



o)) PROFESSIONAL

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 1 yA06BHO UCNOMb30BaTb U AN APYIUX Lenen, ecrv
[06aBUTb B HETO JOMNOTHUTESbHYI0 MHJDOpMaumio. 15 3TOro CyLecTByOT
HEeCKO/IbKO YPOBHE XypHana, ycTaHaBIMBaemMble 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.



YpoBHHM XypHaaa

Hcronb3yeM HOBYIO 6a3y [aHHBIX.

=> CREATE DATABASE wal_tuning;

CREATE DATABASE

=> \c wal_tuning

You are now connected to database "wal_ tuning" as user "student".
VpoBeHs KypHaa o yMmondanuio — replica.

=> SHOW wal_level;

wal_level

replica
(1 row)

TlocMOTpHM, KaK 3alMCEIBA€TCS B XKypHan Komanna CREATE TABLE AS SELECT.

=> SELECT pg_current_wal_insert_lsn();

pg_current_wal_insert_lsn

1/54F3F2F8
(1 row)

=> SELECT pg_walfile_name('1/54F3F2F8');
pg_walfile name

000000010000000100000054
(1 row)

=> CREATE TABLE t_wal(n) AS SELECT 1 from generate_series(1,16000);
SELECT 1000

=> SELECT pg_current_wal_insert_lsn();

pg_current_wal_insert_lsn

1/54F64078
(1 row)
O6BeM XKypHaya:
=> SELECT '1/54F64078'::pg_lsn - '1/54F3F2F8'::pg_lsn;

?column?

150912
(1 row)

TloMuMO H3MEHEHH! CHCTEMHOTO KaTajora, B XKypHaJl IONafjaloT 3amuCH:

e CREATE — cospnanue daiina OTHOMIEHHUS;
o INSERT+INIT — BCTaBKa CTPOK B TabJIHIIy;
o COMMIT — ¢dukcanus TpaH3aKIUH.

postgres$ /usr/lib/postgresql/13/bin/pg_waldump -p /var/lib/postgresql/13/main/pg_wal

rmgr: Storage len (rec/tot) 42/ 42, tx: 0, lsn:
rmgr: Heap len (rec/tot) 59/ 59, tx: 1204422, 1sn:
rmgr: Heap len (rec/tot) 59/ 59, tx: 1204422, 1lsn:
rmgr: Heap len (rec/tot): 59/ 59, tx: 1204422, 1sn:
rmgr: Heap len (rec/tot) 59/ 59, tx: 1204422, 1lsn:
rmgr: Heap len (rec/tot) 59/ 59, tx: 1204422, 1sn:
rmgr: Transaction len (rec/tot) 421/ 421, tx: 1204422, 1lsn:

1/54F3F2F8,
1/54F54410,
1/54F57CA8,
1/54F5B558,
1/54F5EE@8,
1/54F626B8,
1/54F63EB8,

prev
prev
prev
prev
prev
prev
prev

-s 1/54F3F2F8 -e

1/54F3EABO,
1/54F543E0,
1/54F57C68,
1/54F5B518,
1/54F5EDCS,
1/54F62678,
1/54F63E78,

desc:
desc:
desc:
desc:
desc:
desc:
desc:

1/54F64078 000000010000000100000054 |

CREATE base/111501/111502

INSERT+INIT off 1
INSERT+INIT off 1
INSERT+INIT off 1
INSERT+INIT off 1
INSERT+INIT off 1
COMMIT 2023-01-19

Ha yposre replica xypHaT CONepKHT BCe H3MEHEHHUs JAaHHEIX, YTO MO3BOJIIET MPHMEHHUTD MX K (QH3MIEeCKOH Pe3ePBHON KOHH UITH K PEeIIHKe.

flags
flags
flags
flags
flags

14:31:

0x00, blkref #0: rel
0x00, blkref #0: rel
0x00, blkref #0: rel
0x00, blkref #0: rel
0x00, blkref #0: rel
20.786832 MSK; inval

grep 'CREATE\|INSERT+INIT\|COMMIT"'

1663/111501/111502 blk 0
1663/111501/111502 blk 1
1663/111501/111502 blk 2
1663/111501/111502 blk 3
1663/111501/111502 blk 4
msgs: catcache 75 catcache 74 catca

VcraHOBUM IS KypHasla ypoBeHb minimal (pu 9TOM MPUAETCS TakXke 3ajlaTh HylIeBOe 3HaYeHHe TapamMeTpa max_wal _senders u mepe3anyCTHTh CepBep).

=> ALTER SYSTEM SET wal_level = minimal;
ALTER SYSTEM

=> ALTER SYSTEM SET max_wal_senders = 0;
ALTER SYSTEM

student$ sudo pg_ctlcluster 13 main restart

student$ psql wal_tuning

TIocMOTpPHM, KaK Teleph 3allUChBaeTCs B KypHan KomaHga CREATE TABLE AS SELECT.

=> DROP TABLE t_wal;

DROP TABLE

=> SELECT pg_current_wal_insert_lsn();
pg_current_wal_insert_lsn

1/54F6A5B8
(1 row)
=> SELECT pg_walfile_name('1/54F6A5B8");
pg_walfile name

000000010000000100000054
(1 row)

=> CREATE TABLE t_wal(n) AS SELECT 1 from generate_series(1,16000);
SELECT 1000

=> SELECT pg_current_wal_insert_lsn();

pg_current_wal_insert_lsn

1/54F82968
(1 row)

O6BbeM XKypHaTa yMEeHBIIHIICS

=> SELECT '1/54F82968'::pg_lsn - '1/54F6A5B8'::pg_lsn;



?column?

99248
(1 row)
B xypHane HeT 3amuceii INSERT+INIT:
postgres$ /usr/lib/postgresql/13/bin/pg_waldump -p /var/lib/postgresql/13/main/pg_wal -s 1/54F6A5B8 -e 1/54F82968 000000010000000100000054 | grep 'CREATE\|INSERT+INIT\|COMMIT'

rmgr: Storage len (rec/tot): 42/ 42, tx: 0, lsn: 1/54F6BCD8, prev 1/54F6BCB8, desc: CREATE base/111501/1115605
rmgr: Transaction len (rec/tot): 34/ 34, tx: 1204424, 1sn: 1/54F82940, prev 1/54F78860, desc: COMMIT 2023-01-19 14:31:23.865665 MSK

Ha ypoBre minimal onepatopst CREATE TABLE AS SELECT, TRUNCATE u HeKOTOphIe APYTHe BHIIONHSAIOT CHHXPOHHU3ALMIO, 06ecriednBasi TEM CaMbIM [OJIrOBEYHOCTh. A XKypHaJl COLEPIKUT TOJIBKO 3alNCH,
HEOOXOIUMBIE [I/IsT BOCCTAHOBJIEHHST TTOCTIE CGOST.

BepHeM ypoBeHb 110 yMordaHuio (replica).

=> ALTER SYSTEM RESET wal_level;

ALTER SYSTEM

=> ALTER SYSTEM RESET max_wal_senders;
ALTER SYSTEM

student$ sudo pg_ctlcluster 13 main restart

student$ psql wal_tuning



HaaeXHOoCTb 3anncu Q

KemmipoBanue
[ToBpexxaeHve NaHHbIX

HeaTOMapHO CTb 3dITMCH CTPAHUI]
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KeLwwnpoBaHue 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 S
>

7

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/13/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
wal_log_hints = off (HessBHO on TTpY KOHTPOJIBHBIX CyMMaXx CTPAHHUI])
wal_compression = 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/IbHbIMU CyMMamu. 3TO
nydiie cgenatb cpasy npu nHUUuanm3anmm knactepa, Ho MOXHO BK/THOUNTb
N NOTOM, OCTAHOBUB cepBep. B Npon3BoaCcTBEHHOW cpefe KOHTPO/IbHbIE
CYMMbI O/HKHbI ObITb BK/IKOYEHbI 0683aTe/IbHO, HECMOTPS Ha HakadHble
pacxofpbl Ha UX BblYMUCNIEHWNE N KOHTPO/Tb. MIHaUYe MOXHO NOYyYUTb
cUTyaumto, Korga BO3HUKLLNIA cO0il He ByAeT BOBPEMSA OOHapYXEH.

[MpoBepPUTb, BK/IOYEHBI /I KOHTPO/IbHbIE CYMMbI, MOXXHO C MOMOLLbHO
napametpa data_checksums (TonbKo Asis yteHns). Mapametp
ignore_checksum_failure nNo3BosieT He NpepbiBaTb TPaH3aKUMIo,
NpoYMTaBLUY COOMHYHO CTpPaHuLYy, HO OObIYHO ero He cnepyeT BK/IoYaTb.

[Mpy BKIKOYEHHbLIX KOHTPO/IbHBLIX CYMMax B XypHas Bcerga rnonagaet t1akas
«HecyLeCTBEeHHas» NHdhopmauna, Kak GUTbl NOACKa30K (pacCMOTPEHDI

B Moayfie «MHOroBEPCUOHHOCTb>»), MOCKO/IbKY N3MEHeHne ftoboro uta
NPUBOAUT U K U3MEHEHUIO KOHTPO/TbHOWN CYMMbI. [1pn BbIK/TKOYEHHbIX
KOHTPO/IbHbIX CyMMax 3a 3anucb GUTOB NOACKA30K B XXypHas1 oTBevaeT
napametp wal_log_hints.

N3meHeHns1 BUTOB NOACKA30K BCeraa XypHasimpyeTcs B BUAE NOSIHOMO
obpasa ctpaHuupbl (FPI, full page image), 4To CULHO yBENMYMBAET pasmMep
XypHana. Ina 3KOHOMUM MOXHO BK/THOUMTL CXKaTue NosiHbIX 06pa3os

C NOMOLLIbI0 NapameTpa wal_compression.
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HeaTtomapHOCTbL 3anncu 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
4acTUYHO.

MoHATHO, UTO npn BOCCTaHOB/TIEHUN 6eCcCMbICNIEHHO MPUMEHATD K Takom
CTpaHunue 00blYHbIE XYPHaJIbHbI€ 3arnncu.

[na 3awmtbl PostgreSQL No3BOMASET 3anncCbiBaTb B XXypHas1 06pa3 BCel
CTpaHuubl NPV NEePBOM ee U3MEHEHUM NMOC/Ie KOHTPOSIbHOWN TOUYKM (Takon e
o6pas 3anncbiBaeTca 1 Npu N3MeHeHU BUTOB NOACKA30K) — 3TUM
ynpasnsaeT napametp full_page_ writes. OTKNOYaTb €ro UMEEeT CMbIC/T,
TO/IbKO eC/nin ucnosibdyemas goainsioBas cuctema n annaparypa camu rno
cebe rapaHTUPYOT aTOMapHOCTb 3armcu.

Ecnv npu BOCCTAHOBNEHMM Mbl BCTPEYAEM B XYypHasie 06pa3 cTpaHuLbl,

Mbl 6€3YC/I0OBHO 3anuncbiBaeM ero Ha Aunck (K Hemy 60sbLue AoBepusi, Tak Kak
OH, KakK 1 BCsiKas XXypHasibHas 3annch, 3allMileH KOHTPONbHOI CyMMOIA).

N yxxe K HeMy NpuMeHsieM 06bIYHbIE XYpPHa/ibHble 3anucu.

Xota PostgreSQL nckntovaeT 13 nosiHoro oépasa CTpaHunLbl HesaHAaToe
MEeCTO, BCe XXe 00beM XypHaUslbHbIX 3anucein ysenmumeaeTcs. Kak yxe
rOBOPW/I0OCH, pa3mMep MOXHO YMEHbLUNTb 3a CHET CXXaTus NosiHbIX 06pa3oB
(napameTp wal_compression).



KOHTpOJIBH])Ie CyMMBbI

Co3pgapuM ele ogHy TabuIy:

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

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

Bort ¢aiin, B KOTOPOM HaXOMSATCS HaHHBIE:
=> SELECT pg_relation_filepath('t');

pg_relation filepath

base/111501/111508
(1 row)

OcCTaHOBUM CepBep U IIOMEHsIeM HEeCKOJIbKO 6alTOB B CTpaHuIle (CoTpeM u3 3arojoBka LSN mocnengHel KypHaIbHOH
3allucH).

student$ sudo pg_ctlcluster 13 main stop
postgres$ dd if=/dev/zero of=/var/lib/postgresql/13/main/base/111501/111508 oflag=dsync conv=notrunc bs=1 count=8

8+0 records in
8+0 records out
8 bytes copied, 0,0113844 s, 0,7 kB/s

MozkHO OBIJIO OB ¥ HE OCTAHaBIMBATh CEPBEP. [ OCTATOYHO, YTOOKI:

e CTpaHHIlA 3amKcajach HAa OUCK U ObI/Ia BHITECHEHA U3 KeIla;
e IIPOU3OIUIO TOBPEXKIEHUE;
e cTpaHuIla OblIa IPOYHUTAHA C AUCKA.

Temeph 3allyCKaeM CepBep.

student$ sudo pg_ctlcluster 13 main start
student$ psql wal_tuning

ITonpoGyeM IpoYuTaTh TabIuIly:

=> SELECT * FROM t;

WARNING: page verification failed, calculated checksum 61097 but expected 57952
ERROR: invalid page in block 0 of relation base/111501/111508

ITapameTtp ignore_checksum failure mo3sossieT nonpo6oBaTh IPOYUTATH TAOIUIY C PUCKOM IIOJIyYUTh UCKaKEeHHbIe TaHHbIEe
(manmpuMep, eClii HeT Pe3ePBHOU KOIIHNNU):

=> SET ignore_checksum_failure = on;

SET

=> SELECT * FROM t;

WARNING: page verification failed, calculated checksum 61097 but expected 57952
id

1
2
3

(3 rows)



Mpon3BoANTENBHOCTb s

Xapakrep Harpysku
CuHXpOHHad 3arvch

ACI/IHXPOHHaH 3dITMChb
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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
(cumBosbHas ccblika 3 PGDATA/pg_wal)

Penkoe uteHue

MpHY BOCCTAHOBJ/IEHHUA

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

12

[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 CMMBOJ/IbHYIO CCbIJIKY HA COOTBETCTBYIOLLMIA 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».



o)) PROFESSIONAL

CUHXpPOHHaA 3anncb Pos{gres

AnroputMm

npu Cl)I/IKCaI_II/II/I W3MeHeHUH C6paCLIBaeT HaKOITMBIIIKEeCd 3aIllMCH,
BKJ/IFOUad 3aIl1MCh O (I)I/IKC{:U_[I/II/I

X7aeT commit_delay, eciu akTUBHO He MeHee commit_siblings TpaH3aKLuii

CBoricTBa

rapaHTUPYETCA 40J/I'OBEUHOCTb
YBeJ/IMUMBAECTCS BPpEMS OTKJ/IMKa

Hacrtpoiiku
. BK/IlOYATb
SynChronOUS_Commlt =o0on npu 60/1bLLIOM MOTOKE
. KOPOTKUX TpaH3aKLuuii
commit_delay =0
commit_siblings =5
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3anncb XypHasia NponcxoauT B 04HOM U3 ABYX PEXUMOB: CUHXPOHHOM
(korga npu comkcauum TpaH3akummn Npoaoc/KeHne paboTbl HEBO3MOXHO A0
Tex Mnop, Nnoka Bce XypHasibHble 3anncu 0 TpaH3akuMm He OKaXyTCsl Ha
OVCKE) N aCUHXPOHHOM (Koraa XypHas 3anncbiBaeTca YyacTamun B (poHe).

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 TPpaH3aKUMii — pacyeT Ha TO,
4TO 3@ BPEMS OXMAAHMSA YacTb TPaH3aKUUin yCnewT 3aBepLUnNTbLCA M MOXHO
OyAeT CUHXPOHN3NPOBATh X 3anucu 3a OAMH 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
CUHXPOHHasA 3annuch yBenmumBaeT BpemMs oTknuvka (komaHga COMMIT He
BO3BpaLlaeT yrnpas/ieHne 40 OKOHYaHUA CUHXPOHM3aLUNN) N CHKaeT
Npon3BoAUTENTIbHOCTbL CUCTEMBI.



o)) PROFESSIONAL

ACNHXPOHHaA 3anncb Posigres

AnroputMm

L[MKJIbI 3anUcu uepe3 wal_writer_delay

3dIIMChIBae€T TOJIBKO L€/IMKOM 3dal10/THEHHbIE CTPDAHUIIbI,;
HO eCJIM HOBBIX IMOJIHBIX CTPAHUI] HET, TO 3allMChIBAET ITOC/I€JHIOK0 0 KOHLIa

CaoricTBa
rapaHTHPYeTCsl COT/IaCOBAHHOCTh, HO He JI0JITOBEYHOCTD
3amKCUpoBaHHbIe U3MeHeHHsI MOTYT MporacTs (3 x wal_writer_delay)

Hactporiku —

N3MeHATb Ha ypOBHe

synchronous_commit TPaHsakm
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, NMnbo no goctmxkeHnto obvema wal_writer_flush_after:

- Ecnu ¢ npownoro pasa B 6ydhepax 6bin1a Lenmkom 3anosiHeHa ogHa uim
HECKO/IbKO CTpaHuL,, coOpacbiBalOTCA TOMbLKO Takme, NOMHOCThIO
3anosiHeHHble, CTPaHULpb! (UM YacTb TakuX CTPaHuL,; BCNOMHUM, YTO
XXYPHaU/IbHbI KeLw npeacTtasnset coboi KonbueBon bydep — 3anncbiBaeTcs
TO/IbKO HernpepbiBHAA nocnefoBare/lbHOCTb CTpaHuy). MNpn 601bLLIOM
NMOTOKE N3MEHEHUI 3TO NO3BOJIAET HE CUHXPOHU3NPOBATL OAHY U TY Xe
CTpaHuLy HECKOJ/IbKO pas.

- Ecnn e 3anosiHeHHble CTpaHuubl He NosIBU/INCH, 3anucbiBaeTCA TekyLlas
(He 40 KOHUa 3anosiHeHHas) cTpaHuua XypHana.

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/postgrespro/13/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.




BHHHHHeCHHXpOHHOﬁl@HKC&HHHIﬁinpOHSBonHTEHLHOCTL

Pe}KHM, BKJIIOUEHHBIN I10 YMOJT9YaHWI0, — CUHXPOHHAasA (bI/IKcaLII/IH.
=> SHOW synchronous_commit;

synchronous_commit
on
(1 row)

3anyCcTUM MPOCTOU TECT MPOU3BOAUTEIBHOCTH C IIOMOILBIO YTUIKTH pgbench. [l 3Toro cHavana HHUIMATH3UPYEM HEOGXOIUMEbIe
TaGIULIBL.

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 0.29 s (drop tables 0.00 s, create tables 0.01 s, client-side generate 0.14 s, vacuum 0.07 s, primary keys 0.08 s).

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

starting vacuum...end.

progress: 1.0 s, 853.9 tps, lat 1.166 ms stddev 0.224
progress: 2.0 s, 857.1 tps, lat 1.167 ms stddev 0.300
progress: 3.0 s, 850.8 tps, lat 1.174 ms stddev 0.273
progress: 4.0 s, 879.2 tps, lat 1.138 ms stddev 0.433
progress: 5.0 s, 886.9 tps, lat 1.126 ms stddev 0.254
progress: 6.0 s, 786.1 tps, lat 1.270 ms stddev 0.378
progress: 7.0 s, 933.0 tps, lat 1.073 ms stddev 0.201
progress: 8.0 s, 936.1 tps, lat 1.068 ms stddev 0.250
progress: 9.0 s, 937.9 tps, lat 1.066 ms stddev 0.224

progress: 10.0 s, 962.1 tps, lat 1.039 ms stddev 0.096
transaction type: <builtin: TPC-B (sort of)>

scaling factor: 1

query mode: simple

number of clients: 1

number of threads: 1

duration: 10 s

number of transactions actually processed: 8884
latency average = 1.125 ms

latency stddev = 0.282 ms

tps = 888.304205 (including connections establishing)
tps = 888.554224 (excluding connections establishing)

B pe3ynbraTax Hac MHTEPECYeT YUCII0 TPaH3aKIIUHM UIU CKOPOCTS (tps).

Tenepp yCTaHOBUM aCHHXPOHHBIN PEXKUM.

=> ALTER SYSTEM SET synchronous_commit = off;
ALTER SYSTEM

=> SELECT pg_reload_conf();

pg_reload conf

CHOBa 3aIlyCKaeM TECT.
student$ pgbench -P 1 -T 10 wal_tuning

starting vacuum...end.

progress: 1.0 s, 2236.0 tps, lat 0.446 ms stddev 0.163
progress: 2.0 s, 2063.0 tps, lat 0.484 ms stddev 0.290
progress: 3.0 s, 2102.8 tps, lat 0.475 ms stddev 0.204
progress: 4.0 s, 1840.2 tps, lat 0.543 ms stddev 0.274
progress: 5.0 s, 2150.9 tps, lat 0.465 ms stddev 0.194
progress: 6.0 s, 2200.1 tps, lat 0.454 ms stddev 0.184
progress: 7.0 s, 2183.0 tps, lat 0.458 ms stddev 0.173
progress: 8.0 s, 2238.0 tps, lat 0.446 ms stddev 0.153
progress: 9.0 s, 2221.9 tps, lat 0.450 ms stddev 0.172



progress: 10.0 s, 2228.1 tps, lat 0.448 ms stddev 0.173
transaction type: <builtin: TPC-B (sort of)>

scaling factor: 1

query mode: simple

number of clients: 1

number of threads: 1

duration: 10 s

number of transactions actually processed: 21487
latency average = 0.465 ms

latency stddev = 0.202 ms

tps = 2146.728891 (including connections establishing)
tps = 2147.373998 (excluding connections establishing)

Pa3yMmeeTcsi, Ha peasbHON CUCTEME COOTHOIIEHHE MOXKeT ObITh APYTUM, HO BUIHO, YTO B @CHHXPOHHOM PeXUMe IIPOU3BOAUTEIbHOCTh
CYLIECTBEHHO BBILIE.



o)) PROFESSIONAL

Toru Posigres

>KypHaJI IMO3BOJIsSseT BOCCTAHOBUTL COITIACOBAHHOCTEL 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 ckoibKO pa3 yMeHbIIaeTCsi pa3mep KypPHa/IbHbIX 3arucen
TIpYU BKJIFOUEHUM napaMmeTtpa wal_compression?
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1. O6partnTe BHUMMaHME Ha 3HaYyeHne napameTpa data_checksums.

[ns neTanbHOro aHamM3a MOXEeT NpUroanTbes yTunmTa pg_waldump

C K/1l04OM --Stats, nokasblBaroLWMM CTAaTUCTUYECKY HGhOpMaLnio
0 COCTaBe XypPHaJslbHbIX 3arnuncei.



1a. Full page writes = on

=> CREATE DATABASE wal_tuning;
CREATE DATABASE
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 0.27 s (drop tables 0.00 s, create tables 0.01 s, client-side generate 0.12 s, vacuum 0.07 s, primary keys 0.07 s).

=> SHOW full_page_writes;

full_page writes
on
(1 row)

=> CHECKPOINT;

CHECKPOINT

3amnyckaeM TecT Ha 30 CeKyHI.

=> SELECT pg_current_wal_insert_lsn();

pg_current_wal_insert_lsn
1/842EE360
(1 row)

student$ pgbench -T 30 wal_tuning

starting vacuum...end.

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

scaling factor: 1

query mode: simple

number of clients: 1

number of threads: 1

duration: 30 s

number of transactions actually processed: 27271
latency average = 1.100 ms

tps = 909.017581 (including connections establishing)
tps = 909.102116 (excluding connections establishing)

=> SELECT pg_current_wal_insert_lsn();
pg_current_wal_insert_lsn

1/85CD8C38
(1 row)

Pa3Mep KypHaJIbHBIX 3allUCei:

=> SELECT pg_size_pretty('1/85CD8C38"'::pg_lsn - '1/842EE360'::pg_lsn);

pg_size pretty

OCHOBHOU 06beM KypHasa COCTaBISIOT MONHEE o6pa3sl cTpanul (FPI):

=> SELECT pg_walfile_name('1/842EE360'), pg_walfile_name('1/85CD8C38');

pg_walfile_name | pg_walfile_name

(1 row)

postgres$ /usr/lib/postgresql/13/bin/pg_waldump --stats=record -p /var/lib/postgresql/13/main/pg_wal -s 1/842EE360 -e 1/85CD8C38

Type N (%)
XLOG/FPI_FOR_HINT 23 ( 0,01)
Transaction/COMMIT 27276 ( 16,11)
Storage/CREATE 1( 0,00)
Standby/LOCK 1( 0,00)
Standby/RUNNING_XACTS 2 ( 0,00)
Standby/INVALIDATIONS 4 ( 0,00)
Heap2/CLEAN 27574 ( 16,28)
Heap2/CLEANUP_INFO 1( 0,00)
Heap2/VISIBLE 1683 ( 0,99)
Heap/INSERT 27103 ( 16,00)
Heap/UPDATE 1667 ( 0,98)
Heap/HOT UPDATE 80130 ( 47,32)
Heap/LOCK 1693 ( 1,00)
Heap/INPLACE 6 ( 0,00)
Heap/INSERT+INIT 174 ( 0,10)
Heap/UPDATE+INIT 28 ( 0,02)
Btree/INSERT LEAF 1763 ( 1,01)
Btree/VACUUM 274 ( 0,16)

Total 169343

Record size

360
1713034
42
99307
2145175
285508
5791456
99617
1292
13746
5231
105934
17032

11206949

O6paTuTe BHEMaHKe Ha o6mmi pa3mep (cTpoka Total) momHkx o6pa3os (cTonber FPI size).

1b. Full page writes = off

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

pg_reload conf

=> CHECKPOINT;

CHECKPOINT

(%)
( 0,01)
( 8,28)
( 0,00)
( 0,00)
(0,00)
( 0,00)
( 15,29)
( 0,00)
(0,89
(19,14)
( 2,55)
( 51,68)
(0,89
( 0,01)
( 0,12)
( 0,05)
( 0,95)
( 0,15)

[42,02%]

FPI size

13236564
0
0

0
2030828
0

15464052

(%)
( 1,14)
( 0,00)
( 0,00)
( 0,00)
( 0,00)
( 0,00)
( 0,00)
( 0,00)
( 0,11)
( 0,00)
( 0,02)
( 0,00)
( 85,60)
(0,00)
( 0,00)
( 0,00)
(13,13)
( 0,00)

[57,98%]

Combined size
177871
927896

42

42

108

360
1713034
42
115691
2145175
288436
5792060
13336181
1292
13746
5231
2136762
17032

26671001

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

1

(%)
0,67)
3,48)
0,00)
0,00)
0,00)
0,00)
6,42)
0,00)
0,43)
8,04)
1,08)

21,72)
50,00)
0,00)
0,05)
0,02)
8,01)
0,06)

[100%]



3amyckaeM TecT Ha 30 CeKyHI.
=> SELECT pg_current_wal_insert_lsn();

pg_current_wal_insert_lsn

1/85CD8D0O8
(1 row)

student$ pgbench -T 30 wal_tuning

starting vacuum...end.

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

scaling factor: 1

query mode: simple

number of clients: 1

number of threads: 1

duration: 30 s

number of transactions actually processed: 25885
latency average = 1.159 ms

tps = 862.825600 (including connections establishing)
tps = 862.900945 (excluding connections establishing)

=> SELECT pg_current_wal_insert_lsn();

pg_current_wal_insert_lsn

1/8741E5C8
(1 row)

Pasmep KypHaIbHEIX 3aIUCEH:
=> SELECT pg_size_pretty('1/8741E5C8'::pg_lsn - '1/85CD8D08'::pg_lsn);
pg_size pretty

23 MB
(1 row)

Pa3Mep YMEHBIIHIICS, HO HE TaK CYIIECTBEHHO, KaK MOKHO GbiJIO GBI 03KHIATh.
Hpm{m{a B TOM, 4YTO KJlaCTep HHULNUAIM3UPOBaH C KOHTPOJIbHBIMU CyMMaMH B CTPaHHUIIAX NaHHBIX:
=> SHOW data_checksums;

data_checksums

on
(1 row)

TIpu 9TOM, HECMOTPst Ha TO 4TO full page writes BEIK/IOYEH, B JKypHaJI BCE PABHO 3alMCHIBAIOTCSI MOJTHEIE 00Pa3bl CTPAHHUII TP H3MEHEHHH GUTOB ITO[ICKAa30K. DTH JAHHEIE H COCTABJIIOT GOJIBIITYIO YaCTh
BCEro obpeMa:
=> SELECT pg_walfile_name('1/85CD8D08'), pg_walfile_name('1/8741E5C8');

pg_walfile name pg_walfile_name

1 1 5 1 1 7
(1 row)
postgres$ /usr/lib/postgresql/13/bin/pg_waldump --stats=record -p /var/lib/postgresql/13/main/pg_wal -s '1/85CD8D08' -e '1/8741E5(C8" 1 1 1
Type N (%) Record size (%) FPI size (%) Combined size (%)
XLOG/FPI_FOR_HINT 1681 ( 1,07) 82369 ( ©0,80) 13644768 (100,00) 13727137 ( 57,35)
Transaction/COMMIT 25886 ( 16,43) 880204 ( 8,55) 0 ( 0,00) 880204 ( 3,68)
Storage/CREATE 1( 0,00) 42 (1 0,00) 0 ( 0,00) 42 ( 0,00)
CLOG/ZEROPAGE ( 0,00) 30 ( 0,00) 0 ( 0,00) 30 ( 0,00)
Standby/LOCK 1( 0,00) 42 ( 0,00) 0 ( 0,00) 42 ( 0,00)
Standby/RUNNING XACTS 2 ( 0,00) 108 ( 0,00) 6 ( 0,00) 108 ( 0,00)
Standby/INVALIDATIONS 2 ( 0,00) 180 ( 0,00) 0 ( 0,00) 180 ( 0,00)
Heap2/CLEAN 26172 ( 16,61) 1643084 ( 15,97) 0 ( 0,00) 1643084 ( 6,86)
Heap2/VISIBLE 2 ( 0,00) 118 ( 0,00) 0 ( 0,00) 118 ( 0,00)
Heap/INSERT 25720 ( 16,32) 2031880 ( 19,75) 6 ( 0,00) 2031880 ( 8,49)
Heap/UPDATE 128 ( 0,08) 21841 ( 0,21) 0 ( 0,00) 21841 ( 0,09)
Heap/HOT _UPDATE 77526 ( 49,21) 5600697 ( 54,43) 0 ( 0,00) 5600697 ( 23,40)
Heap/LOCK 129 ( 0,08) 6966 ( 0,07) 0 ( 0,00) 6966 ( 0,03)
Heap/INPLACE 2 ( 0,00) 458 ( 0,00) 0 ( 0,00) 458 ( 0,00)
Heap/INSERT+INIT 165 ( 0,10) 13035 ( 0,13) 0 ( 0,00) 13035 ( 0,05)
Heap/UPDATE+INIT 2 ( 0,00) 342 ( 0,00) 0 ( 0,00) 342 ( 0,00)
Btree/INSERT_LEAF 132 ( 0,08) 8464 ( 0,08) 0 ( 0,00) 8464 ( 0,04)
Total 157552 10289860 [42,99%] 13644768 [57,01%] 23934628 [100%]
2. Cxarue

=> 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

3amyckaeM TecT Ha 30 CeKyHI.

=> SELECT pg_current_wal_insert_lsn();

pg_current_wal_insert_lsn
1/8741E698
(1 row)

student$ pgbench -T 30 wal_tuning

starting vacuum...end.

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

scaling factor: 1

query mode: simple

number of clients: 1

number of threads: 1

duration: 30 s

number of transactions actually processed: 26436
latency average = 1.135 ms

tps = 881.166492 (including connections establishing)



tps = 881.244912 (excluding connections establishing)
=> SELECT pg_current_wal_insert_lsn();

pg_current_wal_insert_lsn

1/88181F08
(1 row)

Pa3Mep KypHaJIbHBIX 3allUCeH:
=> SELECT pg_size_pretty('1/88181F08'::pg_lsn - '1/8741E698'::pg_lsn);

pg_size pretty

(1 row)
B HOaHHOM CiIy4ae — IIPH HaJlu49uHu GOJIBIIOrO YHCTIA IOIHBIX 06p3305 CTPaHHUIl — pa3Mep KypHaIbHBIX 3anucei YMEHBIIHUJICA MPUMEPHO B TPHU pas3a. XOTs BKJIIOYEHHE CKATHSI U Harpyzxaert IIponeccop,

TPaKTHYeCKU HaBePHSAKA UM CTOUT BOCIOJIb30BAThCS DU BKIIIOYEHHEIX KOHTPOJBHEIX CyMMaXx.



