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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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HeobxoaMmMoCTb Posfgres

Pa3Mep XPaHUMBIX XKYPHAJ/IbHBIX 3anucen
C KaKoro CerMeHTa HauMHAaTh NPUMEHSATH JKyPHa/IbHBIE 3aIIHCH
[IpX BOCCTAHOBJIEHUN?
AKTUBHO MCITOJIb3YIOIAsiCs CTPAHULId MOXKET He BBITECHATHCA U3 Kellla

Bpems BoccTaHOB/IeHUSA

CKOJIBKO BpeMeHHU 3aliMeT BOCCTaHOBJIeHHe roc/ie cbos?

Ecnn He npuHATL crneunasnbHbIX Mep, TO aKTUBHO NCNOJb3YIOLLAsACcA
CTpaHuua, nonas B OydyepHbIii KeLl, MOXET HUKOT4Aa He BbITECHATLCS.

OTO 03HA4aeT, YTo NPV BOCCTAHOB/IEHMM MOC/Ie CO0A HaM NPULLIOCH Obl
npocMaTpuBaTth BCe XYpPHasibHble 3annUcu, Co3LaHHble C MOMEHTAa 3arycka
cepsepa.

Ha npakTuke 310, KOHEYHO, HEAONYCTUMO. Bo-nepBbiX, haiinbl 3aHMMatoT
MHOro MecTa — UX BCe NpPUAETCSA XpaHUTb Ha cepBepe. Bo-BTOpbIX, BPeEMS
BOCCTaHOB/NEHWS ByaeT 3anpeaenbHo 60NblUMM — NPUAETCst NPOCMOTPETb
MHOXECTBO XYPHa/IbHbIX 3anuce.

[Mo3TOMYy U CyLEeCTBYET cneumasibHbli POHOBLIN NPOLECC KOHTPOsILHOM
To4ukn (checkpointer), KOTOpbI Nepruoanyeckn copacbiBaeT BCe rpsa3HbIe
CTpaHuubl Ha ANCK (HO He BbITECHAET MX 13 Kewwa). [locne Toro Kak
KOHTPO/IbHaA TOYKa 3aBepLUeHa, XypHasibHble 3annucu, npeaLllecTsyoLume
ee Havasly, 60/ibLle He HYXXHbI A11 BOCCTaHOB/IEHMS.
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[Mpouecc KOHTPOJIbHOWN TOYKU Po@gres

3anKChIBarOTCS rpsizHble Oydepst CLOG

CLOG
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PaccmoTtpum rlo,qpo6Hee, 4TO nNponcxoanT nNpu BbINOJIHEHNN KOHTpOJ’IbHOI\/'I
TOYKN.

Bo-nepBbix, NOMMMO 6yhepHOro Kella, B onepaTtnBHON NaMsiTu
pacnonaratTcs U Apyrue CTPYKTypbl, COAEPXNMOE KOTOPbIX HY>XXHO
COXpaHATb Ha AMCKe.

B yacTHOCTW, KOHTPO/IbHAasA ToYKa copacbiBaeT Ha ANCK Bydoepbl cTaTtyca
TpaH3akumin (CLOG). MoCKoNbKy KOMY4eCcTBO Taknx 6ydhepoB HEBEMNKO
(Mx 128 WwTyK), OHM 3annCbiBaOTCA Cpasy Xe.
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[Tpouecc KOHTPOJIbHOWN TOUKK Posigres

TIOMeYaroTCsl i3MeHeHHbIe CTPAHULIbI B OydepHOM Kellle

Bo-BTOpbIX, OCHOBHasi pabota KOHTPO/IbHON TOYKM — COPOCUTb Ha ANCK BCe
CTpaHuLbl N3 6ydoepHOro Kewla, KoTopble OblNn rPA3HbIMU HA MOMEHT
Hayasia KOHTPO/IbHOM TOYKN.

[MockonbKy pasmep 6ydrepHOoro Kela MOXeT ObITb OYEHb BEJIVK,
cbpacbiBaTb cpa3y BCe CTpPaHuULbl MN10X0 — 3TO NPUOCTAHOBUT HOPMasIbHYHO
paboTy cepeepa 1 co34acT 60MbLUYI0 HAarpy3ky Ha AUCKOBYHO NOACUCTEMY.
[M03TOMY KOHTPO/IbHas TOUKa pacTArmBaeTcs BO BPpEMEHU U (hakTnyecku
npeBpaLlaeTcs B OTPE30K.

CHayana Bce U3MEHEHHbIEe Ha TEKYLMIA MOMEHT CTPaHWULbl NOMeYarTCs
B 3arosioBke Gychepa cneuymasibHbIM (priarom...
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[Tpouecc KOHTPOJIbHOWN TOUKK Posigres

MMoMeYeHHbIe CTPaHULIbI ITOCTEIIE€HHO 3aIllMChIBalOTCHA,
roMeTKa youpaeTcst 3 3aroyioBka oydepa

checkpoint_completion_target = 0.5 @

cTan
rPA3HLIM
nocne Hadana
KOHTPO/IbHOW
TOUKM
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...a 3aTeM NpoLecc KOHTPOSIbHOW TOUKM rrocmerneHHo NPoXoAnT No BCEM
Oydhepam 1 copacbiBaeT NOMeYeHHble Ha AUcK. OTMETUM, YTO CTPaHWULbI
He BbITECHAITCS M3 Kella, a TO/IbKO 3anncbiBatoTcsl. M03TOMY KOHTPO/IbHas
TOYKa He obpallaeT BHMMaHMS Ha YMCNo obpalleHnil K bydoepy 1 NpusHak
3aKpensieHHOCTH.

[MomeyeHHble Bydoepbl MOTYT Takke 6bITb 3anMcaHbl 1 06CTYXXBaOLMMU
npoLeccamMmm — CMOTPSA KTO Jo6epeTca Ao bydpepa nepsbiM. B fito6om
Cnyyae npuv 3anncu CHUMaeTCs YCTaHOB/IEHHbIN paHee hnar, Tak u4To Bydep
OyfneT 3anvcaH TO/IbKO OA4MH pas.

B npouecce paboTbl KOHTPOIbHOW TOYKN CTPAHULbI MPOAO/IKAKT
N3MeHATbCA B OydhepHOM Kelle. Ho HoBble rpsisHble 6ydiepbl yxe He
paccMaTpuBaloTCsi NPOLECCOM KOHTPObHOW TOUKM, Tak Kak Ha MOMEHT
Hayasia paboTbl OHN HE BbISN TPSA3HBIMMU.

AKTUBHOCTb 3anucu rpsisHbix 6ydpepos onpeaensieTcs 3HavyeHnem
napametpa checkpoint_completion_target. OH Noka3sbIBaEeT, Kakyto 4acTb
BpPEMEHU MeXay ABYMS COCeHUMMN KOHTPO/IbHbIMU TOYKamu cregyet
MCNoNb30BaTh A1 3anUcn cTpaHul,. 3HavyeHre rno ymonyaHumio pasHo 0.5,
TO eCTb 3anncb 3aHUMaEeT NPUMEPHO NOSTIOBUHY BPEMEHU MEXAY
KOHTPO/IbHbIMM TOUukamMu. OBbIYHO 3HAYEeHMe YBENNYMBaloT, Hanpumep 40
0.9, uTo6LI Harpy3ka 6blna 6onee paBHOMepPHOWN. 3HavyeHus Bbiwe 0.9
MCNOb30BaTh HE PEKOMEHAYETCS, MOCKObKY (DakTUYeCKn Npouecc MoxeT
3aHATb HECKOJ/1bKO 60/IblIEe BPEMEHMN, YEM YKa3aHOo B napameTpe.
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[Tpouecc KOHTPOJIbHOWN TOUKK Posigres

B JKypHaJle CO3/laeTCsl 3aluch O 3aBepllieHNH KOHTPOJIbHOW TOUKU
C yKa3aHMeM MOMeHTa ee Hauasa

B (paiin pg_control 3amuckiBaeTcss LSN KOHTPO/IbHOM TOUKH

B 3TOT
MOMEHT Havyasiacb
KOHTPO/IbHas
TO4YKa

WAL 3anncb
0 3aBepuwieHie PGDATA/global/pg_control

KOHTPO/IbHOM
TOUKM

<\
— <« I:étest checkpoint location: 3/B35D50E8

B koHLe paboTbl NpoLecc co34aeT XYpHasibHYH0 3annucb 06 OKOHYaHWUN
KOHTPONbHOW TOYkK. B aToli 3anmncu cogepxmntca LSN moMeHTa Havyana
paboTbl KOHTPONBLHOW TOYKN. MOCKO/IbKY KOHTPO/IbHAs TOYKA HUYETO He
3anncbiBaEeT B XypHas1 B Havane cBoeit paboThl, Mo aTomy LSN MoxeT

HaxXoAnTbCA nobas XYpPHaJibHas 3alunchb.

Kpome Toro, B cneymansHbii thainn PGDATA/global/pg_control
3anncbiBaeTCs yKasaHne Ha CO3[aHHYH XXypHaUTbHYH0 3anucb. Takum
06pa3oM MOXHO ObICTPO BbISICHATb NOCNEAHIO NPOIAAEHHYH KOHTPO/IbHYHO

TOUKY.



KoHTpoibHast TO9Ka

3arnsHeM B yrpassiomuit daitn /var/lib/postgresql/13/main/global/pg_control. 9To MOXHO CAenaTh C MOMOMIBIO YTHIUTE! Pg_controldata.

postgres$ /usr/lib/postgresql/13/bin/pg_controldata -D /var/lib/postgresql/13/main

pg_control version number: 1300

Catalog version number: 202007201

Database system identifier: 7162043816462880038
Database cluster state: in production
pg_control last modified: MH 26 pek 2022 19:08:47
Latest checkpoint location: 0/D16935A0

Latest checkpoint's REDO location: 0/D1693568

Latest checkpoint's REDO WAL file: 0000000100000000000000D1
Latest checkpoint's TimeLineID: 1

Latest checkpoint's PrevTimelLineID: 1

Latest checkpoint's full_page writes: on

Latest checkpoint's NextXID: 0:696119

Latest checkpoint's NextOID: 68748

Latest checkpoint's NextMultiXactId: 7
Latest checkpoint's NextMultiOffset: 13
Latest checkpoint's oldestXID: 639307
Latest checkpoint's oldestXID's DB: 13488
Latest checkpoint's oldestActiveXID: 696118
Latest checkpoint's oldestMultiXid: 7
Latest checkpoint's oldestMulti's DB: 68282

Latest checkpoint's oldestCommitTsXid:@

Latest checkpoint's newestCommitTsXid:0

Time of latest checkpoint: MH 26 pek 2022 19:08:47
Fake LSN counter for unlogged rels: 0/3E8

Minimum recovery ending location: 0/0

Min recovery ending loc's timeline: ]

Backup start location: 0/0

Backup end location: 0/0
End-of-backup record required: no

wal_level setting: replica
wal_log_hints setting: off
max_connections setting: 100
max_worker_processes setting: 8
max_wal_senders setting: 10
max_prepared_xacts setting: [¢]
max_locks per xact setting: 64
track_commit_timestamp setting: off

Maximum data alignment: 8

Database block size: 8192

Blocks per segment of large relation: 131072

WAL block size: 8192

Bytes per WAL segment: 16777216
Maximum length of identifiers: 64

Maximum columns in an index: 32

Maximum size of a TOAST chunk: 1996

Size of a large-object chunk: 2048

Date/time type storage: 64-bit integers
Float8 argument passing: by value

Data page checksum version: 1

Mock authentication nonce: 9e2a724b92922e7c0dc53158396b20016T48a0f0775e2daade43872e55d2738

BuanuM MHOTO CIpaBOYHOM HHPOPMAIMHK, U3 KOTOPOH 0COGHI HHTEPEC MPeACTABISIOT AAHHbIE 0 OC/IefAHel KOHTPOJIBHOM TOYKe U CTATyC KiacTepa: «in production».

BrINONHUM BPYYHYIO KOHTPOJIBHYIO TOUKY U IIOCMOTPHM, KaK 3TO OTPaXXaeTcs B XKypHaJle U B ynpasnsiomeM daiine.
=> SELECT pg_current_wal_insert_lsn();

pg_current_wal_insert lsn

0/D1693698
(1 row)
=> SELECT pg_walfile_name('0/D1693698");
pg_walfile name

0000000100000000000000D1
(1 row)

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

pg_current_wal_insert lsn

0/D1693748
(1 row)

B KypHaJl nonajaeT 3anuck 0 TOM, YTO KOHTPOJIbHAs Touyka npoiineHa (CHECKPOINT ONLINE):
postgres$ /usr/lib/postgresql/13/bin/pg_waldump -p /var/lib/postgresql/13/main/pg_wal -s 0/D1693698 -e 0/D1693748 0000000100000000000000D1

rmgr: Standby len (rec/tot): 50/ 50, tx: 0, lsn: 0/D1693698, prev 0/D1693640, desc: RUNNING XACTS nextXid 696119 latestCompletedXid 696118 oldestRunningXid 696119
rmgr: XLOG len (rec/tot): 114/ 114, tx: 0, lsn: 0/D16936D0, prev 0/D1693698, desc: CHECKPOINT ONLINE redo 0/D1693698; tli 1; prev tli 1; fpw true; xid 0:696119; oi

B omucaHuu 3anucH ykasaH LSN Hauana KOHTPOJIBHOU TOUKH (redo).
CpaBHHM C TaHHEIMH YIIPaBIISIOmEro daia:
postgres$ /usr/lib/postgresql/13/bin/pg_controldata -D /var/lib/postgresql/13/main | egrep 'Latest.*location’

Latest checkpoint location: 0/D16936D0
Latest checkpoint's REDO location: 0/D1693698

Hudbopmanus o6 LSN, oueBuaHO, COBIAfaeT.
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BoccTaHOB/1eHue Pos{gres

[Tpu cTapTe cepBepa roce c6os

1. Haiitu LSN, Hayasia roc/iejHe 3aBepilieHHON KOHTPOJIbHOW TOUKU

2. IPUMEeHUTDb K&Ky 3aIvch )KypHasa, HaurHas ¢ LSNy,
eci LSN 3armcu 6osbinte, uem LSN cTpaHHL{bI

3. mepe3arnucarb He)XypHaMpyeMble TabuIpl init-daiiiamu
4. BBITIOJTHUTb KOHTPOJIbHYIO TOUKY

Ha4yano
BOCCTaHOB/1IEHUA

HeobxoanMble dhalinbl XypHana

r .
& ' » xid
KOHTpO/IbHas TOUKa c6oi

KOHTpO/ibHasA To4kKa
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Ecnu B paboTe cepBepa npousollen cboi, npy nocnenyoLwem 3anycke
npouecc startup o6HapyxmBaeT 310 (B dpaine pg_control ctatyc oT/iMyeH
oT «shut down») 1 BbINOMHAET aBTOMaTNU4YeCKOe BOCCTAHOB/IEHME.

CHavana npougecc umTtaeT u3 Toro xe hanna LSN 3anncu o nocneaHein
KOHTPO/IbHOW TOuYKe. 13 3ToM 3anucu npouecc y3HaeT no3unymo LSN Havyana
KOHTPOJIbHOW TOUKMW.

(ANns NONHOTLI KAPTUHBI 3aMETUM: eC/iv NpuUcyTcTByeT dpann backup label,
3anncb O KOHTPOJIbLHOW TOYKE YNTAETCSH U3 HEITO0 — 3TO HYXXHO AJ15
BOCCTaHOB/IEHNSA U3 pe3epBHbIX Konuid. MogpobHee cMm. Kypc DBA3.)

[anee npouecc startup uMTaeT XXypHas oT HahngeHHOWN NO3nLNWK,
nocnenoBaresibHO NPUMEHSASA 3anncK K CTpaHuLam, ecsiv B 3TOM eCTb
Heo6X0AMMOCTb (UTO MOXHO NPOBEPUTL, cpaBHMB LSN CTpaHuupbl Ha Ancke
¢ LSN XypHasibHOl 3anncK). MI3aMeHeHne cTpaHul, Npoucxoant B 6ydoepHom
Kelle, Kak npu obbl4HOW paborTe.

3anucu, oTHocAwmeca K ctpaHmyam CLOG, BoccTaHaBnnBalT cTatyc
TpaH3akuuin. TpaH3akumn, He 3adIUKCUpPOBaHHbIE K KOHLYY BOCCTAHOB/IEHUSA,
cumTaroTcs 060pBaHHbIMU; NX N3MEHEHUS He BUAHbI B CHUMKaX OaHHbIX.

AHa/IOTMYHO 3anncy NPUMEHSIITCS U K doalinam: HanpumMep, ecnv 3anuck
rOBOPUT, YTO (paiin f0/MKEH GbITb CO3AaH, a ero HeT — chaiin co3gaeTcs.

B KOHLLe npoLiecca Bce HeXypHasimpyeMble Tabnvubl nepes3anncbiBalTCs
C NoMoLLbI0 06pas3os B init-gpaiiax. Ha aTom npouecc startup 3asepLuaet
paboTy, nocre 4yero npouecc checkpointer BbIMNO/HAET KOHTPOJIbHYHO TOYKY,
4yTOObI 3apMKCMpPOBaTbL BOCCTAHOB/IEHHOE COCTOSHUE.



BoccraHoBienue

Temneps CHLIMUTHPYEM COOH, IPUHYAUTEIILHO BHIKJIIOUUB CEPBED.

=> CREATE DATABASE wal_checkpoint;

CREATE DATABASE

=> \c wal_checkpoint

You are now connected to database "wal checkpoint" as user "student".
=> CREATE TABLE test(t text);

CREATE TABLE

=> INSERT INTO test VALUES ('Mepepn c6oem');

INSERT 0 1

student$ sudo head -n 1 /var/lib/postgresql/13/main/postmaster.pid
15562

student$ sudo kill -9 15562

Ceiiyac Ha OUCKe HaXOMsITCS XXKYpPHAJIbHBIE 3allKCH, HO TaGIMYHBIE CTPAHUIIEI HE ObIIM COPOIIIEHE HA [AUCK.

TIpoBepHUM COCTOSIHUE KJlacTepa:

postgres$ /usr/lib/postgresql/13/bin/pg_controldata -D /var/lib/postgresql/13/main | grep state

Database cluster state: in production

CocrossHuEe He n3MeHuoch. [Ipu 3anmycke PostgreSQL moiimeT, uTo npou3somres c60# 1 TpeGyeTCst BOCCTaHOBIEHHE.

student$ sudo pg_ctlcluster 13 main start

postgres$ tail -n 6 /var/log/postgresql/postgresql-13-main.log

database system was interrupted; last known up at 2022-12-26 19:08:48 MSK
database system was not properly shut down; automatic recovery in progress

2022-12-26 19:08:48.577 MSK [16271] LOG:

2022-12-26 19:08:49.008 MSK [16271] LOG:

2022-12-26 19:08:49.010 MSK [16271] LOG: redo starts at 0/D16956C0O

2022-12-26 19:08:49.011 MSK [16271] LOG: invalid record length at 0/D16BOBAO: wanted 24, got 0
2022-12-26 19:08:49.011 MSK [16271] LOG: redo done at 0/D16B0B78

2022-12-26 19:08:49.035 MSK [16270] LOG: database system is ready to accept connections

student$ psql

wal_checkpoint

=> SELECT * FROM test;

Mepen cboem

(1 row)

Kak BuguM, Tabnuia U gaHHbBE BOCCTAHOBJIEHEL.

Teneps OCTaHOBUM 3K3EMILISIP KOPPEeKTHO. [Ipu Tako# ocTaHOBKe PostgreSQL BHITIONHSET KOHTPOJIBHYIO TOYKY, YTOOBL
cOpPOCUTD Ha [NUCK BCE JaHHLIE.

=> \q

student$ sudo pg_ctlcluster 13 main stop

TIpoBepuM COCTOSIHHE KJIacTepa:

postgres$ /usr/lib/postgresql/13/bin/pg_controldata -D /var/lib/postgresql/13/main | grep state

Database cluster state:

shut down

Tenepb coctosinue — «shut down», 4To COOTBETCTBYET KOppeKTHOﬁ OCTaHOBKeE.
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HacToTa KOHTPOJIbHbLIX TOYEK Posggres

Hactporiku @

checkpoint_timeout = 5min
max_wal_size =1GB

06bem WAL
A

Ans BocCTa-

o6bem,
HEeo6XoANMbII
/ *******************

max_wal_size
2z
S
2

‘{\0\'\“)

® ® ° » Bpems

checkpoint_timeout
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OO6bIYHO KOHTPO/IbHASA TOYKA HACTPaMBaeTCs 13 CrieAyoLLNX COOBPAKEHWIA.

CHavana Haflo onpeaennTbcsl, Kakas yactoTa cpabartbiBaHUn Hac
ycTpavBaeT (Ucxoas U3 [0nyCTUMOro BpeMeH) BOCCTaHOBNEHMS 1 06beMa
)XYpHa/IbHbIX (paiinoB 3a 3TO BpeMsi Npu CTaHAaPTHOW Harpy3ke). Uem pexe
MOYXHO NMO3BO/INTb Ce6e KOHTPO/IbHbIE TOUKM, TEM Nydlle — 3TO CoKpallaeT
HaknafHble pacxofpbl.

YcTpavBatowas yactora 3ancbiBaeTca B napametp checkpoint_timeout
(3Ha4YeHne no ymosnyaHumt — 5 MUHYT — CIMLLKOM Mas10, 06bI4YHO BpeMS
yBe/iMunBatoT A0 nosy4vaca).

OpfHako BO3MOXHA cuUTyauus, Korga Harpyska CTaHeT Bbille pacyeTHOM

N 3a yKazaHHoe BpeMs byaeT creHepupoBaH C/NLLIKOM 60/1bLLOo 06beM
XXYPHaUsIbHbIX 3anuceil. [na aToro B napaMmeTpe max_wal_size ykasbiBaroT
06K 4ONYCTUMbIA 06bEM XYPHa/TbHbIX 3arnuncen.

[lna BoccTaHOBEHNS noce c605 cepBep A0/MKEH XPaHUTb doasibl

C MOMEHTa nocnefaHen KOHTPOSIbHOM TOUYKK, NAKOC doaisibl, HaKONUBLUMECS
BO BpeMs paboTbl TeKYLLEN KOHTPO/IbHOM TOUKW. IM03TOMY 06LLMIA 06bEM
MOXHO OL€HUTb Kak

(1 + checkpoint_completion_target) * 06beM-MeX0y-KOHMP-MoYKamu.

Takum 06pa3om 60/bLUas YaCTb KOHTPO/IbHbIX TOUYEK NPOMCXoaNT

Mo pacnucanHuio, pas B checkpoint _timeout egnHuUL, BpemeHn. Ho npu
NOBbILLIEHHOW Harpy3ke KOHTPOJIbHasA ToYka Bbi3blBAETCA Yvallle, YTobb!
nocraparbCs YNOXUTbCA B 06beM max_wal_size.



o)) PROFESSIONAL

O6beM hansioB XypHasia Posigres

CepBep XpaHUT >XypHaJIbHbIE (DaK/IbI

HeoOXo/IMMbIe /1J1s1 BOCCTaHOB/eHHs (00bIuHO < max_wal_size)

elle He IPOUYUTAHHBIE Uepes3 CJI0Thl PervIMKaLuu

ellle He 3aMyCaHHbIe B apXUB, €C/TM HaCTPOeHa HeTlpephIBHAst apXUBaLUsl
He TIpeBbIIIatoIIHe 10 06bemy wal_keep_size

He TpeBbIIaoIIye 1o 06beMy min_wal_size (Tpy riepencrioib30BaHNN)

Hactporiku
max_wal_size =1GB
wal_keep_size =0
wal_recycle =on
min_wal_size = 80MB
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Hago noHumarb, 4To 06beM, yKkasaHHbI B napameTpe max_wal_size,
MOXET ObITb NPEBbILLEH. DTO HE XECTKOe OrpaHnyeHne, a oOpueHTup 45
npouecca checkpointer, BANAKOLWMIA Ha aKTUBHOCTb 3armcu rpsi3HbIX
6ychepos.

Kpome Toro, cepeep He NMeeT npaBa CTEPEThb XypHaslbHble thalifbl, eLe
He nepefaHHble Yepes C10Tbl penaukayumn, n daissl, ewe He 3annucaHHble
B apX1B NPV HEMpPepbIBHOM apXnBMPOBaHNN. DTO MOXET NPUBECTU

K nepepacxofy MecTa, Tak YTo ec/i1 3TOT (PYHKLMOHa UCNOMNb3YeTCH,
Heo6XoA4MM NOCTOSAHHbLIA MOHUTOPWHI.

MOXXHO Ha c/lyyail oTCTaBaHUsA pensvki napameTpom wal_keep_size
YCTaHOBUTb MUHUMaJIbHbLI 06beM (paliioB XypHasia, OCTalLWmMXCs nocne
KOHTPOJ/IbHON TOYKN. DTO HE rapaHTUPYeET, YTO XypHasibHasA 3anvcb
COXpaHNTCA 40 MOMEHTA, Korga oHa noHagobutca pensinke, Ho No3BonseT
paboTtarb 6e3 c/ioTa pennukauuu.

[0 yMOM4YaHUIo XypHasibHble dpaisibl MOryT He yaanAaTbCs, a NpocTo
NnepenMeHOBbIBaOTCA 1 UCNOMb3YOTCA 3aHOBO. NapameTp min_wal_size
3alaeT MUHMMaSTbHbIN HeyaansieMblii 06beM. ITO NO3BOMSAET CIKOHOMUTb
Ha NOCTOSIHHOM cO34aHuun 1 yganeHun dainnos. OgHako ansi hainoBbIX
CUCTEM C COpy-On-write 6bICTpee co3aaTb HOBbIW haits, N03TOMY ANA HUX
pekomMeHayeTCcsl OTKAYMTbL Nepencnoib3oBaHne, ycTaHoOBUB
wal_recycle=off.

https://postgrespro.ru/docs/postgresqgl/13/wal-configuration
https://postgrespro.ru/docs/postgresgl/13/runtime-config-wal#RUNTIME-CO

NFIG-WAL-CHECKPOINTS




00BeM KypHaIa

CHoOBa 3allyCTUM 3K3eMILIsP.
student$ sudo pg_ctlcluster 13 main start

YcraHoBUM MUHHMAaJbHOE 3HaYeHKe min wal size ¥ OTKIIIOYUM [IePEeHCII0Nb30BaHue, YTOOLI II0CTIe KOHTPOJIBHON TOYKYU
ocTaBaJICS TOJIBKO OfUH CETMEHT.

student$ psql wal_checkpoint

=> ALTER SYSTEM SET min_wal_size = '16MB';
ALTER SYSTEM

=> ALTER SYSTEM SET wal_recycle = off;
ALTER SYSTEM

=> SELECT pg_reload_conf();

pg_reload conf

Teneps 3anumieM 4To-HUOYObL B TAOIUILY.
student$ psql wal_checkpoint

=> INSERT INTO test
SELECT g.id::text FROM generate_series(1,500000) AS g(id);

INSERT 0 500000
Cnucok ¢aiiyioB XKypHasa:
=> SELECT * FROM pg_ls_waldir() ORDER BY modification;

| | modification

-------------------------- + +
0000000100000000000000D4 | 16777216 | 2022-12-16 19:50:41+03
0000000100000000000000D5 | 16777216 | 2022-12-16 19:50:42+03
0000000100000000000000D9 | 16777216 | 2022-12-16 19:50:43+03

I I

I I

I I

| |

I I

I I

0000000100000000000000D8 | 16777216 | 2022-12-16 19:50:44+03
0000000100000000000000D7 | 16777216 | 2022-12-16 19:50:49+03
0000000100000000000000D6 | 16777216 | 2022-12-16 19:50:50+03
0000000100000000000000D2 | 16777216 | 2022-12-26 19:08:54+03
0000000100000000000000D3 | 16777216 | 2022-12-26 19:08:54+03
0000000100000000000000D1 | 16777216 | 2022-12-26 19:08:54+03

(9 rows)

BEITTOJTHUM BPYYHYI0 KOHTPOIBHYIO TOUKY ¥ OISITh IOCMOTPHM Ha XKypHaL:
=> CHECKPOINT;

CHECKPOINT

=> SELECT * FROM pg_ls_waldir() ORDER BY modification;

modification

I I
+ +
0000000100000000000000D4 | 16777216 | 2022-12-16 19:50:41+03
0000000100000000000000D5 | 16777216 | 2022-12-16 19:50:42+03
I I
I I
| |
I I
I I

0000000100000000000000D9 | 16777216 | 2022-12-16 19:50:43+03
0000000100000000000000D8 | 16777216 | 2022-12-16 19:50:44+03
0000000100000000000000D7 | 16777216 | 2022-12-16 19:50:49+03
0000000100000000000000D6 | 16777216 | 2022-12-16 19:50:50+03
0000000100000000000000D3 | 16777216 | 2022-12-26 19:08:54+03

(7 rows)

Bce cermenTs, KpoMe TeKyliero, ynaJieHbl.



PoHOBad 3annchb

I[Tporecc ¢hoHOBOM 3anUCH

Hacrtporika
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o)) PROFESSIONAL

[Mpouecc poHOBOM 3anucu Posigres

crnegyowas
Xeprea

cnepyoLmnii D
Ha 3anucb
p

MOXeT 6bITb
BbITECHEH, HAA0
3anucarb
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Korga o6cnyxusatowmii npouecc cobnpaeTcs BbITECHUTb CTPaHULY

n3 6ydoepa, OH MOXET 0BHaPYXUTb, UTO Bydoep rpsi3HbIA, N eMy NPUAETCA
3anucarb CTpaHuuy Ha AUCK. YTobbl 3TOro HEe NPOMUCX0ANN0, B AOMNOIHEHME
K Mpoueccy KOHTPO/IbHOW ToYkM (Checkpointer) cywecTByeT Takke npoLecc
dooHoBom 3anucu (background writer, bgwriter unmn npocTo writer).

Mpouecc POHOBOW 3annUcy UCMOMb3YET TOT Xe CaMblil afiropuTM Nnoucka
OyhepoB AN BbITECHEHUA, UTO N 06CNYXMBatOLLME NMPOLECCHI, TONbKO
MCNosnb3yeT CBOM yKazaTeNb. OH MOXET onepexarb yKasaTeslb Ha «)XepTBy»,
HO HMKOr4a He OTCTaeT OT Hero.

3anucbiBatoTcs 6ydhepsbl, KOTOpble OAHOBPEMEHHO:

- cogepxart U3MeHeHHble AaHHble (rps3Hble),

- He 3akpensieHsbl (pin count = 0),

- UMEIOT HyNeBoe Yncno obpatleHunin (usage count = 0).

Taknm 06pa3om POHOBBIN NPoLLecC 3anncy HaxoauT Te bydoepsbl, KOTopble
¢ 60/1bLIOIN BEPOSATHOCTLIO BCKOPE MNOTpPebyeTcs BbITECHUTL. 3a CUET 3TOr0
o6CcnyXnBarLMii NPOLIECC CKOpee BCEro 0O6HaPYXUT, UTO BbIGPAHHbIN UM
Oydhep He ABMAETCA rPSA3HbIM.



o)) PROFESSIONAL

[Mpouecc poHOBOM 3anucu Posigres

AnroputMm
yCHYTb Ha bgwriter_delay

eI B cpeJJHeM 3a LUKJI 3aripaiivBaeTcst N 0ydepos, To 3amucarhb
N * bgwriter_Iru_multiplier < bgwriter_Iru_maxpages
rpsi3HBIX OydepoB

Hactporiku
bgwriter_delay = 200ms
bgwriter_lru_maxpages =100
bgwriter_lru_multiplier =2.0
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Mpouecc poHoBOM 3anucu pabotaeTt UMKnamMmm MakCUmMym
no bgwriter_Iru_maxpages cTpaHuL, 3acbinas Mmexay Luukinamm
Ha bgwriter_delay.

(Taknm o6pasom, ec/nm yCTaHOBUTL napameTp bgwriter_Iru_maxpages
B HOJIb, NMpouecc hakTnyeckn He byaeT paboTaTb.)

To4yHoe yncnio Bydrepos AN 3anuUcK onpenensaeTca nNo cpegHemy
Konuyectsy 6ydoepoB, KOTOpble 3anpalnBasincb 06CyX1BaKLLNMUN
npoueccamMu ¢ NpPoLUIoro uuknia (MCnonb3yeTcsa CKoMb3sllee cpeaHee,
4yTOObI CrN1aANTb HEPABHOMEPHOCTb MeXAyY LMKIamMu, HO NMpu 3TOM He
3aBUCETb OT AaBHeN nctopumn). BeluncneHHoe KonnyecTso 6ydepos
YMHOXaeTcA Ha KoadodonumeHT bgwriter_Iru_multiplier.

Ecnn npouecc coBceM He 0BHapYXW rpsi3HbIX 6ydpepos (TO ecTb B cUCTEME
HUYEro He NPOUCXOAUT), OH «BNafdaeT B CNAYKY», U3 KOTOPOM €ro BbIBOAUT
obpalleHne cepBepHOro npouecca 3a dydepom. NMocre aToro npoyecc
npocbinaeTcsa n onATb paboTtaeT 06bIYHLIM 06pa3oMm.

Mpovuecc hoHOBOW 3anMcn MMEET CMbIC/T HacTpamBaTb Mocsie Toro, Kak
HacTpoeHa KOHTPosibHasi Touka. COBMECTHO C KOHTPOJIbHOM TOUYKOW 3TK
npouecchl AO/MKHbI yCNeBaTb 3anucbiBaTb rpA3Hble 6ydrepbl 40 TOro, Kak
OHM NOTPeBYTCA 06CNYXXMBAKOLLMM NpoLeccam.



MOHUTOPUHT 62

KoHTpO/IbHBIE TOUKH

checkpoint_warning = 30s
log_checkpoints = off

3anuch rpsi3HbIX OydhepoB BCceMU MpolieccaMu

Tripe/icTaB/ieHue pg_stat_bgwriter

18

MapameTp checkpoint_warning NO3BONAET BbIBOAUTL B XYpHaUl
npeaynpexaeHns o C/IMWKOM YaCTOM BbIMOSTHEHUN KOHTPOJIbHBIX TOYEK.
Ecnn 310 npoucxoanT perynspHo, crieayeT nogymarb 06 yBenmyeHum
max_wal_size nn yMeHbLUeHUN NHTepBasia MeXay KOHTPO/IbHbIMU TOUKaMM
checkpoint_timeout.

BkntoueHne napametpa log_checkpoints BbIBOOUT B XXYpHas Nogpo6HYyto
NHpopMaLNIo O KaxKA0W BbINOSTHEHHOW KOHTPOJ/IbHOM TOUKE.

Cratnctnky paboTbl NPOLECCOB, 3anvcbiBalOLLNX FPA3HbIE Bydiepsl
(KOHTPO/ILHOM TOYKM, POHOBOW 3anncKu 1 06CNYXMBAIOLLMX NPOLIECCOB),
nokasblBaeT npeacrtasfieHne pg_stat_bgwriter.



MOHHTOPHHT

TlapameTp checkpoint warning BEIBOGUT IIpenyIpeKeHNe, eCIIM KOHTPOJIbHEIE TOUKH, BEI3BaHHEIE [IePEIIOJIHEHHEeM pa3Mepa XKypHaJIbHEIX (aiiyioB, BEIIOTHSIIOTCS CIMIIKOM 4acTo. Ero 3HaveHue 1o
YMOJTYaHHIO:

=> SHOW checkpoint_warning;

checkpoint_warning

Tapamertp log_checkpoints mo3sonseT mony4yaTs B XKypHae COOOLEeHU# ceppepa HHPOPMALMIO O BEIMOHAEMEIX KOHTPOJIBHEIX TOUKaX. 10 yMOITYaHHIO TapaMeTp BHIKITIOYEH:
=> SHOW log_checkpoints;
log_checkpoints

off
(1 row)

Bxmouum ero.

=> ALTER SYSTEM SET log_checkpoints = on;
ALTER SYSTEM

=> SELECT pg_reload_conf();

pg_reload conf

Tereps 3anuiueM YTo-HUOYb B TaGIMLY U BHIIOIHAM KOHTPOJIBHYIO TOUKY.

=> INSERT INTO test
SELECT g.id::text FROM generate_series(1,100000) AS g(id);

INSERT 0 100000

=> CHECKPOINT;

CHECKPOINT

BoT kaKyio nHGOPMaIX0 MOKHO GyIeT y3HaTh U3 XKypHasa COOGIeHn:
postgres$ tail -n 2 /var/log/postgresql/postgresql-13-main.log

2022-12-26 19:08:55.324 MSK [16493] LOG: checkpoint starting: immediate force wait
2022-12-26 19:08:55.344 MSK [16493] LOG: checkpoint complete: wrote 443 buffers (2.7%); 0 WAL file(s) added, 0 removed, 0 recycled; write=0.007 s, sync=0.003 s, total=0.021 s; sync fi

CraTHCTHKa PaGOTHI IIPOLECCOB KOHTPOJILHOM TOUKHK ¥ (BOHOBOJ 3aIMCH OTPAXKaeTCsl B ONHOM 0CIIeM Mpe/icTaBleH!H (paHblile 00e 3afayu PellaucCh OfHUM IIPOIECCOM; 3aTeM UX GYHKIHH Pa3fesuii, Ho
TpeacTraBIeHue OCTBHOCL).

=> SELECT * FROM pg_stat_bgwriter \gx

-[ RECORD 1 J--------- R e LR T
checkpoints_timed | 0
checkpoints_req | 2
checkpoint_write time | 35
checkpoint_sync_time | 8
buffers_checkpoint | 2656
buffers_clean | ©
maxwritten clean | 0
buffers_backend | 2657
buffers_backend fsync | @
buffers_alloc | 3037
|

stats_reset 2022-12-26 19:08:49.038584+03

* checkpoints_timed — KOHTpoJIbHEIE TOUKHM II0 pacnucanuio (checkpoint_timeout);
* checkpoints_req — KOHTPOJIbHEIE TOUKHM IT0 TpeGoBaHUIO (max_wal_size);
* buffers_checkpoint — cTpaHuIkl, COPOIIEHHEE IPU KOHTPOJIBHBIX TOUKAX;

* buffers_backend — cTpaHHIIEI, CGPOIIEHHEIE 06CITY>KHBAIOIIMMH IPOLIECCAMH;

* buffers clean — cTpanuIpl, cOpouIeHHEIe MPOLECCOM (HOHOBOH 3aIMCH.

B xopouro HacTpoeHHOU cucteMe 3Hadenue buffers backend momkHO GbITH CylIeCTBEHHO MeHble, yeM cymma buffers_checkpoint u buffers clean.

Bonemroe sHavenue checkpoint req (mo cpasrenmio ¢ checkpoints_timed) roBopuT 0 TOM, YTO KOHTPOJILHEIE TOYKH TPOMCXOMISAT Jallle, 9eM ITPEe/IIIoaranoch.



o)) PROFESSIONAL

Toru Posigres

[Tpouiecc KOHTPOMBHOM TOYKWA OTPaHUUYMBAET pa3Mep XpPaHUMBbIX
)KYPHaJIbHBIX (Daii/IoB U COKpalljaeT BpeMsi BOCCTaHOBJIeHUS

KoHTposibHast Touka 1 (hOHOBasi 3alMcCh COpachIBatOT Ha UCK
rpsi3Hble Oydepsr

OO6c/y>KrBaroIIye MpoLiecchl MOTYT COpachIBaTh IPsi3HbIE
Oydepbl, HO He AO/KHBI 3TUM 3aHUMAaThCS
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o)) PROFESSIONAL

[1pakTnKa Pos{gres

1. HacTpolire BbINOJIHEHHe KOHTPOJILHOM TOUKY pa3 B 30 CeKyH[.
YcraHoBuTe napameTpbl min_wal_size v max_wal_size B 16 MBb.

2. Heckonbko MUHYT C IOMOLLBbIO YTUIUTBI pgbench nopasarite
Harpy3Ky 100 TpaH3akLuii/cek.

3. U3mepbTe, Kakoit 00beM KypHa/IbHBIX (ailyioB ObLT
CreHepupOBaH 3a 3To BpeMsi. OlieHHTe, KaKoii 00beM TIPUXOJUTCS
B CpeiHeM Ha OJJHY KOHTPOJIbHYIO TOUKY.

4. TIpoBepbTe faHHbIe CTaTUCTUKU: BCE JIU KOHTPOJIbHbIE TOUKU
BBITIO/THS/IMCH TI0 pacnucaHuio? Kak MoXKHO 0OBsICHUTD
MOJTyUeHHbIW pe3y/ibTaT?

5. COpocbTe HACTPOUKM K 3HAUEHUSIM 110 YMOJTUAHMIO.
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1. HacTpoHKa KOHTPOJIbHOH TOUYKH

=> ALTER SYSTEM SET checkpoint_timeout = '30s';
ALTER SYSTEM

=> ALTER SYSTEM SET min_wal_size = '16MB';
ALTER SYSTEM

=> ALTER SYSTEM SET max_wal_size = '16MB';
ALTER SYSTEM

=> SELECT pg_reload_conf();

pg_reload conf

2. Harpy3ka

VHUIMaTu3upyeM TaGIuIsL.

=> CREATE DATABASE wal_checkpoint;
CREATE DATABASE

student$ pgbench -i wal_checkpoint

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 0.32 s (drop tables 0.00 s, create tables 0.01 s, client-side generate 0.12 s, vacuum 0.13 s, primary keys 0.06 s).

CGpOCHM CTaTUCTHKY.
=> SELECT pg_stat_reset_shared('bgwriter');

pg_stat reset_shared

3amyckaeM pgbench, mpepBapuTenbHO 3allOMHUB IIO3ULIUIO B XKypHaie.
=> SELECT pg_current_wal_insert_lsn();

pg current wal insert lsn
0/FE137368
(1 row)

student$ pgbench -T 180 -R 100 wal_checkpoint

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: 180 s

number of transactions actually processed: 17982
latency average = 3.038 ms

latency stddev = 1.014 ms

rate limit schedule lag: avg 0.859 (max 36.969) ms
tps = 99.899770 (including connections establishing)
tps = 99.901353 (excluding connections establishing)

3. 00beM KypHAIbHBIX (aiI0OB

=> SELECT pg_current_wal_insert_lsn();



pg_current_wal_insert_lsn

1/2FE7A98
(1 row)
=> SELECT pg_size_pretty('1/2FE7A98'::pg_lsn - '0/FE137368'::pg_1lsn);

pg_size pretty

4. CtaTHCTHKA

=> SELECT checkpoints_timed, checkpoints_req FROM pg_stat_bgwriter;

checkpoints_timed | checkpoints_req

HecMmoTpst Ha TO YTO B CpefiHeM 00BbeM KypPHAJIbHBIX 3alliCel 3a KOHTPOJIBHYIO TOYKY He IIPEBOCXOOUT YCTAHOBJIEHHOTO IIpefieia, YacTh
KOHTPOJIBHBIX TOYEK BBHIITOJIHSIACH HE II0 PACIHUCAHUI0. DTO TOBOPUT O HEPABHOMEPHOCTH ITOTOKA KYPHAJIbHBIX 3allicel (BEI3BAHHOH
BBIIIOJIHEHUEM aBTOOYUCTKY U OPYTHUMU IPUYUHAMH).

HOSTOMy B peanLHoﬁ CHCTeMe 3aMePHI JIy4lIlle BEIIIOJIHATh Ha JOCTAaTOYHO GOIBIINX HHTEepBaJlaX BpEMEHH.

5. HacTpoHKH M0 yMOTIYaHHIO

=> ALTER SYSTEM RESET ALL;
ALTER SYSTEM
=> SELECT pg_reload_conf();

pg _reload conf



