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MCNOMb30BaHNEe BO3MOXHO TOSIbKO C NMMCbMEHHOIO paspeLleHms KoMnaHum
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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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3agauv 1 Buabl pennmkaymm Posggres

CHHXPOHM3aLUs JaHHbIX Ha Pa3HbIX CepBepax

OcHOBHbIe 33/1aun

OTKa30yCTOWUMBOCTb, BHICOKAs! JOCTYTTHOCTh
MacIITabupyemMocCThb

dusnueckas pPeIrviMKalra

CUHXPOHHM3aL[|si HAa YPOBHe CTPaHML] U BePCHi CTPOK

Jlornueckasi pervivkarys

CUHXPOHM3ALMsI HAa YPOBHE CTPOK Tab/IHI]

OAMHOYHbI cepBep, YNpaBnaoLWmii 6a3aMm AaHHbIX, MOXET He
Y0BNETBOPATb NPEAbSABNSAEMbIM TPEOOBAHNSAM.

OanH cepBep — BO3MOXHas To4ka oTkasa. [ia (mnv 6osbLie) cepBepoB
MO3BOMIAOT COXPaHUTb AOCTYNHOCTbL CUCTEMbI B C/lyvae c6os
(O0TKa30yCcTONYNBOCTb) NN — 60Mee LMPOKO — B JIIOOOM Cryyae,
Hanpumep, Npu NpoBeAeHnn NNaHoBbIX paboT (BblCOKas AOCTYMHOCTb).

OpMH cepBep MOXET He CNpaB/ATbCA C Harpy3koil. Hapalwmeatb pecypchl
cepsepa MOXEeT 0Ka3aTbCHA HEBbITOAHO UM BOOOLLE HEBO3MOXHO.

Ho MOXHO pacnpegenntb Harpysky Ha HeCKOJ/IbKO CepBepoB
(MacluTabupoBaHue).

NHdopMaLMOHHbIE CUCTEMbI MOTYT UCNO/b30BaTh 06LIME [aHHbIE.

Takvm 06pa3oM, peyb MAET O TOM, YTOObl UMETb HECKO/TIbKO CEPBEPOB,
paboTalLLNX C OAHUMU U TEMU Xe AaHHbIMU. Mo pennvkauuneii
MOHUMAETCS MPOLECC CUHXPOHM3ALMN ITUX AAHHbIX.

B 3aBMCUMOCTYM OT YPOBHS, HA KOTOPOM NPOUCXOANT CUHXPOHM3aLNS,
pasnimyatoT (hu3UYECKYHO U /1I02UYECKYH0 PENINKaLMIO: Npu n3nyeCcKoi
pennKaunm CUHXPOHN3NPYHOTCA N3MEHEHMS, NPOU3oLLIeALIne B CTpaHmLax
[AaHHbIX 1 cTaTycax TpaH3akuuii, a Npu NOrM4Yeckoi — U3MEHEHNsT CTPOK
Tabnuu.
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dusnyeckas pensvkaumns Posigres

MexaHusm

OZIVH CepBep TPaHCIUPYeT KypHa/bHbIe 3alyiCy Ha Ipyroi cepsep,
Y TOT TIPOUTPBIBAET TOTyYeHHbIe 3aIrCH

OcobeHHOCTH

MacTep-pervivKa: TIOTOK JJaHHBIX TOJIBKO B OZJHY CTOPOHY
TpebyeTcs ;BOUYHAs COBMECTHMOCThL CEPBEPOB
BO3MO)KHA peryIMKaLys TOJIbKO BCero Kjiacrepa

MexaHn3M IU3nyeckol penavkauumn cocTouT B TOM, YTO OAWH CepBep
nepeaaeT XypHasibHble 3an1cu Ha Apyroli cepeep, a TOT UX NPOUrpbIBaeT —
Kak Npy BOCCTaHOBMEHWW Noc/e COOoS.

Mpu hmnsnyeckoit pennukaumm cepsepbl MUMEKT Ha3HaYEHHbIE POJIN:
MacTep u pennuka. Mactep nepegaeT Ha pPensiuky CBOW XXypHaslbHble
3anucu B Buge goaiiioB Uy noToka 3annceit; pennnka NpuMeHsieT aTu
3anncu K cBouM dparinam faHHbiX. NpuMeHeHne nponcxoguT YACTO
MeXaHU4ecKn, 6e3 «MOHMMaHNSA CMbICa» N3MEHEHWI, NO3TOMY BadkKHa
[BOMYHAA COBMECTMMOCTb MeXay cepBepamu (ognHakoBble naatqpopmbl
N OCHOBHble Bepcun PostgreSQL). MoCcKoMbKy XypHas 06uwmii onsa BCcero
Knacrtepa, T0 U penanumpoBaTb MOXHO TOJ/IbKO BECH K/lacTep LLEeNIMKOM.
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OCHOBHOI cepBep pesepBHbIii cepsep
(macTep) (pennuka)

— —
pennvkaums

select, insert -
! wal sender | wal receiver startu|
cermeHTLl WAL (T ITTTT] ansrepha-
TUBHBbIIA UCTOYHVK
LTI T XyPHATLHbIX
(T TTT] et

apxvs WAL

UT06bI OpraHM3oBaTth penukauuio Mexany AByMs cepsepamMu, Mbl CO34aeM
penanky n3 on3n4eckoin pesepBHO KoNnm OCHOBHOTO cepsepa. Mpu
06bIYHOM BOCCTAHOB/IEHUN U3 TaKOW pe3epBHOI KoMK MNosly4yaeTcs HOBbIN
He3aBUCKMbI cepBep. A ec/n BK/IIOUYUTb peninkauuio, Be4oMblil cepeep
HaunHaeT paboTaTb B pexnme rMocmossHHO20 BOCCMAaHOB/IEHUS: OH BCe
BPEMS MPUMEHSIET HOBbIE XYPHaUTIbHble 3anncu, NPUXoLsALLmMe ¢ OCHOBHOIO
cepsepa (3TMM 3aHMMaeTca npouecc startup). Takum obpasom, pennvka
MOCTOSIHHO MOAAEPXNBAETCA B MOYTU aKTya/ilbHOM COCTOSAHUN.

EcTb ABa cnocoba A0CTaBKM XypPHaI0B OT MacTepa K pennnke. OCHOBHO,
KOTOPbIN NCMOMb3YETCA Ha NPaKTUKE — 1OMoKoBas pern/iukayusl.

B atom cnyyae pennuka (npouecc walreceiver) nogkoyaeTcs K mactepy
(npouecc walsender) no NpoToKoy pensvkauumn 1u nosydaeTt NoToK 3anmcen
WAL. 3a cyeT 3T0ro npu noToKOBOW pensimkaunm otctaBaHne pensinkm
CBEAEHO K MUHUMYMY U/ AaXKe K HY/H0 NPU CUHXPOHHOM pexume.

Ecnn B cucteme HacTpoeHo HenpepbiBHOE apXnUBMpoBaHMe, TO BO3MOXHA
cpaliziosasi pern/iukayusi. B aTom cnyyae pensivka byaeT 3aMeTHO oTcTaBarh,
MNOCKO/bKY (hainNoBbIi apXnB NOMOHAETCS TONLKO NPU NEPEKAYEHNN
cermeHTa WAL.

Ha npakTtuke thainosyto pensimkaumo NCNosb3yT Kak A0MNosHeHne

K MOTOKOBOW. EC/iM penninka He MOXET NOoyYnTb oYepenHYo XXYPHasIbHYHO
3anncb No NPOTOKONY pensivkaumm, oHa byaeTt npobosaTtb nNpoynTaTb
COOTBETCTBYIOLWNIA dhaiin n3 apxmea cermeHTos WAL.

https://postgrespro.ru/docs/postgresql/16/high-availability
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YpPOBHU XypHasia Pos{gres

[Tapametp wal_level

minimal < replica
BOCCTaHOBJIEHUE BOCCTaHOBJIEHUE
rocsie cbos rocsie coos

BOCCTaHOBJ/IEHUE
13 pe3epBHOM KOI1H,
perIvKarus

MocKoMbKY Ha pennunky nonaaaet ToNbKo Ta MHhopMaLus, KoTopas
COAEPXUTCS B XXypHasie, B XypHa A0/MKHbI 3aM1CbIBaTbCS BCE
Heo6XoAMMble AN CUHXPOHU3ALMN JaHHbIE.

CocTtaB MHdopmaumm, nonagaroLlen B XypHas, perynmpyeTtcs napameTpom
wal level.

o Bepcumn PostgreSQL 10 ypoBHEM MO ymon4aHuo 6b11 minimal,
rapaHTUPYOLLMIA TONIbKO BOCCTaHOBMEHNE nocne cbos. Ha TakoM ypoBHe
pensikaumsa pabotarb He MOXET, NOCKOMbKY A1 06ecnevyeHns HageXxHoCTH
B 3TOM C/ly4yae 4yacTb U3MEHEHUI cpasy 3anncbiBaeTCA Ha SHEpPro-
He3aBUCUMbI HOCUTESTb U HE NoNagaeT B XypHaJl.

B Bepcusax 10+ yposeHb No ymonyaHuo — replica. Ha atom yposHe
B )KypHas1 3anucbIBalOTCA BCE U3MEHEHUA AaHHbIX, YTO NO3BOSIAET
BOCCTaHaB/MBaTb CUCTEMY M3 FOPSUNX PE3EPBHbIX KOMWUIA, cAenaHHbIX
yTunuToi pg_basebackup, a Takke ncnonb3oBarb U3NYECKYHO
penaukKaumio.

[MOCKONbKY pe3epBHOE KOMMpoBaHMeE 1 pensimkauna — BocTpeboBaHHble
3afa4un, yYpoBeHb MO YMO/4aHMO 1 Bbls1 M3MEHEH B MO/b3y replica.



HacTtpoiika Gpu3HIeCKOH perInKauun

TlocMOTpHUM, KaK OPraHW30BaTh MOTOKOBYIO PETIIMKAIMIO MEXKMy ABYMsI CepBepaMu. MBI OTPaHUYHMMCsI CAaMbIM IPOCTHIM BaPUAHTOM; I€Ta/IbHO PEITUKAIKs PAaCCMaTPUBAETCS B Kypce s afMHHUCTPaTOPOB
DBA3.

MuHMManbHEI HaG0p MapaMeTPOB, KOTOPhIe HYXKHO MPOBEPHUTh:

=> SELECT name, setting FROM pg_settings
WHERE name in ('wal_level','max_wal_senders');

name | setting
_________________ PR
max_wal_senders | 10
wal_level | replica
(2 rows)

Hauunas ¢ Bepcuu PostgreSQL 10, mapaMeTpsl 0 yMOTYaHHIO y2Ke UMeIOT HOAXOAAIIMe 3HaYeHUs .
Paspelnenue Ha NOAKIIIOYEHHKE 110 IPOTOKOJTY penuKaiuu B pg_hba.conf:

=> SELECT type, user_name, address, auth_method FROM pg_hba_file_rules
WHERE 'replication' = ANY(database);

type | user_name | address | auth_method

------- B s e
local | {all} | | trust

host | {all} | 127.0.0.1 | scram-sha-256
host | {all} | ::1 | scram-sha-256
(3 rows)

Pasperresnue Toxke HMEETCS.

Pa3sBepHeM pennuKy u3 Gpu3n4eCcKol pe3epBHOI KOIHUH, AJIsi 3TOr0 UCIOJIb3yeM yTHIUTY pg basebackup.

LleneBoii KaTaOr KOMMK [IOJI2KEH OBITh MyCTHIM MIIM OTCYTCTBOBATh:

student$ rm -rf /home/student/tmp/backup

Koy --checkpoint=fast IPOCHT yTUIUTY BEIMOHUTL KOHTPOBHYIO TOUKY KaK MOXKHO GricTpee (Ges may3), a Kiio4 -R — 106GaBUTh HACTPOUKH [T PETLTHKH:
student$ pg_basebackup --pgdata=/home/student/tmp/backup -R --checkpoint=fast

Vrunura cospana 3aroToBKy KoHGUIrypanuoHHoro daiina...

student$ cat /home/student/tmp/backup/postgresql.auto.conf

# Do not edit this file manually!

# It will be overwritten by the ALTER SYSTEM command.

primary conninfo = 'user=student passfile=''/home/student/.pgpass'' channel binding=prefer host='"'/var/run/postgresql'' port=5432 sslmode=prefer sslcompression=0 sslcertmode=allow ssls
... ¥ CHTHAJIbHBIH (haiiy, KOTOPHIi AaCT PEMIUKe yKa3aHHue MepeiTH B PeXKUM MOCTOSHHOTO BOCCTaHOB/IEHHS:

student$ 1s -1 /home/student/tmp/backup/*.signal

STW--seee 1 student student 0 asr 14 11:14 /home/student/tmp/backup/standby.signal

Kractep, B KOTOPOM MbI COGMpPaeMcsi Pa3BePHYTh PEIIUKY, y2Ke pefBapuTebHO HHHIManu3upoBaH. Eciiu cepsep paGoTaet, ero HeOGXOMMO OCTAaHOBUTh:
student$ sudo pg_ctlcluster 16 replica stop

Cluster is not running.

Komusi GbUTa pa3MeliieHa B JOMallIHeM KaTajlore moyb3oBaress student, a Teneps epeHOCHM ee B KaTaJlor JaHHEIX K/lacTepa U fielaeM BIIa, aitsios mos: Tens postgres:
student$ sudo rm -rf /var/lib/postgresql/16/replica
student$ sudo mv /home/student/tmp/backup /var/lib/postgresql/16/replica
student$ sudo chown -R postgres: /var/lib/postgresql/16/replica
MO3KHO 3aIycKaTh CepBep:
student$ sudo pg_ctlcluster 16 replica start
TlocMOTPUM Ha MPOLECCH! PETITHKH.
student$ sudo head -n 1 '/var/lib/postgresql/16/replica/postmaster.pid’
169261
student$ ps -o pid,command --ppid 169261
PID COMMAND
169262 postgres: : checkpointer
169263 postgres: background writer

169264 postgres: 16/replica: startup waiting for 000000016000000000000007
169265 postgres: 16/replica: walreceiver

TIpouecc walreceiver mpuHUMaeT MOTOK JKYPHATBHBIX 3aMUCel, a Mpolece startup NpuMeHsIeT U3MEHeHUs.
CpaBHMM C IIpolleccaMyu MacTepa.

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

168866

student$ ps -o pid,command --ppid 168866

PID COMMAND
168867 postgres: 16/main:
168868 postgres: 16/main: background writer
168870 postgres: 16/main: walwriter
168871 postgres: 16/main: autovacuum launcher
168872 postgres: logical replication launcher
168913 postgres: 16/main: student student [local] idle
169266 postgres: 16/main: walsender student [local] START REPLICATION

checkpointer

IIporecc walsender oTIpaB/sieT PeIUIHKe XKyPHAIbHEIE 3alKCH.
CocrosiHUE PenMKanu MOKHO CMOTPETh B ClIe[IHa/IbHOM IIPeACTaBJIEHUH Ha MacTepe:

=> SELECT * FROM pg_stat_replication \gx



[ RECORD 1 J---odboommmmiaoiiieee o
pid | 169266

usesysid | 16384

usename | student

application_name | 16/replica

client_addr |

client_hostname |

client_port | -1

backend_start | 2024-08-14 11:14:35.063974+03
backend_xmin |

state | streaming

sent_lsn | /7000000

write_lsn | 0/7600000

flush_lsn | /7000000

replay_lsn | 0/7600000

write lag | 00:00:00.000085

flush_lag | ©0:00:00.000085

replay lag | 00:00:00.000085
sync_priority | ©

sync_state | async

reply time | 2024-08-14 11:14:35.065484+03

e 3HAYEHHs * lsn — IIOKa3kBalOT, KaKue KypHaJIbHEIE 3aIlMCH OTIIPABIEHE Ha PEIIMKY U [OIUIX [0 Hee;
e sync state — CHHXPOHHas WM aCHHXPOHHAs PerHKaris (06 9TOM mofpoGHee Mo3xKe).
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Ilcnonib3oBaHMe pensinku Posigres

[onyckatoTcs

3aripockl Ha ureHue AaHHbiX (SELECT, COPY TO, Kypcopbi)
ycraHoBKa napameTtpoB cepBepa (SET, RESET)

ynpa/ieHre TpaH3akuysmMu (BEGIN, COMMIT, ROLLBACK...)
co3paHue pesepBHol Konuu (pg_basebackup)

He ponyckarorca

nmro6bie uamenenusi (INSERT, UPDATE, DELETE, TRUNCATE, nextval...)
6rokupoBKH, nipearnoaratoiiye usmeHenre (SELECT FOR UPDATE...)
koMaH il DDL (CREATE, DROP...), B T. 4. co3/iaHHe BpeMeHHbIX TabIuI]
komaH/ b1 conpoBoxkaenust (VACUUM, ANALYZE, REINDEX...)
ynpasienve aoctynoMm (GRANT, REVOKE...)

He cpabaTbIBalOT TPUITEPHI U PEKOMeH/jaTe/IbHble 0JIOKMPOBKH

Mo ymonyaHuio pennuvka paboTaeT B pexunme 2opsyez20 pesepsa,

B 3TOM C/ly4yae paspeLleHbl K/IMEHTCKME NOLKIHYEHWS, HO TOMbKO 414
4yTeHUA AaHHbIX. Takke byaeT paboTtarb yCcTaHOBKa napameTpoB cepBepa
N KOMaHpb! yrpas/ieHNsa TpaH3akuMaMmn — HanpumMmep, MOXXHO HavaTtb
(UMTaroLLY0) TPaH3aKUMI C HY)XXHbIM YPOBHEM N30/ALNN.

Kpome Toro, pensinky MOXHO UCMNo/b30BaTh M AN N3rOTOB/IEHUS
pe3epBHbIX KONUn (KOHEYHO, NMPUHUMas BO BHUMaHMe BO3MOXXHOEe
oTcTaBaHue OT MacTepa).

B pexuMe ropsiuero pesepsa Ha pensimke He A0onyckatoTcsl HUKakue
M3MEHEHUs1 JaHHbIX (BK/OYas NocneaoBaTelbHOCTH), MHOTUE BUbI
6/10KMpPOBOK, KOMaHAbl DDL, a Takxe TakMe KoMaH/bl, Kak vacuum, analyze,
reindex 1 KOMaHAbl ynpaBneHusi 4OCTyNnoM — C/I0BOM, BCe, YTO Tak Unu
MHaYe U3MEHSIET AaHHbIe.

[Mpn HEOBXOAMMOCTU PENSIMKY MOXHO 3anyCTUTb B PEXUME Mer/io2o
pesepsa, 3anaB napameTp hot_standby = off, Torga nogknoveHna oyayT
BOOOLLIE HEBO3MOXHbI.

https://postgrespro.ru/docs/postgresgl/16/hot-standby




Hcnonb30BaHNE PEIUIMKHA

BrInoHMM HECKOJIBKO KOMaH[O Ha OCHOBHOM CepBepPe:

=> CREATE DATABASE replica_overview_physical;

CREATE DATABASE

=> \c replica_overview_physical

You are now connected to database "replica overview physical" as user "student".
=> CREATE TABLE test(id integer PRIMARY KEY, descr text);

CREATE TABLE

TIpoBepuM peINIuKy:

student$ psql -p 5433 -d replica_overview_physical

| => SELECT * FROM test;

id | descr
L T,
(0 rows)

BcTaBuM CTPOKY B TaGIHUIly Ha OCHOBHOM CEpPBEpPE:
=> INSERT INTO test VALUES (1, 'Pa3');
INSERT 0 1

| => SELECT * FROM test;

id | descr

Hrak, pennukanust paboTaeT U 3alpoCkl Ha PeIUIMKe BHIIOIHAIOTCS. [Ipy 9TOM U3MEeHEeHUs Ha PellIuKe He NOMyCKaIoTCS:
| => INSERT INTO test VALUES (2, 'Disa');

| ERROR: cannot execute INSERT in a read-only transaction
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Ilcnonib3oBaHMe pensinku Posigres

HaJe>KHOCTh XpaHEHHWS OJaHHBIX

OCHOBHOIi cepsep pesepBHblii cepsep
(MaCTep pennm(a)

CUHXPOHHAs
pennvkauus

select, insert wal sender | % wal receiver startup
update, delete

=
LTI
A1

cermeHTbl WAL

10

MexaHn3M pensikauumn no3BonsieT NoCTPOUTb CUCTEMY Tak, UTOObI OHa
oTBeyana npeabsiBNsemMbiM K Heil TpeboBaHMsAM. PacCMOTPUM HECKOSIbKO
TUNMYHBIX 3a4a4 U CPEACTBA UX PELUEHNS.

O/fiHa 13 BO3MOXHbIX 3a7a4 — 06ecneunTb HaIeXXHOCTb XPAaHEHUS [IaHHbIX.

HanomHum, 4To chmkcaumsi TpaH3akLUuini MoXeT paboTaTb B CUHXPOHHOM
N aCUHXPOHHOM pexumax. B nepBom ciyyae hukcaumsi He 3aBepLUaeTcs
[0 Tex nop, noka gaHHble He 6yayT HafeXHo 3anucaHbl Ha SHepro-
He3aBMCUMbI HOCUTE/b. BO BTOPOM — eCTb pUCK NOTEPSATb YacTb
3aOMKCUPOBAHHbIX AAaHHbIX, HO IUKCALNSA He XAOET 3anncu Ha QUCK,

N cuctema paboTtaer ObICTpee.

AHanornyHasi kKaptTuHa u ¢ penavkaumein. NMpm CUHXPOHHOM pexume
(synchronous_commit = on) N HaNNYUKU PenIMKM pukcaums XAeT He TONbKO
3anmcn WAL Ha AncK, HO 1 NOATBEPXAEHNS NPUEMA XYPHasTbHbIX 3anncei
OT CUHXPOHHOW pensikn. JTo elle 60blie yBeNnmunBaeT HageXHOCTb
(AaHHble He nponaayT, AaXe ec/i OCHOBHOW cepBep BbIMAET N3 CTPOS),

HO U eLle B6osblle 3amMen/ISeT CUCTEMY.

CyLLEeCTBYIOT U MPOMEXYTOUYHbIE BapuaHTbl HACTPOIKK, KOTOPbIE HE AatoT
MOHON rapaHTUN HaAEXHOCTW, HO BCE-TaKN CHXKAKOT BEPOSITHOCTbL NOTEepu
[laHHbIX.
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Ilcnonib3oBaHMe pensinku Posigres

BBITIOJIHEHUE I0/ITUX aHAJTMTUYECKHX 3alpPOCOB (OTYETOB)

OCHOBHOI1 cepBep pe3epBHbIii cepBep
(macTep) (pennuka) pennuka

- MOXET OTCTaBaTb,
» < I ' KOHE/IMKTYOLLME 3anucu

6 - OTKNaAbIBAKTCA
select, insert wal sender | | wal receiver startup
update, delete 4

=
LTI
A1

cermeHTbl WAL

KOH(IMKTBI:
yAanexve Bepcuii
CTPOK MPOLECCOM OUUCTKI
W VCK/IOUMTENbHblEe
6/10KMPOBKU

11

Kak y>e roBopuioch, Ao/rie 3anpochl yAepXXMBatoT rOPU30HT OUUCTKMN,
13-3a Yero He yJlaeTcs yaansaTb HEHYXHble BepPCUM CTPOK. Ecnn kakne-To
TabnMUpbl B 3TO BPEMS aKTUBHO U3MEHSIIOTCS, OHU MOTYT CU/TbHO BbIpacTy
B pasmepe. Mo3aToMy Ans BbINO/IHEHUS AONTUX aHANIMTUYECKUX 3anNpoCcoB
MOYXHO MCMNO/b30BaTb PENINKY.

TOHKWIA MOMEHT COCTOMT B TOM, UTO C OCHOBHOIO CepBepa MOoryT NpuxoanTb
XXYpPHaibHble 3anncu, KOHIMKTYHOLLIME C BbIMOHSIOLLMMCS 3anpoCOM.
ECTb /IBa UCTOUYHMKA TaKMX 3anmceil.

1. OuncTka yaansieT Bepcumn CTPOK, YXXe He HyXHble OCHOBHOMY CepBepy,
HO eLLle HY)XXHble /151 BbINO/IHEHUS 3arnpoca Ha Pensinke.

2. VickntounTenbHble GNI0KMPOBKM, NpoUCXoasLLmMe Ha OCHOBHOM CepBepE,
HECOBMECTUMbIE C 3arnpoCOM Ha pensnke.

[MO3TOMY «OTUETHYIO» PEnsInKy HacTpanBatloT Tak, YTOObl OHa NpUHUMasa
WAL-3anucu, Ho oTknagpiBasia ux npuMeHeHue, ecsimi OHN KOHUIKTYHOT
C 3anpocamMmu. ITo NPMBOAUT K TOMY, YTO AiaHHbIE Ha pensinke MoryT
«OTCTaBaTb» OT OCHOBHOIO cepBepa, HO, KaK npaBuno, Ansa Aonrnx
aHa/IMTUYECKUX 3arnpocoB 3TO He CYLLEeCTBEHHO.
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HeCKo/IbKO pensivk Posigres

pesepBHbIi cepsep
(pennuka A)

pacnpegenenre OLTP-Harpysku I10 UTeHHUIO

(macTep)
select, insert pesepBHbIii cepsep
update, delete (pennvika B)
cermeHTbl WAL ‘
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K OCHOBHOMY cepBepy MOXXHO NOAK/THOUYUTL HECKO/ILKO Pensivk, Hanpumep,
ona pacnpepeneHna OLTP-Harpysku no YteHuio.

OLTP-3anpocbl He A0/MKHbI ObITb AOTUMU. DTO NO3BOJISET NUCMO/b30BaTb
06pamHyr CB513b MeXAy PensiMko 1 OCHOBHbIM CEPBEPOM MO MPOTOKO/Y
pensikaumn. B aToMm cnyvyae OCHOBHOM CepBepP 3HAET, KaKoW rOpu30oHT
TpaH3aKUMin HY)XXeH 3anpocamM Ha pensivke, N o4McTKa He ByaeT yaansatb
COOTBETCTBYIOLLMNE BEPCUN CTPOK. IHbIMKN cnoBamMu, obpaTHas CBA3b AaeT
Takoi xe 3hhekT, Kak ecriv 6bl BCe 3anpochbl BbIMNOHANUCH
HenocpeAcTBEHHO Ha OCHOBHOM CepBepe.

OpHako pennvkaumsa obecrneyunBaeT TO/IbKO 6a30Bblii MexaHM3M. [Ans
aBTOMaTUYeCKOro pacnpegeneHns Harpy3km HeobxoanuMbl BHELLHWE
cpencrtea (banaHcmposLyk). Cnenyet Takke UMETb B BUAY, YTO MexXAay
OCHOBHbIM CEPBEPOM U peniMkamMmm He rapaHTUpyeTcsa CornacoBaHHOCTb
AaHHbIX, faXe B C/lydae CMHXPOHHOW pennuvkaunn. Ecnv npunoxeHue
4ynTaeT AaHHble TONLKO C OAHOIo U3 CEPBEPOB, OHO, pasymeeTtcs, byaet
noslyyaTb COr/iacoBaHHble AaHHble. Ho 3TO He BbINOJIHAETCH, ec/v
NpUIoXKeHNe YNTaeT AaHHble C HECKO/IbKMX cepBepoB. C peninkn MoXxHo
npoynTaTb Kak ycTapeBLUMe JaHHble, Tak U AaHHble, KOTOPbIX eLle He BUOHO
Ha OCHOBHOM cepBepe. NogpobHee 3TM BONPOCHI 06CYXAATCA B Kypce
DBAS3 «Pe3epBHOe KONMpoBaHue N pensinkaLns».
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KackagHasa penamkauusa Posigres

yMeHbllIeHHe Harpy3KH Ha MacTep U Iiepepacripe/ie/ieHle ceTeBoro Tpaduka

OCHOBHOIi cepsep pe3epBHbIii cepsep pesepBHblii cepsep
(macTep) (pennuka A) (pennuka B)

= B =

select, insert wal sender > wal recelver startup wal sender wal receiver slanup
update, delete

cermeHTbl WAL
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HeckonbKo pensnk, NoAKIHYEHHbIX K 0O4HOMY OCHOBHOMY CepBepy, byayT
co3faBaTtb Ha HEro onpeaeneHHy Harpysky. Kpome Ttoro, Hago yunTtbiBaTb
Harpy3Ky Ha CeTb Npu Nepecblsike HECKObKNX KOMUIA NOTOKa XXYPHa/IbHbIX
3anuncen.

[Nsi CHUKEHNA HArpy3Kn Peninku MOXHO COeAMHATb KackaaoM; Npy 3TOM
cepBepbI NepeaaroT XypHasibHble 3anvcy Apyr Apyry no uenouke. Yem
flanblie OT MacTepa, TeM 6osibliUee 3ana3abiBaHNE MOXET HAKONUTHCS

B U3MEHSIEMbIX AaHHbIX.

3amMeTuM, YTOo KackajiHasi CMHXPOHHAs peniMkaums He noaaepXXMBaeTcs:
OCHOBHOW cepBep MOXET 6biTb CUHXPOHU3NPOBAH TO/LKO C Henocpe-
CTBEHHO MOAK/IOUYEHHOI K HEMY Peninkoii. A BOT obpaTHasi CBsi3b
NocTynaeT K OCHOBHOMY CEpBEpPY OT BCEX PEMNJIUK.
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OTnoXxeHHaa penavkauns Posgres

«MalllMHa BpeMEHW»
" BO3MO>XHOCTH BOCCTdHOBJ/IEHUA Ha OHPEAEHGHHbIﬁ MOMeHT 6e3 dpXHBad

OCHOBHOIi cepsep pesepBHbIil cepBep
(macTep) (pennuka)

select, insert .
m 3aiepXKa BOCNpon3BeeHNs

cermeHTbl WAL
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[Mone3HoM MOXET OKa3aTbCHA BO3MOXHOCTb NpoCcMaTpmBaTth AaHHble Ha
HEKOTOPbIA MOMEHT B NPOLUIOM W, NP HEOBXOANMOCTU, BOCCTAHOBUTL
cepBep Ha aTOT MOMEHT. 3TO NO3BOJSET, B HaCTHOCTU, CNPaBUTbLCH

C OLUMOKOW Nosib30oBaTesis, COBEPLUMBLLETO HENMpaBW/ibHbIE OECTBUSA,
TpeobyLine OTMEHbI.

OObIYHbI MeXaHN3M BOCCTAHOB/IEHMA U3 apXBa HA MOMEHT BPeEMEHMU
(point-in-time recovery) B NpUHLUMNE NO3BOMAET PELLNTL 3Ty 3aauyy,
HO TpebyeT 60/1bLUOoI NOArOTOBUTENIbHON PaboThbl U 3aHUMAaET MHOTO
BpemeHu. A crocoba NocTpouTb CHAMOK laHHbIX N0 COCTOSIHUIO

Ha NPOW3BOJIbHbLIA MOMEHT B nNpoLsiom B PostgreSQL Her.

3ajaya peluaeTcsa co3gaHnem penanku, kKotopasd npumeHaet 3anmcn WAL
He cpasy, a Yepes3 YCTaHOB/IEHHbIN MHTEPBa/1 BPEMEHM.

B aTOM Kypce Mbl He 06Cyxaaem HeobxoAMMble HACTPONKN AN KaxKaAoro
N3 NoKasaHHbIX BapnaHToB. [/151 NnogpobHoil nHhopmaumm obpaTtutech
K Kypcy DBA3 «Pe3epBHOe KonMpoBaHne 1 pensimkaumnsa.
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[lepekntoyeHne Ha peniuky  Posgares

[11aHOBOE TIepeK/IrUeHre

OCTaHOB OCHOBHOTI'O CepBepa [Jisi TEXHUUeCKHUX paboT 6e3 rpepbiBaHus]
00C/TyKMBaHUS

PYUYHOM pexxum

ABapuliHOe TepeKIroueHne

Tiepexo/i Ha peIuIMKy 13-3a cO0si OCHOBHOTO cepBepa

PYUHOM pexum,
HO B [IPUHLIMITE MOXXHO aBTOMaTU3MPOBATh C [TOMOLLBIO
[OTIO/IHUTEJILHOTO KiactepHoro I10

15

imeloLLytocst pensiky MOXHO UCMOoMb30BaTh U A/18 TOr0, YTOObI
NepPeKNOUYNTb Ha Hee NPUIoXKEHNE C OCHOBHOIO cepBepa.

MpuynHbI Nepexofa Ha pe3epBHbI cepBep ObIiBalOT pasHble. ITO MOXET
ObITb HEOOXOANMOCTb TEXHNYECKNX paboT Ha OCHOBHOM cepBepe — Torga
nepexop, BbINoIHAETCA B YA4006HOe BpeMS B LUTATHOM pexume. Bo3moxeH
1 c60I1 OCHOBHOIO cepBepa, B TaKOM C/lyyae NepexoanTb Ha pe3epBHbIil
cepBep HYXXHO Kak MOXHO ObICTpee, YTOObI He npepbiBaTb 06CNYXUBaHNE
nosb3oBarenei.

[laxe B cnyyae c6051 nepexo/] OCyLIECTB/SIETCA BPYUHYHO, CNN He
MCNo/b3yeTcs CNeLyanbHOE KacTepHOe NporpaMMHOe obecrneyeHue,
KOTOpoe cneauT 3a COCTOSSHMEM CEPBEPOB M MOXET MHULMMPOBATb
nepexo/ aBTOMaTUYECKN.



IlepexnoyeHHue Ha PEIIMKY

YT0GH! IIEPEBECTH PEIIHKY U3 PEKIMa BOCCTAHOBIIEHUS B OOBIYHBIN PEIKMM, HYKHO [aTh el COOTBETCTBYIOLIYI0 KOMaHMIY
| => SELECT pg_is_in_recovery(); -- sBnsetcs pennukoii?

pg is in recovery

student$ sudo pg_ctlcluster 16 replica promote
HauwmHas ¢ Bepcun 12 9T0 3Xe MOXKHO CAeiaTh, Ucnonb3yss SQL-pyHKIMIO pg promote.
| => SELECT pg_is_in_recovery(); -- cHoBa npoBepum: 3TO pennuka?

pg _is in recovery

Tagum 06pa30M MEBI IIOJIYYHUJIA JBAa CaMOCTOATEJIbHBIX, HUKaK He CBA3aHHBIX OPYT C OJPYTIOM CepBepa.
| => INSERT INTO test VALUES (2, 'Qisa‘);
| INSERT @ 1

OueHb BaKHO UMETh TapaHTUX TOTO, YTO IPHUIOKeHUe paboTaeT TOIBKO C OGHUM U3 CEPBEPOB, NHaYe BO3HUKAET CUTYyallns,
Has3bBaeMas split brain: yacTe maHHBIX OKa3bIBAETCS HA OMHOM CepBepe, YacTh — Ha APYToM, U co0paTh UX BOEIUHO
IIpaKTU4YeCKU HEBO3MOXKHO.
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Toru Posigres

MexaHu3Mm (pr3nyecKol perviMKaljii OCHOBaH Ha rnepejaue
)KYPHAJIbHBIX 3aliCell Ha PervivKy 1 WX MpUMeHeH!u!

TPaHCJISALIUS MOTOKa 3anuceit umu ¢aiino WAL
du3nueckas pervinkalusa Co3adeT TOYHYHO KOITHIO
BCero Kiaacrepd

O/ITHOHAITpaBJ/IeHHas, TpE6y€T ,Z[BOI/IIIHOI>'I COBMEeCTHUMOCTU
0a30BbIl MeXaHN3M AJIA pellIeHys LeJIoro psaaa 3aja4d
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Mpaktuka L Posigras

1. Pa3BepHUTe perMKy Tak, KakK [10Ka3aHO B IeMOHCTPAL1H.

[TpoBepbTe, Kak paboTaeT NMPUIOKEeHHe, eCJTH MePeKTFOUUTh ero
Ha UCII0J/Ib30BaHUE PETINKH.

2. [lobaBbTe K MexaHU3MY (DOHOBBIX 3a/laHUM BO3MOKHOCTh
BBITIO/THSATD 3a/laHKs1 Ha PeI/IMKe C TMOMOILbI0 PaCIIMpeHust
dblink.

Y6enuTeck, UTo j0/TOE 3alaHKe He TIPUBeJET K MOSIB/IEHUIO
TaKOM >Ke [0JITOM TPaH3aKL[M1M Ha OCHOBHOM CepBepe.
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1. Mepekntoyatesib cepBepa HaxoAUTCs B BEPXHEN YacTh MHAPOPMALIMOHHO
NaHes M NPUIoXeEHUS.

O6paTnTe BHUMAHWE Ha TO, Kakue onepaumm no-npexHemy paéoTator,
a Kakne — BbI3bIBAOT OLLMOKY.

2. NpunoxeHne no3BosiSeT Npu oTnpaske 3aaHnsa Ha BbINOIHEHME yKa3aTb
yAasieHHbI cepBep, 1 3anncbiBaeT UMs y3na v nopt B Tabnuuy tasks.

[ob6aBbTe B npouenypy process_tasks npoBepKy: ecnu ykasaHbl y3en

1 NOPT, BbI3blBaTe (DYHKLMIO run He JI0KaJTIbHO, & C NOMOLLbIO pacLUMpeHns
dblink Ha yka3zaHHOM cepBepe. (PaclmpeHne paccMmarpusasiocb B Teme
«@POHOBbIE MPOLECCHI»)

UT06bI fO/r0e 3afaHme He NPUBOANIIO K MOSAB/IEHNIO TaKOW Xe [0/1roM
TpaH3aKUMn Ha OCHOBHOM cepBepe, ncnonb3yiite dblink B aCMHXPOHHOM
pexnme, 1 nepuoguyeckn onpalumBainTe roTOBHOCTb 3anpoca B OTAENbHbIX,
KOPOTKMX, TpaH3aKLnaX.



1. Pa3BepThIBaHHE PEILIHKH

BrimonHsseM Te Ke KOMaH[Obl, YTO U B JEMOHCTPALIUN.

student$ pg_basebackup --pgdata=/home/student/backup -R

student$ sudo pg_ctlcluster 16 replica stop

Cluster is not running.

student$ sudo rm -rf /var/lib/postgresql/16/replica

student$ sudo mv /home/student/backup /var/lib/postgresql/16/replica
student$ sudo chown -R postgres: /var/lib/postgresql/16/replica
student$ sudo pg_ctlcluster 16 replica start

IIpu nepeKTIoYeHUY IPUIOKEHNS Ha PEIIUKY:

e [loWCK KHUT U OpyTrHe olepaluu, He TpeOyolue N3MeHEeHNS JaHHbX, pa00TaloT;
e Bxop, moKynkKa KHUT U OPYyTHe ollepalluy, U3MEHSIONe JaHHbe, BEIIAOT OMUOKY.

2. ®oHOBBIE 3aJaHUs B YIAJICHHOM peXHMe

IMo6aBuM B IIpoLIEOyPY 3alycKa 3afaHus o0paboTKy y3ia u nmopTa. Eciiu oHU yKa3aHbl, 6ygeM BBIIONTHATH GYyHKIUIO run Ha
yKa3aHHOM cepBepe c momombo pacmupenus dblink. 3a ocHOBY 6epeM BapraHT NIPOLeAYPHl, HATMCAHHOM B IIPAKTUKE K
TeMe «ACHHXpOHHas oOpaboTKa».

=> CREATE EXTENSION IF NOT EXISTS dblink;

CREATE EXTENSION



=> CREATE OR REPLACE PROCEDURE process_tasks() AS $$
DECLARE
task tasks;
result text;
ctx text;
BEGIN
SET application_name = 'process_tasks';
<<forever>>
LOOP
COMMIT;
PERFORM pg_sleep(1l);
SELECT * INTO task FROM take_task();
COMMIT;
CONTINUE forever WHEN task.task_id IS NULL;

IF task.host IS NULL THEN -- 3anyckaem okKajibHO

BEGIN

result := empapi.run(task);

PERFORM complete_task(task, 'finished', result);
EXCEPTION

WHEN others THEN
GET STACKED DIAGNOSTICS
result := MESSAGE_TEXT,
ctx := PG_EXCEPTION_CONTEXT;
PERFORM complete_task(

task, ‘error', result || E'\n' || ctx
)i
END;
ELSE -- 3anyckaem ypaneHHo B aCMHXPOHHOM pexume
BEGIN
PERFORM dblink_connect(
'remote’,
format (
'host=%s port=%s dbname=%s user=%s password=5%s"',
task.host, task.port, 'bookstore2', 'emp', 'emp'’
)
)i
EXCEPTION

WHEN others THEN
GET STACKED DIAGNOSTICS
result := MESSAGE_TEXT,
ctx := PG_EXCEPTION_CONTEXT;
PERFORM complete_task(
task, ‘error', result || E'\n' || ctx
)i
CONTINUE forever;
END;
PERFORM dblink_send_query (
‘remote’,
format('SELECT * FROM empapi.run(%L)', task)
)i
-- OoXupaHue pesynbTaTa
LOOP
PERFORM pg_sleep(l);
EXIT WHEN (SELECT dblink_is_busy('remote')) = 0;
COMMIT;
END LOOP;
-- nonyyeHue pesynbTaTa
BEGIN
SELECT s INTO result
FROM dblink_get_result('remote') AS (s text);
PERFORM complete_task(task, 'finished', result);
EXCEPTION
WHEN others THEN
GET STACKED DIAGNOSTICS
result := MESSAGE_TEXT,
ctx := PG_EXCEPTION_CONTEXT;
PERFORM complete_task(

task, ‘error', result || E'\n' || ctx
)i
END;
PERFORM dblink_disconnect('remote');
END IF;
END LOOP;

END;
$$ LANGUAGE plpgsql;

CREATE PROCEDURE

O6paTuTe BHUMaHHE Ha ClIeAyIollee:



e [lns KpaTKOCTU He oOpabaTriBaeTcst cTaTyc Bei3oBa ¢pyHkuuu dblink send query, 4To, KOHEYHO Ke, He0OXOIUMO
Ienarh.

e B muKie oxXupaHus pe3yIbTaTOB YOAJIEHHOTO 3allyCKa BBEIIOIHAETCS GuKcalus. B MpOTUBHOM ClIydae IoJjIydasiach Obl
IoJirasi TPAH3AKIUS, YAEePKUBAIONIAasi TOPU30HT 0a3bl aHHBIX.

o Jly6nupyeTcs Kop Ayt 00paboTKU HCKIIIOYUTEIBHBIX CUTyallli. 9TO CBSI3aHO C TeM, YTO IIPOIenypa He MOXKeT
BBIIOJIHATE GUKcAIUI0 BHYTPU O60Ka ¢ ceknueit EXCEPTION.

e Komanma COMMIT nepeHeceHa U3 KOHIIa 1IMKia forever B Havano. To coenaHo Ay yoo6CTBa MPEPHIBAHUS
06paboTku B cinydae omubku (cM. o6paboruuk dblink connect).

Paboratomuii B cucteMe (OHOBBIH IIPOLIECC, BEIITOIHSIIONIMIN IPOLeAypPy process tasks, OymeT mpopmonKaTh BEHITOIHSATh
CTapyo BepCHUIo Ipouenypsl. Ero Heo6xonuMo IpepBaTh U epe3alyCTUTh:

=> SELECT pg_terminate_backend(pid)
FROM pg_stat_activity
WHERE application_name = 'process_tasks';

pg_terminate backend

=> SELECT * FROM pg_background_detach(
pg_background_launch('CALL process_tasks()")
);

pg_background detach
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[1pakTuka+ Pos{gres

1. Hactpoiite (pu3ruecKyro MOTOKOBYHO PervIuKaljuio
MeXXIy AByMsi CepBepaMU B CUHXPDOHHOM peXXUMe.
[TpoBepwTe paboTy periukaiuu. Yoeautech, yTo pu
OCTAHOBJIEHHOM pervivKe (PUKcallysi He 3aBepIliaeTcs.

2. Tlo ymosuaHuto mprMeHeHre KOH(QIUKTYIOLUX 3aIiceid
Ha pervivKe OTKJ/IaAblBaeTCsl MaKCUMyM Ha 30 ceKyH/,.
OTk/II0UNTE OTK/Ia[bIBaHKE TIPUMeHeHHsI U yOeIuTeChb, UTo
JOJTH 3arpoC, BITIOHSIOIIUIACS Ha perviuke, OyzeT TpepBaH,
eci HeoOXoJuMble €My BepCHH CTPOK YAAJISIOTCS U OUMII[AFOTCS
Ha MacTepe.
BximounTe 00paTHYIO CBSI3b M YO€UTECH, UTO TeTlephb 3aIpoC
He MpepbIBaeTCs M3-3a TOTO, UTO Ha MacTepe OTK/Ia/bIBaeTCs
OUMCTKa.
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1. nA aToro Ha macTtepe yctaHosuTe ¢ nomouibio ALTER SYSTEM
cnepyoume napamMeTpbl:

e synchronous_commit = on

* synchronous_standby names = "'16/replica

2. 3a oTKNnagbiBaHve NPUMEHEHNSA KOHMPNKTYIOWNX 3anncen Ha pensimke
oTBevaeT napametp max_standby streaming_delay. YctaHosuTe ero B 0.
O6paTHas cBA3b BK/IOYaeTcsa napameTtpom hot _standby feedback = on.
O6a napameTpa yctaHaBnusatoTcs Yyepe3 ALTER SYSTEM c nocnegyrowmm
nepeynTbiBaHNEM HACTPOEK.

UT06bI 3anpocC BbINOMNHANCA A0/T0 HA HEOO/bLLIOM 06beMe AaHHbIX, MOXHO
[06aBUTbL B HEroO BbI30B YHKLMN pg_Sleep.



1. CuaxpoHHas1 pelUIMKauus

Pa3BopaunBaeM pemIrKy, Kak OBLJIO IOKa3aHO B JEMOHCTPAIINH:

student$ pg_basebackup --pgdata=/home/student/tmp/backup -R --checkpoint=fast
student$ sudo pg _ctlcluster 16 replica stop

Cluster is not running.

student$ sudo rm -rf /var/lib/postgresql/16/replica

student$ sudo mv /home/student/tmp/backup /var/lib/postgresql/16/replica
student$ sudo chown -R postgres: /var/lib/postgresql/16/replica

3amyckaeM penuKy.

student$ sudo pg ctlcluster 16 replica start

Hactpoum CHHXPOHHYIO PENIMKAIlWIo0 Ha MacTepe. Bo-mepBeIX, HY2KHO BKJIIOUUTh CUHXPOHHBIN DEXUM:
=> ALTER SYSTEM SET synchronous_commit = on;

ALTER SYSTEM

Bo-BTODBIX, PEIINIUK MOKET OBITH HECKOJIKO U MacTep IOJIKeH 3HaTh, C KaKOU U3 HUX CUHXPOHU3UPOBAThCS. Pemnuka
IpefCcTaBlsieTCa UMeHeM, 3aJaHHEIM B ee napameTpe cluster name:

student$ psql -p 5433
| => SHOW cluster_name;

cluster name

16/replica
(1 row)

=> ALTER SYSTEM SET synchronous_standby names = '"16/replica"’;
ALTER SYSTEM
=> SELECT pg_reload_conf();

pg reload conf

=> SELECT sync_state FROM pg_stat_replication;

sync_state

sync
(1 row)

Pennukauus crajia CHHXPOHHOH.

=> CREATE DATABASE replica_overview_physical;

CREATE DATABASE

=> \c replica_overview_physical

You are now connected to database "replica overview physical" as user "student".

Terneps OCTaHOBUM PEIIIUKY...

student$ sudo pg _ctlcluster 16 replica stop

...l monpo6yeM BBIIIOJIHUTE KaKylo-Tu60 TpaH3aKIHIO:

=> CREATE TABLE test(n integer);

anaBneHHe BO3BPATUTCHA TOJIBKO KOr'la perjinkKa 6y11e'r CHOBa 3allyllieHa " pellIuKalus BOCCTaHOBUTCA:
student$ sudo pg ctlcluster 16 replica start

CREATE TABLE



2. Kondaukryouiue 3amucu

student$ psql -p 5433 -d replica_overview_physical
OTKII049YaeM OTKJIaAblBaHU € IIPUMEHEHU A KOH(I)J'II/IKTYIOH.[I/IX 3amucen:
| => ALTER SYSTEM SET max_standby_streaming_delay = 0;

| ALTER SYSTEM

| => SELECT pg_reload_conf();

pg_reload conf

IMoGaBisieM CTPOKH B TaOJIHILY:

=> INSERT INTO test(n) SELECT id FROM generate_series(1,10) AS id;
INSERT 0 10

BrINONHSAEM Ha PeNyIuKe JONTHE 3amIpoc...

| => SELECT pg_sleep(5), count(*) FROM test;

...a B 9TO BpeMs Ha MacTepe yaaisieM CTPOKH M3 TaOJIULEI ¥ BEIIOIHSIEM OYHUCTKY:
=> DELETE FROM test;

DELETE 10

=> VACUUM VERBOSE test;

INFO: vacuuming "replica overview physical.public.test"

INFO: table "test": truncated 1 to 0 pages

INFO: finished vacuuming "replica overview physical.public.test": index scans: 0
pages: 1 removed, 0 remain, 1 scanned (100.00% of total)

tuples: 10 removed, 0 remain, 0 are dead but not yet removable

removable cutoff: 808, which was 1 XIDs old when operation ended

new relfrozenxid: 808, which is 3 XIDs ahead of previous value

frozen: 0 pages from table (0.00% of total) had 0 tuples frozen

index scan not needed: 1 pages from table (100.00% of total) had 10 dead item identifiers
removed

avg read rate: 0.000 MB/s, avg write rate: 14.039 MB/s

buffer usage: 8 hits, 0 misses, 4 dirtied

WAL usage: 6 records, 1 full page images, 8675 bytes

system usage: CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s

VACUUM

OuKCTKa cTepna Bce Bepcuu cTpok (10 removed). B uTore 3ampoc Ha perinKe 3aBepIIaeTCs OITHOKOM:

ERROR: canceling statement due to conflict with recovery
DETAIL: User query might have needed to see row versions that must be removed.

IToBTOPHM 3KCIIEPUMEHT CO BKIIOYEHHON 00paTHOM CBS3bIO.
| => ALTER SYSTEM SET hot_standby_feedback = on;

| ALTER SYSTEM

| => SELECT pg_reload_conf();

pg_reload conf

=> INSERT INTO test(n) SELECT id FROM generate_series(1,10) AS id;
INSERT 0 10

| => SELECT pg_sleep(5), count(*) FROM test;

=> DELETE FROM test;

DELETE 10

=> VACUUM VERBOSE test;



INFO: vacuuming "replica overview physical.public.test"

INFO: finished vacuuming "replica overview physical.public.test": index scans: 0
pages: O removed, 1 remain, 1 scanned (100.00% of total)

tuples: O removed, 10 remain, 10 are dead but not yet removable

removable cutoff: 809, which was 2 XIDs old when operation ended

new relfrozenxid: 809, which is 1 XIDs ahead of previous value

frozen: 0 pages from table (0.00% of total) had 0 tuples frozen

index scan not needed: O pages from table (0.00% of total) had O dead item identifiers
removed

avg read rate: 0.000 MB/s, avg write rate: 57.445 MB/s

buffer usage: 6 hits, 0 misses, 1 dirtied

WAL usage: 1 records, 0 full page images, 188 bytes

system usage: CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s

VACUUM

Tenepb 04YKMCTKA He yOansieT BEPCUU CTPOK, IIOCKOJIBKY 3HAET O 3aIllpoce, BRIIONHAOmEMCS Ha peniuke (10 are dead but
not yet removable ) u 3anpoc orpaGaTsBaeT:

pg_sleep | count

Hrak:

e B nepsoM ciydae (max standby streaming delay) oTknapriBaeTcsi BOCIPOU3BefleHUe XKypPHaJIbHBIX 3allUcell Ha
pemnnuke.
e Bo BTopomMm ciyuae (hot standby feedback) oTknmapsiBaeTcst ouncTKa Ha MacTepe.



