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Wcnonb3oBaHne matepuanos Kypca

HekoMmepueckoe 1cnonb3oBaHne MaTepuasnoB Kypca (npeseHTauumu,
[eMOHCTpaLmmn) pa3peLuaetcs 6e3 orpaHuyeHuii. Kommepueckoe
MCNOIb30BaHNe BO3MOXHO TOJIbKO C MUCbMEHHOTO paspeLleHns KomnaHum
Postgres Professional. 3anpeliaetca BHeCEHNE U3MEHEHWIA B MaTepuasibl

Kypca.
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OT3bIBbl, 3aMeYaHus 1 NPeasIoKEHNA HanpaBnsiTe no agpecy:
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OTKa3 OT OTBETCTBEHHOCTU

KomnaHua Postgres Professional He HeceT HMKakoii OTBETCTBEHHOCTHM 3a
No6ble NoBpexaeHnsa 1 yobITKKX, BK/loYas NoTeplo Aoxona, HaHeCeHHbIe
MNPSAMbIM UKW HENPAMbIM, CNeUnasIbHbIM UKW CyYailHbIM UCMOIb30BaHMEM
maTtepuanos Kypca. KomnaHusa Postgres Professional He npegocTtasnser
Kakux-nmbo rapaHTuii Ha matepuasibl Kypca. MaTtepuansl Kypca
NpeaocTaB/sIlOTCA Ha OCHOBE MPUHLMNA «Kak eCTb» 1N KoMnaHusa Postgres
Professional He 06a3aHa nNpeAoCTaBNATbL COMPOBOXAEHME, MOALEPXKKY,
06HOBNEHUSA, pacCLUMPEHNA N N3MEHEHUS,
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3agaun 1 Buabl penamkaumum Posggres

CI/IHXpOHI/IBaL[I/ISI AaHHBIX Hd PA3HBIX CepBepax

OcHOBHbIE 3a/1aun

0TKa30yCTOMUYUBOCTb, BbICOKAs JOCTYMTHOCTb
MacIITabupyemMoCThb

dusnueckas pervinkalua

CMHXPOHM3aL1sl Ha yPOBHE CTPAHWL] U BepPCUM CTPOK

Jlornueckast pervivkarys

CUHXPOHH3aIVsI Ha YPOBHE CTPOK TabuI]

OAMHOYHbIV cepBep, YNpaBaoLmii 6a3aMm AaHHbIX, MOXET He
YAOBMETBOPATL NPEAbSABNSEMbIM TPEOOBAHUSIM.

OAvH cepBep — BO3MOXHaA Toyka oTkasa. [isa (unv 60nbLue) cepBepos
MO3BONAKOT COXPaHUTb AOCTYMNHOCTb CUCTEMbI B C/lyyae c6os
(OTKa30yCTONUNBOCTb) NN — B0s1ee LWNMPOKO — B /Il060M criyvae,
Hanpumep, Npu NpoBeAeHn NaHoBbIX PaboT (BbiCOKas AOCTYMHOCThL).

OnuH cepBep MOXET He CnpaBnATbCA C Harpy3ko. Hapawmsatb pecypchbl
cepBepa MOXEeT OKa3aTbCHA HEBLITOAHO NN BOOOLLE HEBO3MOXHO.

Ho MOXHO pacnpefenvTtb Harpy3ky Ha HeCKOJIbKO CEpPBEPOB
(MmacwiTabuposaHue).

MHdhopMaLMOHHbIE CUCTEMbI MOTYT UCMO/b30BaTh 06LUME aHHbIE.

Takum o6pa3om, pedb UAeT 0 TOM, UTOGbl MMETb HECKO/TbKO CEPBEPOB,
paboTalLnX C OAHUMUK U TEMU Xe AaHHbIMU. [og pennvkauunei
MOHMMAETCA NPOLECC CUHXPOHU3ALNM STUX AAHHbIX.

B 3aBUCMMOCTN OT YPOBHS, HA KOTOPOM NPOUCXOAUT CUHXPOHU3aL S,
pasnnyaloT YU3UYECKYHO U J102UYECKYIO PeNnNKaunio: Npu unnyeckom
pennvkaunm CUHXPOHMU3NPYHOTCA N3MEHEHUS, NPon3oLealmne B CTpaHmuax
[AaHHbIX 1 cTatycax TpaH3akuui, a npu 10rm4ecko — U3MeHeHNss CTPOK
Tabnuy,
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Mexadusm

OZIVH CepBep TPaHC/MPYeT )KypHa/bHbIe 3aliCH Ha JIPyroi cepBep,
Y TOT TIPOUTPBIBAET TMOTyUYeHHbIe 3aMicH

OcobeHHOCTH

MacTep-pervivka: MOTOK JJaHHbIX TOJIbKO B OJHY CTOPOHY
TpebyeTcsi JBOUYHAs COBMECTHMOCTh CEPBEPOB
BO3MO)KHA pervivKaLys TOJIbKO BCero Kaacrepa

MexaHn3M on3nyeckoli penainkauum cocTonT B TOM, UTO OANH CepBep
nepeaaeT XypHasibHble 3an1Mcu Ha Apyroit cepeep, a TOT UX NPOUrpbIBAeT —
Kak Npy BOCCTaHOB/MEHWW MOC/e COOS.

Mpu om3nyeckon pennmkalmm cepeepbl UMEKT Ha3Ha4YeHHbIEe POSIN:
MacTep 1 pensvka. Mactep nepefaeT Ha Pensinky CBOW XypHasibHble
3anncu B Buae dpaisios uiv noToka sanucein; pennnka npuMeHsieT aTu
3anucu K ceoum painnam gaHHbIX. NMpUMeHeHne NPOUCXOANT YACTO
MexaHnyeckn, 6e3 «NoHNMaHNSA CMbICNa» N3MeHeHU, NO3TOMY BadkHa
[IBOMYHasi COBMECTUMOCTb Mexay cepBepamn (OANHaKoBble NiaTgopMbl
N OCHOBHbIE Bepcun PostgreSQL). MocKonbKy XypHan o6uuii Ans Bcero
knacTtepa, TO 1 pennumpoBaTb MOXHO TO/IbKO BECb K/lacTep Le/IMKOM.
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OCHOBHOI1 cepBep pesepBHbIii cepBep
(macTep) (pennuika)

— —
pennvkaumsa

select, insert .

TUBHbIA UCTOYHVK
KYPHAbHbBIX
3anucei

apxus WAL

UTOObI OpraHnM3oBaTh penvkauuo Mexay ABymMsi cepBepamu, Mbl CO34aemM
pennuky n3 nu3nyeckor pesepBHOM KON OCHOBHOIO cepaepa. MNpu
00bI4YHOM BOCCTAHOB/IEHUN U3 TAKOW pe3epBHOIN KON NoslyYaeTcsl HOBbI
He3aBMCUMbI cepBep. A ec/n BKNKUNTL pennnkaumio, BeAoMblli cepBep
HayMHaeT paboTaTb B peXume rnocmosiHHo20 BOCCMAaHOB/1IeHUSI: OH BCe
BpeMs NPUMEHSIET HOBbIE XYPHaslbHble 3anucu, Npuxoasume ¢ OCHOBHOIO
cepsepa (3TMM 3aHMMaeTcs npouecc startup). Takum obpasom, pensivka
NOCTOSAHHO NOAAEPXMBAETCA B NOYTUN akTyaSIlbHOM COCTOSHUM.

EcTb ABa cnocoba A0CTaBKM XypHaI0B OT MacTepa K pensvke. OCHOBHOW,
KOTOPbI UCNONb3YETCA Ha NMPAKTUKE — 1OMOK0oBas pern/ukayusl.

B atom cnyyae pennuka (npouecc walreceiver) nogkioyaeTcs K Mactepy
(npouecc walsender) no NpoToKosy pensvkauum 1 nosyyvaeTt NnoTok 3anncen
WAL. 3a cyeT 3T0ro npu NOTOKOBOW pensiMkaunm oTcTaBaHue pensinku
CBEAEHO K MUHUMYMY UK AaXKe K HY/II0 NPY CUHXPOHHOM pexume.

Ecnu B cncteme HaCTpOeHO HernpepbIBHOE apXMBUpoOBaHMe, TO BO3MOXHA
cpaliziosasi pern/iukayusi. B aTom cniydae pensivka byger 3aMeTHO oTcTaBarh,
NOCKO/1bKY (0an/ioBbIi apXmnB NOMNOJSTHAETCA TO/IbKO MNP NepeKItoHeHnn
cermeHTa WAL.

Ha npakTuke (paisioByto pensivMkauuio UCNosb3yT KakK A0N0/IHEHNE

K MOTOKOBOW. ECn pennuka He MOXET NOJ1yUYnUTb OYEPEAHYIO XXYPHAa/IbHYIO
3anucb Mo NPOTOKO/Y penavkauum, oHa byaeTt npoboBaTb NpoYnTaTh
COOTBETCTBYHOLLNIA thaitn n3 apxnea cermeHToB WAL.

https://postgrespro.ru/docs/postgresgl/16/high-availability
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YpOBHU XypHasia Pos{gres

[Tapametp wal_level

minimal <  replica
BOCCTaHOBJIEHUE BOCCTaHOBJIEHUE
rocsie coos rocsie cbos

BOCCTaHOBJIEHHE
13 pe3epBHOU KOIUH,
perivKarus

MocKoMbKY Ha pensvky nonazaeTt To/bKo Ta MHhopMaLus, KoTopas
COIEPXUTCS B XXYpHase, B XypHas [A0/MKHbI 3aM1CbIBaTbLCS BCE
Heo6XoAMMble AN CUHXPOHU3ALUMN AaHHbIE.

CocTtaB MHhopmaumm, nonagaroLlen B XypHas, perynnmpyeTtcs napameTpom
wal level.

[o Bepcun PostgreSQL 10 ypoBHeEM Mo ymMon4aHuto 6611 minimal,
rapaHTMpYyoLWMiA TO/IbKO BOCCTAHOB/IEHNE Noc/ie c605. Ha Takom ypoBHe
pennnkauma pabotarb He MOXET, NOCKOMbKY A/1 06ecnevyeHns HageXXHOCTH
B 3TOM C/ly4yae 4yacTb U3MEHEHWIA cpasy 3anunucbiBaeTCs Ha aHepro-
He3aBMCUMbIA HOCUTE/b U HE NonafaeT B XYypHaJl.

B Bepcusax 10+ ypoBeHb o ymonyaHuio — replica. Ha aTom ypoBHe
B )KypHas1 3anucbIBalOTCA BCE N3MEHEHNA faHHbIX, YTO NO3BO/ISAET
BOCCTaHaB/MBaTb CUCTEMY M3 FOPSUNX PE3EPBHbIX KON, cAeNaHHbIX
yTunnton pg_basebackup, a Takke ncnonb3oBarb U3NYECKYHO
pennmkaumio.

[MOCKONbKY pe3epBHOE KONMMpoBaHme 1 penvkaunsa — BocTpeboBaHHble
3afa4n, ypoBeHb M0 YMO/4aHMo 1 Bbl/T U3SMEHEH B NO/b3y replica.



HacTpoiika ¢u3HIeCcKoi peluKaua

TTOCMOTPHM, KaK OPTaHH30BaTh IIOTOKOBYIO PETUIMKAIIHIO MeXK/Y IByMs cepBepaMy. MbI OTPaHMYHMMCS CaMBIM TTPOCTEIM BaPHAHTOM; /[eTaThbHO PEILUTHKAIIHs PacCMaTPHBAETCs B Kypce /I a/MUHKCTPaTopoB DBA3.
MUHHEMaJIbHBI HaGop IIapaMeTpoB, KOTOPbIe HY)KHO IIPOBEPUTh:

=> 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)

Haumnast ¢ Bepcru PostgreSQL 10, TapaMeTphI [0 YMOJTIaHHIO YoKe HMEIOT TO/IXO/ISIIEe 3HAUEHHS.
PaspellieHye Ha IOAK/II0YeHHe 10 IPOTOKOJIY PeIuiMKaruy 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 T S S L T
local | {all} | | trust

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

PaspelieHue TOXKe HMeeTCs.

Pa3BepHeM peIUINKY U3 U3MUYecKol pe3epBHOM KOIUH, /I 3TOT0 MCII0/Ib3yeM YTHIHTY pg_basebackup.

IleJ1eBO# KaTasIo0r KOIHMH J0JDKEH GBITh ICTHIM HJTH OTCYTCTBOBATE:

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

Kimrou -checkpoint=fast IIpoCKUT yTHIUTY BEIIIOJIHUTL KOHTPOJILHYIO TOUKY KaK MOKHO GhIcTpee (Ge3 1mays), a kIio4 -R — 106aBUTh HACTPOMKH JISI PEILIUKHU:
student$ pg_basebackup --pgdata=/home/student/tmp/backup -R --checkpoint=fast

VTuIuTa co3jiaa 3ar0TOBKY KOHQHIYPaIluOHHOTO 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 sslnegotiation=postgres sslcompression=
... M CHTHAJIBHBIH aiiyl, KOTOPBIM IaCT PeIUIHKe yKa3aHUe IIePeHTH B PESKHM IOCTOSHHOTO BOCCTAHOBJIEHMS:

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

SrW---m- - 1 student student © wion 23 23:27 /home/student/tmp/backup/standby.signal

Kracrep, B KOTOPOM MBI COGHpaeMcs pa3sBepHYTh PEILTHKY, yoKe ITpe/[BapHTeTbHO HHHUITHATH3HpoBaH. EC/i cepBep pa6oTaeT, eTro HeO6X0/[HMO 0CTaHOBUTE:
student$ sudo pg_ctlcluster 16 replica stop

Cluster is not running.

Korust GhLTa pasMellleHa B JOMAaIlIHeM KaTaJjIore I0JIb30BaTe/Is student, a Tereph IIepeHOCHM ee B KaTaJIOr JaHHBIX KJIacTepa M /ieJlaeM BIajie/iblieM GaiiioB Io/Ib30BaTe s 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

MOo>KHO 3aITyCKaTh CepBep:

student$ sudo pg_ctlcluster 16 replica start

TIOCMOTPUM Ha ITPOIIECCHI PETLIHKH.

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

25300

student$ ps -o pid,command --ppid 25300

PID COMMAND
25301 postgres: 16/replica: checkpointer
25302 postgres: 16/replic background writer
25303 postgres: 16/replica: startup recovering 000000010000000000000003
25304 postgres: 16/replica: walreceiver streaming 0/3000060

TIporiecc walreceiver MPHHUMAET ITOTOK ’KYPHaIbHBIX 3aITHCEH, a POI[ece startup IpEMeHsIeT H3MeHeHHs.
CpaBHMM C IIPOIeCCAMH MacTepa.

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

24886

student$ ps -o pid,command --ppid 24886

PID COMMAND
24887 postgres:
24888 postgres:
24890 postgres:
24891 postgres: autovacuum launcher
24892 postgres: logical replication launcher
24936 postgres: 16/main: student student [local] idle
25305 postgres: 16/main: walsender student [local] streaming 0/3000060

: checkpointer
background writer
walwriter

TIporiecc walsender OTIIPaBJIsieT PEILIMKe XKypPHa/IbHbIE 3aIlHCH.
COCTOSTHHE PeTIHKAI[HE MO)KHO CMOTPETH B CITeIIHaIbHOM Hpe/ICTaBIeHHH Ha MacTepe:

=> SELECT * FROM pg_stat_replication \gx



[ RECORD 1 J---odboommmmiaoiiieee o
pid | 25305

usesysid | 16384

usename | student

application_name | 16/replica

client_addr |

client_hostname |

client_port | -1

backend_start | 2025-06-23 23:27:38.027884+03
backend_xmin |

state | streaming

sent_lsn | ©/3000060

write_lsn | 0/3000060

flush_lsn | ©/3000060

replay_lsn | 0/30600060

write lag | 00:00:00.045108

flush_lag | ©0:00:00.058739

replay lag | 00:00:00.058844
sync_priority | ©

sync_state | async

reply time | 2025-06-23 23:27:38.089547+03

® 3Ha4yeHHMs *_lsn — MOKa3bIBAIOT, KaKHe )KyPHaJIbHbIE 3aITHCH OTIPABJIeHb! Ha PETLIMKY, IIOyYeHE €10, 3aIIHCaHbl Ha JUCK U IPHMEHEeHEI;
® sync_state — CHHXPOHHasl HJIM aCHHXPOHHas PEITHKAIHS (06 3TOM Mo/ipoGHee Io3ke).
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JomnyckaroTcs

3aripockl Ha uteHue AaHHbIX (SELECT, COPY TO, KypcophI)
yctaHoBKa napameTtpoB cepBepa (SET, RESET)

ynpassienue TpaH3akuusmu (BEGIN, COMMIT, ROLLBACK...)
co3/iaHue pe3epBHOM koM (pg_basebackup)

He ponyckarorcs

nro6bie u3menenusi (INSERT, UPDATE, DELETE, TRUNCATE, nextval...)
6nokupoBkH, nipeAmnonaratwoiye nsmenenue (SELECT FOR UPDATE...)
koMaHgpl DDL (CREATE, DROP...), B T. u. Co3/jaHKe BpPeMEeHHBIX Ta0JIHI]
koMaH/ b1 conpoBoxkenusi (VACUUM, ANALYZE, REINDEX...)
ynpasnenue gocrynoM (GRANT, REVOKE...)

He cpabaThbIBalOT TPUTTEPHI U pEKOMeH/aTe /TbHble OJIOKUPOBKU

Mo ymonuaHuio pensvka paboTaeT B pexume 20psiyezo pesepsa,

B 3TOM C/lyyae paspeLleHbl KMEHTCKME NOAK/IUYEHUS, HO TOMTbKO A/1s
YTeHMs AaHHbIX. Takke GyAeT paboTaTb ycTaHOBKAa NapaMeTpoB cepBepa
1 KOMaH/Abl YNpaB/ieHNs TpaH3aKUNsMU — Hanpumep, MOXHO HayaTb
(UMTalOLLY0) TPAH3aKLMIO C HYXXHbIM YPOBHEM U30NSLIN.

Kpome Toro, pensinky MOXHO MCNonb30BaTh U AN N3roTOBEHNS
pe3epBHbIX KONUii (KOHEYHO, NPUHUMasi BO BHMMaHNe BO3MOXHOe
oTcTaBaHue OT MacTepa).

B pexvMe ropsiuero pesepsa Ha pensivke He A0onycKatoTcs HUKakue
N3MEHEHUs laHHbIX (BK/OYast NOC/1eA0BaTe/IbHOCTHN), MHOTUE BUApbI
6/10KMpPOBOK, KOMaHAbl DDL, a Takke TakMe KoMaH/bl, Kak vacuum, analyze,
reindex 1 KOMaHAbl ynpaB/ieHnst JOCTYNoM — C/I0BOM, BCE, YTO TaK Uu
MHAYe U3MEHSIET [laHHbIE.

[Mpy HEOBXOAMMOCTN PENJIUKY MOXHO 3anyCTUTb B peXUMe meri/io2o
pesepsa, 3aaaB napametp hot_standby = off, Toraa nogknyeHus éyayT
BOOOLLIE HEBO3MOXHb.

https://postgrespro.ru/docs/postgresal/16/hot-standby
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Hcmosib30BaHHE PEIIMKH

BBITTOJTHUM HECKOJIBKO KOMaHJI Ha OCHOBHOM CEpBepe:

=> 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

IIpoBepPUM pEeIIHKY:

student$ psql -p 5433 -d replica_overview_physical

| => SELECT * FROM test;

id | descr
I,
(0 rows)

BcTaBHM CTPOKY B TabJIMIly Ha OCHOBHOM CepBepe:
=> INSERT INTO test VALUES (1, 'Pa3');
INSERT 0 1

| => SELECT * FROM test;

id | descr

HTaK, peluIMKanMs paboTaeT U 3aIIPOCH] Ha PeIl/IMKe BBIIIOIHAIOTCA. IIpH 3TOM M3MeHeHHMs Ha PeIl/IMKe He JI0IyCKalTCsL:
| => INSERT INTO test VALUES (2, 'Qea');

| ERROR: cannot execute INSERT in a read-only transaction
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HaJe>XHOCTh XpaHEHHWS JdHHBIX

OCHOBHOIi cepBep pesepBHbIii cepsep
(MaCTep (pennvlka)

CUHXPOHHas
pennvkauns

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

=
LTI
A1

cermeHTbl WAL

10

MexaHn3M pennnkawlmm no3BosisieT NOCTPOUTb CUCTEMY Tak, UTOObI OHa
oTBeyasia npeabsiBNsieMbIM K Heil TpeboBaHMsAM. PacCMOTPUM HECKO/IbKO
TUNWYHBIX 3a4a4 U CPeACcTBa UX PeLleHusl.

OfHa 13 BO3MOXHbIX 3aa4 — 06ecrneunTb HaeXXHOCTb XpaHeHMs AaHHbIX.

HanomHuMm, 4TO domKcaums TpaH3akumii MOXeT paboTaTb B CUHXPOHHOM
N aCMHXPOHHOM pexumax. B nepBom criydyae dpukcaumnsa He 3aBepLuaeTcs
[10 Tex rnop, noka gaHHble He ByayT HaAEeXHO 3anncaHbl Ha 3Hepro-
He3aBMCUMbIN HOCUTE/b. BO BTOPOM — eCTb PUCK NOTEPATH YacCTb
3aIMKCUMPOBaHHbIX AaHHbIX, HO OUKCaLMs He XAET 3anmcn Ha QUCK,

n cnctema paboTaet bbicTpee.

AHasiormyHas KapTuHa n ¢ pensivkaumen. Npu CMHXPOHHOM pexnve
(synchronous_commit = on) 1 HaA/IM4YNN PEnvKK hnKcauunsa XLeT He TONbKO
3anucy WAL Ha AnCK, HO U NOATBEPXAEHMS NpYeMa XypHaslbHbIX 3anucei
OT CMHXPOHHOW pennukun. 3To ele 6o/blUe YBe/IMYMBAET HAAEXHOCTb
(AaHHble He nponaayT, AaXe ec/ii OCHOBHOW CepBep BbINAET U3 CTPOS),

HO 1 eLle B6o/ibLle 3amMe/IeT CUCTEMY.

CyLLEeCTBYIOT U MPOMEXYTOUHbIE BapuaHTbl HACTPOVKN, KOTOPbIE HE AAtoT
MNOMHOV rapaHTUN HaEXHOCTU, HO BCE-TakM CHXAKT BEPOSATHOCTb NOTEPY
OaHHbIX.
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BBITIOJTHEHHE NOJ/ITUX dHAJTUTUYECKHX 3alIpOCOB (OT‘-IETOB)

OCHOBHOI1 cepBep pesepBHbIi cepBep
(macTep) (pennuka) penmuka

- MOXET OTCTaBaTb,
» < I ' KOHCNINKTYIOLLME 3anm1cK

I > e
select, insert wal sender | | wal receiver startup
update, delete 4

=
LTI
A1

cermeHTbl WAL

KOH(PUKTbI:
yAaneHve Bepcuii
CTPOK MPOLLECCOM OHUCTKM
M UCKNIOUUTENbHbIE
6710KNPOBKN

11

Kak y>e roBopuioch, AoMrMe 3anpochl YAepXMBaKT rOPU30OHT OUNCTKM,
13-3a Yero He yaaeTcs yaansTb HEeHYXHble Bepcumn CTPoK. Ecnn kakue-To
Tab/MUpbl B 3TO BPEMS aKTUBHO M3MEHSIIOTCS, OHWM MOTYT CU/IbHO BblpacTyu
B pasmepe. Mo3ToMy A5 BbINO/IHEHUS AONTUX aHANIMTUYECKUX 3anNpoCcoB
MOXXHO MCMO/1b30BaTh PENJINKY.

TOHKWIA MOMEHT COCTOMT B TOM, UTO C OCHOBHOTIO cepBepa MOoryT NpUxoanTb
XXYpHaibHble 3anncu, KOHIMKTYIOLLME C BbINOTHALLIMMCS 3arnpoCoM.
ECTb /1Ba MCTOUYHMKA TaKMX 3anunceil.

1. OuncTka yaansieT Bepcum CTPOK, YXKe He HYXXHble OCHOBHOMY CEpPBEpY,
HO eLLle HYyXXHble [17151 BbINO/IHEHUS 3arnpoca Ha pensinke.

2. VickntounTenbHble 6G/I0KMPOBKM, NPOUCXOAsLLIME HA OCHOBHOM CepBepe,
HECOBMECTUMbIE C 3anpOoCOM Ha pensyke.

[MO3TOMY «OTYETHYI0» PEensinKy HacTpamBaloT Tak, YTOOblI OHa NpUHMMana
WAL-3anucu, Ho oTknagpiBasia ux npuMeHeHue, ecrimi OHN KOHMIUKTYIOT
C 3anpocamMmun. 3To NPUBOAUT K TOMY, UTO AaHHble Ha Pensiuke mMoryT
«OTCTaBaTb» OT OCHOBHOIO cepBepa, HO, KakK npaswno, Ansa Aonrnx
aHa/INTUYECKUX 3arnpoCcoB 3TO HE CYLLLEeCTBEHHO.
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HecKonbko pensnk Posigres

pesepBHbIii cepsep
A
pacnpefienieHue OLTP-HarpysKu 110 UTeHHUIO (pennna A

(mactep)
select, insert pesepsHbI cepsep
update, delete (pennuka B)
cermeHTbl WAL ‘
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K OCHOBHOMY cepBepy MOXHO NOAK/NHUYUTL HECKO/IBKO PEN/IVK, Hanpumep,
ana pacnpegeneHna OLTP-Harpysku no YteHuio.

OLTP-3anpocbl He AO/MKHbI ObITb AOATMMUK. DTO NO3BOMSET UCMNO/b30BaTb
0b6pamHyro CB8513b MeXAy PEnINKOM N OCHOBHbLIM CEPBEPOM MO NPOTOKOSY
pensvkaumn. B aTom cnyvyae OCHOBHOM cepBep 3HAET, KaKOW rOpPU30HT
TpaH3aKUMin HY)XEH 3anpocaM Ha pensimke, U oUMCTKa He ByaeT yaansTb
COOTBETCTBYIOLLME BEPCUN CTPOK. VIHbIMK CrioBamu, o6paTHas cBsA3b AaeT
Takoi e 3hhekT, kak ecniv 6bl BCe 3anpochbl BbIMNOMAHANNCH
HenocpeAcTBEHHO HA OCHOBHOM CepBepe.

OpaHako pennuvkaunsa obecneymBaeT TObKO 6a30BbIA MexaHu3M. Ans
aBTOMaTUYeCKOro pacnpegesieHnsa Harpy3km HeobxoanuMbl BHELLHNE
cpencrtea (banaHcuposLykM). Cnenyert Takke UMETb B BUAY, YTO Mexay
OCHOBHbIM CEPBEPOM 1 PENINKaMN He rapaHTUPYeTCA COorlacoBaHHOCTb
[AaHHbIX, AaXe B C/lyyae CUHXPOHHOM pensikaumn. Ecnv npunoxeHune
yuTaeT faHHble TO/IbKO C OHOro U3 CepBepPOB, OHO, pasymeeTtcs, oyaer
noslyyaTb COr/lacoBaHHble AaHHble. HO 3TO He BbINOJTHAETCH, ec/in
NPUNOXEHNE YUNTAET AaHHble C HECKO/IbKUX cepBepoB. C pennkm MOXHO
npounTaThb Kak ycTapeBLUMe faHHble, TaK U AaHHble, KOTOPbIX eLle He BUOHO
Ha OCHOBHOM cepsepe. NoapobHee aTK BOMPOChl 06CYXAAKTCA B Kypce
DBAS3 «Pe3epBHOe KONnpoBaHue N pensinkaLns».
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KackagHasa pennukauyunsa Posigres

yMeHbllIeHe Harpy3Ky Ha MacTep U Ilepepacrpe/iesieHre ceTeBoro Tpaduka

OCHOBHOIi cepBep pe3epBHbIii cepBep pesepBHblii cepeep
(macTep) (pennuka A) (pennuka B)

= B =

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

cermMeHTbl WAL
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Heckonbko pennnk, NoAKNKYEHHbIX K OAHOMY OCHOBHOMY CEpPBepY, byayT
co3faBaTtb Ha HEro onpeaeneHHy Harpysky. Kpome Toro, Haflo yunTbiBaTb
Harpy3Ky Ha CEeTb Mpu NePEChLISIKE HECKONbKNX KOMUIA NOTOKA XYPHasIbHbIX
3anucen.

[Nsi CHYKEHNST HArpy3Kn Peninkv MOXHO COeIMHATbL KackaaoM; Npu 3ToM
cepBepbl NepeaaroT XypHasibHble 3anvcy Apyr Apyry no uenouke. Yem
Aanblie oT MacTepa, TeM 60/blLLEee 3ana3abiBaHNE MOXET HAKOMUTLCSA

B U3MEHSIEMbIX [AAaHHbIX.

3ameTuM, YTo KackafiHasi CUHXPOHHAs PeniMKaums He NoAAepPXNBaETCS:
OCHOBHOI1 cepBep MOXET 6bITb CUHXPOHN3MPOBaH TO/IbKO C HENocpea-
CTBEHHO NOAK/IIOUYEHHON K HEMY PEN/IMKOIA. A BOT obpaTHas CBs3b
NoCTynaeT K OCHOBHOMY CepBepy OT BCEX PensivK.
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OTnoXxeHHaa penakauns Posgres

«MalllMHa BpeMeHN»
1 BO3MO>XHOCTb BOCCTAHOBJIEHMS Ha OHpe,Z[eHEHHblﬁ MOMEHT 0e3 dpXHBa

OCHOBHOI1 cepBep pesepBHbIil cepBep
(macTep) (pennuka)

select, insert .
m 3a/iepXka BOCPON3BEAEHMS!

cermMeHTbl WAL
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[Mone3HoN MOXET OKa3aTbCA BO3MOXHOCTb NMpocMaTpmBaTth AaHHble Ha
HEKOTOPbIn MOMEHT B NPOLUIOM U, MPU HEOBXOANMOCTU, BOCCTAHOBUTL
cepBep Ha 3aTOT MOMEHT. DTO NO3BOJISAET, B YACTHOCTU, CNPaBUTbCS

C OLUMOKOWM Nosib30BaTesisi, COBEPLUMBLLENO HENpPaBW/bHbIE AENCTBUSA,
TpebyoLine OTMEHbI.

OObIYHbI MEXaHN3M BOCCTaHOB/IEHUA U3 apXMBa HA MOMEHT BpeMeH!
(point-in-time recovery) B npyHUMNe NO3BONAET PELUNTb 3Ty 3a4auyy,
HO TpebyeT 60/1bLUO NOArOTOBUTEbHOW PaboThl N 3aHUMAET MHOTO
BpeMeHU. A criocoba NoCTPoUTb CHUMOK A@HHbIX MO COCTOAHUIO

Ha NPON3BOJIbHbLIA MOMEHT B npowsiom B PostgreSQL Her.

3ajaya pellaeTtcsa co3gaHnemM pennku, kKotopasa npumeHsaet 3anmcn WAL
He cpasy, a Yepes yCTaHOB/IEHHbIN UHTEPBasT BPEMEHM.

B aTOM Kypce Mbl HE 06Cy)XaaeM HeoOXoAMMble HACTPOMKN ANA KaXKa0ro
N3 NoKasaHHbIX BapuaHToB. 18 nogpo6HON MHdhopMaumm obpatutech
K Kypcy DBA3 «Pe3epBHOe KOonMpoBaHue 1 pennukayms».
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[lepekntoyeHne Ha pennuky  Posgares

[11aHOBOE IepeK/IroYeHue

OCTaHOB OCHOBHOT'O CepBepa [IJisl TeXHUUeCKUX paboT 6e3 mpephIBaHUs
00C/TyKBaHUST

PYUYHOU PEXXUM

ABapuiHOe TepeKroueHre

Tiepexo/| Ha PervivKy u3-3a cO0st OCHOBHOTO cepBepa

PYUYHOU peXXum,
HO B IIPUHLIMIIE MO>KHO aBTOMaTU3UPOBAaTh C ITOMOILLIBIO
JIOTIO/THUTEJILHOTO KiiacTtepHoro 110
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IMetoLLyrocst pensivky MOXHO UCMONb30BaTh U A1 TOro, YTo6bI
NepeKoUNTb Ha HEE NPUNOXEHNE C OCHOBHOTO cepBepa.

[MprumrHbI Nepexoia Ha pe3epBHbI cepBep ObIBAOT pasHble. DTO MOXET
ObITb HEOOXOANMOCTb TEXHNYECKNX PaboT Ha OCHOBHOM CepBepe — Toraa
nepexop, BbINOMHAETCA B YA0OHOE BpeMS B LUTATHOM pexume. Bo3moxeH
1 c60i1 OCHOBHOIO cepBepa, B TakOM Crlyvyae NepexofnTb Ha pe3epBHbIi
cepBep HYXXHO Kak MOXHO ObICTpee, YTOObl He NpepbiBaTb 06C/yXMBaHue
nonb3oBaresien.

[laxe B criyyae c60s nepexof, OCyLECTBSETCA BPYUHYH, €C/IN He
“cnosnb3yeTcs cneumasibHoe KnacTepHoe nporpaMmMHoe o6ecnedyeHme,
KOTOPOE C/eAnuT 3a COCTOSIHMEM CEPBEPOB M MOXET MHULIMMPOBATb
nepexo/, aBTOMaTUYECKM.



IlepexroueHre Ha PEIVIMKY

YT0oGHI IEPEBECTH PEIUIMKY U3 Pe)KMMa BOCCTAHOBJIEHUS B OGBIUHBIH PEXKUM, HY)KHO IaTh €if COOTBETCTBYIOIIYI0 KOMaHIy
| => SELECT pg_is_in_recovery(); -- sBnsieTcs pennumkon?

pg _is in recovery

student$ sudo pg_ctlcluster 16 replica promote
HauwmHas ¢ Bepcuu 12 3To >ke MOKHO CZieJIaTh, UCII0Ib3ys SQL-QyHKIMI0 pg_promote.
| => SELECT pg_is_in_recovery(); -- cHoBa npoBepum: 370 pennuka?

pg _is in recovery

TaxuM 06pa3oM MBI ITOJIyUHJIH iBa CAMOCTOSITeIbHBIX, HUKaK He CBI3aHHBIX JIPYT C APYTOM cepBepa.
| => INSERT INTO test VALUES (2, '[iea');

| INSERT @ 1

OueHb Ba)KHO UMeETh TapaHTHU TOTO, UYTO ITPHUJIO’KEHH e pa60TaeT TOJIBKO C OJHHUM U3 CEPBEPOB, HHAYE BO3HUKAET CUTYyallysd,
HasbIBaeMasi Split brain: yactb AaHHBIX OKa3bIBaeTCd Ha OJHOM CepBepe, 4aCTh — Ha APYIroM, U CO6paTL HX BOETUHO
IIPpaKTUYeCKHU HEBO3MOJKHO.
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Toru Posygres

MexaHu3M (pr3nyecKor pervivKaliii OCHOBaH Ha repezaye
)KYpHaJ/IbHBIX 3arvceii Ha PervivKy U UX MpuMeHeHu!

TPaHC/IALMA [TOTOKA 3anucel uiy ¢aiio WAL
du3nueckas pervinkalysa Co34deT TOYHYHO KOITUIO
BCero K/macTtepd

OfJHOHArpaB/ieHHasi, TpebyeT IBOMUYHON COBMECTUMOCTH
0a30BbIi MeXaHU3M /IJIs peIIeHus 11eJI0T0 Psijia 3azau
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[1pakTuka Pos{gres

1. Hacrpoiite (r3nuecKyro MOTOKOBYIO PerIMKaLuio
MeX/ly IByMsl CepBepaMH B CHHXPOHHOM PeXXHMe.
[TpoBepbTe paboTy peryiMKauu. YoeauTech, UTo Tipu
OCTAHOB/IEHHOM perviuKe (pUKcalusi He 3aBepllaeTcsl.

2. Tlo ymosuaHuio puMeHeHre KOHGIMKTYIOLIUX 3aIicei
Ha perviuKe OTKJ/1aJbIBaeTCsl MakCUMyM Ha 30 CeKyH[,.
OTK/IOUnTE OTK/Ia/IbIBAaHKE TIPUMEeHEeHUs1 U yOeJuTeCh, uTo
JONTUH 3aMpoc, BEIMO/IHSIOIINICS Ha peruiviKe, OyzeT rpepBaH,
ecii HeoOXoJUMbIe €My BepCHUH CTPOK YAAJISIOTCS ¥ OUMIIIAI0TCS
Ha MacTepe.
Bkirounte 00paTHYIO CBS3b U yOeaUTeCh, UTO TErephb 3aIrpoc
He TIpephIBaeTCs M3-3a TOr0, UYTO Ha MacTepe OTKJ/Ia/[bIBaeTCsl
OUMCTKa.
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1. nA aTtoro Ha macTtepe yctaHoBuTe ¢ nomoulbio ALTER SYSTEM
criepyouime napameTpbi:

e synchronous_commit = on

e synchronous_standby_names = "'16/replica

2. 3a oTKNabiBaHMe NpUMeHEeHUsT KOHPNKTYIOLWNX 3anmMcein Ha pensnke
oTBevaeT napametp max_standby streaming_delay. YctaHoBuTe ero B 0.
O6paTHas cBA3b BK/oYaeTca napameTpom hot_standby feedback = on.
Ob6a napameTpa yctaHasnmBaTcsa Yyepe3 ALTER SYSTEM c nocneayowmnm
nepevynTbiBaHMEM HaCTPOEK.

UT0O6bI 3anpocC BbINOSTHANCA AOT0 HA HE6O0/bLWOM 06beME AaHHbIX, MOXHO
[06aBUTb B HErO BbI30B PyHKLUMK pg_Sleep.



1. CuHXpOHHAaA pelvIHKanus

Pa3BopaunBaeM pPeILUIHKY, KaK OBLJI0 II0Ka3aHO B /IEMOHCTPAIIUH:

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

3alnyckKaeM perviuKy.

student$ sudo pg_ctlcluster 16 replica start

HacTpouM CHHXPOHHYIO PeIlJIMKaIlkIo0 Ha MacTepe. [Io yMO/JIYaHHI0O CHHXPOHHBIM Pe;KMM BKJIIOYeH, HO 3aIIMCH 0 QHKCAIlMH
TpaH3aKIJU¥ CHHXPOHU3UPYIOTCS TOIBKO C JIOKaJIbHOM GaiioBoM CHCTEMOI:

=> SHOW synchronous_commit;

synchronous_commit

on
(1 row)

A CMHXPOHH3aIMs C PEIUIMKOM He HacTpoeHa:
=> SHOW synchronous_standby_names;

synchronous_standby names

PeIUIMK MOKeT GBITh HECKOJILKO, M MAaCTep [0JDKEH 3HATh, C KAKOM M3 HUX CHHXPOHU3HUPOBAThCS. PeIUIuKa IpejicTaBsieTcs
MMeHeM, 33/]aHHBIM B ee lapaMerpe 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)

PertnKarys crajga CHHXPOHHOM.

=> CREATE DATABASE replica_overview_physical;

CREATE DATABASE



=> \c replica_overview_physical

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

student$ sudo pg_ctlcluster 16 replica stop

... TIOIIPO6yeM BBIIIOJIHUTH KaKyl0-IM60 TpaH3aKITHIO:

=> CREATE TABLE test(n integer);

VipaBsieHHe BO3BPaTUTCS TOJIBKO KOI7a peIlInKa Oy/ieT CHOBa 3aIlyllleHa U PeIIMKAIIKsI BOCCTAHOBUTCS:
student$ sudo pg_ctlcluster 16 replica start

CREATE TABLE

2. KoH}mKTyromue 3anucu

student$ psql -p 5433 -d replica_overview_physical
OTKJIIOUaeM OTKJIAZbIBaHKE IPUMeHeHHs KOHQIUKTYIOIIHX 3aITHCeH:
| => ALTER SYSTEM SET max_standby_streaming_delay = 0;

| ALTER SYSTEM

| => SELECT pg_reload_conf();

pg_reload conf

Jlo6aBJisieM CTPOKH B TaGJIHITY:

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

BEIITOJIHSIEM Ha PEeIUIHKE JOJITHH 3aIIpoC...

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

...a B 3TO BpeMsI Ha MacTepe yIaIsieM CTPOKH K3 TaGINITEI U BBIIIOJIHSIEM OYUCTKY:
=> 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: 737, which was 1 XIDs old when operation ended

new relfrozenxid: 737, 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: 5.239 MB/s

buffer usage: 10 hits, @ 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

OuwcTKa cTepsia Bce BepCHH CTPOK (10 removed). B uTore 3ammpoc Ha peIuIviKe 3aBepIIaeTcsl OITHGKOM:

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

IIOBTOPUM 3KCIIEPUMEHT CO BKJIFOU€HHOM 06paTHOM CBSI3bI0.
| => 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: 0 removed, 1 remain, 1 scanned (100.00% of total)

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

removable cutoff: 738, which was 2 XIDs old when operation ended

new relfrozenxid: 738, 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: 0 pages from table (0.00% of total) had 0 dead item identifiers
removed

avg read rate: 0.000 MB/s, avg write rate: 63.516 MB/s

buffer usage: 8 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

Teneps ouncTKa He yjassgeT BePCHH CTPOK, IIOCKOJIBKY 3HAET O 3aIIpoce, BHIIIOJIHAIOIIeMcd Ha peruirke (10 are dead but not yet
removable ) u 3aripoc oTpabaTeIBaeT:

pg_sleep | count

Hraxk:

e B mepBoM cirydae (max_standby_streaming_delay) oTk1agbIBaeTcsl BOCIIPOH3Be/jeHUe )KypPHa/IbHBIX 3alliCel Ha PeIlIHKe.
e Bo BTOopoM cayuae (hot_standby_feedback) oTkiajpIBaeTCs 0UHUCTKA Ha MacTepe.

OTKJIIOYMM CHHXPOHHYIO PEILIUKAIIHIO.

=> ALTER SYSTEM RESET synchronous_standby_ names;
ALTER SYSTEM

=> SELECT pg_reload_conf();

pg_reload conf



