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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

3a7iauu periMKaluumu

Cxema pabOThI (pU3HUECKOM peTKaI[iN

Criocobbl 10CTaBKH )KYPHaIbHBIX 3arvcei
Ocob6eHHOCTH ¥ OTpaHAYEHHS UCTI0/Ib30BaHUS PETUIMKH
CHHXpOHHAasl U aCHHXPOHHasi pervivKaljusi
MOHUTOPUHT pernyiMKaliuu

Bo3MoyKHbIe TIpo6/ieMbl ¥ CIIOCOOBI UX pellieHUs]
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3agauu pensmkaumn Posigres

Peruiukauus

TpOLIeCC CUHXPOHU3alMK HeCKOJTbKMX KO Kactepa 6a3 AaHHbBIX
Ha pa3HbIX cepBepax

ba30BbIii MexaHU3M /ISl pellieHus psijia 3a/ia4u

OTKHBOYCTOI\/’I‘—II/IBOCTB TMPpY BO3HUKHOBEHWHN C6OH crucremMa
JIOJDKHA COXPaHHUTb Pab0TOCIOCOOHOCTD

MacIITabupyemMoCThb pacripefiesieHrie Harpy3Ku Me>Ky cepBepamu

OAMHOYHbI cepBep, YNpaBnaoLWmii 6a3aMm AaHHbIX, MOXET He
Y0BNETBOPATb TPE6OBAHUAM, NPEAbSBNSAEMbIM K cucteme. ECcTb aBe
OCHOBHbIX 33/1a4u, /15 PELLEHNSI KOTOPbIX TPEBYETCSA Ha/MumMe HECKO/bKMX
CepBepoB.

Bo-nepBbIX, 0TKA30yCTOWUMBOCTb: OANH DU3NYECKUIA cepBeEp — 3TO
BO3MOXHas ToUka oTkasa. Ecnv cepBep BbIXOAMT U3 CTPOS, cUcTema
CTAHOBUTCSI HEIOCTYMHOIA.

Bo-BTOpbIX, NPON3BOANTENBHOCTL. OANH CepBEP MOXET He CNpaBNATbLCA

C Harpyskou. 3ayacTyto xenaresibHa BO3MOXHOCTb HEe BEPTUKa/IbHOTO,

a ropM30HTa/IbHOrO0 MacLUTabupoBaHNA — pacnpegeneHns Harpyskun Ha
HEeCKO/IbKO CepBepoB. [les10 MOXET ObITb Kak B CTOMMOCTM annaparypsbl, Tak
N B HEOOXOAMMOCTW Pa3/INYHbIX HACTPOEK A1 Pa3HbIX TUMOB Harpy3Ku
(Hanpumep, ansa OLTP 1 oTYETHOCTH).

B cnyyae PostgreSQL pacnpegeneHHble CUCTEMbI CTPOATCA NO NPUHLNNY
«shared nothing»: Hecko/nbKO cepBepoB paboTaroT He3aBUCUMO ApPYT OT
Apyra n He UMeKOT HM 06LLei onepaTtMBHOM NamaTh, HU OBLLUX OUCKOB.
CnepoBaresibHO, €C/in CepBepbl A0/MKHbI paboTaTb C OA4HUMU N TEMN Xe
AAHHbIMU, TO 3TU AaHHble TPebyeTCa CUHXPOHU3NPOBAaTbL MEXAy HUMMU.
MexXaHn3M CUMHXPOHU3aLUNN U Ha3blBaeTCs pensimkaymen.
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MacTep - pensnka Posigres

3anuvcu WAL nepeziatoTcst Ha pervivky U NPpUMEeHSIOTCS

TIOTOK [JaHHBIX TOJIBKO B OJJHY CTOPOHY
pervIMLMPYyeTCsl K/lacTep L{e/IMKOM, BbIOOpPOUHasi peryiMKaliysi HeBO3MO)KHa

Penimka — TOuyHasi KOIust MacTepda

OJjHa U Ta ’Ke 0CHOBHas Bepcus cepsepa
MOJTHOCTBIO COBMECTUMbIe apXUTEKTYPbI U 1/1aT(OPMbI

Peninvka HAOCTYIIHA TOJIBKO IJId UTE€HUA

Mpu on3nyeckon pennukaymm, paccMarpmBaemMoil B 3Toi Teme, cepBepbl
NMENT Ha3HaYeHHble PONn: OANH ABMSETCA BeAyLWnm («MacTep») U O4uH
NN HECKOJ/IbKO CEPBEPOB ABJ/IAIOTCA BEAOMbIMU (<PENINKN).

MacTep nepefaeT Ha pensinky XypHasibHble 3anuncu, a pensivka npumMeHseT
3TV 3anncu K cBoum harinam gaHHbiX. NMpumMeHeHne NPonNcxoguT YUCTO
MexaHu4yeckn, 6e3 «NoHNMMaHs CMbICna» N3MeHeEHUI, U BbINONHAETCA
ObICTpee, YeM paboTasio 6bl NOBTOPHOE BbINO/IHEHME onepaTtopoB SQL.

Ho npu aTomM KpuTMYHa ABOMYHAA COBMECTUMOCTb MeXAy cepBepamn —
OHW J0/MKHbI paboTarb Ha OAHOW 1 TOW e NporpaMMHo-annapaTrHoi
nnargopmMe 1 Ha HUX OO/KHbI ObITb 3anyLeHbl OANHAKOBbIE OCHOBHbIE
Bepcun PostgreSQL.

MocKoNbKy XypHas sIBNSieTCst 06LMM A58 BCEro Knactepa, To 1
PenNMUMPOBAaTb MOXHO TO/TbKO KnacTep LeMKOM, a He OTAe/bHble 6a3bl
JlaHHBIX U TabnLbl. BO3MOXHOCTb «OT(IUNLTPOBATL» XYPHA/IbHbIE
3anmcu OTCYTCTBYET.

Pennvka He MOXEeT reHeprMpoBaTh COOCTBEHHbIX XYPHa/IbHbIX 3anuceil, oHa
NLLIb NPUMEHSIET 3anncy MacTepa. MoaToMy Npyu TakoM Noaxoae pensvka
MOXET ObITb [OCTYNHA TO/IbKO A/1S YUTEHUSI — HUKaKNe onepaumu,
N3MeHsILMe AaHHble, Ha PEN/IMKe He A0NYyCTUMbI.
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[loTOKOBaA pennnkayunsa Posigres

OCHOBHOIi cepBep pesepBHblii cepeep
(macTep) pennmxa)

6 nonyqume
XKYPHAbHBIX
3anmcem
select, insert wal sender (O] " wal receiver startup
update, delete 4
A= ]
HINIREEE occTanosnenn
BOCCTaHOB/IEHIE

cermeHTbl WAL

EcTb /Ba cnoco6a JoCTaBKM XypHa/ioB OT MacTepa K pennvke. OCHOBHOIA,
KOTOPbIA NCMOMb3YETCHA Ha NPaKTUKE — NOTOKOBAas pensivkauus.

B aTOM cniyyae pennvka nogkarvaeTca K MmacTtepy no npoTokosny
pennukaumm n Yyntaet notok 3anmcein WAL. 3a cHeT 3TOro npu NOTOKOBOM
pensivkaumm otctaBaHue pensinku OT Mmactepa MUHUMasbHO (U npu
HeobXxo4MMOCTN MOXET ObITb CBEAEHO K HY/IO).

Ha pensnivke 3a npuem XypHasibHbIX 3anuncei oteevaet npouecc wal
receiver. 3anyCcTUBLLNCb, OH MOAK/IIOYAETCHA K MacTepy No NpPoToKosy
pennukaumm, a macTtep 3anyckaeT npouecc wal sender, KOTOpbI
o6cnyxXuBaeT 3aTo coeguHeHue. MNMonyyeHHble 3anMcu NUWYTCA Ha ANCK
B Bnae cermeHTtoB WAL Tak Xe, Kak 3TO npoMcxoguT Ha macTtepe. Janee
OHW (Cpasy un ¢ 3a4epPXKon) NPMMEHSAIOTCA K dpaiinam AaHHbIX. 3a
NpYMeHeHNe oTBeYaeT npouecc startup — TOT e caMblii, KOTOPbIN
obecneunBaeT BOCCTaHOB/IEHME NOC/e CO0EeB, TONLKO Ternepb paboTtaeT
MOCTOSIHHO.

[MoTOKOBas peninkayna MOXeET, eC/1IN HYXXHO, NCNOJ/1b30BaTb C/10T
pensinkaunin.



HacTpoiika NOTOKOBOM PeIUTHKaluu

TIoCcKONIBKY B Hamleil KOHGUrypanuy He GyIeT apxXuBa KypHalla IIpeJ3anlcy, BaXHO Ha BCEX JTallaX MCIIOIb30BaTh CJIOT PEIIMKAlMK — MHade IIPH OIpeNie/IeHHON 3a/IePKKe MacTep MOXKeT YCIIeTh YIaluTh
Heo6XOMMbIe CErMEHTHl i BECh TPOLeCC MPHUETCs MOBTOPATH C CAMOr0 Havasa.

CospaeM cnot:
a=> SELECT pg_create_physical_replication_slot('replica');

pg_create physical replication slot
(replica,)
(1 row)

TTocMOTPHUM Ha CO3AAHHEIN CIIOT:
a=> SELECT * FROM pg_replication_slots \gx

-[ RECORD 1 ]------- Rt
slot_name |
plugin |
slot_type |
datoid |
database |
temporary |
active |
active pid |
xmin |
catalog xmin |
restart_lsn |
confirmed flush lsn |
wal_status |
safe wal size |

Brawasle CJIOT He HHUIHAIH3UPOBaH (restart lsn u wal_status mycTeie).

Kak MBI IOMHHM U3 MOZyJsl «Pe3epBHOE KOMMPOBaHIe», BCe HeOOXOAUMEIE HACTPOHKH €CTh 110 yMOTYaHUIO:

* wal level = replica;
* max_wal senders;
* paspeleHue Ha NofKoYenue B pg hba.conf.

CO3]JBJIHM ABTOHOMHYIO PE€3€PBHYIO KOIIHIO, UCIIOIb3YsT CO3JIaHHI>[fI cnot. Konuio PacmoJiOXKUM B IIOATOTOBJIEHHOM KaTajiore. C xmo4oMm -R YTUIIATa co3maeT d)BI:IJ'[H, HeOGXOJIHML[e nnst 6yJJy1ue[71 PEenInKu.
student$ pg_basebackup --pgdata=/home/student/backup -R --slot=replica

CHOBa ITPOBEPHUM CJIOT:

a=> SELECT * FROM pg_replication_slots \gx

-[ RECORD 1 ]------- Homemeeoo -
slot_name replica
plugin
slot_type
datoid
database
temporary
active

|

|

| physical

|

|

|

|
active pid |

|

|

|

|

|

|

-

Xxmin
catalog_xmin

restart_lsn 0/4000000
confirmed_flush_lsn
wal_status reserved

safe_wal_size

Tlocre BHITIONHEHUS Pe3ePBHOM KOIMM CIIOT HHUIIMANIM3UPOBAJICS, ¥ MAcTep Terleph XpaHUT BCe daiiibl XKypHaIa ¢ Hayasla KonuposaHus (restart Isn, wal status).
CpaBHHuTe €O CTPOKO# B backup_label:

student$ head -n 1 /home/student/backup/backup_label

START WAL LOCATION: 0/4000028 (file 000000010000000000000004)

Qaiin postgresql.auto.conf 6s11 moAroTOBNIEH YTUINTOM Pg_basebackup, mockoneKy MEI ykasanu K04 -R. OH comep2KuT HHGOPMAIHUIO I IOAKIIOUEHHs K MacTepy (primary_conninfo) u ums ciora
pennuKanuu (primary slot name):

student$ cat /home/student/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 sslsni=1 ssl min_proto
primary_slot_name = 'replica’

ITo YMOJITYaHHIO peIIiKa 6y11eT «rops{l{eﬁ», TO €CTh CMOZKET BEIIIOJIHATH 3allpOCH! BO BpeMsI BOCCTaHOBJIEHHUS. Ecnu Takast BO3MOXKHOCTb HE HyXHa, PENJIMKY MOXKHO COoenaTh «TeIIOH» (hotﬁstandby = Off)
VTunura Takxe co3pana CHTHAaJIbHBIH d)a[?m standby.signal, Hamu4ue KOTOPOro yKa3klBaeT CepBepy BOWUTH B PEeXUM IIOCTOSAHHOTO BOCCTAHOBJIEHU .

student$ ls -1 /home/student/backup/standby.signal

SrW---m- - 1 student student 0 Mas 7 01:06 /home/student/backup/standby.signal

BHKJ'[B}]L[BBSM Pe3epBHYIO KOIIHIO B KaTaJIol JaHHBIX CepBepa beta.

student$ sudo mv /home/student/backup /var/lib/postgresql/13/beta

student$ sudo chown -R postgres:postgres /var/lib/postgresql/13/beta

2KypHanbHbIE 3aIiCH, HeOGXONUMEIE /IS BOCCTAHOBJIEHHSI COTTIaCOBAHHOCTH, PEIlIMKa IIOJIyYUT OT MacTepa II0 IPOTOKOMy PeluKanuy. [laree oHa BOUMET B PEXKHUM HEIIPEePEIBHOTO BOCCTAHOBIIEHUS U
TIPOFIOJIKUT MOJTyYaTh U MPOUTPEIBATD TOTOK 3aNUCeH.

student$ sudo pg_ctlcluster 13 beta start
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Pennnkaunsa ¢ apxmeom Posigres

OCHOBHOIi cepsep pe3epBHbIii cepBep
(macTep) (pennuka)

AT T

cermeHTbl WAL

— ——
update, delete 4
A
/" asTomarnyeckoe
vmi»—‘ L nepeknoyeHve
( D]:D:I:D:H archiver —— MEX/Y MCTOUHVKaMM

ansrepHa-
TUBHBbI NCTOYHMK
KYPHa/IbHbIX
3anuceit

apxus WAL

[Apyroii cnoco6 A0CTaBKM XypPHasIbHbIX 3an1ceil COCTOUT B TOM, UTOObI
NpeaocTaBUTb PEN/IMKE AOCTYN K apXMBY XYPHaNIOB — TOYHO TaK Xe, Kak
Npu 06bIYHOM BOCCTAHOB/IEHUN N3 apXMBa (3TOT MEXaHM3M PACCMOTPEH B
mMoayne «Pe3epBHOE KONMpPoBaHUE»).

Ecnn pennuvka no Kaknm-1o npuyMHamM He CMOXET MOYUYUTb O4YepenHyHo
XXYPHa/IbHYH0 3anncb NO NPOTOKOJTY pennnkauun (Hanpumep, ns-3a obpbiBa
CBS3M), OHa nonpobyeT nNpoynTaTb ee U3 apxmBa C NOMOLLLI KOMaHAb!,
3aZlaHHOol B napameTpe restore_command. Npn BOCCTaHOB/IEHUWN CBA3N
penanka cCHoBa aBTOMaTUYEeCKM NEePEKIIYNTCA Ha UCMNOoIb30BaHNe
MOTOKOBOW penankayuu.

B npuHuMne, pennukaums MoxeT paboTaTb U C OAHUM TO/IbKO apX1MBOM, 6e3
MOTOKOBOI pennnkauun. Ho B aToM cryvae:

- pensinka BbIHYXXAEHHO OTCTaeT OT MacTepa Ha BpemMsa 3ano/IHEHUA
CcerMeHTa,

- MacTep HM4ero He 3HaeT O CyuecCcTBOBaHNN PEeNinkn, 4To B HEKOTOPbLIX
cnydasax MOXET NPuUBECTA K npo6ne|\/|a|v|.
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Ouunctka apxmBsa Pos{gres

OCHOBHOIi cepsep pesepBHbIN cepBep
(macTep) (pennuka)

= =

select, insert f
’ wal sender | wal receiver startul
update, delete Z C >
v- —
- . restore_command
archiver -

cermeHTbl WAL archive_command

Touka
pectapra

checkpointer

archive_cleanup_command

apxus WAL

Ecnn apxmB CNonb3yeTcs TONbKO A1 CUHXPOHM3aLUNN O4HOW PENINKN,
MOXHO HaACTPOUTb €ro aBTOMaTn4ecKyo OYUCTKY, A/ 3TOro B napameTpe
archive_cleanup_command 3agaetca kKomaHAa, kotopasa éyaet
BbIMOJTHATBLCA MO OKOHYAHUN KaXX[0W TOYKM pecTapTa nogobHO TOMY, Kak
nocrie Kakao KOHTPOIbHOW TOUKM yaansaTca daisibl XypHana. B komaHge
yA06HO BbI3blBaThb YyTUANTY pg_archivecleanup:

archive_cleanup_command = 'pg_archivecleanup
/path/to/archive %r'

https://postgrespro.ru/docs/postgresgl/13/runtime-config-wal#RUNTIME-CO
NFIG-WAL-ARCHIVE-RECOVERY

https://postgrespro.ru/docs/postgresqgl/13/pgarchivecleanup
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[1poueccsl Pos{gres

Macrtep Peruvika
3 wal sender wal receiver 3
startup
archiver archiver
(archive_mode = always)
checkpointer checkpointer
(KOHTpPOJ/IbHBIE TOUKHU) (ToukM pecTapTa)
writer writer
stats collector stats collector
wal writer
autovacuum

Ha macTtepe 1 Ha pennke BbINO/HAETCA pa3Hblii HABop NpoueccoB. Kpome
y)Xe paccmoTpeHHbIX wal sender (Ha macTtepe) 1 wal receiver u startup
(Ha pennuke), paboTaloT Takxe Apyrve npoLeccsol.

O6Lwue npoueccsi:

- background writer — 3anuncbIiBaeT rpA3Hble CTpaHuLbl N3 6ycepHoro
Kella Ha guck (Ha pennuvke, ons Toro, YToobl NPUMEHNTL XYPHa/TbHYIO
3anncb, CTpaHuLbl TOYHO Tak e YnTatoTcs B OydhepHbIin Keww 1 3atem
3anucbiBaloTcA B (POHOBOM pexmnme Uan npu BbITECHEHWUN).

- stats collector — ctarncTka He nepefaeTca B XypHase, a cobmpaetcs
Ha pen/vke oTAeNbHO.

- checkpointer — Ha pennunke npu NoOsy4YeHNN XXypPHasIbHOW 3anncu

0 KOHTPOJIbHOW TOYKE BbINOIHAETCA NoXoxasi npouenypa — Touka
pecTtapTta. Ecniv B npouyecce BOCCTaHOBNEHUA C/Ty4YUTCA COOM, pensivka
CMOXET MPOAO/MKNUTL C NOCMefHEeNn TOUKN pecTapTa, a He ¢ caMoro Havana.

[Mpouecchl TOSIbKO Ha MacTepe:

- wal writer — pennuka He co3faeT XypHasibl ynpexaatoLLeli 3anucu,
a TONbKO MoJIyYaeT Ux ¢ MacTepa.

- autovacuum launcher/worker — pensnka He BbINOSHAET OYUCTKY, ee
BbINOJ/IHEHNE Ha MacTepe nepefaeTcs pensimke Yepes XypHaJl.

ECTb Takke NpoLecc, Ha/Iume KOTOPOoro 3aBUCUT OT HACTPOWAKN:

- archiver — npu 3Ha4yeHunun archive_mode = on BbINOJ/IHAETCS TO/IbKO Ha
mMacTepe, a npu archive_mode = always Takxe 1 Ha pennvke (nogpobHee
paccmMaTtpuBaeTcs B TeMe «lepeksioueHmne Ha pPensinky).



IIpoueccsl penyIMKu

TTocMOTpUM Ha IIPOLIECCH] PETIJIUKU.
student$ ps -o pid,command --ppid “sudo head -n 1 /var/lib/postgresql/13/beta/postmaster.pid’

PID COMMAND

9664 postgres: 13/beta: startup waiting for 000000010000000000000005
9665 postgres: 13/beta: checkpointer

9666 postgres: 13/beta: background writer

9667 postgres: 13/beta: stats collector

9668 postgres: 13/beta: walreceiver

IIpouecc wal receiver IpuHUMaeT IIOTOK XKyPHAaIbHEIX 3aMKUCEH, IPolecc startup mpuMeHsieT U3MeHEeHHsI.

IIpouecce wal writer u autovacuum launcher orcyTcTByIOT.

U cpaBHUM C IpoIieccaMy MacTepa.
student$ ps -o pid,command --ppid “sudo head -n 1 /var/lib/postgresql/13/alpha/postmaster.pid”

PID COMMAND

9273 postgres: 13/alpha: checkpointer

9274 postgres: 13/alpha: background writer

9275 postgres: 13/alpha: walwriter

9276 postgres: 13/alpha: autovacuum launcher

9277 postgres: 13/alpha: stats collector

9278 postgres: 13/alpha: logical replication launcher
9310 postgres: 13/alpha: student student [local] idle
9669 postgres: 13/alpha: walsender student [local] idle

3mech mobaBurics mpotiecc wal sender, 06cTy>KUBaIOMINUY TOOKITI0YEeHNE 10 IPOTOKOIIY PEIlINKAIUU.
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icnonb3oBaHne pensinku Pos{gres

[onyckatoTcs

3ampocCkl Ha UTeHHe JJaHHbIX (Select, copy to, Kypcops)
yCTaHOBKa MapaMeTpOB cepBepa (set, reset)
yrpaB/ieHre TpaH3akuusMu (begin, commit, rollback...)
co3paHue pesepBHol Konuu (pg_basebackup)

He ponyckarorca

nmro0Oble u3MeHeHus (insert, update, delete, truncate, nextval...)
OI0KMPOBKH, TIpeAro/iararonye u3meHenue (select for update...)

koMaH 1l DDL (create, drop...), B TOM 4McJie CO3ZlaHHe BpeMeHHbBIX TabuI]
KOMaH/Ibl CONpoBOXAeHus (vacuum, analyze, reindex...)

yTipaBJieHre AoCTyrnoM (grant, revoke...)

11

Kak Mbl y>Ke roBOpUnn, Ha pensivke He A0nycKaeTcs /llo6oe N3MeHeHne
[laHHbIX. Bonee TOYHO, He JonycKalTCs:

- N3MEHeHus Tabnuu, MmaTepnann3oBaHHbIX NPeacTaB/IeHNN,
nocnenoBarTefibHOCTEMN;

- GN1OKNPOBKM (Tak Kak Ansi aToro Tpebyercs nsMeHeHne CTpaHuL, AaHHbIX);
- komaHapb! DDL, Bknovas cosgaHne BpeMeHHbIX Tabnuu;

- Takne KoMaHpl, Kak vacuum u analyze;

- KOMaHb! ynpas/ieHnUst AOCTYNOM.

Mpn 3TOM pennka MOXeT BbIMOSHATbL 3anpoChl HA YTEHUE [aHHbIX, eC/1
ycTaHoBneH napametp hot_standby = on. Takxke 6ygeT paboTraTb ycTaHOBKa
napamMeTpoB cepBepa U KoMaHgbl ynpasBieHUa TpaH3akuMsaMn — Hanpuvep,
MOXHO HayaTb (YMTaloLLy0) TpaH3aKLUMIo C HYXXHbIM YPOBHEM U30/1ALNN.

Kpome Toro, pennnky MOXHO UCMO/b30BaTh U A/151 U3rOTOBNEHMNS Pe3EPBHbIX
KOMU.



Hcnonb30BaHNE PEIUIMKHA

BrInoHMM HECKOJIBKO KOMaH[ Ha MacCTepe:

a=> CREATE DATABASE replica_physical;

CREATE DATABASE

a=> \c replica_physical

You are now connected to database "replica physical" as user "student".
a=> CREATE TABLE test(s text);

CREATE TABLE

a=> INSERT INTO test VALUES ('MpuBet, mup!');

INSERT 0 1

TIpoBepuM peINIuKy:

student$ /usr/lib/postgresql/13/bin/psql -p 5433 -d replica_physical

| PB=> SELECT * FROM test;

Tpwser, wap!

(1 row)
IIpu 5TOM U3MEHEHHUS Ha PelJIuKe He JOMyCKalTCs:
| B=> INSERT INTO test VALUES ('Replica');
| ERROR: cannot execute INSERT in a read-only transaction
Boo611e peniuKy oT MacTepa MOXKHO OTJIMYUTD C IIOMOIIBI0 (QYHKIINHU:
| PB=> SELECT pg_is_in_recovery();

pg _is in recovery
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OrpaHnyeHusd Pos{gres

I/I3OJ'IF[L[I/IH N MHOI'OBEPCHMOHHOCTDb

OoJIbILIOe YKCIIO TOUEK COXPaHeHHs 3a/1ePyKUBAeT BLITIOJIHEHKe 3alpoCoB
He TI0/IZiep)KUBaeTCsl ypOBeHb U30JisALuu serializable

Tpurrepsl 1 OJIOKUPOBKU

TPUITEpPhI U MOJIb30BaTe/IbcKue 6/10KupoBkH (advisory locks) He paboTatoT

Pe3epBHOe KOMMMPOBaHUeE C PeIvIMKU

napametp full_page_writes fo/mkeH ObITh 3apaHee BK/IIOUeH Ha MacTepe
3a/lep>KKY 13-3a 0)KU/JaHUsI KOHTPOJIbHOM TOUKU U TIePeK/TIOUeHHs CeTMeHTOB

V3MeHeHUe TaOIUUHBIX IIPOCTPAHCTB

KaTaJsIory Ha pervivKe Hy>KHO CO3/jaBaTh 3apaHee, Tak Kak MpaB M01b30BaTe st
OC postgres MOKeT He XBaTHUTb
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Y pennvkauumn ecTb psifi OrpaHNYeHnii 1 0COGEHHOCTEN.

Ecnv Ha macTepe BbINOHAETCS TPaH3aKLUMs C UNCIOM B/TOXEHHbIX
TpaH3aKUuii > 64 (To eCTb aKTUBHO UCMOMNb3YHTCA TOUKN COXPaHEHUS),
CO3/laHNe CHUMKA Ha pensvke 6yaeT NpuocTaHOB/IEHO — 3TO O3HAYaeT
HEBO3MOXHOCTb HEKOTOPOE BPEMS BbIMNO/THATL 3aMpochl.

He nognepxxnBaetcs ypoBeHb 130M8uUnm serializable Ha pennvke.

Tpurrepbl He 6yayT cpabatbiBaTb Ha pensike (OHM BbINOSHWINCL Ha
MacTepe 1 pennuumpyeTcs yxe pesynsrar ux pabéotbl). He 6yayTt pabotarb
N pekomeHgaTenbHble (advisory) 6/10KMPOBKMW.

Mpw BbINO/THEHUM PE3EPBHON0 KONUPOBAHNA C PENJINKN HET TEXHUYECKOM
BO3MOXHOCTW NOJSTHOLLEHHO YNpaB/isiTb MacTepoOM, B HaCTHOCTU, BbI3blBaTb
KOHTPO/IbHbIE TOYKM 1 BKOYaTb napameTp full_page writes. Noatomy
napameTp HY>XHO BK/IIOYMTb HA MacTepe 3apaHee, a KOHTPOSIbHY TOUKY
NPUXOANTCA XAaTb (4TO MOXET CYLLLECTBEHHO 3aJepXaTb npoLecc).

Co3gaHue TabnMyHbIX NPOCTPAHCTB PennuupyeTcs, Ho, ecnuny
nonb3osarensa OC, nog kotopbiM paboTtaet CYB/l, HegocTartoyHo npas Ans
co3faHusa KaTtasiora, Npon3onaeT ownoka. Jlyywe Bcero cHavyana cosgarb
KaTaslorm Ha MacTepe 1 Ha BCex pensimkax, a yXe 3atemM BbIMO/IHATb
komaHay CREATE TABLESPACE.



o)) PROFESSIONAL

MOHUTOPUHT Pos{gres

OCHOBHOI cepBep pesepBHbIii cepsep
(macTep) (pennuka)

‘ - pg_stat_wal_receiver ”
O pg_last_wal_receive_lsn() O
- pg_replication_slots -
select, insert .
update, delete l{i O) Y startup
3. pg_stat_replication.write_lsn \ pg_last_wal_replay_Isn()
pg_stat_replication.flush_Isn

‘ 2. pg_stat_replication.sent_Isn ‘

1. pg_current_wal_lsn() ‘ 4. pg_stat_replication.replay_Isn

log_replication_commands = on
1 — 2 = 3a7iep>KKa 3arucu B TOTOK Ha MacTepe
2 — 3 = 3a/lep>KKa MOyUYeHUs JaHHbBIX PeIIMKOU
3 — 4 = 3aep>KKa TIPUMeHeHUsT JAaHHBIX Ha perviuKe
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B xoge pennukaumm BO3MOXHbI NPO6GEMbI, O KOTOPbIX AO/MKEH
npeaynpeanTb 3apaHee HaCTPOEHHbI MOHUTOPUHI. OCHOBHOI
nHhbopmaLmen ABASKOTCS NO3ULMK B XXypHane npegsanncu. MoxHo
BbIAENNTb YETbIPE BaXKHbIE TOYKMU:

1. nosiBNIeHNE XYPHa/IbHOW 3anncu Ha MmacTepe;

2. TpaHcnAauma 3anncu npoueccom wal sender;

3. nonyyeHne 3anucu npoueccom wal receiver;

4. npUMeHeH1e NoJsly4eHHOoM 3anucuy npoLeccom startup.

Bce 3T ToUkM 06bIYHO OTCNEXMBAKOTCA Ha MacTepe. [epByto TOUKYy faeT
doyHKumnsa pg_current_wal_Isn(), octanbHble — npeacrasneHme
pg_stat_replication. Pennvka nepefgaet Mactepy craryc penankaunn npu
Ka>K[0M 3anncu Ha QUCK, HO Kak MUHUMYM pa3

B wal_receiver_status_interval cekyHp, (no ymonyaHmio — 10 cekyHpa).

Ecnun ncnonb3yercsa cnot penavkaumm, To MHopmauuio 0 HEM MOXHO
nony4nTb N3 NpeactasneHuns pg_replication_slots.

[laHHble 0 Xofe penikaunun MOXXHO NoyYnTb U Ha pensivke
B npeacTaBneHuu pg_stat wal_receiver 1 ¢ NOMOLLbI PYHKL M
pg_last wal_receive_Isn() n pg_last_wal replay_Isn().

MapameTtp log_replication_commands BK/OHaET BbIBOA B XXYypHasl
COO0OLLEHNI MHPpOpMaLMK O BbINOSTHAOLWMXCSA KOMaH4ax nNpoTokona
penaukaumn.



MoOHUTOPHUHT peIlUITHKalluH

CoCTosIHME peIIMKaluy MOKHO CMOTPETh B CIIEIMaJIbHOM IIPEACTaBIeHUN Ha MacTepe. YTOOH! TOJIb30BaTEb 0Ty IUIT
IOCTYyI K 3TOM MHGpOpMauuu, eMy HoJIXKHa OBITh BhIaHa poiib pg read all stats (umu oH monxkeH GHITH
CyIIEPIIOIb30BaTEJIEM).

a=> \du student

List of roles

Attributes Member of

{pg read all stats}

Role name |

student | Create role, Create DB, Replication

a=> SELECT * FROM pg_stat_replication \gx

=[ RECORD 1 J----dmmmmmmmmmmm e o
pid 9669

usesysid 16384

usename student

application name 13/beta

client addr

client_hostname

client_port -1

backend_start 2022-05-07 01:06:22.466898+03

backend xmin

+
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

state streaming

sent lsn 0/501BF88

write lsn 0/501BF88
flush_1sn 0/501BF88
replay 1lsn 0/501BF88

write lag 00:00:00.000186
flush_lag 00:00:00.001318
replay lag 00:00:00.001366
sync_priority 0

sync_state async
reply_time 2022-05-07 01:06:28.452058+03

O6paTuTe BHUMaHue Ha ojis * Isn (u * lag) — oHU ITOKA3HIBAIOT OTCTaBaHMe PEIIMKK Ha Pa3HEIX dTanax. Ceigac Bce
TIO3WIINY COBIIAAa0T, OTCTaBaHKWe HyJeBoe.

Teneps BcTaBUM B TabnuIry 60J1bI10e KOJIUYECTBO CTPOK, YTOOB! YBUAETh PEIJINKAIIUIO B IIpoliecce PaboTHL.
a=> INSERT INTO test SELECT 'Just a line' FROM generate_series(1,1000000);
INSERT 0 1000000

a=> SELECT *, pg_current_wal_lsn() from pg_stat_replication \gx

-[ RECORD 1 ]------ B
pid 9669

usesysid 16384

usename student

application name 13/beta

client addr
client hostname
client_port
backend_start
backend xmin
state

sent _1lsn
write lsn
flush_1lsn
replay lsn
write lag
flush lag
replay lag
sync_priority
sync_state
reply time

pg _current wal 1sn

BupHo, 4TO BO3HUKIIA HebobIIas 3aJepxKKa. OI[HaKO He cieayeT PaCCHYUTBIBATh Ha TOYHOCTH BBIIIIE YeM ITOJICEKYHBI, TaK

-1
2022-05-07 01:06:22.466898+03

streaming
0/94F9C58
0/94F9C58
0/94F9C58
0/7666F28
00:00:00.031083
00:00:00.032226
00:00:01.090046
0

async
2022-05-07 01:06:30.852445+03
0/94F9C58

KaK CTaTUCTHUKA OOHOBJISIETCS MIPUMEPHO C TAKOM YaCTOTOM.



TIpoBepuM peINIuKy:

| PB=> SELECT count(*) FROM test;

1000001
(1 row)

Bce cTpoOKuU yCIenIHo moexaiu.
U eme pa3 npoBepPHUM COCTOSTHUE PEIIMKAIUU:

a=> SELECT *, pg_current_wal_1lsn() from pg_stat_replication \gx

-[ RECORD 1 ]------ e e LT
pid | 9669

usesysid | 16384

usename | student

application_name | 13/beta

client addr |

client hostname |

client port | -1

backend_start | 2022-05-07 01:06:22.466898+03
backend_xmin |

state | streaming

sent 1lsn | ©/94F9C58

write lsn | ©/94F9C58

flush 1lsn | ©/94F9C58

replay lsn | ©/94F9C58

write lag | 00:00:00.031083

flush lag | 00:00:00.032226

replay lag | 00:00:00.7347

sync_priority | ©

sync_state | async

reply time | 2022-05-07 01:06:31.554922+03
pg _current wal lsn | 0/94F9C58

Bce nmo3uiiuy BEIPOBHSIUCE.



o)) PROFESSIONAL

PeXunmbl pensimkaumm Pos{gres

ACHHXDPOHHBIU

synchronous_commit = off
local

CHUHXPOHHBIU

(buKcalys C 0KUIaHueM TOATBePKAEeHUs OT CUHXPOHHOU PerIMKu
obecrieunBaeT Ha/Ie)KHOCTh, HO HE COITIaCOBAaHHOCTh
synchronous_commit = remote_write

on
remote_apply

synchronous_standby_names = FIRST N (cnucok penuk)
ANY N (cnucok penauk)
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Kak n3BecTHo, (hukcaumsa TpaH3akumii MOXET BbINOMHATLCA B ABYX
pexumax. B 6o5ee 66ICTPOM aCUHXPOHHOM PeXunmMe eCTb LaHC NoTepsATb
y>Xe 3aoMKCMpOBaHHbIE N3MEHEHUS B Crlyyae cO0s. B CMHXPOHHOM pexnme
komaHga COMMIT He 3aBepLUaeTcs, noka 3anucb He AoWAeT A0 AucCKa.
[Mpy HAMMYNK HECKObKUX CEPBEPOB HALAEXHOCTb MOXHO elle 6onee
YBEIMUYNTb, OXNAAACH NOATBEPXAEHNA OT PENINKMA O NOJTIyYEHUM 3aMuncu,
TOorga faHHble He nNponagyT AaXke Mnpu BbiIXo4e U3 CTPOSA HOCUTENS.

CVHXPOHHaA penankauunsa BK/IOYaAETCA TEM Xe napaMmeTpom
synchronous_commit, 4TO U CUHXPOHHaA Inkcauns. PasHble 3HaYeHUs
aTOro napameTpa no3Bo/IAT YNPaB/ATb YPOBHEM HaZAEXHOCTU. Mpn
3Ha4YeHUN remote_write macTep oXuaaeT NOATBEPXKAEHUS O MOyYEHUN
3anucu (octaeTcs WaHc NoTepsaTb U3MEHEHUS, eC/IN Ha pensinke Cry4ynTca
c60oil 1 OHa He ycneeT 3anncaTb faHHble Ha AUCK).

Mpy 3Ha4YEeHU on MacTep oXuaaeT NoATBEPXAEHNS O NonagaHum
XXYPHa/IbHO 3anmcuK Ha ANCK Penivkun (3TO HAEXHbI PeXUM; OfIHaKO
NPUIOXeHNe, 06PaTUBLLUCH K PENINKE, MOXET He YBUAETb U3MEHEHWIA).

HakoHel, 3HauyeHne remote_apply 3acTtaBnsier mactep A0XAATbCS
MPMMEHEHUNS 3annucuy Ha pennnke. Kaxablii cneayrowmii pexmm Bbli3biBaeT
BCe 60/bLUne 3a4epPXKN.

MacTep MOXeT CUHXPOHM3NPOBATbLCS Kak C OfIHOM, Tak U C HECKO/TbKUMM
pennvkamu. MoxHo ykasaTb CMMUCOK Penvk B Nopsiake npuopuTeTa uim
opraHv3oBaTb CMHXPOHM3aLMIO HAa OCHOBE KBOPYyMa, NPU KOTOPO MacTep
[IOXNAaeTcs NoATBEPXAEHNS OT /IH06bIX N Pennk U3 uncna AoCTymnHbIX.



o)) PROFESSIONAL

Bo3Mo)XHble npo6sieMbl Posigres

MacTep MokeT yanuTh dhaiis >KypHasia, Hy>KHbIW periiuKe

€CJIM peryiuKa He YCIIeeT ero MoyunTh
(Harpumep, OyZeT 0CTaHOB/IEHA HAa HEKOTOPOE BpeMsi)

Perienne 1. Cnot pervivkarnyuu

BBOAUT 3dBUCUMOCTb MAaCT€pa OT PEIVIMKH, TPE6YET MOHHUTOPHHI'a

Perienvie 2. ApXuB yKypHasia Ipej3arnicu

103B0J1s1eT 0OOUTUCE Oe3 cyioTa
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[Mpu pennukaumm BO3MOXEH P, CNIOXHOCTEN, KOTOpble MOXHO peLlaTb
pasHbIMKU crnocobamu.

CepBep PostgreSQL nepuoanyeckun yaansiet aisibl XypHasna, KoTopble He
TpebyoTcs ANA BOCCTaHOBNEHUS. py 3TOM MacTep MOXET yaanuTb ain,
KOTOPbIA COAEPXNT AaHHble, eLle He nepefaHHble pensnke.

D710 He Npobriema, ecnn UCNOMbL3YETCSA apXuB XypHasioB npeasanucu,
MOCKO/IbKY pennnka, nosyyuns oTkas no NPOTOKOY pennnkaumm, npoymtaeT
Heob6XxoAMMble eil laHHble U3 apXxmBa, a 3aTeM, «[0rHaB» MacTtep, CHoBa
NEePEKNUYNTCS Ha NO/yYEeHME AaHHbIX N3 NOTOKA.

Ho ecnu apxuBa HeT, pen/ivka He CMOXET NPoAo/HKaTb BOCCTAHOB/IEHME U
ee npuaeTca nepecosgasarb U3 HOBOW pe3epBHOM Konunn. YTobbl 3TOro
n3bexarb, MOXXHO UCMNOo/b30BaThb CNOT pennukauymum. OgHako Haao
NOHUMaTb, YTO CO3[aHMe CNnoTa CTaBUT MacTep B 3aBUCMMOCTb OT PENJIKK:
€C/I1 pensiuka He ByaeT nonyyarb XypHasibHble 3annucu, oHn oyayT
Hakan/meBaTbCA Ha MacTepe 1 cBOOOAHOEe NPOCTPAHCTBO PaHo UM NO34HO
3aKOH4YMTCA. [M03TOMY CNOT — €eLle ofgHa Tovka, KOTOpPYH HeEOBX0ANMO
BK/1tO4aTb B MOHUTOPWHT.



Bnusinue ciora perIuKaliuu

OCTaHOBHM DETIHKY.

student$ sudo pg_ctlcluster 13 beta stop

Orpanu4uM pa3mMep WAL [ByMsi CErMeHTaMH.

a=> \c - postgres

You are now connected to database "replica_physical" as user "postgres".
a=> ALTER SYSTEM SET min_wal_size='32MB';

ALTER SYSTEM

a=> ALTER SYSTEM SET max_wal_size='32MB';

ALTER SYSTEM

a=> SELECT pg_reload_conf();

pg_reload_conf

CIoT HeaKTHUBEH, HO IOMHUT HOMeEp TIOCJIeHeH 3amucH, HOHy'-leHHOﬂ pem‘mKoﬁ:

a=> SELECT active, restart_lsn, wal_status FROM pg_replication_slots \gx

-[ RECORD 1 ]----------
active | f

restart_lsn | 0/94F9C58
wal_status | reserved

BcTaBUM ellle CTPOKH B TaGIIHITY.

a=> INSERT INTO test SELECT 'Just a line' FROM generate_series(1,1000000);
INSERT 0 1000000

Homep LSN B crioTe He H3MEHUIICS:

a=> SELECT active, restart_lsn, wal_status FROM pg_replication_slots \gx

-[ RECORD 1 J----------
active | f

restart_lsn | ©6/94F9C58
wal_status | extended

BRINOTHEM KOHTPOJIBHYIO TOYKY, KOTOPas HOJI2KHAa OYUCTUTD JKyPHaJ, IOCKOIBKY €ro pa3Mep IPEeBhIIaeT Oy CTUMBIH.
a=> CHECKPOINT;
CHECKPOINT
KaxoB Teneps pa3Mep xkypHana?
a=> SELECT pg_size_pretty(sum(size)) FROM pg_ls_waldir();
pg_size pretty

80 MB
(1 row)

KoHTponpHas TOYKa He ynanuiia CerMeHTHl — UX YepXKHUBaeT CJII0OT, HECMOTPS Ha MpeBhIIIeHrue JIMMUTA. Ecnu octaBuTh ciioT 6e3 NpuUCMOTpa, JUCKOBOE ITPOCTPAaHCTBO MOXKeET GBITH

HCYepIaHo.

Cxkopee Bcero, GecriepeGoiiHasi paGoTa OCHOBHOTO CepBepa BaxKHee, YeM CHHXPOHHU3alUs PelIuKy. YToOH MpeoTBPaTHTh Pa3pacTaHie XKypHaa, MOXKHO OrPDaHHYHUTh 06beM,

yAepXUBaeMbIl CTIOTOM:

a=> ALTER SYSTEM SET max_slot_wal_keep_size='16MB';
ALTER SYSTEM

a=> SELECT pg_reload_conf();

pg_reload conf

a=> CHECKPOINT;

CHECKPOINT

Temneps KypHaJl OYNUIIAETCS KOHTPOJILHOH TOYKOM:

a=> SELECT pg_size_pretty(sum(size)) FROM pg_ls_waldir();

pg_size pretty

Ho crioT yke He oGecrneunBaeT Hanuyue 3anuceir WAL (wal_status=lost):
a=> SELECT active, restart_lsn, wal_status FROM pg_replication_slots \gx

-[ RECORD 1 J-----
active | f
restart_lsn |
wal_status | lost

A pennuKa He MOXKET CHHXPOHH3HPOBATHCS:
student$ sudo pg_ctlcluster 13 beta start

student$ sudo tail -n 2 /var/log/postgresql/postgresql-13-beta.log

2022-05-07 01:06:36.973 MSK [10786] LOG: started streaming WAL from primary at 0/9000000 on timeline 1
2022-05-07 01:06:36.973 MSK [10786] FATAL: could not receive data from WAL stream: ERROR: requested WAL segment

has already been removed



[Insi CHHXPOHM3AIMHU PEIIMKY B TAaKMX CITydasX MOXKHO BOCIIONIb30BaThCSl apXUBOM, 3afaB IapaMeTp restore_command. Eciu 3T0 HEBO3MOXKHO, TPUIETCS 3aHOBO HACTPOUTH
PemIHKaNHUIo, IOBTOPUB (popMUpOBaHUe 6a30BOH KOMUH.



o)) PROFESSIONAL

Bo3Mo)XHble npo6sieMbl Posigres

KoHdunukTbl: 3anvcu WAL, HecoBMeCTHMBIe C 3aripoCcaMy Ha
pervivke

OUMCTKA yZa/sieT BePCHU CTPOK, HY)KHbIE 3alipOCaM Ha Perivke
WCKJTIOUHTE/TbHBIE OJIOKMPOBKU 0OBEKTOB

UCKJTIOUMTe/TbHBIe O/IOKUPOBKU OydepoB

pexe: B3aumobsokripoBkd, DROP TABLESPACE, DROP DATABASE —
3arpoc cpasy OTMeHsIeTCsl

MOHUTOPUHT

pg_stat_database_conflicts
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BTopas np06ne|v|a BO3HUKAET, eC/11 pernsinka UCnosib3yeTcAa s
BbINOJ/IHEHUA 3anpocoB. MacTep MOXET BbINO/THUTb lEl,el‘/JICTBl/Ie,
HECOBMECTUMOE C 3alpOCOM Ha pernJinke:

- OYMCTKa MOXET yAa/MTb BEPCUIO CTPOKM, KOTOpas UCMO/b3yeTcs
3anpocom, Uan NoTpeboBaTb 6/10KMPOBKY, HECOBMECTUMYHO C 3anpoCOM;

- MOXET NPUATK 3anncb 06 3KCK/IHO3MBHOW G/TOKMPOBKE 0O6bEKTa (Hanpumep,
npun yaaneHnn tabnuubl);

BO3HUKHOBEHMNE TaKNMX KOH(PIMKTOB MOXHO OTC/1IEXMBATbL C NOMOLLIbHO
npencraeneHns pg_stat database conflicts.

KOHhIMKTBI ¢ 3anpocamMun Ha pensiuke, Bbi3BaHHbIE PEAKUMI NPUUMHAMW,
TaKUMM Kak B3auMO6/TOKUPOBKN, yaaneHme 6a3bl AaHHbIX UM TabnnyHoro
NPOCTPaHCTBa, pa3peLLarTcs nyTeM HeMeaIeHHOW OTMEHbI 3anpoca.



o)) PROFESSIONAL

Bo3Mo)XHble npo6sieMbl Posigres

Pemienuie 0: n3berath KOHGIMKTOB

He€ BBITIOJIHATb KOMdH/Ibl, BbI3bIBAIOIIIME 6]IOKI/IPOBKI/I

OTMEHHTD yceueHHe (halisia B KOHIIe OUMCTKU: TTapaMeTp XpaHeHUsI
vacuum_truncate = off

PeriieHuie 1: oTKnaibIBaTh NMpUMeHeHHe KOHQIUKTYIOIMX
3arcen

max_standby_streaming_delay
max_standby_archive_delay
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OavH 13 nyter 60pbbbl C KOHANKTaM — nsberarb AeNCTBUIA HA MacTepe,
NPUBOAALLMX K UCKNHOYNTENbHBIM B/10KMpOBKaM. Hanpumep, MOXHO He
BbINo/IHATL kKoMmaHabl DROP TABLE, TRUNCATE, LOCK, DROP INDEX,
DROP TRIGGER v T. n. nnun BbINOMHATL UX B TO BPeMs, Koraa Ha pensvke
3aBejOMO HET BbIMO/HAKLWMXCA 3anpoCcoB.

HeKkoTopbIX HEABHbIX 6/TOKMPOBOK MOXHO M36exaTb, OTK/Io4as
COOTBETCTBYIOLLYI PYHKLUMOHAIbHOCTL Ha MacTepe. Hanpumep, ecnu

B pe3y/ibTate OYUCTKM 0CBOGOAMINCH CTPaHULbI B KOHLE thaina, npu
YMEHbLUEHUM ero pasmepa ycTaHaB/IMBaETCA UCKKUnTeNbHaA 6/10KMpoBKa
Tabnvubl. HO MOXHO OTMEHUTL ycedeHne oaiina, 3agaB napamerp
XpaHeHusa Tabnuubl vacuum_truncate = off. OgHako OTMEHATb UAN HaA0/ro
OTKNagblBaTb OYUCTKY HeNb3s, NO3TOMY M36exaTb KOHJ/IMKTa B Crlyvae
OUYMCTKM HYXKHbIX 3arpocy BepCuii CTPOK TakuM 06pa3oM He Mosy4nTCA.

[Apyroli cnoco6 — oTKNaAbIBaTb NPUMEHEHME NOTyYEeHHbIX HECOBMECTUMbIX
XXYPHa/bHbIX 3anuceli Ha pennnke. 3TOT cnocob paboTaeT 1 NPy NOTOKOBOWA
pensvkaumm, U Npu NCnosib30BaHUN apxmBa; OH OTKNaAbIBaEeT 3anmch,
OTHOCSILLIME N K OUYNCTKE, U K SKCK/TH3UBHbLIM 6/10KMpoBKaM. B napameTpax
yCTaHaB/MBAETCS MaKCUMaslbHas 3aAepxka NpUMeHeHus (0T BpeMeH!
nonyyeHus 3annucun). Ecnm Kk aToMy MOMEHTY KOHCP/IMKTYHOLLMIA 3anpoc He
ycneeT 3aBepLUNTbLCS, OH ByAeT NpepBaH.



o)) PROFESSIONAL

Bo3Mo)XHble npo6sieMbl Posigres

Perienuie 2: obpaTHasi CBSi3b T10 MPOTOKOJTY peTIUKaLun

CHHMMOK Ha peruIiKe TIpefoTBpalljaeT yiaaeHue BepCHil CTPOK
TaK ke, KaK 1 JIOKa/IbHbIH

hot_standby_feedback = on

TOJIBKO /1J151 KOH(IMKTa OYMCTKU C 3alIPOCOM Ha pervivKe

MOHUTOPUHT

pg_stat_replication.backend_xmin
pg_replication_slots.xmin
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Ellle 0MH NyTb pelleHns — OTKablBaTb HECOBMECTMMbIE AeliCTBUSA Ha
mMacTepe. 115 3Toro BK/IlOYaAETCS o6pamHasi CBsI3b.

JT10T crnocob paboTaeT TOMLKO AJ15 OUMCTKU (SKCKNHO3MBHYHO G/TOKMPOBKY
OT/I0XUTb He MOJTYYnUTCA) U TONBbKO B Clyvae NOTOKOBOWN pennukauum (ecnum
pen/ivka nepexksyaeTcsa Ha nosyyeHne 3anvucein n3 apxmsea, oHa
hakTMyecku nepecraet CyLwecTsoBaTb 419 Mactepa).

KaxkabIi CHAMOK [aHHbIX COAEPXUT TaK Ha3blBaeMbli TOPU3OHT COObLITUI —
3TO 3HAYEHME CYETUMKA TPaH3akKLUmMiA, MO KOTOPOMY NPOXOANUT rpaHuLa
MeXAy HEHYXHbIMU U HY>XXHbIMW BEPCUSIMU CTPOK. MUHUMaIbHbIA TOPU3OHT
N0 BCEM CHMMKaM PeNnInKN onpeaensieT BO3MOXHOCTb OUNCTKMN.
MoapobHOoCTN obcyaatoTcsl B TeMe « CHUMKN AlaHHbIX» Kypca DBAZ2.

Bnarogaps 06paTHOI CBSI3W, MacTep NOHMMAET, Kakne BEPCUM CTPOK HYXXHbI
pennuke. B TakoM cryyae (C TOUKWU 3pEeHNsI OYMCTKM) 3anpoc Ha pPensinke
HMYEM He OT/IMYaeTcs OT 3anpoca Ha caMoM MacTepe.

O6parHasa cBA3b NO3BOMSET MOHUTOPUTL FOPU30OHT COOLITUIA HA CTOPOHE
mMacTepa. Ecnv cnot pennunkaumn He NCnonb3yeTcs, rOpU30oHT BUAEH B Nose
pg_stat_replication.backend_xmin, a npu ncrnosnb3oBaHuu criota —

B pg_replication_slots.xmin. Hy)HO y4nTbIBaTb, YTO NPV BK/IKOYEHHOW
06paTHO CBA3W C/0T, AaXe HeaKTUBHbIN, OyAeT 3afepXmnBaTb OUNCTKY, YTO
MOXET NPUBECTN K YBENIMYEHUIO pa3mepoB duaiioB AaHHbIX. DTOT adhdhekT
Oy4eT uccnenoBaH B NpakTuke.



ITormn Pogga’??é

MexaH13M peruviMKalui OCHOBaH Ha rnepejjaue
)KYPHAJIbHBIX 3aliCell Ha PervivKy 1 WX MpUMeHeH!u!

OCHOBHOM PEXUM: ITIOTOKOBAsA pPeIiMKalys
MOXKeT OBITh noanep>kKadHa dpxXmBOM >KYPHAJ/IbHbIX 3armcen

Penyimka — TouHas Konus MacTepa

He reHepupyeT cobcTBeHHbIe 3anucd WAL, 0CTyTHa TOJBKO i/ UTeHUS

CnoyKHBIM MexaHU3M, TpeOyIoIuii HAaCTPOUKH U MOHUTOPUHTA

HaCTpOﬁKa CyleCTBeHHO 3daBUCHUT OT pelllde€MbIX 3d/id4
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o)) PROFESSIONAL

[1pakTnKa Pos{gres

1. HacTpoiite (pu3nueCcKyr0 MOTOKOBYIO PeIIUKaL[1IO
MeX/ly IByMsi CepBepaMUu B CUHXPOHHOM PeXXHMe,
6e3 oOpaTHOM CBA3M.

2. TIpoBepsbTe paboTy perukaiuu. Yoeaurech, yTo pu
OCTaHOBJ/IEHHOM perivKe (GUKCaLMsi He 3aBepIlaeTCs.

3. Bocripou3BeauTe cUTYyaluio, MPY KOTOPOU 3arpocC Ha pervivke
TpepbIBaeTCs M3-3a OYMCTKU BePCUl CTPOK Ha MacTepe.

4. 3anpeTuTe OTK/aJbIBaTh IPUMEHEHUe KOH(UIMKTYHOLINX
M3MeHeHU; MpoBepbTe, UTO 3alpOC OTMEHSIeTCs Cpasy.

5. Bxmtounte 0OpaTHyto CBsi3b U yOeauTech, YTO OUMCTKA Ha MacTepe
He TIpephLIBaeT BHITIO/IHEHME 3arpoca.

6. OcTaHOBUTE PEIVIMKY U YOeUTeCh, UTO CJIOT MPEIATCTBYeT
OUMCTKe. YJaJIuTe CJI0T, YTOOBbI OUMCTKA BO30OHOBU/IACK.
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1. [lna 3TOro Ha MacTtepe ycTaHOBUTE napameTpsbl:
- synchronous_commit = on,
- synchronous_standby _names = 'replica’,

a Ha pennuke B napameTp primary_conninfo no6aBbte
«application_name=replica».

3. [1nsa 3aTOro Ha penainke MOXXHO HayaTb TPaH3aKLUUK C YPOBHEM U30MSLMN
repeatable read v nepuoguyeckmn BbINOMHATL 3aNpockl K Tabnuue, a Ha
MacTepe U3MEHUTb 3Ty TabNULY U BbINOSHUTb OYUCTKY.

YuTtute, 4YTo NapameTp max_standby_streaming_delay no ymonyaHuto
nmeeT 3HavyeHne 30 cekyHa.

4. YctaHoBUTE napameTtp max_standby_streaming_delay B HOMb.

5. YcTtaHoBUTe Ha pensike napameTp hot _standby feedback = on.
MakcumasibHbIn HTEpPBaUT OMOBELLEHWIA yCTaHaBNIMBAETCS B NapameTpe
wal_receiver_status_interval (no ymonyaHuio 10 cekyHa).

6. He 3abyabTe OTMEHUTb Synchronous_commit, nHa4ye Npu OCTaHOB/IEHHOM
pennvke He yaactcs 3addUKCUMPoBaTb TPpaH3aKLuio.



®du3uYecKasi HOTOKOBast perIuKalusi B CHHXPOHHOM peXumMme

a=> CREATE DATABASE replica_physical;

CREATE DATABASE

Co3faeM u 3alyCKaeM PeIUIMKY TOYHO TaK e, KaK B JeMOHCTDAIUH.
CIIOT pelIMKanuu:

a=> SELECT pg_create_physical_replication_slot('replica’);

pg_create physical replication slot
(replica,)
(1 row)

PesepBHas Komus:

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

B postgresql.auto.conf foGasnsiem ykasanue application name:

student$ sudo sed -i 's/~\(primary_conninfo = '\''\)/\lapplication_name=replica /' /home/student/backup/postgresql.auto.conf
student$ sudo cat /home/student/backup/postgresql.auto.conf

# Do not edit this file manually!

# It will be overwritten by the ALTER SYSTEM command.

primary_conninfo = 'application_name=replica user=student passfile='"'/home/student/.pgpass'' channel_binding=prefer host='"'/var/run/postgresql'' port=5432 sslmode=prefer sslcompression
primary slot name = 'replica’

BriknapeiBaem B PGDATA u 3amyckaem:

student$ sudo mv /home/student/backup /var/lib/postgresql/13/beta

student$ sudo chown -R postgres:postgres /var/lib/postgresql/13/beta

student$ sudo pg_ctlcluster 13 beta start

Terepsb BK/IOYaeM Ha MacTepe PexXuM CHHXPOHHOM periukaiuy. Cpasy NepeKiouuMcs Ha CyNeprosib30BaTe bCKyio POsib.

student$ /usr/lib/postgresql/13/bin/psql -d replica_physical -U postgres

a=> ALTER SYSTEM SET synchronous_commit = on;

ALTER SYSTEM

a=> ALTER SYSTEM SET synchronous_standby names = 'replica’;

ALTER SYSTEM

student$ sudo pg_ctlcluster 13 alpha reload
IIpoBepka GpU3NIECKOH PEIUTHKAIUH

a=> SELECT * FROM pg_stat_replication \gx

[ RECORD 1 J---odboommmiaoae oo
pid | 21743

usesysid | 16384

usename | student

application_name | replica

client_addr |

client_hostname |

client_port | -1

backend_start | 2022-05-07 01:09:21.353138+03
backend_xmin |

state | streaming

sent_lsn | /5000608

write lsn | 6/5000608

flush lsn | ©/5000608

replay_lsn | ©/5000608

write lag | 00:00:00.044706

flush_lag | ©0:00:00.045497

replay lag | 00:00:00.045545
sync_priority | 1

sync_state | sync

reply_time | 2022-05-07 01:09:23.704174+03

sync_state: Sync roBOpuT o TOM, 4TO PeIIMKalus PaboTaeT B CHHXPOHHOM PeXHUMe.
OCTaHOBHM DEILIHKY.

student$ sudo pg_ctlcluster 13 beta stop

a=> \c - student

You are now connected to database "replica physical" as user "student".
a=> BEGIN;

BEGIN

a=> CREATE TABLE test(id integer);

CREATE TABLE

a=> COMMIT;

DuKcalus XKET MOABTIeH!s] CHHXPOHHOU PETIHKH. ..

student$ sudo pg_ctlcluster 13 beta start

Tlocrie cTapTa PeruinKy GUKCALUs 3aBepIIaeTCs.

COMMIT

OTmMeHa 3ampoca u3-3a OYMCTKH Ha MacTepe

a=> INSERT INTO test VALUES (1);

INSERT 0 1

student$ /usr/lib/postgresql/13/bin/psql -p 5433 -d replica_physical
| B=> SHOW max_standby_streaming_delay;

max_standby streaming_delay

Hauunaem TPAH3aKIHIO C YDOBHEM H30JIALHA repeatable read: []epEB[fI onepaTop Cco34acT CHUMOK NaHHBIX, KOTOpHﬂ GyJ:[e‘[‘ HCIIOIb30BAaThCs BCEMH ITOCIIeAYIOIIMUMHU OllepaTopaMu ITOR TPaH3aKIWHU.
| B=> BEGIN TRANSACTION ISOLATION LEVEL REPEATABLE READ;
| BEGIN

| B=> SELECT * FROM test;



id

(1 row)

Ha MacTepe H3MeHseM eJUHCTBEHHYIO CTPOKY U BBIIIOJIHSEM O4YHCTKY. HpH 9TOM IlepBas BEPCUus CTPOKH GyneT yoaneHa.
a=> UPDATE test SET id = 2;
UPDATE 1
a=> VACUUM test;
VACUUM
Yepes 20 cexyHJ 3aIIpoc Ha PeIIHKe ellle cpafoTaeT — PeIUInKa 3afiepXkKuBaeT IPUMeHeHre KOH(DIMKTYIOmeH Ky pHaIbHOH 3allUCH:
‘ B=> SELECT * FROM test;
id

(1 row)

Yepes 30 ceKyH[ TaKOH e 3ampoc yxe OyeT aBapHiHO IPePBaH, IOCKOJIbKY BEPCHs CTPOKH, BXOISIIas B CHUMOK, GOJIbIIe He CyIIeCTByeT.
‘ B=> SELECT * FROM test;

FATAL: terminating connection due to conflict with recovery
DETAIL: User query might have needed to see row versions that must be removed.
HINT: In a moment you should be able to reconnect to the database and repeat your command.
server closed the connection unexpectedly
This probably means the server terminated abnormally
before or while processing the request.
connection to server was lost

3anpeT OTK/IaAbIBaHUsI IPUMEHEHHsI KOHQIMKTYIOMEeH 3aluCH

BhICTaBHM 3a[IePXKKy NPHMEHEHHs! KOHDIHKTYIOUINX H3MEHEHUH B HOJIb.
student$ /usr/lib/postgresql/13/bin/psql -p 5433 -d replica_physical -U postgres
| B=> ALTER SYSTEM SET max_standby_streaming_delay = 0;
| ALTER SYSTEM
| B=> \c - student
\ You are now connected to database "replica physical" as user "student".
student$ sudo pg_ctlcluster 13 beta reload
CHOBa HaYHHAEM TPAH3AKIIHIO. ..
‘ B=> BEGIN TRANSACTION ISOLATION LEVEL REPEATABLE READ;
| BEGIN
| B=> SELECT * FROM test;
id

2
(1 row)

Ha MacTepe U3MeHsIeM CTPOKY U BHIMOJIHAEM OYHUCTKY...
a=> UPDATE test SET id = 3;

UPDATE 1

a=> VACUUM test;

VACUUM

3ampoc Ha periiKe IPepEBaeTcs TyT XKe:

| B=> SELECT * FROM test;

FATAL: terminating connection due to conflict with recovery
DETAIL: User query might have needed to see row versions that must be removed.
HINT: In a moment you should be able to reconnect to the database and repeat your command.
server closed the connection unexpectedly
This probably means the server terminated abnormally
before or while processing the request.
connection to server was lost

OOpaTHasi CBA3b

VcTaHOBUM 06GPATHYIO CBS3b H, YTOGH HE XKAATh HOJT0, HeGOIBIION HHTEPBAl ONMOBEIIeH M.
student$ /usr/lib/postgresql/13/bin/psql -p 5433 -d replica_physical -U postgres
| B=> ALTER SYSTEM SET hot_standby_feedback = on;
| ALTER SYSTEM
| B=> ALTER SYSTEM SET wal_receiver_status_interval = '1s';
| ALTER SYSTEM
| B=>\c - student
\ You are now connected to database "replica physical" as user "student".
student$ sudo pg_ctlcluster 13 beta reload
CHOBa HaYHHAEM TPaH3aKUU...
‘ B=> BEGIN TRANSACTION ISOLATION LEVEL REPEATABLE READ;
| BEGIN
‘ B=> SELECT * FROM test;
id

(1 row)

Ha macTepe u3MeHseM CTPOKY U BHIITOJIHSIEM OYHCTKY...
a=> UPDATE test SET id = 4;
UPDATE 1

a=> VACUUM VERBOSE test;



INFO: vacuuming "public.test"
INFO: “"test": found O removable, 2 nonremovable row versions in 1 out of 1 pages
DETAIL: 1 dead row versions cannot be removed yet, oldest xmin: 492
There were 0 unused item identifiers.
Skipped 0 pages due to buffer pins, © frozen pages.
0 pages are entirely empty.
CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s.
VACUUM
Braromapsi 06paTHO! CBsI3M, OYHCTKA He MOXKET yAAIUTh CTapyio Bepcuio cTpoku (found 0 removable, 2 nonremovable row versions).
| B=> SELECT * FROM test;
id

3
(1 row)

| p=> commIT;
| commIT
a=> VACUUM VERBOSE test;

INFO: vacuuming "public.test"

INFO: “test": found 1 removable, 1 nonremovable row versions in 1 out of 1 pages
DETAIL: 0 dead row versions cannot be removed yet, oldest xmin: 493
There were 1 unused item identifiers.

Skipped 0 pages due to buffer pins, © frozen pages.

0 pages are entirely empty.

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

VACUUM

TTocne 3aBepIIeHH TPAH3aKIWH Ha PEIVIMKe MacTep MOZXKeT BBIIIOJIHUTE OYHCTKY (fOllﬂd 1 removable...). )Ky'pHBJIBHL[e 3alyCH PEIIMIUPYIOTCs, HO HUYEro He II0JIOMaroT.
TenepL OTMEHHM CHHXPOHHU3AlWI0 H OCTAHOBHUM DPEIIHKY:

a=> \c - postgres

You are now connected to database "replica physical" as user "postgres".
a=> ALTER SYSTEM RESET synchronous_standby_names;

ALTER SYSTEM

a=> \c - student

You are now connected to database "replica physical" as user "student".
student$ sudo pg_ctlcluster 13 alpha reload

student$ sudo pg_ctlcluster 13 beta stop

Emle pa3 U3MEHHUM CTPOKY TaGIIHIIBL:

a=> UPDATE test SET id = 5;

UPDATE 1

Crnot HEaKTUBEH, HO IIOMHUT MHUHHUMAaJIbHEIN XMin CHUMKOB PEenIuKu:

a=> SELECT active, xmin FROM pg_replication_slots;

active | xmin

OT0 3HaYEHME XMiN MeHbIIe, YeM MUHUMAaJIBHEIA XMiN JIOKaJIbHEIX CHUMKOB:

a=> SELECT min(backend_xmin::text::numeric) FROM pg_stat_activity;

TloaTomy cnot GyneT 3amepxuBaTh ouucTKy (1 dead row versions cannot be removed yet, oldest xmin: ...).
a=> VACUUM VERBOSE test;

INFO: vacuuming "public.test"

INFO: “test": found O removable, 2 nonremovable row versions in 1 out of 1 pages
DETAIL: 1 dead row versions cannot be removed yet, oldest xmin: 493

There were 0 unused item identifiers.

Skipped 0 pages due to buffer pins, © frozen pages.

0 pages are entirely empty.

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

VACUUM

Vaanum crioT, Tenepb OYUCTKa cpaGoTaer.
a=> SELECT pg_drop_replication_slot('replica');

pg_drop _replication slot

a=> VACUUM VERBOSE test;

INFO: vacuuming "public.test"

INFO: “test": found 1 removable, 1 nonremovable row versions in 1 out of 1 pages
DETAIL: 0 dead row versions cannot be removed yet, oldest xmin: 494

There were 1 unused item identifiers.

Skipped 0 pages due to buffer pins, © frozen pages.

0 pages are entirely empty.

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

VACUUM



