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MNpepBapuUTenbHas NoAroToBKa

» 3HakomMcTBO ¢ SQL
» HaBblkn paboTbl B onepaunmoHHOU cucteme Linux
« PekomeHpgyeTcs onbIT paboTbl ¢ Ntobon penaunoHHon b

LleneBas aygutopus

o AAMUHUCTpPaTOpbl 6a3 gaHHbIX PostgreSQL
» Pa3paboTumku npunoxeHnn ana 6a3 gaHHbIX
o COTPYAHUKU TEXHUYECKOMN NOAAEPXKKH
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MaTepuanbl Kypca

* YyebHoe nocobue B popme KHUrn B popmate pdf, koTopoe
COLEPXUT TEOPETUYECKYHO YacTb Kypca
» [1pakTnyeckune 3agaHuns

e BUPTYaJibHad MallUHa 014 BbINMOJIHEHUA NMPaKTUHYECKNX 3a,u,aHm‘/'|

t";’ntor
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Paspgenbl Kypca

0. BBepgeHune

1. YcTaHoBKa u ynpaeneHue CYb/[]
2. Apxutektypa (5 yacten)
3. KoHpuUrypauyums

4. Ba3bl gaHHbIX (2 yacTu)
5. XXypHanupoBaHue
6. besonacHocCTb

/. Pe3epBHOe KonnpoBaHue (2 yacTtu)

8. Pennukauuga (2 yactun)

9. MNMnatpopma Tantor, 0630p BO3MOXXHOCTEN
10. HoBble BO3MOXHOCTU Tantor Postgres 1/7.5
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O Kypce

* OYHOE NN ANCTaHLUMOHHOE OOYYEeHNE C UHCTPYKTOPOM:
> MPOJOMKUTENbHOCTb 5 AHEN
> Hadano B 10:00
> nepepsbiB Ha obep 13:00-14:00
> OKOHYaHue 0o 17:00 (nocnegHunn peHb Ao 15:00)

t";’ntor

YuebHbln Kypc "Tantor: AGMUHUCT pupoBaHune PostgreSQL 17" TaHTop Jlabc © 2025 www.tantorlabs.ru 14




O KomMmnaHun TaHTop J1abc

» ¢ 2016 roga Ha MmeXXayHapoaHOM PbIHKE

¢ 2027 roga Ha POCCUNCKOM PbIHKE

» paspabotka CYbL Tantor Postgres

» pa3paboTka lNnatpopmbl Tantor oNss MOHUTOPUHIa U
ynpasneHusa CYb/M cemeunctea PostgreSQL, a Takxe
KnacTtepoBs Patroni

* MHOFOMIETHUM ONbIT 3KCMAyaTaunmn BbICOKOHArpy>XXeHHbIX
CUCTEM

o Bxoaut B ['pynny AcTpa

t";’ntor
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PostgreSQL,
TeXHUYeCcKas nogaep>Kka

CYb/[ Tantor Postgres

Tantor BE
HoBble BO3MOXHOCTU U
p,opaﬁoTKVI Nno CpaBHEHUIO C
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Tantor xData

[MporpammHo-AnnapaTHbin Komnnekc,
BbICOKOUW MPOMN3BOAUTENBHOCTbIO,
OTKa30yCTONYMNBOCTbIO, 6€30MacHOCTbIO
Bepcua 2A, 2Y - npoueccopbl x86-64

Bepcua 2B - npoueccopbl Baikal-S
BbICOKas MPOU3BOAUTENBHOCTb U
MacLUTabupyemMocCTb

CHMXXeHUe 3aTpaT Ha UHPPACTPYKTYPY U
agMUHNCTPUpPOBAHUE

B cocTaB BxoguT CYb/[] Tantor Postgres u
[TnaTtpopma Tantor

YuebHbln Kypc "Tantor: AGMUHAUCT pupoBaHune PostgreSQL 17" TaHTop Jlabc © 2025 www.tantorlabs.ru
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[TnaTtdopma Tantor

* NporpamMmmMHoe obecneyeHne gns g Mnatdopma A
ynpasneHna 60nblLUMM KONTIMYECTBOM C - J'_IE;T_CI)_O_p_I\/:a_'_I';r_\t_o_r """ |
CYB/ v knactepos Patroni | e

» ynpasnaet CYB/[] Tantor Postgres v
dopkamm PostgreSQL J H

» cbop nokaszaTesien paboThbl E 3
aKk3emnnapos PostgreSQL, xpaHeHue 1 g ’ g
obpaboTKa nokasaTeneu, E"'h;a'c;;;‘} {Pea}
pEKOMeHZaLUmmn no | (OB e o ()

HaCTpPOUKe NPON3BOANTENIBHOCTHU
e MHTErpaumsi ¢ NOYTOBbIMU CUCTEMAMM,
cny>x6amu KaTtanoros, MecceHa)xepamu

t";’ntor
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PacwupeHune Tantor PipelineDB

pacwupeHne gpna CYb/L Tantor Postgres n PostgreSQL ¢ oTKpbITbIM
MCXOAOHbIM KOAOM ANs HeEMpPepbIBHOMo BbiNoAHeHNS SQL-3anpocoB Ha
NOTOKaX AaHHbIX C MHKPEMEHTalbHbIM COXPaHEHUEM pe3y/ibTaTOB B
OObIYHbIX Tabnunuax

BbICOKOMNPOU3BOAUTENBHOE arpernpoBaHne BpeMeEHHbIX PSOO0B
NO3BOJISAET COEeANHATbL NOTOKOBbIE AlaHHbIE C UCTOPUYECKUMU AaHHBbIMU
07151 CONOCTaB/IEHUS B peXuUMe peasibHOro BpeMeHMU

MOXXET UCMONb30BaTbCS B NPUIIOXEHUAX, FOe HYXHa
He3aMeanuTenbHasa peakums

npuMep HeENPEPbLIBHOIO NpeacTaBneHnsa ass BbiBOAa €XeCyTOYHOro
Tpaduka, UICNONb3YEMOro TOMN AECATbIO ip-afpecos:

CREATE VIEW heavy hitters AS
SELECT day (arrival timestamp), topk_agg(ip, 10, response_ size) t'ojntor
FROM requests_stream GROUP BY day

PipelineDB

t";’ntor
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[lopaboTka pacwupeHun PostgreSQL

1. pg_cluster

. pg_anon

. pg_perfbench

. ansible_tantor_agent
pg_configurator
. pg_store_plans
ldap2pg

. Citus

. wal-g

» 10. odyssey

* T11. plantuner

» 12. pg_orchestrator
» 13. pgtools

» 14. pipelinedb

®
©ONO®UAWN

(_

C 2% github.com/forgs/TantorlLabs/frepositories

@ Tantor Labs

() Overview [ Repositories [ Projects & Packages 2 People

Repositories All

@ Al Q Search repositories
B Public

& Sources 12 repositories

% Forks

pg_cluster Public
= Archived :
= ! PostgreSQL HA cluster

& Templates ®Python » ¥3-7r5-O0- 112

pg_anon Publie
Anonymization tool for PostgreSQL

anonimized-data python database

®@Python » ¥4 .%a.o-112-

pg_perfbench Public

® Python « &8 MITLicense « ¥ 0 « Y7 1

ansible_tantor_agent Public

[ 4 b4

- I,I.»..j.,u,d 3 weeks ago

postgresqgl

Updated on Apr 1

« (D0 - 10 - Updated on Mar 11

&E MiTLicense « % 0« Y90 - (D0 » §10 - Updated onFeb 8

pg_store_plans Publie

@C - BB Other » ¥ 1« 1 - (D0« [0« Updated on Dec 18, 2023

na_roanfiauaratar  Dohlic
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KoHpepeHuun PGBootCamp

o TaHTOp J1abc NpUHMMAET y4acTue B opraHm3saumm
KOHpepeHL MM
» KoHpepeHuma PGBootCamp npoBogunacs:
> EkaTepuHbypr 10 anpena 2025
> KasaHb 17 ceHTab6pa 2024
> MUHCK 16 anpenga 2024
> MockBa 5 okTabps 2023




NKor

1a

YCcTaHOBKa
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[MpeaBapuTenbHble TpeboBaHUA

I1na yCTaHOBKU HYXXHbI:

° noggep>Xueaemasa onepaymMoHHasa cuctemMa
> peKkomMeHpayeTcs ornepaumoHHas cuctema Astra Linux
> nopgpepxusaetca 10 onepalMOHHbIX CUCTEM

* MUHUMaNbHble TPeOOBaHUA K 060pYya0BaHUIO:
> 4 appa CPU, 4I'6 RAM, 40I'6 SSD

t";’ntor
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[lpoBepKa BO3MOXXHOCTU YCTAaHOBKMU

OIVcTpnbyTnBbl pacnpocTpaHAoTCAa B Buae panna gns
nakeTHbIX MeHeaxepoB Red Hat (rpm) n JebuaH (deb)

B anctpunbyTtneBax ykasaHbl Te NakeTbl, K yHKLMOHaNy
KOTOPbIX MOFYT 06paTUTbCA YTUNUTbLI U NpoLEeCcChl
aK3eMnndapa Knacrepa

B AOKYMEHTaLUMN CNNCOK 3aBUCUMOCTEN HEe YKa3aH, TaK Kak
OTNMYaeTcsa Ana pasHbiX BEpCcum n cbopok

00 YCTaHOBKW MOXHO MONYYUTb CNUCOK NaKeToB TPEOYOLWUX
YCTaHOBKMW

t";’ntor
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NHCTannaTtop

e MNpPOBEPSAET BO3MOXHblEe KOHONMKTbI OMBNNOTEK U NpeasiaraeT
KOMaHAy Ana Ux ycTpaHeHus

» gobaBnseT agpec peno3nTopust B CNMCoK apt n yum

e CKayuMBaeT noaxogawmm auctTpubyTns 1 BbIMOTHAET
YCTaHOBKY, cOo3aHue Knactepa, Co3aaHune cry>xobl

e npencrtaBnseT cobon TEKCTOBbLIM CKPUNT:
> MOXHO 03HAaKOMUTbLCSH C TEM, KaKne AeNCTBUSA BbIMONHAET

UHCTAINIATOP
> NEerko BbIACHUTb B YeM OLLUNBKU U NUCIMpPaBunTb NX

t";’ntor
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JlokanbHaa ycTaHoBKa

« [TapameTpbl HCTannaTopa ./db_installer.sh --help

* MPU YCTAaHOBKE MOXHO co34aTb KnacTtep

o ANCTPUOYTUBBI (MakeTbl rpm U deb) nMeroT CTaHAaPTHbLIN
dopmaT, UX MOXHO pasapxmBunpoBaTb, BbIACHUTb Kakune

N3MEHEeHNA BHOCATCS B OnepaLmMoHHYO CUCTEMY B npoLecce
YCTaHOBKMU

t";’ntor
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[lpouecc yCcTaHOBKU

» CO3[aeTCH NoNb30BaTeNb C UMEHEM postgres

e CO34a€eTce cnyXba 3anyckKa Knacrtepa

e CO30al0TCH ANPEKTOPUN N Ppansibl

e YCTAHaBNMNBAIOTCS HYXHble pa3peLleHuns Ha
ONPEKToOpUKn, pannbl U UX BragenbLbl

Yye6Hnblt Kypc "Tantor : ABMUHUCTPUpOBaHMe PostgreS QL 17" TaHTOp Jlabc © 2025 www .tantorlabs .ru



[locne ycTaHOBKU

» YCTAHOBUTb NepemMeHHYo okpyxeHuna PGDATA
B npo¢une nonb3oBaTtensd postgres

» CO3[0aTb KJ1aCTep, €C/in OH He ObiN eLlle co3aaH

* 3aNYCTUTb 3K3eMMIap KnacTtepa

* YCTAHOBUTb Ha4yanbHble 3Ha4YEeHUA NapaMeTpPoOB
KnlacTepa UMcnonb3yA
https://tantorlabs.ru/pgconfigurator

* YCTAHOBUTb MHCTPYMEHTHI YNpaB/ieHUa U
MOHUTOPUHra ([MnaTtpopma Tantor)

Yye6Hnblt Kypc "Tantor : ABMUHUCTpPUpOBaHue PostgreS QL 17" TaHTop Jlabc © 2025 www .tantorlabs .ru



KoHourypatopbl

%3 KoHdwur ATENBHOLCT]

EI e KoHgMrypaTop napameTp X + 7

. yTMn MTa (= C @ U B https://tanterabs.ru/pgconfigurator T Ty © ® @ =
f. t -t'ojntOr MNpogyKTe ~ [OokymeHTauma OByueHue HoeocTH KoHdurypaTtop O KOMMaHWK ~ KoHTakThl

£)
1ANLOr Kougurypatop KpUTHUECKH BaKHEIX MAPaMeTPOB NPOM3BOANTENLHOCTH PostgreSal RU
» Beb-Be PCUA
AocTynHoe KanM4ecTeo agep CPU daiin KoHPU T ypaumu

http://tantorlabs.ru/pgc =

AocTynHoe KoNM4YecTeO onepaTUBHOM
namaTi RAM, MB

onfigurator
» BBOASATCH

XapPaKTEPUCTUKU XOCTa  oroweemes
M NNaHUpyemMou

Harpys3Ku S
* BblgaeT napamMmeTpbl : .
KOHpUrypauum

dopmaT BoBOLA
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CospaHue Knactepa ytunutom initdb

» KnacTtep co3gaercsa yTUAnMTon KoMaHaHOW
CTpOKM Initdb

* Initdb 3anyckaeTcsa U3 nop nosib3oBaTens
onepaunmoHHON cucTemMbl postgres

 [lepepn 3anyckoM YyTUNUTbI HYXXHO CcO34aThb
ONpPeKTopUIo anda ¢annos KnacTtepa

» Bbl6bpaTb HAaCTPOUKMN NoKanmsauuu

* 03HAKOMUTbLCA C APYrMumMu napameTpamu
YTUNUTDI

Yye6Hblt Kypc "Tantor : ABMUHUCTpUpOBaHue PostgreS QL 17" TaHTOp Jlabc © 2025 www .tantorlabs .ru



NKor

1b
YnpaBneHue
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YTunuta ynpasneHua aksemMnnapom pg_ctl

» OCHOBHble AENCTBUSA: OCTAaHOBKA,
nepeynTbiBaHUE KOHPUIypaLMOHHbIX Gannos,
NpoBEepPKa cTaTyca 3K3eMMnnsapa, a Takxe
BO3MOXEH 3aMnycK aK3eMnasapa

» MPENUMYLLECTBO B MPOCTOTE UCMNOJSIb30BaAHUSA U
Nosly4yeHusa pe3ysbTaTa BblIMOHEHUA KOMaHAbl

 3aMycKaeTcsa rnof nonb3oBaTtenem postgres

Yye6Hnblt Kypc "Tantor : ABMUHUCTpPUpOBaHue PostgreS QL 17" TaHTop Jlabc © 2025 www .tantorlabs .ru



[lpouecc postgres

* pg ctl 3anyckKaeT npoLlecc postgres, KOTOpbIX NOPOXOaeT
OCTallbHble MpoLecchl aK3emMnndapa

e NapaMeTpoM -o YTUIUTbI pg ctl MOXHO nepepaBaTb
npoueccy postgres napamMeTpbl KOMaHgHOW CTPOKU U
KOHOUrypauum Knacrepa

* postgres --single NO3BOMSAET UCMNOJIb30BaATb
O4HOMONb30BaTENIbCKNUN U OQHOMPOLECCHbLIN PeXuUM. Pexxum
MCNONb3YIOT AN UCMpaBfieHUsa COAEPXXMUMOro KracTtepa B
CJTOXHbIX Cy4Yasx NOBPEXAEHNM

e O/151 BbIXOA4a W3 OQHOMOMb30BaTENIbCKOro pexmnma
MCNONIb3yeTCcsA KOMOUHaUUA KnaBul ctrl+d

t";’ntor
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YnpaBneHune ak3eMnnapom vyepes systemctl

e YNPaBndaeT TONbKO 3K3eMnnsipamMu 3anyuweHHbIMU en,
aK3eMnnap, 3anyLweHHbIn pg ctl YTUIUTOU systemctl He
ynpaBnaeTcs

e systemctl UCMONb3YET pg ctl AN4 3anycka ak3emnnapa

e OXupaeT 3anycka akzemnnapa 300 cekyHA (napameTp
TimeoutSec=300 B panne-onmcartene cnyxbbil)

» 3anyck ak3emnnapa:
> systemctl start tantor-se-server-17

> systemctl start tantor-se-lc-server—-17

> systemctl start tantor-be-server-17

€}MN
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PaboTa B KoHTenHepe docker

° n3MeHsieMble ¢paunnbl, B YacTHOCTU PGDATA, AOMKHbI NeXaTb Ha TOMax
(volumes)

» paboTa B KOHTENHEPE He A00aBNAET BbICOKOU AOCTYMNHOCTU

» npouecc postgres He gosikeH nmetb PID=1

° NPW CO3JaHUN U 3anyCcKe KOHTENHEPA HYXXHO UCMONb30BaTb NapameTp
docker run -d --init

root@tantor:~# docker exec mMsa kOHTeMHeEpa PpPsS
PID USER TIME COMMAND
1 postgres 0:38 postgres
31 postgres 0:09 postgres: logger
32 postgres 0:45 postgres: checkpointer
33 postgres 0:38 postgres: background writer

root@tantor:~# docker rm -f mMa kxomnTerHepa

root@tantor:~# docker run --init -d -e POSTGRES USER=postgres -e POSTGRES PASSWORD=postgres -e
POSTGRES_INITDB_ARGS="--data-checksums" -e POSTGRES_ HOST AUTH METHOD=trust -p 5434:5434 -e
PGDATA—/var/llb/postgresql/data -d -v /root/data: /var/llb/postgresql/data --name muMs_KOHTe¥MHepa postgres

t";’ntor
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Tpu peXxmma oCTaHOBKU aK3eMnnsapa

e smart - 3anpeLwaeT HoOBble NMOAKTHOUYEHUSA U XOET
[,0OPOBOSIBHOIO OTCOEAUHEHUS CYLLECTBYHHOLLMX
CECCUN. DTOT PEXUM He NnpakKTUYeH

o fast - 3anpeLatoTCa HOBble NOAKITHOUYEHUSA, BCEM
cepBepHbIM NpoLeccamM OTNpPaBNseTCA CUrHas
npepBaTb TPaH3aKLUMUN N 3aBEPLUNTBCSA. OTO NYyYLLNN

BbIOOp. icnonb3yeTcsa No YyMOYaHUIo
» immediate - PEXUM HEMEJIEHHOIO BbIK/THOUYEHUS

YyuebHbivt Kypc "Tantor: AgMUHUCTpupoBaHue PostgreSQL 17" TaHTtop Jlabec © 2025 www.tantorlabs .ru



OcTaHoBKa 3aK3eMnnspa

o DK3eMnnsap MOXHO OCTaHOBUTb KOMaHAOM pg ctl stop

He3aBUCUMO OT TOF0 KakMM crnocobom Obin 3anyLlieH
aK3eMnnsp

* icnonb3oBaHue pg ctl - Haubonee yaobHbIN U
rapaHTUPOBaHHbIN CMOCOD NOracuUTb 3K3eMMsp

« MOXHO nocnaTb cUrHan npoueccy postgres HanpsMy|o:
kill -INT "head -1 S$PGDATA/postmaster.pid’

» He peKkoMeHAyeTCd Nocbl1aTb CUTHan SIGKILL (9) HUC

O[lHOMY MpoLeccy aK3eMnnsapa
e systemctl stop He rapaHTMpPyeT OCTaHOBKM 3K3eMmnnspa

€}MN
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OcTaHoBKa 3aK3eMnnspa

« B XYpHane Kinactepa npu BbllMOJIHEHUN KOHTPOJIbHbIX TOYEK
(HapaMeTp1cg;pheckpoints=on)6yﬂyTanCYRHBOBaﬂD
coobLeHna Tuna:

COOBIIEHVE : HauaTa KOHTPOJIbHad Touka: shutdown
immedlate
UJn

LOG: checkpoint starting: shutdown immediate

o TeKcT B coobuweHunn "shutdown immediate" oTHOCUTCA K
CBOMCTBAM KOHTPOJIbHON TOYKU, @ HE K PEXNMY OCTaHOBKM
ak3emMnnspa. [Npn ocTaHOBKe 3K3eMMsipa B pexmnme immediate
(koMaHAa pg ctl stop -m immediate) KOHTPOJIbHAA TOUYKa He
BbIMNOJIHAETCS

» B PostgreSQL HeT komMmaHAabl shutdown immediate

ﬁawor
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YTunutbl ynpasneHuns (06épTkn komaHg SQL)

HaxoOATCA B ANPEKTOPUUN /opt/tantor/db/17/bin
NyTb K AUPEKTOPUN BKITKOYEH B NEPEMEHHYHO OKPYXKEHUS
PATH NOoNb30BaTes1Ad postgres B Linux

YacTb YTUINT KOMaHAHOW CTPOKU - OBEPTKM Aansa KomMmaHa SQL
YTnnutbl n coortBeTcresyroine M KOMaHAabl:

clusterdb - CLUSTER

createdb - CREATE DATABASE

createuser - CREATE ROLE

dropdb - DROP DATABASE

dropuser - DROP ROLE

reindexdb - REINDEX

vacuumdb - VACUUM

€}MN
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YTUNnuTbl ynpasneHus pe3epBUpoBaHUEM

e pg_archivecleanup - ncnonb3yeTcsi Ha pennukax (pe3epBHbIX
KnacTtepax)

» pg_basebackup - co3pgaeTt pmnsnyeckne 6akanol

» pg_combinebackup - HaknagblBaeT MHKPEMEHTaNbHblE
63Kanbl Ha NOJMHbIE

* pg_dump, pg_dumpall, pg_restore pna norn4yeckoro
pe3epBMpoBaHna (Co3aaHnsa amnoB)

» pgcopydb - ytunuta Tanor Postgres gnsa IorM4yeckoro
pe3epBUpoOBaHUS

» pg_receivewal - gnsa co3gaHua NoToYHbIX apxnsos WAL

» pg_resetwal ona nameHeHuna pasmepa WAL-cermeHTOB

t";’ntor

YuebHbin Kypc "Tantor: ALMUHAUCT pupoBaHune PostgreSQL 17" TaHTop Jlabc © 2025 www.tantorlabs.ru 40




YTunuTtbl ynpasneHus (opyrve)

e pg_checksums - BKtOYEHNE/OTKIOUYEHNE MOACUYETA KOHTPOSIbHbIX
CYMM 6/I0KOB AaHHbIX U MpoBepKa 6/I0KOB AaHHbIX KflacTepa

e pg_rewind - 4N CUHXPOHU3ALMU KNTACTEpPOB, HaNnpumMep, nocrne
aBapUUHOIo NepPEeKIFOYEHNS Ha PU3NYECKYIO PENNNKY N B Npouenypax
anrpenga

* pg_upgrade - ona nepexona Ha HOBYO OCHOBHYIO Bepcuto CYB/1

» pg_test_fsync - usmepsiet ckopocTb 3annucu B WAL cermMeHTbl B pa3HbIX
peXxmnmax

» pg_config - "HpopmMauma o NapameTpax HcTannsaumm n céopkun CYb/1

* pg_controldata - BbIBOOAUT B TEKCTOBOM BUAE COOAEpPXUMOEe
ynpasnsaowero ¢anna knactepa $PGDATA/global/pg_control

t";’ntor
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YTunutbl ynpasneHus (MpoaomKeHne)

» pg_isready - npoBepKa YTO KlacTep NPMHUMAET COeAUHEHNS

o oid2name - ygobHaa ytunuta gns noncka K kKakomy obbekTy
OTHOCUTCS dann nnn AUPEKTOPUS

* Vacuum_maintenance.py u gpyrue ckpuntbl Ha A3blke
Python, ucnonbayrotca paclumpeHmem angd
CeKUMOHNpPOBaHUA pg_partman pg_repack - oTHOCUTCA K
OAHOUMEHHOMY pacCLIMPEHUIO, peannsyrolemy aHanor
VACUUM FULL, Tonbko 6€3 MOHOMONbHOW 6/TOKUPOBKU

» pg_ctl - ynpaBnsaeTt ak3eMnnsapoMm Knactepa, bbina
paccMOTpEHa paHee

 initdb - co3pgaeT knacTtepa, oblina paccMoOTpPEHa paHee
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YuebHbln Kypc "Tantor: AGMUHAUCT pupoBaHue PostgreSQL 17" TaHTop Jlabc © 2025 www.tantorlabs.ru 42




NKor

1c

YTunuta psql
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TepMWHanbHbIU KNUEHT psql

* MO3BOJIIET UHTEPAKTUBHO BBOAUTb KOMaHAbI

* MOXHO NnepepgaBaTb KOMaHAbl U HE MHTEPAKTUBHO - KOMaHgbl MOTyT
6bITb B3SIThbl U3 panna nnm napamMmeTpa KOMaHOgHOU CTPOKMU

e €eCTb ¢aunnbl KOHPUrypaumm
rnobanbHbIN /opt/tantor/db/17/etc/postgresqgl/psglrc
fToKanbHbIX NO YMOMYAHUIO ~/ .psglrc

* HeunHTEepaKTMBHOE BbINOSIHEHNE KOMaHA:
psgl -f o¢ann ckpunra.sql
psgl -c "CREATE SCHEMA sh; CREATE TABLE sh.t (n
numeric) ;"

e OMUCcaHue NnapamMeTpoB KOMaHAHOM CTPOKU psgl --help

ﬁawor
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psql: nogkntoyeHue K 6a3e aaHHbIX

e psql nogknovyaeTca K KOHKPETHOM 6a3e JaHHbIX B KlacTepe

o [1na nogcoeanHeHnsa K 6a3e HY>XHO MPONTU ayTEHTUPUKALUNIO

e CMocobbl ayTEHTUPMKALMN PpaCCMaTPUBAIOTCA B CNeAyoLWMX rnaBax
e Ponb n nonb3oBaTtesib CUHOHUMbI M aOCONOTHO OANHAKOBbIE MOHATUSA
o Mopkno4YnTbCca 0AHOBPEMEHHO K HECKONbKUM 6a3am gaxke

PacCnos1oXXeHHbIM B OAHOM 1N TOM >Xe KJ/laCTepe HEJIb3A
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psdl: napamMeTpbl NOAKTHOYEHUS

« [lapamMeTpbl KOMaHAHOW CTPOKM A8 NnoacoeanHeHus:

* -U ponb, N0 ymMon4yaHUio nMa nonb3oBartens onepaunoHHON CUCTEMBI
o -d nma_basbl, MO YMOSTYaHUIO UMS POJTU

« -h xocCT, no ymon4yanuto /var/run/postgresql

e -p NOPT, MO YMONYaHUto 5432

o« KoMaHAabl:

« KomaHpa BbiBOAA geTanen noacoeanHeHus:
\conninfo

» MepenoacoeguHeHune:
\c mMAa Oasel ¥MMA POJIM XOCT MHOPT

* NapamMeTpbl TEKYLLEero coeamHeHna MOXHO nepenaTtb, yka3an
cumeon Tupe "-"
\c = = localhost

ﬁawor
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[TonyyeHune cnpaBku No KomaHgam psdql

e KOMaHAbl psql HAYMHaKOTCA Ha ob6paTHbIN cnaL \

e MapameTpbl KOMaHgHOW CTPoKK psql --help

e cnpaBka no komaHgam psql \?

e cnuncok komaHa SQL \h
nocne \h MOXXHO BBECTU HaYvasibHble C/TOBa KOMaHAbl U MOAYYUTb MO HEN
NOMOLLb

e MO YMOJNTYaHUIO €CNN pe3yfibTaT He NOMELLAETCHA B OKHe TepMuMHana
MCMNOJIb3YETCHA NOCTPAHMNYHbIN BbIBOL

e [OJ1 MOCTPAHUYHOI0 BbIBOAA UCMOMb3YHOTCS YTUNNUTbLI onepauLnoHHOU
cuctemMmbl more unu less, ytunura less ygobHee

e YTUNUTaA yYCTaHaBNMBaAETCH KOMaHOON \setenv PAGER 'less -XS'

° PEXUM NOCTPAHMYHOIro BbIBOAA OTK/IHOYAETCA KOMaHA0M
\pset pager off

* B pexunme NOCTPaHUYHOro BbiBOJa (Mocne gBoeTtoumns):
g - BbIX0oA, Z - Bnepén, b - Ha3zapg, h - nomMoLb
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dopmaTmpoBaHue BbiBoAa psql

« [lo ymonyaHuto psql BbIBOAUT pe3ysnbTaT 3arnpoca c rncesgorpadmnkon:
postgres=# select datname, datistemplate from pg database;

datname | datistemplate
___________ o
postgres | £

templatel | t

templatel | t
(3 rows)

* MOXHO AeTanbHO HacTpouTb popmMaT BbiBOAA NapaMeTpaMun \pset U
nepeknyatTenamm \a \t \x

* MOCMOTPETb TEKYLWME HACTPOUKU GOpMaTUPOBaAHUA: \pset

* OTOOpa)KeHue BpeMEHU BbINOSIHEHUA KOMaHAbl, YA06HO A/19 HACTPOWUKMU
NPON3BOAUTENIBHOCTU \timing on
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YuebHbln Kypc "Tantor: AGMUHAUCT pupoBaHune PostgreSQL 17" TaHTop Jlabc © 2025 www.tantorlabs.ru 48




BbiBOL pe3ynbTata B popmate HTML

e psql -c¢c "komaHma;" -H -o f.html | xdg-open f.html

¥ Maozilla Firefosx

set format html

html . Svar/lib/postgresql/file.html  * ar
file html
ow all: %] O file:///var/lib/postgresql/file htmi i
xdg-open file html name setting description
' allow_in place tablespaces off Allows tablespaces directly inside pg_tblspc, for testit

Beducation:~§ logout |allow_s',rstem_table_mods |off |Allows modifications of the structure of system tables
|applic ation_name psql Sets the application name to be reported in statistics a1
|a.rchive_c leanup command Sets the shell command that will be executed at every
|mchive_cormna.nd |(disabled) |Sets the shell command that will be called to archive &
archive mode off Allows archiving of WAL files using archive comma
archive timeout 0 Forces a switch to the next WAL file if a new file has

within N seconds.

array_nulls on Enable input of NULL elements in amrays.
authentication_timeout 1min Sets the maximum allowed time to complete client au!
auto_explain.log_analyze on Use EXPLAIN ANALYZE for plan logging.
auto_explain.log_buffers on Log buffers usage.
auto_explain.log_format text EXPLAIN format to be used for plan logging.
auto_explain.log level log Log level for the plan.
auto_explain.log min_duration 3s Sets the minimum execution time above which plans
auto_explain.log nested statements off Log nested statements.
auto_explain.log_settings off Log modified configuration parameters affecting quer
auto_explain.log_timing on Collect timing data, not just row counts.
auto_explain.log triggers off Include trigger statistics in plans.
|auto_explain.log_verbose |on |Use EXPLAIN VERBOSE for plan logging.

— |auto_explain. log wal |off |Lo-g WAL usage.
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BbiBOL pe3ynibTata B pacluupeHHoOM ¢opmaTte

o repeknoyaeTcsa kKoMmaHagon \x

postgres=# x

Expanded display is off.

postgres=# X

Expanded display is on.

postgres=# select * from pg settings limit 1;

-l RECORD 1 J---dmmmmmm e e e oo
name allow in place tablespaces

setting off

unit

category Developer Options

short desc
extra desc

Allows tablespaces directly inside pg thlspc, for testing.

|

|

|

|

|

|
context | superuser
vartype | bool
Source | default
min_wval
max_wal |
enumvals |
boot wal | off
reset wval | off
sourcefile |
sourceline |
pending restart | f

postgres=# \x
Expanded display is off.
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[MpurnaweHue K BBogy KomMmaHg, (npomnt) psql

o 3a4yeM? nsberaTtb BblAaunm KomMaHg "He B TOM OKHe"
o [Mpurnawenne (NMPOMMNT) MOXHO MeHATb KOMaHaamMu

\set PROMPT1 n \set PROMPT2 EEE%FESZ# begin transaction;
costgres=# \set PROMPT1 '%[%033 PGSEEWSZ:ﬁ ielict o
\set PROMPT2 '%[%033[0;31m%]%ny  POStEres—™# tantor.version();

. antor_version
postgres@postgres =% begin; T _____
BEGIN Tantor Special Edition 1C 17.2.1
postgres@postgres *=# select 1; (1 row)

postgres=*# Selec;
o "-" BTOpaa n nocnepyroLlime CTPOKM  ERROR: syntax error at or near "Selec"
(PROMPTZ) LIME 1: Eelec;
o "*¥" OTKpbITa N He 3aPpMKCUPOBaHa 0ostgres=# commit;
TPaH3aKum4 ROLLBACK

postgres=# |

"I" TpaH3aKunsa B COCTOSAHUM cHos U
MOXXET TOJIbKO OTKaTUTbCH, Aaxke ecnn Habpate COMMIT;

é&hhm'
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ABTO(I)MKC&LI,MFI TpaH3aKLI,Ml71 U BbIlNMNOJIHEHNEe KOMaH[4
psal

e M0 YMON4YaHuto psql paboTaeT B pexmme aBToMaTUYECKOMN
dmnkcaummn tpaHsakumm (AUTOCOMMIT)

* VIameHeHne pexxnma aBToPpuKcaluu.
\set AUTOCOMMIT on

\set AUTOCOMMIT off

* MOCMOTPETb NepemMeHHble psgl: KomaHaa \set

* OYNCTKa bydpepa HabpaHHbIX KOMaHA \r

e NpocMoTp bydepa nnu nocriegHen KomMmaHabl ecnm éydep nycT
\p

* ;<ENTER> 3aBepuwlaeT koMaHay SQL 1 nocbinaeT ee Ha
BbINOJIHEHNE CEePBEPHOMY MpoLeccy
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[lepemMeHHble psql

o YCTaAHaBIMBAOTCA KOMaHO0MN \set MMSA 3HaUYeHne

° CpOK XNU3HN OO0 BbiXOAa U3 pSQl Ui 0O BblIMOJIHEHNA KOMaHAbI
\unset wmmMm4

e €CTb nepeMeHHble OKPY>XXEHUA Ol'lepaLl,MOHHOlZ CUCTEMbI Ha
KoTopble pearnpyeT psql

* UX MOXHO YCTaHaBnMBaTb B psql unu B dpannax napamMeTpoB
(~/.psqglrc)
\setenv PSQL EDITOR /usr/bin/mcedit

€}MN
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BbinonHeHne KoMmaHaHbIX ¢pannos B psql

o \! linux_command - BbIMOJIHNTb KOMaHAY OﬂepaLLMOHHOVI
CUCTEMDI

e \o file.sqgl - NepeHanpaBuTb BbIBOA B ¢paunn

* \o - BEpPHYTb BbIBOA, Ha 3KpPaH

e \1 file.sqgl - BbIMOAHUTb KOMaHAbl U3 ¢panna

» Ewe npumepbl Kak BbINOMHUTb KOMaHAbl U3 panna:
psqgl < file.sgl
psqgl —-f file.sgl

» BbIMONHUTbL Ka)Xkgyro CTPOKY, popMuUupyemyto 3anpocomMm SELECT

KaKk KomMaHay B psql:
SELECT 'checkpoint;' \gexec

€}MN
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[ padpudeckue npunoxxeHusa: DBeaver

* MMeeT CBOBOAHO pacrnpoCTpaHAeMYO BEPCUID
» HanucaHa Ha f3blke java 1 paboTtaeT B AcTpa JInHykc 1.8

r24.0.4 - hobdef()
®ain  PeOakTMROBaHWME  HaBWrauns
¢~ LS N TR 4
R A -
™ Bazogann X @ rpoektn = B
¢~ =+ §
BEEMTE HacTb MMEHK OBb... T -
MEpostgres - Jocalhost: 5432
o E8 Bazbl 4 aHHb
v postgres
v [ Crembl
W [ public
» I TaBamum
» Bl BHewHWe Taf Uk
> BINpeacTasnenya
» BIMaT, npeacTaeneHms
> M Haekcl
~ I DyHkL K
»f _ plpgsgl_show_depender
> f _ plpgsgl_show_depender
e
> £ po_stat_statements(in boo

search  PepgakTop SQL Baza AaHHbi  OkHa  CNpaeka

L

J bobdef() X

I Ceoiictea

"E; postgres = | Bazbl OaHHbBIX

HazeaHWe: bobdef

ONMCEHWE NpoLeaypsl

[ NapameTpel Npoueaypel
[ 3asrcHmMoCTH

[ Properties /...

[ Mpaea pocTyna

<] MACXOAHBLIR KOQ

END:

@ project - General X =g ?fl-ll‘ﬂ‘-tiolﬁ

g =+
HazeaHne MCTOYHKE £
> [ Bookmarks
> [ Dashhoards
> B Diaarams Source R B3 show permissions T Show comments M8 Mokazate 2arono

MSK | ru R Wiritable Smart Insert 11...51

v £ postgres G0 Crevo ¥ fpuhlic

Auto O - W opostgres v public@postyres ¥
Q =@
=

Twn: Function

ID obrekTa: 16568

-- DROP FUMCTIOM public.bobdefi):

~ CREATE OR REFPLACE FUHCTIOM public.bobdef()
RETURMS text
LAHGUAGE plpgsgl
SECURITY DEFIHER

As $function$
BEGTIH
RATSE HOTICE 'search_path %', current_sch
RATSE HOTICE 'current_user %', current_us
RATSE HOTICE 'sessicn_user %', sessien_us
RATSE HOTICE 'user %', user:
RETURH niow(:
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[‘paduyeckmne npunoxeHus: pgAdmin

« cBOHOHO pacnpocTpaHaemas rpadmyeckasa nporpamma ans

paboTbl ¢ Knactepamu PostgreSQL
» pgAdmin paboTtaetT B AcTpa JInHyKc 1.8

File Object Tools Help
Object Explorer S B % Q
~ = Servers(1)
~ (7 tantor
~ = Databases (1)
~ = postgres
> [ casts
> 4 Ccatalogs (2)
» [C! Event Triggers
+ ' Extensions (1)
7 plpgsal
~ g,' Foreign Data Wrappers
~ Languages (1)
plpgsgl
> (' Publications
« % schemas (2)
> ¢ public
> @ sh
~ ) Subscriptions
> &b, Login/Group Roles (16)
v Tablespaces (2)
pg_default
pg_global

pgAdmin 4

Dashboard X Properties X SQL X

General  System Statistics

Server sessions M Total

Tuples [l Inserts [ Updates [lil Del
in

100
75
50
25

0

Server activity

Statistics X Dependencies X Dependents X Processes X

Active [l Idle  Transactions [l Transactions [ Commits [ll Rollbacks

per second
=) 4 ‘
I
3 i
|
2 |
- 1 Lo
|
) I\
Tuples M Feiched /] Retumed  Block /0 W Reads [ Hits
out
300
1,000
750 200
500 100
250

0 LI
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[ padunyeckume npunoxxeHus: Nnarpopma Tantor

o MPUNOXeHne gna aoMUHUCTPUPOBAHUA U MOHUTOPUHIA
6onbloro Yncna knacrtepos PostgreSQL u knactepos Patroni
* NpunoxeHue knacca Enterprise Manager

QntOf ..~ postgres & % O °

postgres - (:)
1 CREATE OR REPLACE FUNCTION public.pg stat_statements_info(OUT dealloc bigint, OUT stats_reset timestamp with time
SQL-pepakTop zone)
2 RETURNS record
— Q 3 LANGUAGE ¢
4 PARALLEL SAFE STRICT
5 AS 'slibdir/pg_stat_statements', $function$pg_stat_statements_info$function$
Schemes
#= public
Tables
Views
Functions

pg_stat_statements
pg_stat_statements_ir
pg_stat_statements_re

pg_store_plans

pg_store_plans_hash_c
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IleMOHCTpauud

« CKauymBaHMe NHCTannaTopa

e YCTaHOBKa pa3peLlleHmnst Ha UCMOSTHEHUE UHCTaNNATopa
» YCTaHOBKa ajpeca pacnosioXXeHusa guctpnbyTtmeos

» YcTaHOBKa C co3gaHunem 6a3bl gaHHbIX

» [1poBepKa, YTO KNnactep paboTaeTr

» OcTaHoBKa cnyx6

o [lenHcTannauusa

t";’ntor
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[1pakTuka

1. Co3paHue KnacTtepa

2. CospaHune knacrtepa ytmnuTtou initdb

3. PeXXnum ogHoro nonb3oBartens

4. lNepepnaya napamMeTpoB IK3eMMIAPY B KOMaHOHOWU CTpoOKe
5. Jlokanunsauud

6. OgQHOBGanNTHbIE KOAUPOBKMU

/. icnonb3oBaHWe YTUNUT ynpaBJieHUS

8. HacTpounka TepMUHanbHOro KnmeHTa psql

9. Ncnonb3oBaHne TepMUHANbHOIo KNMeHTa psql
10.BoccTaHOB/IEHNE COXpPaHEHHOro KlacTepa

t";’ntor
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QﬂtOf

23

ApxutekTtypa PostgreSQL

t";’ntor
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Ok3emnnaAp PostgreSQL

» ak3emnnap PostgreSQL - npouecc postgres,

—> npouecc 1
nopo>XAeHHblE MM MpouecCCbl onepaunoHHOU
npouecc 2

CUCTEMDI, MNaMATb, KOTOPYH UCTMOJIb3YHOT 3TU U

npoueccChbl
. [ ]

npumMep NPoL,EeCcCcoB: |

postgres@tantor:~$S ps -elLo ppid,pid,cmd | egrep 'PPID|postgres'
PPID PID CMD
1 743184 /opt/tantor/db/17/bin/postgres OCHOBHOM NpoLecc

743184 743185 postgres: logger npoLecc 3anucu B XXypHan logging collector
743184 743186 postgres: checkpointer $OHOBBIN MPOLECC KOHTPOJSIbHOMN TOYKU
743184 743187 postgres: background writer npouecc poHOBOW 3anncu
743184 743189 postgres: walwriter npouecc $oHOBOM 3aNnCK B XYypHar
743184 743190 postgres: autovacuum launcher npouecc 3anycka aBToBaKyyma
743184 743191 postgres: pg stat advisor BackgroundTaskManager MpouUecc paclmpeHus
743184 743192 postgres: autoprewarm leader npouecc paCWnpeHns pg prewarm
743184 743193 postgres: logical replication launcher npouecc 3anycka 1ormyeckomn pennmkaumm
644740 795748 psgl -d demo -U alice -h /var/run/postgresql KITUEeHT, yTunIunTa psqgl
743184 795749 postgres: alice demo [local] idle npouecc, 06CnyXxXmBarowmm psql
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Ak3emnnsap PostgreSQL

° , MamMaTb,
( ) al’;::]\:]aci]uel:,m au’t\,?,\é?fgrum Checkpointer Data
0432 postgres \
\ ) autovacuum ) [EOCK hash] [PROC lock]
CeéTb \ worker
. . LOCK PROC
: [ checkpointer [ bgwriter ]
psq| backend . ‘Walwrlter u npyrue
Buffer Descriptors
| = Shared Buffer Lookup
pg_dump : backend Ko OyQepon Table SSIESE : qC):LOG
= epa =
! 8K6|8K6‘8K6|8K6‘8K6|8K6‘8K6| megf; conie | [ mxact
pg_receivewal + walsender s A
: CTpaHI/LquH‘/’ITKSLU OINIEPAaLMOHHOM CUCTEME
\4 I v
dannbl JaHHbIX B: PGDATA/pg_xact
PGDATA/base dannbl XypHana B: PGDATA/pg_subtrans
PGDATA/global PGDATA/pg_wal PGDATA/pg_multixact
PGDATA/pg_tblspc n apyrue

t";’ntor
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3anyck ak3emnndapa, npouecc postgres

» 3anyckaeTtcq npouecc postgres

e CYMTbIBatOTCA pansibl NapamMeTPoB N KOMOUHMNPYIOTCA C
napamMeTpamu, nepegaHHbIMM B KOMaHOHON CTPOKe

* NpoOBepATCA pa3pelleHna Ha aupektoputo PGDATA

» MpOBepsAeTcd Hanuune ynpasnsaiowero ¢anna pg control

* BblAendeTcda NnaMsTb, 3arpyXxaroTcsa pasgenaemble OMb6InoTeku

« B PGDATA co3paeTtcsa ¢ann postmaster.pid Hanmume KoToporo u
NpaBUNbHOCTb HOMEpPa NpoLecca npoBepseTcda pas B MUHYTY

e npouecc postgres perncTpupyeTt cepBepHblie COKeTbl, CO34aeTcH
dann UNIX-cokeTa

* Yyntaetcqa ¢ann c napameTpamm ayTeHTUPUKaumMm pg hba.conft

» 3anyckaeTc4d npouecc startup n poHoBbIE NpoLecChl

t";’ntor

YuebHbln Kypc "Tantor: AGMUHAUCT pupoBaHune PostgreSQL 17" TaHTop Jlabc © 2025 www.tantorlabs.ru 63




3anycK cepBepHOro npouecca

o [OJ151 KaX4,0M CECCUM CO3[aeTCs CepBePHbIN NMpoLecc

o MIHMumannsnpyroTca (BbliAeNnstoTCH U 3aN0NHAKOTCS) TPU KaLWa B
NTIoKanbHOW NMaMATU CEepPBEPHOro npouecca:
> Kaw gns 6bicTporo goctyna K Tabnuuyam (RelationCache)
> Kaw Tabnuy cuctemHoro katanora (CatalogCache)
> Kaw nnaHoB BbiNnonHeHust KomaHpg, (PlanCache)

» BblaendeTcsa namMmaTtb nod MmeHepXXep "noptanoB" TopPortalContext

* K/IMEHT ayTEeHTUPMUUpyeTCs

o OOrpyXarTcs pasgengaembole 6UONNOTEKU, YKa3aHHbIE B MapamMeTpax
session preload libraries U local preload libraries

« BblgensieTca namMaTb MessageContext ana TekcTa KoMaHg, U
NpoLecc rotoB K NpUeMy KomMaHA
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O6Lwasa naMATb NPoLEeCcCcoB aK3emMnaapa

» 6onbwee 60 CTPYKTYP NaMATH
* pasmepbl U CANCOK - B NPeACTaBNeHUN pg shmem allocations

s pasMep YacTu CTPYKTYp 3a4a€Tca napameTpamMmn KoHOUrypaumm

select * from (select *, lead(off) over(order by off) - off as true size from
pg_shmem allocations) as a order by 1;
name | off | size | allocated size | true size
———————————————————————————— i e e et e
<anonymous> | | 4946048 | 4946048 |
Archiver Data | 147726208 | 8 | 128 | 128
XLOG Recovery Ctl | 4377728 | 104 | 128 | 128
| 148145024 | 2849920 | 2849920 |

(74 rows)
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Kaw Tabnuy CUCTEMHOIoO KaTtasnora

* BblOeNsieTcs B JIOKaNbHOM NaMATU KaXXAoro npouecca B KOHTEKCTEe
CacheMemoryContext

e MpPKW co3gaHnn Unu yganeHnm obbekTa, npouecc 3apmKcmMpoBasLLNM
TpaH3aKuuto, NocblnaeT coobuleHne B Konbueson 6ypep shminvalBuffer
pasgendaemMomn namMmsaTu

» Oydep xpaHuT go 4096 coobLeHnm

e Npouecchl NOTPebNAT coObLEHNUA N OOHOBNIAIOT CBOWU NOKaNlbHble KLU

e €C/In npouecc nponycTuUT COOBLLEHNSA, TO NOSTHOCTbH OYNUCTUT CBOWU
fioKanbHbIN KaW Tabnuu cuctemMmHoro katanora (CatalogCache) u 6yget ero
3aHOBO 3aMOJHATb

select * from (select *, lead(off) over(order by off) - off as true size
from pg shmem allocations) as a where name='shmInvalBuffer' order by 1;
name | off | size | allocated size | true size
———————————————— e e S et e e
shmInvalBuffer | 146865024 | 68128 | 68224 | 68224
(1 row)
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[lpepctaBneHne pg stat slru

« BPGDATA ecTb NnogaupeKTopumn, B KOTOPbIX COXPaHAKTCA CNy>XebHble
OaHHble KnacTepa

o [ON151 YCKOPEHUS O0CTyna Ha YTeHUe-3anncb B pansbl 3TUX OUPEKTOPUN
MCNONb3YHOTCA K3LLKM B pa3fgensaeMomn namMaTm aKkemnnspa

e CTaTUCTUKaA UCNoNib3yeTca ANsd YCTaHOBKU NapamMeTpoB KOHQUrypaumu,
3agarowmx pasmepbl SLRU-kawen

select name, blks hit, blks read, blks written, blks exists, flushes, truncates from pg stat slru;

name | blks hit | blks read | blks written | blks exists | flushes | truncates

—————————————————— e e
commit timestamp | 0 | 0 | 0 | 0 | 103 | 0
multixact member | 0 | 0 | 0 | 0 | 103 | 0
multixact offset | 0 | 3 2 0 | 103 | 0
notify | 0 | 0 | 0 | 0 | 0 | 0
serializable | 0 | 0 | 0 | 0 | 0 | 0
subtransaction | 0 | 0 | 26 | 0 | 103 | 102
transaction | 349634 | 4 | 87 | 0 | 103 | 0
other | 0 | 0 | 0 | 0 | 0 | 0
(8 rows)
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JlokanbHaa namMATb npouecca

* AOCTYMHa TONbKO OAHOMY NpoLeccy, N03TOMY BOKMPOBKU AN
A0CTYyNna K HEN HE HYXXHb
» Oonbllada YyacTb CTPYKTYpP HE 3aHMMaeT MHOIO NaMATU U UHTEPECHbI
TONIbKO A1 NOHMMaHUA anropMTMoB paboTbl NpoLeccoB
» MapameTpbl, Hanbonee CUNbHO BAUAIOLLNE Ha BblaeNeHne ToKalbHOW
namMATK nNpouecca:
> work mem - BblgenaeTca ons obcny>xxuBaHue y3sos (Wwaros) niaHa
BbINOSTHEHWSA (€Cnn Wwaru cnocobHbl BbINOAHATLCA OAHOBPEMEHHO), B TOM
YUcne KaxXgblM napannesibHbiM NpouecCoM. BmecTe C MnapaMeTpoM
hash mem multiplier BAUAET Ha NaMATb, BblAENAEMYHO KaXXabIM
cepBepHbIM U NapannesbHbIM NPOLLECCOM.
> maintenance work mem 3Ha4yeHue rno ymonyaHuto 64MB. 3apaeT
obbeM NamATK, BblgensaemMbin KaxkablM MpoLeccoM (CepBepHbIM,
napanfenbHbIM), y4acTBYOLEM B BbINO/IHEHUM KOMaHA VACUUM,
ANALYZE, CREATE INDEX, ALTER TABLE ADD FOREIGN KEY
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[lpenctaBneHne pg backend memory contexts

* MNokasblBaeT NaMsATb, BblAESIEHHYO CEPBEPHbLIM NPOLECCOM,
006CNy>XNBaKOLWMM TEKYLLYH CECCUIO

e KOHTEKCT namsaTn (memory contexts) - Habop Yacten namaTh (chunks),
KOTOpble BblOENSAOTCSA NPOLECCOM ANS1 BbINOSIHEHUS KAKOU-TO 3afa4u

e 01151 BbINOSIHEHUA NoA3a4ayun MOXET BblAENATbCHA LOYEPHUN KOHTEKCT

» KOHTeKCTbl 06pa3yoT AepeBo (Mepapxuio)

* B MpencTaBneHnn nepapxmto otobpaxaroT cTonbubl: name (Ha3BaHue
KOHTEKCTa NamMaTu), parent (Ha3BaHWE POAUTENBCKOrO KOHTEKCTA
namsaTu, level

» B CTONMbUE ident cogepXxutcsa getanmsayus Toro, YTo XpaHUTCSA B
KOHTEKCTe

select sum(total bytes), sum(used bytes), sum(free_bytes) from pg backend memory contexts;
sum | sum | sum

_________ +_________+________

2114816 | 1380760 | 734056
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DyHKUnA Pg log backend memory contexts (PID)

* HauduHas ¢ 17 Bepcun y komaHgbl EXPLAIN ecTb onuus memory (no
YMOJTYaHUIO OTK/TKOYEHA), KOTOpas BblAaeT CKOJIbKO NaMsTh
MCNONIb30BaN MIAHUPOBLLNK N OOLYHO NaMATb CEPBEPHOro npolecca

* MaMATb YY>XXNUX CECCUN MOXHO BbIBECTU B AMAarHOCTUYECKUN nor
Knactepa pyHKUnen:

postgres=# SELECT pg_log backend memory contexts(1l1ll);
rg log backend memory contexts

(1 row)
LOG: statement: SELECT pg log backend memory contexts (111);

LOG: logging memory contexts of PID 111
LOG: level: 0; TopMemoryContext: 60528 total in 5 blocks; 16224 free (6 chunks); 44304 used
LOG: level: 1; TopTransactionContext: 8192 total in 1 blocks; 6728 free (0 chunks); 1464 used

LOG: level: 2; AV dblist: 8192 total in 1 blocks; 7840 free (0 chunks); 352 used
LOG: Grand total: 658848 bytes in 38 blocks; 270616 free (32 chunks); 388232 used
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CTpyKTypbl NaMATH, ob6cnyxupatowme 6ydpepHbIN KoL

« Buffer Blocks - caM 6ydepHbIn KoLl

> BblaenseTcsa namMsaTtb no Yncny éyepepos*8192 6auta nntoc 4096 6aunt

> napameTp KoHourypaummn shared buffers 3afae€T yncno 6ydpepos
« Buffer Descriptors - onucatenu (3aronosku) éydepos

> BblaenseTcsa namMatb No Yncny éydepos * pasmep onucatens (64 6anta)
* B KaXXOM onucarene XxpaHUTcs:

> appec 6noka Ha gucke B Buae meTkn 6noka (BufferTag)

— appec 6noka copgepxut: TbC, b1, pann, dopk, Homep 6510Ka OT Havana
nepBoro ¢anna

> ajpec bydepa B BUAE NOpAAKOBOro Homepa bydpepa B bypepHOM KaLle
» onucartenb cBs3aH 1:1 (oanH K ogHoMY) ¢ bydpepom
e OaHHbIX B 20 6auTax KoTopble 3aHMMaeT BufferTag goctaTtoyHo (He
HY>XHO HUKYyOa obpawaTtbcs), YTobbl cyMTaTh 610K C AMUCKaA
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CTpyKTypbl NaMATH, ob6cnyxupatowme 6ydpepHbIN KoL

» Mocne 3anycka ak3emnndpa, noka sce dydepa
You-TaGAML cBoboaHbl freeNext ykasbiBaeT Ha crie4yowmnm rno
Shared Buffer Lookup Table nopﬂﬂle 6y¢ep.

NUM_BUFFER_PARTITIONS=128

128 BufStrategyControl

KasaTenu Ha cneE¥+ou4w7| CBOGOAHbLIN

ep, freeNext

neckpunTtopbl 6ydepos
Buffer Descriptors

nyn 6ypepor (6ydpepHbIN KaLw)

shared buffers

BufferTag

p

antor
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[Monck ceobopgHoro 6ydepa

e ecnm npouecc xo4et paboTaTb C OJIOKOM, TO OH €ro ULLET B
bydepHOM Kalle. Ecnn HaxoguT, To 3akpennseT. MHOXeCTBO
NpoLeccoB MOXET 3akpenuTb bydep. Ecnu npoueccy 6ydpep He
HY>X€EH, TO NpoLEecC CHUMAaET 3aKpersieHune.

* 3aKpenfieHne NpenaTcTBYET 3aMeHe B bydepe 6noka gpyrum
610KOM.

» Oydepa mMoryT Bo3BpallaTbCs B CNUCOK cBO6OAHbIX. OBbIYHO

CNUCOK cBOBOAHbIX BydepoB nNycCT

128 BufStrategyControl

KasaTenu Ha cnegyrowmn csoboaHbin gy dep, freeNext
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ANropuTM BblITECHEHUSA IPsA3HbIX BypepoB

« npouecc checkpointer nepepn NOCbINKON rpsA3HbIX 6/TOKOB Ha 3annchb
COPTUPYET UX OTAEMbHO MO KaXxaomy danny

select * from (select *, lead(off) over(order by off) - off as true from
pg_shmem allocations) as a where a.name like 'Buf%' or a.name like 'Check%' or
a.name like '$Lookup%'order by 1;

name | off | size | allocated size | true
——————————————————————————————— e
Buffer Blocks | 6779776 | 134221824 | 134221824 | 134221824
Buffer Descriptors | 5731200 | 1048576 | 1048576 | 1048576
Buffer IO Condition Variables | 141001600 | 262144 | 262144 | 262144
Buffer Strategy Status | 142520064 | 28 | 128 | 128
Checkpoint Bufferlds | 141263744 | 327680 | 327680 | 327680
Checkpointer Data | 146945664 | 524344 | 524416 | 524416
Shared Buffer Lookup Table | 141591424 | 2896 | 2944 | 928640

ows)

Checkpoint BufferIds

Checkpointer Data

Buffer IO Condition Variables
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CtpaTtermu 3ameHbl 6ydpepon

* yucno 3anuncen B BufTable ato cymma NBuffers u
NUM_BUFFER_PARTITIONS
» MeToAbl 3aMeHbl 610koB B bydepHom KonbLe (buffer cache replacement
strategy):
> BULKREAD. [ns nocnegoBatenbHOro YreHuUsa 6nokos Tabnuy (Seq Scan)
pa3Mep KOTopbIX HE MeHbLUe 1/4 kawa 6ydepoB ncnonb3yerca Habop 6ypepos
B OydepHOM Kalle pa3zmepom 256K6
> VACUUM. I'pA3Hble CTpaHuUUbl He youpatroTcsa U3 Konbla, a NocbilatoTca Ha
3anucb. Pasmep Konbua 3agaeTcd napameTpom KoHurypaumm
vacuum buffer usage limit.[lo ymonyaHuro 256K6.
> BULKWRITE. Vcnonb3yeTtca komaHgamu COPY u CREATE TABLE AS SELECT.
Pa3amep kKonbua 16 MO0.
» B OydepHOM Kalle 610K MOXKET HaxoguTbcs TONIbKO B 04HOM bydepe
* ecnun bygep cTan rpasHbIM, OH UCKIoYaeTca U3 bydpepHOro KonbLa.
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[Tonck 6noka B OypepHOM KaLle

[Tpouecc ak3emnnsapa:

CO3[a€eT B CBOEW /IOKaIbHOWN NaMATK aK3eMnndap CTPYKTypbl BufferTag
BbluncnsieT 4-6antHoin xaw oT BufferTag

MO 3HAYEHMUIO X3Lla onpefenseTr HoMep NapTUUmMm B XaW-tadbnuue
Shared Buffer Lookup Table

3anpalwmnBaet nerkosecHyto (LWLock) 6noknpoBky TmMna
BufMappingLock naptiunm tTabnuubl B KOTOPYHO Nonasno 3HavYeHune
Xala

B X3LW-Tabnuue HaxoauT nopsigkosbi HOMep 6/10Ka B Kalle bydepos
nnn -1 ecnun 610Ka HeT B Kalle
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3akpenneHue bydpepa (pin) n 6nokmposka content_lock

e 3akpennenue (pin) ncnonb3lyeTcs ANsa Toro, YTobbl 6N0K B bydpepe He
6bl1 3aMEHEH Ha Apyrou

o ONS YTEHUA UNN UBMEHEHUA COOEPXNUMOro 6noka B bydpepe HyXXHa
nerkoBecHas 6nokupoBka content_lock, ccbinika Ha KOTOpPYHO
cCOXpaHAaeTca B onucartene 65ioka Buffer Descriptors

» BNIOKNPOBKaA A0/MKHa yaep>XXuBaTbCs KOPOTKOE BPEMS, B OT/IMYME OT pin

o [ONS yganeHust MecTa 3aHuMaemoro ctpokon (HOT cleanup nnu
vacuum) nocne pin u Exclusive npouecc goxunaaeTcs, YTobbl y apyrunx
npoLeccoB He cTano pin (To ectb pincount=1)

o Ana pobaBneHnsa B 610K HOBOU CTPOKU UK U3MEHEHUS XmMin, Xmax
CYLLECTBYIOLWNX CTPOK NMpoLecc A0JIKEH NONYUYNTb DNOKNPOBKY
content_lock Tuna Exclusive

e ecnu npouecc umeert pin u Shared content_lock, TO OH MOXET MeHATb
HekoTopble 6UThkl B t_infomask, B YaCTHOCTU cTaTyCc duKcauumn/oTkaTa
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OcBoboxxaeHue bydpepos npu yganeHun ¢pamnos

e MNpwu yganeHun 6a3bl gaHHbIX BbINONHAETCS MOJSIHOE CKaHUPOBaHUE BCEX
aeckpuntopos 6ydepos

e MOJIHOE CKaHWpPOBaHMe OEeCKPUNTOPOB BbIMOMHAETCH, eCNu pa3Mep
yaansemoro relation 6onbwe 1/32 nyna 6ydpepos

e B OCTa/lbHbIX CNly4YasaX MOUCK OECKPUNTOPOB NAET Yepes Xaw-tadbnumuy

o Mpu yBenmyeHumn kawa 6ydepon c 116 go 1616 Bpemsa Ha NOUCK
bydpepoB Npu yaaneHUn Tabnumubl yBenmymBaeTca Ha NOpPALOK

* MOMWCK BbINOJSIHAETCS Npu yaaneHnn ¢annos B pesynbTtate DROP,
TRUNCATE n BakyyMa (ecnm He OTKJ/TIFOUYEeHO ycedeHne ¢anno.)

TPS
TPS
TPS
TPS
TPS
TPS

pgbench

IJIA
IOJIA
IJIA
J14
IJIA
IOJIA

--file=CreateAndDrop.sql -j 1 -c¢ 1 -T 10

HP
HP
HP
HP
HP
HP

128MB 417

1GB
4GB
8GB
16GB
18GB

375
227
127
55
33

CreateAdndDrop.sqgl:

create table x(id int);
insert into x wvalues (1) ;
drop table x;
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[Mpouecc ¢oHOBOW 3anucu bgwriter

npouecc bgwriter 3anuceiBaeT (writeback) rpsisHble 6ydepa n nomevaer
NX KaK YNCTble

paboTa bgwriter cHMXXaeT BEpPOATHOCTb TOro, YTO NMPoLEeCcChl HATONKHYTCS
Ha rpsisHble 6N10KK Npu noncke bydpepa-kKaHagugaTta (victim) Ha
BblITeCHeHue (eviction) onsa 3amMeHbl Apyrum 6J10KOM

"nonck ceobogHoro 6noka" ato obbl4HO Bypepa-KaHaMaaTa Ha
BblITECHEHUE N3 Dydepa 6/10Ka, TaK Kak Bce bydepa 06bIYHO 3aHATHI U
CNUCOK CBOOOAHbIX 6/I0KOB NMYyCT

NPU BbITECHEHUUN TPA3HOro 6/10Kka U3 bydepa obpalleHuns K WnHe BBoAa-
BblBOAa HeT, 3T0 "writeback": konnpoBaHue n3 namaTtn (bydep) B namMaTb
(CTpaHn4yHbIK K3W linux)

select name, setting, context, max val, min val from pg settings where name ~ 'bgwr';
name | setting | context | max val | min val

————————————————————————— fo———————

bgwriter delay | 200 | sighup | 10000 | 10

bgwriter flush after | 64 | sighup | 256 | O

bgwriter lru maxpages | 100 | sighup | 1073741823 | 0O

bgwriter lru multiplier | 2 | sighup | 10 | O
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OuucTtka Kawa 6ydpepos npoueccom bgwriter

» bydep He nonagaeTt B CNUCOK cBOBOAHbIX BYypepoB, rpsi3HbIN
bydep CTaHOBUTCSH YNCTbIM

* Ha OUCK 3amnncbiBarOTCA TONMbKO IrpsAA3Hble, He3aKpenaeHHble
O6N0KKN C usage count=0

» bgwriter He MeHfleT usage count

e MPW BKJIKOYEHHOM MOACYETE KOHTPOJIbHbLIX CYMM O0K
KonupyeTtcsa 13 Kalwa o6ydepoB B TOKaNbHYH NaMAaTb
npouecca bgwriter n B nokanbHOW NaMATU NOLCYUTbIBAETCS
N COXpaHAeTCA B 3arofyloBke 6/10Kka KOHTpO/bHas cyMmma
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KOHTpoOnbHaaA Touka

» BbINOJIHAET Npouecc checkpointer:

>

vV VvV VOV VY

nepruoanyeckmn no UCTeYeHMn checkpoint timeout

MO Pa3pacCTaHUIO XXYPHaNa max wal size

B KOHLe npoueaypbl OCTaHOBKU UK 3anycka ak3emMnnsapa
NpoaBUXEHUN PENTUKHA

KoMaHaam checkpoint, create database

npu pe3epBUpoBaHnNmn

postgres=# checkpoint;

CHECKPOINT

LOG: <checkpoint starting: immediate force wailt
LOG: checkpoint complete: wrote 5 buffers (0.0%);
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LLlarn BbiInONHEHUS KOHTpOJ'IbHOﬁ TOYKHU

e eCJ/In 3K3eMIn4ap oCTaHaB/INBaAETCA, B C])aVIn pg control
3anncbiBaeTcsd CTaTyC O Havane raweHuma sksemMmnnsapa

« Bbluncngaetcs LSN cnepgytouwen xxypHanbHou 3anmcu. 3to 6yget LSN
Ha4yasia KOHTPOJSIbHON TOYKM

* XAOET CHATUA npoueccamu npusHaka DELAY_CHKPT_START

* Ha guckK cbpacblBatoTca slru bydepa n gpyrue CTpykKTypbl
pasgensieMon namMmsaTn

» checkpointer B unkne npoberaet BCce onucartenun bypepos 1 4ns
rps3HbIX 6110koB ycTaHaenueaeT ¢nar BM_CHECKPOINT_NEEDED,
coxpaHsieT agpec 6noka (5 yncen) B cTpykType namatn Checkpoint
Bufferlds gns nocnegyrowen CoOpTMPOBKU

» rocne yctaHoBku ¢nara checkpointer He 6nokupyet 6ydep n 650K B
bydepe MoXKeT ObITb COPOLLEH Ha AUCK U 3aMEHEH APpYrm
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LLlarn BbiInONHEHUS KOHTpOJ'IbHOﬁ TOYKHU

* COXpPaHeHHble naeHTUPUKaToOpbl 6JIOKOB COPTUPYHOTCA B NopsgKe:
tblspc, relation, fork, block

» BOOKWN NOCLITAKTCA MO OAHOMY B CTPaHUYHbIM KaW linux

« Ecnu checkpoint_flush_after He paBeH HYO, TO BbIMOHAETCAH
CUHXPOHM3aLUMA MO YXXe OTCOPTUPOBaHHbLIM gMana3zoHamM 6/10KOB Mo
Kakxgomy ¢panny

« B WAL coxpaHsieTCsd MOMEHTasIbHbI CHUMOK CO CMUCKOM aKTUBHbIX
TpaH3aKunm

o GopMUpPYETCSH XYpPHasbHas 3anNUCb OKOHYAHUSA KOHTPOSIbHOM TOYKMN,
copep>kawaa LSN xypHanbHOW 3anncu, kotopas dobia chGopmMmMpoBaHa
Ha MOMEHT Ha4vasia KOHTPOJSIbHOU TOYKMU

* B panne pg control coxpaHdaetrca LSN coopmumpoBaHHOU
XXYPHaNbHOW 3anuncu

« ypanarTca WAL-cerMmeHTbl, KOTOpble He OOJIXXHbI yaep>XBaTbCH

t";’ntor

YuebHbln Kypc "Tantor: AGMUHAUCT pupoBaHune PostgreSQL 17" TaHTop Jlabc © 2025 www.tantorlabs.ru 83




B3aumogencTeme NnpoLLeccoB aK3eMmniasapa ¢ JUCKOM

o ©6noKu no 8K6 cUnTbIBAtOTCA B pasgendemMyro naMaTb Yyepes CTPaHUYHbIN
Kaw (6noku no 4K0)

» BGNOKW 3aMUCbIBAOTCS Ha AUCK Yepe3 CTPaHUYHbIN K3l

e [ONS1 3anNUCKU NCNONb3YEeTCs ONTUMMU3NPOBAHHBLIA aNTOPUTM CUHXPOHMU3ALNN

K3l OydepoB kom WAL SLRU knum
Checkpointer Data 8K6 8K6 8K6 “ 8K6 8K6 “ 8K6 8K6 8K6
Write an.d/orfsy C .
PageSetChecksumCopy() XLogWrite() -> pp_pwrite() SlruPhysicalj\ifitePage()
- PrefetchShgredBuffer() -> pg_pwritd()
CEepPBEPHB NPHUECC
8K6 CTPAHUUHHM kK5I Linux
SMQTWrIte() —>
\ 4 4KO)4KO|4KOll4 KO 4K6|4K6
checkpointer 0. flush_data()-s
HTAB i —fHe-range() 6noku PHY_SEC_SIZE | 'Po wuHe PCle
hash_create("Pending Ops Table"..
SSD v |
~ ~ €—| KOHTpO/iep |[€—| DRAM nl'6
16K6 | 16K06 S SoC ;‘ -

£d
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[1pakTuka

TpaH3akuma B psql

. Cnncok ¢poHOBLIX NpoLeccoB

. bypepHbIn ko, komaHga EXPLAIN
. JXKypHan npegsanmcu
KOHTpO/bHaA ToYka

. BoccTaHoBneHue nocne cbos

OUAWNS
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QﬂtOf

2b ApxutekTypa PostgreSQL

MHOroBepCUOHHOCTb
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MHOroBepCMOHHOCTb CTPOK

« B 6n1okax Tabnuubl XpaHATCS BEPCUKN CTPOK (rows), KoTopble
Ha3bIBalOT KopTexamu (tuple)

« 3anpocskl (SELECT) pgonkHbl BbigaBaTb JaHHble HA OAVH
MOMEHT BpeMEHMU ("KOHCUCTEHTHbIE"), YUTO Ha3bIBAKOT
"LenoCTHOCTb Mo YyteHuto" (read consistency)

» Bce Bepcum CcTpok pnanydeckmn xpaHarTca B dpannax tadbnumupl
NO BO3MOXHOCTU PSAOM APYr C APYroM (B Tex e bnokax
dannoB OaHHbIX)

id col col?2 col3

tuple, cTpoka,
1 a b c BEpCUsl CTPOKM
(CMHOHUMBI)

£d
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Tabnuubl

e OOBEKT B KOTOPOM XPaHATCS AaHHble

» HECKO/NbKO BMAOB: 00bIYHbIE Tabnuubl (heap tables, cTpoku
XPaHATCA HEYMopsiA04YEeHHO), HEXYPHanMpyemble,
BpeMeHHble, CEKLIMOHUPOBAHHbIE

e paclUUpeHNss MOryT co3faBaTb HOBble CNOCO6bI XpaHeHUs
OAaHHbIX 1 MEeTOAbl A0CTYMNa K HUM

* YNCNO N NOPAAOK cneaoBaHns cToNbLUOoB 3a4atoTCs NMpu
co3aHNnN Tabnuubl

e nocne cozgaHua Tabnunubl MOXXHO A006aBMATb U yOanAaTb
cTtonoubl. Npn pobaBneHnn ctonbua oH gobaBnaeTcs
nocnegHNM - NOCNe BCEX CYLLEeCTBYHOLWMX CTONOLO0B

e MOXHO NMOMEHATb TN cToNbUa

t";’ntor
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Cny>ebHble cTonobubl

e xmin - HOMep TPaH3aKuum (xid), co3gaBLlen BEPCUD CTPOKU

* xmax - HOMep TpaH3aKuumn (xid), yoanaroLwien nnm nbiTaBLUENCS
(TpaH3akuma He bblia 3aduUKCcmMpoBaHa no Nboun NMPUYNHE:
BbI3BaH rollback, cepBepHbIn Npouecc npepsaH) yaanuTb CTPOKY
NN HOJb

e ctid agpec ¢U3NYeCKOro pacnosyiIoXXeHUA CTPOKMU

* tableoid - oid Tabnuupl, B KOTOPOUN PUINYECKN COOEPXKUTCS
CTpOKa. 3Ha4YeHNA UMEOT CMbIC AN CEKLMOHUPOBAHHbIX U
yHacnenoBaHHbIX Tabnui

e cmin NOPAAKOBLIM HOMEP KOMaHAbl BHYTPU TPaH3aKuMMU HaYnHas
C Hyns, co3faBLUEN BEPCUID CTPOKMU

» cmax MNOPSAKOBbIM HOMEP KOMaHObl BHYTPU TPaH3aKLMNU HauYMHaSs
C Hynsl, yganstowen nnn nbiTasllencsa ygannTtb CTPOKY
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CTpyKTypa 6noka gaHHbIX

lower upper

BaroJIoBok 6Jsioka 24 Gamr select * from page header
lsn, heck g A 0 50 C . .
(1sn, checksum ower, upper ) CBO@OHHO@ MeCTO (get_raw page('t','main',0));
-[ RECORD 1 ]----—--—-
\ pa3mep KpaTeH 8 bantam 1sn | 0/110DCF10
450 Cﬂ)o\“’\ . \ checksum | O
oft (et 3aT0JIOBOK TaHHLHE CTPOKU flags | 0
- 23 Gair 1p len lower | 928
= upper | 944
BaI‘OJ'[OVBOK t_bitS 3aT0JIOBOK IOaHHBIE CTPOKM 1 6 special | 8176
23 BanTa CTpoxkM 23 lp len pagesize | 8192
\ )\ \ J version | 5
pa3mep KpaTeH 8 banzam 3 pa3mep Nt0601 CTPOKM 1 3aronoBka CTPOKM .
. > . prune xid | O
, 32... bant KpaTeH 8 KpaTHbl 8 banTam special

1aHHbIX B CTPOKe HeT (Bce nons NULL)

utosas kapta (0=NULL) oauH 6ut Ha cTonbeLl,
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3arosioBOK BEPCUN CTPOKMU

e Xmin - Xid TpaH3akKuMu, cosgasLUeN BEPCUIO CTPOKHU
e Xmax - Xid TpaH3aKuuun, yganuseLleN BEPCUIO CTPOKU
» ctid - ccbinka Ha cneayroulyro BEPCUKO 3TOU CTPOKHU
» bits - buToBasi KapTa NYCTbIX 3HAYEHUU

« hoff - cmelleHne 0o Hayana gaHHbIX CTPOKMU

» |p_off cmelleHne oo Hayana CTPoKu

xmin|xmax fle]_d3 ctid infomask?2 infomask hoff IaHHEIE CTPOKU ad
333 334 (0,2)J0100000000000010f0O000000100000010 24 \x0100000009666f6f P
Xmig xmax leld ctigd 1nfomask2 lnfomask hoff bits IOaHHBIE CTPOKM 2d
334 O 0 (0,2) lOOOOOOOOOOOOOlO OOlOlOOOOOOOOOOl 24 10000000 \x01000000 P
select * from heap page items(get_raw page('t',6 'main',0));
lpllp off|lp flags|lp len|t xmin|t xmax|t field3|t ctid|t infomask2Z|t infomask| | £ bits |t oid
——t————— fommm———— fomm——— Fo————- Fom———- Fomm - Fom———- Fomm - fomm Fom———- Fommm - Fo———-
1| 8144| 1| 32| 333]| 334| 0| (0,2)] 16386 | 258 | | |
2| 81l12| 1| 28| 334| 0| 0| (0,2)] 32770 10241 | |10000000|
£)
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BcTaBka CTPOKM

e Xmin - Xid TpaH3aKunmn, BCTaBMBLLUEN CTPOKY

e XMax -HoMb

« ctid - ccbiika Ha cebd

e TPaH3aKuus, BCTaBUBLLUASA CTPOKY He nomMeyaeT B infomask To, uTto
OHa 6blNna 3apukcupoBaHa. ITo byaeTt caenaHo npu
nocnegyrowem obpalleHnn K CTPoKe B APpYyron TpaH3akunum nnm

APYrMM 3arnpocom

pad
select * from heap page items(get_raw page('t',6 'main',0));
lpllp off|lp flags|lp len|t xmin|t xmax|t field3|t ctid|t infomaskZ|t infomask| | £ bits |t oid
——t————— Fo— e - - - +————— o Fo——— +————— - +————
1| 8144| 1| 32| 333| ol 0| (0,1)] 2 | 2050 | | |
tantor
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O6HoBNEHME CTPOKMU

o ctid npeXxHeun BepCcun yKasblBaeT Ha apec HOBON BEPCUU CTPOKMU

» ctid akTyanbHOU BEPCUU CTPOKN YKa3blBaeT caM Ha cebs

e XmMax NMpexHewn BepCcuUn MeHAETCs C HYNS Ha HOMepP TpaH3aKLuuK,
KOTOpasi co3gana HOBYHO BEPCUIO CTPOKU

xminlxmax|ltierazctid infomask?2 infomask hoff IaHHEIE CTPOKU ad
333|,334 0 (0,2)J0100000000000010f00000001L00000010F 24 \x0100000009666f6f P
xmigllxmaxflfie1ad ctid infomask?2 infomask hoff bits IOaHHBEIE CTPOKU 2d
334 0 0 1(0,2)§1r000000000000010J00 O 00000000001 24 10000000 \x01000000 P
select * from heap page items(get_raw page('t',6 'main',0));
lpllp off|lp flags|lp len|t xmin|t xmax|t field3|t ctid|t infomaskZ|t infomask| | £ bits |t oid
——t————— fommm———— fomm——— Fo————- Fom———- Fomm - Fom———- Fomm - fomm Fom———- Fommm - Fo———-
1| 8144| 1| 32| 333| 334| 0| (0,2)] 16386 | 258 | | |
2| 8112| 1| 28| 334| 0| 0| (0,2)] 32770 10241 | |10000000|
£)
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YpaneHue CTpPOKHU

e XMax aKTyanbHOW BeEpCUM CTPOKK (Xmax=0) ycTaHaBNMBaETCS B
xid ypansatowen TpaH3akuum

xminlxmax|ltierazctid infomask?2 infomask hoff IaHHEIE CTPOKU ad
333),334 0 O0,2)10100000000000010)J0000000100000010f 24 \x0100000009666f6f P
xmigllxmaxleiciad ctid infomask?2 infomask hoff bits IOaHHBIE CTPOKM 24
334 || 335 0 §(0,2)§100000000000001040010100000000001f 24 §10000000 \x01000000 b

select * from heap page items(get_raw page('t',6 'main',0));

lpllp off|lp flags|lp len|t xmin|t xmax|t field3|t ctid|t infomaskZ|t infomask| | £ bits |t oid
——t————— tomm————— t—————= o= e e e fom fomm - e e o=
1] 8144\ 1] 32| 333| 334 0| (0,2)] 16386 1282 | | |
2] 8112| 1] 28| 334 335] 0] (0,2)] 40962 | 8449 | |]10000000 |
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Tvnbl JaHHbIX HAMMEHbLLEro pa3Mmepa: boolean,

"char", char, smallint

e CMUCOK TUMNOB AaHHbIX U UX XapaKTEPUCTUKKN eCTb B Tabnuue pg type
» ecnu ctonbey, 6ygeTt ncnonb3oBaTbCs AN NOUCKA, CTOUT OLLEHUTb
90 PEeKTUBHOCTb MHOEKCUPOBAHUA CTONBLOB, COCTaBHbIX MHOEKCOB,
90 PEKTUBHOCTb CKaHUPOBaHUA MHOEKCA AOCTYMHbIMWU criocobamu
(Bitmap Index Scan, Index Scan, Index Only Scan)
o Twunbl gaHHbIX, 3aHUMaOWNE HaMMeEHbLLEE MECTO:
> boolean 3aHMMaeT 1 6aunT
> "char" 3aHMmMaeT 1 6anT, xpaHut cumsosibl ASCII
> char 3aHUMaeT 2 6aunTa,
— XpaHUT CUMBONbI B KOgUPOBKe 6a3bl AaHHbIX
> smallint, 3aHMMaET 2 baunTa
— XPaHUT uenble Yncna ot -32768 go 32767

t";’ntor
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Tunbl AaHHbIX NepPeMeHHON AJINHDI

0N CTPOK NepeMeHHOWN OJIMHbI CTOUT MCNONb30BaTh TUN text

pa3sMepHOCTb ANna text He ykasbiBaeTcA

3aHMMaemMoe MeCTO:

> OoAWH 6aunT, ecnun gnvHa nonst MeHblle 127 6anT n ctpoka nycrtas '

> ecnu kogmposka UTF8, To ASCIl cumsonbl 3aHuMatroT 1 6aunT. Noatomy 3HayeHme '1'
3anmeT 2 6banta: \x0531. 3HadeHune 11" 3anmeT 3 6aunTta: \x073131. none
cocTosuee n3 6yksbl 's' 3anmet 3 6aunTta: \x07418d

> eCnu ANInHa nonsa 6onblle 126 CMMBOOB, TO 3aro/I0OBOK NoNsA cTaHeT 4 6anTa U
nons 6yayT BblpaBHUBATLCA NO 4 6anTa

nosigd MOryT C)XMMaTbCA U OCTaBaTbCA B BJI0Ke

nons MmoryTt BblIHOCUTbCS B TOAST, ocTaBnss npu aTom B 6noke 18 6aunT (He
BblpaBHUBAKOTCA)

OBOWUYHbIe OaHHble CTOUT XpaHUTb B TUMe AaHHbIX bytea. OTo TN gaHHbIX
nepeMeHHON OJINHbI N ero NoBefeHmne Takoe Xe, Kak y Tuna text
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LlenouyncneHHble TUMNbl JaHHbIX

Lefible Yncna MOXXHO XpaHUTb B TUNAX int (integer, int4),
bigint (1int8), smallint (1int2)

0b6bl4YHO ucnonbayrotca gnsa ctonébuyos PRIMARY KEY

bigint BblpaBHMUBaeTCs rno 8 6aut

int ANs NepBUYHOIro UIN YHUKANbHOIO Kko4ya orpaHuynT Yncno
CTPOK B Tabnuue 4mnpp (2°32)

018 reHepaunn 3HavYeHun anada TUNoB smallint, int MWbigint
MCMONb3YKTCHA NocefoBaTeNIbHOCTU U €CTb CUHOHUMBI
smallserial (serial?), serial (seriald), bigserial
(serial8)

018 XpaHEeHUS Yncen MoXeT UCMNOoJIb30BaTbCA TUM NePeEMEHHOU
OJIMHbI numeric (CMHOHUM decimal), HaKNagHble pacxonbl 4

6anTa Ha XxpaHeHune gJiHbl NoNS

€}MN
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XpaHeHue faT, BpeMeHU, UX UHTepBasioB

o ONS XpaHeHus gaT, BPEMEHU, MHTEPBANOB UCMNOMb3YHOTCA TUMbI:
> date (4 6anTa, C TOYHOCTbIO A0 AHSA)
> tilmestamp, timestamptz, time TOYHOCTb A0 MUKPOCEKYHAODI,
pa3Mep oAMHaKOBbIM 8 banT, coaep>XMMoe OAMHaAKOBOE
> timetz - gNnMHa 12 6anT, interval - AanHa 16 6aunT
o TUMbl AA@HHbIX timestamp, timestamptz HE XPaHAT 4YacOBOM MOSC
e timestamptz NPUBOAMUT XpPaHUMOE BPEMSA K BPEMEHHOWN 30HE KJINEHTa
° timestamptz PU3NYECKU XPaHUT 3HaYeHna B UTC

create table t(t TIMESTAMP, ttz TIMESTAMPTZ) ;
insert into t wvalues (CURRENT_TIMESTAMP, CURRENT_TIMESTAMP);
set timezone='UTC';
select t, ttz from t;

2024-11-25 23:19:47.833968 | 2024-11-25 20:19:47.833968+00
update t set ttz=t;

select 1lp off, 1lp len, t hoff, t data from heap page items(get raw page('t',6 'main',0)) order by lp off;

lp off | 1p len | t hoff | t data
———————— i et S ittt T L PP
8096 | 40 | 24 | \x70580939c1ca020070580939c1cal0200
8136 | 40 | 24 | \x7044c4bcc3ca020070580939c1cal0200

select t, ttz from t;
2024-11-25 20:19:47.833968 | 2024-11-25 20:19:47.833968+00
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Tunbl AaHHbIX A9 BelWleCTBEHHbIX Yucen

o PUKCUPOBAHHOM ANUHbI, C NNaBaloLWEN TOYKOM, C OKpYrineHnem go 6 unu 15 paspaagos

(3Havalmx yncen B gecatmyHom ¢opmarte):
> floatd4 , real , float(l..24) - B4 6anTax XpaHUT He MeHee 6 pa3psaoB

> float8 , float , double precision , float (25..53) B 8 6autax xpaHuT
He MeHee 15 pa3panoB

select 12345678901234567890123456789.1234567890123456789::float4d: :numeric;
12345700000000000000000000000

select 12345678901234567890123456789.1234567890123456789: :float8: :numeric;
12345678901234600000000000000

° I'IepeMeHHOﬂ OJIUHDbI, be3 noTepu TOYHOCTU NP BbIYHUCITIEHNAX!
> numeric , decimal
> TOYHOCTb MOXHO 3a4aTb NapaMeTpaMU: numeric (presision, scale)

select 1234567890123456789.123456789: :numeric + 0.00000000000000000000123456789: :numeric;
1234567890123456789.12345678900000000000123456789

* NpunMep SKCMOHEeHLMansHoM 3anucu O0OUNHaKOBbIX YHUCeN C pa3H0171 MaHTUCCOMN U

select 12345.6::floatd4, '12.3456e+03'"::float4d, '123.456e+02"'::floatd,'1234 .56e+01"'::float4;
1.235e+04 | 1.235e+04 | 1.235e+04 | 1.235e+04

£d
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MoMeHTanbHbI CHUMOK

e npepcTtaBnseT cobom cornacoBaHHoe coCcTossHMe 6a3bl AaHHbIX HA
MOMEHT BpPeMEeHMU

» B CHMMOK fgaHHbIX BXOAMUT:
> Xmin - HOMepP camMomn CTapon aKTUBHOU TPaH3aKLMNU
> Xmax - 3Ha4yeHue, Ha eauHnLYy bonblle HoOMepa nocnegHen 3aBepLleHHON

TpaH3aKuum

> Xip_list - cnMCOK aKTUBHbIX TPaH3aKUnm

o QyHKUUS, BO3BpaLLatoLasi cogep>XX MMoe MOMEHTaNbHOIr0 CHUMKA U
dYHKUMA aKCnopTUpyroLwas ero ans opyron ceccuu:

postgres=# BEGIN TRANSACTION;
postgres=*# select pg_current snapshot();
pPg_current snapshot

362:362:
postgres=*# select pg_export_ snapshot();
Pg_export snapshot

00000024-000000000000000A-1
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YuebHbi kypc "Tantor: AopMuHucTpmpoBaHue PostgreSQL 17" TaHTop Jlabc © 2025 www.tantorlabs.ru 100




TpaH3aKuusa

o TpaH3akuusa - Habop KomMmaHA

» HauymHaeTcsa ABHO UIU HEABHO

« 3aBepliaeTcs ogHUM U3 AByX aenctemn: pukcauma (komaHgsl COMMIT,
END) nnun otkatom (komaHpga ROLLBACK)

« PesynbTaT NnpepBaHHOM (aborted) TpaH3aKUUM TaKOW Xe Kak
OTKa4YeHHOU KOMaHO0M

» [lpnmep HedaABHOro Hayana TpaH3aKuun:

postgres=# do $$ postgres=# do $$
begin begin
SET TRANSACTION ISOLATION LEVEL REPEATABLE READ; ROLLBACK;
perform 1; SET TRANSACTION ISOLATION
end $§$; LEVEL REPEATABLE READ;
ERROR: SET TRANSACTION ISOLATION LEVEL must be called before any query perform 1;
CONTEXT: SQL statement "SET TRANSACTION ISOLATION LEVEL REPEATABLE READ" ROLLBACK AND CHAIN;
PL/pgSQL function inline code block line 3 at SQL statement perform 1;
COMMIT AND NO CHAIN;
end $$;
DO
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CBoOMUCTBaA TpaH3aKLUnM

ATomMapHoCTb (Atomicity) - npun ¢puKcauum BbINOSIHEHBLI BCE KOMaHAbI
6e3 UCKIYEHNN, NPKN OTKaATE - HM OfiHA KOMaHa He BbINOJSIHEHA

> noclie pukcauuun, NsMeHeHUa MOMEHTalIbHO CTaHOBATCA BUOHbI ApPYrnUm
ceccunam

LlenocTHOCTb (consistency) - OTCYTCTBME HapYLWEHUS geKnapaTUBHbIX
OrpaHN4YeHnn LLenoCTHOCTH

N3onauums (isolation) TpaH3akumu gpyr oT gpyra

> PeanusyeTtcs ogHUM U3 YPOBHEN N30NSALNK

OTkasoycTtonumpocTb (Durability) - ecnn KnMeHT nonyyun
noaTeepXxaeHne ob ycnewHocTu pukcaumm tTpaHsakumm (COMMIT
COMPLETE), TO MOXeT 6bITb YBEPEH, YTO pe3ynbTaT TPaH3aKUNM He
nponagetT
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YPOBHU U30NLUUM TPaH3aKLNM

READ UNCOMMITTED - yTeHMe He3apUKCUPOBAHHbIX OaHHbIX. B
PostgreSQL He ncnonb3syetcs

READ COMMITTED - yTeHune 3apUKCUPOBAHHbIX OaHHbIX.
icnonb3yeTca no yMmon4yaHuro

REPEATABLE READ - noBTOpseMoOCTb NO YTeHUt. CTOUT UCNOMb30BaTh
TONbKO ANA YTeHUd, a He nameHeHunsa aaHHbiX (READ ONLY)

SERIALIZABLE - ynopapo4eHHOEe BbINOJSIHEHUE

> Ha ypoBHAX REPEATABLE READ n REPEATABLE READ, ecnu meHANUCb
OaHHble, BO3MOXHa olnbka cepunanunsaumnm (serialization failure): "He mory
cepuanusoBaTtb goctyn" (can't serialize access), TpaH3aKUMa NepexoauT B
COCTOsIHME CH0S N HE MOXKET 3adUKCUpPoBaTbCH

t";’ntor
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deHoMeHbl U301ALUK TPAH3aKLUNA

» B CTaHpapTe ISO SQL-92 n nocnepyrouwmx onpenesieHo Tpu ¢eHoMeHa
KOHKYPEHTHOro AocTyna, KoTopble A0SIKHbI OTCYTCTBOBaATb Ha YPOBHAX
N309Unu

* Ha BCEX YPOBHAX HE MOryT HapyLaTbCs orpaHU4YeHuns LLeTIOCTHOCTH

» TpA3HOe 4YTeHue B PostgreSQL He gonyckaeTca HM Ha OQHOM U3
YPOBHEU U301AUNN, NO3TOMY YpoBeHb Read uncommited He
oTnn4daeTcs oT Read committed

YpoBeHB I'psisHOE HenoeTopsiemMmoe ®aHTOMHOE Hapyuwenne
MNBOoNALUN urenue (P1l) urTenne (P2) ureHne (P3) cepmanmusauum
Read JonyckaeTcda, BO3MOXHO Bo3MOXHO BosMoOxHO

uncommitted HO He B PG

Read HeT Bo3MOXHO Bo3MOXHO Bo3MOXHO
committed

Repeatable HeT HeT IonyckaeTcs, BO3MOXHO
read HO He B PG
Serializable HeT HeT HeT HeT
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[Mpumep ownbku cepmanusauum

» [lpumep oWwmnBKKN cepuannsaunu:

postgres=# drop table if exists a;
DROP TABLE
postgres=# create table a (x int);
CREATE TABLE
1 postgres=# begin transaction isolation
level serializable;
BEGIN
3 postgres=*# insert into b select count(¥*)
from a;
INSERT 0 1
5 postgres=*# commit;
COMMIT

postgres=# drop table if exists b;
DROP TABLE

postgres=# create table b (x int);
CREATE TABLE

2 postgres=# begin transaction isolation level
serializable;

BEGIN

4 postgres=*# insert into a select count(*) from b;
INSERT 0 1

6 postgres=*# commit;

ERROR: could not serialize access due to read/write
dependencies among transactions

DETAIL: Reason code: Canceled on identification as
a pivot, during commit attempt.

HINT: The transaction might succeed if retried.

» B Oracle Database Ha ypoBHe SERIALIZABLE owmnbKK HeT

YuebHbi kypc "Tantor: AoMuHucTpmposaHue PostgreSQL 17" TaHTop Jlabc © 2025 www.tantorlabs.ru
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CrtaTtycbl TpaH3akuumn (CLOG)

« XXypHan npepcraBndeT cobon 6UTOBbLIN MacCcuB, B KOTOPOM Anis
KaXkg0un TpaH3aKunum oTBegeHo aBa buTta
o 3Ha4yeHus 6UToB:
> 00 - TpaH3aKkuusa B npoLecce
> 01 - 3apuKcunpoBaHa
> 10- npepBaHa (aborted, oTkayeHa)
>

11 - nogTpaH3akumsa 3apuUKCMpoBaHa, HO poauTenbCckaa TpaH3aKUUA He
3aBeplLUeHa

« K CLOG obpaluatoTcsi npoLecchbl, B TOM YUCNe BaKyyM, BbIMONHAKOLLNN
3aMOPO3KY BEPCUN CTPOK, YTOObI Y3HATb CTaTyC TpaH3aKLUum

« MakcumanbHbin pa3mep dannos CLOG 3aBUCUT OT NapameTpa
KOHpuUrypauum autovacuum_freeze_max_age

{d

antor
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Pukcauma TpaH3akumm

Mpn duKcaumm TpaH3aKLMN BbIMONHAETCA 3aNnCb B XYpPHan
TpaH3akuum (WAL) o dukcaumm TpaHsakuum

BbinonHaeTcsa 3anucb outa B 6ydep XypHana CLOG
OcB0b60OXatoTCA pecypchbl, KOTOpble UCNONb30BaIUCh B
npouecce TpaH3akuun: 61I0KMPOBKU, KYpPCopbl (Kpome
kKypcopoB WITH HOLD), KoHTeKkcTbl (4acTen) NoKanbHOW
NnamMaTK npouecca

®aunnbl CLOG coxpaHsitotcst B WAL B Ha4yane KOHTPOIbHOM
TOYKU U UBMEHEHUSA B HUX 00 crnefyroLlen KOHTPOTIbHOW
TOYKWN He XYypHanupyroTca. [pn BoCCTaHOBMEHMM Nocne cbod
copepxxmmoe CLOG BoccTaHaBnuBaeTtca no 3anmcam WAL
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[loaTpaH3akuum

nogTpaH3aKUMM 3TO TOYKU COXPaHEeHUS

> UCMONb3YHTCA YTOObI OTKATUTBLCSH, a HE NePEeBOAUTb TPAH3aKLUMUIO B
cocTosiHMe cbos

co3pgaroTcH

> KomaHpgoun SAVEPOINT

> cekumen EXCEPTION B 6noke Ha a3bike pl/pgsdl

> B psql Npu OTKPbITUK TPaH3aKLUUK NpU YCTaHOBKE NnapameTpa
\set ON ERROR ROLLBACK interactive

B cTpykType PGPROC coxpaHsieTcs o 64 HOMepoB NOATPaH3aKLMN
NOATPaH3aKLMAM, KOTOPble TOMbKO YNTAlOT AaHHble NMpucBanBaeTCs
BUPTYanbHbIK HOMEP

eC/in BCTpeYaeTca KoMaH4a U3MeHEHUSA AaHHbIX, TO MOATPaH3aKUNAM
BMJOTb 4O OCHOBHOW TPaH3aKLUMK npuceBanBatoTCAa peasbHble HOMEpPa
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Tunbl 61O0KUPOBOK

» spinlock (Unknn4yeckasa nposepka)
> Mlcnonb3yroTca Ansa o4eHb KPaTKOCPOYHbIX eUCTBUN - He Aonblue
HEeCKObKUX OECATKOB MHCTPYKLUMUK npoueccopa
> CpeactB MOHUTOPWUHIa HeT
o nerkoBecHble (LWLocks)
> Mlcnonb3yroTca ansa AocTyna K CTPpYKTypam B pasgensieMon namsTu
> MIMEeroT MOHOMONbHbLIN (Ha YTEHNE U U3BMEHEHUNE) U pa3fenieMbln PEeXNM
(UTeHune)
> He 6onblie 200 ogHOBPEMEHHO
o OObIYHbIE (TAXeNoBeCHbIe)

> ABTOMATU4YeCKM OCBOBOXAAOTCHA NO OKOHYaHUK TpaH3aKUnmn
> ECTb HECKONIbKO YPOBHEWN BSTOKUPOBOK
> 06cnyxusatroT 610KMPOBKKU 12 TUNOB, B TOM Yucne advisory locks.

» npepgukaTHble 6noknposku (SIReadLock) ncnonb3yroTcs TpaH3akLMAMUA
c ypoBHeM usonaumnn SERIALIZABLE
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BnokupoBkn o6bEKTOB

o [pw BbIMONHEHUM KOMaH/, 3anpalnBaeTcs 6/IOKMPOBKA Ha O6BEKTHI,
3aTparMBaemMble KOMaHaou

> SELECT aBTOMaTM4ecku 3anpawmsaet 6noknposkn ACCESS SHARE Ha
Tabnuubl, MHOEKCHI, NPeacTaBNeHuUS

» [loka 6NOKMPOBKN He ByAyT NOJSIyYeHbl, KOMaH4a He Ha4yHeT
BbIMOMHATbLCS

» BNOKWUPOBKU Ha YpPOBHE 0OBbEKTOB UCMNONb3YHOT "4YeCTHY" ouepenb
61OKNUPOBOK. ITO O3HaYaeT, YTo BNOKUPOBKKU ByOyT 06CNyXXMBATbLCA B
nopsaake ux 3anpoca He3aBUCUMO OT YPOBHEN 3anpalinBaeMblX
61OKNUPOBOK N HET MPUOPUTETOB

* napameTpom KoHourypaumm lock_timeout MOXXHO YCTaHOBUTb
MaKCUMallbHOe BpeMs OXUAaHUA NonydeHna 6JTOKMPOBKU Ha OOBbeKTHI

NN CTPOKM

t";’ntor
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CoBMeCTUMOCTb 6JIOKNMPOBOK

cnabble 610KMPOBKK MOTYT BbITb NOMTYY€EHbI MO BbICTPOMY MYTH
CUNbHble BTOKMPOBKYM TabnuL, NPenAaTCTBYHOT YCTAHOBKY CNnabbiX 6/TOKMPOBOK

No ObICTPOMY NYyTH

dBTOBaKYyyM U aBTOaHaJIU3 HE MELWaOT NCIMOJIb30OBATb 6bICprIﬁ MyTb

aBTOBaKyyM W aBTOaHaNM3 He BNOKUPYHOT KOMaHAbl, B Cllydae KOHGNUKTA
610KNMPOBOK paboynun npoLecc aBToBakyyMa npepbiBaeT 06paboTky Tabnumubl

ACCESS
SHARE

ROW
SHARE

ROW
EXCL.

SHARE
UPDATE
EXCL.

SHARE

SHARE
ROW
EXCL.

EXCL.

ACCESS
EXCL.

ACCESS SHARE

ROW SHARE

ROW EXCLUSIVE

SHARE UPDATE EXCL.

SHARE

SHARE ROW EXCLUSIVE

EXCLUSIVE

ACCESS EXCLUSIVE

XX XX

XX XXX

XXX

XX XXX X

XXX XXX [ XX

XXX XXX X[ X
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bnoknpoBku 06bEKTOB

» BNIOKNPOBKU Ha YpoBHE 0OBbEKTOB POPMUPYIOT oUepean

Update... Alter table... Select... Tabnuua
(ROW (ACCESS (Access
EXCLUSIVE) EXCLUSIVE) Share)
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BNOKNPOBKU CTPOK

o« Tabnmua COBMECTUMOCTHU

CTPOKa 320,I0OKHPOBAHA B pPe:KUMe

3anpaliMBaeMblil peKUM FOR KEY FOR NO KEY
sa A FOR SHARE 8PD AOTE FOR UPDATE
FOR KEY SHARE X
FOR SHARE X X
FOR NO KEY UPDATE X X X
FOR UPDATE X X X X

t";’ntor

YyebHbivt Kypc "Tantor: AgMUHUCTpUpoBaHue PostgreSQL 17" TaHTtop Jlabec © 2025 www.tantorlabs.ru 13




MynbTUTpPaH3aKLUnK

« 6nokuposka FOR NO KEY UPDATE ycTaHaBnnBaeTCcs KOMaH,0u
UPDATE, koTopasi He BHOCUT UBMEHEHUS B KNTKOYEBbIE CTONOLbI

» 6nokunposka FOR KEY SHARE yctaHaBnmBaeTcsa komaHgon DELETE u
UPDATE koTopast o6HOBNSET 3HAaYEHUA KNOYEBLIX CTONOLOB

* TakKXe pasgensemMble 6TOKUPOBKN YCTaHaBMNBAKOTCA KOMaH4aMU
SELECT .. FOR SHARE, FOR NO KEY UPDATE, FOR KEY SHARE

» paspenaemMble 6JTIOKMPOBKM MO3BOMAKOT OGHOBPEMEHHO paboTaTth CO
CTPOKOW HECKONbKUM TpaH3aKUUSIM

» OflHOBpeMeHHasda paboTa peannsyetcsa "MynbTUTPaH3aKUMAMMN",
KOTOpble UMEKT CBOW CYETUYMK xid, CBOU hansibl N KLU

e COOTBETCTBME MEXAY xid TPaH3aKUNUN U MYNbTUTPaAH3AKLNN XPaHATCS
B AMPEKTOPUN PGDATA/pg multixact

» advisory locks He aABNAOTCA 3aMeHOM BTOKMPOBOK CTPOK, TakK KaK UX
KOMMYeCTBO OrpaHnU4YeHo
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Ouepenb npu 6J10KNPOBKE CTPOKMU

* eCTb NepBblK B 04epenn n octanbHble

e MEepBOro B ouyepean MoxeTt 060rHaTb TpaH3aKUmMs, Yen YPOBEHb
610KNpPOBaHUSA CTPOKN COBMECTUM C YPOBHEM TPaH3aKLUNU, YXKe
3ab6510KMpoOBaBLUEN CTPOKY

* €CNN NnepBbin B o4epegmn nonydyaet 6/I0KNPOBKY, TO Ha ero MecTo

BblIOMpaeTcsa TpaH3aKumMa CnydYamHbiM 06pa3oM HE3aBUCUMO OT
ONUTENbHOCTU OXUAAHMUS

524
520 521 (update)

(update) (update)
527

(update)

528
(update)

xmin=500 1, foo
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[1pakTuka

1. BcTtaBka, 0OHOBMEHWE U yOaNeHNEe CTPOKM

2. BUOUMOCTb BEPCUN CTPOKU Ha Pa3IUYHbIX YPOBHAX U301ALUN
3. CocToaHMe TpaH3akuum no CLOG

4. bnoknpoBKa Tabnuubl

5. BJTIOKMpoOBKa CTPOKHU

t";’ntor
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QﬂtOf

2¢c ApxutekTtypa PostgreSQL

PernameHTHble paboThl
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ABTOBaKyyM

» BbINOJIHAETCA paboyMmMu npoLeccamMmm aBToBakyyma

» BblOMparoTCcsa Tabnuubl, B KOTOPbIX ObII0O OOHOBIEHO UMK
BCTaBNeHo bonble 20% oT pa3mepa Tabnumupbl

e €C/1 faBHO He H6bl/10 3aMOPO3KN BEPCUN CTPOK, TO
BbINOJIHAETCA 3aMOpPO3Ka

e Mocne BakKyMUpoBaHUA Tabnunubl BbINOSIHAET aBTOaAHaNu3

» ABTOBaKyyM 3anpalwumBaeT 6nokmpoeky ypoBHA SHARE
UPDATE EXCLUSIVE n ecnu He MOXeT NoNy4YnTb
610KMPOBKY Ha Tabnuuy, To aTa Tabnuua He BakKyyMUpPYyeTCH
B 3TOM LMK/e aBTOBaKyyMa

* BpeMeHHble Tabnnubl aBTOBakKyyM He obpabaTbiBaeT

t";’ntor
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[lpeactaBneHne pg stat progress vacuum

° COOEPXWUT Mo OHOU CTPOKE ANS KaXJ0ro cepBepHOro npoLecca,
BbinosiHAtOLWero komaHgy VACUUM un kaxxgoro autovacuum worker
BbIMOJTHAKOLWLNX BaKyyMunpoBaHmne B MOMEHT O6paLLI,eHMFI K
npencrtaBiaeHnto

» B CTONOLE phase oTpa)XkaeTca Tekywaa pasa BakyyMa: initializing
(nogrotoBuTeNbHada, NPOXoAuT BbICTPO), scanning heap,
vacuuming indexes, vacuuming heap, cleaning up 1ndexes,
truncating heap, performing final cleanup (PpUHaNbHasNA)

e Mo cToNnbuam heap blks total , heap blks scanned ,
heap_blks_vacuumed oueHunTb Xo4 BbINMOJIHEHNUA OHYHUCTKNA

 num dead tuples - uyucno TID, KoTopble cenyac nomMmeLleHbol B
CTPYKTYpY NamMmaTu. ECnn JOCTUIrHET max dead tuples YBENNYUTCA
3Ha4YeHMe B index vacuum count

e VACUUM FULL OTCNneXuBaeTcd Yepe3 pg stat progress cluster
* ANALYZE OTCNEXMBaeTCA Yepe3 pg stat progress analyze
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[TapameTpbl kKoMaHgbl VACUUM

 DISABLE PAGE SKIPPING obpabaTbiBaeT BCce bnoku Tabnu, 6e3
NCKOYEHNS

* SKIP LOCKED false - He flaeT nNponyckaTb 3ab/10KMpOBaHHbIE
OObeKTbI, ceKUnn Tabnuu, 6J10KN

¢ INDEX CLEANUP auto/on/off yKa3blBaeT HY>XHO Sin obpabaTbiBaTb
nHpoekcol. OFF ncnonbayertcsa ecnu HY>XXHO bbicTpee ybpaTb MepTBble
CTPOKWU U3 6n1okKoB Tabnui

* PROCESS TOAST false - OTK/NOYaeT obpaboTky Tabnuuy TOAST

e TRUNCATE false - OTK/MHOYAET NATYHO ¢pasy

e PARALLEL n. 4ucno n orpaHmymBaeTt 4Yncno ¢oHOBbIX NPOLECCOB

e FULL NoJIHasi O4YUCTKa, UCMOMb3yeT MOHOMObHble BTOKUPOBKMN,
nocnegoBaTeNlbHO YCTaHaBNMBaeMble Ha KaX gy obpabaTbiBaeMyto
Tabnuuy
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[TapameTpbl kKoMaHgbl VACUUM

e SKIP DATABASE STATS OTK/tOYaeT O6HOBNEHUE
pg database.datfrozenxid
> NOo3BONIAET He BbINOJIHATbL NMNOJIHOE CKaHNPOBaHNE Ta6J'IVILI,bI pg_claSS
e VERBOSE - BbIBOOWUT CTAaTUCTUKY BbINOJIHEHNA KOMaHAbl
e FREEZE - BbIMOJIHAET 3aMOPO3KY CTPOK BO BCEX 6J'IOKaX, KpOMe TeX B
KOTOPbIX BCE€ CTPOKWN aKTyasnbHbl U1 3aMOPOXXEHDbI
e BUFFER USAGE LIMIT pa3mep 6ypepHoOro Konbua BMeCTo
vacuum buffer usage limit
> B OT/IMYMeE OT napamMeTpa KOHPUrypaummn, BUFFER USAGE LIMIT MOXHO
YCTaHOBUTb B 3Ha4YeHNE HOMb N BydepHOe KONbLO He byaeT

NUCIMOJIb30BaTbCH

t";’ntor

YuebHbln Kypc "Tantor: AGMUHAUCT pupoBaHue PostgreSQL 17" TaHTop Jlabc © 2025 www.tantorlabs.ru 121




[lapameTp default statistics target

e YCTaHaBJIUBaET

> YUCSI0 Hanbonee 4yacTo BCTPEYaLWUXCS 3Ha4YeHUN B cTonbuax tabnui,
(pg stats.most common vals)

> KONIMYECTBO KOP3MH B TMCTPOrpaMmax pacnpeneneHuns s3HayeHum B ctonbuax
(pg stats.histogram bounds)
> UMCNO CTPOK (default statistics target * 300) CAy4YalHOMN BbIBOPKM MO
KOTOPbIM COOMpaeTca CTaTUCTUKA
e no ymonyaHuto 100
» MakKcumanbHoe 3Ha4yeHune 10000
* MOXHO YCTaHOBUTb AJ19 KOHKPEeTHOro ctonbua tabnuubl Mnn MHOeKca rno
Bblpa>XeHuto:

alter table test alter column id set statistics 10000;
alter index test alter column 1 set statistics 10000;
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Pa3pnyBaHue (bloat) Tabnuu u nHoekcos

dBTOBaKYyyM MOXET He O6pa6OTaTb Ta6nmu,y N3-3a TOIro, YTo:

> TOPWU3OHT 6a3bl AaHHbIX 400 He CABUrasncs

> B MOMEHT 0obpalleHns aBToBaKyyMa K Tabnuue Ha Heln bbina yCTaHOBNEHA
HEeCOBMECTMMas C aBTOBaKyyMOM GJIOKMPOBKa

noce Toro Kak aBToBakyym oTpaboTaeT, pa3mMepbl pannos Bpaa, Nu
yYMeHbLIaTCS

6noku 6yayT ncnonb3oBaTbCca B 6yayLLEM Mo HOBbIE BEPCUN CTPOK
C/IMLLKOM YacToO 3aHUMATbCA MOHUTOPUHIOM He HYXXHO, 6onee akTyanbHa
npoBepKa cBO6OAHOro MecTa Ha AncKax

paclnpeHne ons oLueHKN Yncna BepCcun CTPoK:

create extension pgstattuple;

\dx+ pgstattuple

select relname, b.* from pg class, pgstattuple approx(oid) b WHERE relkind='r';
select relname, b.* from pg class, pgstatindex(oid) b WHERE relkind='i' order by 10;
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Ontumunsauma Heap Only Tuple

npu obHoBNeHUN (UPDATE) CTPOKW B UHO,EKCHI MOIYT HE BHOCUTBLCH

N3MeHeHUs

M3MEHEHUST HE BbIXOAAT 3a npepensl bnoka Tabnuubl (heap only)

YCNOBUS:

> U3MEHSATCA TOJSIbKO Mons, He BXOoAsWMe HU B OAUH U3 MHOEKCOB
(Kpome nHpgekcoB Tuna brin) Ha Tabnuuy

> HOBas BEPCUS CTPOKKU pa3MeLllaeTcsl B TOM Xe 6/10Ke, YTO U
NpeXXHAs Bepcusd

eCNn HOBada BepCcUda CTPOKU pa3meLllaeTca B 610Ke, OT/IMYHOM OT

TOro B KOTOPOM HaxoAuTCA NPeXHAA BepCuUd CTPOKMU, TO:

> MPEeXHAA Bepcua ctaHeT nocnegHeun B uenodyke HOT-Bepcum

> BO BCeX MHAeKcax Ha Tabnuue dyayT co3faHbl HOBble 3anucuy,

yKa3blBaloLLMe Ha HOBYIO BEPCUIO CTPOKMU
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MoHuTopuHr HOT update

» cTtatuctmka HOT gocTynHa B NpeAcTaBNeHUaAX pg stat all tables W
pg stat user tables

« cyeTyuk HOT obHOBNEHMU cOBUpPaeTCs NO KaXkKaon Tabnuue 1 oTpaxaeTcs B
cTonéue: n_tup hot upd

e BCe OOHOBNEHUA OTpaxkatoTcd B cTonbue n tup upd

» CJlydau, ecnu npu o6HOBNEHUN HE HALLNOCb MeCTa AJ11 HOBOU BEPCUN CTPOKU U
Lenoyka HOT 6bina obopBaHa, a HoBasi Bepcusi 6biia BCTaBneHa B Apyrou 610K
NOoKa3blBaeT n_tup newpage upd

e CTaTUCTMKa No 6a3e 0OHyNAeTCcH BbI30BOM PYHKUUU pg stat reset ();
> nocrne Bbl3oBa GyHKUMN pekomMeHayeTca BbinonHUTb ANALYZE no Bcen 6ase

select relname, n_tup upd, n_tup hot upd, n_tup newpage upd,

round (n_tup_hot upd*100/n_tup upd,2) as hot ratio from pg stat all tables where n_tup upd<>0

order by 5;
relname

14 | 9 | 5 | 64.00
33 | 23 | 10 | 69.00
71645 | 63148 | 8351 | 88.00

pg_rewrite

Pg_proc
Pg class
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BnnaHue FILLFACTOR Ha HOT cleanup

e yT06bl HOT cleanup BbinonHuncs, npegbiaywmm UPDATE cTpoku
O0MKEH NPeBbICUTb rpaHnLy min (90%, FILLFACTOR)

e €CIn pa3Mep CTPOK B Tabnimue Takou, YTo B 610K NOMeLaeTcsl MeHbLLE
9 CTpOK, TO BOCbMas CTPoOKa He npeBbicuT rpaHuuy 90%, a pesaTtas
CTpoka oyget 6onblie 11% pa3mepa 610Ka U OHa HE NOMECTUTCA B
610K

» Hanbonee apPeKTUBHO NMPU NPOEKTUPOBAHNN CXEM XPaHEHUA OaHHbIX
aenatb pa3smMep CTPOK HEGONbLUMMU. PasyMHbIN pa3mMep CTPOKU He
6onblwe 600 baut
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BHyTpUCTpaHM4YHasa ouncTKa B Tabnmuax

BbinosiHAss SELECT n UPDATE, cepBepHbIM NpoLecc MOXeT yaanuTtb dead
tuples (Bepcuu CTPOK, BbllWeLne 3a ropu3oHT BUOAUMOCTM Basbl gaHHbIX, XMin
horizon), BbINOSTHUB peopraHn3aunto BEpCUin CTPOK BHYTPM B1oKa
BHYTPUCTPaHU4YHasa ounctka coeMmectumMma ¢ HOT n MmoXeT npegBapuUTesibHO
ocBoboOXgaTb MECTO, KOTopoe byaeT UCNoNb30BaTbCA HOBbIMU BEPCUAMMU
CTpOK, noasndarowmmucs B pesynbtate UPDATE

BbIMO/IHAETCSA, €CIu:

> 6nokK 3anonHeH 6onee yem Ha 90% unu FILLFACTOR (no ymonydaxuto 100%)

> paHee BbinonHaswmnca UPDATE He cMor pasaMecTuUTb HOBYHO BEPCUKO CTPOKU B
3TOM b6noKe

NpnonnanTenbHas oLeHKa No BEPCUAM CTPOK, KOTOPble MOTYT 6biTb OYULLEHDI:

pg stat all tables.n dead tup
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BHYyTpUCTpPaHMUYHas 0YNCTKA B MHOEKCAX

e BbIMOMHAETCA NPU MHOEKCHOM CKaHUpOBaHUN

* €CNN CTpOKa B Tabnuue yganeHa, MHOEKCHaaA 3anNnCb Ha CTPOKY UMK LENOYKY
BEPCUN MOXET b6bITb NoMeyeHa ¢pniarom LP_DEAD

° MOMETKa MOXEeT cTaBuTbCcs KomaHaoun SELECT

e XXYpPHanbHaga 3anncb He co3gaeTcH, HO 610K MPA3HUTCS

* NMOMeYeHHada MHOEeKCHasa 3annucb UTHOPMpPYeTCAa Ha MacTepe, HO He Ha peninke

e MNOMeYeHHast MHOEKCHasA 3anucb byaeT o4YnLeHa Npu BbINOJIHEHUM KOMaHA,
KOTOpble MEHAIOT AaHHble B Tabnuue

create table t (id int primary key, c text) with (autovacuum enabled = off);
insert into t SELECT i, 'simple delete ' || i from generate_series(l, 1000000) as i;
delete from t where id between 100 and 900000;
analyze t;
explain (analyze, buffers, costs off) select * from t where id between 1 and 900000;
Index Scan using t pkey on t (actual time=0.010..218.477 rows=99 loops=1)
Buffers: shared hit=11489
Execution Time: 218.600 ms
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SBontoLUUa MHAEKCOB: co3AaHue, yaaneHue, nepecTponka

e KOMaHpAbl create/drop/reindex index mMa mHIekca YCTaHaBIMUBAOT
6noknpoBky SHARE, He coBMeCTUMYO C BHECEHUEM U3MEHEHNN B CTPOKMU
Tabnuubl

e 9TW KOMaHAbl MOTYT BbINOJIHATbCA O4HOBPEMEHHO, OHU COBMECTUMbI CaMU
c cobou, npu aTom ¢ concurrently He coBMeCTUMbI

* aBTOBaKyyM He COBMECTUM HU C concurrently, HU 6e3

e AN BPEMEHHbIX MHOEKCOB Ha BPpeMeHHble Tabnuubl He Ha4O UCMNONb30BaTb
concurrently, Tak Kak 61OKMPOBOK Ha BPEMEHHbIE OOBEKTHI HET

e create/reindex concurrently CKaHUpYyeT Tabnuuy gBa pasa, 6e3
concurrently OAWUH pPas3

e concurrently NO3BOJIAET BbINOJIHATLCA KOMaH4aM SELECT, WITH,
INSERT, UPDATE, DELETE, MERGE W NO3BOMSET UCMNOJSIb30BaTb ObICTPbIN
nyTb (fastpath) 6nokmpoBaHus o6bLekToB (Tabnnu, MHOEKCOB, CEKLNN)
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YacTunuHble (partial) nHOoeKcbl

e CO3[aloTCA NO YaCTU CTPOK Tabnumubl

 npeaukat WHERE yka3sbiBaeTcqa npu co3gaHum MHAeKca u onpependaeTr
NHOEKCUPYeMble CTPOKMU

* MOJIE3HbI TEM, YTO NO3BONIAIOT N3beXxaTb MHOEKCUPOBaHNA Hanbonee
4aCTO BCTPEeYaroLWMXCAa 3HaYEHUN

* YaCTUYHbIN NHOEKC MOXET ObITb YHUKASIbHbIM

* pa3Mep YaCTUYHOro nHaeKca obbIYHO MeHbLLE

* MpumMep co3gaHua 4YyacTUYHOIro MHAeKca:

create unique index tl_idxl ON tl (c2 desc nulls first, upper(cl))
include (c3,c4) WHERE c2>0;
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KomaHpga REINDEX

* MepecTpavBaeT MHOEKCHI

» REINDEX 6nokupyetT npakTUn4yecku nodble 3anpochl, KpoMe NOAroTOBEHHbIX,
MNfaH KOTOPbIX Obl1 3aK3WMPOBaH U KOTOPble HE UCMONb3YIOT
nepecTpanBaeMbi UHOEKC

» [1ns nepecTpouKn ogHOro MHOeKca:

» REINDEX INDEX nma_uHpekca;

» Ecnn Heobxo4MMO NepecTponuTb BCe MHOEKCHI No Tabnuue:

« REINDEX TABLE nmsa_tabnuubl;

o Tak>Xe MOXHO NepecTpouUTb MHOEKCHI B paMKax KOHKPETHOU CXEMbI UITN faXxe
BCeW 6a3bl JAaHHbIX:

« REINDEX SCHEMA mnms_cxembl;

« REINDEX DATABASE; nepecTponUTb MOXXHO UHOHEKCHI Ha Tabnnubl TONbKO
Tekyuwen 6as3bl JaHHbIX, KpOMe MHOEKCOB Tabnuy, CUCTEMHOrO KaTasora

 REINDEX SYSTEM; nepecTpourka nHAeKCcoB Ha Tabnuubl CACTEMHOIO KaTasiora

t";’ntor

YyebHbIn kypc "Tantor: ADMUHUCT pupoBaHue PostgreSQL 17" TaHTop Jlabc © 2025 www.tantorlabs.ru 131




REINDEX CONCURRENTLY

HebNoKNpyroLlee NepecTpoeHne NHOAEKCOB

A8 KaXKAoro nepectpamBaemMoro UHOeKca BbINONHAETCA NepBbiv NPOX0M, Ha
KOTOPOM CTPOUTCA MHOEKC

BbIMNOJIHAETCHA BTOPOW NPOXOM, Ha KOTOPOM B MHAEKC BHOCSATCS 3arncy,
Ao06aBneHHble B Tabnuuy BO BpemMs NepBoro npoxoaa

orpaHm4yeHusa LefIoCTHOCTU, UCMONIb30BaBLUME NMepecTpanBaemMble NHOEKCHI,
nepeknYyaroTCa Ha onpeaeneHne HOBOro MHAEeKca N MeHAKTCA UMeHa
MHOEKCOB

yoansrTca CTapble CTPYKTYPbl MHOEKCOB

CHUMaroTCH BNIOKNPOBKU

[TepecTponKa MOXET 3aBepLUNTbCH owunbkon, B aToM cnydyae REINDEX
CONCURRENTLY npepbiBaeTcs, HO ocTaBnsieT nocne cebst Hepaboynm HOBbLIN
MHOEKC B AONOJIHEHME K NepecTpanBaeMomMy. OTOT UHOEKC ByaeT
UrHOpUpoOBaTbCSs 3anpocamMun, Ho byaeT 06HOBNATLCS NPU U3MEHEHUU AaHHbIX,

YTO NOBJIEYET HaKNadHbIE iaCXO,EI,bI m
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PacluunpeHue HypoPG

e yCTaHaBNMBaeTCHA KOMaHOOMN CREATE EXTENSION hypopg;

* UCMONb3yeTcs NpU HAaCTPOUKE BbINMONMHEHNSI KOMaHA SQL

» MO3BONAET CO3a4aTh onpeneneHme NHOAEKCOB, CYLLECTBYHOLWNX TOJTIbKO B
TEKYLLEN CECCUN N He BRUsiromne Ha paboTy Apyrnx ceccumn

e MO3BONAET BbIACHUTb OYAET MU NNaHUPOBLLKMK NCMNOMb30BaTb MHOEKC MNpU
BbIMOJIHEHNN KOHKPETHbLIX KOMaH 6e3 co34aHnsa nHaekca

* paclmpeHne NO3BONSET CKPbITh N0bbIE CYLEeCTBYHOLWME NHOEKCHI B
TeKyLen ceccum 4tobbl OHN HE BAUANN Ha NAAHUPOBLLMK

e MMNOTETUYECKME NHOEKCHI co3aatoTCHa QYHKLUNEN
hypopg create index ('CREATE INDEX...'), KOTOpPOU nepepaeTcs
TEKCT KOMaHAbl cO3aHUA UHOEKCA
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CyeTuunK TpaH3aKLUun

o [na 32-6UTHOro cyeTunKa TpaH3akummn (xid) MakcnmanbHOe 3Ha4YeHme
paBHO 4AMnipa.

e KOrga aToT npenen AoCTUraeTcs, CYETUMK TPaH3aKUNN nepexognT
"yepes HoNb" 1 HyMepauusa TpaH3aKUMM HaYMHaAEeTCs CO 3Ha4YeHua 3

* Y106bI HE NPpOUCXOANN0 NEPENOSIHEHUE CHETYNKA BEPCUU CTPOK
"3amMopaxupatotca" (freeze), YTO O3HAYaET, YTO BEPCUSA CTPOKMU
eAVWHCTBEHHad, akTyanbHada, BUaHa BO BCEX MOMEHTaNbHbIX

CHUMKaX
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[1pakTuka

1. OBbl4HAA oyncTKa Tabnumubl
7. AHann3 Tabnuubl

3. llepecTponka nHaekca

4. [lonHaaA o4YnCTKa

5. PacwunpeHue HypoPG
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QﬂtOf

2d ApxutekTypa PostgreSQL

BbinonHeHWe 3anpocos

t";’ntor
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SQL - peknapaTuBHbIN A3bIK

« SQL - peknapaTtuBHbIN SA3bIK MporpamMmMmnpoBaHus ansa paboTol
c 6a3amMu OaHHbIX, rOe Nosb30BaTeNlb ONUCbHIBAET XeNaeMble
pe3ynbTaTbl 3aNpoca, He yKa3blBast KOHKPETHbIE Laru
BbINOJSIHEHUA

» Korpga nonb3oBaTenb oTnpaBndeT 3anpoc SQL cucrteme
ynpasneHnsa 6asamu gaHHbix (CYB/[) PostgreSQL,
npoucxoauT cneaytoLlee:
> MapCcuHr (CMHTaKCUYEeCKN N ceMaHTUYecknn palbop) 3anpoca
> [lepenucbiBaHue
> [1naHnpoBaHue
> BblnonHeHue

t";’ntor

YuebHbln Kypc "Tantor: AGMUHAUCT pupoBaHune PostgreSQL 17" TaHTop Jlabc © 2025 www.tantorlabs.ru 137




CuHTakcnyeckumn pasbop

« CunHTaKcmn4yeckunun pasbop BKAKOYAET B cebsi cnegyroLime

Lwaru:

> NNeKCUYEeCKUN aHanun3

> MOCTPOEHNE CUHTAKCUYECKOoro gepesa

> MpoBepKa Ha COOTBETCTBME rpaMmaTmke

SELECT coll, col?2 FROM tablel WHERE col2='testl';
TEeCT 3anpoca CUMHTaKCUYEeCKN BEPEH
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CemaHTHnuyecknu pasbop

e onpepeneHue cMmbicsia (CeMaHTUKK), NPOBEPKaA CYLWECTBOBaAHUS
Tabnuy, cTondbuoB, COrNacoBaHHOCTb TUMOB AaHHbIX
* MpoOBepKa NnpasB AOCTYyna: MMeET /M Nosb30BaTe b NpPaBO Ha
BbIMOJIHEHNE KOMaHAbI, MpaBa AO0CTYMNa K O6'beKTaM, YKa3aHHbIM B
3anpoce: cxemam, Tabnuuam, GyHKUMAM, NpeacTaBneHnam n T.n.
> UOET obpalleHne K TabnmuamMm CUCTEMHOIo KaTanora, B KOTOPbIX
XpaHATCA onpeaeneHns obbekToB. Hanpumep, pg class,
pg attribute, pg type, pg depend, pg constraint,
pPg namespace, pg inherits, pg attrdef, pg sequence
> BblbpaHHble AaHHble K3WNPYKTCSH B JIOKaIbHOW NaMsATU
npouecca, o6cny>XuBatroLLLero CeECCuo NoNb3oBaTeNs

ﬁawor
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TpaHcpopmauma (nepenncoiBaHme) 3anpoca

* npeobpazoBaHME NCXOOHOWN CTPYKTYpbl 3anpoca B
aHaNOrM4YyHyo C TOYKU 3PEHUS NMONYYEHUS pe3ynbTaTa B
Lensax nyywen ontmumMmnsaunm Ha atanax niaHupoBaHUa U
BbIMNOSIHEHUS B LENAX Nydlen onTuMmusaunm Ha atanax
NaHUpPoOBaHUA U BbIMOHEHUS
> MMEHa npenacTaB/ieHUI, eCin Takne Oblfin B 3anpoce,

3aMEHAKTCA 3anpocaMn, Ha OCHOBE KOTOPbIX CO34aHbl
I'Ipe,D,CTaBJ'IeHVIFl LOG: rewritten parse tree:

DETAIL: (
{QUERY
:commandType 1
:querySource 0
:canSetTag true
:utilityStmt <>
:resultRelation O
:hasAggs false
:hasWindowFuncs false
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[TnaHMpoBaHuMe BbiNosHeHna (onTuMu3aums)

Llenb aToro wara - nosiy4ynmTb Hauny4dwmm cnocob (nnaH)
BbINOJIHEHUA 3anpoca

[ eHepUpyrOTCA BO3MOXHble cNoCcOoObl BbIMOSTHEHUS 3aMpoCa,
OLeHMBaeTCAa TPYLAOEMKOCTb BbINOSIHEHUA U BblOUpaeTcs
crnocob (nnaH) BbIMNOMHEHNSI C HAMMEHbLLUEN CTOMMOCTbBHO
Ilna oueHKM CTOMMOCTM UCNONb3YyeTCH

CTaTUCTUKA, ONUCbIBaloLLasd 0ObeKThI

BecoBble KO3pPUNLMEHTbI N3 NapaMeTPOoB KOHPUrypauum
napamMeTpbl KOHOUrYypaLmmn, paspeLlaroline NCrnonb3oBaTb
cnocobbl BbIOOPKU U 06paboTKM CTPOK

B pacyeT CTOMMOCTHU BKIKOYAOTCA ABe YacTu:
BblUNCINTENIbHAA COXHOCTb (Mpoueccop) v BBOA-BbIBO/,
t";’ntor
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BbinonHeHMe 3anpoca

* YTeHne gaHHbIX: YNTAKOTCSH CTPOKN N3 BNOKOB Tabnuy, NHOEKCOB,
GYHKLUMU

» ObpaboTka AaHHbIX: PUNbTPALUN, COPTUPOBKU, FPYMMUPOBKMY,
BblYMCNEHUS

» CoeanHeHMe HAabOpOB CTPOK: ecfin 3anpocC BKHOYAET B cebd
coegunHeHune Tabnuy, nnn gpyrux UCTOYHNUKOB AaHHbIX

o [pynnmMpoBKa CTPOK: HanpumMep, ecin NCrnonb3ykTcH rpynnoBble
¢yHKunm Tmna COUNT, SUM, AVG

» Bo3sBpar pesynbTraTa: BO3BpaT CTPOK KIIMEHTY UK B KOf,
nocraBLLnK 3anpocC Ha BbINOJSIHEHUE

» OcBOOOXOEHNE PecypCcoB: CHUMAIOTCA BJTOKUPOBKN C 06 BEKTOB U
ocBoboOXaaeTcd NnaMATb, MCNOJNIb30BaHHAA NPw BbINOJIHEHNY

3anpoca
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KomaHpga EXPLAIN

e BbIAAET NiaH BbIMNOSIHEHUSA 3aMNpOCa
> MO YMOJTYaHUKO 3anpocC He BbIMOJIHAETCA.
» Ecnu ykasatb onuuro analyze, To 3anpocC BbIMOJIHUTCSA, Nocne
BbINONIHEHUS ByAeT NokKa3aH NnaH ¢ geTtansamMu BbliNOSIHEHUS.
> 6e3 onumn timing off "Execution Time" MoXeT BblgaTb BPEMS BbIMOSTHEHUS,
npeBbillatoLlee peanbHOE B HECKOJIbKO pa3
> onuusa buffers nokasblBaeT YNCcno dbydepoB, KOTOPbIE CYUTBIBAIUCH NP
NAaHNPOBAHUU U BbINOJITHEHUU

postgres=# explain (analyze, buffers) select * from t limit 1;
QUERY PLAN
Limit (cost=0.03..0.04 rows=1 width=8) (actual time=0.048..0.067 rows=1 loops=1)
Buffers: shared hit=2
-> Seq Scan on t (cost=0.00..14425.00 rows=1000000 width=8) (actual time=0.015..0.020 rows=1 loops=1)
Buffers: shared hit=2
Planning Time: 0.040 ms
Execution Time: 0.198 ms
(6 rows)
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[TapameTpbl kKomaHgbl EXPLAIN

» 12 NnapaMeTpoB, YKa3biBatOTCA B KPYInbliX CKOOKaxX

postgres=# EXPLAIN (analyze, verbose, buffers, serialize text, settings, memory, wal) SELECT *
FROM t WHERE i = 100 AND j = 10;
QUERY PLAN
Gather (cost=1000.00..11676.00 rows=10 width=8) (actual time=0.421..65.852 rows=10 loops=1)
Output: i, J
Workers Planned: 2
Workers Launched: 2
Buffers: shared hit=4425
->Parallel Seq Scan on public.t(cost=0.00..10675.00 rows=4 width=8) (actual
time=37.521..57.814 rows=3 loops=3)
Output: i, 7
Filter: ((t.i1i = 100) AND (t.j = 10))
Rows Removed by Filter: 333330
Buffers: shared hit=4425
Worker 0: actual time=55.948..55.955 rows=0 loops=1
Buffers: shared hit=1396
Worker 1: actual time=56.416..56.422 rows=0 loops=1
Buffers: shared hit=1399
Query Identifier: 687797574221341570
Planning:
Memory: used=11kB allocated=16kB
Planning Time: 0.054 ms
Serialization: time=0.042 ms output=1kB format=text
Execution Time: 66.150 ms
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[TapameTpbl kKomaHgbl EXPLAIN

» 12 NnapaMeTpoB, YKa3biBatOTCA B KPYInbliX CKOOKaxX

postgres=# EXPLAIN (analyze, verbose, buffers, serialize text, settings, memory, wal) SELECT *
FROM t WHERE i = 100 AND j = 10;
QUERY PLAN
Gather (cost=1000.00..11676.00 rows=10 width=8) (actual time=0.421..65.852 rows=10 loops=1)
Output: i, J
Workers Planned: 2
Workers Launched: 2
Buffers: shared hit=4425
->Parallel Seq Scan on public.t(cost=0.00..10675.00 rows=4 width=8) (actual
time=37.521..57.814 rows=3 loops=3)
Output: i, 7
Filter: ((t.i1i = 100) AND (t.j = 10))
Rows Removed by Filter: 333330
Buffers: shared hit=4425
Worker 0: actual time=55.948..55.955 rows=0 loops=1
Buffers: shared hit=1396
Worker 1: actual time=56.416..56.422 rows=0 loops=1
Buffers: shared hit=1399
Query Identifier: 687797574221341570
Planning:
Memory: used=11kB allocated=16kB
Planning Time: 0.054 ms
Serialization: time=0.042 ms output=1kB format=text
Execution Time: 66.150 ms
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NHpeKcbl Aa orpaHUYeHui LieNoCTHOCTY

o ansa orpanHmnyennn uenoctHoct PRIMARY KEY n UNIQUE Heobxoaum
YHUKaNbHbIK MHOEKC TUNa btree co ctonbuamm, BXoASLWMMU B
orpaHu4yeHue LLenoCTHOCTMH.

e OCTanbHble UHOEKCbl MOTYT UCNOMb30BaTbCA A1 YCKOPEHUSA 3anpoCoB
("aHanuTM4Yeckmne nHaekcobl"), NOTHOTEKCTOBOIO NomuckKa

* MHOEKCbl YCKOPAKT MOUCK CTPOK M 3aMegnsaroT gobasneHme,
N3MeHeHune, yganeHune CTpok

* MHOEKCbl UICMONb3YKT MECTO Ha AUCKe, pa3Mep CONOCTaBUM C
pa3MepomM Tabnnuybl

o MpumMep 3amMeHbl MHOEeKCa gPYyrMmM UHOEKCOM:

create table t3 (n int4 primary key, m int4);
Indexes:

"t3 pkey" PRIMARY KEY, btree (n)
create unique index concurrently t3 pkeyl on t3 (m,n);
ALTER TABLE t3 DROP CONSTRAINT t3_pkey, ADD CONSTRAINT t3_pkey PRIMARY KEY USING INDEX t3_pkey1;
NOTICE: ALTER TABLE / ADD CONSTRAINT USING INDEX will rename index "t3_pkeyl" to "t3_pkey"
Indexes:

"t3 pkey" PRIMARY KEY, btree (m, n)
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Cnocobbl AocTyna K AaHHbIM B MJ1aHe 3anpoca

e cnocobbl, KOTOPbIMW NPOLECC NMoslydyaeT AaHHble (CTPOKK, 3anmncu)
N3 NCTOYHUKOB AaHHbIX

* UCTOYHMKAMMN MOTYT ObITb TabnnLbl, BHELWHME Tabnuubl, GYHKLUN
nT.M.

° pacwmnpeHna MmoryT cosgaBaTb CBOU MeTOoAbl OOCTyNa

» Ansa cnocoba Bitmap cTpoutca 6utoBasi KapTa No MHOEKCY
> MOCTPOEHUE KapTbl OTMEYaeTca CTpokoun Bitmap Index Scan

> 1Mo BUTOBOU KapTe CKAaHUPYHOTCA CTPOKKU nnin 6510kn Tabnuubl, 4To
oTMeYaeTca cTpokou Bitmap Heap Scan B nnaHe:

Bitmap Heap Scan on tab (cost=10..1000.51 rows=998 width=11)
Recheck Cond: (coll < '1000'::numeric)
-> Bitmap Index Scan on t coll idx (cost=0.00..9.60 rows=998 width=0)
Index Cond: (coll < '1000'::numeric)
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\da

MeToabl AOCTyNa K CTpOKaM e
bloom
brin
btree

e [Ba Tuna "MeTtogoB" (cnocoboB) A0CTYyNa K CTPOKaMm columnar
TabnuL: TabAUYHBIN U UHAEKCHbIN it

» MeToabl goCcTyna MOXXHO A00aBNATbL pacLlUNPEHUAMMN: EZZE
> create extension pg columnar; spgist

> Ccreate extension bloom;

(9 rows)

List of access methods

Type

o TabnunyHble MeTOoAbl AOCTYMa onNpenensatoT crnocob XpaHeHus
OAaHHbIX B Tabnmuax n obbIYHO CUYMUTLIBAKOT BCE CTPOKMU

e VIHOeKcHble MeToabl 0ObIYHO CUUTBLIBAKOT YaCTb O/1OKOB Tabninubl

o [1na HOEKCHbIX MeToA0B (cnocoboB) HYXXHO CO3A4aThb
BCMNOMOraTenbHbi OOBbEKT, Ha3blBAEMbIM UHOEKCOM

» VIHpekcbl co3pgatoTca Ha oauH U

cTon6buoB TabsnLbI;

create
create
create
create

table
index
index
index

t (id int8, d date, s text);

t idx on t using btree ( int8 ops, date_ops) ;
t idxl on t using btree (s text ops);

if not exists t idx2 on t (id, d);
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Cnocobbl coegnHeHnst HabopoB CTPOK

» Cnocobbil:
> CoeaunHeHune BnoxXxeHHbIlM Uuknom (Nested Loop Join) ¢
MemMounsauneun n 6es
> CoeaunHeHune xewmpoBaHuem (Hash Join) ¢ ucnonb3oBaHnem
BPeMEHHbIX ¢annoB n 6e3 NCrnosb3oBaHNSA
> CoepguHeHune cnuaHmnem (Merge Join)
» Habopbl CTPOK BCcerga coeaunHAatoTCs nonapHo

t";’ntor
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KapauHanbHOCTb U CEJIEKTUBHOCTDb

e KapAWHanbHbIM YNCTOM OTHOLLEHUS (COKpPALLLEHHO
KapAWHanNbHOCTbIO) UM MOLWHOCTbH OTHOLLEHUSI Ha3blBaETCH
YMCII0 CTPOK (OHWU Xe tuples, KopTexu)
> B NNnaHe rows u actual rows
> € 18 Bepcumn PostgreSQL rows - oecATMYyHOe 4ncno

Gather (actual rows=2.00 loops=1)
-> Parallel Seqg Scan on bookings (actual rows=0.67 loops=3)

» CenekTmBHOCTb - gons (oT Hyna A0 1) CTPOK U3 BbIOOPKU

postgresqglorg/docs/18/release-18. htm#RELEASE-18-CHANGES & v¢ X ) S,

Madify EXPLAIN to output fractional row counts (Ibrar Ahmed, llia Evdokimov, Robert Haas) § &

t";’ntor

150

YuebHbln Kypc "Tantor: AGMUHAUCT pupoBaHune PostgreSQL 17" TaHTop Jlabc © 2025 www.tantorlabs.ru



CTOMMOCTb NaHa 3anpoca

CToMMOCTb (cost) - yncnoBasa oLEHKaA TPYOAOEMKOCTH
BbIMOJTIHEHWNA Y3Na MJjiaHa Ui BCero 3arpoca

CoCcTOUT U3 ABYyX HUncesl, Mexay KOTopbiMUN ABE TOYKU
> cost=0.00..14425.00

[TepBoe 4ncno (startup cost) - CTOMUMOCTb OTAa4Yn NEPBOU
CTPOKMU B BblIOOpKeE

BTopoe uucno (total cost) - cTOMMOCTb OTAa4YM BCEX CTPOK
3HaYeHne CTOMMOCTU UMEET CMbIC/ TONbKO A1 CPaBHEHUS
N1aHOB OQHOro U TOro Xe 3anpoca

[1ns BCex 3anpocoB, KPOMe KYpCOpOB, BbIOUpaeTcs naH ¢
HaUMeEHbLINM BTOPbIM YUCITOM

CTOMMOCTb OIHOIO M TOrO Xe 3arnpoca KopenmpyeT C
BpeMeHEeM BbINOSIHEHNSA 3TOrO 3anNpoca, HO HEJTMHENHO

ﬁawor
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CTaTUCTUKH

* MCNONb3yeTcs NAaHUPOBLLMKOM Npu BbibOpe nnaHa

» Das3oBad M paclmpeHHaa CTaTUCTUKA XpaHUTCA B Tabnnuax CUCTEMHOro
KaTanora

o cHbOp paclUMpPEHHON CTAaTUCTUKN YCTaHABINBAETCS BPYYHYHO KOMaHOON
CREATE STATISTICS nnn aBToMaTU4eCKU pacllMpeHnem
pg_stat_advisor
> Mocne yCTaHOBKU paclUMpeHHaa CTaTUCTUKa cobunpaeTcd BMecCTe C

6a30B0OM aBTOBaKyyMOM (aBTOaHaNM30M) UM NPU BbINOHEHUY
kKomaHg VACUUM (ANALYZE)

e HaKoOMuUTeNlbHada CTaTUCTUKA XPaHUTCS B pa3fenssemMomn namMaTu,
OO0CTYMNHa 4yepes npepcrtasneHuna pg_stat_all_* n pyHkumamm
pg_stat_get*
> MPU OCTaHOBKE 3K3eMMisipa CoOXpaHsaeTca B ¢pann B AUPEKTOpUM

PGDATA/pg_stat/

> UCMNOJIb3YyETCHA aBTOBaKyyMOM

t";’ntor

YuebHbln Kypc "Tantor: AGMUHAUCT pupoBaHune PostgreSQL 17" TaHTop Jlabc © 2025 www.tantorlabs.ru 152




Tabnuua pg_statistic

Tabnuua pg_statistic xpaHuT 6a30BYHO CTAaTUCTUKY

CobupaeTtcda aBToaHannsom n komaHgon ANALYZE ,

ncnosib3yeTcsa asaa onTMumMmnsaumm 3anpocoB NIaHUPOBLLMKOM

» [1o ymonyaHuto nepecobupaetcsa no default_statistics_target
* 300 = 30000 cTpok

e copepxaTcs AaHHble MO Ka)aomy ctonouy Tabnuuy

» [Mpumep: gona ctpok ¢ NULL B TpeTbem cTonbue Tabnuubl
test:

select stanullfrac from pg statistic
where starelid = 'test'::regclass and staattnum = 3;
stanullfrac

0.9988884
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HakonutenbHaa CTaTUCTUKA

e Mo Tabnuuam:

select schemaname||'.'||relname name, seq _scan, idx_scan, idx tup fetch, autovacuum count, autoanalyze count from
pg_stat _all tables where idx scan is not null order by 3 desc limit 1;
name | seq scan | idx scan | idx tup fetch | autovacuum count | autoanalyze count
————————————————————————— e e
public.pgbench accounts | 0 | 11183162 | 11183162 | 1512 | 266

select relname name, n_tup ins ins, n_tup upd upd, n_tup del del, n_tup hot upd hot upd, n_tup newpage_ upd
newblock, n_live tup live, n _dead tup dead, n_ins since_vacuum sv, n_mod since_analyze sa from pg stat all tables
where idx scan is not null order by 3 desc limit 1;
name | ins | upd | del | hot upd | newblock | live | dead

pgbench tellers | 0 | 5598056 | 0 | 5497197 | 100859 | 10 | 1456051

- B NnpeaAcTaBleHNn pg statio all tables CTaTUCTUKa MO BCeM UHOEKCAM Ha

Tabnunuy. CTaTUCTMKY (YTEHME C NOArpy3Kon ¢ gucka u n3 kawa 6ygepos) no
KOHKPETHOMY MHOEKCY MOXHO NOCMOTPETh B NpeacTaB/IEHUN
pg statio all indexes.
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PaclwuMpeHne pg stat statements

e [eTaNnbHada CTaTUCTMKa PaboThbl aK3eMMsApa C TOYHOCTbLIO A0 KomMaHg SQL
e [O/19 YCTAHOBKMW HYXXHO 3arpy3nTb OUBNNOTEKY N YCTAaHOBUTb pacLUNPEHME:

alter system set shared preload libraries = pg_stat statements;
create extension pg stat_ statements;

* B pacwunpeHue BxogaTt 3 PyHKUUN N 2 Npe[cTaBNeHNns:

\dx+ pg_stat statements

function pg stat statements (boolean)

function pg stat statements info ()

function pg stat statements reset (oid,oid,bigint,boolean)
view pg stat statements

view pg stat statements info

e KOMaHAObl 0ObeanHAKTCH B OOHY CTPOKY B pg stat statements, KOrga OHU
BbIMOJIHAKOTCA OAHUM N TEM Xe MNoJib3oBate/ieM U UMerOT MOEHTUYHbIE
CTPYKTYpPbI 3alflpocoB, TO €eCTb CEMaHTUNYECKUN PaBHO3HA4YHbI, 3a
NCKITIOYEHMEM NUTEPASIOB N MepeMeHHbIX nogcTaHoBKK (literal constants)

« Hanpumep: select * from t where id = 'a' Uselect * from t
where id = 'b' 0ObeAUHATCA B select * from t where id = S1

t";’ntor

YuebHbivt Kypc "Tantor: AgMUHUCTpUpoBaHue PostgreSQL 17" TaHTtop Jlabec © 2025 www.tantorlabs.ru

155



[lapameTpbl pg stat statements

* pg stat statements.max 3aaeT MaKCUMalbHOE YNCNO KOMaHA,
OTCNeXnBaeMbiX pacwmpeHmnem, To eCtb, MakCMMalibHOe YNCJ1IO CTPOK B
npeacTaBiNeHNN pg stat statements

* pg stat statements.save ornpepgendeTr, OJKHa JIN CTaTUCTUKA
COXpPaHATbCA NOCe nepesarpy3kn cepsepa

°* pg stat statements.track onpependeTt, Kakme KoOmMaHAbl 6y,u,yT
OTCNIeXMNBATbCA: TOP OTCNEXUBAKOTCA TOJIbKO KOMaHObl BEPXHEro ypoBHA

» pg_stat_statements.track_planning yctaHaBnuBaeT 6yayT Nin OTCNeXunBaTbCs
onepauunn ninaHNpoBaHUA U ANUTENIbHOCTDb (I)aSbI NJaHNPOBaAHNA

°* pg stat statements.track utility OyAyT IM OTCNEXMBATbCA KOMaHAbI,
OT/INYHblEe OT SELECT, INSERT, UPDATE, DELETE, MERGE

select name, setting, context, min val, max val from pg settings where name like 'pg stat statements%';

name | setting | context | min val | max val
——————————————————————————————————— e
pPg_stat statements.max 5000 postmaster | 100 | 1073741823
Pg stat statements.save on sighup
pg stat

pPg_stat statements.track planning
Pg_stat statements.track utility

_ | I

_ | I | I
__statements.track | top | superuser | |
_ l | superuser | |
_ | | superuser | |
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[1pakTuka

Co3paHne ob6beKkToB 4715 3aNpOoCoB

. \3BneyueHne gaHHbIX NocnenoBaTenbHO
. Bo3BpalleHne gaHHbIX NO MHAEKCY

. Hu3kasa cenektMBHoOCTb
icnonb3oBaHMe CTaTUCTUKM

. MNpepcTaBneHune pg_stat_statements

OUAWNS
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QﬂtOf

2e ApxutekTypa PostgreSQL

PaclumnpeHnunsa PostgreSQL

t";’ntor
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PacwupsemocTtb PostgreSQL

» gobaBneHne PpyHkKUMoHana 6e3 BHECEHNSA NBMEHEHUN B
dannbl NICXOQHOro Koga n nepekomMnunsaymm

* MOXHO Cc0O34aBaTb TUMbl AaHHbIX, ONepaTopbl, FPynnoBbie
dYyHKUMN, NpUBE[EHNS TUMOB

e CO3[aHue XpaHUMBbIX noAanporpamMmm Ha 60bLLIOM Yuche
A3bIKOB MPOorpamMmmMmnpoBaHus

» CO3JaHune U NCNONb30BaHUE paclumnpeHunn (extensions)

> Habop Nobbix 06bEKTOB 6a3bl AaHHbIX, KOTOPbIN MOXHO
YCTaHOBUTb UK YOaNnTb Kak eguMHoe Lenoe

e pacwumpeHue PpyHKUMOHanNa pasgensieMbiMu bnbnmotekamm
» ODEPTKM BHEWHUX AaHHbIX (FDW)

t";’ntor
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OupekTopun ¢pannos pacimpeHnn n 6ubnmoTek

dannbl BU6MMOTEK HAXOAATCA B UPEKTOPUMU:

e /opt/tantor/db/17/1ib/postgresqgl

dannbl pacwmpennn (*.control un *.sqgl) HaxoasaTCs B ANPEKTOPUMN:

» /opt/tantor/db/17/share/postgresqgl/extension

Y3HaTb MeCTOMNOJIOXKEHNE MOXHO KOMaHOaMMU:

postgres@tantor:/opt/tantor/db/17/1ib$ pg _config --libdir
/opt/tantor/db/17/1ib
postgres@tantor:/opt/tantor/db/17/1ibS pg_config --sharedir
/opt/tantor/db/17/share/postgresqgl

 YcTaHoBKa cnocobom "PGXS":

root@tantor:
root@tantor:
root@tantor:
root@tantor:
root@tantor:

export PATH=/opt/tantor/db/17/bin:$PATH
export USE_PGXS=1

cd gMpeKTOpHUsI pacCUMpeHust

make

make install

06bIYHO pacLlUNPeEHUs, BUBNNOTEKN, YTUNMUTDI, MPUNTOXKEHUS
yCTaHaBIMBalOTCA Naketamu deb n rpm

ﬁawor
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YcTaHoOBKa pacLunpeHumn

PacwunpeHns MoryT BkJtoUaTb B cebs pasgensemyto 6UbnnoTexky u/mnm
TeKcToBble paunbl: ynpaBnsowWmMn Gann pacwmpeHns n oguH nnm donee
dannoB CKpuUNToB

GMONMOTEKU 3arpyXXartoTcd napamMmeTpamMmum Uian KOMaHgom:

postgres=# \dconfig *librar*
archive library |
dynamic library path | $libdir
local preload libraries |
session preload libraries |
shared preload libraries | pg stat statements
postgres=# load 'Gubamoreka';
LOAD
postgres=# \dx

OOBbEKTbI pacLUMPEHUA YCTaHaBNINBAOTCA KOMaHO,0M:

postgres=# create extension wums;
CREATE EXTENSION

AOCTYIlMNHblE K YCTaHOBKE pacClUnpeHnd nepeyvyncriieHbl B npencrtabBjieHnmn
pg avallable extentions

t";’ntor
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dannbl paclumpeHui

o NpuMep ynpasnsaowero ¢panna
pg_stat_kcache--2.3.0.control

# pg stat kcache extension

comment = 'Kernel statistics gathering'
default version = '2.3.0'

requires = 'pg stat statements'

module pathname = 'S$libdir/pg stat kcache'
relocatable = true

* Npumep ¢aunna ckpunrta pg_stat_kcache--2.3.0.sql

-— complain if script is sourced in psqgl, rather than via CREATE EXTENSION
\echo Use "CREATE EXTENSION pg stat kcache" to load this file. \quit
SET client encoding = 'UTF8';
CREATE FUNCTION pg stat kcache reset()
RETURNS void
LANGUAGE ¢ COST 1000
AS '$libdir/pg stat kcache', 'pg stat kcache reset';
REVOKE ALL ON FUNCTION pg stat kcache reset () FROM public;
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Foreign Data Wrapper

« ObepTKa BHELWHNX AaHHbIX - GYHKUMOHaN gnsa obpalleHuns K
OAaHHbIM, HaxoasLWMUmMcs BHe 6a3bl AaHHbIX U3 ceccum ¢ basoun
OaHHbIX PostgreSQL ctaHgapTM3oBaHHbIM U OTHOCUTENBHO
NPOCTbIM CMNOCOOOM

« B PostgreSQL BkroYeHbl gBe 06epTkU (apansepa):
postgres_fdw ans pabotbl ¢ Tabnuuamu B 6a3ax AaHHbIX
PostgreSQL wu file_fdw kK cogep>XMmMomMy TEKCTOBbIX ¢panoB

« FDW ycTaHaBnMBaeTCcs Kak paclumpeHue — -

o CyuwecTBYHOT pacwmpenuns: mysqgl_fdw, (@ '@-
oracle_fdw, sqglite_fdw, mongo_fdw, redis_fdw \ \

» KOMaHAbl psql ana npocmoTpa obbekToB FDW:

\dew, \des, \deu, \det cervice
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PacwwupeHue file_fdw

 file_fdw no3sonsaeTt co3gaBaTb BUPTYyasbHble Tabnuubl HA OCHOBE
OaHHbIX, XPaHSLUXCS B TEKCTOBbIX pannax

* BHOCUTb UBMEHEHUS B Ppansbl HENbL3S, TONbKO YMTaTb

* MHOeKcoB HeT, npu kaxxpom SELECT npocmaTtpuBaeTca Becb
daunn

* Npumep cosgaHua obvekToB FDW:

CREATE EXTENSION file_fdw;
CREATE SERVER csv_server FOREIGN DATA WRAPPER file_fdw;
CREATE FOREIGN TABLE t1 (

columnl text,

column? numeric,

)
SERVER csv_server OPTIONS (filename '/path/to/file.csv', format 'csv');

t";’ntor
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PaclwumnpeHune dblink

* MO3BONIAET NOCbLI1IaTb KOMaHAbl Ha BbINOJIHEHUE N MOJTy4aTb

pe3ysibTaT

SELECT * FROM dblink ('dbname=postgres user=postgres', $$ select 7; $$ ) as (coll int);
7

SELECT * FROM dblink connect('connectionl', 'host=/var/run/postgresql port=5432"');
K

S:LECT * FROM dblink send query('connectionl',6 $$ select 8 from pg sleep(l); $$ )’
1

SELECT dblink is busy('connectionl') ;
1

SELECT * FROM dblink get result('connectionl') as t(coll int);
8

SELECT dblink is busy('connectionl') ;

SgLECT * FROM dblink exec('connectionl', $$ CHECKPOINT; $8$);
CHECKPOINT

SELECT * FROM dblink disconnect('connectionl');
OK
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[1pakTuka

NoOU~AWN S

OnpepenexHve gupekTopun ¢ damnamm paclumpeHus
[MpOCMOTP YCTaHOBIEHHbIX PacLUNPEHUN

. MMpocMOTp JOCTYMNHbIX paCLUNPEHUN

. YcTaHOBKa 1 yaaneHme npousBosibHOro 06HOBNEHUS
[MpOoCMOTP AOCTYMHbIX BEPCUIN pacLUMPEHU

. OBbHOBNEHMe 00 aKTyanbHOWN BEpCUM

O6epTKN BHELLHUX AaHHbIX

t";’ntor
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QﬂtOf

3

KoHpurypuposaHue PostgreSQL
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0630p

» nMmeeTca okono 370 napameTpoB

o BNMAKOT Ha paboTy aK3emMnasapa

* Ha3BaHMe HeYyBCTBUTENIbBHO K PerncTpy

* paclUMUPEHNS U NPUNOXEHNA MOTYT UCMOMb30BaTb
CBOW NMapameTpbl KOHOUrypauuu, y Takmx
NnapaMeTpoB B Ha3BaHWN NPUCYTCTBYET TOYUKA

e HACTpPOMKa 3K3emmnsipa - yCTaHOBKa 3HAYEHUMN
napaMeTpoB KOHPUrypaumm Tak, 4tobbl paboTa
aK3emMmndpa 6blna onTUManbHOM NPU TEKYLLLEN
Harpyske

t";’ntor
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[TapameTpbl KOHPUrypauum

 [lepBbIM NpocMaTpmMBaeTCA OCHOBHOW ¢aun
KOHOUrypaumm postgresqgl.conft
[TapameTpbl MOryT Ayo6nnpoBaTbCs MPUMEHSETCS
nocnegHuUn

o [lanblie NpUMeHSATCSH napameTpbl
SPGDATA/postgresgl.auto.conf

» [lapameTpbl KOMaHOHOW CTPOKU NepeaaBaeMble
npoueccy postgres -c npeBannpyroT Hag

YCTaHOBJIEHHbIMU B pannax napameTpoB
pg ctl start -o "-c config_file=/opt/postgresql.conf"

t";’ntor
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[TpoCcMOTp NapamMeTpoB

« KomaHpa psgl \dconfig
- MOXHO MUCKaTb MO WabnoHy \dconfig *wmmsa*

- MOXXHO MCMNOJIb30BaTb Knasuy Tabynauum
« KoMaHpa SHOW mMsa mapameTpa;

- MO>XXHO UCNO/b30BaTb KnaBully Tabynaumnm
- HY>XHO NocCbinaTb Ha BbINOJIHEHWE HabpaB “; "

- TONbKO OAMH NapameTp
* QYHKUUSA current setting ('mms napamerpa')

t";’ntor
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[TpoCcMOTp NapamMeTpoB

o [NpeactaBneHnda pg settings pg file settings
« KomMaHaa SHOW ALL;

- aHanor SELECT * FROM pg settings;

- HeNb34a oTOUNBbTPOBATbL NapamMeTpbl

o @annbl postgresqgl.conf postgresqgl.auto.conf
ls -CF /var/lib/postgresql/tantor-se-16/data

base/ pg logical/ pg_ stat/ pg wal/
global/ pg multixact/ pg stat tmp/ pg xact/
pg commit ts/ pg notify/ pg subtrans/ postgresqgl.
pg dynshmem/ pg replslot/ pg tblspc/ postgresqgl.
pg hba.conf pg serial/ pg_twophase/ postmaster.
pg ident.conf pg snapshots/ PG VERSION postmaster.

auto.conf
cont

opts

pid

e MPOCMOTP OJHOro napameTpa Ha 3anyLeHHOM UK OCTaHOBNEHHOM

aK3emMnngape
postgres -C mMa napameTpa
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[TpoCcMOTp NapamMeTpoB

o [NpeactaBneHnda pg settings pg file settings
« KomMaHaa SHOW ALL;

- aHanor SELECT * FROM pg settings;

- HeNb34a oTOUNBbTPOBATbL NapamMeTpbl

o @annbl postgresqgl.conf postgresqgl.auto.conf
ls -CF /var/lib/postgresql/tantor-se-16/data

base/ pg logical/ pg_ stat/ pg wal/
global/ pg multixact/ pg stat tmp/ pg xact/
pg commit ts/ pg notify/ pg subtrans/ postgresqgl.
pg dynshmem/ pg replslot/ pg tblspc/ postgresqgl.
pg hba.conf pg serial/ pg_twophase/ postmaster.
pg ident.conf pg snapshots/ PG VERSION postmaster.

auto.conf
cont

opts

pid

e MPOCMOTP OJHOro napameTpa Ha 3anyLeHHOM UK OCTaHOBNEHHOM

aK3emMnngape
postgres -C mMa napameTpa
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OcHoBHoU daun napameTpos postgresqgl.conf

e OCHOBHOM daunsi, B KOTOPOM XpPaHATCSA NapaMeTpbl
KOHOUrypaLumm Knacrtepa

» MOXEeT cofepxaTtb bonee 370 napamMeTpoB MKOC NapamMmeTpbl
paclWMpeHnn U pasgensemMboix 6ubnnoTek (*.so)

» Co3paéeTtcsa Ha ocHoBe ¢aunna postgresql.conf.sample
yTUANUTOMU initdb

» MOXHO pegakTupoBaTb

» MOXHO BKAKOYaTb coaep Xxmumoe apyrmx ¢annos
napameTpamun KoHpurypaumm include n include_dir
3afaHHbIMN BHYTPU postgresql.conf
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dann napametpos postgresql.auto.conf

» Pacnono)eH B AUpeKTopun PGDATA

» [TapameTpbl fob6aBAATCA KOMaHO0M

> ALTER SYSTEM SET nmapamMeTp = 3HaUeHUE;
» [TapameTpbl youparoTCcsd KOMaHOOoM

ALTER SYSTEM RESET mnapaMeTp;

ALTER SYSTEM RESET ALL;

e YTOObI HOBbIE 3HAYEHUS BCTYNUITN B CUNTY Nocne USMEHEHUA
KOMaHOoun ALTER SYSTEM HY>XHO NnepeynTaTb

KOHOUTYpaLUMIO UK Neperpys3uTb KnacTtep
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[MpuMeHeHne nsMeHeHun napameTpoB

[na npuMeHeHUa naMeHeHUn nepedynTbiBaroTCAa Bce pannbl
KOHPUrypaumm n NPUMEHSA0OTCH UBMEHEHUA KOTOPbIE MOXHO
npoBecTn be3 nepesarpys3kn Knacrtepa

» Cnocobbil:

> SELECT pg reload conf ()
> pg ctl reload a
> sudo killall -1 postgres

» [NlapameTpbl B postgresql.auto.conf nepeKpbiBarOT 3HAYEHUA
napameTpoB postgresgl.conf

- EchuB postgresql.conf NnapaMeTp YKa3aH HECKOJIbKO pas,
NPUMEHSIETCSH YKa3aHHbIN 6nXKe K KOHUy danna
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[lpuBUNnernn Ha uamMeHeHne NnapamMmeTpPoB

« Twnn napameTpa yKasaH B CTonbLue context NpencTaBneHns
pPg settings

 KomaHay ALTER SYSTEM MoOXeT BbINOTHATb POJSib C aTPUOYTOM
SUPERUSER u Te ponu, koTopbiM Oblnia gaHa npueunerusa
GRANT ALTER SYSTEM on PARAMETER mMsa napamerpa to pPOJib;

* [loCMOTpPETb CMUCOK NPUBUIIETMN MOXXHO KOMaHAou psql:
\dconfig+ mMsa OpPUBUIETUU

Parameter | Value | Type | Context | Access privileges
—————————————————————— e T o T

update process title | off | bool | superuser | postgres=sA/postgres+
| | | | userl=s/postgres

* UNK 3anpocom select * from pg_parameter_acl;
« A -npaBo Ha ALTER SYSTEM, s - npaBo Ha SET

t";’ntor
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Knaccupukaumsa napameTpoB: KOHTEKCT

 internal - napameTpbl TONbLKO AN YTEHUS

» postmaster - Hy>XeH nepesanyck ak3emnngpa Knacrepa

e sighup - goctaTo4Ho nepeymnTaTtb pansbl KOHPUrypauum

e superuser - MOryT yCTaHaB/IMBaTbCs Ha YPOBHE CEeCCUUN, HO Y
nosib3oBartens Ao/mkeH obitb atpubyT SUPERUSER unu
NpuBUNErma Ha U3SMeHeHMe aToro napameTpa

» superuser-backend - He MOryT 6bITb UBMEHEHbI Mocne co3gaHusa
CEeCCUN, HO MOTYT ObITb YCTAaHOBJIEHbI /19 KOHKPETHOM CECCUN B
MOMEHT NoAcoeANHEHUA, eCNTN eCTb NPUBUIIETUN

» backend - kak n npegblayLwnmn, HO NPUBUNETNU HE HYXXHO

e USer - MOXXHO MeHATb B TeYeHNe cecCumn UM Ha ypoBHe
Knacrtepa
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[TapameTpbl KOHTEKCTa internal

» 19 napameTpoB B 17 Bepcuu

e TOJIbKO And 4tTeHn4

name
block size

data_ checksums

data directory mode
debug assertions
huge pages status
in hot standby
integer datetimes
max function args
max identifier length
max index keys
segment size
server_ encoding
server version
server version num
shared memory size
shared memory size in huge pages
ssl library

wal block size

wal segment size
(19 rows)

+
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

postgres=# select name, setting from pg_settings where context='internal' order by 1;

setting

100

63

32
131072
UTFS8
17.2
170002
189

95
OpenSSL
8192
16777216
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Knaccuoukauma napamMmeTpoB: YPOBHU

» Knactepa KomMaHaou
> ALTER SYSTEM SET napaMeTp = 3HAUeHUue;

o ba3sbl AaHHbIX
> ALTER DATABASE umvmsda SET napamMeTp = 3HaAUEHUE;

» Ponu
> ALTER ROLE poJspr SET napamMeTp = BHaAUEHUE;
« Ceccum cosgaBaemMou POJIbHO, noacoenHArLWENCs K

KOHKpPEeTHOW 6a3e gaHHbIX
> ALTER ROLE poJss IN DATABASE umvmsa SET nmapamMeTp = 3HaAUEHUE;

€}MN
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Knaccuoukauma napamMmeTpoB: YPOBHU

» BHyTpU ceccumn

> SET work mem to 'loMB';

> SELECT set config('work mem', 'loMB', false);
o TpaH3akuuu

> SET LOCAL work mem to 'loMB';

> SELECT set config('work mem', 'loMB', true);

 Ha BpeM4A BbIlNMOJIHEHNA (I)yHKLI,VIl/I Ui npouenypbl
> CREATE {FUNCTION|PROCEDURE}

SET napameTrp {TO 3HaueHme | = 3HaueHue | FROM CURRENT}
> ALTER {PROCEDURE | FUNCTION}..
SET nmapameTrp {TO | = }{3HaueHue | DEFAULT};

ﬁawor
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[TapameTpbl XpaHeHUa Ha ypoBHe Tabnuu

YcTaHaBNMBaOTCH KOMaHO0U
> ALTER TABLE mMmsa SET (mapamMeTp XpaHeHMda = 3HaueHue) ;

Mo>kHo ycTaHoBUTL B KOMaHae CREATE TABLE

[TepekpbiBatoT aHaNoOrnMyHble NapamMmeTpbl KOHPUrypaumm npu
paboTe aBToOBakKyyMa C KOHKpeTHOoU Tabnuueun n/mnu eé€ TOAST
Tabnunuen

KomMaHga nepekpbiBatoLllasa 3Ha4YeHUe napameTpa KoOHOUrypauumm

default_statistics_target gna ctondua Tabnuuybi:
> ALTER TABLE mMs ALTER COLUMN wmms SET STATISTICS

UlVICJIO,

ﬁawor
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Knaccupukaumsa napameTpoB: Kateropmm

« KaTeropuu onucbiBatoT o Yyero npeaHasHadyeHbl napamMmeTpbl

select category, count(name) from pg settings group by category order by

2 desc;

category | count
_________________________________________________ +_______
Client Connection Defaults / Statement Behavior | 31
Developer Options | 25
Resource Usage / Memory | 22
Query Tuning / Planner Method Configuration | 22
Reporting and Logging / What to Log | 21
Preset Options | 18
Write-Ahead Log / Settings | 15
Connections and Authentication / SSL | 14
Autovacuum | 13
Query Tuning / Planner Cost Constants | 13

(42 rows)
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KaTeropus: "[nsa pa3paboTynkos”

» KaTeropusa napamMeTpoB Developer Options

« [lapamMeTpbl 3TOMN KaTeropumn He AOJIKHblI MCNOJIb30BaTLCA MNPWU
NPOMBbILLITIEHHOW 3KCMNyaTauuu

» [lapameTpbl U3 3TON KaTEropmn MOryT noMoub rnoay4YnTb AaHHbIE B
CNOXHbIX Cly4Yasx NOBPEXAEHUA CTPaHUL,

°* lgnore system indexes - UTHOPUPOBATb CUCTEMHbIE MHOEKCHI MPU
YTEHUN CUCTEMHbIX Tabnuy, (HO BCce XXe 0OHOBNATbL MHOEKCHI NPU
N3MeHeHnn Tabnuuy). MoxeT NPUroanTbCS, eCNU NMOBPEXAEHUS B
CUCTEMHBbIX MHAEKCAX HE MO3BOMAIOT CO3[aTb CECCUIO ANt YCTPaHEHUS
NOBPEXOEHUN

* zero damaged pages - NOBpPeXAeHUA B Cny>XebHoun obnactn 6noka He
OAET NpoYecTb AaHHble U3 3TOro 65ioka. NapameTp NO3BONISAET CUMTATb
610K NycTbiM, Kak 6y4TO B HEM HeT CTPOK

antor

YuebHbln Kypc "Tantor: AGMUHAUCT pupoBaHue PostgreSQL 17" TaHTop Jlabc © 2025 www.tantorlabs.ru 183

£d




KaTteropus: "lNonb3oBaTenbckue HacTPoOUKn"

» KaTeropusa napameTpoB Customized Options

« B kateroputo BXoO4AT napaMeTpbl pacimpeHun, bubnnoTek namn NnpocTo
MPon3BOJibHblE NMapaMeTpPbl, B Ha3BaHUN KOTOPbIX MPUCYTCTBYET TOYKaA

* pa3paboTymkm OUBGINOTEK U pacCLUMPEHUN AT BO3MOXHOCTb
CTaHAaPTHbIM 06pa3oM HacTpanBaTb NX GYHKLMOHAN

SET myapp.parl = '20';

SET

SHOW myapp.parl;

myapp.parl

20
(1 row)
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Ha3BaHMA U 3Ha4YeHnA NapaMeTpoB KOHOUrypaLun

» Ha3BaHua napamMeTpoB HEYYBCTBUTESNIbHbI K PErncTpy

« 3Ha4YeHuns NnapamMmeTpoB - OAUH U3 NATU TUMOB:

» boolean: 3Ha4YeHUA MOXHO yKa3sblBaTb KakK on, off, true,
false, yes, no, 1, O

e CTPOKa: 3Ha4YeHusa nydwe 3agatb B anoctpodax

* Lenoe Unn pecsaTM4yHoe YnMcno: B eanHuLax naMmepeHunsa m3
cTonbua unit NpeacTaBNeHns pg settings UK NPOCTO
4MnCIIo

e enum: 3HAYEHUE N3 CNUCKa B cToNnbue enumvals
npencraBneHuns pg_settings

€}MN
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[lapameTp KOHPUrypaumm transaction timeout

* NO3BONIAET OTMEHUTb NIFOOYIO TpaH3aKLUMo, ANINTENBHOCTb
KOTOPOW NpeBbIlIaeT yKa3aHHbIN Nepunod, BpeMEHHU

e JEVNCTBME NapaMeTpa pacnpoCTpaHAETCAa Kak Ha ABHbIE
TpaH3akumm (HavaTtble ¢ nomMmouwbto KomaHabl BEGIN), Tak 1 Ha
HEABHO HayaTble TPaH3aKLUMnU, COOTBETCTBYIOLME OTAEIbHOW
KOMaHAe

o 3HayeHue HoNb (Mo YMOMYaHUIO) OTKIHOYaeT TaumayT

» [lo3BondeT ycTaHaBnNMBaTb OrpaHM4yeHne Ha AJIMTENIbHOCTb
TPaH3aKLUMK

» statement_timeout no3BonseT yCTaHOBUTb MakCUManbHoOeE
BpeMsi BbINOSIHEHUA OTAENIbHON KOMaHAbl
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ABTOHOMHbIE TpaH3aKLuuu

» B Tantor Postgres SE ecTb
aBTOHOMHbIe TpaH3aKLunm

* UCMOMb3YHOTCH B
nognporpamMmmax Ha plpgsql

e NMO3BONAOT BbINOMHUTb
KOMaHAbl U COXPaHUTb
pe3ynbTaT UX BbIMNOJIHEHUS
HEe3aBUCUMO OT TOrro
3aPUKcUpyeTca, OTKaTUTCH
UNKU NpepBeTcd TpaH3aKuus, B
KOTOpOU BblNa Bbi3BaHa
aBTOHOMHaA TpaH3aKLums

postgres=# CREATE TABLE t (a int);
CREATE TABLE
postgres=# CREATE OR REPLACE PREOCEDURE p()
LAMGUAGE plpgsqgl
AS %%
DECLARE
PRAGMA AUTONOMOUS TRANSACTION;
BEGIM
INSERT INTO t VALUES (1);
EMD;
t%;
CREATE PROCEDURE
postgres=# BEGIN TRANSACTION;
BEGIM
postgres=+*# CALL p(];
CALL
postgres=+*# ROLLBACE;
ROLLBACK
postgres=# SELECT * FROM t;
a

_i_
(1 row)
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[MapameTp KoHpuUrypaumm transaction_buffers

e 3a[a€T pa3mMep obLen NamMsaTh, UCNONb3yEMbIN ANA K3LWNPOBaHUS
COAEPXUMOro PGDATA/pg xact - MoAKaTasnora co ctatycom
dnKcaumm TpaH3aKLUn

e 3HayeHue nNo ymosnydanHuto - 0, YTo paBHO pa3mMepy pasnensaemMoro
nyna 6ypepos, peneHHomy Ha 512 (shared_buffers/512)

t";’ntor
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[TapameTpbl multixact_members_buffers u
multixact_offsets_buffers

e 3apatoT pa3mMep obLien namaTu, UICNoNb3yemMoun ONns KewnpoBaHmsa
COLEPXMUMOro COOEPXKMMOro ABYX NoALaNPEKTOPUN
PGDATA/pg multixact

e Y6eOuTbCA, UTO B KacTepe UCnonb3yrTca 64-6UTHbIe
NOeHTUGMKaTopbl TPaH3aKLUMM MOXHO NO 3HAaYEHUSAM NapaMeTPOB:

\dconfig autovacuum *age
List of configuration parameters

Parameter | Value
_____________________________________ -
autovacuum freeze max age | 10000000000
autovacuum multixact freeze max age | 20000000000

e €CN 3HauYeHusa bonblue 4 MUINMapaoB, TO UCNOJb3YyoTCA 64-
OUTHbIE CUETUYMKM TPaH3aKLUMA U MYNbTUTPaH3aKLUUI

ﬁawor
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[MapameTp KoOHPUrypaumm subtransaction_buffers

e 3a0a€T pa3mep obuien namMaTn, Ucnosiblyemoun ans
KenpoBaHNA COAEPXNUMOro PGDATA/pg subtrans
e MOATPaH3aKLUMsa co3naeTca:
> KomMmaHaoun SAVEPOINT

> ecnn B 6noke Ha a3blke plpgsql npucyTcTBYyeT ceKkums
EXCEPTION

> B psql HEABHO nepea KaXaon KoMaHaon B TpaH3aKuum, ecnm
BKJIIOUEH (interactive nnm on) napamMmeTp KoMaHOou:
\set ON ERROR ROLLBACK interactive
o Hanndue cekumm EXCEPTION HedaBHO yCcTaHaBNMBaET TOUYKY
coxpaHeHuna nepep Hadanom 65oka (nepen BEGIN)
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[MapameTp KoHOUrypaumm notify_buffers

e 3a0a€T pa3mep obuien namMaTn, Ucnosiblyemoun ans
KelwnpoBaHUA COAEPXKMNMOro PGDATA/pg notify

o 3HayeHue no ymosn4yaHuto 8 6nokoB (64K6)

» Ncnonbaytotcsa B apxutektype NOTIFY/LISTEN obmeHa
OAaHHBbIMU MeXay npoLueccamMu:
postgres=# listen abc;
LISTEN
postgres=# notify abc;
NOTIFY
Asynchronous notification "abc" received from
server process with PID 1234.

€}MN
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3afjaHne napamMmeTpoB Npu Co3[aHnn Knacrtepa

o MepeMeHHbIMN OKPYXEHUA U NapamMeTpamMn yTunuTsl initdb

» napameTpsbl initdb --Ic-collate, --lc-ctype, --encoding
HeNb31 U3AMEHUTb MOCJie CO34aHNA KnacTepa

e 3HAYeHUsI NapaMeTPOB NoKannsaumm MOXXHO MOCMOTPETL
KoMaHaou psql \1

» [NlapameTp initdb -k nnu --data-checksums 3agaeT nogcuer
KOHTPOJNIbHbIX CYMM B CTPaHuLUax ¢pannoB AaHHbIX

o BKJTHOUYUTb N OTKIHOUUTb NOACYET KOHTPOMbHBIX CYMM MOXHO
nocrie cosfgaHus Knacrepa

* nMpoBepuTb cTaTyC B pPsql \dconfig data checksums

e MPOBepPKa KOHTPOJbHbIX CYMM OJTOKOB AaHHbIX BbIMOTHAETCS
yTunutamm pg_checksums n pg_verifybackup
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PaspellueHnsa Ha AUPEKTOPUIO PGDATA

» [TapameTp initdb -g unun --allow-group-access yctaHaBnmBaeT
paspewennsa 0750 (rwx r-x ---)

* eCNN He yKa3saTb, TO Nepeco3gaBaTb KJ1TaCcTep He HYXXHO,
MO>XHO NOMeHATb pa3peweHuss Ha PGDATA (1
NoaaAUPEKTOPUN) HA AOMNMYCTUMbIE 3HAUYEHUS

o [lonyctumsble 3Ha4vyeHuna 0/50 n 0/00:

* pg_ctl start

walting for server to start....

FATAL: data directory
"/var/lib/postgresgl/tantor/sel6/data" has invalid

permissions
DETAIL: Permissions should be u=rwx (0700) or u=rwx,g=rx
(0750) .

stoiied waitini
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Pa3mep 6510Ka gaHHbIX PostgreSQL

o pa3mep 8192 6aunTt = 8K6 3agaH Npu KOMNUIALUUK
* CUHOHUM “cTpaHunua”
* NPU HaxXoXAeHUN B NaMATU 3aHUMaET bydep B bydpepHOM Kalle

t";’ntor
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OrpaHuyeHunsa PostgreSQL

pa3mMep 6a3bl JaHHbIX

HE OrpaHN4eH

KONM4YecTBO 6a3 AaHHbIX B KnacTtepe

4,294,950,911

OTHOLWIEHUN B ogHOU DBa3e

1,431,650,303

pasmep OTHOLLEHUS

32TB (bnok 8KB)

0510KOB B Tabnuue

4,294,950,911

cTOoNn6uoB B Tabnuue 1600

cTon6uoB B Bblbopke (SELECT) 1664

pa3mep nons (B Tom yncne text, bytea) MTb

pasmep 6onblunx 06BLEKTOB (l0) 4Tb

oowmm obbem lo B 6asze 32TB (6nok 8KB)
OJIMHa ngeHTnounkaTopa 63 6aunTa

MHOEKCOB Ha Tabnuuy

He orpaHnyeHo

pa3mMep CTPOKOBOro 6ydepa

1M6-1

CTON6LOB B COCTaBHOM MHAEKCE

32
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[lapameTp enable large allocations

« napameTp CYB/[ Tantor Postgres, KOTOpbIM YBENNUYMNBAET pa3mMep
StringBuffer ¢ 1 rurabanta go 2 rurabant

postgres=# select * from pg_settings where name like '$large%'\gx

name | enable large allocations

setting | off

category | Resource Usage / Memory

short desc | whether to use large memory buffer greater than 1Gb, up to 2Gb

context | superuser

vartype | bool

boot val | off

* MOXET yCTaHaBMMBATbCA Ha YPOBHE Ceccuun n ytunmtamum pg_dump,

pg_dumpall

postgres@tantor:~$ pg _dump --help | grep alloc
-—-enable-large-allocations enable memory allocations with size up to 2Gb

» npobnema BO3HUKAET CcO CTpokoun Tabnuubl config npunoxxenunn 1C:ERP,
KomnnekcHas aBToMmatusauma, YnpasneHme rnpomsBogCcTBEHHbBIM
npegnpuaTnem
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OrpaHnyeHus Ha OIMHY NOEHTUPUKATOPOB

« MakcumanbHasa gnmHa ngeHTndumkaTopos (Hanpumep, UMeH
Tabnuy, ctonbuos, MHOAEKCOB U T. A.) cocTaBnaeT 63 cMMBONa
» Hanpumep, Bbl MOXeTe co3aaTb Tabnuuy ¢ MMEHEM,

cogepxawum o 63 CMMBOJIOB:
e CREATE TABRLE

my really long table name with 63 characters (...);

* inn ctonbel, c UMeHeM, TakXXe coaep xawmm o 63 CUMBONOB:
* ALTER TABLE my table name ADD COLUMN

my really long column name with 63 characters
INTEGER;

° NOEHTUPMKATOPbI NPEBbILLAOLLNE 3TOT Pa3Mep YCeKatoTCs, 0 YEM
BblJaeTcsa npenynpexaeHume

ﬁawor
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KoHpuUrypaumoHHble napamMmeTpbl

e YCTaHOBIEHbI NMpn COOpKe N HE MEHAIOTCH

* MOXHO NMOCMOTpPETH:

* YTUINTON KOMaHOHOU CTPOKMU pg_config

» B npepacTasneHnmn pg_config

» ¢yHKUMen pg_config()

» [lapameTp SHAREDIR onpeaensieT gupeKkToputo ¢ pannamm
pacwmnpeHnmn

 PKGLIBDIR YKa3blBaeT Ha AUPEKTOPULIO pa3aenidemMblX 6MbnmoTek

Mo YMOJTYaHUIO
e BINDIR onpefensieT UPeKTopuio C UCMOoNHAeMbIMU dannamm
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IleMOHCTpauud

» [1lpocMOTp NapamMeTpoB KOHPUTrypaumu

t";’ntor
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[1pakTuka

1. OB630p NapamMeTpoB KOHPUTrypaLun

2. NapameTpbl KOHPUTYypaLUN C eOUHULIEN UIMEPEHUS
3. NMNapameTpbl KOHPUrypaLumm IOrn4eckoro Tuna

4. KOHpUrypaunoHHbie napameTpbl

5. @ann cnyx6
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QﬂtOf

43

Jlornyeckasa CTpyKTypa Knacrepa
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Knactep 6a3 gaHHbIX

» KnacTtep 3To Habop nnm oobegnHeHue 6a3 gaHHbIX

» B kKnacrtepe ectb 06LMe 06beKTbI AN Bcex 6a3 gaHHbIX

o [lpunoxxeHne nogcoennHseTcsa K ogHon 6ase gaHHbIX U
MMEET OO0CTYN K ee obbekTaM

« Knacrtep co3gaercsa yTunmMTon KomMmaHaHou cTpokwu initdb

» KnacTtep co3gaetca B PU3NYECKOM MECTE XPaHEHUS -
anpektopuun, obosHavyaemoun "PGDATA" no HasBaHUto
nepeMeHHOU OKPYXeHUa ansa yTUnmT

» ba3sbl JaHHbIX B KJlacTepe MOXHO co3faBaTb U yOANsATb

t";’ntor
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dK3eMnnsap

o OK3eMnnsap 3To Habop NPoLLECCOB U UCMOMb3YEMOU MU
namMaTn, obcnyXxmeatrowme ogmH Knacrtep 6a3 gaHHbIX

» KnacTtep 6a3 gaHHbIX 06Cny>XmBaeTca TONbKO OAHUM
3K3eMMNaapom

» [lepBbl 1 OCHOBHOM MPOLECC 3KIEMMSISIPA Ha3blBAETCH
postgres nnu postmaster

« Heobxogumbln napamMmeTp ak3emMmnaspa - nopt (port), no
KOTOpOMY postmaster npocylwnBaeT Bxogdawmne coegnHeHusd
no npotokonam TCP n nokanbHO

* 1o ymonyaHuto napamMmeTp KoHoUrypauumm port umeet
3HayeHne 5432
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ba3a gaHHbIX

» basa gaHHbIX - NorMyeckoe MecTo XpaHeHusa oobekToB SQL

» basa gaHHbIX - YacTb KNnacTepa

o Copepxumoe 6a3bl AaHHbIX MOXET ObITb BbIFPY>XXEHO Ha
fiornyeckom ypoBHe (B Bnae komaHg SQL) n 3arpy>keHo B
OpYyryto 6a3y gaHHbIX 3TOro UM Apyroro Knacrtepa

o [Tpuno>xeHne co3fgaéT ceccuro (session) ¢ ogHom 6asomn
OaHHbIX

B ceccuun ectb oOCTYyn K 06bekTam ogHOM 6a3bl JaHHbIX

o [locTyna K obbekTam apyrmx 6a3 gaHHbIX KnacTtepa B O4HOU
CeCCUU HeT
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Cnuncok 6a3 paHHbIX

» [lony4yeHune cnucka aTo kKomMaHga psql:
\1unm\l+

postgres=# \1
List of databases

Name | Owner | Encoding | Locale Provider | Collate | Ctype |
——————————— - ———
postgres | postgres | UTFS8 | libc | en US.UTF-8 | en US.UTF-8 |
templateO | postgres | UTFS8 | libc | en US.UTF-8 | en US.UTF-8 |
templatel | postgres | UTFS8 | libc | en US.UTF-8 | en US.UTF-8 |
testdb | postgres | UTFS8 | libc | en US.UTF-8 | en US.UTF-8 |
(4 rows)

postgres=+# SELECT datname FROM pg database;
datname

postgres

templatel

templatel

testdb
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Co3pnaHue 6a3bl JaHHbIX

« komaHga CREATE DATABASE vnu ytunuta createdb

e ABa pexunma cozpanus 6asbl: WAL_LOG u FILE_COPY

» CO3[aHune B6asbl 3TO KIOHNPOBaAHWE Apyron 6a3bl CO BCEM
coaep>XUMbIM

» y 6a3bl ecTb ponb-Bnageney (OWNER)

e Bnagenbua u nMms 6asbl MOXHO CMEHUTb NMocse eé co3aaHud

* MOXHO co3aaTb 6a3y Co CBOMMU NapameTpamm
nokanusaunm (KoampoBKOW)

* KOOMPOBKY nocne co3gaHunst 6asbl U3BMEHUTb HENb3S

o CcBOUCTBO 6a3bl "wabnoHHaa" (IS_TEMPLATE) BnuaeT Ha
BO3MOXXHOCTb €€ KJIOHUPOBaHUA HENPUBUITETMPOBAHHOM

POJIbHO U yaalleHune
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N3meHeHue cBoOUCTB 6a3bl AaHHbIX

« KomaHpon ALTER DATABASE MSA MOXXHO MOMEHSATb
HEKOTOpPble CBOUCTBA CyLWeCcTBYOWEN 6a3bl AAaHHbIX

« HacTb CBOUCTB MOXXHO MOMEHSATb TOJSIbKO €C/IN HET HU OOHOWU
Ceccuu K 6ase gaHHbIX

« KomaHgou ALTER DATBASE nma SET MO>XXHO NOMeHATb
KOHPUrypaLunUoHHbIe NapamMeTpbl CECCUN, CO3[aBaeMbIX C
3TON 6a3on

* Ha ypoBHe 6a3bl AaHHbIX MOXHO YyCTaHOBUTb O0KoJ10 190
napamMeTpoB KOHpUrypauuu

» 6a3a JaHHbIX - OOLMN OB6BEKT KnacTepa U MeHsITb eé
CBOUCTBA MOXHO, MOACOEeANHUBLLUUNCH K NHOOOU Ba3e AaHHbIX

B KflacTepe
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KomaHpa ALTER DATABASE

o CnHTaKcuc KOMaHAbl MO KOTOPOMY BUOHO KaKNE CBOUCTBA
MO>XHO NMOMEHATDb:
e ATTER DATABASE MMH_6a3H

ALLOW CONNECTIONS true|false
CONNECTION LIMIT -1/umcio

IS TEMPLATE true|false
RENAME TO HOBOe

OWNER TO HOBBMU

SET TABLESPACE HOBOEe

REFRESH COLLATION VERSION
SET mapamMeTp=3HauyeHUEe

€}MN
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YpaneHue 6a3bl AaHHbIX

» BbinonHsetca komaHgon DROP DATABASE vnu ytununton-
obepTkon dropdb

o [1na BbINONHEHUA KOMaHAbl HY>XHO NOo4COeANHUTLCA K 060
6ase knacTepa, OT/INYHOU OT yaansseMou

» basza gaHHbIX yganseTca Co BCEM COAEPXKUMbIM

» KomaHpa HeTpaH3aKUMOHHA - OTKaTUTb €€ HeJb3s

o Ounanyeckun ygansirotrcs dannbl B KOTOPbIX XPaHATCS AaHHbIe
o6bekToB H6a3bl
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CxeMbl B 6a3e AaHHbIX

¢ CMHOHUM CX€MbI - NPOCTPAHCTBO MMEH (hamespace)

° MCMNONb3YIOTCA AN YNOopAO0UYNBaHNSA XpaHEeHUS OO bEKTOB
6a3bl AAaHHbIX

o CxeMma - NoKanbHbIN 06BbEKT 6a3bl AaHHbIX

o CxeMbl NO3BONSAOT MUMETb HECKOMBKO Tabnuu, 1 gpyrux TMNoB
06BbEKTOB C OAMHAKOBbIMN MMEHaMM B OHOUN N TON Xe ba3ze

OAHHbIX

o OBBEKT HE MOXET HaXoAUTbCH B HECKOJTIbKUX CXEeMaX

o Cxembl MOTYT NCNOb30BaTbLCS AN TOMMKKN 06 beaAUHEHUS
(makeTupoBaHua) nognporpamMmm

« ObbekToB "nakeTbl" B PostgreSQL HeTt
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Co3paHue U U3sMeHeHune cxem

o CXeMbl He CBA3aHbl C pOoSIAMU, HO UMEIOT Bflagenbla
» [1pn co3gaHnM cxemMmbl MOXXHO Ha3Ha4YnUTb ponb-BnagenbLa:
CREATE SCHEMA wmmMmsa cxemel AUTHORIZATION BJanmenen;
» Mo>XHO cMeHUTb BlagenbLa:
ALTER SCHEMA wmMmsa cxemel OWNER TO poJb;
» MOXHO nepenmMeHoBaTb CXeEMY:
ALTER SCHEMA wmma cxemel RENAME TO wmmMmsa;

» Ha cxembl MOXHO BblgaBaTb npusunernn CREATE, USAGE
ponam
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[TyTb NOUCKa 06BEKTOB B CXeMax

* 3a0a€ET CMNUCOK CXEM, B KOTOPbIX ULLETCA 0OBEKT

* YyCTaHaBNMBaeTCA NapaMeTpPoM search path, KOTOPbIU
MOXET ObITb NUBMEHEH Ha NtOH6OM ypOBHE

e 3Ha4YeHMe No yMonYaHu "Suser", public
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CneuynanbHblie CXeMbl

» pg_catalog - B aTOM cxemMe pacnonoXXeHbl 0ObeKThI
"CUCTeMHOro katanora"

« information_schema - cxema, onncaHHaga B cTaHgapTe SQL

» pg_toast - cxema gng ocobbix Tabnuy, TOAST

» pg_temp (cchinka Ha pg_tempN rge N 4nucno) - cxema ans
BPpeMeHHbIX Tabnuu

» pg_toast_temp (ccbinka Ha pg_toast_tempN rae N yncno) -
cxeMa and spemMeHHbiXx TOAST Tabnuuy Ha BpeMeHHble
Tabnuupbl
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OnpepeneHune TeKkyLlero Nyt noucka

» KOMaHOou psql SHOW search path;
> BblAaeT YCTaHOBMEHHbIX ONS 9TOro MecTa NnyTb NMOUCKa
* PyHKUMEUN current schemas (false)
> BblOaeT AeUCTBYOWMU B 3TOM MeCTe NnyTb NMOoUCKa B Buae
MaccuBa
* OYHKUMA current schemas (true)
> pobaBnsaeTt cnyXebHble cxembl, @ UMeHHO pg_catalog n
pg_temp_N
° QYHKUMA current schema WM current schema ()
> BblgaeT o4HO UMS MePBOU MO NMOpPsAKY CXemMbl B NyTU MOUCKA
mnn NULL, ecnn nyTb noncka nycTou
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B kakou cxeme byaeTt co3fgaH o6bekT

* NUMSA 3TOU CXEMBbI ANsi 06blYHbIX OOBEKTOB BblgaeT GYyHKLUMSA
current schema ()

* BpeMEHHbIE OOBbEKTDI CO30al0TCH B CJ'Iy)KeﬁHbIX CXeMaxX

° CJ'Iy)Ke6HbIe CXeMbl ANA BPpeMEHHDbIX O0OBbEKTOB CO30ak0TCH
dBTOMaTnU4eCKHN
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[TyTb noncka B nognporpammax SECURITY DEFINER

* MpK ncnonb3oBaHun $user B NyTM NoUcka B Tene
nognporpamMmmbl OygeT noacTaBneHoO UMSA Bnagenbla
nognporpamMmmbl

e Mepepn BbI30BOM TakoW NOANPOrpamMmMsbl Bbi3biBakoOLLUN €€
MOXET MOMEHATb 3HaUeHne B NyTU Nnoucka u yépatb $user, B
3TOM CNly4ae B Tefe nognporpamMmmbl 6ygeTt UCNoNb30BaTbCH
3Ha4YeHWe yCTaHOBNEHHOE Bbi3blBalOLWMM U MognporpamMmma
MOXEeT HaudaTb paboTaTb C ApYyrMMm o6 beKTaMu

» Ha ypoBHe ntobon (INVOKER v DEFINER) nognporpamMmmbi
MO>XHO YCTaHOBUTb 3Ha4YeHMe 19 NnapaMeTpoB
KOHUrypauuun, KoTopble MOryT MEHATLCA Ha YPOBHE CecCumn
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MackupoBka 06beKTOB CXeM

Ecnu B KOMaHAax nepejg nMeHeM

O6BbEKTOB HEe MCMONb3yeTcs M | S

CXEeMbil, ﬂ06aBneHme B NYyTb Schema Name | Type | Ouwner

MONUCKa UMed CXeMbl, rge co3aaH pg_catalog T_l;é:;;E;;Tj;;;_?g;;;;_
O6BbEKT C TEM XEe UMEHEM HLorow)

MaCKVIpyeT MCXOﬂleW'l O6'beKT 05t u=1= reate temporary table pg_authid(t text);
Mo yMOnYyaHWIo BpeMeHHas | '
CXeMa, CXeMa CUCTEeEMHOTIo
KaTasiora HedBHO NPUCYTCTBYIOT B
Ha4dane nytn noncka m cosgaHume
BpeMeHHOrIro obbeKkTa MaCKUpyeT
ﬂ|'06y|'0 Ta6ﬂML|,y, npeacTaB/iEHNE, {pg_temp_d,pg_catalog,public}
nocnenoBaTesIbHOCTb (1 row)

select # from pg_authid;
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CucrteMHbIX KaTanor

o CUCTEMHbIN KaTanor aTo Tabnuupl, NnpeacTaBnieHnd, yHKUNN,
MHOEKCHI U Apyrme obbeKkThbl KOTOPble UCNONb3YHOTCA AN
XpPaHeHUs MmeTagaHHbIX

o OB6BbEeKTbl CUCTEMHOIO KaTasiora pacnosiaratotcs B cCXeme
pg catalog

« OB6beKTbl cMCTEMHOro KaTtanora (Kkpome rnobanbHbiX) Bcerga
pacnonaratoTcs B TabIMYHOM NPOCTPAHCTBE NO YMONYAHUIO
ona 6a3bl JaHHbIX

e Ha3BaHWUA OOBEKTOB MPUBOAATCA K HUXKHEMY PETUCTPY

o Tabnuubl CUCTEMHOIo KaTtasnora HeABHO UCMNOMb3YHOT
npouecchl KnacTtepa Ha aTane BbiNoOAHEHNA KoMaHa SQL

ﬁ%un
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Obwume o0b6beKTbl KnacTtepa

o 3TO 06BbeKTbl (Tabnuubl 1 BCNoMoraTtesibHble 00bekKTbl)
CUCTEMHOro KaTanora, XpaHsawmue gaHHble 06 obwmx
obbeKTax Knacrtepa

» pacnonaratoTcs B TabIMYHOM NPOCTPaHCTBE pg global

» ObuWwMme o6bEKTLI KNacTepa:

o 0a3bl faHHbIX

* PONU

e TabnMYHblE NPOCTPaHCTBA

e NOAMUCKWN NOrMYeCcKoUu pennmkaunm
* UCTOYHUKUN NOrMYECKOU pennkKaumm
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Ncnonb3oBaHWe CUCTEMHOIO KaTtasnora

* N3 Tabnuu 1 NpegcTaBneHN CUCTEMHOIO KaTasora Mo>Ho
nony4daTtb nHpopmauuro komaHgamum SELECT, WITH, komaHgamm
psql (HaYMHatOTCHA Ha cMMBOS \), rpadnYecKUMM NPUNOXKEHNSMUN U
[Mnatdopmoun Tantor

» \? cnpaBka no komaHgam psdql

« BHOCUTb n3aMeHeHuns B Tabnnubl CUCTEMHOIO KaTtanora ecinm, 3To

He ONMUCcaHo B AOKYMEHTaUun HexXenaTtesibHO
» 3Hada apxutekTypy PostgreSQL, NOHATUA, TEPMUHbI Bbl CMOXeTe
nerko nony4vaTtb MHpopmMauuo KoMmaHgamu psql
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O6palleHne K CUCTEMHOMY KaTanory

o BbinonHaeTca komaHpgamum SELECT n WITH

* MOXHO COeaUHATb Tabnuubl U NpeacTaBneHUs

e CTONOEL C MeHeM oid - NepBUYHbIN KoY

o 019 CBSA3EN MeXxay Tabnmuamm Ucnonb3yeTcs
cTonbeu oid

* MaKCUManbHOE YNCJIO CTPOK B Tabnmnuyax CUCTEMHOIO
KaTtanora 4 munnuappga

* MepBble TPU CMMBOa B Ha3BaHWN CTONOLOB -
COKpalleHHOe Ha3BaHMe Tabnnubl
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reg-Tunbl

e co3paHbl ana 11 Tabnuy, CUCTEMHOIoO KaTanora
* UCMONb3YIOTCA ON19 NpuBeaeHNA TEKCTOBOIro MMeHU OObeKTa
K 3HayeHUto Tuna oid n obpaTtHo
e NO3BOJNSAIOT NpoLle NMcaTb 3anpochl K Tabnnmyam CUCTEMHOIO
KaTanora ymMeHbllasi KONIM4YeCcTBO COeanHEHNN Tabnu,
o [Mpumep: HanTtn Ha3BaHue TOAST Tabnuubl co3gaHHOU Ond
Tabnuubl pg_tablespace:
SELECT reltoastrelid, reltoastrelid::regclass
FROM pg class where relname='pg tablespace';
reltoastrelid | reltoastrelid
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YacTo ucnonb3lyemble KomaHabl psql

o \l - cnucok 6a3 gaHHbIX

» \du \dg - cnnucok ponen knacrtepa

» \dn - cnncok cxem 6a3bl

» \db - cnncok TabnnyHbIX NPOCTPAHCTB

» \dconfig *umsa* - cnncok napameTpoB KOHPUrypaLmu

» \dfS pg* - cnncok cuctemMHbix GyHKLMN 1 Npouenyp, NONEe3HbIX
O agMUHUCTpUpoBaHua. YacTtb nHGopmauum o pabore
9K3eMMnaspa n Knactepa MOXXHO NOSTYUYUTb TOSIbKO C MOMOLLbHO
dYHKUMN. HekoTopble cnyXXebHble NpeacTaBNeHns NCNOoNb3YyoT
OYHKUUN

» \dvS pg* - nonesHble cry>XxebHble NpeacTaBleHns

* CUMBON + B KOHLIe KOMaHbl NoKa3blBaeT 60nbLUe NHGOPMaLnn

npumep: \db+ nokaxxet pasmep 1 NnpuBUIErnmn
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NHcnekTop 6a3 aaHHbIX B [naTtdopme Tantor

5 @ Tantor * -+ N
&« - O @ O & htips;/feducation.tantorlabs. ru/platformworkspaces/2/instances,: 67%  TF ® 7y =
4] Import bookmarks... [0 Astra Linus
@ student_db ~ .~ test_db Last 30 mins & @ @ o
OWNER ENCODING TAELESPACE CONNECTION LIMIT Lazt collected
=1 03/03/2024 13:21
postgres UTF8 pg_default Mo Limit
& HEALTHCHECK
Tahlaz with candidata to partial
b indeses
TOTAL SCHEMAS TOTAL TAELES TOTAL INDEXES TOTAL FUNCTIONS ., Taklez indeses with NULL valuez »
.fﬁg 0%
1 3 6 13 stock _items
El » Topsizatables
ad ¥ Tables with top aizeindaxes
DE SIZE EXTENSIONS INDEXES FUNCTIONS
=4 » Topwritable tables
189 MB plpgsql{1.0) hashf{1) cf13})
- . » Topreadahle tables
¥ Tables with the top hloat
Lt
ROWS FETCHED ROWS RETURNED TX COMMITTED TX ROLLEACKED Top & eqecans tablas
— " P /\/ Tables with invalid indexez
* Tables with notuzed indeuxses
Taklzs with redundant indsxez
DEADLOCKS ROWS INSERTED ROWS UPDATED ROWS DELETED
Tables with FKz without index
Tables with FKz with diff erent data
v type then the original column
stock_itema
TEMP FILES WRITTEMN TEMP FILES CREATED BLOCK HIT WRAFPAROUND Tahblez with the low HOT updates
Emergency ratio
A3 wm Tahles with pozsible auto analyz e
@ T izzues

YuebHbin kypc "Tantor: AoMuHucTprposaHue PostgreSQL 17" TaHTop Jlabc © 2025 www.tantorlabs.ru 224



IleMOHCTpauud

» [lpocMoOTp cnmcka 6a3 gaHHbIX KnacTepa
Co3paHue 6a3bl gaHHbIX
[TepenmeHoBaHue 6a3bl JaHHbIX
OrpaHn4yeHne Ha coegmHeHne ¢ 6a3ou
dopmMaTmpoBaHMe BbiBoga psql

Yye
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[1pakTuka

1. YcTaHOBKa napamMeTpoB KOHPUrypaLumm Ha pasnnyHbIX
YPOBHAX
2. YCcTaHOBKa NyTW Noncka B PyHKLUUAX U Npouenypax
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QﬂtOf

4b

Pdusnyeckas CTpyKTypa Knacrtepa
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OupekTopus ¢pannos knactepa PGDATA

« Knacrtep xpaHuUT ceou ¢aunsnbl B $annoBON CUCTEME

o [InpekTopua knactepa HasbiBaeTca PGDATA

o [lnpekTopua nnun e€ noganpeKTopun MoryT 6biTb TOYKaAMMU
MOHTUPOBaHUSA, XXECTKUMU, CUMBOSIUYECKUMU CChINTKaMU

e bNnoyYyHble ycTponcTea n HepopmaTUpPOBaAHHbIE pa3aensl
YKeCTKOro gucka He UCnoJib3yroTCcA

» [1o ymon4yaHuto npu paboTe ¢ pannamu Knacrtepa
MCNOMb3yeTcs K3l onepaunoHHON CUCTEMBI
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OupekTopus ¢pannos knactepa PGDATA

* COOEPXUT dannbl NapamMmeTpoB
e nogavpekTopumn

e ~fTantor-se-1c-17/data

Mg MName

/base

/global

/log
fpg_commlt_ts
/pE_dynshmem
fpg_logical
/pg_multixact
/fpg_notify
/fpg_replslot

Yye

Name
fpg_serial
/pg_snapshots
fpg_stat
fpg_stat_tmp
/pE_subtrans
fpg_thlspc
/fpg_twophase
fpg_wal
fpg_xact

PG_VERSION

M=

Mame
autoprewarm.blocks
current_logfiles
pg_hba.conf
pg_ldent.conf
postgresgl.auto.conf
postgresgl . conf
postmaster.opts
postmaster.pid
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BpeMeHHble 06beKTbl

e CO3[0al0TCA B ANPEKTOPUAX TabNNYHbBIX MPOCTPAHCTB

e TabNIM4YHbIE NPOCTPAHCTBa AN BPEMEHHbIX pannoB 3a4at0TCH
MNapaMeTpoM temp tablespaces

* PEKOMEHAYETCA cOo3a4aTb OTAENbHOE TabMYHOE
NPOCTPAHCTBO AJ19 BpeMEHHbIX ¢annos

e BpeMeHHble pannbl co30at0TCH ecrin obpabaTbiBaeMble
OaHHble He NoMeLlaroTCca B NaMATb NpoLuecca

* BPEeMEeHHble ¢pansnbl co3aatoTCa A8 BPEMEHHbIX Tabnuu n nx
MHOEKCOB, NPU BbiNONHEHUN KOMaHA SQL obpabaTtbiBatoLLMX
6onblune o6beEMbI AaHHbIX (Hanpumep, COPTUPOBKA,
co3faHune nHaekca)
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TabnnyHblie NpocTpaHCcTBa

* NpegHa3Ha4veHbl gNns Toro, YTobbl KnacTep Mor
pacnosiaratbCsi Ha HECKOMbKUX YCTPOUCTBAX XPaHEHUS

o PU3NYECKU 3TO AupekTopusa B pannoBon cucteme

* ABNSAKOTCA 0OWMMN 06 bEKTaMU KnacTepa

e MOTYT XpPaHUTb ¢pannbl HECKONMbKNX Ba3 AaHHbIX KNacTepa
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TabnnyHble NPOCTpPaHCTBA: XapaKTepUCTUKHU

» MNoponpektTopumn co3garoTca aBTOMaTUUYECKN

» [Npun co3gaHum knacTepa co3gatoTcs TabnyHble
npocTpaHcTBa pg_global n pg_default

» Cnincok TabninyHbIX NPOCTPAHCTB:
komaHga \db n Tabnuua pg_tablespace

* COLEPXMMOE CNNCKa OAMHAKOBO BO BCex H6a3ax AaHHbIX
KnacTtepa

» pg_tablespace - rnobanbHas Tabnmua CUCTEMHOIO KaTanora
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TabnnyHble NPOCTpPaHCTBA: XapaKTepUCTUKHU

» bes KknacTtepa He CyLlEeCTBYOT

« He MoryT nepemellaTtbCs Mexay Knacrtepamu

« He mMoryT pe3epBunpoBaTbCH OTAENbHO OT KJlacTepa

* He aBnatoTcs obbekTamMn cxem

* iImeroT ponb-Bnagensua

o [npektopuda TabM4YHOro npocTpaHCTBa:

e CO3[0aETCs BPYYHYO B OnepaymoHHON cCucTteme

e A0/MKHa pacnonaratbcs B $pannoBbiX CUCTEMAX, YCTOUYMBBIX
K noTtepe nutaHusa

» pekoMeHpayeTca co3gaBaTb BHe PGDATA

* B AUPEKTOPUN HE CTOUT YAANATb BPYUHYIO daunsibl, OHU
yOanarTca aBToMaTnyeckm komaHgamm SQL
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KomaHabl ynpaBneHns TabnmyHbIMU NPpoCTPaHCTBaMU

« KomMaHpa co3aaHug:
CREATE TABLESPACE mmsa [ OWNER posie ] LOCATION

'oupexkTopmAa’
[ WITH ( napameTrp = 3HadeHue [, ...] ) |

» CMeHa Bnagenbua:
ALTER TABLESPACE mMa OWNER TO poJib;

» [lepenmeHoBaHMuKe:
ALTER TABLESPACE wmMmsa RENAME TO wuwMs;
» basa gaHHbIX UMeeT TabSIMYHOE NPOCTPAHCTBO "MO YMOJTHaHMIO", B HEM
HaxogAaTcs ¢anbl OObEKTOB CUCTEMHOIO KaTanora aTon 6a3bl gaHHbIX
« KomaHga nameHeHuda TabanyHoOro NpocTpaHCcTBa No yMOS4aHUIO angd

0a3bl AAaHHbIX:
ALTER DATABASE 6aza SET TABLESPACE wmwms;

t";’ntor

YuebHbin Kypc "Tantor: AGMUHUCT pupoBaHune PostgreSQL 17" TaHTop Jlabc © 2025 www.tantorlabs.ru 234




N3MeHeHne anpeKTopumn TabnmyHoro NpocTpaHCTBa

« Knactep onpepgenseTt oupeKkToputo TabimnmyHoro
NPOCTPAaHCTBA NO CUMBOJIMYECKOMN CCbI/IKE B OUPEKTOPUN

PGDATA/pg_tbispc

» [1pouenypa 3aMeHbl:

> Hangwute Ha3BaHWE CUMBOJIMYECKOMN CChIIKMN B AUPEKTOPUU
PGDATA/pg_tblspc, ykasbiBaroLLyto Ha AUPEKTOPUIO
TabNMYHOro NPOCTPaHCTBA
OcTaHOBUTE 3K3eMMNNsap
[lepemecTuUTe AUPEKTOPUIO TabMIMYHOro NPOCTPaHCTBA
OBHOBUTE CUMBOJIMYECKYO CChIIKY
3anycTuTte aK3emMnnsap

VoV VvV
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[TapameTpbl TabNMYHbIX NPOCTPAHCTB

« YeTblpe napameTpa: seq_page_cost, random_page_cost,
effective_io_concurrency, maintenance_io_concurrency
« [lepeKpblBalOT 3HAaYEHUSA NapamMeTpoB, YCTAHOBJIEHHbIX HA YPOBHE
KnacTtepa
e BnuaroT Ha CTOMMOCTb MNJlaHa BbINOSIHEHMSA KOMaHA, SQL
« MOXHO 3apaTb Npu Co3aaHUN TabNNYHOIro NPOCTPaHCTBA:
CREATE TABLESPACE uma WITH ( napameTp = 3HaudeHue [, ...] );
e MOX>XHO U3MEHUTb NO3Xe:
ALTER TABLESPACE umsa SET ( napameTp = 3HaueHue [, ... ] );
o« MOXHO cH6pOCUTb YCTAHOBNEHHOE 3HaYeHMe:
ALTER TABLESPACE vmsa RESET ( napameTtp [, ... ] );
| Read (MB/s) Write (MB/s)

m 494.43 336.17

aom. 504.69 297.60
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PaboTa ¢ pannamum XxypHana

* [NapameTpbl wal recycle Mwal init zero onpepensaroT
paboTy c pamnamm WAL xypHana

o [1o ymon4yaHuto ¢paunsnbl NOBTOPHO UCMONb3YHOTCHA, BHOBb
co3faBaeMble 3anoIHATCA HYNAMMU

« PGDATA/pg_wal xpaHuT ¢paunnbl XXypHana, ee MOXHO
CMOHTUPOBATb Ha OTAENbHbIW pa3aen

» PekomeHpyeTcsa BKIHOYUTb

16uT Ha menxy 2 6UT Ha menxy 3 6uT Ha nueﬁKy 4 6UT Ha menxy 5 6uT Ha menxy

cXaTue ob6pa3oB CTpaHuL, ¥ e ,

napaMeTpOM wal CompreSSlon 1 ”0 11102?
» [1pn ncnonbzoBaHuun SSD 6onb|_uas'-| I
HaCTb pasfiena Gannosoy I R T
CUCTeMbI O0/MKHa 6biTb cBOH6OAHA o .

SLC . MLC/DLC TLC : QLC P PLC ;
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OCHOBHOMU CJZIOM XpaHeHUsA AaHHbIX

e COCTOUT U3 dpannoB pazmepom 0o 176

e HOBble ¢pannbl co3gatoTca Npu AOCTUXEHUU NpeablayLlero
danna cnosa 16

« MakcumanbHbIn pa3mep pannos cnost 32T6

« PaboTta c dannamum Bcex C/I0EB 06BEKTOB MOCTOAHHOIO
XpaHEeHUs nponcxoanT yepes bypepHbIn Kall

» PaboTa c pannamum BCex CII0EB BPEMEHHbIX 06BHEKTOB
npoucxoaut yepes 6ydpep B NOKaNbHOM NaMATU CEPBEPHOro
npouecca

o Qannbl BCex CNOEB pacnonaratoTca B 04HON OUPEKTOPUN
O4HOro TabsIMYHOro NPoOCTpPaHCTBa
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lononHUTenbHbIE CNou

KapTa cBoboagHOro npoctpaHcTaea (fsm)

e He co3faeTcsa Ana Xal-nHOeCcKoB

e CO3[aeTcs BaKyyMUPOBaHUEM

KapTa BugumocTu (vm)

* He co3fgaeTcsa Ana MHOEeKCoB

e CO3[aeTcs BaKyyMUpPOBaHUEM

e ABa buTa Ha 6JT0K OCHOBHOIO CJ10S

e YCTaHOBJ/IEHHbIN NEPBbIN BUT O3HAYaAET YTO BCE CTPOKU B/10Ka
aKTyalibHbl U HET CTapblX BEPCUU

e YCTaHOBNEHHbIM BTOPOU OUT O3HAYAET YTO BCE CTPOKM BNOKa
3aMOPOXKEHDI

Cnon nHnymanusauumm (init)

e CO3[aeTcs 41 HEXYpPHanupyemMblx Tabnmuy U MHOAEKCOB

« ¢daunn paamepom oauH 6510k 6e3 gaHHbIX

t";’ntor

YuebHbln Kypc "Tantor: AGMUHUCT pupoBaHune PostgreSQL 17" TaHTop Jlabc © 2025 www.tantorlabs.ru 239



Pacnono>xeHvne ¢annoB o6bEKTOB

» Ecnn obbekT pacnonoXxeH B pg default TO ¢paunnbl
pacnosiaratoTcs B AUPEKTOPUM:
PGDATA/base/{o0oid Oasbl IaHHEIX}

« Ecnun B gpyrmnx TabnmnyHbiX NpocTpaHcTBax (3HayeHune

cTonbua reltablespace B pg_class He paBHO HYNHO), TO:
PGDATA/pg tblspc/{reltablespace}/{oid Oas3b HaHHEX}

» iImeHa dannoB o6bEKTOB HaunHatOTCS Ha relfilenode
« [1na nonydeHunsa mectononoxXxenusa (otHocutenoHo PGDATA)

nepBoro ¢ganna gaHHbIX o6beKTa ncnonb3lyeTca GyHKLUUS
pg relation filepath (oid)
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Pa3mepbl TabMYHbIX NPOCTPAHCTB 1 6a3 AaHHbIX

e pasMep TabNMYHbIX NPOCTPAHCTB KnacTepa \db+ nnm GyHKUMS
pg tablespace size ()

postgres=# \db+
Cnmcok TabJMYHEIX NPOCTPAaHCTB
Ums | Brnanmesnien | PacnosoxeHue | IIpasa pmoctyna | IlapamMerpel | Pasmep
———————————— R bt e et T L
pg_default | postgres | | | | 30 MB
pPg_global | postgres | | | | 565 kB
postgres=# SELECT spcname, pg size pretty(pg_tablespace size(oid)) FROM pg_ tablespace;
spcname | pg size pretty
____________ _I_________________
pg_default | 30 MB
pPg_global | 565 kB

* pasMep 6a3 gaHHbIX: \ 1+ UM PyHKUUA pg database size ()

postgres=# SELECT datname, pg_size pretty(pg_database_size(datname)) FROM pg _database;
datname | pg size pretty

_______________ +________________

postgres | 7737 kB

templatel | 7609 kB

templateO | 7377 kB

lab01is088595 | 7537 kB
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DyHKUUKM onpepeneHns pasmepa

o [ns nony4dyeHunsa pasmMmepa pannoB o6bEKTOB eCTb Habop
GYHKLMN

- pg_relation_size(regclass, 'main' | 'vm' | 'fsm' init') BbigaeT
pa3Mepbl COEB

» pg_indexes_size() pasmep BCceX NHOEKCOB CO34aHHbIX Ha
Tabnmuy

» pg_table_size() pasmep Tabnuupl (TOAST 1 BCcex cnoés) 6e3
NHOEKCOB

» pg_total_relation_size() pazmep Tabnuubl Bkntovasa TOAST,
BCE MHOEKCbI N CNown
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[lepemMelleHne o6beKkToB

* MOXHO nepemMecTuTb dannbl Tabnuny, MHOEKCOB,
MaTepuanniloBaHHbIX NpeacTaBneHnmn

e B HOBble ¢aunsibl KONMPYeETCS cogepxnmoe GpannoB BCEX
C/I0EB

e YCTaHaBIMBaAaEeT MOHOMOJIbHYO BJIOKUPOBKY, HECOBMECTUMYHO
gaxe ¢ KoMaHgou SELECT

« KoMmaHga ALTER Tun ALL IN TABLESPACE nepemellaeT
BCe 0ObeKTbl OAHOro TUNa B TeKkyLlen 6a3e AaHHbIX
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CMeHa cxeMbl U BnagenbLa

* MOXHO MeHATb BnagenbLa obbekTa U CXxemMy y Tex 06beKToB, Y
KOTOPbLIX OHU OOJI>XXHbI ObITb

» Jlna cmMeHbl BNnagenbla Ucnosib3yetca KomMmaHaa:
ALTER Tun obwekTa mMsa OWNER TO poJib;

o [1Nns cMeHbl CXeMbl NCNONb3yeTca KoMaHaa:
ALTER Tun obwexkTa mMmda SET TO cxewma;

« [1nss maccoBoOro nepeHasHavyeHus Bcex o6bEKTOB ponen B ogHoun 6ase
Ha APYryto pofb NCnonb3yeTcs KoMaHaa:
REASSIGN OWNED BY posb TO poOJib;

 yaaneHue ob6beKTOB MpUHaANexalmx ponu B 6ase:
DROP OWNED BY wmma [CASCADE];
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PeopraHusauus U nepemelleHue tabnuy,

yTMHMTOM pg_repack

o YTUAUTA KOMaHOHOW CTPOKK pg_repack

* UmMmeeTcqa B Tantor Postgres

e HY>XHO YCTAaHOBUTb pacllMpeHne B 6asax AaHHbIX, rae HYy>XHO
peopraHn3zoBaTb Tabnuupbl

e peopraHusaums ¢annos Tabnuy c NepemMeLleHNeEM B gpyroe
TabIMYHOE NPOCTPAHCTBO UM 6€3 NepemMeLleHns

e B MpoLecce peopraHnsaumm yctaHaBnmBaeTca 6/I0KMpOBKa
ACCESS SHARE, no3BonatoLwasa BbINONHATb KOMaHAbI
VACUUM, ANALYZE, SELECT, DML

* B KOHLIe peopraHu3aunm Ha KOpoTKoe BpeMs
yCTaHaB/IMBAETCHA 3KCKIHO3UBHasA BJIOKUPOBKa
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YMeHblleHue pa3mepa pannos Tabnul, yTUIUTON

pgcompacttable

o YTUNUTa HanncaHHasa Ha a3bike Perl

* UCNONb3yeT CTaHOapPTHOe paclunpeHune pgstattuple
o OTnNnyma ot pg_repack:
> cBOBOJHOE MECTO paBHO pa3Mepy camoro 60nbLWoro UHAEKCA,
a He 4BOWMHOW pa3mMep Tabnuubl M UHOEKCOB
> Tabnuubl o6pabaTbiBaltOTCSA C afanTUBHOWN 3a40ePXKOWU, a He C
NOSTHOW Harpy3Kowu

> He MOXEeT nepemellaTb ¢annbl B gpyroe tabnmyHoe
NPOCTPaHCTBO
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TOAST (The Oversized-Attribute Storage Technique)

« Ob6blYyHble Tabnuubl (heap tables) xpaHAT AaHHbIE "MOCTPOYHO"

» Ecnu cTpoka He noMelwaeTtcs B 6/10Kke AaHHbIX, TO UICNOMb3yeTCcA
TexHonorma TOAST

» YeTbipe pexnma xpaHeHUa Ha ypoBHe Kaxkgoro ctonbéua: PLAIN,
EXTERNAL, EXTENDED, MAIN

o [na TMNoB gaHHbIX HEOONbLLIOro pa3mMepa He npegycMoTpPEHO
XpaHeHue B TOAST u pexxum egnHCcTBEHHbIN: PLAIN

o Ans 60NbLUMHCTBA OCTallbHbIX TUNOB AaHHbIX MO YMOJTYaHUIO
ycTaHoBNeH pexxum EXTENDED

* UCMONb3yeTcs cXXaTue Ha ypoBHE NoJsieun, ana nonem HebonbLloro
pa3sMepa cxxatue HeadpPeKTUBHO
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TOAST (The Oversized-Attribute Storage Technique)

o TOAST 3TO TeXHUKa XpaHeHuns "aTpubyTtos" (nonen) 6onbLLIOro
pa3mepa

e Mons 60MbLlIOro pasmMepa - aTo NONS He noMeuarouwmecs B 6510k

* MO3BONSAET XpaHUTb Nond pasmMmepom o 116

e ecnu B Tabnuue ecTb 3aBegomMo 60MbLUOE MoSie UK BCTaBNAETCSH
CTpOKa ¢ 6onbLlnM nonem, To co3gaeTtcs toast-tTabnmuya n MHAEKC Ha
toast-Tabnuuy

« B TOAST BblHOCATCA OTAENbHbIE MONsA CTPOK

e BblHECEeHHble nonsa aenarca Ha Yactu (chunk) no 1996 6anT:

postgres@tantor:~$ pg _controldata | grep TOAST

Maximum size of a TOAST chunk: 1996
postgres@tantor:~$ /usr/lib/postgresql/15/bin/pg controldata
-D /var/lib/postgresql/15/main| grep TOAST

Maximum size of a TOAST chunk: 1988
postgres@vanilla-x32:~$ pg controldata | grep TOAST
Maximum size of a TOAST chunk: 2000
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[Tona nepeMeHHON AJINHDI

* CTPOKa A0/1KHa NOMeCTUTbCA B OAUH 610K

» nond varlena, KoTopble He NomMeLlatoTcsa B 6/10K BbIHOCATCA B TabnmLy
TOAST

e TUNbl AAaHHbIX PUKCUPOBAHHON AJIUHBI HE CXXMMAIOTCA N HEe BbIHOCATCA B
TOAST

e CTpaTernto XxpaHeHUs MOXXHO YCTaHOBUTb KOMaHAOW ALTER TABLE
yMsi ALTER COLUMN mms SET STORAGE { PLAIN | EXTERNAL |
EXTENDED | MAIN | DEFAULT }.

o cxaTtune nogaepxkmnaetca gna MAIN n EXTENDED

« 1 6anT B Ha4ane nonsi nepeMeHHon ANnHbI XpaHUT ANIMHY Nonsa AJIMHOW
no 127 6aut

« 4 6auTa B Ha4ane nons nepemMeHHou AnHbl XpaHUT ganHy nons ans
nonen onuHHee 126 6auT
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BoitecHeHue nonen B TOAST

* BbIHOCATCA NOJIA CTPOK ,EI,J'IVIHOVI

oonblwe 2032 6aunt
> MPU 3TOM MONSA PEXYTCA Ha YacTu
no 1996 6aunt

e ANropuTt™m (o4yepenHoCTb)
BbITECHEHUS 3aBUCUT OT Nopsaaka
cfiegoBaHus cTonouos

* MpW OOCTYMNe K KaXxaomy
BbITECHEHHOMY MOS0
OOMNONHUTENBbHO YNTaeTcq 2-3
onoka TOAST-nHgekca

select reltoastrelid, reltoastrelid::regclass

from pg class where relname='t';

reltoastrelid | reltoastrelid

_______________ +_________________________
74295 | pg toast.pg toast 74292

\d+ pg toast.pg toast 74292

TOAST table "pg toast.pg toast 74292"

Column | Type | Storage
____________ _|__________+_________
chunk id | oid | plain
chunk seqg | integer | plain
chunk data | bytea | plain
Owning table: "public.t"
Indexes:

"pg toast 74292 index" PRIMARY KEY,
btree (chunk id, chunk seq)
Access method: heap
select chunk id, chunk seq, length(chunk data)
from pg toast.pg toast 74292;
chunk id | chunk seg | length

74297 | 0
74297 | 1
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AnropuTtm BbiTecHeHua nonen B TOAST

Npu BCTaBKe CTPOKU B TabnnLy oHa NOMHOCTbIO pa3MeLLaeTcs B NaMsATH
CepBepHOro npoLecca B CTPOKOBOM bydepe pa3mepa 16 (unm 26
Npu OOHOBNEHUN CTPOKU 06paboTKa BbIMNOMHAETCA NO 3aTparmBaeMblIM
KOMaHOOoW NOJIIM B rnpeaenax cTpokoBoro oydepa. lNonga, He
3aTparmBaemMble KOMaHAo0W, npeacTaBneHbl B 6ydepe 3aronoBKOM
annHoun 18 6auT.

nocne obpaboTKu (CXKaTusa UM BbIHOCA) KaXaoro nossi NpoBepsaeTcs
pa3Mep CTPOKWU. ECnn pa3mep He npeBbillaeT toast tuple target
(mno ymonyaHuto 2032 6anT) CTpoKa coxpaHsieTca B bydep n obpaboTka

CTPOKW 3aKaH4YMBaETCH
ob6paboTka HaunHaeTca ¢ nona EXTENDED n EXTERNAL ot
Hanbonbluero pasmMmepa K MeHbLUEMY

cXaTtune u BbiHoC nonen MAIN BbINnoONHAETCS TOSIbKO Nocne BbIHOCA BCEX
nonen EXTENDED n EXTERNAL
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TOAST chunk

» npu ncnonbsosaHnm EXTERNAL
nonsi paamepom o1 1997 6aunt
CcO30atoT BTOPOW YaHK
HeboNbLIOro pa3mMmepa nU3-3a
KoToporo B 6nok TOAST
NnomMeLlaeTcs TO/bKO 3 YaHKa
6onbLIOro pasmMmepa

o nna nonenm EXTERNAL c
pasmepom ot 1997 po ~2300 6aut
eCTb BEPOATHOCTb MeHee
NIOTHOIO XpaHeHUs

select reltoastrelid, reltoastrelid: :regclass

from pg class where relname='t';

reltoastrelid | reltoastrelid

_______________ o
74295 | pg toast.pg toast 74292

\d+ pg toast.pg toast 74292

TOAST table "pg toast.pg toast 74292"

Column |  Type | Storage
____________ T TP
chunk id | oid | plain
chunk seqg | integer | plain
chunk data | bytea | plain
Owning table: "public.t"
Indexes:

"pg toast 74292 index" PRIMARY KEY,
btree (chunk id, chunk seq)
Access method: heap
select chunk_id, chunk_seq, length(chunk data)
from pg toast.pg toast 74292;
chunk id | chunk seq | length

74297 | 0
74297 | 1
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OrpaHunyeHus TOAST

o B Nob6oun Tabnuue B TOAST MOXeT ObITb BbIHECEHO He 6onblue 2732
noneun (~4mnpa.)

o Ansa BblHeceHHoro B TOAST nonsa B 6n1oke Tabnuubl XpaHutca 18 6anT, oHu
He BblpaBHWUBAIOTCA, HO BCA CTPOKa BblpaBHMBAETCH

e 3HauyeHune, ocTaroLleecs B 6/10ke Tabnuubl, nocne BbiHoca nond B TOAST:

select lp len, t data from heap page_ items(get_raw page('t', 0));
lp len | t data
________ _|_________________________________________
42 | \x0112d9070000d50700003922010037220100

1 18 2009 oGanmt 2005 Gant 74297 74295
| | | |
[ \l \l \f \
o1 » OJIMHa 00 cXXaTusa pnnHa B TOAST chunk_id toast_OID
D9 07 00 00 D5 07 00 00 39 22 01 00 37 22 01 00
| )
Y
18 Bamt
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[lapameTpbl toast tuple target U
default toast compression

Ha BblTecHeHUe BnuaroT gea Makpoca: TOAST_TUPLE_THRESHOLD u

TOAST_TUPLE_TARGET
> M0 YMOJSIYaHUIO paBHbl 2032

ecnu pasmep ctpokn donbwe TOAST_TUPLE_THRESHOLD, Tto
HauYMHaeTCca cxXaTme U/Mnn BbITECHEHME NOJIEN CTPOKU

nona oyayT CXXMMaTbCA U pacCMaTpmMBaTbCA Ha NpeagMeT XpaHeHUd B
TOAST, noka ocTtaBlumecs nons He nomecTtaTca B TOAST_TUPLE_TARGET
TOAST_TUPLE_TARGET MOXHO nepeonpenennTtb TObKO Ha YPOBHe
Tabnuubl:

ALTER TABLE t SET (toast tuple target = 2032),
TOAST_TUPLE_THRESHOLD He nepeonpepensieTcs

napamMeTp KOHUrypaumm default toast compression yCTaHaBMBaeT
anropuTM cxkatua:

ALTER SYSTEM SET default toast compression = pglz,
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KonoHo4yHoOe XpaHeHue: obLas nHoopmMauus

* CHU3UTb TPYAOEMKOCTb A0CTYMa K AaHHbIM B CTONOLaX
NYyTEM COBMECTHOIo XpaHeHUsa 3Ha4YeHun cTonbLos

* BO3MOXHO 3pPEeKTUBHO CXUMaTb gaHHble MO CPpaBHEHUID CO
cXXatmem noneun B heap tables

o [1na ncnonb3oBaHUA KOTOHOYHOro cnocoba xpaHeHus
OO0CTaTOYHO yKa3aTb NMpu co3gaHnm Tabnuupbi:
CREATE TARLE wmmMa (...) USING columnar;

e paclnpeHne co3gaeTt TabnnyHbin MeTOA AO0CTYMNa columnar

e CMUCOK METOAO0B A0CTyMna ecTb B Tabnuue pg am

€}MN
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KonoHoyHoe xpaHeHue: 0co6eHHOCTU UCMOSb30BaHUS

o nogaep>xuBarotcad UPDATE n DELETE

» nogaepxunBatotca komaHabl: TRUNCATE, INSERT (B Tom
yucne ogHom ctpoku), COPY

* NapannenbHoe CKaHUpPOBaHWE pPeanim3oBaHo

* NOAAEPXKNBAKOTCHA TUMbI MHOAEKCOB, NCMONb3yeMbIE B
OorpaHu4yeHunax LenocTHoCcTu: btree, hash

e OCTalJibHble TUNbl NHAEKCOB He MognepXxXuBaroTca: gist, gin,
spgist, brin

¢ COBMECTUMOCTb C CEKUMOHNPOBaHMEM Tabnuu: cekunm
MOTYT UMeTb pa3Hble ¢opmMaTbl XpaHEHUS

e HET C/TIYXXEOHbIX CTONOBLOB XMin, Xmax

* €CTh CNyXebHbln cTonbel, ctid

t";’ntor
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KOo/IOHOYHOE XpaHeHue: napamMeTpbl

* Y paclIUpeEHNa eCcTb NapaMeTpbl C Npedukcom "columnar. "

e nocnepoBaTefibHas 3anucb B Tabnuuy ynopsagovYeHHbIX
OAHHbIX MOXET YNYULWNTb CXKaTue, 3HaYNTENbHO COKPaTUTb
pasMep MHOAEKCOB N 0ObEM CKaHUPYEMbIX BJTOKOB AaHHbIX

e [aHHble YacCTo ynopsaao4YmnmBatoTCsa NO BPEMEHU U Ha3bIBalOTCH
"Time Series"

* Hanbonee adpdeKTUBHbIN aNrOPUTM cXKaTua zstd, oH
YCTaHOBJIEH MO YMONYAHUIO

° NPU YTEHUN HEDBONBLINX OOBEMOB AaHHbIX NCMONIb30BaHNE
NMHOEKCOB MOXET oKa3aTbcA 6onee adpheKTUBHbBIM
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IleMOHCTpauud

o Oupektopus ons BpeMeHHbIX ¢annos
» [lepemelleHne oUpPeKTopun TabamMyHOro NPOCTpPaHCTBA

t";’ntor
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[1pakTuka
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Co3paHue coeguHeHnsa ¢ 6a3on AaHHbIX

. Copeprkmmoe TabsIM4yHOro NPOCTPaAHCTBA
. ®ann nocnepoBaTenbHOCTMU
. NepemelieHne Tabnuubl B gpyroe TabsindyHoe NpPoCTPaHCTBO

[TepemelleHmne Tabnuubl B gpyroe TabnnyHoe NpoCcTpaHCTBO
yTUAUTOUN pg_repack

. icnonb3oBaHue pgcompacttable

KONnoHOYHOe XpaHeHue pg_columnar
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QﬂtOf
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[AMarHoCTnyecKum XXypHan
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[InarHoCcTu4YeCKnmn XKypHan

e HaKanuBaeT AnarHocTnyeckme cooblleHunst ot npoLueccoB 3K3eMIJIApPa

* ncnonb3yetcya on4a:
> AMarHOCTUKK nNpobnem
— MOHUTOPUHra U HaCTPOMKU NPOM3BOAUTENBHOCTH
> ayauTa 6e30nacHOCTU
> UCTOPMYECKOro aHanmaa Toro, 4YTo Nponcxoamno npu paboTe ak3emnnspa
> aHanunsa BbIMOSIHEHMSA 3aMpPoCoB

postgres@tantor:~$ cat $PGDATA/log/postgresql-*.log

23:17:09.415 [784] LOG: database system is ready to accept connections

23:17:09.732 [791] LOG: autoprewarm successfully prewarmed 13763 of 13763 previously-loaded blocks
23:27:09.762 [786] LOG: checkpoint starting: time

23:27:19.982 [800] STATEMENT: select * from ticketsl where ticket no='0005432020304";

23:27:21.200 [800] ERROR: 1index "ticketsl ticket no idx" contains unexpected zero page at block 3
23:27:21.200 [800] HINT: Please REINDEX it.
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YpOBHU BaXXHOCTU COO6LLLEEHUA

» B kopge agpa PostgreSQL, koge 6MbnnoTtek pacumpeHun, koge plpgsdal
coobLWEHNA MOMEYaOTCS YPOBHSIMU BaXXHOCTU (severity level)
* log min messages YyCTaHaB/IMBaET COOOLLEHUSA KaKUX YPOBHEN
Ba)>XHOCTU ByAyT nepenaBaTbCHa B AMAarHOCTUYECKUN XYpPHan
> OoNyCTUMble 3Ha4YeHUA N NOPAOOK Ba>XHOCTU ANlId 3TOIo NapamMeTpa: DEBUGS,
DEBUG4, DEBUG3, DEBUG2, DEBUGl, INFO, NOTICE, WARNING, ERROR,
LOG, FATAL, PANIC

e client min messages YCTaHaBIMBaeT COOOLIEHUA KaKUX YPOBHEN
Ba)XHOCTU ByAyT nepepaBaTbCa KIUEHTY, CO34aBLUEMY CECCULD

> [AOMNYCTUMblE 3HAUYEHUSA N NOPALOK BaXXHOCTU AJ19 3TOro napameTpa: DEBUGS,
DERBUG4, DEBUG3, DEBUG2, DEBUGl, LOG, NOTICE, WARNING, ERROR

postgres=# \dconfig * min messages
List of configuration parameters

Parameter |  Value
_____________________ +_________
client min messages | notice
log min messages | warning

(2 rows)
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Pacnono)keHue >XXypHana

log destination onpepensaeT MecToMnoNloXeHne, Kkyaa oyayT

BbIBOAUTbLCSA AMArHOCTUYECKME COOOLEHMNS

> AoNyCTUMble 3HaueHud: stderr, csvlog, jsonlog, syslog

e eCJZIn MEeCTOMONOXEHUN HEeCKOJIbKO, TO OHWN 6y,u,yT BblIBOOUTbCH
oagHoOBpPeEMEHHO BO BCE MECTONMOJTOXKEHUA

* logging collector=on 3afyCKaeT $OHOBbLIN NMpouecc logger, KOTOPbIN
nepexsBaTblBaeT stderr n HanpaBnsieT CooOOLEHNA B UPEKTOPUIO
log directory

* B KOpHEe PGDATA CO3[4aETCA TEKCTOBbIN dann ¢ HazBaHUEM
current_logfiles, B KOTOprVl 3aliMCbiBaeTCA MeCTOMOJ1I0>KeHNEe U
Tekyuwme (Kyga cemyac naet 3anucb) HasBaHUA ¢anioB AMarHOCTUYECKOro
XYpHana

* log filename 3a4a€T Ha3BaHue danna (B log destination OOHO

3HauYeHune stderr) N pannos nora
> YOOOHO 3HayeHue log filename = postgresqgl-%F.log
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[lepepayva coobLieHun syslog

e MPU log destination = syslog COOBLWEHNA NepeaatoTca cnyxbe

onepauyoHHOM CUCTEMBI Syslog
» B BbIBO/J Syslog nonapatoT He BCce coobLLeHuns, B logger BCE
> logger npepanovtTUTesibHee - OH He TePSIeT COOBLLEHUS

e MapameTpbl KOHPUrypaunm ans s3anmMmogencTens ¢ syslog:

postgres=# \dconfig syslog¥*
List of configuration parameters

Parameter |  Value
_________________________ +__________
syslog facility | localO
syslog ident | postgres
syslog sequence numbers | on
syslog split messages | on

(4 rows7
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PoTauua ¢amnoB gMarHOCTUYECKOro XXypHana

e MPW NCNONIb30BaHNU logger Gansibl XXYypHana MOryT poTUPOBaTbCS
> CTapble ¢annbl He ygansatTc

» [NlapameTp log truncate on rotation NMO3BONAET NMpn poTaunuun no
BpeMeHu (HO He Npu poTauun No pasmMepy UM nNpu 3anycke saK3emnnsapa)
nepesanuncbiBaTb cyllecTByrowme dannbl fiora, a He JonNnUcbiBaTh B UX

KOHeLl,
» [lapameTp log file mode 3a[a€T paspelleHnd Ha dannbl
OVAarHOCTUYECKOro XypHana (no ymon4daHuro 0600)
> 3HayeHue 0640 paspewuT yntaTb Gpannbl YieHaM rpynnbl postgres

postgres=# \dconfig *rotation*
List of configuration parameters

Parameter | Value
__________________________ o
log rotation age | 1d
log rotation size | 10MB
log truncate on rotation | off

(3 rows)
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[InarHoCcTu4YeCKnmn XKypHan

* logging collector (N0 yMOMYaHWIO off) peKOMeHAYeTCA YCTaHOBUTb
3HayeHue B on

e 3anycTuTcs POHOBLIN NpoLecc logger, KOTOPbIN cobupaeT (collect)
coobLeHua, oTnpaBneHHble B stderr 1 3anncblBaeT nx B ¢pannbl nora

* log min messages=WARNING MO yMOJZIYaHWUIO, YTO O3HaA4aeT JiormpoBaHue
COOOLEHNN C YPOBHAMU ERROR, LOG, FATAL, PANIC

* log min error statement=ERROR no ymon4aHuo. MMHUManbHbIN
YPOBEHb BaXXHOCTU ansa komMaHpg, SQL, KoTopble 3aBEPLUNTUCE C OLLMOKOM

* log directory=log (PGDATA/log) no ymonyaHuto. 3agaét nyTb K
avpekTopun ¢annos siora, MOXXHO NOMEHATb Ha TOYKY MOHTUPOBaHUS,
CKOPOCTb U 06bEM KOTOPbIX A4OCTAaTOYHbI 4151 npuemMa noros. ECTb
napamMeTpbl, HacTpanBarLne poTaumto Gannios fora

psgl -c "alter system set logging collector = on;"

sudo systemctl restart tantor-se-server-16

ps -ef | grep logger

postgres 21861 21860 0 09:37 00:00:00 postgres: logger

t";’ntor

YuebHbln Kypc "Tantor: AGMUHUCT pupoBaHue PostgreSQL 17" TaHTop Jlabc © 2025 www.tantorlabs.ru 267




[TapamMeTpbl AUarHOCTUKU

napameTpoB KOHOUrypaLmm NormpoBaHusa 6osnblie 35

TakXXe ecTb bonblle 8 napaMeTpoB A8 0TNaAKu KomaHg SQL
pacLIMPEHNs MOTYT UMETb NapamMeTpbl AN NerupoBaHmns
OCHOBHbIe NapaMeTpbl:

alter system set logging collector=on;

alter system set log min duration statement='8s';
alter system set log statement=ddl;

alter system set log min error statement=ERROR;
alter system set log temp files='IMB';

alter system set cluster name='main';

alter system set log autovacuum min duration='1l0s';
alter system set log disconnections=on;

alter system set log connections=on;

alter system set log lock waits=true;

alter system set deadlock timeout='60s';

alter system set log recovery conflict waits=on;
select pg reload conf();
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OTcneXXuBaHUe UCnosib30BaHUSA BPeMEHHbIX $anioB

e cluster name = 'main' [1o ymMon4yaHuto nycto. PekomMmeHayeTcs
yCTaHOBUTb. 3Ha4YeHne fobaBnsaeTcs K Ha3BaHWUIO MPOLECCOB 3K3eMMNSAPa,
4YTO ynpoLlaeT nx ngeHtmoukauuro. Ha pennmke no yMmon4yaHuro
ncnonb3yeTca ona UAeHTUOUKaUun wal receiver

* log temp files='1MB' (MO YMOJIYaHUIO OTK/IHOYEHO) NOrUPYET UMEHa U
pa3mMepbl co3aBaeMblX BPpEMEHHbIX ¢anioB B MOMEHT UX YaaneHus

e MPW HYNEBOM 3Ha4YeHun nornpyrotca daunbl Ntoboro pasmepa

* BPEMEHHbIEe Ppannbl CO34at0TCH B AUPEKTOPUN TabNNUYHbIX NPOCTPAHCTB,
YKa3aHHbIX B NapamMeTpe temp tablespaces
> MOXHO OrpaHU4nUTb NapaMeTpoM temp file limit
> PEKOMEHAYETCH YCTAHOBUTb log temp files M temp file limit

o MpumMep coobLleHUsa 0 TOM, YTO BpeMEHHbIN pann gopoc ao 97/Mo:

STATEMENT : CREATE INDEX ON test (id);
LOG: temporary file: path "base/pgsgl tmp/pgsqgl tmpl37894.0.fileset/0.0",
size 101810176
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OTcnexuBaHue paboTbl aBTOBaKyyMa U aBToaHanmsa

* log autovacuum min duration, MO YMOSYaHUIO yCcTaHOB/EH B 10 MUHYT.
Ecnu aBTOBakyyM NpeBbICUT 3TO BpeMs nNpu obpaboTke Tabnuupbl, TO B 10T

KnacTepa 3anuweTcs cooblieHune. NMNpu BO3HUMKHOBEHUM TaKUX COOBLLEHU
CTOUT BbIACHATb NPUYNHY A0MATOro BaKyyMMpPoBaHUA TabnumLbl

LOG: automatic vacuum of table "postgres.public.test": index scans: 37

pages: 0 removed, 88496 remain, 88496 scanned (100.00% of total)

tuples: 10000000 removed, 10000000 remain, 0 are dead but not yet removable

removable cutoff: 799, which was 0 XIDs old when operation ended

new relfrozenxid: 798, which is 2 XIDs ahead of previous value

frozen: 1 pages from table (0.00% of total) had 82 tuples frozen

index scan needed: 44249 pages from table (50.00% of total) had 10000000 dead item identifiers removed

index "test id idx": pages: 54840 in total, 0 newly deleted, 0 currently deleted, 0 reusable
518.021 MB/s, : 47.473 MB/s

buffer usage: 385747 hits, 1864788 misses, 170895 dirtied

WAL usage: 231678 records, 83224 full page images, 248448578 bytes

system usage: CPU: user: 25.72 s, system: 0.38 s, elapsed: 28.12 s

LOG: automatic analyze of table "postgres.public.test"

avg read rate: 498.808 MB/s, avg write rate: 0.018 MB/s

buffer usage: 2906 hits, 27199 misses, 1 dirtied

system usage: CPU: user: 0.42 s, system: 0.00 s, elapsed: 0.42 s
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HabnoaeHue 3a KOHTPOJIbHbIMU TOYKaMM

rnepBas 3anuchb nepefaeTcs B JIOr, Korga HauyMHaeTcs KOHTPObHada TOYKa
total = 09:31:35.070-09:27:05.095
> NpPUMepHO cooTBeTcTBYeT 270 ceKyHAaM, KOTopble NonyyaroTcs NepeMHOXeHnem
checkpoint completion target * checkpoint timeout (0.9*300=270)
total= + Bpems 3anucu B8 WAL-dpannbl
BpeMs 3aTpadyeHHoe Ha Bbi3oBbl fdatasync no WAL-¢pannam

09:27:05.095 LOG: checkpoint starting: time
09:31:35.070 LOG: checkpoint complete: wrote 4315 buffers (26.3%); 0 WAL file(s) added, 0 removed,
6 recycled; ’ , total=269.976 s; sync files=15, longest=0.003 s, average=0.001 s;

distance=109699 kB, estimate=109699 kB; 1sn=8/1164B2E8, redo 1lsn=8/BC98978

sync files=15 (CUHXPOHU3NPOBAHO $annoB) - YNCO GpannoB AaHHbIX (B TaBNYHbIX
NPOCTPaHCTBaX, YbM BNOKKN pacnonaratoTcs B 6ypepHOM K3lle) B KOTopble Benacb 3anncb u
MO HUM B KOHLIE KOHTPO/IbHOW TOYKEe Nochkinancs Bbi3oB fsync

longest=0.003 s (camas_gonrasi CUHXp.) - Hanbonblaa AINTeNbHOCTb 06PaboTKN OAHOIo

danna

LOG:

checkpoint complete: wrote 8596 buffers (52.5%); 0 WAL file(s) added, 0 removed, 33 recycled;

write=25.057 s, sync=9.212 s, total=35.266 s; sync files=4, longest=9.181 s, average=2.303 s;
distance=540552 kB, estimate=550280 kB; 1sn=9/16BC03F0, redo 1lsn=8/F82504B0
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OnuncaHue 3annucen log checkpoints

e wrote 4315 buffers YNCNO rPs3HbIX OydepoB, KOTOpble 3annucaHbl Nno
KOHTPONbHOM TOouke. OgHOBpEeMEHHO ¢ checkpointer rpsisHble 610KU MOTyT
3anucbiBaTb CEPBEPHbIE nMpoLecchl n bgwriter

e (26.3%)MNPOLEHT OT obulero konn4yecTtea bygpepos 6ypepHOro KaLwla,
3afjaBaeMblX NnapaMeTpoM shared buffers

e file(s) added, 0 removed, 6 recycled YUCNIO CO34aHHbIX,
YAaNEHHbIX, MOBTOPHO Mcnofib3oBaHHbIX WAL cermMeHTOB

e distance=109699 kB (paccTosiHMe) - oo6bem 3anmcen WAL mexay
Hayanom npeabiayLen KOHTPOSTbHOU TOUYKU U

09:22:05.087 LOG: checkpoint starting: time

09:26:35.066 LOG: checkpoint complete: wrote 3019 buffers (18.4%); 0 WAL file(s) added, 0 removed, 6 recycled;
write=269.951 s, sync=0.009 s, total=269.980 s; sync files=14, longest=0.004 s, average=0.001 s;
distance=99467 kB, estimate=108859 kB; l1lsn=8/AA004C8, redo 1lsn=8/5177990

09:31:35.070 LOG: checkpoint complete: wrote 4315 buffers (26.3%); 0 WAL file(s) added, 0 removed, 6 recycled;
write=269.938 s, sync=0.009 s, total=269.976 s; sync files=15, longest=0.003 s, average=0.001 s;
distance=109699 kB, estimate=109699 kB; 1lsn=8/1164B2ES,
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OnuncaHue 3annucen log checkpoints

e estimate=109699 kB (pacCCTOsIHME KOTOPOE 0OXULaN0Cb) paccynTbiBaeTCs,
4YTOObI OLLEHUTb CKONbKO WAL cermMeHToB OyaeT UCMob30BaHO B

cnepyrouen KOHTPOSIbHON TOUYKe
e €eCZIMHYNU B "0 WAL file(s) added, 0 removed", TOOUEHKa estimate
BepHas. CKoNbKo ¢annoB yaanuTb onpepenseTcsa napamMmeTpamMmu
min wal size, max wal size, wal keep size,
max slot wal keep size, wal init zero=on, wal recycle=on

09:22:05.087 LOG: checkpoint starting: time

09:26:35.066 LOG: checkpoint complete: wrote 3019 buffers (18.4%); 0 WAL file(s) added, 0 removed, 6 recycled;
write=269.951 s, sync=0.009 s, total=269.980 s; sync files=14, longest=0.004 s, average=0.001 s;
distance=99467 kB, estimate=108859 kB; 1lsn=8/AA004C8, redo 1lsn=8/5177990

09:31:35.070 LOG: checkpoint complete: wrote 4315 buffers (26.3%); 0 WAL file(s) added, 0 removed, 6 recycled;
write=269.938 s, sync=0.009 s, total=269.976 s; sync files=15, longest=0.003 s, average=0.001 s;
distance=109699 kB, estimate=109699 kB; 1lsn=8/1164B2ES,
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YTnnuta pg waldump M 3anMcU log checkpoints

e Ansa npocmoTpa 3anncen B WAL-bannax ncnonb3lyertcs yTunuTa
pg waldump. [0 ymonyaHuto ytunuta nwet WAL-daunbl B "." (TekyLuen
OUPEeKTOpUM OTKyAa OHa 3anyllieHa), ganbwe B . /pg wal, SPGDATA/pg wal
* BJIOre U BblBOAE pg controldata B LSN Beaywune Hynu nocne "/" He

neyaTaroTCH
» B BbIBOAE pg waldump B ISN W prev HoMb nevyaTteTcs, a B redo He neyaTaeTcs

pg_controldata | grep check | head -n 3

Latest checkpoint location: 8/1164B2ES8
Latest checkpoint's REDO location: 8/0BC98978
Latest checkpoint's REDO WAL file: 00000001000000080000000B

pg_waldump -s 8/0B000000 | grep CHECKPOINT

rmgr: XLOG len (rec/tot): 148/148, tx: O,

lsn: 8/1164B2E8, prev 8/1164B298, desc: CHECKPOINT ONLINE redo 8/0BC98978;

tli 1; prev tli 1; fpw true; xid 8064948; oid 33402; multi 1; offset 0; oldest xid 723 in DB 1;
oldest multi 1 in DB 5; oldest/newest commit timestamp xid: 0/0; oldest running xid 8064947; online
pg waldump: error: error in WAL record at 8/1361C488: invalid record length at 8/1361C4BO:

expected at least 26, got O

09:27:05.095 LOG: checkpoint starting: time

09:31:35.070 LOG: checkpoint complete: wrote 4315 buffers (26.3%); 0 WAL file(s) added, 0 removed,

6 recycled; write=269.938 s, sync=0.009 s, total=269.976 s; sync files=15, longest=0.003 s, average=0.001 s;
distance=109699 kB, estimate=109699 kB; 1sn=8/1164B2E8, redo 1sn=8/0BC98978
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YTnnuta pg waldump M 3anMCU log checkpoints

e Isn 8/1164B2ES8 3aMNuUCb O KOHLE KOHTPOJIbHON TOYKHU

e redo 8/0BC98978 3anncCb O Hayane KOHTPONbHON TOYKU, C KOTOPOU
Ha4YHEeTCHA BOCCTAaHOBJIEHME B C/y4dae cboa ak3emnnsapa

e prev 8/1164B298 afpec Hadana npegblaywen 3anncu B XXypHane

o ob6bem XypHana oT Ha4dana npegblayuen 0o Havyana 3aBepLUeHHOon
KOHTPONIbHOW TOYKM '8/0BCI98978"': :pg 1sn-"'8/05177990"'::pg lsn

pg_controldata | grep check | head -n 3

Latest checkpoint location: 8/1164B2ES8
Latest checkpoint's REDO location: 8/BC98978
Latest checkpoint's REDO WAL file: 00000001000000080000000B

pg_waldump -s 8/0B000000 | grep CHECKPOINT
rmgr: XLOG len (rec/tot): 148/148, tx: O,
lsn: 8/1164B2E8, prev 8/1164B298, desc: CHECKPOINT ONLINE redo 8/BC98978; ...

09:26:35.066 LOG: checkpoint complete: wrote 3019 buffers (18.4%); 0 WAL file(s) added, 0 removed, 6 recycled;

write=269.951 s, sync=0.009 s, total=269.980 s; sync files=14, longest=0.004 s, average=0.001 s;
distance=99467 kB, estimate=108859 kB; 1lsn=8/AA004C8, redo 1lsn=8/5177990

09:27:05.095 LOG: checkpoint starting: time
09:31:35.070 LOG: checkpoint complete: wrote 4315 buffers (26.3%); 0 WAL file(s) added, 0 removed,

6 recycled; write=269.938 s, sync=0.009 s, total=269.976 s; sync files=15, longest=0.003 s, average=0.001 s;

, estimate=109699 kB; 1sn=8/1164B2E8, redo 1lsn=8/BC98978

antor
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JlorupoBaHue coeHEHNN

* BbIABIAET HET /1N C/IULLKOM 4YacCTbIX COeAUHEHNN U KOPOTKUX

ceccun
* MOPOXAEHMEe ceccuun ans BbIMOMHEHUA OAHOro 3arnpoca He

onTMMalibHO
o [ns norMpoBaHna coeguHEeHNN UCNONb3YOTCS NapaMeTpbl:
log connections=on
log disconnections=on
pgaudit.log connections=on
pgaudit.log disconnections=on

LOG: connection received: host=[local]

LOG: connection authorized: user=postgres database=db2 application name=psql
FATAL: database "db2" does not exist

LOG: connection received: host=[local]

LOG: connection authorized: user=alice database=alice application name=psqgl
FATAL: role "alice" does not exist

€}MN
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[MapameTp log_connections

* log connections=on 3aMncbiBaeT B ANArHOCTUYECKNU XYpHa
KflacTepa NonbITKU NMNOAKIHOYEHUA K 3K3eMMNNApPY, NONbITKA
ayTeHTUPUKaLUN KU yCNewWwHY ayTeHTMdmnKaumro

* U3MEHUTb 3Ha4YeHMne MOXXHO TONIbKO Ha YPOBHe KnacTepa

* HU Ha YPOBHE PONU, HMU Ha YpOBHE 6a3bl AaHHbIX NapamMeTpa He
MOXeT yCTaHaBMBaTbCA:

postgres=# alter user alice set log connections = on;
ERROR: parameter "log connections" cannot be set after connection start

* NpUMep CoobLLEHUN:

LOG: connection received: host="10.0.2.15"
LOG: connection authorized: user=fff database=fff application name=psql
FATAL: role "fff" does not exist
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[MapameTp log_disconnections

o log_disconnections=on 3alinCblBa€eT B ,D,MaFHOCTquCKMVI
XYpPHan oaHO CoobLLEeHMe NP OCTaHOBKE CEPBEPHOrO
npouecca, 06Cny>XnBaBLLUErO CECCUID

* U3MEHUTb 3HaYEeHME MOXXHO TOJIbKO Ha YPOBHE K/acTepa, a
TakK>XXe Ha KJIMeHTe rnepen yCTaHOBKOﬁ coeanHeHun4d.

export PGOPTIONS="-c log disconnections=on"

* HN Ha YPOBHE POJIN, HN Ha YPOBHE 6a3bl AOaHHbIX NMapaMeTpa He
MOXET YCTaHaBJIUBATbCA:

postgres=# alter database postgres set log disconnections = on;
ERROR: parameter "log disconnections" cannot be set after connection start

* NMpUMepP CoObLLEHUN:

LOG: disconnection: session time: 0:00:00.007 user=postgres database=postgres
host=127.0.0.1 port=34298
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PacwupeHus pgaudit n pgaudittofile

e pPaCWMPEHUsIMN pgaudit U pgauditlogtofile MOXHO
HanpaBUTb COOBLLEHNSI O CO3JaHUN CECCUN N NX ONINTENBHOCTU B
oTaenbHbin dann nnn pannbl ayguTta

 [ONa paboTbl pacLUMPEHUN HYXHO 3arpy3uTb NX OUBINOTEKMN:
alter system set shared preload libraries = pgaudit, pgauditlogtofile;

» PaclwunpeHua paboTtatoT He3aBUCUMO U NapansienbHo C
XXYPHaNoM KacTtepa 1 ynpaBnatoTcsad CO6CTBEHHbIMU
napamMeTpaMun, Kotopble UMerT npePpukec "pgaudit.”

* NapaMeTpbl pgaudit.log connections U
pgaudit.log disconnections aHanorn4Hbl O4HOMMEHHbIM
napameTpam PostgreSQL 1 moryT co3gasaTb aHallorMyHble 3annucu B
oTaenbHom daune ayguta
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KoHourypupoaHue paclumpeHun pgaudit u pgaudittofile

e CEMb NMNapaMeTpoB OTHOCATCH K R
, , postgres= dconfig pgaudi*
6M6”MOTeKe pgaU_dltlogtOflle List of configuration parameters
Parameter | Value
e YTOObI cCO3paBanca XypHan - | pommmmm oo
pgaudit.log | none
ayﬂIMTa Hy)KHO yCTaHOBMTb pgaudit.log autoclose minutes | O
, pgaudit.log catalog | on
napaMeTp pgaudit. log KaK pgaudit.log_client | off
. pgaudit.log connections | off
MWHAMYM B 3HaYeHne 'misc' pgaudit.log directory | log
o audit.log disconnections | off
> 'none' - Galf XypHana ayauTa He| oomdic iog fiicnane | audit-3F. log
Co3ﬂlaeTCﬂ pgaudit.log level | log
audit.lo arameter | off
igaudit.log:garameter_max_size | O
> ! rOle ' 7 ' ddl ' pgaudit.log relation | off
pgaudit.log_connections U Poandit. log rotation size 10
pgaudit.log disconnections Eéiiiiiiiiﬁi!iem@nt o
He ﬂeMCTBymT pgaud%t.log_statement_once | off
pgaudit.role |
(18 rows)
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[JunarHocTuka yacToTbl coeiuHeHn ¢ 6a30M gaHHbIX

* log disconnections=on 3anucbiBaeT B JIOI COObITNE 3aBepLUEHNS
ceccuu. 3anucbiBaeTcd Ta XXe UHGopmMaLuua, YTo log connections MJIKOC
AONMUTENIbHOCTb CECCUMN.
> npenmMyllecTBo B TOM, YTO BbIBOOUTCA OAHaA CTPOKa, 4TO HE 3aMyCOpuBaeT Jior

> MNO3BONAET MAEHTUPUUNMPOBATbL KOPOTKNUE MO BPEMEHU CECCUM
> NpuMep coobLWEeHNs 0 ANNTENbHOCTU CECCUN CeCCUN 4 CeKYHAbI:

LOG: disconnection: session time: 0:00:04.056 user=oleg database=dbl host=[vml]

* log connections=on 3anncbiBaeT B JIOI MOMNbITKM YCTAaHOBUTb CECCUIO
> HefoOCTaToOK B TOM, YTO HeyaAa4Hbl€ MOMbITKN OT/IMH4AKOTCA TOJIbKO
OOMONHUTENBbHON CTPOKOM:

LOG: connection received: host=[local]

LOG: connection authorized: user=postgres database=db2 application name=psql
FATAL: database "db2" does not exist

LOG: connection received: host=[local]

LOG: connection authorized: user=alice database=alice application name=psql
FATAL: role "alice" does not exist
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[lnarHoCcTuka 61oKUpyoWmMx cCUTyauum

* log lock waits=true. 1o YMOJTHaHNIO OTKJTFOYEH. PeKOMeH,EI,yeTCﬂ
BKJTKOUUTDb, YTOObI NoJly4aTb COO6LLI,eHVIF| B ,EI,VIaFHOCTVILIeCKVIﬁ XYPHa 4To
KakKou-nbo npouecc XaeT aonblue, YeMm: deadlock timeout

* deadlock timeout='60s"'.[lo ymMmonyaHuo 1 cekyHaa, 4TO CIULLKOM
MaJi0 U Ha Harpy>XeHHbIX 3K3eMridpax co3faeT 3HaunTes/ibHble U3OEPXKKN

* log startup progress interval='1l0s' He CTOUT OTK/HOYaATb

» log recovery conflict waits=on. 1o ymonyaHuto off. [1pouecc
startup 3anuueT coobLlieHune B nor peninkn, eciin He CMOXeT NPpUMeHNTDb
WAL Kk pennuke ponblle, 4eM deadlock timeout

LOG: recovery still waiting after 60.555 ms: recovery conflict on lock
DETAIL: Conflicting process: 5555.

o Hannume KOHPIMKTOB MOXXHO YBUAETb B NpeacTtaBneHnm (mano getanen):

select * from pg stat database conflicts where datname='postgres';
datid|datname Itblspclconfl_locklconfl_snapshot|confl_bufferpinldeadlock
————— s A ittt Bttt e
13842 |postgres| 0 | 0 | 1 | 1 | 0
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[1pakTuka

1. Kakas nHpopmMauma nonagaeT B XYpPHan
2. Pacnono)xeHune XypHanoB cepBepa

3. Kak nHpopmaumna nonagaeT B XYpHan
4. [lobaBneHue popmaTta CSV

5. BKnoyeHne KonnekTopa coodLeHnmn
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[Monb3oBaTtenu (ponu) B knactepe 6a3 gaHHbIX

e HaKanuBaeT AnarHocTnyeckme cooblleHunst ot npoLueccoB 3K3eMIJIApPa

* ncnonb3yetcya on4a:
> AMarHOCTUKK nNpobnem
— MOHUTOPUHra U HaCTPOMKU NPOM3BOAUTENBHOCTH
> ayauTa 6e30nacHOCTU
> UCTOPMYECKOro aHanmaa Toro, 4YTo Nponcxoamno npu paboTe ak3emnnspa
> aHanunsa BbIMOSIHEHMSA 3aMpPoCoB

postgres@tantor:~$ cat $PGDATA/log/postgresql-*.log

23:17:09.415 [784] LOG: database system is ready to accept connections

23:17:09.732 [791] LOG: autoprewarm successfully prewarmed 13763 of 13763 previously-loaded blocks
23:27:09.762 [786] LOG: checkpoint starting: time

23:27:19.982 [800] STATEMENT: select * from ticketsl where ticket no='0005432020304";

23:27:21.200 [800] ERROR: 1index "ticketsl ticket no idx" contains unexpected zero page at block 3
[

]
]
]
]
]
23:27:21.200 [800] HINT: Please REINDEX it.
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[Monb3oBaTtenu (ponwu)

« CNUCOK posier MOXHO nocmoTpeTb kKomaHaamMmun \dus \dgs
« Cnucok poneu xpaHutcs B rnobanbHoun Tabnuue pg authid
« ECTb nceBgoponb public, B KOTOpYHO BXOAAT BCE PO
> €U MOXHO BblaBaTb NMpuBuiiernn
° ATpM6yTbI POJIn postgres:
postgres=# select * from pg_authid where rolname='postgres'\gx
~[ RECORD 1 J—=—F-—————mm oo
oid | 10 R
rolname | postgres \\ahh________ﬂ,,//
rolsuper | t
rolinherit | t
rolcreaterole | t
rolcreatedb | t
rolcanlogin | t
el ([
rolconnlimit | -1 K /
rolpassword | SCRAM-SHA-25654096:0ejDgb5wgdHcuVXBUOH/VA==SAwimWKZOQ. . .
rolvaliduntil |
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ATpunbyTbl (MapamMmeTpbl, CBOUCTBA) pPOosien

° €CTb 7 aTpnbyToB TUNa BKIAKOYEH/BbBIKTHOYEH

 LOGIN - npaBo co3gaHua Ha4anbHOro coeauHeHua ¢ 6aszamu gaHHbIX

« SUPERUSER - obxoauT npoBepKu npaB 40OCTyNa, KPOMe HavyanbHOro
coegunHeHus

 REPLICATION LOGIN - ponb ¢ atumun atpubytamm (6e3 atpmbyta LOGIN
aTpmnoyT REPLICATION 6ecnoneseH) nMmeeT npaBo NoACcCoeAnHATLCA MO
NPOTOKONY penynKaunun U pesepBnpoBaTb BECb KnacTtep

» CREATEROLE - ponb MOXeT co3faBaTb pou
> Yy ponien HeT BnagensLua
> CO3[aHHasa ponb rpaHTyeTca cosgatowen ponu ¢ onunen ADMIN OPTION
> HuU rpaHT WITH ADMIN, Hn aTpnoyt CREATEROLE He no3BonatoT NOAHATb

CBOEN POSN NPUBUIETNM NYTEM CO3[aHUA U NEPEKNHOYEHNS B CO34aHHYHO POJib

o ['paHT c ADMIN OPTION He pa€eTt npaBo MeHATb aTpubyTel CREATEROLE,

BYPASSRLS, REPLICATION, CREATEDB, SUPERUSER

> 9TW aTpuUbyTbl POSIb CMOXET MEHATb Y posien, Ha KoTopble ecTb ADMIN
OPTION, TonbKO, eCnn y HEE MMEETCH TaKOU Xe aTpunoyT
t";’ntor
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ATpunbyT INHERIT n GRANT WITH INHERIT

ATtpubyT INHERIT ycTaHaBnmMBaeTcsa No yMOMYaHUIO

[To3BONIAET Hacne[oBaTh NpaBa, BblAaHHble HAa 06beKTbl 6a3 gaHHbIX

Ecnu ponun yctaHoeutb aTtpmbyT NOINHERIT, To oHa He 6ygeT HacnenosaTb
npuBUNErnmn poneun, KotTopble en AaHbl

[1pn Bblgaye ponn MOXHO ABHO 3a4aTb
> ByayT nu paboTaTb NpaBa rpaHTOBaAaHHOW POJSIN Y CECCUN TPaAHTYEMOTO
> MOXET /I FPaHTYEMbIN MEPEKTOYNTBCS B FPAHTOBAHHYHO POSb

postgres=# grant postgres to alice with inherit false, set true;
GRANT ROLE

postgres=# \c postgres alice

You are now connected to database "postgres" as user "alice".
postgres=> set role postgres;

SET

postgres=#

postgres=# grant postgres to bob with inherit true, set false;
GRANT ROLE

postgres=# \c postgres bob

You are now connected to database "postgres" as user "bob".
postgres=> set role postgres;

ERROR: permission denied to set role "postgres"
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MNepeknoyeHne ceccum B gpyryro ponb U CMeHa ponen

e SET [SESSION | LOCAL] SESSION AUTHORIZATION pOJEb;
nepekoyaeT CECCUI0 B APYryHo Posib

° KomaHp,y MOXeET BbIMOJIHUTb TOJIbKO CYIrMeprnosib30BaTeslb
> NCNOJIb3yeTCA And 10ro, YTOObI cynepnosib3oBaTesib MOTI' MEPEKTHOHYNTDb
CeCCUIO B ApYyroro noJsibsoBartesnd h 3atemM BepHYyTbCA B MCXOOHYIHO
° TeKyu.l,ero noJsib3oBatend MO>XXHO USMEHUTDb KOMGH,EI,OVI SET ROLE
> MNpoBepKa rnpas Ha 06BbEeKThI BbINOMHAETCS ANd TeKyLWero rnoJjib3oBartesis

postgres=# set session authorization alice;
postgres=> select current user, session_user, current role, user;
current user | session user | current role | user

alice | alice | alice | alice
postgres=> set role bob;
postgres=> select current user, session_user, current role, user;
bob | alice | bob | bob
postgres=> reset role;
postgres=> select current user, session _user, current role, user;
alice | alice | alice | alice
postgres=> reset session authorization;
postgres=# select current user, session_user, current role, user;
postgres | postgres | postgres | postgres
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[MpeponpenenéHHble (cny>xebHble) ponu

» nosaBunucb B PostgreSQL HaumMHaa ¢ Bepcun 14

« 15 poneun nntoc ncesgoposb public

* MOXET rpaHToBaTb ponb ¢ aTpmdoytamm SUPERUSER mnnun ponb, nmetrollas
npaso WITH ADMIN Ha rpaHTyemMyro posb

 YOanuTb CNy>KeBHble PONu HeNb3s ostares \dus

» MonesHbl YTOBbl He faBaTb NPUBUUTELD L Mstofroles
cynepnonb3oBaTens As BbiMOSHEHWS
BOCTPe6OBaHHbIX AeNCTBU D eare subscription o e

|
_I_
|
|
pg database owner | Cannot login
Pg _execute server program | Cannot login
|
|
|
|
|
|
|
|
|
|
|

Pg maintain Cannot login
Pg monitor Cannot login
pg read all data Cannot login
pg read all settings Cannot login
pPg read all stats Cannot login
pg_read server files Cannot login
Pg_signal backend Cannot login
pg stat scan tables Cannot login
Pg use reserved connections Cannot login
pg write all data Cannot login
pg write server files Cannot login
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[MpaBa Ha 06beKTbI

[Tpn co3pgaHnn obbekTa

Ha3HavaeTcs Bnagened,

[To ymon4aHuo Bnageneuy um

cynepnonb3oBaTesb UMetoT

NpaBa Ha CO3[aHHbIN OOBbEKT

[Jpyrum ponam Hy>XHbl Npasa

[1na Ka)xgoro tuna obbekTa

eCcTb CBOM Habop npas

> HasBaHWA NpaB NPUBEaEHbI B
Tabnuue

[1paBa BblgatoTCA U

OT3bIBAOTCA KOMaHOaMu

GRANT U REVOKE

npaBo
SELECT

INSERT
UPDATE
DELETE
TRUNCATE
REFERENCES
TRIGGER
CREATE
CONNECT
TEMPORARY
EXECUTE
USAGE

SET
ALTER SYSTEM
MAINTAIN

a X H o Q d X U o = W

0

TUNbl OO bEKTOB

SEQUENCE, TABLE (u
COLUMN

LARGE OBJECT,
MOJ00OHBIE WM) ,

TABLE, cTonoeln
LARGE OBJECT,
TABLE

SEQUENCE, TABLE, COLUMN
TABLE
TABLE, COLUMN
TABLE

DATABASE,
DATABASE
DATABASE
FUNCTION,

DOMAIN, FDW,
LANGUAGE, SCHEMA,

PARAMETER

SCHEMA, TABLESPACE

PROCEDURE

FOREIGN SERVER,

SEQUENCE, TYPE

PARAMETER
TABLE

éahux
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[MfpocMOTp NpaB Ha 06beKThbl B psq|

o I'IpaBa BbIBOOATCA B BUAE CIMUCKaA:

° KOMY IaHa=IpMUBUIIeTVM/KTO IaJl
_ — IIpasa Komanna

» Ecnu nepep 3Haukom "=" nycTo, aTO Tun o6bexTa Beempasa on T beql
O3Ha4yaeT public (NpefocTaBneHO BCEM) arapase R e \1
» 3Hayok "*" nocne 6ykBbl O3HAYaET, UTO DOMATN U U \dD+
NnpPaBo npeaocTaB/ieHO C NMpaBoOM FUNCTION, PROCEDURE X X \df+
nepepayn WiITH GRANT OPTION. FDW U HET \dew+
o 3HayoK "+" B KOHLe 0003Ha4YaeT, UTO 3TO  FOREIGN SERVER U HeT \des+
He I'IOCJ'IG,EI,HVIVI a/IeMeEHT U CMNCOK LANGUAGE U U \dL+
npoao/mNKaeTCHd Ha CJ'Ie,EI,yI-OIJ.l,eﬂ CTpoOKe LARGE OBJECT rw HeT \d1l+
PARAMETER sSA HET \dconfig+
postgres=# \1
List of databases SCHEMA uc HET \dn+
Name | Owner | Access privileges SEQUENCE rwlU HET \dp
________ +__________+_______________________
demo | postgres | postgres=CTc/postgres+ TABLE (1 nogobnble M) arwdDxtm Her \dp
| | alice=C*c/postgres COLUMN arwx HeT \dp
postgres=# GRANT ALL PRIVILEGES ON ALL TABLES IN
SCHEMA public TO alice, bob WITH GRANT OPTION; TABLESPACE C HET \db+
GRANT TYPE U U \dT+
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MpuBunerun no ymonyauuto (DEFAULT PRIVILEGES)

e ALTER DEFAULT PRIVILEGES NO3BOJIAET 3aA4aBaTb NpaBa, NpuMeHdeMble

K obbeKTaMm, KoTopble byayT co3faBaTbCA B byayuem gns cxem, tTabnuu,
npencTaBneHnin, BHEWHUX Tabnuy, nocnegoBaTeibHOCTEN, MOANPOorpamMmMm,
TUNOB (BKJIFOYAKOT B ceb6 AOMEHDbI)

e poSib public nonyyaet

npaea:

> CONNECT n TEMPORARY
(co3paHue BpeMeHHbIX
Tabnuu) ana 6a3 gaHHbIX

> EXECUTE gns ¢yHKUMN n
npoueayp

> USAGE ana a3bikoB, TUMNOB
OAHHbIX, AOMEHOB

YyuebHbivt Kypc "Tantor: AgMUHUCTpupoBaHue PostgreSQL 17" TaHTtop Jlabc © 2025 www.tantorlabs.ru

alter default privileges REVOKE ALL on routines from public;
alter default privileges REVOKE ALL on types from public;
revoke all on database demo from public;

revoke connect on database p2 from public;

\1
List of databases
Name | Owner [ .. | Access privileges
——————————— o
demo | postgres | | postgres=CTc/postgres+
| | | alice=c/postgres
P2 | postgres | .. | =T/postgres +
|

| .. | postgres=CTc/postgres
revoke all on language plpgsql from public;

\dL+
List of languages
Name | Owner | Trusted | .. | Access privileges
————————— e e e et
plpgsgl | postgres | t | .. | postgres=U/postgres
(1 row)
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3aluTa Ha ypoBHe cTpoK (Row-level security, RLS)

* MO YMOJTYaHUKO OTKJIHOYEHA
» RLS He aBngeTca maHgaTHbIM KOHTponem goctyna (MAC)
« ecnu RLS BkNtoyaeTcs, a paspellaromx NoJINTUK HET, TO AOCTYN 3anpeLleH
e nonutukn cospgarotca komaHgon CREATE POLICY, Hanpumep:
CREATE POLICY wmMmsa ON rabimmua AS PERMISSIVE FOR ALL TO poJb
USING (npenukar) ;
> MOJNINTUK Ha Tabnuue MOoXeT 6bITb HECKONbKO, OHM MoryT 6biTb PERMISSIVE
n/vnn RESTRICTIVE u moryT kombuHuposaTtbcs AND n OR

» RLS BKNtoYatoT Ha ypoBHe Tabnuy, KoMaHOOM:
ALTER TABLE mmsa [ENABLE | DISABLE | FORCE |NO FORCE ] ROW

LEVEL SECURITY;
e BKNrOYeHue c onumen ENABLE:
> RLS genctBytoT Ha BCex, KpomMe Bragenbua n ponen ¢ atpmoytom SUPERUSER
nnn BYPASSRLS
* RLS He npumeHseTcs K npoBepkKamM orpaHn4yeHnn LeoCTHOCTH
> orpaHmn4yeHund uesnoCTHOCTU HE MOTIyT HapyLwaTbCA
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[ToacoeguHeHne K ak3emMnniapy

[TapameTpbl HaYanNnbHOW ayTEHTUOUKALMM YCTaHABNMBAOTCS B ABYX
dannax pg_hba.conf n pg_ident.conf
o Qannbl pefakTUPYHOTCS BPYYHYHO
» cofepxumoe ¢anna pg hba.conf MOXHO B NpeACTaBeHUN

prg hba file rules
« Pacnono)eHune pannoB MOXHO NOCMOTPETb NapamMTeTpamMm KOHPUrypaumm
hba_file n ident_file:

postgres=# \dconfig * file
List of configuration parameters
Parameter | Value
__________________________ o
config file | /var/lib/postgresqgl/tantor-se-1lc-17/data/postgresqgl.conf
enable delayed temp file | off
external pid file |
hba file |
ident file |

/var/lib/postgresqgl/tantor-se-1lc-17/data/pg hba.conf
/var/lib/postgresql/tantor-se-1lc-17/data/pg ident.conf
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dann pg_hba.conf

o Qopmart panna - ogHa 3annucb Ha CTPOKY

e 3anncb COCTOUT U3 HECKOMbKMX NONEUN, pa3feneHHbIX npobenamu
n/vnn cumeonamm Tabynsaumm

o Copep>xmumoe rnonen MoXxeT 6biTb 3aK/HYEHO B ABONHbIE KaBblYKU

o 3anumcu (CTpoku) baunxe K Hadany danna npeBanupyroT, B OTIMYME OT
dannoB napameTpoB (postgresgl.conf)

« Tekyulee cogepxmmoe dpamnna MoXXHO NOCMOTPETL Yepes
npencraBieHmne:

postgres=# select rule number r, right(file name, 11) file name, line number 1, type, database, user name
user, address, left(netmask, 15) netmask, auth method auth, options opt, error from pg hba file rules;

r | file name | 1 | type | database | user | address | netmask | auth | opt | error
e +———— - o ——— o e o - +———— +——————

1 | pg hba.conf | 117 | local | {all} | {all} | | | trust | |

2 | pg hba.conf | 119 | host | {all} | {all} | 127.0.0.1 | 255.255.255.255 | trust | |

3 | pg_hba.conf | 121 | host | {all} | {all} | :1 | ffff:ffff:£ffff: | trust | |

4 | pg hba.conf | 124 | local | {replication} | {all} | | | trust | |

5 | pg hba.conf | 125 | host | {replication} | {all} | 127.0.0.1 | 255.255.255.255 | trust | |

6 | pg hba.conf | 126 | host | {replication} | {all} | 01 | ffff:ffff:£f£fff: | trust | |

(6 rows)
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Copep>xumoe pg_hba.conf

e TWUN coeguHeHus:
> local - coeguHeHune 4yepes UNIX-cokeT
> host - nrobble (c wnppoBaHmem n 6e3) coegmnHenus no TCP/IP
* Ha3BaHWe 6a3bl JaHHaXxX:
> all - Bce 6a3bl
» replication - nogknto4YeHne No NPOTOKONY GPU3NYECKOU pennmkaumm
» IP-agpec ¢ mackoun nogcetn nnm 6e3 Macku:
> all - Bce apgpeca IPv4 n IPv6
> samehost - ¢ IP-agpecoB xocTa, Ha KOTOpOoM paboTaeT aK3eMnnsap

postgres@tantor:~$ tail $PGDATA/pg hba.conf

# TYPE DATABASE USER IP-ADDRESS IP-MASK METHOD

local sameuser all peer

local samerole all mdb

host all all 127.0.0.1/32 trust

host dbl,db2,@filel +bob,@file2 10.0.0.0 255.0.0.0 scram-sha-256
host "/~db\d{2,4}s" /~.*desk$ samehost ident map=omicron
host all all all reject
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Copep>xumoe pg_hba.conf (npogonxexHue)

MeTo[, ayTeHTUPUKaLMK:

trust - YCTAaHOBUTb CcoegunHeHne 6e3 NpoBepoOK, B TOM YMUCE Napons
reject - 6€3yCNOBHbIN OTKa3 B COeaUHEHUN

peer - UMS MOMb30BaTeNs onepauuoHHOU CUCTEMbI KITMEHTA O,0/1)KHO
coBnagaTb C UMEHEM POJIN, eCTb ONUMOHaNbHbIM NapaMeTp map
scram-sha-256 WIN md5 - NPOBEPUTb NapoOJib

gss - ayTeHTUPuKauma no npoTokony kerberos

ldap - ayTeHTUPUKauua ldap-cepsepom

cert - 3anpawnBaTb Yy KNMeHTa cepTupukaTt SSL

postgres@tantor:~$ tail $PGDATA/pg hba.conf

# TYPE DATABASE USER IP-ADDRESS IP-MASK METHOD

local sameuser all peer map=mapl
local samerole all md5S

host all all 127.0.0.1/32 trust

host dbl,db2,@filel +bob,@file?2 10.0.0.0 255.0.0.0 scram-sha-256
hostssl "/~db\d{2,4}$" /~.*desk$S localhost cert

host all all 1.1.0.0/16 reject
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dann conoctaBneHus MMEH pg_ident.conf

[ns metonos peer, gss, ident MOXHO COMOCTaBUTb MMS, BO3BpaLLaemMoe
cny>|<60171 ayTeHTM(bMKaLI,MM U POJIN KNnacTepa, noj KOTOpOVl Xo4eT YCTaHOBUTb
CeCCUro KINNeHT

Ha Ha3BaHUA MAPNANME CCblTaeTCHd NapaMeTp map=mapl B 3alMnNCAX c|>a17|na

pg hba.conf

[MpeactaBneHne pg ident file mappings NO3BOJAET NOCMOTPETL
TeKkyllee cogep>xmmoe daunna:

postgres=# select map number r, right(file name, 13) file name, line number 1,
map name, sys _name, pg username, error from pg ident file mappings;

r | file name | 1 | map name | sys name | pg username | error
——t————— -t - +——— +——————
1 | pg ident.conf | 73 | mapl | astra | postgres |

2 | pg ident.conf | 75 | mapl | astra | alice |

(2 rows)

postgres=# \! tail -n 4 $PGDATA/pg ident.conf
# MAPNAME SYSTEM-USERNAME PG-USERNAME

mapl astra postgres
# astra Takxe MOXeT MNOIKJIOUATHLCHA C pPoJibio alice
mapl astra alice
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[1pakTuka

Co3pgaHne HoOBOU ponu

. YcTaHoBKa aTpubyToB

. CospgaHune rpynnoson ponu

. Co3paHune cxembl 1 Tabnuubl

Bbligaya ponu goctyna K Tabnuue

. YOoaneHune co3gaHHbIX 06beKToB
Pacnono)eHne ¢annos KoHOUrypauum
. [lpocMoOTp NpaBun ayTeHTUOUKaLnn

. JIokanbHble UBMeHeHUa oNna ayTeHTUpuKaumm
10 [TpoBepKa KOPPEKTHOCTU HACTPONKU
11. O4YMCTKa HEHYXXHbIX OOBHEKTOB

©ONOOUAWNS
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QﬂtOf

/a

Pdunsnyeckoe pesepBupoBaHme
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Buabl pe3epBHbIX KONUn

» [opsiune - 6e3 npocTos, 663 0CTaHOBKU 3K3eMMnnspa, 6es
NPUNOCTAaHOBKWU 06CTY>XMBAHUA KITMEHTCKNX CECCUU

o XONoAHble - Ha KOPPEKTHO (C dUHaANBbHOU KOHTPOJSIbHOW
TOYKOW) OCTaHOBIEHHOM 3K3eMnnsipe

» ABTOHOMHbIE UM CaMOO0CTaTO4YHbIE
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NHKpemeHTanbHble 63akanbl

e MOTYT ObITb MOME3HbI, eCiin pa3Mep KnacTtepa 60/bLoN
* YBE/IMYMBAET CJIOXXHOCTb NpoLeayp pe3epBupoBaHUs,
BEPOATHOCTb OLUMOKN U HEBO3MOXXHOCTU BOCCTAaHOBUTb

KnacTep
» [lpouepypa:
> NMepBbIM CO3[aeTCcs MOoMHbIN 63Kan yTUINTON pg basebackup
> MO3)e Cco30atTCA UHKPEMEHTaNbHble 63Kanbl YTUIUTOM
prg basebackup C NAPMETPOM -1 maHubecT WUIUN —-—
ingremental=MaHM®eCT
> S BOCCTAHOBJ/IEHMA MHKPEMEHTalbHble 63Karbl
HaKNnagblBatOTCA Ha NONHbIN YTUAINTON pg_combinebackup
* NPU CO3[4aHUN NHKPEMEHTalbHbIX 63KanoB UCMOJb3YHOTCSH
dannbl oUPEKTOPUU PGDATA/pg wal/summaries

ﬁawor
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YTO0 pesepBUpyeTcs

o pupektopua PGDATA
o ONPEKTOPUUN TabNMNUYHbBIX NPOCTPAHCTB

» He pesepsupytotca ¢annbl, U3BECTHbIE YTUNUTE
pg_basebackup kak BpeMeHHble
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[lpouenypa BOCCTaHOBEHUA

o OCTaHOBUTb aK3eMNsAp

« BoccTaHOBUTb U3 NOJSIHON PEe3epPBHOU KOMUN €€ COAEPIKMNMOE

* [IPUMEHUTb UHKPEMEHTaNbHble 63Kanbl, eC/iK OHU
co3faBalinChb

o 3anyCcTuUTb aK3eMNnap
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dannbl XypHana npeasanucu

» Haxopatca B PGDATA/pg_wal
» ¢aunbl XypHana He oybonupyroTcs
* pa3Mep Tekyuwero ¢panna XypHasna Takou e Kak oCTalibHbIX

o B palnbl XXypHana nuwyT cepBepHble 1 GOHOBbIE NPOLLECCHI
aK3eMnnapa
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LSN (Log Sequence Number)

» XXypHan MOXHO npencTtaBuTb cebe Kak KOHKaTEHUPOBAHHbIN
Habop dannoBs XypHana (6onbLlien 4YacTn KoTopble yXe
yAaneHbl) HaYnHasi ¢ camMoro nepsoro ¢ganna,
cHOpMUPOBAHHOIO NpU Co3daHnNKM KacTepa

« LSN - 646uTHOE YnCno, MOHOTOHHO BO3pacTaloLlee,
yKa3blBatowee agpec (cmeleHne ot nepBoro 6anta nepsoro
danna XypHana) ¢ TOYHOCTbIO A0 6anTa B XYypHane Knacrepa

» [1pouecchl a3K3emMngpa NMWyT B XXYPHan 3anmcu
nepemMeHHou asinHHbl, LSN ncnonbayetca ansa ykasaHus
afipeca Havana XypHalbHOW 3anncu

o pn3nYeckun 3annucob B pannbl ocyulecTensieTcs 61okamMmm no
8K6 (wal_block_size)
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Ha3BaHus XxypHanbHbiX ¢annos u LSN

- LSN npencrtaBnatoT B BUAeE AByX 32-6UTHbIX YMCer,
3anMcaHHbIX B LWLeCcTHaguaTepudHon ¢popme (HEX),
Pa3feneHHbIX CNAWEM: XXXXXXXX/YYL72.2.7.7

© XAXXXXXX - "cTapwune" 32 6uta LSN

. - "cTapwwne" 8 6ut "Mnagwero" 32-6UTHOrO 4Ymncna

° 7727777 - CMeleHne B panne 16-merabantHOro XypHana

OTHOCUTENbHO ero Hayana

- Pasmep danna xypHana onpegenaet MakCuMalibHbI
pa3mep XypHanbHoro oydepa (wal_buffers)

* 0000000NXXXXXXXX000000 - Ha3BaHuA 16MerabanTHbIX
dannoB XypHana
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[1pouecc BoccTaHOBNEHUA startup

« startup - npouecc BoccTaHOBNEHUA pannoB Knactepa C
NOMOLLbIO XYpHana

* NP N3MEHEHUN NMUHNN BPEMEHU B AUPEKTOPUN
PGDATA/pg wal CO3[alOTCHA TEKCTOBbIE Gaunnbl
0000000N.history C UHPpOPMALMEN O NIUHUSX BPEMEHU, NX
HeNMb3d CTUpPaTb U OHW ByAYT pe3epBUPOBATLCH

e HOBAas NIMHUSA BPEMEHU NOSIBNIAETCS €ClIN BbINOJIHANOCH
BOCCTaAHOBJ/IEHME UM PEN/InKa cTana MacTepom

e UeNb NIMHUN BPEMEHU - YTODObI NPU BOCCTAHOBNEHUN Ha
MOMEHT B NPOLUIOM HOBblIE daunsbl XXYPHaNOB He 3aTupanu
Npe>XXHWe n 4tobbl 6bl/1a BO3MOXXHOCTb BEPHYTbLCSH Ha
Npe>XXHue NMHUN BPpeEMEHMU
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OyHKUMKM ana paboTbl C XypHanamu

» pg_switch_wal() nepekntoyaeT 3anncb Ha HoBbin WAL-dann

» pg_create_restore_point('TekcT') co3gaéTt B XXypHane 3anucb
LSN ¢ TeEKCTOBON METKOU

» pg_walfile_name('LSN') Bbigaet HaszsanHne WAL-¢dpanna B
KOTOPOM ecTb 3annucb LSN

» pg_current_wal_flush_Isn() LSN KoHUa nocnegHemn
XXYPHaNnbHOW 3anNnucu, KoTopasi CYMTAeTCs HaOEXHO
COXPaHEHHOW

o pg_wal_lsn_diff(LSN,LSN) 6aut mexngy asyms LSN
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XonopgHoe pe3epBupoBaHue

e 3K3eMMNAp A0/KEH ObiTb KOPPEKTHO OCTAaHOBJIEH

* YTUNUTA pg_basebackup He MOXeT pe3epBnpoBaTb KacTep,
ecnun aKk3emMnadap noraweH

* MCNOJIb3YIOTCH YTUAUTBI ONepaunoHHON CUCTEMBI CP, rsync,
tar

» Konupyetca yennkom PGDATA v gupektTopun TabnnyHbiX
NPOCTPAHCTB

e CO3[4aeTcs aBTOHOMHasi KOMusi, Ha KOTOPOM MOXHO
3aNyCTUTb 3K3eMMNnsap

* MPENMYLLECTBO - MPOCTOTA

 OCHOBHOM HEO0CTaATOK - NpepbiBaHUE 06CNYXUBaAHUS
KIIMEHTOB KJlacTepa
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[lapameTp KOHPUrypaumm full page writes

* MO YMOYaHUIO BKITHOYEH

e 3awmuaeT oT pa3pbiBa (torn) cTpaHuy

* HE peKOMeHAYyeTCca OTK/H4YaTb

* BKJIKOYAETCH Ha BPEMS pe3epBUpOBaHNS YTUITUTOU
pg_basebackup

* NPU Pe3epPBUPOBaAHNN PENNUKN OO0IKEH ObITb BK/IKOYEH Ha
MacTepe
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YTunuta pesepsupoBaHua pg_basebackup

e CO3[a€ET pe3epBHYIO KOMNUIO KNacTepa Ha paboTatolem
aK3emnnspe
e CO34aTb KOMUKO OoTAENbHbIX a3 AaHHbIX NN 0ObEKTOB Oa3bl

Henb35, TOJIbKO BCEro Kjiacrtepa

* MCNONb3yeT NPOTOKON penmKauum

* Mcnonb3yetT 60n1ee 6e30nacHbIN PEXNM pe3epBUPOBaAHUS
"pull" - npuHumaeT ¢pannel, a He "push" - nepepava pannos

* MOXET cOo3[aBaTb MHKPEMeEHTaNbHble 63Kanbl
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YTunuta pg_verifybackup

e npoBepseT pannbl B 63Kanax co3gaHHbIX YTUNNTON
pg basebackup

e paccunTbiBaeT KOHTPOJIbHble cyMMbl pannoB (CRC32C) un
CpaBHUBAET CcO 3Ha4YeHusamMun B panne manifest_file

e CpaBHMBaEeT ¢aunnbl Co crinckom dpannos B panne maHundecTa

« 6e3 dpanna maHndecTta He paboTaeT

o [lpoBepsaeT Hannume XypHanbHbIX 3annUcen HY>XXHbIX oNns
CUHXPOHM3auun ¢annos 63kana - aBTOHOMHOCTb 63Kana

e He npoBepsieT pannbl postgresgl.auto.conft,
standby.signal, recovery.signal
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ApPXUB >XXYpPHanoB

» CnocoObl opraHusaunm apxmea XypHanos:

« KonmpoBaHne WAL-cermMmeHTOB KOMaHA0W B NnapamMeTpe
archive_command

e MPMEM MOTOKa XYPHaNbHbIX 3aN1UCEN N COXPAHEHUE
YTUIUTOU pg_receivewal

* MCNnonb3oBaHMe PU3NYECKUX PENIIUNK

* UCMOJIb30BaHWE YTUNUTbLI wal-g 4nda nepepaydn XXypHasnos no
npoTtokony S3
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OTcyTtcTBue notepb (Durability)

o ApXUTEKTYpa pe3epBUPOBaHUSA O0KHA rapaHTUPOBaTb
NoSIHOe BOCCTaHOB/IEHNE 3aPUKCUPOBAHHbIX TPaH3aKLUMK

o ApXUTEKTYpa pe3epBUPOBaHMNA O0MKHA 3amiaTb OT
yaaneHus 63aKanoB B C/lyyae B3/lOMa XOCTa C 3K3eMMASPOM
KnacTepa: MHuymaTopom 63KkanoB A0KeH OblTb XOCT
OTJZINYHbIN OT TOrO Ha KOTOPOM paboTaeT aK3emMnadap
KnacTtepa

o Tekywmmn XXypHanbHbiK dann He A0MKeH b6biTb e AUHCTBEHHOW
Toukomn cbos (single point of failure)

» icnonb3oBaHue pg_receivewal nnn pnanyeckon penimku -
BO3MOXHOCTb rapaHTUpoBaTb OTCYTCTBUE NOTEPDL Mpwu
NoBpeXAEHNN TEKYLLErO XYypHana
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YTunurta pg_receivewal

* NOACOEeAMNHAETCS MO NPOTOKONY peninkaumm

* NPUHUMAET XYpPHanbHble 3anncu 6e3 3agepXXek

* PEeKOMeHAyeTCcAa NCNoNb30BaTh CNOT pPeninkaumn

* MOXET MoJly4yaTb XXYPHalnbl Kak C MacTepa, TaKk U C
dU3NYECKOU PENIUKU

e CKpUMTHbI A5 aBTO3anycka (systemd) oTcyTCTBYOT

* MOXET CXXMMaTb XYpPHanbHble 3anucu

* NPENMYLLECTBO B TOM, YTO ABMIAETCA UHNLMNATOPOM
coeIMHEeHns, YTo No3BoNigeT obecneynTb 6€30NacHOCTb

* MOXET NOATBEPXAaTb TPaH3aKUMUN B PEXNME CUHXPOHHOM
dnKcauuu

o TEKYLLUeMY XYypHanbHOMY ¢anny gaet cyoopukc .partial

t";’ntor

YuebHbln Kypc "Tantor: AGMUHAUCT pupoBaHune PostgreSQL 17" TaHTop Jlabc © 2025 www.tantorlabs.ru 317




CnoT pennukauum

o Tpu BNAa: PU3NYECKNn, BpeMeHHbIN GU3NYECKUH,
NTIOrMYeCcKumn

* NCNOJIb3YIOTCH A9 yAepXXaHUs XXYPHanbHbIX Gannios

o ECNN KNMEHT He NPUHUMAET XYpPHalbHble AaHHblEe
(ocTaHoOBUNCSA), TO pannbl XYPHaNoB 6yayT yaepXXnBaTbCs u
3arnoJIHAT BCE cBOOOAHOE MECTO B ANPEKTOPUM
PGDATA/pg wal. YTOObI 3TOrO HE NPOU3OLLIO CTOUT
YCTaHOBUTb OrpaHU4YeHUe napamMmeTpom
max slot wal keep size

* NpencTtaBlieHNe pg replication slots COAEPXUT CMUCOK
BCEX CNOTOB pennkKaumm
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Co3pgaHue 6a30BOU pe3epBHON KOMUK

* pg_basebackup yylle 3anyCcTUTb Ha XOCTe, rae oyaer
XPaHUTbCS pe3epBHas Konusi (pe3epBHbIN XOCT)

» MapamMeTp -D 3afaeT NyTb K AUPEKTOPUM

* MO YMOJTYaHUIO CO3[aET ABa COeMHEHUS K ABYM npoueccam
wal-sender. [10 nepBoMy CcoegmnHEHUIO nepepatoTca pannbl
C AaHHbIMUK, MO BTOPOMY XYpPHanbl

» MOXHO orpaHmynTb CKOPOCTb pPe3epBUpoBaHNA NepPBOro
coegunHeHuns

* UHULMUPYET KOHTPOJIbHYIO TOYKY MNepen Havyanom
KOMUpPOBaHWUA

e co3paeT ¢annbl backup manifest N backup label
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YTunurta pesepsupoBaHua wal-g

* JOMONHUTENbHO NocTaBnsaemMmoe ¢ Tantor Postgres
KIIMEHTCKOE NPpUoXXeHue

* icnonb3yeTtcs ana pe3epBnpoBaHuUs Kractepa u ¢annios
YKYPHanoB no npoTtokony S3

e noggepXxuBaeT co3fanHune "genbta-Konmmn'
(MHKpPeMeHTanbHble KOMun)

* NMogAep>XuBaeT orpaHN4yeHne CKOPOCTU pe3epBnpPoBaHNS,
NPOBEPKY LLENOCTHOCTU ¢pannoB, HACTPOUKY YPOBHSA
napannennuima ana 3arpysku v Bbirpy3ku ¢annos
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IleMOHCTpauud

» NI3ameHeHne pasmepa WAL ¢dannos
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[1pakTuka

©CONOUDWNS

Co3paHne 6a3oBOU pPe3epBHON KOMUK KNnacTepa
3anyck ak3emnngapa Ha Konmu KnacTepa

. @annbl XXypHana

. NpoBepka LeNOCTHOCTU Pe3epPBHON KOMUN
. CornacoBaHHaga pe3epBHasa Konuga

. YpaneHue ¢annoB XxypHana

Co3paHne apxmBa XypHana yTunuton pg_receivewal

. CMHXpOHHaa puKcaumsa TpaH3akumm U pg_receivewal
. MUHMMM3aUUAa NoTepb AaHHbIX TPaH3aKLUUK
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QﬂtOf

/b

Jlornyeckoe pesepBmpoBaHue
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Jlornyeckoe pe3epBupoBaHue

« popMUMpoBaHne TekcTtoBoro damna nnm dannos
No3BoNAOWME BOCCO34aTb OObEKTI

o CoxpaHsieT 06beKTbl B TOM COCTOSIHUMN, B KOTOPOM OHU 6biNun
Ha Ha4yano BbIrPYy3Ku

* VMicnonb3yroTca YTUNUTDI:
pg_dump

pg_restore

pg_dumpall

psql

koMaHga COPY
KoMaHpga psql \copy

VoV VvV VOV VY
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[TpumMepbl UCNOJIb30BaHUA

 [Mepexon Ha HOBYHO OCHOBHYHO BEPCUIO

« CMeHa napamMeTpoB K/lacTepa, KOTopble He MEHAKTCA nocne
ero cosgaHus

 [MpoBepKa LLeNOCTHOCTU AaHHbIX

 [MonyyeHne ckpunTa BOCCO3[aHNA 0ObEKTOB

» Pe3epBupoBaHmne 06beKTOB

« Bbirpy3ka yacTu Knactepa: otaesnibHoM 6a3bl AaHHbIX,
COLEP>XMMOIo CXEMbl U APYrMx oObeKkToB
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CpaBHeHue JIorm4yeckoro n usn4eckoro

pe3epBNpoBaHnS

BO3MOXHOCTb n o
BbIFPY3UTb COAEPXMMOE OTAENbHON 6a3bl AaHHbIX + |-
BOCCTaHOBSIEHNE YacTu 06BHLEKTOB + |-
BOCCTaHOBMEHNE HA NPOU3BOSIbHbIN MOMEHT BPEMEHM - +
He 3aBUCUT OT BEPCUN, COOPKU, Npomn3BoanTeNs codTa + |-
obecneyveHne otkasoyctonumsocTtu (Durability) - +
ncnonb3yeT penfiMkaunoHHbIM NPOTOKONM - +
pes3epBupoBaHME Mo CETU + |+
NpPOCTOTa UCMOSIb30BaHMUA + |+
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KomaHpga COPY .. TO

e NCNOJSIb3yeTcs A9 BbICOKOIODEKTUBHON BbIFPY3KU U
3arpys3Kku gaHHbIX B 0gHY Tabnuuy

 MOXHO BbIFPY3UTb COAepPXNUMOE Tabnunubl UNn pesynbTaT
nrobon komaHabl SQL, Bo3BpawaroLen AaHHbIe

o [1aHHblE BbIFPY>XatoTCSH B:
a) pann B $anioBon cuctemMme cepBepa
6) NnepepatoTcsa Ha CTaHJapTHbIM BXoA, (stdin) yTunute
KOMaHHOU CTPOKW cepBepa
B) cTaHOapTHbIN BbiBOA, stdout. Ecnu komaHga COPY
BbI3bIBAETCH Yepes3 ceTeBoe coenHeHne, To CTaHgapTHbIN
BbIBO/, NepeaaeTcs Yyepes3 ceTeBoe CoegUHEHNE KITMEHTCKOU

nporpamMmme
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KomaHpa COPY .. FROM

» 3arpyska BbIMOJIHAETCS B 0AHY Tabnuuy

o JlaHHble 3arpy>karoTcs us:
> (anna Ha XOoCTe rae 3anyLeH aK3emMnaap
> CTaHAAPTHOro BbiBOAA NPOU3BOJSIbHON MCMOHAEMOU

nporpamMmmel

> W3 CTaHAapTHOro Beofa stdin

» B npouecce 3arpysku MOXHO cpasy YCTaHOBUTb NMPU3HaK
3aMOPO3KUN CTPOK

» Mo)Ho 3agaTtb onunoHanbHoe BbipakeHne WHERE. B
Bblpa>eHUN Heb3A MCNOJIb30BaTb NO43anpocChl

* NpencrtaBneHne pg stat progress copy - OTC/IEXUBaAHUE

PabOTbl KOMaHAbl U MPU 3arpys3Ke n nNpu BbIrpy3Ke
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KomaHpa psql \copy

* \copy 3TO KOMaHpga psql

* CMHTAKCUC MOXOX Ha KoOMaHAy COPY

e KOMaHAa NUCronb3yeT HUXHUN PErNCTP N YYyBCTBUTESNbHA K
HEMY

* HabupaeTcs OHOU CTPOKOWU

o "' B KOHLUE KOMaHAbl CTaBUTb HE HY>XXHO

« paboTaeTt c dpannamu Tam, rge 3anylleHa ytunumta psql,
KoMmaHga COPY paboTaeTt ¢ dpannamu 4yepes cepBepPHbIN
NpoLEeCC Ha XOCTe cepBepa

o Ana 6onbwnx o6vemoB gaHHbIX COPY appeKTuBHeE
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YTunuta pg_dump

* CO3[aET NNIOrMYECKYo pe3epBHYO Konuto (gamn) 6a3bl JaHHbIX N eé
4acTu

* BbIFPYXaeT AaHHble oaHOW 6a3bl AaHHbIX COrnacoBaHHO - HA OAWH
MOMEHT BPEMEHMU

*  ANs BbIFPY3KW AaHHbIX N3 Tabnuy, N0 YMON4YaHUIO UCNOMIb3YET KOMaHAy
COPY

* BbIFPY>XaeT B 04HOM M3 YyeTbipex ¢opmaToB: plain, custom, directory,
tar

* B popmarte directory MOXET BbIrpy>aTb B HECKO/IbKO MOTOKOB

- ansa custom u directory napameTpom -Z MOXXHO BblbpaTb anropmtm u
YPOBEHb CXaTud zstd, 1z4, gzip, O

* MOXHO He co3gaBaTb ¢daunn, a ucnonb3oBaTb nNaun (pipe):
pg dump napamMeTpr | psgl napaMeTprl
pg dump -F c mapaMeTphH | pg restore mnapaMeTp:
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[TapannenbHaqa Bbirpy3kKa

» BO3MOXHa TONbKO B peXxume directory

* KONMMYeCTBO paboymnx npoLeccoB 3afaeTcsd napamMeTpom -j
UNN --jobs

* MpepBETCA, eCNU Nocsie Havyana BbIrPy3ku OyayT AaHbl
KOMaH/bl, yCTaHaBNMBalOLLME SKCKTHO3UBHYH 61OKMPOBKY Ha
BbIrpy>XaemMble 00beKTbl

» Ha BpeMms BbIrpy3KKN yCcTaHaBNMBaroTCH OTIOKNPOBKN ACCESS
SHARE Ha BCe BbIrpy>XaeMble 06beKTbl

e [1pn 60NbLLIOM KONMMYECTBE OOBEKTOB MOXHO YBETMYNTD
3Ha4YeHnd napamMeTpoB max locks per transaction,
max connections
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YTunurta pg_restore

« obpabaTtbiBaeT gamnbl B popmate custom, directory, tar
* MOXEeT co3faBaTb U3 apXMBOB TEKCTOBbLIU dann ¢opmaTa plain
* MOX>HO BOCCTaHOBUTb TOJIbKO onpeaeneHns obbekToB, He
3arpy>kas gaHHble yKasaB napamMeTp
--schema-only
* €CTb cneundpuyecknmn BapuaHT 3arpyskm c nomMmoLllbro panna
"ornasneHunsa" (TOC, title of contents):
> C(I)OpMMpOBaTb (I)aVIH ornaBeHnd apxmBa rnmapamMeTpom
--list
> 3dKOMMEHTUPOBATb (y,EI,aJ'IVITb, I'IepeMeCTVITb) CTPOKH OOBbEKTOB
> 3arpys3uTb apXxuB yKasaB ornasneHue --use-list
> 0OBEKTbI, HE YKa3aHHble B OrnaBfieHUn, He ByAyT 3arpy>XeHbl
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BOo3MOXHOCTU pg_restore

¢ MOXHO BOCCTAHOBUTb TOJSIbKO onpeaeneHna o6bekToB He
3arpy>asi flaHHble

e 3arpy3nTb 06bEKTbI TOJSIBKO YaCTU CXEM

e HE BOCCTaHaB/MBaTb NMpaBa BNnageHus

e 3arpy>atb B TabMyHOE NMPOCTPAHCTBO NO YMONIYaHUIO ONK
6a3bl AAaHHbIX

e BOCCTAHOBMUTb YacCTb CEKLUMN CEKLUMOHNPOBAHHbIX Tabnui

e BOCCTAHOBMUTb TOJIbKO YKa3aHHble Tabnuubl, MHOEKCHI,
npencTaBneHunsi, nocnenoBaTenbHOCTU, GYHKLNUN,

npouenypbl, Tpurrepa
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YTunuta pg_dumpall

o Co030aeT eQUHCTBEHHbIN CKPUNT, NO3BONSAOWMM BOCCTAaHOBUTL 06pa3
BCEro Knacrepa

o BbIrpyxaet obuwme ob6beKThbl KNnacTtepa

» [locnepoBaTenibHO 3anyckaeT pg_dump B pexume plain gns scex 6as
OaHHbIX, KOTOPble HY>XHO BbIFPYy3nUTb

o CKpuUNT TEKCTOBbLIW, COAEPXKUT KOMaHAbl SQL

o CKpuUMT MOXHO BbIMOMHUTL B psAl

» B cKkpunTe HET KOMaHAbl CO34aHUA KracTepa, KfacTep HY>XHO co3aaTb,
3anyCTUTb 9K3EeMMNNSAP U yKa3aTb Nobyto 6a3y AaHHbIX 4719 HaYanbHOro
nogcoenuHeHua psql

« O0nblIaa YaCcTb NapamMeTpoB YTUINUTbI OTHOCUTCS K pg_dump, KOTOPbIX
bypeT 3anyckaTb yTUNMTa

e BbIFPY>XaeT B O4NH NOTOK

* MOXHO Mcnonb3oBaTtb naun (pipe):
pg_dumpall napameTpbl | psql napameTpbl
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Bo3moykHocTh pg_dumpall

° MMEEeT MHOIro napameTpoB, 6onblUasi 4acTb U3 HUX ABNSETCSH
napameTpamu pg_dump

* MOXHO BbIrPY3UTb TO/IbKO 00OLLMe 06beKTbI KnacTepa
--globals-only

e MOXHO BbIrPY3UTb TO/IbKO OMNMpeaeneHunst poneu
--roles-only

* MOXHO BbIrPY3UTb TONbLKO onpeaeneHns TabnmnmyHbiX
npocTpaHcTB --tablespaces-only

* MOXHO He BbIrpy>XaTb YacTb 6a3 gaHHbIX
--exclude-database=wabnoH

e He 0o06aBNATb B KOMaHObl UMeHa TabnnuHbIX MPOCTPAHCTB
--no-tablespaces
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CTpoku 6onbLLOro pasmepa

o Tunbl gaHHbIX text n bytea MoryT xpaHuUTb flaHHbIE Pa3MepoM
no 1reé

o CTpoku pazmepom bonbule 16 moryT TpeboBaTb ocoboro
obpalleHuns

 [Monsa npu BbIrpy3ke B TEKCTOBOM BUAE MOTYT YBENNYMBATHCS
B pa3mepax
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[lapameTp enable large allocations

« napameTp CYB/[ Tantor Postgres, KOTOpbIM YBENNUYMNBAET pa3mMep
StringBuffer ¢ 1 rurabanta go 2 rurabant

postgres=# select * from pg_settings where name like '$large%'\gx

name | enable large allocations

setting | off

category | Resource Usage / Memory

short desc | whether to use large memory buffer greater than 1Gb, up to 2Gb

context | superuser

vartype | bool

boot val | off

* MOXET yCTaHaBMMBATbCA Ha YPOBHE Ceccuun n ytunmtamum pg_dump,

pg_dumpall

postgres@tantor:~$ pg _dump --help | grep alloc
-—-enable-large-allocations enable memory allocations with size up to 2Gb

» npobnema BO3HUKAET CcO CTpokoun Tabnuubl config npunoxxenunn 1C:ERP,
KomnnekcHas aBToMmatusauma, YnpasneHme rnpomsBogCcTBEHHbBIM
npegnpuaTnem
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IleMOHCTpauud

o ObpaboTKa CTPOK BONbLUIOro pasmMmepa
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[1pakTuka

1. lcnonb3oBaHue yTunutbl pg_dump

2. @opmat custom u ytunurta pg_restore
3. ®opmar directory

4. C>XaTue N CKOpPOCTb pe3epBupoBaHUA
5. KomaHga COPY
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tantor

8a

Pusnyeckas pennmkauus
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dusnyeckan pennmkaums

« OauH ocHOBHOM (primary, master, BeayLwiun) knactep 6a3
OAHHbIX - O0MyCcKaeT BHECEHUE N3MEHEHUWN B AaHHbIE

« OOWH NN HeCKOSbKO pe3epBHbIX (standby, Begombix)
KnacTepoB

» PesepBHble knactepa (dusmyeckmne persinkm unm npocTo
PENNUKKN) MOMYyYaroT XXYpPHanbHble AaHHbIE U NPUMEHSAIOT K
CBOUM pannam

» Pennuku moryTt ob6cnyXuBaTb 3anpocChl HA YTEHUE - PEXUM
ropsiyero pesepsa (hot standby)

» Pennuku aBnatotcs pnsndeckoun pes3epBHOUN KOMNeEN
OCHOBHOIO KflacTepa, KoTopasi o6HoBNsIeTCSH
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MacTep 1 penninka

° MacTep U pensiukn OoMKHbl UCNOb30BaTb TY XX& OCHOBHYH BEPCUIO
PostgreSQL

o KJacTep pennmumpyeTcs LeSIMKoMm

o OUpeKTopun TabNMUUHbIX NPOCTPAHCTB MOrYyT OT/IMYATbLCS

MACTEP R/W
| QE> i i
| | '
| | : |
| | v :
| |
walsender ————— walreceiver
r
SN LSN  LsN
lllll -
lllll -
lllll o
lllll = )
WAL

startup

PEMINKA R/O

Ol

£d

antor
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Penninkun n apxme XXypHana

» OBObIYHO UCMONb3yeTCA NOTOYHANA PennKaLus
MCNONb30BaHNEM C/10Ta pennMkKauuun: npouecc walreceiver
noacoeguHsaeTcs K npoleccy walsender

« MoXeT Ucnonb30BaTbCA apXMB XYPHAaN0oB, 3ano/IHAEMbIN
KOMaHaoun B napameTpe archive_command unu ytunutom
pg_receivewal (co cnoTtom pennukaummn)

o pennKa MoOXeT UCMNOMb30BaTb U CNOT PenanKauum n ecnn He
CMOXET MOoNYy4YnUTb Yepes Hero ¢pann XypHana, To
ONPEKTOPUIO C apXMBOM XYPHaNOB eCiM OHa eCTb
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HacTpounka macTtepa

° HaCTpOVITb BO3MO>XHOCTb rnoacoegmnHeHuna pernjank rno
MPOTOKOMY pennKauum
» [poBepuTb 3HaYEHUSA NapamMeTPoB KOHOUrypaLum:
> wal level Nno ymon4aHuto replica
> max_walsenders no ymon4daHuto 10
> max replication slots no ymonyanuio 10
> max_slot wal keep size Mo ymonyaHuto -16e3
OrpaHquHMVI, CTOUT YCTAaHOBUTb OrpaHnN4yeHune
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Co3sfaHue peninku

e CO3[aHue pe3epBHOU Konuu yTunmuToun pg_basebackup

e napameTp -R ycTtaHaBnMBaeT KOHOUTYpPaLNOHHbIE
napameTpbl 4Nsi pPennmKu

» napameTp --create-slot (-C) n --slot=umsa (-S) co3gaét cnort
ona ypep>xanma WAL->XypHanoB A0 3anycka ak3emnnsapa
PENUKN

e YCTAHOBUTb NapameTp KoHUurypaumm cluster_name

e MPOBEPUTb 3HAYEHUA NapaMeTPOB KOHOUrypaumm npuseas
NX B COOTBETCTBUE C BO3MOXHOCTAMU XOCTa peninku

o HacTpouTb cny>by gna aBToMaTU4YeCcKoro 3anycka
3K3eMMasipa penimkm u 3anycTuTb 3K3eMMNAsp Pennku
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CnoTbl pennmkaumm

* UCMOJIb3YHKOTCA pPeENnIUKaMH
* CMUCOK CJIOTOB B NpeAcCTaB/ieHUN pg replication slots
o QyHKUMA co3oaHnsA
pg create physical replication slot ('mma')
o YOoaneHue cnota nrboro tmna
pg drop replication slot ('mma')
o Co30aHMe KoMuun crnoTa
pg copy physical replication slot('mma',
'MMSa CcO3maBaeMoro’)

€}MN

YuebHbln Kypc "Tantor: ALMUHAUCT pupoBaHue PostgreSQL 17" TaHTop Jlabc © 2025 www.tantorlabs.ru 346




[TapameTpbl KOHPUrypauun Ha pennmkax

* Ha MacTepe He UrparoT posn, HO MOryT BbITb 3apaHee
yCTaHOB/EHDI

* MHOIMe He MeHAITCA Be3 pecTapTa aK3emMnsapa pensimku

* MO YMOJTYaHMUIO:

» pennunka obcnyxueaeT 3anpockl (hot standby=on)

« obpaTHasd cBA3b OTK/NtoYeHa (hot standby feedback=off)

» pennuka npuMeHseT XypHanbHble 3anmcu 6e3 3agep>xKu
(recovery min apply delay=0)
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[[opAYvaa pennunka

° MO YMO/YaHuIo BKtoYeHa (mapamMeTp hot standby=on)

* pensinka npMHUMaeT coeuHEHUS U BbINOJTHAET 3anpochl

* yTUNUTa pg_basebackup MOXET BbINOJIHATbL pe3epBuUpoBaHne
pennuku BMecTto macTtepa (backup offloading)

* BPEMEHHble TabnuLbl Ha PennKe HeNb3s NCNOMb30BaTb,
paclunpeHmne pg_variables MoXHO
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O6paTHas CcBsi3b C MacTepPOM

» obpaTHasa cBA3b NO YMOJTHaHUIO OTKJ/THOYEHA
hot standby feedback=off

» OobpaTHasa cBA3b yaep>XXnBaeT rOPU30HT OUYUCTKN BCErO
MacTepa B AJIMTENIbHOCTb CaMOro A0/roro 3anpoca Ha 6asax
peHﬂMKMlMH4TpaH3aKHMM(ypOBeHpraH3aKHMﬁ
REPEATABLE READ)

» BmecTo 06paTHOU CBA3U MOXXHO UCMNOJSIb30BaTh NapamMmeTpbl
> max standby streaming delay U
> max standby archive delay
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MOHUTOPUHI FOPU3OHTA

o OueHKa ropusoHTa Tekyulen 6a3bl JaHHbIX:

> backend_xmin u3 pg_stat_activity

> ONUTEeNnbHOCTb CaMOro AO0JIroro 3anpoca Unu TpaH3akuuu:
max(now()-xact_start) ns pg_stat_activity

> Ctonbeu xmin npeacTtasneHus pg_replication_slots npwu
MCNOMIb30BaHNK C/IOTOB pennkaunm

> CTtonbeu, backend_xmin npeacTtasnenuna pg_stat_replication
Ha MacTepe - YTo nony4ymnu walsender no o6paTtHON CBA3MN

select age (backend xmin), extract(epoch from (clock_timestamp ()-xact_start)) secs, pid, datname database,
state from pg stat activity where backend xmin IS NOT NULL OR backend xid IS NOT NULL order by
greatest (age (backend xmin), age(backend xid)) desc;

age | secs | pid | database | state
———————— o
175455 | 1425.651346 | 255554 | postgres | idle in transaction
1 | 0.001878 | 255547 | postgres | active
1 | 0.001213 | 255626 | postgres | active
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MOHUTOPUHI FOPU3OHTA

* TFOPM3OHT 6a3 AaHHbIX KnacTepa B KOJIMYECTBE HOMEPOB TpaH3aKLUUN, OTCTOSILLUNX
OT TEKYLLEMN:

select datname, greatest (max(age (backend xmin)), max(age(backend xid))) from pg stat activity
where backend xmin is not null or backend xid is not null group by datname order by datname;

o [OJIMTENbHOCTb CAMOro [0/roro 3anpoca WUnu TpaH3akLUmMn, KOTOPbIN U yaep>KnusaeT
FOPU3OHT:

select datname, extract(epoch from max(clock timestamp ()-xact_start)) from pg stat activity
where backend xmin is not null or backend xid is not null group by datname order by datname;

o YAep>XaHue ropunsoHTa (yaep>xmBaroT Ha BCcex Bbaszax) pnanyeckumMmum cnotamu
pennukKauumn, ecnu BkoYeHa obpaTtHas cea3b (hot_standby_feedback=on

select max(age (xmin)) from pg replication_slots;
select backend xmin, application name from pg stat replication order by age(backend xmin) desc;

B CaMUX pennmkKax UcKaTb MpoLecchl, BbIMOMHAOLWME KOMaHObl, YOoep>XuBatoLmne
rOPU3OHT MOXHO TakK Xe, KakK U Ha MacTepe - 3anNpoCcoOM K pg stat activity

select age(backend xmin), extract(epoch from (clock_ timestamp()-xact_start)) secs, pid, datname database,
state from pg stat activity where backend xmin IS NOT NULL OR backend xid IS NOT NULL order by

greatest (age (backend xmin), age(backend xid)) desc;
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[lapamMeTpbl max slot wal keep size U
transaction timeout

» max slot wal keep size No ymonyaHuo -1 (6e3
orpaHU4YeHnn) MakCuMasnbHbIM pa3mMep XYpHanbHbIX Gpannos,
KOTOPbIN MOXET OCTaBaTbCs B KaTanore pg_wal nocne
BbIMO/IHEHUA KOHTPO/IbHOW TOYKM AS19 C/IOTOB pennkauum

* transaction timeout MO YMONYaHUIO HOMb (TanmayT
OTKNOYEH). [103BONISIET OTMEHUTL NHOOYIO TPaH3aKLUMIO UIN
OAMNHOYHYIO KOMaHAY, ANNTENBbHOCTb KOTOPOUW MpEBbILWAaET
YKa3aHHbIN Nepuno BPEMEHU, a HE TOSIbKO MPOCTanBatoLLY!HO.
3alWmuaeT oT yaep>XaHuUsa ropnsoHTa 6a3sbl AaHHbIX U
pa3gyBaHus dannos (bloat)
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[TapameTpbl MacTepa, KOTopble A0/KHbI ObiTb

CUHXPOHU3UPOBaHbI C pernjinkamMu
o Ecnn MeHATb 3HaYeHUs aTUX MapaMeTpoB HA MacTepe, TO Ha

pennnkax aTh 3Ha4YeHus O4O/IHKHbl COOTBETCTBOBATb 3HAYEHUAM Ha
MacTepe

* IaMeHeHUa B aTUX NapaMeTpax 3annucbiBatoTCA B XXYypHan

* €Cnu pennuka obHapyXUT, YTO 3HaYEHME Ha MacTepe cTasno
bonblle, TO HANOXEHUE XYPHaNbHbIX 3anncen NPUOCTaHOBUTCS
UNK 3aK3eMnap penyiMku oCTaHOBUTCSH

» Cnncok napamMeTposB:

e max_connections, max_prepared_transactions,
max_locks_per_transaction orpaHn4ymnBatoT MakCcUMarsbHoOe
KONM4ecTBO 6/I0KMPOBOK Ha YPOBHE 06BHEKTOB

* max_walsenders

* max_worker_processes
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CMeHa poneu mactep-pennuka

* 3anNaHUpoOBaHHa“a Korga MmacTtep pabotocnocobeH Ha3bIBaAtOT
switchover

e ecnm MmacTep HepaboTocnocobeH Ha3sbiBatoT failover

« yOeguTbCAa YTO MacTep OCTaHOB/EH Nepen TeM Kak aaTb
CUrHas 0gHOM N3 pernyink ctaTb MacTepom

* UCKJTHOYUTb UM MUHUMU3NPOBATb NOTEPHO TPAH3aKLUMU

» pg_last_wal_replay_lsn() - xxypHanbHas 3anucb, koTopas bbina
BOCCTaHOB/IEHa NnocnegHen

» pg_last_wal_receive_lsn() - nocnegHun nony4deHHbi LSN Ha
pennmke
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[loBbiLLeHME pennKu 00 MacTepa

* 3aNyCTUTb YTUIUTY pg_ctl promote

e BbI3BaTb QYHKLMIO pg promote ()

e NoBbllleEHNE OO0 MaCTepa yBeJindnBaeT JIMHUKO BpeMEHU Ha
eanHnLYy

e MPKUN nepexone Ha HoByrO JIMHUIO BpEMEHUN B ANPEKTOPUN

KnactepoB PGDATA/pg wal CO30aE€TCA TEKCTOBbIA Gaunn
0000000N.history
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dannbl ICTOPUN NUHNIN BPEMEHM

* HaxopATca B AUPEKTOPUN PGDATA/pg wal

* /iMeroT Ha3BaHMe 0000000N.history

o Yoansatb 9T dansbl HE CTOUT

* MNPU NOBbILLEHUN PENSINKN 0,0 MaCTepa CO3aEeTCs HOBasd
NUHNS BPEMEHU N HOBbIN hpani NCTOPUN NMMHUN BPEMEHM

* UCNONb3YHOTCA YTUNUTAaMU U NpoLeccamMmm B Lensax
pe3epBUPOBaHNA U BOCCTAHOBNEHUS

e 3anpalmBaloTCa U NepenaroTca No NPOTOKONY peninkaunm
HapaBHe ¢ dannammn XXypHanos

* PE3EePBUPYIOTCS HapaBHe C dannamu XXypHanos
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YTunurta pg_rewind

* CUHXPOHU3NPYET ANPEKTOPUIO PGDATA U TabNMNYHbIX
NPOCTPAHCTB C UCXOAHbIM KNacTePOM, B TOM YUCIE
3aMeHsdeT ¢aunbl NapamMeTpoB

* MCNOJNIb3yeTCH AN TOro, YTobbl BEPHYTb B paboTy 6GbIBLLNM
MacTep nocsie He3anaHUMPOBaAaHHOU CMEHbI POSIEN

e CMEHa poneun gomkHa 6bITb BbINMOSIHEHA C NMEPEXOLOM Ha
HOBYIO IMHUIO BPEMEHU

o TpebyeT BKNOYEHHbIX full page writes, MOAcCYETa
KOHTPOJIbHbIX CYMM (MMM wal log hints)

* CO3[paeT ¢pann backup label B KOTOPOM YKa3blBaloTCA

MapaMeTpbl aJjid BOCCTaHOBJIEHUA COIMNMMaCOBaAHHOCTU

t";’ntor

YuebHbln Kypc "Tantor: AGMUHUCT pupoBaHue PostgreSQL 17" TaHTop Jlabc © 2025 www.tantorlabs.ru 357




[1pouecchl ak3eMnnsapa penimku

» postgres OCHOBHOM NpPOLECC, 3arnyCKaeT gpyrne rnpouecchl,
NPUHUMAET COeaUHEHUS

» checkpointer BbINOMHAET TOYKKN pecTapTa

» background writer 3anucbolBaeT rpsa3Hble CTpaHULbl Ha AUCK

 startup HakaTbIBaeT XXYpPHasbHble 3anmcun n3 ¢ansnos B
PGDATA/pg wal

» walreceiver NpuHMMaEeT NOTOK XXYpPHaSibHbIX 3anNnCcen n
3anucbliBaeT UX B ¢aunbl B PGDATA/pg wal
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OTno>XXeHHasa pennmkauus

* MOX>XHO YCTaHOBUTb 3af4€epPXXKY AN PeriMku B NPUMEHEHNN
XKYPHaNbHbIX 3anNn1ceun

* MO YMOJTHaHWNIO 3aAEPXKU HET

e YCTaHaBJINBaAETCAH MapaMeTpPOM
recovery min apply delay

e NapamMeTp yCTaHaBNMBAETCH Ha YPOBHE KnacTepa, npu
N3MEHEHNU OO0CTAaTOYHO NepeydnTaTb pannbl NnapamMmeTpoB

€}MN

YuebHbln Kypc "Tantor: AGMUHUCT pupoBaHune PostgreSQL 17" TaHTop Jlabc © 2025 www.tantorlabs.ru 359




BoccTaHoBneHue noBpeXXaeHHbIX 610KOB JaHHbIX

C pervinku

» PacwupeHune page_repair cogep>XxuTt ¢pyHKLMIO
pg_repair_page 15 BOCCTaHOB/IEHUA MOBPEXAEHHbBIX 6/TOKOB

» 33 OWH BbI30B NpoLeaypbl BOCCTaHaBMBaeTCa OAUH 610K

* MOXHO BOCCTaHOBUTb B/1IOKK CNTOEB main, vm, fsm

e B Mpouecce BOCCTAaHOB/IEHMNA HA OTHOLWWEHMKE
yCTaHaBINBaETCA MOHOMONbHaA 6NOKUPOBKA

» ONOK 3anpalunBaeTcs C pernyinku yepes coegnHeHue

o MapamMeTpbl coegnHeHuss nepeparoTcsa GyHKLMK
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IleMOHCTpauud

» Co3gaHune pennky 1 3anyckK ee ak3eMnnspa
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[1pakTuka

Co3faHune pennku

. Cnotbl pennukauunm

. I3aMeHeHne nmeHun KknacTepa

. Co3fgaHne BTOPOU pennnkm

. BbIbop pensinkn Ha ponb MacTepa

. NopgrotoBKa K Nepeksito4YeHUo Ha pensunky
[lepekntoyeHne Ha pennunky

. BkntoyeHune obpaTHOU CBA3N

. YTunuta pg_rewind

©OONOOUDWN S
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QﬂtOf

8b

Jlorndyeckas pennvkauus
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Jlornyeckasa pennukauus

e noagepXuBaetT pernnkaumo USMEHEHNN B CTPOKaX OObIYHbIX
N CEKLUMOHUPOBAHHbIX Tabnuuy

» Jlornyeckasa n ¢usndeckas pennmkauma moryT paboTaTb
OJHOBPEMEHHO

« Cos3paeTcsa aBa TMna 06beKToB: NybInKaumm n NoannCcKu

o [lybnukaumsa BknroyaeT B cebst Habop Tabnuuy ogHou 6asbl
OaHHbIX

» Habop Tabnuny MOXXHO MeHATb 6€3 OCTaHOBKU peninkauuu

o Pennuumpytotcsd UBMEHEHUS!, a HE KOMaHAbl

 OpHa 1 Ta Xe Tabnunuya 6bITb UCTOYHUKOM U NPUEMHUKOM
N3MEHEHUN
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[TpMMeHeHne NorM4YeckKomn pennKauum

icnonb3yeTtca ona:

nepeHoca faHHbIX B apXMBHbIE UM aHaNUTUYecKne 6asbl
OaHHbIX

KOHCONMaauun gaHHbIX: NepeHoca JaHHbIX U3 permoHasnbHbIX
6a3 faHHbIX B LLleHTpaNbHYO

opraHusauumn pesepBHOU Ba3sbl JaHHbIX Ha Cliy4an noTepu
OCHOBHOW

CHUXEHUSA Harpy3kKn Ha 6a3y JaHHbIX 3a CYET NnepeHoca
4aCTM 3anpoCcoB Ha pe3epBHble 6a3bl JaHHbIX
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dusmnyeckas n nornyeckas perninkauud

BO3MOXHOCTM NOrM4YeCcKomn pennkaumm:

MOXXHO pennuumpoBaTb Habopbl Tabnuu, a He BECb KNnacTep
LeNIMKOM

HEYYBCTBUTENBbHOCTb K OCHOBHbIM BepcusaiM, nnatpopmam,
cbopkam

nepepnaroTcs XXYpHanbHble 3arnncu He BCEro KacTtepa, a
TONbKO MO penauumpyemMbiMm Tabnmuam

eCTb ABYHanpas/ieHHasa penavkaums

XYPHanbHble faHHble MOryT nepepaBaTbCsi ¢ PUINYECKOU
PENJINKU
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NoeHTUdUKauua CTpoK

o OANNA pennmkaumm Tonbko BCTaBoK CTPOK (INSERT) u
TRUNCATE npeHTupukaTopbl CTPOK He HYXXHbI

e 0N OOHOBNEHUA N yOaANEHUSA CTPOK B Tabnnue AoJ1XKeH ObITb:

* NEePBUYHbIN KHOY

e MO0 YHUKaNbHbIK UHOEKC N orpaHndeHuns uenoctHoctn NOT
NULL Ha Ka>XaoM 13 cTonobuoB YHUKaNbHOro MHAOeKca

» NMM60 Ucnosib3oBaTb BCe CTONOLUbI ANA naeHTMdmnKaumnm
CTPOKM
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Cnocobbl naeHTUPpMKaLmm CTpPoK

 Ecnun B Tabnuue Het MNepBNUYHOIO KJ/THO4a, HY>XHO YCTaHOBUTD

cnocob naeHTnouKaumm CTPoK KOMaHa0u
ALTER TABLE mMmMs REPLICA IDENTITY

>
>

DEFAULT; WUCMONb30BaTb NEPBUYHbIN KTHOY

USING INDEX wmmsa; YHUKaNIbHOro, He YaCTUYHOro, He
OT/IOXKEHHOIro MHAEKCa, Ha BCEX UHOEKCUPYEMbBIX CTONOLUax
ycTtaHoBUTb NOT NULL

FULL; nepepaBaTb 3Ha4YeHUNA BCeX CTONBOLOB

NOTHING; YCTaHOBMEHO An4a Tabnuy CUCTEMHOro KaTtanora, ons
NoNb30BaTENbCKMX Tabnuuy He UMEeET CMbICNa
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[lencteuna gna cosgaHus NormMyecKou pennukaumm

» YCTaHOBUTb 3HauyeHWe napameTpa wal level=logical Ha
MacTepe U PU3NYECKOU pennke K KOTopoun oyaet
noacoeanHATbCS Noanucka (M3meHeHne napameTpa Tpebyet
pecTapT aK3emnnapa)

» Bbl6paTb Tabnuubl oNa penankaumm

e MPOBEPUTb HANMYNE NepBUYHbIX KITFOYEN NN BbIGpaTb
cnocob nageHTnduKaumm CTpok

e CcO3aaTb Tabnuubl B 6a3ax gaHHbIX-MPUEMHUKAX

e co3paTb Nybnukaumn Ha 6a3e gaHHbIX-UCTOYHUKE

e CO34aTb NOAMUCKKN Ha Ba3axX AaHHbIX-NPUEMHUKAX U BbIbpaTh

napamMeTpbl NOAMUCKU
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Co3pgaHue nybnukauum

» BblbpaTb Tabnuubl, KOTOpble 6yAYyT BKAOYEHbI B OQHY
ny6nukauyuto
 MO>XHO yKasaTb Kakme KoMmaHabl oyayT pennmuupoBaTbCa:
BCTaBKU, UBMEHEHWE, yaaneHne CTpoK, yceyeHue Tabnuy,
» B nybnukauuto Mo>KHO BKIHOYUTD:
> BCe Tabnunubl 6a3bl AaHHbIX
> BCe Tabnnubl B cXxemax
> CMNUCOK Tabnuy,
» [1pn 3agaHnM cnucka Tabnuuy Mo>XKHO yKasaTb Habop

cTON6UOB U GUNLTP ANA CTPOK
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Co3aaHue noannucku

o [Tognucka co3gaéTca B 6a3e gaHHbIX roe HaxoaAaATCs
Tabnuubl-NPUEMHUKN N3MEHEHNN

o Ka)xpas nognncka gokKHa Mcnonb3oBaTb CBOU CNOT
fiornyeckoun pennnkaumm B 6ase gaHHbIX-UCTOYHUKE

o Tabnuubl UICTOYHMKA U NPUEMHUNKA N NX CTONOLbI
COMOCTAaBMIAOTCA MO UMEHaM U O0JIKHbI ObITb 0ANHAKOBbIMU

« B Tabnuue-npuemMHuKe MoryT ObiTb A0MNOJSIHUTENbHbIE
cTonoubl. OHM MOTYT 3aNOSIHATLCS 3HAYEHUAMMU MO
YMOJTYaHUIO UK TPUrrepamu
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Co3aaHue noannucku

» [1pu co3gaHnn NOANUCKN YKa3blBaeTCHA CTPOKa COeUHEHUS C
6a3zoun nybnnkaunm

« B ogHOM noanncke MOXHO yKa3aTb HECKOJIbKO Nyb6nnKaumm
ecsqiu OHU B ogHOU 6a3se

» [1pn cozgaHnm NoaNNCKU CTPOKKN Tabnuu nybamkaunm MoxHO
CKonnpoBaTb B Tabnnubl-NPUEMHUKU

» Jlornyeckasi pennukaums paboTtaeT TONbKO Yepes CnoT

» CNnoT MOXeT ObITb CO34aH 3apaHee U yKasaH nNpu co3gaHumn
NOAMNNCKU

o CNoT MOXET ObITb CO34aH Npu co3gaHuu NoANUCKK

» [1o ymMOn4YaHUIO NMS C/10Ta TaKoe Xe KakK MMSA NoANUCKHU
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Harpys3ka Ha ak3eMnnsap

o [ns Ka)gon NnoAnucKn 3anyckaeTca npouecc walsender,
BbIMNONHAOWNN Bypepunusauunto u normnyeckoe gekognpoBaHue

bydep

' ' | walsender |/

noAnUCKu

NOANNCKM

£d

antor
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[ony4yeHune XXypHasbHbIX JaHHbIX C PErnINKu

MNpwn co3gaHnm NOANUCKM JOCTaTOYHO YKa3aTb agpec

GN3NYEeCKOUN PENINKMU:
CREATE SUBSCRIPTION s CONNECTION 'dbname=wuMs

host=pennukmu port=peryiukm' PUBLICATION p;
|

bydep

walsender /

— | bydep

perffiika

NOAMUCKM

€}MN
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KOHPNUKTBI

» KoHONUKT - ecnun npouecc logical replication worker He
MOXXET BHECTU NU3AMEHEHUA N3-3a HaPYLUEHUSI OrpaHNYeHNN
LEeNOCTHOCTU UK NO APYron npuynHe

e pennukaumsa Bo BCEN NOAMNUCKE NpUOCTaHaBINBaETCH

 ABTOMATUYeCKOro paspelleHna KOHPINKTOB HET

e YCTPaHUTb KOHPNUKT MOXHO BPYYHYHO U3MEHUB AaHHbIE UMK
NponycTnTb (HE NPUMEHSATbL) TPaH3aKLUKUIO, B KOTOPOU
BbINOJSIHAETCA KOMaHAa, npuBellas K ounbKe

* IHpopmauua o6 ownbke nonagaeT B lore Kfacrepa
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[1ByHanpaBneHHas pennvkauus

* ECNK MeHATb 3HauYeHUa aTUX NapamMeTpoB Ha MacTepe, TO Ha
pennnkax aTh 3Ha4YeHus O4O/IHKHbl COOTBETCTBOBATb 3HAYEHUAM Ha
MacTepe

* IaMeHeHUa B aTUX NapaMeTpax 3annucbiBatoTCA B XXYypHan

* €Cnu pennuka obHapyXUT, YTO 3HaYEHME Ha MacTepe cTasno
bonblle, TO HANOXEHUE XYPHaNbHbIX 3anncen NPUOCTaHOBUTCS
UNK 3aK3eMnap penyiMku oCTaHOBUTCSH

» Cnncok napamMeTposB:

e max_connections, max_prepared_transactions,
max_locks_per_transaction orpaHn4ymnBatoT MakCcUMarsbHoOe
KONM4ecTBO 6/I0KMPOBOK Ha YPOBHE 06BHEKTOB

* max_walsenders

* max_worker_processes
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IleMOHCTpauud

« OpHOHanpaBneHHasa pennuKaums
» [1ByHanpaBfieHHas pennukaums
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[1pakTuka

1. Pennukauyus Tabnuubl

2. Pennnkauua 6e3 nepBUYHOro Krroya
3. [JobaBneHune Tabnunubl B Nnyonmkauuo
4. [1ByHanpaBneHHaa pennukauua
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O630p lNnatdopmbl Tantor
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CueHapuu UCcnonb3oBaHUSA

Knaccunyeckum

1.TTOCMOTpPETb UMEIOLWYHOCA CUCTEMY
MOHUTOPWUHra, nokanusosaTb bottleneck (CPU,
RAM, Disk)

2. MogknounTca K cepBepy no ssh
3.OTKpPbITb TEPMUHANBHBIN KNUEHT psql

2 MNMpoaHanmnanpoBaTb CTaTUCTUKY HA OCHOBE
CUCTEMHbIX NpeacTaBneHnn
(pg_stat_statements)

5. Hantu B dpannax noroe b1 nnaHbl 3anNpocos
(auto_explain)

6.PasmMecTnTb MHTEpPECYIOLWMI MaH 3anpoca B
online Bu3yanunsartope

7.0npenenntb NpobnemMHble onepauun B
3anpoce

s [PUHATL pelueHne

YyebHbivt Kypc "Tantor: AgMUHUCTpupoBaHue PostgreSQL 17" TaHTtop Jlabc © 2025 www.tantorlabs.ru

[MpoABUHYTHIN
10TKpbITE Natdopmy Tantor B bpayzepe

2. UeHTpann3oBaHHO BblbpaTb
Habnogaemyto b/

s.JlokanusoBaTb CNNCOK Hanbonee
PECYpPCOEMKUX 3aNpocoB

2 OTKpbITb nor b1 3a nHTEpecyroWwmumn
WHTepBasn BpeMeHM

5 OTKPbITb BU3YyanbHbIM MJ1aH 3anpoca

s.MMpounTaTb pekomeHgauum no
onTUMM3aumu

7T'1pUHATDL peLleHue
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NHCTPYMEHTbl MOHUTOPUHIa

YHuBepcanbHble CUCTEMbl MOHUTOPWHTA, I'Inachopma "Tantor"
HeapanTupoBaHHble ans PostgreSQL

okmeter~<= O e TR Y
42 Grafana - - e =
VAN 37 MBjsee No dat 1494 MB

Y hew relic

M| 488 TNV 1468 A A " 72KBfssc

cac+i =y T e

t";’ntor
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[TnaTtdopma Tantor

o QyHKUMOHanbHoe N0 ¢ rpapnyeckmm NoNb30BaTENbCKUM
nHTepdencom, codgaHHoe ansa yaobHoro
agMUHUCTpUpPOBaHMA KnactepoB PostgreSQL

» Heobxogunma opraHusaumsaMm, KOTopble MCNOMNb3YHOT
MHOXecCTBO b/[], kKakaas n3 KoTopbix o6cny>xxmnsaet
onpeneneHHy NHOOPMaLMOHHYO CUCTEMY UK CEPBUC

« Poccumnckue KomMmnaHmm nepexonaT Ha POCCUUCKME aHanoru

t";’ntor
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HacTpounku nonb3oBaTteneu

o ynpaBneHMe NnoJsib3oBaTeEIAMU N UX POSTAMU

TantorLabs.ru

a08 ¢ ﬁc‘.ﬂF

QﬂtOf Configurations > All users @ o 9 °

WOTIONBe30BATENR AMATIONE30BATENR AOPEC INEKTPORAOATIONTDBI TATT REBNMAETCH BNAOENBUEM ARKTHBRA TPYTINBI

1 admin & mail.com Nokanewsit (@) 3 -]
2 admin & mail.com NokanbHuii O 4 O
3 admindd 2 mail.com NokansHeli O 3 Or
4 admin288058  Z' mail.com NokanbHbli O 2 O
5 admin878979728798 ‘é” mail.com NokansHei O 1 or
7 admin778 y’ mail.com Nokaneusli O 1 O
9 admindd mail.com NokansHbii O 1 Or
10 agminda #° mail.com Noxanexsi O 0 O
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Paboune npocTpaHCTBa

» YnpasneHue aksemnnapamm PostgreSQL 1 knactepamu
Patroni

ece () - Ilu._iT

Qntor Workspaces @ Ry o o

Mouck no umeHn Q EE g

Tantor SE 15.2 Tantor SE 14.6

=2 A0 01 = 2 N2 02

t";’ntor
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O630p ak3eMnnsapa

« KoHconunpgauusi Bcen BaXxHOU MHPopmauunmnm o6 MHCTaHce
PostgreSQL n e€ npegcrasneHne B yrpoLeHHOM Bmae

TantorLabs. =
® I antorLabs.ru I q |+
) Tantor SE15.2 » » Cluster > mainJ5 » Instan s i b » .
tantor : = stances s ervie
& ovevew Mix conmectiont 40 ¥ ; i
s M o A atpe m
v IR - 16.9 MB/Sec 241MB 1525 MB
£ lof2 » a0o% +0.00
. 1 A - 9blkfsec 100 % 100 %
= N 1 G Y S
| BHhee & WITH nspjs AS { SELEC ® SELECT p.shared lib, c.. 0 B.:sﬂc s :
& SELECT clock limesta.. select mdStarray_aggic... @ WITH napis AS [ SELEC...
s L ' ol rawm 10 08 ¢ .
\‘_J(\‘_Jr\‘_/ 0.35 '\.F\(\\I"‘w—f 11GB ,|'| A | 3.4 MB."Sec Mo open alerts
€ tof2 >
ol vmga 00408 : P —
R B 88.4GB A 3MB/Sec —_— 0
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Knactepa Patroni

» Busyanusauua n HarnagHoe ynpasneHne knactepamm Patroni

® ® () TantorLabs.ru i 8 F
{t?n'mf TantorSE15.2~ » Clusters > main15 * Monitoring @ o L o
Patroni knactep
partial since 2024.04.27 12:49
3.86 GB 4 236 GB 3.0.2 16.2 2/2 1M
0128038 ‘ 0128037 [iohearms
RUNNING RUNNING SKISMANAD B
MASTER RERLIC wnactap

HMurepean ewbopsn nCTopHyeckix famusx Mocnegsme 30 misyT

W3meHeHune ponei aksemnnapa

W ot @ sme_standty replica stancty_loader [l leader

0128037

W B G BT BT KM KX WX BT BB KE EX BN BT ED M S BE Y NE  NW N

Wetopus M3MEeHeHWA CTaTyca y3ana Knacrepa

)

t";’ntor
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[TpodUNMUpoOBLLUUK 3anNpocoB

» OTCcneXxmBaHue napamMeTpPOoB BbIMNOJIHEHUS 3aMPOCOB N UX
NaHbl HA BbIOPAHHOM MPOMEXYTKE BPEMEHMN.
» AHanus u BbiaBNeHUE NPob6IeMHbIX 3anpocoB B b/[]

® ® ¢ ) TantorLabs.ru th a F
\i'ﬁjﬁ{()f Tantor SE15.2 » > Cluster > main15 > Instances ; Jemo-db-003MantadabsniSd32 , qory profiler > e4463da039cba3dc3ba.. megpme 30 syt eo

CTATHETMKA  AAAMM

g PoSAFSK ]
JANPOCOS o

INMEANG
o SugEBPEMR BeisOem BPEMs LY srem 1O sRakon crpou TPEH
633115 kLl ELEL] 2739124 154an4142 228885355 2354 308124148
. 035835 1586 383h SI7TE4 WIBESTTT 24759101 150514 712778870
d2den 482 137h Lt SNl 4 mm 27810
. vo0ta2 1 165 min st 15935 3541 424 24670
PR 717448 M0 1M dsaated Tonlead W 1348:81 1305 Ntk 1184 BATIN 4AR51Y2 02281 1833887030
03:24:00 524 3254 524375 29682015 20128101 16895 244302249
Y 5oc 032216 26827500026 2306230¢a | gg:45:55 3189 2275 8975063 202454248 16008956 002121 745544689
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Pennukauus

» OTOOpaXKeHUe CoCTOoAHUA pennnkaunmn Ha Primary cepeepe, U
Ha cepBepe Standby

Yyel

008 ()

TormR FESEFE  GiOTH

e

6HbIN Kypc "Tantor: AGMUHUCT] pupoBaHune PostgreSQL 17" TaHTop Jlabc © 2025 www.tantorlabs.ru
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TabnnyHblie NpocTpaHCcTBa

o KoHTponb 3aHMMaemMoro mecTa TabnmMyHbIMU NPOCTPAHCTBAMM

TantorLabs.ru " —
0 ol 4L

B 6a3e OaHHbIX ¢ ¢ <
: °°

t‘o}ntor Tantor SE15.2 » » Cluster > main15 > Instances > Seme-de-OdSmntonabensS431 , rapjespaces

PASMEP TABMWHHON0 NPOCTPAHCTEA DOCTYTIHSIM OELEM 1A MOHTUPOBAHIA OEAIMIA DEBEM NG MOHTMPOBAIS

C6308
HASAAHME TABMMUHOND NPOCTPAHETBA MOHTUPORATS
FE HACTPOMKA
po_global i SIZKE W7 GB 8 GB
B OBCAYMMBAHME
q default 268 w07 G8 18 G&
WCCAEAD BATH B4 P !
. MPOSHAMPODIIMK

= 3anrocos

—y TEKYULAS
HEE AKTHRHOC T

T PEMAMKALME

Qus NWHHEIE
MPOCTPARCTRA

TPASHEH

oy HACTPOMKN
= MOHATOPHHIA

= PACIIMFEHHAR
AHANHTHKA

d 3AgAum

389
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OnoBeLlleHus

o GopmMumpoBaHmne yBegoMNEHNN O KPUTUYHbIX CUTyaumusax ¢ b

TantorLabs.ru
@

)

tantor Aets

Y
ua BPEMA COXLAHIA PABOMEE NPOCTRAHCTEO PECYRC HPHMTHHHOCTE TPUITER CTATYC
168685 17/05/2024 12:52.00  Tantor SE 146 10128.0.34 Mpeaynpesgenme CPU IOWalt Time > 20%, Last value: 24 5% OTRprTY
168687  17/05/2024 12:52.00  Tantor 3E 146 10128.0.34 Npofinews Cache Hit Ratio Omepato H
168686  17/05/2024 12:52.00  Tantor SE 146 0128.0.34 MNpotinema Cache Hit Ratio < 80%, Last value: 59.05% OmepeTo H
163684  17/05/2024 12:51.00 Tantor SE 14.6 10128.0.35 Mpeaynpexaenme CPU I0Wait Time > 20%, Last value: 27.6% OTepeito
168683 12105/2024 125100 Tantor SE 15.2 10.128.0.36 Mpegynpexaesme CPU Load Averape AVG ) minutes > 150.0%, Last valug: 199.00% UTphitoy b
188681  17/05/202412:42.00  Tantor SE15.2 10128.0.38 Npobnews Cache Hit Ratio < 80, Last value; 53.50% Fapulo - ABTOMATHUECROE BOCCTINORIEHIE :
168682 1052024 12:42.00 Tantor SE15.2 10.128.0.36 Mpobnesa Cache Hit Ratio JaKPUTO - ABTOMATHYECKDE BOCCTEHDENEHNE :
168880  17/05/2024 12°42.00 Tantor SE 15.2 10.128.0.38 Npeaynpexpeamne CPU I0Wal Time > 20%, Last value: 38.0% 3oMpaTD - ABTOMSTHGEERDS BOLETARNDEDEMAE ]
168679  17/05/2024 12:41.00  Tantor SE 15.2 10128.0.37 Mpegynpexgesne CPU 10Wait Time > 20%, Last value: 22.4% JaKpuiTo - ARTOMATHGRCKDE BOCTTAHUENEHIE :
188677  17/05/202412:32.00  Tanlor SE 146 10.128.0.34 MNpobinesa Cache Hil Ralic < B0%, Lasl value: 39.95% Jaxpwio - ABTOMATHYETKOR BOCCTANORIENNE
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KoHpurypauma MOHUTOPUHTa

» HacTpowka cnuckoB 6a3 AaHHbIX A1 MOHUTOPUHTA.
» HacTtpowka TpurrepoB ansa Kaxaom 6a3bl gaHHbIX

® ® ¢ ) TantorLabs.ru i = F
H J Tantor SE 15.2 " deme-db-003 tantorabe ry: $431 fi o
tantor ‘antor + 5 Cluster > main15 > Instances m Monitoring Config

uuuuuuuuuuuuuuuuuuu
¥
= saneocos
CTATYC
TAE AMUHLE
HACTRORKN

B Gomrormira

PaC

t";’ntor
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AHanuUTUKa

« C6op, aHann3 n Busyanmnsauymsa cobbiTMn U3 Noros 6a3bl JaHHbIX

TantorLabs.ru

e0e () bl o B
) : § . " . -
% of Tantor SE15.2 » > Cluster > main15 > Instances ; Jemo-db-00dtantorisbsruiS432  pyuanced analytics . s o o
& ose
. LR Sis{simisn| {¢{ 270 - 2N (e li 2]
R OECRYRHERNAE LA PGrages  ESRhastris acti = b idle = £ {gorrand
& WCCNERDEATE B e | bwwnd
2, MPOSHNHPOBLIAK 8030 postqres Taggms @001 134.000ms < active SELECT clock. fimestamp],* FROM pg.stat_getactivityWULLK
* anpocos Ea-man 1 e
— TERYUAR 18081 possgres Lo
# ANTHBHOCTL
= PENAMKALRA BORD et o oTaal
FLYgpe—— aise) LT 81 888ms Idie SELEET clock fimestamoll. *F0M pg_siat get_acthio/WULL)
S — w1
106 teat b wrom e.sea
g PACWAPERHAR
AMASIATARA
3 e M pastares S o wron 4 5000 e SELECT cock fimestamoll *FR0M pa stat gel acthibyMULLL
posizres w001 amnos 72078 e
N WLt ) oo TII6ES i
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AKTUBHOCTM POHOBbLIX NpoLieccos

o OHNMaWH-MOHUTOPUHI COCTOSIHUA MONb30BaTENbCKUX CECCUN B
6a3e gaHHbIX PostgreSQL

TantorLabs.ru X
(= ® (> M ) =
) dima-db-004 tantarlabs. ru: 5432 : )
‘Qﬁtof Tantor SE 15.2 Cluster > main15 Instances ~ Texywan aKTMBHOCTE test_db o
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HacTpowuku

o [1poCcMOTpPp N nN3MeHeHne dpaunna KoHpurypaummn postgresqgl.conf,
N KOHPUrypauumn KiacTepHoOro nporpaMmMHoOro obecneyeHusa
Patroni 0se 6 o

) . o

tontof Tantor SE 15.2 Clusters > main 15 > Configuration

NMAPAMETPL PATRONI  MAPAMETPE POSTORESOL

Q v
|

||||||| FE 3

Autov m
aaaaaaaa m f o
uuuuuuuuuuuuuuuuuuuuuuuu o o
llllllllllllllllllll old p 0
mmmmmmmmmmmmmmmm ge ‘ﬁ 0
lllllllllllllllllll f 0
llllllllllllllllllllllllllll .9" B
llllllllllllll o

t";’ntor
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AHanu3 cxembl AaHHbIX

» AHanna cxembl gaHHbIX 6a3bl PostgreSQL

TantorLabs.ru t : —
008 ¢ hio s
fo:ﬁtOI Tantor SE15.2 » 5 Cluster > mainJ5 5 Instances > 90Md-a0-003 Lll'!ﬂ!.lgsn.' 82, pg inspector » test_dh locnemime 30 wmyr () & K o °
~ - Konm A L A 0 OrPAHUUEHM v MocnepHui cnﬁpaunuﬁ
O63I0F s S 24/05/2024 12:37
_ _ postgres UTF8 pg_default No Limit
= HACTPOHKA
N
% OBCAYMHBAHHE TafiniLs C KAMIMGATAMM S HACTHUMM HHISKCOR
» T
& WECNEQOBATE 6O Wigewce Tabimmy ¢ snaverscin NULL > 50%
1 3 6 13 ¥ Campa Gompws Tabnuus
0, MPOSHAHPOBILNK
“ JANPOCOE
* TaBAuuh € MMA0KCINN MAKEHMANRHOTS PAIMERI
— TEKYILAR
— THBMOLCTY —— ————— — — * Ton Tabimey
& PERDHEALIR ¥ Ton wrsemso Tabimay
1,522MB pipgsqi(1.0) hash(1) c(13)
TAEMMHHBIE - - * Tafnuus ¢ HEHSCALWAM Pa3TyTHEM
NPOCTPAHCTEA
L rraouen any " POKM : PAUIEHHBE CTPOKH 8 : " Wi 2 OTKAMEHO TPAHIAKUWA ©
Wttt W WM —mm—
= PACWMHPEHHAR Takini c Wb 2 ’
= AHANMTHIA L LT K = 1=t L
» "
) aaqam : BCTABNEHHBIE : EHOBNEHHBIE : NANEHHBIE " H TaBinuughi & BHEUIHAMM KO3 Be3 IARKCoB
5 TaBnuLjes y KOTOPSI TH JAHMLX BREUINEND KROKE
WWWWWWAAA - WAWWWWWAAA W VWA et st
5 TaBAuLN & HASKIM KOMpPHLAETOM OEHORNEHIA
HOT
5 Talniis ¢ BOSMORHLMN NPOBNESMH N0
. . . . . SETOAHA ML
P * Tainiuys ¢ BO3MORHSMH NPOGNSMaMA ETOGICTI
METOONRITRR o ~
I N 583 YHIIGEBHSI HHAEKCOR
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PernameHTHOE 06Cny>XmnBaHue

» VicnpaBneHue pasgytnsa TabnuL, U NHOEKCOB, a TakXe
YCTPaHEHNE NepenosIHEHUA CYETUYMKAE TPaH3aKLUMN

® e ¢ TantorLabs.ru th I
t'q)ntor Tantor SE15.2 » » Cluster » main15 » Instances demo-g-003 u-m'\a:sr.\ 5431 Maintenances > Table Bloat - o
P L _ PAILYTHE L L L I L HAR Y RPALINR CIEPALIA
FE mact bl si0ck_Rems awme (L) amsme Mime S260787  2024-05-24 1N
B OBCAYRMBAMME
0O  eetdcorder_tems 2 1368 0.38 35 mB M4 ma 000000
public.order_items_) ¥ kB 03 SNE kB M 150001
B nformation_schema.sql features Bl3ibytes 125 6443 56 KB ™
TAE FINHMBIE g Catalog.pg description Bl3ibytes LI7 Exrd 4K 0 "
POCTRARCTHA
Lt remsmi
B rocatsogpgamop 0 bytes ] 56 kB 56 KB 945
O  recataiogpa amproc 0 bytes ] 40K8 40K8 €7
. 192
AN 0  re.cataiogpg auth members 0 byies [ f\_;ﬂ BKE 3
O recataogpgcast 0 bytes " L] W% KB 29
O amaLvze
O  ee.catakg.pg cepend O byies O oisaBLEpaGE SRy, 1835
O rreeze
SneusHtos ha cTpanege | 10 v 1-10 w18 y M [0 moex.cLeanus
O skie_LoCkED
[0 TRUNCATE

-I FanycTaTe obCAYMMBIHIE '
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[ThaHupoBLMK 3aaaud

o ABTOMaTU3aUUA U NMNaHNPOBaHUE BbIMOMHEHUS PAa3NINYHbIX
onepauun. HacTtpownka 3anycka 4encTsmm no 3agaHHoOMy

pacnucaHuio, BKIKOYaeT BbIMOJIHEHNE CUCTEMHbIX KOMaHA, Un
SQL-ckpunTtoB e T8

Qntol‘ Tantor SE 14.6 - > Tasks L) °

MSTANEE

t";’ntor
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Kypc no Nnatpopme Tantor

» Bo3moxkHocTu lNnatpopmbl Tantor nayyatrorca B y4eb6HOM
Kypce
> ANNTENbHOCTb Kypca 2 OHA

» TeMmbl Kypca:

BBepeHune

[TogrotoBka K paboTe

MOHUTOPUHT

3agayun KoHPUrypmposaHua u obcnyxmnsaHusa

YcTaHoBka lNnatdopmbl N AreHTa

vV oV NV VLV

t";’ntor
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QﬂtOf

10
HoBble BO3MOXHOCTK Tantor Postgres 17 Bepcum

t";’ntor
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Tantor Postgres - BeTBb PostgreSQL

CYb/[ Tantor Postgres Bknto4vaeT B cebs:

BCe BO3MOXHOCTMU "BaHuUnbHoOro" PostgreSQL
BO3MOXXHOCTHU, KOTOPble NOABATCA B OyAYyLLUUX BEPCUAX
PostgreSQL

O0NONMHUTENIbHbIe pacLlMPeHna N YTUIUTDI

nameHeHua B agpe PostgreSQL, KoTopble HY>XHbl oNs
BblICOKOHarpy>xeHHbix CYB/l n npnnoxxeHun, GopmMupyroLLmnx
crioXxHble 3anpockl (1C:ERP)

CcObOCTBEHHbIE O0PaBOTKU

t";’ntor
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[lopaboTkn B Tantor Postgres

o [10paboTKN NO3BONAAOT YNYYLWINTb NPOU3BOAUTENBHOCTb U
OTKa30yCTOMYMBOCTb NPU NPOMbILLIEHHOW 3KCMNyaTaumm
o [1opaboTkn BHOCATCA TakK, 4Tobbl Tantor Postgres

MWHUMaNbHO OT/IMYaNCA OT OCHOBHOW BeTBM PostgreSQL

> BblOMpaeTca peannsauns, KoTopas UMeeT HanbonblLLYHO
BEPOATHOCTb NOABNEHNA B OCHOBHOW BETBMU

> HauMmeHee MeHswasa kog PostgreSQL n ero HacTpouKK no
YMOTYaHUIO

o AoMUHUCTpUpPYA Tantor Postgres MOXXHO NPUMEHATb OMNbIT
agMUHUCTpUpoBaHma PostgreSQL

o TaHTOp Jlabc nsberaet oopaboToK, KOTOPble MOrnn 6bl
npuea3aTtb npunoxeHus ("vendor lock") n 3aTpygHUTH
paboTy NpunoXxeHnn B BaHUNbHOM PostgreSQL

t";’ntor

YuebHbln Kypc "Tantor: AGMUHAUCT pupoBaHune PostgreSQL 17" TaHTop Jlabc © 2025 www.tantorlabs.ru 401




[lononHuTenbHble NapaMeTpbl KOHOUIypaumun

B Tantor Postgres 1/7.5 ecTb 15 4ONONIHUTENbHbIX NAPaMETPOB,
BIUAKOLWMX Ha co3aHne 1 BbI6GOP NIaHOB 3anpocoB U GYHKLMOHaN:

postgres=# \dconfig enable * backtrace on internal error | off
Parameter | Value enable delayed temp file | off
—————————————————————————————————————— +-————- enable large allocations | off
enable convert exists as lateral join | on enable temp memory catalog | off
enable convert in values to any | on libpg compression | off
enable group by reordering | on wal sender stop when crc failed | off
enable index path selectivity | on Pg stat statements.sample rate | 1
enable join pushdown | on Pg stat statements.mask const arrays | off
enable self join removal | on Pg stat statements.mask temp tables | off

» [TapameTpbl, noasueluneca B PostgreSQL 1/ Bepcuu:

allow alter system, commit timestamp buffers, huge pages status, 1o combine limit,

max notify queue pages, ultixact member buffers, multixact offset buffers, notify buffers,
restrict nonsystem relation kind, serializable buffers, subtransaction buffers,

summarize wal, sync replication slots, synchronized standby slots,

trace connection negotiation, transaction buffers, transaction timeout, wal summary keep time

t";’ntor
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PacwupeHunsa Tantor Postgres SE n SE 1C

» fAppa Tantor Postgres SE n SE 1C yHUdmunpoBaHbl
> BCe BO3MOXHOCTU U pacwmnpenna SE 1C ectb B SE
» Tantor Postgres SE n SE 1C Bknro4aloT:

> paCWnpeHnd credcheck, cube, fasttrun, fulleq, hypopg, mchar,
page repalr, pg cron, pg hint plan, pg repack, pg stat kcache,
pg store plans, pg trace, pg uuldv/, pg wailt sampling, pgaudit,
pgaudittofile, transp anon

> 6M6HMOT9KMckmmpies_decoding, oauth base validator,
online analyze, pg query 1d, pg stat advisor, plantuner, walZjson

> YTUNWUTbI pgcompacttable, pgcopydb, pg diag, pg repack

e B OTAEJIbHbIX NMaKeTaX NOoCTaBJIAKOTCA NpPOorpaMmMmbl. pg anon, wal-g,
pg configurator, pg cluster, pg diag setup, pg sec check

o Tantor Postgres SE AO0MOJIHNTEJIbHO BKJTFOYaeT paClLUNPEHUA:
> http, orafce, pgl ddl deploy, pggq, vector, pg archive,
pg columnar, pg ivm, pg partman, pg qualstats, pg tde,
pg throttle, pg variables, pg background

t";’ntor

YyuebHbivt Kypc "Tantor: AgMUHUCTpupoBaHue PostgreSQL 17" TaHTtop Jlabc © 2025 www.tantorlabs.ru 403




[TapameTpbl oNnTMMU3aTOpPa 3anpocoB

B 1/ Bepcuun Tantor Postgres noaBunocb 6 napamMmeTpos,
KOTOPbIMUN MOXXHO BKJ1FO4aTb ONTUMU3ALMN N1aHNPOBaAHUS
3anpocos

OnTnMm3sauumn No3BONSIOT CYLWECTBEHHO YMEHbLUATb BpeMS
BbINOJIHEHUA BCTPEYaOLLMXCA Ha NMpaKTUKe 3arnpocoB
[TapameTpbl gobaBneHbl, YTOb6bl Oblla TMO6KOCTb HACTPOUKM
ONTUMM3aTOPa 3anpPOoCoB

[To yMOn4yaHuo onTuMmn3auum

BKJTHOUYEHDbI postgres=# \dconfig enable *

Parameter

enable convert exists as lateral join
enable convert in values to any
enable group by reordering

enable index path selectivity
enable join pushdown

enable self join removal

t";’ntor
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bubnuoteka pg_stat_advisor

e aBTOMaTM4YeCKN OBbHapy>XMBaeT 3anpochl, rae NMaHUPOBLLUK
He[0o0LeHBaeT UK NepeoLieHBaeT YMCOo BO3BpaLlaeMblX
cTpok (actual rows oTnmM4yaeTcsa oT NIaHUPYEMbIX rOWS)

o Ecnn koadduuMeHT pacxoxaeHusa npesbillaeT 3aAaHHbIN
Nopor co3faeT paclMpeHHY CTaTUCTUKY Ha Tabnuuy

set pg stat_advisor.suggest statistics_threshold = 0.33;

set pg_stat_advisor.min_duration = 0;

create table t (i int, j int);

insert into t select i/10, i/100 from generate_series(l, 1000000) i;
analyze t;

explain (analyze, buffers, timing off) select * from t where i = 100 and j = 10;
select pg_sleep(l);
\dx . .
List of extended statistics
Schema | Name | Definition | Ndistinct | Dependencies | MCV
———————— e e et bt et
public | t 1 j stat | i, j FROM t | defined | defined | defined

\! cat $PGDATA/log/postgresql-*.log | grep pg_stat_advisor
LOG: pg stat advisor: successfully created extended statistics from public.t

t";’ntor
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[TapameTpbl enable_temp_memory_catalog u

enable_delayed_temp_file

°* enable temp memory catalog MO3BONAET COXPAHATb
MeTaaHHble BpeMeHHbIX 0ObeKTOB B NTIOKaNbHOU NamaTu
TOro npouecca, KoTopbin paboTaeT C HUMU N HE BHOCUTb

N3MeHeHUs B TabnunLbl CUCTEMHOIO KaTasnora
> CKOPOCTb 0CTyna K MeTafaHHbIM y>e cO34aHHON BPEMEHHOMN
Tabnuubl BblLLE
> CMocob XpaHeHUs AaHHbIX BO BPEMEHHbLIX 0O6bEKTaX U Crocob
O0CTyna K AaHHbIM HEe MEHSAOTCHA
* enable delayed temp file yCKOpSeT paboTy C
BpeMeHHbIMUN Tabnuuamm, no3Bossd He co3gaBaTb dansbl
BpeMEHHbIX Tabnuu, NokKa xBaTaeT NaMATMU NOKaNIbHOIro
bydepa cepBepHOro npotecca
t";’ntor
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[MapameTp enable_large_allocations

« yBenuumsaet pa3mep StringBuffer ¢ 1 rurabanta go 2 rurabauvt

postgres=# select * from pg settings where name like '$large%'\gx

name | enable large allocations

setting | off

category | Resource Usage / Memory

short desc | whether to use large memory buffer greater than 1Gb, up to 2Gb
context | superuser

vartype | bool

boot val | off

* MOXEeT yCTaHaBIMBaTbCA Ha YPOBHE CECCUN N YTUNUTAMMU
pg_dump, pg_dumpall

postgres@tantor:~S pg_dump --help | grep alloc
-—-enable-large-allocations enable memory allocations with size up to 2Gb

* npobnema BO3HMKAET CO CTPOKOU Tabnunubl config npunoxeHum
1C:ERP, KomnnekcHasa aBToMmaTtunsauund, YnpaBneHue
NPOU3BOACTBEHHbIM NpeanpuUsaTUeEM

t";’ntor
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Anroputm cxkatusa pglz

» B Tantor Postgres ontmMmnanpoBaH anroputm cXXaTmnsa gaHHbIX pglz

o OnTumMnsaumsa yganseT noteHumanbHO N3bbITOYHbIE ONepaumu,
NOBbILLAA CKOPOCTb cxXaTua B 1.4 pasa.

« CxaTnme ncnonb3yeTcsd TOMbKO 4S9 TUMNOB AaHHbIX NepeMeHHOU
LUMPUHBI N NICNOJIb3YETCS NO YMOMYaHUIO AN 60NbLUMHCTBA TUMOB
OAHHbIX, KOTOpble MOTYT UCMONIb30BaTh CXaTue

o ANropuTMm cxatusa pglz npumMeHsaeTcsd no yMoJI4aHUIo O4N4a cXXaTtug
TOAST

postgres=# \dconfig *compress*
CnmMcok napamMeTpoB KOHOUI'ypaLuUmU
[TapameTp | 3HaueHUe
___________________________ o
default toast compression | pglz
libpg compression | off
wal compression | off

t";’ntor
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[MapameTp libpg_compression

* 3HaYeHue No YMONYaHUK of £

o OonpepenseT CNMCOK noagep XneaembiX airTOPUTMOM CXaTUS
CeTeBoro Tpadpuka

e OJONyCTUMble 3HayeHud: off, on, 1lz4, =zlib

* MOXHO 3aaBaTb YPOBEHb CXaTund, HarnpuMep:
alter system set libpg compression =
'1z4:1,z1ib:2";

€}MN
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[MapameTp wal_sender_stop_when_crc_failed

* CHUXXaeT BEPOATHOCTb Nepefayn NoBpeEXOEHHbIX XYPHaNbHbIX
3anmMcen Ha pensinku

* MO YMOJT4aHMIO OTKITHOYEH

* MNPU BKIKOYEHUN NpoLecchl walsender 6yayT NpoBepATb
KOHTPOJIbHbIE CYMMBbI XXYPHabHbIX 3aNNCEN Nnepen nepenadven
KNnueHTam. Ecnu KOHTpOibHaa cyMMa He COBMadeT, TO
npouecchbl NONbITakOTCA NPOYECTb 3aNUCb U3 XYPHaNbHOro
bydepa (WAL buffer). Ecnu B XXypHanbHoM 6ydepe yxe He
bygeT 3anucu Unm KOHTpoObHas cymMMa He coBnageT, To
walsender OCTaAHOBUTCHA

t";’ntor
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[MapameTp backtrace_on_internal_error

» [TapameTp oTHOCUTCSH K rpynne Developer Options, To ecTb He
MCNOMb3YyeTCH NP NPOMBbILLEHHON 3KCNyaTauum

» ECnn aTOT NnapaMeTp BK/IHOYEH U BO3HUKAET OLWMDOKa C KOAOM
XX000 (internal_error), To TpaccupoBKa CTeKa 3annucbiBaeTCcs B
OVAarHOCTUYECKNN XYpPHan BMecTe ¢ coobLleHmnem o6 owmnbke
> JTO MOe3Ho Npu oTnagke BHYTPEHHUX OWNOOK, KOTOPbIE 0ObIYHO

HEe BO3HUKAOT B paboyen cpege
* [10o yMOn4YaHMIO BbIKJTHOYEH.

t";’ntor

an
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PacwupeHue uuid_v7

e pacwupeHune gobaBnaeT GYHKLUUIO BbICOKOCKOPOCTHOM
reHepauunmn uuid_v7/

e Uuid_v7 reHepupyeT Bo3pacTarome 3Ha4YeHuns, 4Tto
MO3BONIAET MCMOMb30BaTb ONTUMU3ALUIO BCTAaBKU B UHOEKC
btree
> MPW 0YEeHb YacTbIX BCTaBKax B CECCUM BbICOKas CKOPOCTb, He

MepasieHHee, Yyem c bigserial
> CTPYKTYpa UHOeKca ocTaéTcs onTMManbHOM U KOMMNaKTHOWM
 uuid 3aHMMaeT 16 6auT, bigint 8 6aut

e NMPUMEpP UCMNOJIb30BaHUS:

create extension if not exists "uuid-ossp";

create extension if not exists pg uuidv7;

create table ttl (id uuid default uuidv7 () primary key, data bigint);

create table tt2 (id bigint generated by default as identity primary key, data bigint);
select count(*), pg_indexes size('ttl') from ttl;

t";’ntor
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Pacwupenue pg_tde (Transparent Data Encryption)

» Peanunsyet "npo3payHoe" wmndppoBaHne aaHHbIX (Transparent
Data Encryption)

» [1po3payHOCTb O3HAYaEeT, YTO KIMEHT Nony4daeT U nepepaer
He3alndpoBaHHbIe gaHHbIe

 He wnodpyeTt gaHHble B NaMATU (B ByPpepHOM K3alle) n npu
nepepaye No ceTtu

» liInppoBaHne BbinonHAeTCA npoTtokonamu: AES, Magma,
Kuznyechik, ChaCha20

» Ddnanyeckas u normdyeckasa pennnkaums noaaep X MBatoTCS

o Tabnunubl CUCTEMHOIO KaTanora He WndpyroTco

* pg_rewind noka He paboTaeT ¢ 3awmnppoBaHHbIM WAL

« WAL wndpyrotca NOAHOCTbIO

t";’ntor
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Bannpatop oauth_base_validator

» B Tantor Postgres 17 ectb cnoco6 ayteHTudpmkaumm oauth (OAuth 2.0),
KoTopbin nosiBntca B PostgreSQL 18 Bepcuun

» OTOT cnocob NCNoIb3yeT BHELLHIOK CNYX6Yy ond ayTeHTUUKaumnm

« MeTop oauth BCcTaBnsieTcs B YeTBEPTOE NoJie CTPOKKN B daune
pg hba.conf

#TYPE DATABASE USER ADDRESS METHOD
local all all oauth issuer="http://1.1.1.1:80/realms/a" scope="openid" map="ol"

» [1na ncnonb3oBaHua cnocoba ayTeHTUdumKauum oauth Hy>KHO Ha A3blke
C HanucaTtb "Banmpgartop”

» B Tantor Postgres bubnnoTteka ¢ BanmoaTtopom NnocTaBnAeTCS

» [lpnmep ayteHTUOUKaUKUK B psql:

psql "user=alice dbname=postgres oauth issuer=http://1.1.1.1:80/realms/a oauth client id=userl
ocauth client secret=AbCdEf123GhIjK1"

Visit http://1.1.1.1:80/realms/a/device and enter the code: XYZX-XYZO

postgres=>

t";’ntor
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bubnuoteka credcheck

* Mcnonb3yeT OMBNNOTEKY, KOTOpasd MOXET 3arpy>aTbCsl Ha YPOBHe
KnacTtepa (mapameTp shared preload libraries) U gnaa ogHowu
ceccun (komaHaou LOAD credcheck)

» [lpun 3arpyske peructpupyet 30 napamMeTpoB KOHOUrYypaunum,
KOTOPbIMU MOXHO 3aaTb NPOBEPKU CNOXHOCTU Mapons, 3aluuTy oT
noabopa napona, napamMmeTpbl MOBTOPHOIO MCMONIb30BaHMSA Naposieu,
CMUCOK POSieN Ha KOTOpble NPOBEPKN HE AENUCTBYHOT U T.M.

» B pacwmnpeHnmn 8 pyHKUUN N 2 NpencTaBneHns

» PacuwupeHune cpabaTbiBaeT Npu co3gaHnm ponun, nepemmeHoBaHuN,
N3MEHEHUSA Mapons, ayTeHTUOUKaALNM

postgres=# \dconfig credcheck.*

Parameter | Value
______________________________________ fmmm————
credcheck.auth delay ms | O
credcheck.encrypted password allowed | off
credcheck.max auth failure | O

credcheck.whitelist |
(30 rows)

t";’ntor
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PacwupeHus fasttrun n online_analyze

» YceyeHune BpeMeHHbIX Tabnuy obHoBndaeT Tabnuuy pg_class
« PacwwupeHnue fasttrun cogep>xut ¢yHkuuto fasttruncate
>y GannoB He MEeHSAeTCA Ha3BaHMe
> Tabnuubl CUCTEMHOrO KaTtasiora He MeHsItoTCS
> MOXEeT ucnosnb3oBatbca BMecTo KoMmaHabl TRUNCATE
> paboTaeT TONbKO C BPEMEHHbIMU Tabnmuamm
» [locne yceyeHUa nnu gpyrux KoMaHg MoXXHoO cobpaTb CTaTUCTUKY
o [lns aBTOMaTU4YeCKOro cbopa cTtaTUMCTUKN MOXHO MCMNONb30BaTb
pacwnpeHune online_analyze
> paclUMpeHne HacTpaMBaeTCcs NapaMeTpamMmn KoHOUrypaumm

select fasttruncate('tt');
INFO: analyzing "pg temp 5.tt"

INFO: "tt": scanned 0 of 0 pages, containing 0 live rows and 0 dead rows; 0 rows in sample, 0O estimated

total rows

INFO: analyze "tt" took 0.00 seconds
fasttruncate
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PaclumnpeHne mchar

« [obaBnaeTt nogaepxkKy Tunos mchar, mvarchar gna CoBMecTMMOCTHU C
Microsoft SQL Server
o [1na TunoB mchar n mvarchar onpegensaet ¢yHKUUM N onepaTopbl:

> length()

> substr(str, pos|, length])

> || koHkaTeHauus ¢ pasHbiMM TMHRaMu (mchar || mvarchar)

> < <= = >= > CpaBHeHne 6e3 YyBCTBUTENbHOCTU K pernctpy (ICU)

> &< &<= &= &>= &> cpaBHeHUE C YYBCTBUTENBHOCTbIO K PErncTpy
(ICU)

> LIKE

> SIMILARTO

£ %

~ (perynsapHbie Bbipa>keHusl)

» [lobaBnaT HedBHOe NpuBefeHMe TUNOB mMchar K mvarchar n obpaTtHo
* NopOep>XKy TUNoB MHOeKcamMu b-tree n hash

» licnonb3oBaHWe nMHOEeKCOB N4 BbinonHeHUa onepatopa LIKE

t";’ntor
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Pacwunpenue fulleq

» [1pn ncnonb3oBaHUK onepaTopa "=" ANa cpaBHEHUSA
3Ha4YeHUN, ecnm XoTd Obl 0OgNH U3 onepaHOoB UMeeT
3HayeHne NULL, pesynbtaTtom 6yaeT NULL

» B npunoxxeHunax 1C yacTto ucnonblyercsd onepatop "==",
KOTOpbI BO3BpaLLAET true, korga onepaHabl paBHbl UK 0ba
nmetrot 3HadeHne NULL, yto yaobHo npu paboTe ¢ 6azamu
OaHHbIX, ocobeHHo ¢ 1C, roe onepaTtopbl U CEMAHTUKA
paboTbl ¢ NULL oTtnnyarotca ot ctaHgapTta SQL

» Onepatop "==" n3 pacwmpenuns fulleq nossonsaeT
BbICOKO3($HEKTUBHO BbINOTHATL CPaBHEHUE 3HAYEHUN C
MCNOJSIb30BAHUEM HYXHOW NTIOMNKU

t";’ntor
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PacwunpeHue orafce

» PaclwupeHue, npegocrtaendarollee pyHKUMM, ynpoLlarowme
MUrpauuto koga npunoxeHun ¢ Oracle Database

» orafce amynupyet yacTtb PpyHKUMOHaNa n naketoB Oracle
Database

» Co3pa€eT 60/blUOE KOMUYECTBO PYHKLUMU U APYrnX OO BbEKTOB
N TUNOB AaHHbIX, KOTOPble PaboTaloT TaK Xe, Kak UX aHanoru
B Oracle Database

« PacluunpeHue ynpoLwiaeT Murpaumio Koga npunoxXeHun B
Tantor Postgres ¢ Oracle Database

» PacwunpeHue cosgaet 15 cxeMm, B KOTOPbIX HaXxogATcsa
06beKTbl paclunpeHunsa. MimeHa BOCbMM CXEM COOTBETCTBYIOT
nMmeHam naketoB B Oracle Database

t";’ntor

YuebHbln Kypc "Tantor: ALMUHUCT pupoBaHue PostgreSQL 17" TaHTop Jlabc © 2025 www.tantorlabs.ru 419




PaclimnpeHune http

» PacwunpeHune http npepoctaBngeT BO3MOXHOCTb BbIMOHATb
HTTP n HTTPS 3anpochkl npamo 13 SQL

« YcTaHaBnmMBaeTca B 6a3y AaHHbIX KOMaHOOWN create
extension http;

« MOXHO co3aaTb Tpurrep, obpawlatolmmca K Bedb-cnyxoe,
nepepnaTb AaHHbIE U MONYUYNUTb pPe3ynbTaT, KOTOPbIK MOXHO
MCMOoNb30BaTb B JIOFMKE TpUrrepa

» pgsqgl-http mo>keT 6bITb NONE3€EH B:

 NHTerpauunn c BHewHUmu API

o IHTEepaKTUBHbIX MPUNOXEHUAX

» Ob6paboTke AaHHbIX B peanlbHOM BPEMEHHU

€}MN
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PaclumpeHune pg_store_plans

« PacluunpeHue gns otcneXxnBaHnsa CTaTUCTUKN BbIMOSTHEHUS
SQL-3anpocos

e COXPaHSET NOJIHble MNfaHbl 3aNPOCOB, a HE TOJIbKO UX
CTaTUCTUKY UITN TEKCT

e MCMNOJIb30BaHMe pg_store_plans MOXeT yBENMUYNTb Harpy3ky
Ha cUCTeMy U3-3a cbopa n XxpaHeHUsa A0NONHUTENbHbIX
OAHHbIX

t";’ntor
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PacwunpeHue pg_variables

« PacwmnpeHune, no3sondmoLLee co3aaBaTb U UCMOMb30BaTb
nepemMeHHble B SQL-3anpocax

e MO YMOJTYaHUIO HE TPaH3aKLUMOHHbI, HO MOTYyT 6bITb
TPaH3aKLUMOHHbIMMU

e XPaHATCS B NaMATU CEPBEPHOro npoLecca

e CYLWECTBYIOT TO/IbKO B TEKYLLEM CeaHce Nosib3oBaTens

e MOFYT MCMNONb30BaTbCA Ha PUINYECKUX pennKax,
BpeMeHHble Tabnuubl HE MOTyT

e CKOPOCTb paboTbl cpaBHUMaA C BPEMEHHbIMWU Tabnuuamu

» OTCYTCTBME HaKNagHbIX pacxoaoB (He TpebyroT peanbHbIN
HOMep TpaH3aKuuu, He co3patoT pannbl)

t";’ntor
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Mpoun3BogUTENBHOCTb NPU UCMONb30BaHUKU pg_variables

» [lpun cpaBHEHUN CKOPOCTH AO0CTYIMa K Tabnnuam B NamMATH, BPpeMEHHbIM,
OB6bIYHbIM pe3y/ibTaTbl HE O4EBUOHbDI

o PacwunpeHune pg_variables HE ABIAETCA CTaHOaAPTHbIM U HE MOJIb3YyETCH
NonNynAaApHOCTbHO U3-34 Heyﬂ,O6HOFO CNHTaKCNCa UCMNOJIb30BaHNA U
HEBHATHOM NnPon3BoanUTENIbHOCTU

select * from pgv_select('bookings', 'tickets',6 '0005432020304'::char(13)) as (ticket no character(13),
book ref character(6), passenger_ id character varying(20), passenger name text, contact_data jsonb);
Time: 0.281 ms

select * from tickets where ticket no='0005432020304";

Time: 0.266 ms

select book_ref from tickets where passenger name like '3%G IVANOV' limit 1;

Time: 0.463 ms

select book _ref from ticketsl where passenger name like '3%G IVANOV' limit 1;

Time: 1.169 ms

select book_ref from pgv_select('bookings', 'tickets', '0005432020304'::char(13)) as (ticket_no
character (13) , book_ref character(6), passenger_ id character varying(20), passenger name text, contact data
jsonb) where passenger name like '3%G IVANOV' limit 1;

Time: 0.185 ms

t";’ntor
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[MpeumylLLecTBa pacluupeHus pg_variables

» BpemeHHble Tabnuubl HENMb34a UCMOb30BaTb Ha pennkax

o QYHKUUM paclmpeHnsa pg_variables MoXHO nCNONb30BaTh Ha peninKax
TOYHO TaK Xe, Kak Ha MacTepe

» pg_variables xpaHUT gaHHble TONbKO B JIOKaNbHOM NaMsaTU CEPBEPHOIo
npoLuecca 1 He UCMNosb3yeT BPpeEMEHHbIe paunsibl

o [lepeMeHHble MOryT ObITb TPaH3aKUNOHHBIMU N HET

» Ha coxpaHsiemMble 0O0beKTbI LENCTBYET OFrPaHUYEHMNE CTPOKOBOIO
bydepa - 116

select pgv_insert('bookings','t2', pgbench branches) from pgbench branches;
select * from pgv_select('bookings','t2',1) as (bid int, bbalance int, filler character(88));
bid | bbalance | filler
_____ o
1] 0 |
select pgv_select('bookings','t2',1);
pgv_select

t";’ntor

YyuebHbivt Kypc "Tantor: AgMUHUCTpupoBaHue PostgreSQL 17" TaHTtop Jlabc © 2025 www.tantorlabs.ru 424



PacwupeHne pg stat kcache

* OONOJNIHAET pg stat statements U 3aBUCUT OT HETO

» cobupaeT cTaTUCTUKY linux, BbINOSHASA CUCTEMHbBIN BbI30B getrusage Mnocne
BbIMOSTHEHMWM KaXXA0WN KOMaHAbl

* B OT/IMYME OT YTUIIUT ONepaLmMoOHHON CUCTEMBI, paclunpeHmne cobmnpaet
CTaTUCTUKU C OeTalbHOCTbIO 0,0 KOMaHA4bI

» MO3BOJMIFET pa3nuMyaTtb Yntanca 650K ¢ Ancka Unm u3 CTpaHUYHOro Kalla

e MNCNoNib3yeT ABa bydepa B pa3gensseMoun namaTm

select * from (select *,lead(off) over(order by off)-off as diff from pg shmem allocations) as a where name

like 'pg %'’
name | off | size | allocated size | diff

————————————————————————— Bt et i e it

pPg _stat statements | 148162816 | o4 | 128 | 128

pg stat statements hash | 148162944 | 2896 | 2944 | 2188544

pg_stat kcache | 150351488 | 992 | 1024 | 1024

pg_stat_kcache hash | 150352512 | 2896 | 2944 | 1373056

select name, setting, context, min val, max val from pg settings where name like 'S%kcache%';

name | setting | context | min val | max val

——————————————————————————————— e

pg _stat kcache.linux hz | 333333 | user | -1 | 2147483647

pg stat kcache.track | top | superuser | |

pg stat kcache.track planning | off | superuser | |
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CTtaTuctuku, cobnpaemble pg stat kcache

CTaTUCTUKK B NpeacTaBNeHnAX pg stat kcache U pg stat kcache detail:
 reads blks reads, in 8K-blocks

» writes blks writes, in 8K-blocks

e user time  user CPU time used
 system time system CPU time used

e minflts page reclaims (soft page faults)
« majflts page faults (hard page faults)

* nswaps Swaps

» msgsnds |PC messages sent

« msgrcvs |PC messages received

» nsignals signals received

e nvcsws  voluntary context switches

e nivcsws involuntary context switches

alter system set shared preload libraries = pg stat statements, pg wait sampling, pg _stat kcache;
create extension pg stat kcache;
\dx+ pg_stat kcache

function pg stat kcache()

function pg stat kcache reset ()

view pg stat kcache

view pg stat kcache detail
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PaclwuMpeHne pg wait sampling

» BXOAOWUT BO BCce cbopku Tantor Postgres
e BblgaeT CTaTUCTUKY NO COObITUAM OXNAAHUN BCEX MPOLLECCOB 3K3eMMsipa
e ONSA YCTAaHOBKU HY>XHO 3arpy3nTtb OUOGINOTEKY N YCTAaHOBUTb pacLUMpeEHMeE:

alter system set shared preload libraries = pg stat statements, pg stat_kcache, pg wait sampling;
create extension if not exists pg wait sampling;

o BUbNMoTeKa pg wait sampling [OJIKHA OblTb YKa3aHa No3xe
Pg stat statements, 4YTOObI paclUMpeHne He nepesanncano naeHTuuKaTopbl
3anpocos (queryid)
e paclumpeHune ucnonb3lyeTt GOHOBLIM MPOLECC pg wait sampling collector
* npouecc onpalinBaeT COCTOAHME BCEX MPOLECCOB 3K3eMnNasapa

e B paclunpeHue BxogaTt 4 pyHKUMKN U 3 NpencTaBfeHus:

\dx+ pg _wait sampling

function pg wait sampling get current (integer)
function pg walt sampling get history ()
function pg wait sampling get profile ()
function pg wait sampling reset profile()

view pg wait sampling current

view pg wait sampling history

view pg wait sampling profile
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cTopua cobbITun oXXnaaHus

pacwmpeHne ncnosib3yeT "camnipoBaHne" ¢ Yyactotom oT 1 MUNNNCEKYHAbI
(no ymonyaHuto 10 MUnIncekyHa)
NCTOPUA OOCTYNHa 4Yepes npeacTaBieHue:

select count(*) from pg wait sampling history;
count

No yMos4aHuto coxpaHaeTtcs uctopmsa S000 nocnegHmnx cobbITUK oXuUaaHua
pacLlMpeHne TakXe UCNoJib3yeT pasgendemMyto namMaTb nNog XpaHeHne CBOUX
TPEX CTPYKTYP:

> ovepeb (MessageQueue) pukcmnpoBaHHoOro pasmepa 16K6

> naMsaTb nofd cnucok PID

> NaMATb NoA MAeHTUOUKaTopbl KOMaHA (queryid), BbIMOAHAKOWMXCA NpoLeccamm

select * from (select *, lead(off) over(order by off)-off as diff from pg shmem allocations) as a
where name like '$Swait$%';
name | off | size | allocated size | diff
—————————————————— e it B e ettt
pPg wait sampling | 148145920 | 17536 | 17536 | 17536
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PacwunpeHune pg_background

« PacwmnpeHmne no3BoNnsieT aCUHXPOHHO (B pOHOBOM peXnME)
BbIMOJIHATb NPOU3BOJIbHYIO KOMaHAy U peann3oBaTb
NPOWN3BOJIbHbIE 3a4a4N, KOTOPbIE HYXHO BbIMOHUTb
NPUNOXEHNIO NN agMUHUCTPaTopy. 3agaun 6yayT
BbIMOHATLCA POHOBLIMU NPOLLEeCCaMm 3K3emMnaapa.

» PacwupeHune coaepXuT QyHKUUU :
> pg background launch ()
> pg background result ()
> pg background detach ()
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PacwupeHus pgaudit n pgaudittofile

e pPaCWMPEHUsIMN pgaudit U pgauditlogtofile MOXHO
HanpaBUTb COOBLLEHNSI O CO3JaHUN CECCUN N NX ONINTENBHOCTU B
oTaenbHbin dann nnn pannbl ayguTta

 [ONa paboTbl pacLUMPEHUN HYXHO 3arpy3uTb NX OUBINOTEKMN:
alter system set shared preload libraries = pgaudit, pgauditlogtofile;

» PaclwunpeHua paboTtatoT He3aBUCUMO U NapansienbHo C
XXYPHaNoM KacTtepa 1 ynpaBnatoTcsad CO6CTBEHHbIMU
napamMeTpaMun, Kotopble UMerT npePpukec "pgaudit.”

* NapaMeTpbl pgaudit.log connections U
pgaudit.log disconnections aHanorn4Hbl O4HOMMEHHbIM
napameTpam PostgreSQL 1 moryT co3gasaTb aHallorMyHble 3annucu B
oTaenbHom daune ayguta
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KoHourypupoaHue paclumpeHun pgaudit u pgaudittofile

e CEMb NMNapaMeTpoB OTHOCATCH K R
, , postgres= dconfig pgaudi*
6M6”MOTeKe pgaU_dltlogtOflle List of configuration parameters
Parameter | Value
e YTOObI cCO3paBanca XypHan - | pommmmm oo
pgaudit.log | none
ayﬂIMTa Hy)KHO yCTaHOBMTb pgaudit.log autoclose minutes | O
, pgaudit.log catalog | on
napaMeTp pgaudit. log KaK pgaudit.log_client | off
. pgaudit.log connections | off
MWHAMYM B 3HaYeHne 'misc' pgaudit.log directory | log
o audit.log disconnections | off
> 'none' - Galf XypHana ayauTa He| oomdic iog fiicnane | audit-3F. log
Co3ﬂlaeTCﬂ pgaudit.log level | log
audit.lo arameter | off
igaudit.log:garameter_max_size | O
> ! rOle ' 7 ' ddl ' pgaudit.log relation | off
pgaudit.log_connections U Poandit. log rotation size 10
pgaudit.log disconnections Eéiiiiiiiiﬁi!iem@nt o
He ﬂeMCTBymT pgaud%t.log_statement_once | off
pgaudit.role |
(18 rows)
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YTunuta pgcopydb

o YTunuta aBToMaTU3UPYeET KOoNnpoBaHue 6a3bl aHHbIX Ha gpyrou
KnacTep

o TUNMNYHBIN CNy4dan Ucnonb3oBaHus pgcopydb - murpayma Ha
HOBYHO OCHOBHYHO Bepcuto PostgreSQL ¢ MUHMUMKM3aLMEN NPOCTOS

o YTunuta peanusyeT 3agavy pacnapannenmpaHusa ¢ NOTOYHOMW
nepegaven gaHHbIx no noruke "pg_dump -jN | pg_restore -jN"
MeXay AByMs paboTatowmMmMmn KnactepamMmu, gupuxupysa aTumm
yTUIUTamMmu

» [lopgpep>xunBaeT napannenbHoe co3gaHne UHOEKCOB,
oTCNnexXmnBaHne N3MeHeHUN N NX NPUMeHeHne, BO306HOBEHMNE
npepBaHHOW Neperpysku, dunbTpaumo o6bEKTOB

o [1IPOEKTOM C OTKPbITbIM MCXOAHbIM KO4,0M
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YTunurta pg_anon

[lporpamMmma, HanncaHHaa Ha A3blke python BbIMOJTHAET:

NOUCK KOHbUAEHUMaNbHbIX AaHHbIX B 6a3e AaHHbIX
co3[aHue crioBapsa Ha OCHOBe pe3yNbTaToOB NOUCKA
COXpaHeHMe U BOCCTAaHOBNIEHME C UCMNOJIb30BaHNEM CJlIOBapA
CUHXPOHM3aLMNA COAEPXNUMOTro UMK CTPYKTYPbl YKa3aHHbIX
Tabnuu, Mexay NCXOoOHOM U LeneBon 6azamMm faHHbIX
BbIrpy3Ka AaHHbIX C MAaCKUPOBKOW (06e3nnymBaHmem,
aHOHMMM3aumMen) No 3agaHHbIM WabroHam
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YTunuta pg_configurator

» [lpeacrtaBnseT cobou ckpunt pg_configurator Ha A3blke
python, yctaHaBnuBaemsbin no nyTtu /usr/bin

e NMpepgnaraeT pekoMeHayemble napamMeTpbl KOHPUrypaumm Ha
OCHOBE XapaKTePUCTUK annapaTHbIX PeCYpCcoB, TaKNX KakK
OOCTYMHada namMaTb, KONIMYECTBO MNPOLLECCOPOB U AUCKOBOE
NPOCTPAHCTBO U T.4. OTO NO3BONSET ONTUMASIbHO
MCMNOJIb30BaTb UMEKOLWMNECS PECYPCHI U YBENNYNUTD
NPOU3BOANTENBHOCTb 3K3eMndapa
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YTunuta pg_diag_setup.py

» 3apava, pewaemasi YTUINTON: Bbl3BaTb YTUIIUTY Ha XOCTE
KnacTtepa 6a3 gaHHbIX, KOTOpasa YCTaHOBUT U HACTPOUT
napamMeTpbl paclUpPEHNN B COOTBETCTBUN C WABSTOHOM U
3ape3epBUPYET 3HAYEHUA NAapaMETPOB, YTOBbl MOXXHO 6bIS10
BOCCTAaHOBUTb U3MEHEHMUS

» [lpoBepsieT 4OCTYNHOCTb pacWMpPEHNN Yepes
pg avallable extensions

» ObHOBNAET 3HaYyeHue shared preload libraries 6e3
nepesannucun CyLecTBYOLWMX bUbnmnoTtek

« [obaBnsieT HOBblE NapaMeTpbl B KOHEL postgresqgl.conf

« Co3faeT TeEKCTOBbLIN ¢pann 63aKamna co 3HaYeHUSIMHN
KOHOUIYPUPYEMBbIX MapaMeTpoB C BPEMEHHON METKOMU

» [lo3BondeT oTKaTUTb U3MEHEHMUA K NtoboMy B6akany
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YTunurta pg_sec_check

e MO3BOMSAET aBTOMaTU3UPOBATb NMPOLECC NMPOBEPKN NapaMeETPOB
6e30MacHOCTU: OT HACTPOEK onepaumoHHON CUCTEMBI 0,0
napameTpoB KoHpUrypaumm PostgreSQL

e CO3[AET OTYETHI O BbIABMIEHHbIX NpobnemMax n pekomeHgauum no
NX YCTPaAHEHUIO

* MPOBEPKU BbIMNOMHAOTCA CKPpUNTaMn .sgl U .sh

e pe3ynbTaTbl MPOBEPOK BaMNANPYHOTCA CKpUNTaMun Ha A3bike Lua,
NMU XKe POPMUPYIOTCSH OTUYETHI U PEKOMEHAALNN

* MPoBepPSET LENOCTHOCTb CBOUX $anNoB KOHTPOIbHbIMU CYyMMaMu

» B yTunnte nmeetcsa 68 npoBepokK

* MOXHO co3faBaTb COOCTBEHHbIE MPOBEPKN NYTEM HannUcaHusA
CKpuNToB .sgl .sh .lua
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YTunuta WAL-G (Write-Ahead Log Guard)

o YTUNUTaA ANs co3faHusa WndpoBaHHbIX PE3EPBHbLIX KOMUN
KnacTtepa 6a3 gaHHbIX (MOSHbIX N UHKPEMEHTaNbHbIX) U
apxmmnpoBaHna WAL-cermeHToB, nX BbICOKO3OPEKTUBHOM
oTrnpaBKu/nony4deHust no npotokony S3 "ns" n "B" xpaHunnuuwa
(0obnayHble B ceTU NPeanpusaTua NN BHELWWHUE) Hanpsamyto 6e3
CcO3[aHuns NPOMEXYTOYHbIX dannoB B GanioBon CUCTEME.

* Ncnonb3ya ytunuty WAI-G MOXHO:
> coO3faBaTb pe3epBHble Konun knactepa u WAL-cermMeHToB
> BOCCTaHaBMMBaTb KacTep Ha BbIbpaHHbIM MOMEHT BPEMEHU B

MNPOLLIOM
> YNpaBnAaATb pe3epBHbIMU KOMUAMM MO NpoToKony S3: yaanaTb
HeHy>XHble 63Kanbl U CBA3aHHble C HUMU Palnbl XXYPHaoB
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Lpyrne pacwumpeHums

» dbcopies_decoding - 6ubnunoTteka 1C, npeaocTaBnseT c/oTbl TOTMYECKON
penankaumm npu KonmposaHnu 6a3 gaHHbIX 6a3 gaHHbIX 1C

» vector - nonHasa nogaepxka Tmna gaHHbIX BEKTOPOB 60/1bLWON Ppa3sMePHOCTH

e pg_partman - aBToMaTU3auUUa NOALEPXKKN CEKLUMOHUPOBAHHbIX Tabnul,

* pg_qualstats - Be4E€T cTaTUCTUKY MO NpegmkaTamM, HaugeHHbIM B onepatopax
WHERE v B npegnoxeHuax JOIN

* pg_hint_plan - nogckaskyu onTMMnU3aTopy B 3anpocax

» plantuner ckpbiBaeT UHOEKCHI OT MSIAHUPOBLUMKA

* pPg_cron - NNaHMPOBLLUUK BHYTPU aK3eMnidpa

» pg_throttle - orpaHnyeHne obbemMa YMTaeMbIX CTPOK B 3anpocax,
NO3BONAKOLLEE CHU3NTb KOHKYPEHLUUIO 3a BBOLA-BbIBOA

* pg_trace - TpacCUpPOBKM paboTaloLLMX 3aNpPOCOoB, MOXET 6bITb Nose3Ha A4S
aHanusa 3anpocos B 1C

* pg_ddi_deploy - pacwupeHne gna norm4eckomn penamkaumm

* pPQg - ouyepenb B 6a3e gaHHbIX
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[1pakTuka

1. PacwupeHue orafce
2. PacwunpeHue pg_variables
3. PacwmnpeHune page_repair
1. TlogroTtoBka pennaunku
2. lNoprotoBka Tabnuubl
3. BoccTaHoBNEHUE CTpaHULbl C NMOMOLLbIO page_repair
4. OBHyneHne cTpaHuubl
4. OTnagka nognporpamMmm
1. YcTaHOBKa paclMpeHnst N3 UCX04HbIX KOAOB Ha npumepe
pldebugger
2. Otnagka ¢yHKumnm B pgAdmin
3. OTnapgka nognporpamMmm B DBeaver
5. ObpaboTka cTpoK bonbLoro pasmepa StringBuffer
6. lMonck ocnpoTeBLINX hanos
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