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CopeprxaHue

rnaBa

Tantor DBA1-18: AoMUHUCTpUpoBaHUe PostgreSQL 18

cTpaHuua

BeepeHune

M

[MpegBapuTenbHas NoAroToBKa

MaTepwuarnbl Kypca

Paspensl Kypca

O Kypce

O komnaHum TaHTop Jlabc

CYB/[, Tantor Postgres

Tantor XData

Tantor Polar

Mnatpopma Tantor

JopaboTka paclumnpeHunin PostgreSQL

KoHdepeHumn PGBootCamp

Ta

YcTaHoBKa

23

MNpepBapuTenbHbie TpeboBaHMsA

lMpoBepKa BO3MOXHOCTUN YCTAaHOBKU

WHcTannatop

JlokanbHaga ycTaHoBKa

MpoLecc yCTaHOBKM

[Mocne ycTaHOBKU

YcTaHoBKa A,OMNONHEHUN

KoHourypaTopbl

Co3spgaHune knacTtepa ytunuton initdb

lMpoBangepsbl 1oKanMsaunm

Bbi6bop napameTpoB nokanmsauum

s

YnpasneHve

35

YTunuta ynpasneHus aksemnndapom pg_ctl

OTHOCUTENbHbIE NYTU U pg_ctl

Mpouecc postgres

YnpasneHne ak3emMnnsipom yepes systemctl

systemctl n pg_ctl

PaboTa B KOHTeNHepe docker

Tpu pexkxuma oCTaHOBKM 3K3emnnigapa

OcTaHoBKa 3aK3emnaspa

CoobueHunsa 06 ocTaHOBKE aK3emMnisipa

YTunutbl ynpaeneHus (06EpTkn komaHg, SQL)

YTUNUTBI pe3epBUPOBaHNA

YTunutbl ynpasneHus (gpyrue)

YTunutbl ynpaeneHus (NpogosixeHve)

1c

YTunura psql

49

TepMnHanbHbIM KNWEHT psql

CoepunHeHme ¢ 6a3om gaHHbIX

MapameTpbl coeguHeHUs

MonyyeHne cnpaBkK No KoMaHgam psql

VicTopuna komaHg 1 I'IOCTpaHVIl-IHbIVI BblBO[,

dopmaTtnpoBaHue BbiBoga B psql

BbiBOA, pe3ynbTaTta 3anpoca B popmate HTML

MpurnaweHue K BBogy KomMaHA (npomnt) psql

MNepeMeHHble OKPYXXeHUs, Ha KoTopble pearnpyeT psql

MNepemeHHble psql \set

BbinonHeHe KomaHg B psql

Mapametp ON_ERROR_ROLLBACK

ABTOMaTMYeCcKasa puKcaumnsa TpaH3aKummn

BbinosiHeHMe KoMaHAHbIX ¢annoB B psql

lMepemeHHbIe psql

BbinonHeHne KomMaHgHbIX ¢annos B psql

'padunyeckue npunoxeHusa: DBeaver




padunyeckue npunoxeHusa: Nnartpopma Tantor

HdemMoHcTpauus

lMpakTukKa

2a

ApxuTekTypa PostgreSQL

69

Ak3emnnsap PostgreSQL

Mpouecchl ak3emnnsapa PostgreSQL

3anyck aK3emnnsapa, npouecc postgres

3anyck cepBepHOro npouecca

O6u1as NamMsATb NPOLLECCOB 9K3eMNIApa

Kaw Tabnuu, cucteMHOro Katasnora

MpepcTtaBneHue pg_stat_siru

JlokanbHag namaTb npouecca

lMpepcTaBneHune pg_backend_memory_contexts

®OyHkuma pg_log_backend_memory_contexts(PID)

CTpyKTypbl NamMsATH, ob6cnyxxmaatome 6ydepHbi KL

CTpYKTYpbl NaMaATK, ob6cnyxuBatolme 6ypepHbit Kol (MpoaoKeHne)

3akpenneHue 6noka B bydepe

3akpenneHne bydepa (pin) n bnoknposka content_lock

CtpaTerum 3ameHbl bypepoB (6ydepHble KonbLa)

lMounck 6noka B 6ydepHOM Kalle

OcBoboxgeHne 6ydepoB Npu yganeHnn dannos

Mpouecc ¢poHoBOM 3anucu bgwriter

OuncTka Kawa bydepos npoueccom bgwriter

KoHTponbHaga Touka

LLlarn BbinoMHeHUs KOHTpOJ'IbHOVI TOYKU

LLlarn BbinOMHeHUs KOHTpOJ'IbHOl‘;I TOYKU (npop,omKeHme)

BzanMmopencTere NpoLeccoB aK3eMmnnsapa ¢ AUCKOM

MpakTuKa

2b

MHOroBepCUOHHOCTb

94

Bepcum cTpok

Tabnuubl

Cny>xebHble cTonbubl

CTpyKTypa 6510Ka faHHbIX

3aronoBOK BEPCUM CTPOKMU

BcTtaBka CTpoOKu

O6GHOBNEHNE CTPOKMU

YpaneHue cTpoku

Tunbl faHHbIX HauMeHbLero pasmepa: boolean, "char", char, smallint

Tunbl faHHbIX epeMeHHOW ANHbI

LlenoyncneHHble TUNbl faHHbIX

XpaHeHne gaT, BpeMeHU, UX UHTepBanoB

Tunbl aHHbIX AN BEWeCTBEHHbIX YyMucen

MoMeHTanbHbI CHUMOK

TpaH3akuma

CBoncTBa TpaH3aKumn

YPOBHW M30M1ALMM TPaH3aKLMN

deHoMeHbl U30NALUN TPaH3aKLUNiA

MpuMep oWnGKK cepuanmsaumm

CraTtychbl TpaH3akumn (CLOG)

dukcaums TpaH3akumMm

MoaTpaH3akuum

Tunbl 61IOKMPOBOK

BnoknpoBKkM 06bEKTOB

CoBMecTUMOCTb 6JIOKMPOBOK

BroKMpoBKM 06BEKTOB

BIIOKMPOBKM CTPOK

MynbTUTpaH3aKLnn

Ouepeab Npn 611IOKNPOBKE CTPOKU

MpakTKKa




2c

PernameHTHble paboTbl

125

ABTOBaKyyMm

lMpouecchbl aBTOBaKyyma

OHeprmyHas 3aMopo3Ka

MNpepcTaBneHne pg_stat_progress_vacuum

MapameTtpbl kKoMmaHabl VACUUM

MapameTpbl KoMmaHgbl VACUUM (npogonxeHue)

MapameTp KoHOUrypaumm default_statistics_target

PasgyBaHue (bloat) Tabnuu 1 MHAEKCOB

BHyTpucTpaHnuyHoe obHoBneHne (HOT update)

MoHuTopuHr HOT update

BHyTpucTpaHnyHas ounctka (HOT cleanup)

BHYTpUCTpPaHUYHasa 0YNCTKa B Tabnunuax

BHyTpMCTpaHW4yHasa ouncTKa B MHAEKCax

JBOMOUMA MHAEKCOB: Co3faHue, yaaneHune, nepecTpomnka

YactunuHble (partial) nngekcol

KomaHpga REINDEX

REINDEX CONCURRENTLY

MnoTeTUYeckne MHAeKchl (paciumperme HypoPG)

Bubnunoteka plantuner

CYyeTunK TpaH3aKumm

MpakTuKa

2d

BbinonHeHue 3anpocoB

147

SQL - geknapaTuBHbIN A3bIK

CuHTakcuyeckn pasbop

CeMaHTU4eCcKuin pasbop

TpaHcpopMauums (nepenncobiBaHKe) 3anpoca

lMnaHupoBaHMe BbINONHEHUS (onTuMu3auus)

BbinonHeHMe 3anpoca

KomaHpga EXPLAIN

MapameTtpbl KomaHabl EXPLAIN

MapameTpbl KomaHabl EXPLAIN (npogonxeHue)

NHpeKcbl ANa orpaHUyeHni LLeNoCcTHOCTH

Cnoco6bl 4OCTyna K faHHbIM B MaHe 3anpoca

MeTogbl AOCTyNa K CTpOKam

Cnocobbl coenHeHUs HabopoB CTPOK

KapauHanbHOCTb U CENEKTUBHOCTb

CToMMOCTb NNaHa 3anpoca

CTatnucTukm

Tabnuua pg_statistic

HakonuTtenbHasa ctatucTuka

PaclumpeHue pg_stat_statements

[MapameTpbl paclumpeHns pg_stat_statements

[MpakTuKa

2e

PaclumpeHnums PostgreSQL

169

PacwupsemocTtb PostgreSQL

OunpekTopunn Gannos pacluMpeHnin n 6ubnmnotek

YCcTaHOBKa pacluMpeHui

Painbl paclumpeHni

Foreign Data Wrapper

PacwwupeHue postgres_fdw

PacwwupeHne file_fdw

Pacwwupenwne dblink

[MpakTuKa

KoHdurypuposaHue PostgreSQL

179

0630p

MapameTpbl KOHPUrypaLmm

MpocMoTp NapameTpoB

MpocMoTp napameTpoB (NpoaonxKeHne)




MpencTasneHns Ana NpocMoTpa NapamMeTpoB

OcHoBHOM dann napameTpoBs postgresql.conf

®ann napameTpos postgresgl.auto.conf

MpYMeHEeHME U3MEHEHWUI NapaMeTPOB KOHOUTIypaLum

MpuBUNErnM Ha N3MEHEHUE NAapaMEeTPOB KOHOUIypaLmm

Knaccudunkaumsa napameTtpoB: KOHTEKCT

[MapameTpbl KOHTEKCTa internal

Knaccundukaumnsa napameTpoB: YPOBHU

Knaccuopukauma napameTpoB: YpoBHM (MpopomKeHne)

MapameTpbl XPaHEHUS Ha YPOBHE TabnuL, M UHAEKCOB

Knaccudukaums napameTtpon: Kateropum

Kateropwus: "[Ona pa3paboTynkos"

KaTeropus: "lNonb3oBaTtenbcKne HacTpomku"

Ha3BaHus 1 3HaYeHUs napameTpoB KoHGUrypaumm

MapameTp KOHOUrypaumm transaction_timeout

ABTOHOMHbIE TPaH3aKLUMn

MapameTp KOHOUrypaumm transaction_buffers

MapameTpbl multixact_members_buffers n multixact_offsets_buffers

MapameTp KoHOUrypaumm subtransaction_buffers

MapameTp KoHoUrypaumm notify_buffers

3afaHune napameTpoB NPU CO34aHUM KnacTepa

PaspelweHuns Ha aupektopuio PGDATA

Pa3smep 6noka faHHbix PostgreSQL

OrpaHunyeHus PostgreSQL

lMapameTp enable_large_allocations

OrpaHuyeHns Ha ANMHY UOEeHTUGMKATOPOB

KoHdurypaunmoHHble napameTpbl

LdeMoHcTpauus

MpakTuKa

4a

Jlornyeckas CTpykTypa Knacrepa

212

KnacTtep 6a3 faHHbIX

Jk3emnnsp

basa gaHHbIX

Cnucok 6a3 gaHHbIX

Co3paHune 6a3bl faHHbIX

N3meHeHWe cBOMCTB 6a3bl AaHHbIX

Komanpa ALTER DATABASE

Ypanenue 6a3bl AaHHbIX

CxeMmbl B 6a3e faHHbIX

CosfaHne n USMeHEHNEe CXem

IMyTb NoMCKa 06BbEKTOB B CXEMax

CneupanbHble CXeMbl

OnpepeneHne TeKyLLero NyT1 Noucka

B kakol cxeme OyfeT co3faH 06bekT

MyTb noncka B nognporpammax SECURITY DEFINER

MackunpoBka 06 bEKTOB CXEM

CuUCTEMHBbIV KaTanor

O6uwue 06beKTHI KnacTepa

Vicnonb3oBaHWe CUCTEMHOrO KaTanora

ObpalleHne K CUCTEMHOMY KaTanory

reg-Tunbl

YacTo ncnonbayemble KomaHabl psql

CoO6bITUNHbIE TPUTTEPDI

JdemMoHcTpauus

[MpakTuKa

4b

du3nyeckan CTpyKTypa KnacTtepa

239

OupekTtopus ¢annos knactepa PGDATA

OunpekTtopusa n dannsl B PGDATA

dannel XypHana npegsaputenbHon 3anncu (WAL)




OvpekTopusa c annamm xypHana

TabnuyHble NPOCTPaHCTBa

TabnnyHble NPOCTPaAHCTBA: XapaKTepPUCTUKM

TabnnyHble NPOCTPaHCTBA: XapaKTepUCTUKK (MpoaoXeHue)

KomaHpbl yripasneHnsa TabnmyHbIMn npocTpaHCcTBaMm

N3meHeHVe AnpeKTopun TabIMYHOro NPoCTPaHCTBa

MapameTpsbl TabNNYHbIX NPOCTPaHCTB

BpeMeHHble dannel

MapameTpbl KOHPUrypaunm Ans BpeMeHHbIX ¢annos

OCHOBHOW C/10M XpaHEHUsI AaHHbIX

LdononHutenbHble CIIon

PacnonoxeHne pannos 06bLEKTOB

Pa3mMepbl TabNMYHbIX MPOCTPAHCTB U 6a3 AaHHbIX

@DyHKLMKN onpefeneHvs pasmepa

MepemelleHne 06beKTOB

CmeHa cxeMbl 1 BnagensLua

PeopraHusauusa v nepemMelleHne Tabnuy, yTunuTon pg_repack

YMeHblIeHWe pasmepa ¢pannos Tabnuy, yTunmton pgcompacttable

TOAST (The Oversized-Attribute Storage Technique)

TOAST (The Oversized-Attribute Storage Technique)

Mons nepemMeHHON OJNHbI

Mona nepemMeHHon AnunHbl (NpoJomKeHne)

BbiTecHeHne nonen B TOAST

Anroput™m BbiTeCHeHus nonen 8 TOAST

TOAST chunk

OrpaHunyeHusa TOAST

KonoHo4Hoe xpaHeHue: oblas nHpopmaums

KonoHo4YHoe XpaHeHne: 0CO6EHHOCTU NCMOJIb30BaHNA

KonoHo4YHOEe XpaHeHune: napameTpbl

JdemMoHcTpauus

[MpakTuKa

OnarHocTuyecknin XypHan

274

LnarHocTnyeckmm xypHan

YPOBHM Ba>XHOCTU COOBLLEHNN

PacnonoxeHue xypHana

Mepepayda coobuieHnn syslog

PoTauus (baI;U'IOB ONarHoOCTU4YeCKOro XypHana

[NarHocTnyeckum xxypHan

MapameTpbl AUarHOCTUKU

OTcnexuBaHne UCNosib30BaHUs BPEMEHHbIX ¢a17|nos

OTcnexuBaHne paboTbl aBTOBaKyyMa U aBToaHanmsa

HabnogeHue 3a KOHTPOJIbHbIMU TOYKaMM

OnucaHune 3anucen log_checkpoints

Onucanwne 3anncen log_checkpoints (npogonxeHue)

YTunuta pg_waldump v 3anucu log_checkpoints

Ytunuta pg_waldump n 3anuncu log_checkpoints (npogonxeHue)

JlornposaHune coeauHeHnN

MapameTp log_connections

MapameTp log_disconnections

[narHocTnka 4acToTbl COeANHEHNN C 6a30M AaHHbIX

[narHoctnka 6/10KMPYOLWMX CUTYaLmnn

MpakTuKa

Be3onacHocTb

295

[Monb3oBatenu (pOJ'IVI) B Knacrtepe 6a3 faHHbIX

Monb3oBartenu (ponu)

ATpunbyTbl (NapamMeTpbl, CBOMCTBA) NOMb30BaTeNeN

MapameTp KoHOUrypaumm createrole_self_grant

BblgaHHble Nonb3oBaTensiM NpuBunernm

ATtpunbyT INHERIT 1 GRANT WITH INHERIT




MNepekntoyeHne ceccum B APYryro posb U CMeHa ponen

MpeponpenenéHHble (cny>xebHble) ponu

lMpaBa Ha 06beKThI

[MpocMoTp nNpaB Ha 06beKThI B psql

MpuBunernn no ymondanuto (DEFAULT PRIVILEGES)

3awmTa Ha ypoBHe cTpoK (Row-level security, RLS)

MoacoeanHeHMe K 3K3eMnnsapy

®ann pg_hba.conf

Cogepxumoe pg_hba.conf

Cogpepxnmoe pg_hba.conf (npogonxeHne)

®ann conocTtaBneHns UMEH pg_ident.conf

[MpakTuKa

7a

Pusnyeckoe pesepeBUpoBaH1e

314

Buabl pe3epBHbIX KOMuii

XonopgHble 63Kansbl

YTO HYXXHO pe3epBUpPoBaThb

OrpaHunyeHns npu cosgaHnm 6aKana

ApPXKB XYypHanos

lMpoueaypa BOCCTAHOB/IEHUSA

Mpouenypa BocCTaHOBNEHUS (NPOAOIKEHNE)

lMprmMep BOCCTAHOBEHUS

MpumeHeHue XypHanbHblX 3anucen (WAL)

JIMHUM BpemeHun

@annbl XypHana npegeaputenbHon 3anmcu (WAL)

LSN (Log Sequence Number)

Ha3BaHus XypHanbHbix ¢annos n LSN

®yHKUMM gna paboTbl C XypHanamm

OTtcyTcTBMe noTtepb (Durability)

YTunuta pg_receivewal

Zero data loss (RPO=0)

3anyck pg_receivewal Kak cny>o6bl

CnoT pennvkaumm

YTunuta pesepBupoBaHmnsa pg_basebackup

Co3flaHve pe3epBHON Konuu

Co3flaHne pe3epBHON Konun (MpoaoKeHue)

MNapameTp KoHourypauwmm full_page_writes

VIHKpeMeHTasnbHble 63kansbl

lMpumMep MHKPEMEHTaNbHOro pe3epBnpOBaHUS

YTunuta pg_verifybackup

YTunuta pesepBnpoBaHusa wal-g

OdeMoHcTpauus

[MpakTuKa

7b

Jlornyeckoe pe3epBUpoBaHue

344

Nornyeckoe peseperpoBaHme

lMpumMepbl UCNOMb30BaHUS

CpaBHEHME NOrMYeckKoro n GM3nYecKoro pesepBmpoBaHns

Komanpga COPY .. TO

KomaHpga COPY .. FROM

KomaHga psql \copy

Ytunuta pg_dump

MapannenbHas BbIrpy3ka

YTunuta pg_restore

Bo3MoOXHOCTH pg_restore

Ytunuta pg_dumpall

BoamoxxHocTu pg_dumpall

CTpokn 60/bLIOro pasmepa

MapameTp enable_large_allocations

LdeMoHcTpauus

MpakTKKa




8a

Punsnyeckas pennKkauma

361

®Pur3mnyeckasn penavkaums

MacTep 1 pennmkm

Pennvku n apxue XypHana

HacTpoiika macTepa

Co3spaHune PenINKn

Cnotbl pennnkKaumm

MapameTpbl KOHOUIYPALMKN Ha pennkax

KOoHQNUKTbI Ha pennvke

AHomanwms long fork

opsiYas pennuka

O6paTHasa cBA3b C MacTepoOM

MOHUTOPUHI rOPU3OHTA

MOHMUTOPUHT rOpM30oHTa (NPOAOIXKEHNE)

MapameTtpbl max_slot_wal_keep_size u transaction_timeout

MapameTpbl MacTepa, KOTopble A0KHbI 6bITb CUHXPOHU3UPOBAaHbI C pPenIMKamMmm

CMeHa ponelt MacTep-pennvka

MNoBbllEHWE PEennKN A0 MacTepa

®annbl ICTOPUUN NNHUNA BPEMEHMU

YTunuta pg_rewind

YTunuta pg_rewind (npogomxeHue)

MpoLuecchl aK3eMNaApa Pernimku

OTnoXeHHas pennukaumsa

[Mpobnema c nepesanyckom walreceiver

3ajepXXKa Npu pe3epBuUpoBaHUM PENIUKM

BoccTaHoBneHne NoBpeXAEHHbLIX 6JI0KOB C penimKu

LdeMoHcTpauus

MpakTuKa

8b

Jlornyeckas pennukauus

389

Jlornyeckasa pennukauums

lMpumMmeHeHne NIorMyeckom pennnkKauum

dunsnyeckas n nornyeckas pennnkKaumna

NpoeHTudmnkauma CTpok

Cnoco6bl MAeHTUGUKaALIMN CTPOK

JencTteua ana cosfaHnsa NorMyeckon pennmnkaumm

CospgaHune nybnukauuu

Co3paHune noanmcKn

CBoncTBa NOAMUCKM

CoucTBa NOANUCKM (NPOAOIKEHNE)

YTunuta pg_createsubscriber

Harpy3ska Ha aK3emnnsap

[Mony4yeHne XypHanbHbIX aHHbIX C PenInKn

KoHQNUKTBI

MOHUTOPUHT NIOrMYyecKom pennnkaunmn

[BYyHanpaBneHHas pennnkaums

LdeMoHcTpauus

MpakTuKa

0630p Mnarpopmbl Tantor

408

NHCTPYMEHTbl MOHUTOPWHTa

Mnatpopma Tantor

BoamoxxHocTu MNnatdopmbl Tantor

Pa6oTta c sk3emnnspamun PostgreSQL: O630p

Cnucok KnacTepoB Patroni n ux aK3emMnnapos

Pa6oTa c ak3emnnspamu: KoHdurypauus

PaboTa c ak3emnnapamn: bpaysep b -> Aygut

bpaysep B[] -> SQL-pepakTop u Cxema

Pabota c skzemnnsapamu: NpodunnpoBLLMK 3anpocoB

MpodunmMpoBLLMK 3anpocoB -> [naHbl

Ak3emnnap: NpPodUNMpPOoBLLMK 3aNpoCoB: peKoMeHJaumm




Pennvkaums u TabnvyHble NpoCTpaHCTBa

Pa6oTa c aksemnnspamu: 3agaydv

Mopgynu Mnatdopmbl Tantor

AHOHMMaN3ep

OnoBeLleHus

NHTerpaumsa co cnyx6amm coobLieHni

Kypc no lNnatpopme Tantor

10

Bo3mo)xHocTu Tantor Postgres

427

Tantor Postgres - BeTBb PostgreSQL

HopaboTtku B Tantor Postgres

HdononHutensbHble napameTpbl 17.6, 17.9, 18.3

PostgreSQL 18: aBTOBaKkyym

PostgreSQL 18: pennvkauus

PostgreSQL 18: coobLyeHns

PostgreSQL 18: dpannbl

MOTOKOBbIV N aCUHXPOHHbIN BBOL,-BbIBO/,

Tantor Postgres 18: cxxaTne gaHHbIX

Tantor Postgres 18: ILM

Tantor Postgres 18: auto_dump

Tantor Postgres 17: LONONHUTENbHbIE MApaMeTpbl

Tantor Postgres 17: paclumpeHus

MapameTpbl onTuMmnsaTtopa 3anpocos 17.6 - 18.3

MapameTpbl onTuMmnsaTtopa 3anpocos 17.5

[MapameTpbl AN BpeMEHHbIX Tabnuy,

@yHKUMKM gns paboTbl ¢ uuid Bepcun 7

Tantor Postgres 18: pacwunpeHnue pg_sample_profile

PacwupeHune pg_wait_sampling

McTopus coBbITU 0XNpaHus

PacwunpeHne pg_stat_kcache

CTtaTucTuku, cobmnpaemsble pg_stat_kcache

PaclumpeHue pg_store_plans

Tantor Postgres 17: pacwmpeHue pg_tde

Tantor Postgres 17: Banngatop oauth_base_validator

MapameTp enable_large_allocations

Anroputm cxaTtusa pglz

MapameTp libpg_compression

MapameTp wal_sender_stop_when_crc_failed

lMapameTp backtrace_on_internal_error

Pacwwupenwne uuid_v7

PacwwnpeHune pg_tde (Transparent Data Encryption)

Bannpgatop oauth_base_validator

Tantor Postgres 17: 6ubnnoteka credcheck

PacwupeHne pg_variables

Mpon3BOANTENIBHOCTb NPW MCMOSIb30BaHUM pg_variables

MpevmyllecTBa paclunmpeHuns pg_variables

PacwupeHunsa pgaudit n pgaudittofile

KoHdurypuposaHue paclumpeHmn pgaudit n pgaudittofile

PacwupeHune pg_background

Tantor Postgres 16: bubnuoTteka pg_stat_advisor

PacwwupeHusa fasttrun u online_analyze

PaclwmnpeHune mchar

PacwupeHune fulleq

PaclwupeHue orafce

PacwunpeHune http

Anroputm cxaTtusa pglz

MapameTp libpg_compression

MapameTtp wal_sender_stop_when_crc_failed

MapameTtp backtrace_on_internal_error

YTunuta pg_configurator




YTunuta pg_anon

Tantor Postgres 17: ytunuta pg_diag_setup.py
Tantor Postgres 17: ytunuta pg_sec_check
Tantor Postgres 16: ytunuta pgcopydb
Ytunuta WAL-G (Write-Ahead Log Guard)
Tantor Postgres: PacwupeHnue PipelineDB
[pyrve paclimpeHus

[MpakTuKa

ABTOpCKMe MpaBa

YuebHoe nocobue, npakTnyeckme 3agaHus, npeseHTaumm (ganee LOKYMEHTbI) NpegHa3HayeHbl Ans y4ebHbIxX Leneu.

[ OoKYMEHTbI 3aLuLLeHbl aBTOPCKMM NMPaBOM M 3aKOHOAATENbCTBOM 06 MHTENNEKTYanbHON COGCTBEHHOCTMU.

Bbl MoXeTe KonupoBaTb M pacneyaTbiBaTb LOKYMEHTbI ANS1 JIMYHOrO UCMO/b30BaHUS B LENIIX CaMoobyyeHusi, a Takxe npu obyyeHun B
aBTopu3oBaHHbIX OO0 «Tantor Labs» yyebHbIX LeHTpax U obpa3oBaTefbHbIX yupexgeHuax. ABTopmnsoBaHHble OO0 «Tantor Labs» yyebHble
LeHTPbl M 06pa3oBaTesNbHble YUYpPeXAeHUss MOryT co3faBaTb y4ebHble Kypcbl Ha OCHOBE AOKYMEHTOB M UCMONb30BaTh AOKYMEHTbI B yYeOHbIX
nporpamMmmax ¢ nncbMeHHoro paspelueHnsa OO0 «Tantor Labs».

Bbl He MMeeTe npaBa MCMONb30BaTb AOKYMEHTbI A MAaTHOro obyyeHus COTPYAHMKOB UK apyrux nuy 6e3 paspewenus OO0 «Tantor
Labs». Bbl He umMeeTe nMpaBa JIMUEH3MPOBATb, KOMMEPYECKM UCMOb30BaTb LOKYMEHTbl MOMHOCTBIO UM YacTMyHO 6e3 paspelleHmss 000
«Tantor Labs».

[Mpn HEKOMMEPYECKOM MCMONb30BaHUK (Mpe3eHTauuu, OOKNagbl, CTaTbW, KHUMM) MHOOPMAaLMM U3 OOKYMEHTOB (TEKCT, M306pakeHus,
KOMaH[bl) COXpaHANTe CChIIKY Ha [OKYMEHTbI.

TeKCT fOKYMEHTOB HE MOXET 6blTb UBMEHEH KakKMM-NTMb60 ob6pa3om.

MHbopmaumsna, cogepxallasica B LOKYMEHTax, MOXeT 6biTb U3MeHeHa 6e3 npefBapuTeNbHOr0 YBEAOMEHUS U Mbl HE rapaHTUpyeMm ee
6e30WM604YHOCTb. Ecnu Bbl 06HapyXunTe owmnbKK, HapyLLeHMe aBTOPCKUX NpaBs, NoXxanymcra, coobwute Ham 06 aTom.

OTKa3 OT OTBETCTBEHHOCTM 3a COAEPXKaHUE AOKYMEHTA, MPOAYKTbI U YCIyru TPETbUX Nnu;:

00O «Tantor Labs» 1 cBsizaHHble NMLA@ HE HECYT OTBETCTBEHHOCTU M MPSMO OTKa3blBatOTCA OT NHOOBIX rapaHTM Noboro poaa, BKIOYas
noTepto f4oxofa, HaHeCeHHble NPAMbIM UM HENPSIMbIM, CrieuuanbHbIM UK Cy4YalHbiM UCNoNb3oBaHMeM AokymeHTa. OO0 «Tantor Labs» u
CBSi3aHHble NMLA He HecyT OTBETCTBEHHOCTM 3a Jitobble YObITKM, U3LEPXKU MAM yulepb, BO3HMKWIME B pe3ysbTaTe WUCMNONb30BaHUA
nHbopMaumn, cogepxallencs B LOKYMEHTE UK UCMOJb30BaHUSA CTOPOHHMX CCbINTOK, MPOAYKTOB UK YCAyT.

ABTOpcKoe npaBo © 2026, OO0 «Tantor Labs»
ABTop: Oner /iBaHOB

Co3pgaH: 14 nona 2026 r.
Mo Bonpocam 06y4yeHnsa obpalantech: edu@tantorlabs.ru
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BBepeHue

AoMUHUCTpUpoBaHue PostgreSQL

QﬂtOf
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MNpepBapuUTenbHas NoAroToBKa

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

LleneBas aygutopus

o AgMuHUCTpaTopbl 6a3 gaHHbIX PostgreSQL v ero ¢opkos
» Pa3paboTumku npunoxeHnn ana 6a3 gaHHbIX
o COTPYAHUKU TEXHUYECKOMN NOAAEPXKKH

QﬂtOf
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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‘/'|

QﬂtOf

YyebHbin kypc Tantor DBA1-18 "AgmuHuctpupoBaHune PostgreSQL 18" TaHTop Jlabc © 2026
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Paspgenbl Kypca

0. BBepgeHune

1. YcTaHoBKa U ynpasneHne CYb/1
2. Apxutektypa PostgreSQL

3. KoHourypuposaHune PostgreSQL

4. Jlornyeckaqa n pusndeckaa ctpyktypa PostgreSQL
5. narHoCcTn4ecKnun XypHan

6. besonacHocCTb

/. Dn3nyeckoe n normyeckoe pesepBnpoBaHme

8. dusmnyeckasa n normyeckasi pennmkaums

9. 0O630p Nnatdopmbl Tantor

10. BoamoxHocTu Tantor Postgres

YyebHbin kypc Tantor DBA1-18 "AgmuHuctpupoBaHune PostgreSQL 18" TaHTop Jlabc © 2026 14



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)

QﬂtOf
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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

QﬂtOf
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CVE,EI, Tantor Postgres

HoBble BO3MO>XHOCTU U
[0opaboTKM NO CPaBHEHMIO C
PostgreSQL,
TeXHU4YeCcKas nogaep>kka

CYB[ Enterprise-ypoBHs,
noaxopuT ans Hambonee
Harpy>xeHHbIX OLTP-cuctem
unu KX pasmepom go 100Tb

Tantor SE 1C

e |

CYb/[1 ans BbICOKMX Harpysok,
ONTUMU3NPOBaHHas
M ogobpeHHas gns paboThl
C npunoxeHusamu 1C

e DPUPMA“IC”

r. Mocksa, AMATPOBCKOe w., 9, Ten. (495) 681-73-81 1c@1c.ru

Tlo wecty TpeGoBanis

27 nexatpn 20225, Mo SN A/OOG

Hactosuiy muckMon cooBiuaen, 1o @upmoit "1C” Gbuio nposezeto Tecnposanie CYBJI
Tantor SE sepenn 14.4-5 copecrno ¢ nardopwoit 1C:Tpenpusrie nepenti 8.3.18.1959,
8.3.19.1726,8.3.20.2184, 8.3.21.1644, 8.3.22.1709, 8.3.23.1437.

‘TecTHpoBaiHe GbLIO BITOTHEHO YCTIEIHO, TPOGIEM B COBMECTHOM HEOMBIOBAHHH AQHHEIX
BepCHii He BHABIEHO.

C yoamennex,

Jupexop 000 «1C» Hypanes BT

.
)i

A<

CYb/A B cocTaBe Tantor xData
Gen3
COBMeCTUMa C
npunoxexHusamu 1C

YyebHbin kypc Tantor DBA1-18 "AgmuHuctpupoBaHune PostgreSQL 18" TaHTop Jlabc © 2026

B cocTaBe
Tantor xData

MakcumanbHble c6opku
Cyb[,
ONTMMU3MPOBaHHable AJis
paboTbl ¢ 1C




Tantor XData

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

Bepcua 2B - npoueccopsbl Baikal-S

Gen3 - Bknto4vaeT Tantor Polar

BblCOKas Npon3BoOAUTENBHOCTb U
MacLUTabupyemMocCTb

CHMXXEeHWe 3aTpaT Ha UHPPACTPYKTYpPY U
agMWHUCTpUpoBaHue

B cocTaB BxoguTt CYb/[ Tantor Postgres u
[TnaTtpopma Tantor

YyebHbin kypc Tantor DBA1-18 "AgmuHuctpupoBaHune PostgreSQL 18" TaHTop Jlabc © 2026
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Tantor Polar
» HECKONbKO ak3eMnnsapoB obcnyxueatot ogHy CYb/[]

Transaction Layer

Log Layer

Cache Layer

Storage Layer

Shared Storage

Primary Node
CSN
WAL Metata Queue
Loglndex
WAL WAL
Buffer et Sender Process :

Page ID LSN

Persistent Buffer Pool Full Page Snapshot

Distributes data to different

Reads data in advance A

libpfs polarvfs

WAL File

Multi-version Page

Read-only Node
CSN
WAL Metata Queuve
ol Logindex v
Buffer L Sender Process

Page ID LSN

Persistent Buffer Pool Full Page Snapshot

Distributes data to different

Reads data in advance R Tar TR

libpfs polarvfs

Data File Logindex File

QﬂtOf
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[TnaTtdopma Tantor

* NporpamMmmMHoe obecneyeHne gns Mnatdopma
ynpaBneHna 60nblLUM KOMUMYECTBOM T
CYb/M vn knacTtepos Patroni O

» ynpasnget CYb/[ Tantor Postgres u - —
dopkamm PostgreSQL J H

« cbop nokasartenien paboThbl E E
aKk3emnnapos PostgreSQL, xpaHeHue 1 g ’ g
06paboTKa rnokasaTteneu, [Mp} {Pea}
pEKOMeHZaLUmmn no | (OB e o ()

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

QﬂtOf
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[lopaboTka pacwupeHun PostgreSQL

1. pg_cluster
. pg_anon
pg_perfbench

pg_configurator
pg_store_plans
ldap2pg

. Citus

. wal-g

10. odyssey

1. plantuner

12. pg_orchestrator
13. pgtools

14. pipelinedb

15. pg_dhyp

16. pg_cluster

17. oauth_validator

©ONOUAWN

<« &) 2% github.com/forgs/TantorlLabs/repositories = % =

@ Tantor Labs

. a n S i b I e_ta nto r_a g e nt (M) Owerview ] Repositories Eﬁ Projects 0 Packages A People

Repositories All
I @ Al Q, Search repositories
= Public
& Sources 12 repositories
% Forks

pg_cluster Public
= .
=) Archived i
. I PostgreSQL HA custer

i Templates ®@Python « %3« Y25 « (D0 - 12 « Updated 3 weeks ago

pg_anon Public
Anonymization tool for PostgreSQL
anonimized-data python database postgresqgl

@ Python = ¥4 . Y74 - OU = 11 2 - Updated on Apr1

pg_perfbench Public
® Python = BIE MiTLicense = P 0 = Y91 « (D0 « 110 = Updated on Mar 11

ansible_tantor_agent Public

&[5 MiTLicense « % 0« Y90 - (D0 - §10 - Updated onFeb 9

pg_store_plans Public
@C - ZB0ther » ¥ 1 - %1 - (D0 - §90 « Updated on Dec 18, 2023

na_roanfiauaratar  Dohlic

QﬂtOf
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KoHpepeHuun PGBootCamp

o TaHTOp J1abc NpUHMMAET y4acTue B opraHm3saumm
KOHpepeHL MM
» KoHpepeHuma PGBootCamp npoBogunacs:
> MockBa 19 mapTa 2026
> EkaTepuHoypr 10 anpena 2025
> KasaHb 17 ceHTa6pa 2024
> MUHCK 16 anpenga 2024
> MockBa 5 okTabps 2023

YyebHbin kypc Tantor DBA1 -18 "AgpMuHucTpupoBaHue PostgreSQL 18 " TaHTop Jlabc © 2026 22
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YCcTaHOBKa
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[MpeaBapuTenbHble TpeboBaHUS

» PostgreSQL moxeT paboTaTtb noA;:
> Linux, macOS, Windows, BSD, Solaris
» Tantor Postgres BbinyckaeTca ana Linux:
> RPM: Redos 7.3, 8; AltLinux p10, p11; MSVSphere;
Oracle Linux 8; Rocky 8, 9
> DEB: Astra Linux Special Edition 4.7, 1.7, 1.8;
Ubuntu 20, 22; Debian 10, 11, 12, 13
« ¢ Astra Linux nocTtaBngaeTcs naket tantor-free-server-18
* MUHUManbHblE TpeboBaHUA K 060pyA0BaHUIO:
> 4 qppa CPU, 416 RAM, 4016 SSD

YyebHbin kypc Tantor DBA1 -18 "AgpMuHucTpupoBaHue PostgreSQL 18 " TaHTop Jlabc © 2026 24



[lpoBepKa BO3MOXXHOCTU YCTAaHOBKMU

o OncTpnbyTmBbI pacrnpoCcTpaHAaAoTCs B BUae ¢danna rpm mn deb

« B guctpmbyTtnBax ykasaHbl 3aBUCMMOCTU

* CMUCOK HYXHbIX NAaKeTOB MOXHO NMNONy4YnTb KOMaH4amMu apt,

dpkg, rpm

apt satisfy postgresql-18

postgresqgl-18 : Depends: postgresgl-client-18 (= 18.3-1.pgdgll+1)
not going to be installed

Depends: postgresgl-common (>= 275~) but 246astrab+cil is to be in
Depends: libicu67 (>= 67.1-1~) but it is not installable

Depends: libldap-2.4-2 (>= 2.4.7) but it 1s not 1nstallable
Depends: libpgb (>= 17~~) but 15.14-astra.se3.l is to be installed
Depends: libssll.1 (>= 1.1.1) but it is not installable

Depends: liburingl (>= 0.7) but it is not installable

but it is

stalled

YyebHbin kypc Tantor DBA1-18 "AgmuHuctpupoBaHune PostgreSQL 18" TaHTop Jlabc © 2026
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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

QﬂtOf

YyebHbin kypc Tantor DBA1-18 "AgmuHuctpupoBaHune PostgreSQL 18" TaHTop Jlabc © 2026 26




JlokanbHaa ycTaHoBKa

» [lapameTpbl UHCTannATopa ./db installer.sh --help

* MPU YCTAaHOBKE MOXHO co34aTb KnacTtep

o ANCTPUBYTMBLI (MakeTbl rpm 1 deb) nmeroT cTaHgapTHbLIN
dopmaT, UX MOXHO pasapXxmBmnpoBaTb, BbIACHUTb KakKne
N3MEHEeHUA BHOCATCA B onepaunoHHY CUCTEMY B Mnpolecce
YCTaHOBKM

wget https://public.tantorlabs.ru/db installer.sh

chmod +x db _installer.sh

export NEXUS URL="nexus-public.tantorlabs.ru"

apt update

./db_installer.sh --edition=be --major-version=18 --do-initdb

{E%“Of
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[lpouecc yCTaHOBKU

e CO3[aeTcd Nnonb3oBaTeNb C UMeHeM postgres
e CO34a€eTce cnyXba 3anyckKa Knacrtepa
» CO30al0TCA AUPEKTOPUMN:

> /opt/tantor/db/18

> /var/lib/postgresqgl

> /var/lib/postgresgl/tantor-se-18/data

> /var/run/postgresqgl

> /usr/lib/systemd/system/tantor-se-server-

18.service

QﬂtOf
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[Tlocne yCTaHOBKM

» YCTAHOBUTb NEPEMEHHYIO OKPY>XEHUA PGDATA
B dann npoduns nonb3oBaTtena postgres
(/var/lib/postgresqgl/.bash profile)

* YCTAHOBUTb Ha4aslbHble 3HAYEHNA NapaMeTPOB
KOHpUrypauum

* CKOHOUIrypupoBaTb NporpamMmmsbl yrnpaBneHUs u
MOHUTOpuHra (MNnatpopma TaHTOP)

cat /var/lib/postgresql/.bash profile
export PGDATA=/var/lib/postgresqgl/tantor-se-18/data
#export LC MESSAGES=ru RU.utf8

export PATH=/opt/tantor/db/18/bin:SPATH

{E%“Of
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YcTaHOBKa A0MNO/IHEHUU

25 nexus-publictantorlabs.ru/#browse/browse:astra- 1.8:packages%2Fp%2Fpg-configurator-tantor-all62F26.1.21- 1astral.8- 1%2Fall%2 Fpg-cor

+ YcTaHoBKa nakerta:
> pg-configurator-tantor-all 26.1.21-lastral.8-1 all.deb

HTML View >= 1 —Terminal
™ =B p File  Edit ‘View Bookmarks Plugins Settings  Help
+ [ patroni-tantor-all -
~ [ pg-anon-tantor-all ; :
] postgres@tantor:~% fopt/tantor/usribin/pg configurator

— 2 pg-configurator-tantor-all Called prepare_alg_set for 'conf_perf"

+ B3 25.06.16-1astral.8-1 # pgconfigurator version 26.1.21 started on tantor at

# —============> Pgrametfers

+ = 25.6.16-1astral.8-1
== 26.1.21-1astral.8-1

versicn = False
debug = False
output_format = conf
output_file name =
db_cpu = 2

db_ram = 2G811M1
db_disk_type = SAS

- all
~ [ pg-configurator-tantor-all

: @ pool/p/pg-configurator-tantor-all/pg-configurator-tantor-all_28&.1. 21-1astral.8-1_all.dek

Pk R R W R W

wget https://public.tantorlabs.ru/db extension installer.sh

chmod +x db_extension installer.sh

export NEXUS URL="nexus-public.tantorlabs.ru"

apt update

./db_extension installer.sh --database-type=tantor --database-major-
version=18 --edition=all --extension=pg-configurator

{E%“Of
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KoHourypatopbl

EI Q KoHdMrypaTop napameT) X aF e

&« C @ O B https://tantorlabs.ru/pgconfigurator W ¥ @ 0

-t'ojntor MpogyKTe ~ fOokymeHTauma OByueHue HoeocTH KoHdurypaTop O KOMMaHUK ~ KoHTakThl

* yTunuTa pg_configurator

)
‘thtOf KOoHPHUrypaTop KpMTHYECKH BaXHbIX NapaMeTPOB MPOH3IBOAHTENBHOCTH PostgreSQL AU
°
o Be6-BepCMﬂ.
AocTynHoe KonudecTeo agep CPU daiin KoHPU T ypaumu

urator -

ToCTyes RoTraae T a0 onepa TMEHOM

http://tantorlabs.ru/pgconf
* BBOOATCA XapPaKTEPUCTUKU c
XOCTa M NfiaHnpyemou

SsD v

Harpys3Ku Sem—

ERPIC v

» BblgaeT napameTpbl
KOHPUrypaumnm '

Bepcus PostgreSaQlL

15 v

dopmaT BoBOLA

idla din ot
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Co3pgaHue knactepa ytmnmtou initdb

« Knactep cosgaetcsa ytunuton initdb
o [lepepn 3anyckom yTUIUTbI HY>XXHO co34aTb AUPEKTOPUIO ONS
dannoB KnacTepa

» BbIbpaTb HACTPOUKKN NoKannsauymu
> ——1lc-collate (LC_COLLATE) - npaBuna COpTUPOBKN TEKCTA

> —=lc-ctype (LC_CTYPE) - knaccudpukaumnss CMMBOIOB

(3arnaBHble, NPOMUCHbIE, LUPPbI)
> ——encoding (M3 LOCALE) - cxema KognpoBaHUSA CUMBOJIOB

initdb -k -g --locale-provider=libc --encoding=UTF8 --locale=en US.UTF8
--lc-collate=en US.UTF8 --lc-ctype=en US.UTF8 -c cluster name='replica'
-c port=5433

{E%“Of
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[MpoBanaepbl oKannsaumnm

o Tpu npoBangepa: builtin, libc, icu
> libec - npoBangep no ymMonyaHuto
> icu noasunca B 10 Bepcum
> builtin noasuncda B 1/ Bepcuu

» B IOKansx builtin HEKOPPEKTHbIN NOPAAoK Ans &, E

\c postgres \\ drop database labOlbuiltin;

create database labOlbuiltin LOCALE PROVIDER=builtin
BUILTIN LOCALE='PG_UNICODE FAST' TEMPLATE=templateO;
\c labOlbuiltin \\

select string agg(n, ' ') from (SELECT n FROM unnest (ARRAY['=',6'l"',
'z'[ 'a','n','e','é','X','ﬂ', lA',|n|,|E|,|El,|)Kl,lH|]) nORDER BY n);
string agg

1 =z2zEBEAIEXSamnexsgé
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Bbibop napamMeTpoB filokanusauum

» [1na co3paHunsa knacTtepa v 6a3 gaHHbIX nyJlle BblonpaTh
kKoguposky UTF8

» [1nga npoBanpgepa icu Npu Bblbope ICU LOCALE='ru-RU'
Knpunnuua naeTt nepepn natuHuueun

create database labOlbuiltin LOCALE PROVIDER=libc LOCALE='en US.UTF-8'
TEMPLATE=templateO;

LOCALE PROVIDER=libc LOCALE='en US.UTF-8'

LOCALE PROVIDER=libc LOCALE='ru RU.UTF-8'

LOCALE PROVIDER=libc LOCALE='ru RU.cpl251' ENCODING='WIN1251"
LOCALE PROVIDER=icu ICU LOCALE='en-US'
=lzaAgleEEExXsas4md

LOCALE PROVIDER=icu ICU LOCALE='ru-RU'

LOCALE PROVIDER=icu ENCODING='ISO 8859 5' ICU LOCALE='ru-RU'
LC COLLATE='ru RU' LC CTYPE='ru RU.ISO 8859 5'
=laApgleEEExXsaisz

{E%“Of
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antor

1b

YnpaBneHue

QﬂtOf
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YTunuta ynpasneHua ak3emnniapom pg_ctl

» OCHOBHbIE 0ENCTBUA:
> start - 3anyck ak3emMnnapa
> stop -m smart | fast | immediate - ocTaHOBKa
> restart - nepesanyck
> reload - nepeydunTbiBaeT pannbl KOHPUrypaLmnm
6e3 0CTaHOBKW 3K3eMMNapa
> status - MokasbIBaeT CTaTyC aK3eMnnsapa
> promote - Npeobpas3oBaTb PENINKY B MacTep

» 3aMyCKaeTca nopg nosnb3oBaTtenemM postgres

QﬂtOf
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OTHOCuUTENbHble NYTU U pg_ctl

» [1pKn 3anycke Unm nepesanycke aKk3emnnaapa He
CTOUT UCMNONb30BaTb OTHOCUTESbHbIE NYTU B
napamMeTpax U NnepeMeHHbIX OKPYXeHUs:

postgres@tantor:~/tantor-se-18/data$ pg ctl start -D .
server started

postgres@tantor:~/tantor-se-18/data$ cd ..
postgres@tantor:~/tantor-se-18$ pg ctl stop

pg ctl: directory "." 1is not a database cluster directory
postgres@tantor:~/tantor-se-18$ pg ctl status
pg ctl: directory "." 1is not a database cluster directory

postgres@tantor:~/tantor-se-18$ cd data
postgres@tantor:~/tantor-se-18/data$ pg_ctl status
pg ctl: server 1s running (PID: 20205)
/opt/tantor/db/18/bin/postgres "-D" "."

{E%“Of
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[lpouecc postgres

* pg ctl 3anyckKaeT npouecc postgres, KOTOPbIM NOPOXAAET
(fork) ocTanbHble NpoLecchl 3K3eMnApa
* NMapaMeTPOM -o YTUIUTbI pg ctl MOXHO nepegasaTb Npoueccy

postgres napameTpbl KOMaHOHOW CTPOKU U NapamMeTpbl
KOHOUrypaumm Knacrepa

pg ctl start -o "--config file=./postgresql.conf --work mem=8MB"
pg _ctl start -o "-c config file=./postgresql.conf -c work mem=8MB"

e postgres --single OAHOMOJSIb30BATENbCKUN U
OJHOMPOLLECCHbIN PEXUM. PEXNM UCNONb3YHOT A1

NCNPaBEHNA COOEPXNUMOro KnacTepa B C/OXHbIX Cly4yasixX
noBpeXaeHUn

* BbIXOAa U3 OAHOMONIb30BaTE/IbCKOIo peXxXmMa: ctrl+d

QﬂtOf
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YnpaBneHune ak3eMnnapom vyepes systemctl

« YnpaBnseT TONbKO 3K3eMMsspaMm 3anyLeHHbIMU Crny> 6o,
3K3eMnasap, 3anylweHHbiM pg ctl, YTUIMTON systemctl He
OCTaHaBMBaeTCH

» systemctl MCNONb3YET pg ctl AN 3anycka aK3eMnnsapa

« Oxknpaet 3anyck ak3emnnspa 300 cekyHp (napameTp
TimeoutSec=300 B panne-onucaTtene cnyxobi)
o CTOUT Ucnosb3oBaTb 3HaYeHME infinity (OTKMOYAET TauMayT)

systemctl enable tantor-se-server-18

Created symlink /etc/systemd/system/multi-user.target.wants/tantor-se-
server-18.service - /lib/systemd/system/tantor-se-server-18.service.
systemctl is-enabled tantor-se-server-18

enabled

systemctl start tantor-se-server-18

cat /lib/systemd/system/tantor-se-server-18.service | grep c=
TimeoutSec=300

systemctl status tantor-se-server-18

{E%“Of
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systemctl n pg_ctl

o YNpaBnseT TONbKO 3K3eMMaspamm 3anyLeHHbIMU en,
3K3eMMnsAp, 3anyLWeHHbIM pg ctl YTUINTOM systemctl He

ynpasideTCca.
postgres@tantor:~$ pg ctl start
wailting for server to start.... done

server started

postgres@tantor:~$ sudo systemctl stop tantor-se-server-18
postgres@tantor:~$ pg ctl status

pg ctl: server is running (PID: 33223)

» systemctl UCMOMb3YeT pg ctl ANS 3anycka sK3emmnspa:

cat /lib/systemd/system/tantor-se-server-18.service | grep /pg ctl
ExecStart=/opt/tantor/db/18/bin/pg ctl start -D S{PGDATA} -s -w -t s(eestarrrovmovr)
ExecStop=/opt/tantor/db/18/bin/pg ctl stop -D ${PGDATA} -s -m fast
ExecReload=/opt/tantor/db/18/bin/pg ctl reload -D S{PGDATA} -s

{E%“Of
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PaboTa B KoHTenHepe docker

* U3MeHsiemble pannbl, B YacTHOCTU PGDATA, 0omXHbI nexaTtb
Ha TomMax (volumes)

» paboTa B KOHTENHEpPE He A00aBNSET BbICOKOU AOCTYMHOCTU

e Mpouecc postgres He JOKEeH UMeTb PID=1

e NPKW CO30aHNUN N 3anyCcKe KOHTEUHEPA HYXXHO UCMOMb30BaTb
napaMeTp docker run -d —--init

root@tantor:~# docker exec muMs KOHTeMHepa pPS
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 xoHTeMHepa

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
uMsa_KOHTeyHepa postgres

QﬂtOf
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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

YyebHbin kypc Tantor DBA1-18 "AgmuHuctpupoBaHune PostgreSQL 18" TaHTop Jlabc © 2026
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OcTaHoBKa 3aK3eMnnspa

OK3eMnaap MOXXHO OCTaHOBUTb KOMaHOou pg ctl stop,
HEe3aBUCUMO OT TOro, KakMm cnocobom 6bin 3anyLleH
aK3eMMnndap

lcnonb3oBaHuKe pg ctl - Hanbonee yg06HbIN U
rapaHTUPOBaHHbIN CMOCOD NOracuUTb 3K3eMMAsP

MO>XHO nocnaTtb CUrHan rnpoueccy postgres HaNnpAMYyHo:
kill -INT "head -1 S$SPGDATA/postmaster.pid’

kill -INT S (head -1 S$PGDATA/postmaster.pid)
He peKkoMeHOyeTCcd nocblatb CUrHaN SIGKILL (9) HUC

O4HOMY Mnpoueccy aK3emMnapa
Ilna ocTaHOBKM npouecca ncnosibsyetca QyHKUUA
pg terminate backend (PID)

systemctl stop He rapaHTUpyeT OCTaHOBKM 3K3eMnnsapa
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CoobueHuna o6 ocTaHOBKe aK3eMnnapa

« B XYPHane Knactepa, npu BbliMoJIHEHNUN KOHTPOJIbHbIX TOYEK
(napaMeTplog_checkpointsamﬂ,6yﬂyTanCYHﬂBOBaﬂD
coobLeHunsa Tmna:

COOBIIEHVME : HauaTa KOHTPOJIbHAS ToukKa: Sshutdown
immediate

UIn

LOG: checkpoint starting: shutdown immediate

o TeKCT B coobweHnn "shutdown immediate" OTHOCUTCSH K
CBOUCTBaAM KOHTPOJSIbHOWU TOYKU, @ HE K PEXUMY OCTaHOBKM
ak3emnnapa. lNpu ocTaHOBKE aK3eMMNspa B peXunme immediate
(komaHpaa pg ctl stop —m immediate) KOHTPOJIbHaA TO4YKa He
BbINOJSIHAETCH

» B PostgreSQL HeT komaHAabl shutdown immediate

QﬂtOf
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YTunutbl ynpasneHuns (06épTkn komaHg SQL)

* HaXopATCHA B gUpeKTopumn /opt/tantor/db/18/bin

* NMYTb K AUPEKTOPUN BKITHOYEH B MEPEMEHHYIO OKPY>KEHUS
PATH nonb3oBaTens postgres B Linux

e YacTb yTUNUT KOMaHOHOW CTPOKK - OBEPTKN aNnst KomMaHg SQL

postgres@tantor:~$ createdb db0l -e

SELECT pg catalog.set config('search path', '', false);
CREATE DATABASE db01l;

postgres@tantor:~$ createuser alice -e

SELECT pg catalog.set config('search path', '', false);

4

CREATE ROLE alice NOSUPERUSER NOCREATEDB NOCREATEROLE INHERIT LOGIN
NOREPLICATION NOBYPASSRLS;

postgres@tantor:~$ vacuumdb --all --no-truncate --no-index-cleanup
--parallel=3 --freeze --disable-page-skipping

vacuumdb: vacuuming database "dbO1"

vacuumdb: vacuuming database "postgres"

vacuumdb: vacuuming database "templatel"

t
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YTuUnutbl pesepeupoBaHus

» pg_archivecleanup - ncnonb3yeTcsa Ha pennukax (pe3epBHbIX
KnacTtepax)

» pg_basebackup - co3gaeT pusndeckme 6akanbl

» pg_combinebackup - HaknagbiBaeT MHKPEMEHTaSIbHbIE
6aKanbl Ha NONHblIE

» pg_createsubscriber - co3gaéeT ns puanyeckon persimku KnoH
c 6eCcLOoBHO HACTPOEHHOU NTOMMYECKON pennkaumnen

» pg_dump, pg_dumpall, pg_restore ona norn4eckoro
pe3epBUpoBaHna (Co3aaHnsa amnos)

e pg_receivewal - gna co3gaHns NOToYHbIX apxneos WAL

» pg_resetwal gpna nsmeHeHunsa pasmepa WAL-cermeHTOB

QﬂtOf
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YTunuTtbl ynpasneHus (opyrve)

pg_checksums - BKIrOYEHNE/OTKIIOUYEHME NoACYETA KOHTPOJIbHbIX
CYMM 6/10KOB AaHHbIX U NpoBepKa OJIOKOB AaHHbIX

pg_rewind - cuHxpoHusaumsa PGDATA knacTtepoB

pg_upgrade - o6bHOBNEHME Ha HOBYIO Bepcuto PostgreSQL
pg_test_fsync - nsmepsiet ckopoctb 3anucu B8 WAL cermMeHTbl B
Pa3HbIX peXxmnmax

pg_test_timing - n3amepseT CKOPOCTb U CTabUNbHOCTb MOJSTy4YeHUs
METOK BPEMEHMU

pg_config - MHbopMauusa o napameTpax co6opkun PostgreSQL
pg_controldata - nokasblBaeT cogep>kXnumoe ynpasnsgowero ganna
SPGDATA/global/pg control

pgbench - ytunmnrta Harpy3o4HoOro TeCTMpoBaHuUS

QﬂtOf
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YTunutbl ynpasneHus (MpoaomKeHne)

» pg_isready - NnpoBepKa YTO KnacTep NPUMHUMAET COeaUHEHUS

« oid2name - ygobHas yTunuTta anaa Nnoncka K Kakomy o0bekTy
OTHOCUTCSH pann Unu AUPEKTOpPUN

» pgcompacttable - ytunuta ons ymeHblUeHUS pa3MepoB
dannosB Tabnuy,

e pg_repack - oTHOCUTCSH K OHOUMEHHOMY pPacCLUUPEHNIO,
peanunsyrowemy aHanor VACUUM FULL, Tonbko 6e3
MOHOMOJIbHOW 6TOKNUPOBKU

» pg_ctl - ynpaBnsieT aK3eMnnapom KracTtepa, bbina
PacCMOTpPEHa paHee

« initdb - co3pgaeT kKnacTepa, bbla paccMOTpeHa paHee

QﬂtOf
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QﬂtOf

1c

YTunuta psql

QﬂtOf
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TepMWHanbHbIU KNUEHT psql

e NO3BOJIAET:

> UHTEPAKTUBHO BBOAUTb KOMaHAbl SQL

> U3 danmna psqgl -f cxpunr.sql

> U3 KOMaHOHOWU CTPOKU psgl -c "select user;select now ()"
o (daunnbl KOHPUrypaunm

> rnobanbHbIN /opt/tantor/db/18/etc/postgresqgl/psglrc

> NOKalbHbIN ~/ .psglrc
e OMKMCaHMe NnapameTpPoOB KOMaHOHOM CTPOKU psgl --help

postgres@tantor:~$ cat ~/.psqlrc
\set AUTOCOMMIT off

\set ON ERROR ROLLBACK interactive
\setenv PAGER 'less -XS'

\setenv PSQL EDITOR '/usr/bin/mcedit’
\pset pager off

{E%“Of
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psql: nogkntoyeHue K 6a3e aaHHbIX

* psqgl Nogkn4vaeTcs K o4HOM base gaHHbIX N3 KacTepa 6a3 gaHHbIX
« [1na nogcoeauHeHUs K 6ase HY>XHO NPOUTU ayTeEHTUPUKALMIO
> Ccnocoobbl ayTeHTVI(I)VIKaLI,VIM paCcCMaTpUBakOTCA B CleAyROLWNMX IMNaBax
» Ponb 1 nonb3oBaTteflb CUHOHUMbl U @aOCONKOTHO OAMHAKOBbI
« CREATE ROLE no ymonyanuto yctaHasnuaetT aTpubyT NOLOGIN,
komaHga CREATE USER ycTtaHaBnuBaeT LOGIN
e MCNoNb3oBaHKe rnanna (NOTOYHOU Nepepaun):

postgres@tantor:~$ createdb db02
postgres@tantor:~$ pg dump -F ¢ db0l | pg restore -d db02
postgres@tantor:~$ pg dump db0l | psql -q -d db02

{E%“Of
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CoeanHeHne ¢ 6a30U AaHHbIX

« [lapameTpbl KOMaHOHOW CTPOKMK A1 coeAUHEHNs ¢ 6a30M JaHHbIX:
o -U nms, No yMO4YaHUIO MMSA NoSib30BaTeNd ornepauuoHHON CUCTEMDI
e -d nma_b6asbl, N0 YMOJTYAHUIO MMS MOJIb30BaTENS
» -h xocT, no ymonyanuto /var/run/postgresq|
* -p MOPT, N0 YMONIYaHUIO 5432
» [lepenogcoeguHeHue:
\c M Oasel MMA IIOJIE30BATEJIA XOCT IIOPT

» [lapamMeTpbl TeKyLlEero coegmHeHna nepepgaroTca cMumesoaom "-"
\¢ - - localhost

e KnueHTtckasa 6anaHcuMpoBKa

psql --host=tantor,localhost load balance hosts=random --port=5432,5432
postgres=# \e¢ - - localhost

You are now connected to database "postgres" as user "postgres" on host
"localhost" (address "127.0.0.1") at port "5432".

postgres=#

{E%“Of
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[TapameTpbl coeguHeHUs

- KomaHga BbiBOAa AeTanen TeKyLero coeanHeHuns:

postgres=# \conninfo
Connection Information

Parameter | Value
______________________ _|______________________
Database | postgres
Client User | postgres
Socket Directory | /var/run/postgresqgl
Server Port | 5432

postgres@tantor:~$ psqgl -q postgres://userl:pass@localhost:5432/db01
db01l=> \e¢ - postgres /var/run/postgresqgl 5432

You are now connected to database "db01l" as user "postgres".

db0l=# \c - userl - 5432

You are now connected to database "db0l" as user "userl".

db01=> \c postgres://localhost:5432/db0l1?user=userl&password=pass
You are now connected to database "db01l" as user "userl".
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[TonyyeHune cnpaBku No KomaHgam psdql

e KOMaHAbl psql HayMHatoTCs Ha obpaTHbIK cnawl \
e MapamMeTpbl KOMaHOHOU CTPOKU psql --help

e cnpaBka no komaHgam psqgl \?

e cnNMcok komaHpg SQL \h

* TEKCT KOMaHAbl, popmMupyembix psql:

postgres=# \set ECHO HIDDEN on
postgres=# \db

/******** QUERY *********/
SELECT spcname AS "Name",
pg catalog.pg get userbyid(spcowner) AS "Owner",
pg catalog.pg tablespace location(oid) AS "Location"
FROM pg catalog.pg tablespace
ORDER BY 1;

/************************/

List of tablespaces
Name | Owner | Location
____________ T T
pg default | postgres |
pPg global | postgres |
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NcTopmss KOMaHp, U NOCTPaHUYHbIN BbIBOS,

e €CNu pe3ynbTaT He NMoOMeLLaeTCsl B OKHE TepMMHana UCrnosib3yeTcs
NOCTPaHMYHbIN BbIBOS, (pageing)

> UCMNONb3YKTCA YTUNUTbLI ONepaunoHHON CUCTEMBI more WUIKU less
o YTUNWNTA 3aa€TCH KOMaHAOU \setenv PAGER 'less -XS'
e MOCTPaHMYHbIX BbIBO, OTK/IHOYAETCHA KOMaHOOWU \pset pager off
° B peXume rnocTpaHN4YHOro BoiBoga Ana less (nocne gBoeTouns):

g - BbIXofa, z - Brnepéen, b - Hazag, h - nomoLb
* UCTOPMS KOMaH, N HACTPOUKU XPaHUTCA B pannax:

postgres@tantor:~$ psql -gq
postgres=# \! ls .psql*

.psgl history .psqglrc

postgres=# \! cat .psqglrc

\setenv PAGER 'less -XS'

\setenv PSQL EDITOR '/usr/bin/mcedit'
\pset pager off

{E%“Of
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dopmaTmpoBaHue BbiBOAA B psql

 MoXHO HacTpouTb popmaTt BbiBOAA NapamMeTpaMmn \pset U
nepekndatendamMm \a \t \x

* MOCMOTPETb TEKYLLUNE HACTPOUKU GOPMATUPOBAHUSA: \pset

» OTODOpa)KeHne BpeMeHU BbINOMHEHNA KOMaHAbl \timing on

postgres=# select * from pg am limit 1;

oid | amname | amhandler | amtype

————— e
2 | heap | heap tableam handler | t

(1 row)

postgres=# \pset linestyle unicode
Line style 1s unicode.
postgres=# select * from pg am limit 1;

oid | amname | amhandler | amtype
I | I
| I |
2 | heap | heap tableam handler | t
(1 row)
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BbiBOA pe3ynbTaTta 3anpoca B popmate HTML

* MOX>XHO BbIBOAUTb pe3ynbTaTbl 3anpocoB B popmate HTML
> psql -html nimpsqgl -H
> W \pset format html

:~% psgql -c "show all;" -H -o f.html | xdg-open f.html

*3 Mozilla Firefox

B | /home/fastra/tfhtml * + o
« - C @ D file:///home/astra/f.html w ©® @ & =

| narne | setting | description I

|a]low_alter_5y5tem |on |ﬁs]low5 running the ALTER SYSTEM command.

|a]low_in _place tablespaces |0ff |A]10w5 tablespaces directly inside pg_thlspc, for testing.

|a]low_5ystem_table_mods |off |15s]10w5 modifications of the soucture of svstem tables.

|app].ication_name |p5ql |Set5 the application name to be reported in statistics and logs.

|a:chive_cleanup_conunmd | |Set5 the shell command that will be executed at every restart point.

|a:chive_conunand |(disabled} |Set5 the shell command that will be called to archive a WAL file.

|a:chive_]ibrary | |Set5 the library that will be called to archive a WAL file.
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[MpurnaweHue K BBogy KomMmaHg, (npomnt) psql

[MpurnaweHue (NPoOoMMT) MOXHO
MeHATb kKoMmaHaamu \set PROMPT1
"*1 OoTKpbITa N He 3aPUKCUPOBAHA
TpaH3aKumsa

"' CMMBOJI, NApHbIN KOTOPOMY
HY>XHO BBECTU, YTOObI MPeKpaTUTb
BBO[

"~ BTOpasa u nocnepyroume
cTpokn (PROMPT2)

"1" TpaH3aKuMa B COCTOSAHMU cbos

N MOXKET TONIbKO OTKaTUTLCS, AaXxe
ecnin HabpaTb commit;

postgres@postgres =# begin;
BEGIN
postgres@postgres *=# select '
postgres@postgres *'# abed'
postgres@postgres *-# name;
name
n
abcd
(1 row)

postgres@postgres *=# sele;

ERROR: syntax error at or near
LINE 1: sele;

postgres@postgres !'=# commit;
ROLLBACK
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YyebHbin kypc Tantor DBA1-18 "AgmuHuctpupoBaHune PostgreSQL 18" TaHTop Jlabc © 2026

58



[lepeMeHHble OKpY>XeHUd, Ha KOTopble pearvpyet psdl

o [lepeMeHHble OKPYXEeHUA ornepaunoHHON CUCTEMBbI, Ha KOTOpPbIE
pearunpyert psql

o [lonynapHble NnepemMeHHble: PGUSER, PGDATARASE, PGHOST,
PGPORT, PSQL EDITOR

* MOX>XHO yCTaHaBnnBaTb UHTEPAKTUBHO UM B ¢pannax napamMmeTpoB
(~/.psqglrc)

postgres@tantor:~$ export PGUSER=userl
postgres@tantor:~$ export PGDATABASE=db01l
postgres@tantor:~$ psql -gq

db01=> select user;

user
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[lepemMeHHble psql \set

e YCTaHaB/NMBAIOTCH KOMaHAOUN \set mMsi BHauyeHMe

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

postgres=# \set testl 'select user'
postgres=# :testl;
user
postgres
(1 row)

{E%“Of
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BbinonHeHMe KoMaHz B psdl

NOCMOTPETb NepeMeHHble psgl: KoMmaHaa \set

O4YnNCTKa bydepa HabpaHHbIX KOMaHA, \r

npocMoTp bydepa unu nocnegHen KomaHabl ecnm 6ydpep nycT \p
; 3aBepluaeT komaHay SQL

\gx 3aBepllaeT kKomaHay SQL, pe3ynbTaT OYAEeT BbiBEAEH B

pacwnpeHHoOM ¢popmarte costgroo—t select '
postgres'# \r
postgres=# select 'select 123 c¢' abc\gset postgres'#
postgres=# :abc\gx postgres-# \r
-[ RECORD 1 ] postgres=# select (
c | 123 postgres (# \r
postgres=# set my.abcd = 123; postgres=# select "
postgres=# show my.abcd\gx postgres"# \r
- [ RECORD 1 ] postgres"# "
my.abcd | 123 postgres-# \r

{E%“Of
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NapameTp ON_ERROR_ROLLBACK

o [lenaeT nMHTEpPaKTUBHbLIUIO PaboTy C TpaH3aKUnsaMun B psdal

yA006HOU

« OWmMbKa B KOMaHOe He NepeBoAUT TPaH3aKLUMIO B COCTOSIHUE
cb6os, a oTKaTbiBaeT OWMOOYHYIO KOMaHAY M TPaH3aKLus

MnpoaOoJI>XKaeTCH

postgres=#

\set ON_ERROR ROLLBACK off
postgres=# begin transaction;
BEGIN

postgres=*# slect 1;

ERROR: syntax error at or near
"slect"

postgres=!# commit;

ROLLBACK

postgres=#

\set ON ERROR ROLLBACK interactive
postgres=# begin transaction;
BEGIN

postgres=*# slect 1;

ERROR: syntax error at or near
"slect"

postgres=*# commit;
COMMIT

{E%“Of
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ABTOMaTMyeckasa doukcauusa TpaH3aKLUnK

e MO YMON4YaHuto psql paboTaeT B pexxmme aBToMaTUYECKOU
dunkcaummn TpaHsakumm (AUTOCOMMIT):

postgres=# \set ON_ERROR ROLLBACK interactive
postgres=# \set AUTOCOMMIT off

postgres=# create table t (c text);

CREATE TABLE

postgres=*# wacuum t;

ERROR: VACUUM cannot run inside a transaction block
postgres=*# select * from t\gx

(O rows)

postgres=*# rollback;

ROLLBACK

postgres=*# \d t

Did not find any relation named "t".
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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
psgl —-f file.sgl

» BbIMONHUTbL Ka)Xkgyro CTPOKY, popMuUupyemyto 3anpocomMm SELECT

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

QﬂtOf

YyebHbin kypc Tantor DBA1-18 "AgmuHuctpupoBaHune PostgreSQL 18" TaHTop Jlabc © 2026 64




[ padpudeckue npunoxxeHusa: DBeaver

* UMeeT CBOOOAHO
PacnpoCTPaHAEMYIO
BEPCULO

* HanMwWcaH Ha java

# DBeaver 24.0.4 - hobdef()

®afn  PegakTupoeadve  HaeWwragWs

¥~ 87 sqa ~
@@ vy Q>
= Bazbl gaHH X = Mpoekter = B
¢~ =
BEEOMTE HacTh MMEHH OBb... T~
Bpostgres - localhost: 5432
# EN Bazbl AaHHbIR
vE postgres
v il Crembl
v [£| public
> B Tafnuue
» B BHewRMe Tafnuu bl
> B MpeacTaeneqma
> Bl MaT. npeacTaenenma
> M Hgekch
~v B ©yHEL M
> £ plpgsgl_show_depender

> I plpgsgl_show_depender
> hobdef()
> I po_stat_statements(in boc

= B8
g8 =4 &

MICTOHHHE [

= Project - General X

HazeaHne
>l Bookmarks
> M9 Dashboards

> B8 Diacrams
[ 5K

T bobdef) ¥

ru_RU | Writable

OkHa

D~

Search  PepgakTop SQL  Baza gaHHBIR Cnpaeka

T ~ a Auto W postgres public@postgres ¥
Q [ H| @

= 8

£ CeofcTea

W postgres B9 EBazwl ganHb ¥ = postgres G0 Cxemel ¥ public

bobdef T Function

HazeaHWe:

ONWCEHWE NpoLeaypEl:

ID obrekTa: 18566

-- DROP FUMCTION public.bobdef():
F MNapameTpel NpoLLe aypel

[ 3aEMCYMOCTI
[7] Properties /...
2 Mpaea gocTyna

=~ CREATE OR REPLACE FUNCTIOH public.bohdef()

RETURNS text

LAHGUAGE plpgsgl

SECURITY DEFIMNER

AS $function$

BEGIH
RAISE HOTICE 'search_path %', current_sch
RAISE HOTICE 'current_uUser %', cUrrent_us
RAISE HOTICE 'session_User %', sessien_us
RAISE NOTICE 'user %', user:
RETURH rowi ):

EHID;

tfunctiont

<] MCXOAHEIR Kog

.

Source P B8 Show permissians T show comments I—§ MokazaTe zarono

Smart Insert 11,51
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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

Qntor ..~ postgres #® % 0 °

postgres v (:)

1 CREATE OR REPLACE FUNCTION public.pg stat_statements_info(OUT dealloc bigint, OUT stats_reset timestamp with time
SQL-pepakTop zone)
2 RETURNS recor d
Q 3 LANGUAGE c
4 PARALLEL SAFE STRICT
5 AS '$libdir/pg_stat_statements', $function$pg_stat_statements_info$function$
Schemes
§ﬂ publi
Tables
Views
Functions

pg_stat_statements
pg_stat_statements_ir
pg_stat_statements_re

pg_store_plans

pa_store_plans_hash_c

QﬂtOf
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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

QﬂtOf
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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

QﬂtOf
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QﬂtOf

23

ApxutekTtypa PostgreSQL

QﬂtOf
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Ak3emnnsap PostgreSQL

» ak3emnnap PostgreSQL - npouecc postgres,
NOPOXAEHHbIE UM MNpOoLECCHI OnepaLMoOHHOM

—> npouecc 1

CUCTEMbI, MaMATb, KOTOPYHO UCMOMb3YHOT 3TH —>  Mpouecc 2
npoLecchl
e NpMMep NPOLLECCOB:

— npouecc N

postgres@tantor:
PPID PID

1 743184
743184 743185
743184 743186
743184 743187
743184 743189
743184 743190
743184 743191
743184 743192
743184 743193
644740 795748
743184 795749

~S ps -elo ppid,pid,cmd | egrep 'PPID|postgres'
CMD

/opt/tantor/db/18/bin/postgres

postgres: logger

postgres: checkpointer

postgres: background writer

postgres: walwriter

postgres: autovacuum launcher

postgres: pg stat advisor BackgroundTaskManager
postgres: autoprewarm leader

postgres: logical replication launcher

psgl -d demo -U alice -h /var/run/postgresqgl
postgres: alice demo [local] idle

OCHOBHOM NpoLecc

npoLecc 3anucu B XXypHan logging collector
$OHOBBIN MPOLECC KOHTPOJSIbHOMN TOYKU
npouecc poHOBOW 3anncu

npouecc $oHOBOM 3aNnCK B XYypHar
npouecc 3anycka aBToBakyyma

npouecc paclwmpeHuns

npouecc paCWMpeHnd pg prewarm
npouecc 3anycka Normyeckomn pennmkaumm
KIWEHT, yTUInTa psql

npouecc, 06CcnyXXmBarowmm psql
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[Mpouecchbl ak3emMmnnsapa PostgreSQL

. namdaTb,

CeTb

pg_receivewal

( ) al’;::]\:]acc;]uel:,m au’t\,?,\éflfgrum Checkpointer Data
0432 postgres
\ ) autovacuum ) [EOCK hash] [PROC lock]
) worker
. . LOCK PROC
[ checkpointer [ bgwriter ]
backend walwriter u mpyTye
Buffer Descriptors >
Shared Buffer Lookup
backend K3l OydepoB Table SST?QE 6 ¢CLOG
= ybepbl =
8K6|8K6‘8K6|8K6‘8K6|8K6‘8K6| o WAL conie | Imxact
XypHaa
walsender
A
CTpaHI/LquH‘/’ITKSLU OINIEPAaLMOHHOM CUCTEME
v | v
dannbl JaHHbIX B: PGDATA/pg_xact
PGDATA/base dannbl XypHana B:

PGDATA/global
PGDATA/pg_tblspc

PGDATA/pg_wal

PGDATA/pg_subtrans
PGDATA/pg_multixact

n apyrue

YyebHbin kypc Tantor DBA1-18 "AgmuHuctpupoBaHune PostgreSQL 18" TaHTop Jlabc © 2026

QﬂtOf

71



3anyck ak3emnndapa, npouecc postgres

» 3anyckaeTtcq npouecc postgres

e CYMTbIBaAOTCSA hansbl NapamMeTpoB N KOMOUHUPYIOTCS C
napamMeTpamMu, nepegaHHbIMMU B KOMaHOHOW CTPOKe

* NpoOBepATCA pa3pelleHna Ha aupektoputo PGDATA

» MpOBepsAeTcd Hanuune ynpasnsaiowero ¢anna pg control

* BblAendeTcda NnaMsTb, 3arpyXxaroTcsa pasgenaemble OMb6InoTeku

« B PGDATA co3paeTtca dann postmaster.pid Hannume KoOToporo
N NPaBUNbHOCTb HOMepPpa npouecca NnpoBepdaeTca pas B MUHYTY

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

* Yyntaetcqa ¢ann c napameTpamm ayTeHTUPUKaumMm pg hba.conft

» 3anyckaeTtca npouecc startup n ¢poHoBbIe NpoLueccChl

QﬂtOf
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3anycK cepBepHOro npouecca

OJ151 KaXX,0M Ceccum Cco3daeTcs CepBepHbIN Npouecc
MHnumnanusnpyrotcs (BblAeNsrOTCA U 3anoSTHAOTCS) TPU KaLla B
NoKanbHOWU NamMATU CepPBEPHOro npouecca:

> Kaw gns 6eicTporo goctyna K Tabnuuyam (RelationCache)

> Kaw Ttabnuy cuctemHoro katanora (CatalogCache)

> Kaw nnaHoB BbiNnonHeHust KomaHpg, (PlanCache)

BblaendeTca namMmaTb nod MmeHepxxep "noprtanos" TopPortalContext
KNMEHT ayTeHTUOULMPYETCS

OOrpyaroTcs pasgendemMmbole 6UONNOTEKN, YKa3aHHbIE B MNapaMeTpax
session preload libraries U local preload libraries
Bbligendetca namsatb MessageContext gns Tekcta KoMaHg 1 npouecc
rOTOB K NpUeMy KoMaHA

QﬂtOf
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O6Lwasa naMATb NPoLEeCcCcoB aK3emMnaapa

» 6onbwee 70 CTPYKTYpP NamMaATu
* pasmepbl U CANCOK - B NPEeACTaBNeHUN pg shmem allocations

e pasMep YacTu CTPYKTYp 3a4a€Tca napameTpamMmn KoHOUrypawmm

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 s s ettt it
<anonymous> ] | 4946048 | 4946048 |
Archiver Data | 147726208 | 8 | 128 | 128
XLOG Recovery Ctl | 4377728 | 104 | 128 | 128
| 148145024 | 2849920 | 2849920 |

(77 rows)

f;}wcu
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Kaw Tabnuy CUCTEMHOIoO KaTtasnora

BbigenseTcs B NOKaNbHOM NaMATU KaXJoro npouecca B KOHTEKCTE
CacheMemoryContext

[Tpn co3gaHnu unu yaganeHmn obbekTa, npouecc 3adpnKCUpoBaBLLNU
TpaH3aKumMto, NocblnaeT coobuieHne B Konbuesoun 6ypep shminvalBuffer
pasgenaemMomn namMmsaTu

B PostgreSQL 6ydep xpaHut oo 4096 coobueHun, B Tantor Postgres
pasmep bydepa yBenmyeH

npouecchl NOTPebnAoT coobLWeHNUA N OOHOBAAIOT CBOW NNOKaNlbHble KLU
ecqu npoLuecc NPonycTUT COOBLLEHUS, TO MOTHOCTbHO OYUCTUT CBOMU
foKanbHbIN KaW Tabnuuy cuctemMmHoro katanora (CatalogCache) u 6yget ero
3aHOBO 3aMNOJNTHATb

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
———————————————— i it e e
shmInvalBuffer | 219072256 | 86816 | 86912 | 86912

QﬂtOf
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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 s B el et B it
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)

QﬂtOf

YyebHbin kypc Tantor DBA1-18 "AgmuHuctpupoBaHune PostgreSQL 18" TaHTop Jlabc © 2026 76




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

QﬂtOf
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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

_________ +_________+________

2223144 | 1560928 | 662216

QﬂtOf
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DyHKUnA Pg log backend memory contexts (PID)

» HauymHasa c 17 sepcum y komaHabl EXPLAIN ecTb onuusa memory (no
YMOJTYaHUIO OTK/KOYEHA), KOTOPast BblAaeT CKOJIbKO NaMATH
MCMOoNb30Bas NNaHUPOBLKK U OBLLYHO NaMATb CEPBEPHOro
npouecca

e MaMATb YY>XXNUX CECCUN MOXHO BbIBECTU B AMNArHOCTUYECKUN NOr
Knactepa ¢yHKUNEMN:

postgres=# SELECT pg log backend memory contexts(pg backend pid());

LOG: logging memory contexts of PID 111

LOG: level: 1; TopMemoryContext: 99456 total in 5 blocks; 3072 free (8
chunks); 96384 used

LOG: level: 2; search path processing cache: 8192 total in 1 blocks;
5056 free (8 chunks); 2536 used

LOG: Grand total: 1301048 bytes in 229 blocks; 346960 free (286
chunks); 954088 used

{E%“Of
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CTpyKTypbl NaMATHU, 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:

> apgpec 6noka Ha gucke B Buae meTkn 6noka (BufferTag)
— afpec 651oKa CoOaepXUT MAEHTUPUKATOPbI: TabAMYHOE NPOCTAaHCTBO, 6a3bl
naHHbIX, hain, popk, HoMep 6s10Ka OT Havana nepsoro danna

> 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

QﬂtOf
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CTpyKTypbl NaMATHU, ob6cnyxupatowme 6ydpepHbIN KoL

» [lonck cBobogHoro bydepa BbINONHAETCS NO
Yol-TaGmLa anroputmy Clock sweep, ncnonb3yetcs
Shared Buffer Lookup Table nepemMeHHas nextVictimBuffer, koTopas
NUM_BUFFER_PARTITIONS=128 YKa3blBaeT Ha cnefyroLwmnm no nopsaky éyoep
B 19 Bepcun yganeHa CTpykKTypa
BufStrategyControl, U MONCK NO CMNUCKY
cBobogHbIX 6nokoB (freelist) He npou3BOAUTCS

o e T o [ o [ - L - ]  AeckevnmopsiGybepos

Buffer Descriptors

nyn 6ypepor (6ydpepHbIN KaLw)

shared buffers

BufferTag

¢dann B PGDATA

p

8K6 ‘ dann B PGDATA
antor
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3akpenneHune 6noka B 6ydpepe

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

HTAB HY>X€EH, TO NPoLEeCC CHUMAET 3aKpereHune.
* 3aKpenfieHne NpenaTcTBYET 3aMeHe B bydepe 6noka gpyrum

OJIOKOM

o ANsi 3aMOPO3KN UMK OYUCTKKU BNOKa HYXXHO, YTODObI 6/10K He Dbl
3aKpenneH gpyrumm npoueccammu

QﬂtOf
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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
nerkoeecHasa 6nokupoeka content_lock, cchinka Ha KOTopyto
coxpaHsaeTca B onucarene 65oka Buffer Descriptors

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

o [ONS yganeHust MecTa 3aHuMaemoro ctpokon (HOT cleanup nnu
vacuum) rnocne pin un Exclusive npouecc goxungaeTcs, YTobbl gpyrue
npouecchl He3akpennanu 6nok B bydepe

o Ansa pobaBreHUsa B 610K HOBOU CTPOKU UMK U3MEHEHUS XmMin, Xmax
CYLLECTBYIOLWMNX CTPOK NpoLecc A0JIKEH NONYUYUTb 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

QﬂtOf
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CtpaTtermu 3ameHbl 6ydpepon

* MeToAabl 3aMeHbl 6510koB B 6ypepHoM KonbLe (buffer cache
replacement strategy):
> BULKREAD. Onst nocnepoBaTenbHOro YteHusa 6nokos Tabnuy, (Seq
Scan) pa3mMmep KOTopbIX He MeHbLUe 1/4 kalwa 6ydpepoB Ncnonb3yeTcs
Habop bydepoB B bypepHOM Kalle pazmepoM 256K6
> VACUUM. ['pAasHble cTpaHuubl He ybupatloTcsa U3 Konbla, a
nocbl1aroTCA Ha 3anncb. Pasamep Konbla 3agaeTcda napamMeTpom
KOHPUrypauun vacuum buffer usage limit.[lo ymon4yanuio
256K0.
> BULKWRITE. icnonb3yetca komaHgamu COPY n CREATE TABLE AS
SELECT. Paamep konbua 16 M©0.
» B OydpepHOM Kalle 610K MOXXET HaXxoAUTbCHA TONIbKO B 04HOM bydepe
» ecnu bydep cTan rpsa3HbIM, OH UCKIKOYaeTcs U3 By¢pepHOro KonbLa

QﬂtOf
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[Tonck 6noka B OypepHOM KaLle

[Tlpouecc ak3emnngapa:

cO3[aeT B CBOEW NTOKaNIbHOWN NaMATU 3K3EMMNAAP CTPYKTYPbI
BufferTag

BblyncnseT 4-6antHbin xaw ot BufferTag

NO 3HAYEHMIO X3Lla onpenenseT HoMep NapTULUUN B X3LU-
Tabnuue Shared Buffer Lookup Table

3anpawmnBaeT nerkosecHyto (LWLock) 6noknpoBKy Tuna
BufMappinglLock naptiunm tabnuubl, B KOTOPYH nonano
3Ha4YeHune XaLa

B X3LW-Tabnuuye HaxoauT nopsiaKoBbI HOMepP B0Ka B Kalle
bydepoB nnu -1 ecnu bnoka HeT B Kalle

QﬂtOf
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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
yaanaemoro relation 6onblue 1/32 kawwa 6ypepon

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.)

CreateAdndDrop.sqgl:

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

TPS mys HP 128MB 417 create table x(id int);
TPS mna HP 1GB 375 insert into x wvalues (1) ;
TPS nmna HP 4GB 227 drop table x;

TPS mng HP 8GB 127
TPS nnag HP 16GB 55
TPS nna HP 18GB 33

QﬂtOf
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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 wait
LOG: checkpoint complete: wrote 5 buffers (0.0%);

QﬂtOf
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LLlarn BbiInONHEHUS KOHTpOJ'IbHOﬁ TOYKHU

e €C/I1 3K3eMnnsap ocTaHaBNMBaeTcs, B aln pg control 3anUcbiBaeTCs

CTaTyC O Hauarne raweHua aksemMnnsapa

« 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 6ydpep 1 650K B
bydepe MoXKeT ObITb COPOLLEH Ha AUCK U 3aMEHEH APpYyrm

YyebHbin kypc Tantor DBA1-18 "AgmuHuctpupoBaHune PostgreSQL 18" TaHTop Jlabc © 2026
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LLlarn BbiInONHEHUS KOHTpOJ'IbHOﬁ TOYKHU

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

e ONOKW NOCLITAKTCA MO OAHOMY B CTPaHUYHbIM KaW linux

« Ecnu checkpoint flush after He paBeH HYNIO, TO BbIMOSIHAETCA
CUHXPOHM3aLUMA MO YXXe OTCOPTUPOBaHHbLIM gMana3zoHamM 6/10KOB Mo
Kakgomy ¢panny

« B WAL coxpaHsieTCsd MOMEHTasIbHbI CHUMOK CO CMUCKOM aKTUBHbIX
TpaH3aKunm

o GopMUpPYETCSH XYpPHasbHas 3anNnCb OKOHYaHUSA KOHTPO/IbHOM TOYKMN,
copep>kawasa LSN xypHanbHOW 3anncu, kotopas dbina chGopmMmMpoBaHa
Ha MOMEHT Ha4yasia KOHTPOJSIbHOU TOYKMU

* B panne pg control coxpaHdaetrca LSN coopmumpoBaHHOU
XXYPHaNbHOW 3anuncu

« ypanarTca WAL-cerMmeHTbl, KOTOpble He LOJIXXHbI yAep>XBaTbCH
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B3aumogencTeme NnpoLLeccoB aK3eMmniasapa ¢ JUCKOM

» 6n0oKn no 8K6 cunTbiBatoTCA B pasgensemMyro namMaTb Yepes CTPaHUYHbIN
Kaw (6noku no 4K0)

o OGOKN 3aMUCbIBAOTCS Ha AUCK Yepe3 CTPaHUYHbIN K3l

e [J18 3arnncu NCnosib3yeTcsa onTUMN3NPOBAHHbBIM aNrOPUTM CUHXPOHM3ALNN

K3l OypepoB ko WAL SLRU k»um
@ Checkpointer Bufferlds
cNeoXZ i Data 8K6 ‘ 8K6 8K6 8K6 8K6 8K6 8K6
Write an.d/orfsy C .
PageSetChecksumCopy() XLogWrite() -> pp_pwrite() SlruPhysicalj\ifitePage()
v PrefetchShredBuffer() -> pg_pwritq()
CEepBEPHBIN nbouecc
8K6 CTPAHUUHHM kK5I Linux
SMQTWrIte() —>
\ 4 4KO)4KO|4KOll4 KO 4K6|4K6
checkpolnter og_flush_data()->
HTAB i —fHe-range() 6noku PHY_SEC_SIZE | 'Po wuHe PCle
[hash_create("Pending Ops Table"..
SSD v |
List pendingUnlinks
P g 1 6K6 ~16K6 <€— | KOHTpONNEP |€—| DRAMnNI6
> SoC FTL

p
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[1pakTuka

TpaH3akuma B psql

. Cnncok ¢poHOBLIX NpoLeccoB

. bypepHbIn ko, komaHga EXPLAIN
. )KypHan npepgBapuTenbHOU 3anmcu
KOHTpO/bHaA ToYka

. BoccTaHoBneHue nocne cbos

OUAWNS

QﬂtOf
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QﬂtOf

2b ApxutekTypa PostgreSQL

MHOroBepCUOHHOCTb

QﬂtOf
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Bepcuu 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 BEPCUS CTPOKM
(CMHOHUMBI)

p
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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

QﬂtOf
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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 HyNS, YAansitowen unm nbiTasBliencs ygannTtb CTPOKY

QﬂtOf
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CTpykTypa 6noka gaHHbIX

lower upper

BarosoBok 6jyoxa 24 6GauT select * from page header
(1sn, checksum, lower, upper...) CBO@OHHO@ MeCcTO (get_raw_page('t' ,Tmain' 0)) ;
-[ RECORD 1 ]----—--—-
2 pa3mep KpaTeH 8 bantam 1sn | 0/110DCF10
ano 0190“ . \ checksum | 0
oft (et 3aT0JIOBOK TaHHLHE CTPOKU flags | 0
- 23 Gair 1p len lower | 928
— upper | 944
BaI‘OJ'[OVBOK ¢ bits 3aTOJIOBOK IOaHHBIE CTPOKM 1 6 special | 8176
23 BanTa CTpoxkM 23 lp len pagesize | 8192
\ )\ It J version | 5
pasmep KpaTeH 8 6anzgm 3 pa3mMep nto6oit cTpokh 1 3aronoBka CTPokK rune xid | 0
, 32... Gant KpaTeH 8 KpaTHbl 8 6anTam special b —

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 TpaH3akKuMun, cosgasLUeN BEPCUIO CTPOKHU
e Xmax - Xid TpaH3aKuuun, yganusLleN BEPCUIO CTPOKU
» ctid - ccbifika Ha cnegyroLLyo BEPCUO 3TON CTPOKMU
» bits - buToBasi KapTa NYCTbIX 3HAYEHUU
« hoff - cmelleHne 0o Hayana gaHHbIX CTPOKMU

» |p_off cmelleHmne oo Hayana CTPoKu

xminfxmax fle]_d3 ctid infomask?2 infomask hoff HaHHBIE CTPOKM ad
333 334 (0,2)0100000000000010fJ0000000100000010Q 24 \x01000000096066f6f 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|
)
tantor
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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

» ctid npeXxHeun Bepcun ykasblBaeT Ha afpec HOBOMN BEPCUU CTPOK

» ctid akTyanbHOU BEPCUU CTPOKN YKa3blBaeT caM Ha cebs

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

7

xminjxmaxl|lfierazjctid infomask?2 infomask hoff HaHHBIE CTPOKM ad
333|,334 0 (0,2)I01000000000000100000000100000010 24 \x01000000096066f6f 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|
)
tantor
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YpaneHue CTpPOKHU

e XMax aKkTyanbHOW BepCUn CTPoKK (xmax=0) ycTaHaBNMBaETCS B
xid ypansatowen TpaH3akuum

xminfxmax|lfielazjctid infomask?2 infomask hoff OaHHBEE CTPOKU ad
333),334 0 O0,2)10100000000000010)J0000000100000010f 24 \x0100000009666f6f P
xmigllxmaxflfie1ad ctid infomask?2 infomask hoff bits IaHHBIE CTPOKU 2d
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 HAUMEHbLLIEro pa3Mepa: boolean,

"char", char, smallint

e CMNUCOK TUMOB AaHHbIX N UX XapaKTEePUCTUKN eCTb B Tabnuue pg type
» ecnu ctonbey 6ygeTt ncnonb3oBaTbCs A9 NOUCKA, CTOUT OLLEHUTb
9P PEeKTUBHOCTb UHOEKCUPOBAHUA CTONOLLOB, COCTaBHbIX MHOEKCOB,
9pPEKTUBHOCTb CKaHUPOBaHUA MHOEKCA AOCTYMNHbIMU cnocobamu
(Bitmap Index Scan, Index Scan, Index Only Scan)
o Twvnbl gaHHbIX, 3aHUMaOLWME HAaUMEHbLLEee MeCTO:
> boolean 3aHUMaeT 1 6aunTt
> "char" 3aHMMaeT 1 6anT, xpaHut cumsosibl ASCII
> char 3aHUMaeT 2 6anTa,
— XPaHUT CUMBOJbI B KOAUpoBKe 6a3bl AaHHbIX
> smallint, 3aHMMaeT 2 6anTa
— XPaHUT uenble Yncna ot -32768 go 32767

QﬂtOf
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Tunbl faHHbIX NepeMeHHON AJINHbI

019 CTPOK NepeMeHHON OJIMHbI CTOUT MCNONb30BaTh TUN text

pa3MepHOCTb ANa text He yka3biBaeTcA

3aHMMaemMoe MeCTO:

> O0AWH 6auT, ecnn ganHa Nonst MeHnblle 127 6anT n ctpoka nycrtas

> ecnu koguposka UTF8, To ASCIl cumsonbl 3aHumaroT 1 6aunT. Noatomy 3HayeHme '1'
3anmmeT 2 banta: \x0531. 3HadeHune 11" 3anmeT 3 6aunTta: \x073131. none
cocTosuwee n3 6ykebl '=' 3anmet 3 6anTa: \x07d418d

> ecnu gnuHa nons éonble 126 CMMBOJIOB, TO 3arofI0OBOK NONS cTaHeT 4 6anTa n
nonsa 6yayT BbipaBHMBATLCA No 4 GanTa

nosa MOryT COXMMaTbCA U OCTaBaTbCA B BJI0Ke

nons MmoryTt BblHocUTbCA B TOAST, ocTaBnsis npu aTom B 6noke 18 6aunT (He
BblpaBHUBAKOTCA)

OBOWUYHbIe JaHHble CTOUT XpPaHUTb B TUMe gaHHbIX bytea. OTo TMN O4aHHbIX
nepeMeHHON OJINHbI U ero NoBeAeHmne Takoe Xe, Kak y Tuna text

QﬂtOf
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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 4 mnpp (2°32)

018 reHepaumm 3HavYeHun anida TMNoB smallint, int MWbigint
MCMONb3YKTCA NociefoBaTeNIbHOCTU N €CTb CUHOHUMBI
smallserial (serial?), serial (seriald), bigserial
(serial8)

018 XPaHEeHUS Yncen MoXeT UCMNOoJIb30BaTbCA TUM NePeEMEHHOU
OJIMHbI numeric (CUHOHUM decimal), HaKNagHble pacxonbl 4

6anTa Ha XxpaHeHune OJiHbI NoNS

QﬂtOf
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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 | 1lp len | t hoff | t data
———————— o e
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):
> floatd, real, float(l..24) - B4 6anTax XpaHUT He MeHee 6 pa3psaaoB
> float8, float, double precision, float (25..53) B 8 6auUTax XpaHUT He

MeHee 15 pa3panos

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 OOUNHaKOBbIX 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
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MomMeHTaNnbHbI CHUMOK

e npepcTtasnseT cobomn cornacoBaHHoe cocTosAHMe 6a3bl JaHHbIX HA MOMEHT
BpEMEHH

» B CHMMOK gaHHbIX BXOOUT:
> Xmin - HOMep camMon CTapon aKTUBHOU TpaH3aKLMK
> XMax - 3Ha4YeHune, Ha egnHULY bonblle HOMepa NoclieaHeu

3aBepLIEHHON TpaH3aKLuum

> Xip_list - CMNCOK aKTUBHbIX TPpaH3aKLUNn

o (QyHKUMSA, BO3BpaLLatOLWas COAEPXKNUMOE MOMEHTAIbHOMO CHUMKa U
dYHKLUMA SKCnopTUpyrowas ero ansa apyron ceccumn:

postgres=# BEGIN TRANSACTION;
postgres=*# select pg current snapshot();
Pg current snapshot

362:362:
postgres=*# select pg_export snapshot();
Pg _export snapshot

00000024-000000000000000A-1

f;}wcu
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TpaH3akuuda

« TpaH3akuua - Habop KoMaHp,

« HauyunHaeTca sBHO UK HEABHO

« 3aBepluaeTcsa ogHUM 13 AByx genctemn: ¢ukcauua (komaHgsl COMMIT,
END) unun otkatom (komaHpga ROLLBACK)

» Pe3ynbTaT npepBaHHOM (aborted) TpaH3akKuMn TakoM Xe, Kak ABHO
oTMeHéHHon komaHaoun ROLLBACK

« [TpumMmep HesIBHOro Hayana TpaH3aKuuu:

postgres=# do $$

begin
ROLLBACK;
postgres=# do $$ SET TRANSACTION
begin ISOLATION LEVEL REPEATABLE
SET TRANSACTION ISOLATION LEVEL REPEATABLE READ; READ;
perform 1; perform 1;
’ ROLLBACK AND CHAIN;
end $$;

perform 1;

ERROR: SET TRANSACTION ISOLATION LEVEL must be called before any query COMMIT AND NO CHAIN:

CONTEXT: SQL statement "SET TRANSACTION ISOLATION LEVEL REPEATABLE READ"

PL/pgSQL function inline code block line 3 at SQL statement end 3$3;
DO

€Ea1h0f
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CBoucTBa TpaH3aKUnm

ATomMapHoCTb (Atomicity) - npun pmukcaunm BbINMOSHEHbI BCE

KOMaHbl 6e3 NCKHOUYEHUN, MPU OTKATe - HXU OHa KOMaHaa He

BbINOJ/IHEHA

> nocne ¢ukcaymn, NSAMEHEHUA MOMEHTaNIbHO CTaHOBATCHA
BUAOHbI PYrMM CECCUSM

LlenocTHOCTb (consistency) - oTCYTCTBUE HapYLUEHUS

OexknapaTuBHbIX OrpaHUYEeHNN LEeNOCTHOCTH

N3onauums (isolation) TpaH3akumu gpyr oT gpyra

> PeanunsyeTca ogHUM U3 YPOBHEN U30/ALNN

OTkasoyctonumeocCTb (Durability) - ecnu KnMeHT nonyyuun

noaTeepXxneHne o6 ycnewHoCcTn pukcauum TpaH3akLumu, To

MOXXET ObITb YBEPEH, UTO pe3ybTaT TpaH3aKUuUM He nponageT

QﬂtOf
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YPOBHU U30NALUUM TPaH3aKLNM

« READ UNCOMMITTED - yTeHWe He3apUKCUPOBaAHHbLIX AaHHbIX. B
PostgreSQL He ucnonb3yeTtcqa

« READ COMMITTED - 4yTeHuMe 3apUKCUpPOBaAHHbIX OaHHbIX.
icnonb3yeTcda No yMOJT4aHUIO

« REPEATABLE READ - noBTOpAEMOCTb MO YTeHUro. CTouT
MCNOJIb30BaTb TONbKO AN YTEHUS, a He U3MeHEeHNA AaHHbIX
(READ ONLY)

 SERIALIZABLE - ynopsago4yeHHoOe BbINOSIHEHWE
> Ha ypoBHAX REPEATABLE READ n REPEATABLE READ, ecnun meHAnucb
OaHHble, BO3MOXHa olwnbKa cepmnanusaumm (serialization failure): "He
MOry cepuanusoBaTb goctyn" (can't serialize access), TpaH3akuus
nepexognT B COCTOsIHNE cH0s1 U HE MOXKET 3aPpUKCUPOBATLCS

QﬂtOf
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deHoMeHbl U301ALUK TPaH3aKLUNA

» B cTaHpapTe ISO SQL-92 n nocnepyrowmx onpeneneHo Tpu
$deHOMeHa KOHKYPEHTHOIro A0CTyMna, KOTopble OOJIXKHb
OTCYTCTBOBaTb Ha YPOBHAX U3019LUN

* Ha BCeX YPOBHAX He MOTYT HapywaTbCs orpaHU4yeHusd
LLeJTOCTHOCTU

» rpA3HOe YTeHune B PostgreSQL He gonyckaeTcs HXM Ha O4HOM U3
YPOBHEN N301aUUN, NO3TOMY YpoBeHb Read uncommitted He
oTnmnyaetca oT Read committed

HenoeTopsieMoe uTeHMe <PaHTOMHOE UYUTEHME Hapymenue
YpoBeHE MBOJNALIUM T'pasHoe uTenme (P1l)

(P2) (P3) cepmuanmusanumn
Read uncommitted JonyckaeTcsd, BosMOXHO BosMOXxHO BosMOXxHO
HO He B PG
Read committed HeT BOBMOXHO Bo3MOXHO Bo3MOXHO
Repeatable read HeT HeT IonyckaeTcsd, Bo3MOXHO

HO He B PG

Serializable HeT HeT HeT HeT

QﬂtOf
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[Mpumep owmnbkn cepmannsauum

» [lpumep ownbKKN cepuanmnsaumu:

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 TABRLE

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 owunbkn HeT
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CrtaTtychbl TpaH3akuum (CLOG)

« XXypHan npepcraBndeT cobon 6UTOBbLIN MaccuB, B KOTOPOM A5 EI
Ka>Xka0oun TpaH3akunm oTeegeHo aBa burta

o 3Ha4YeHunss bUTOB: n
> 00 - TpaH3aKkuusa B npoLecce
> 01 - 3apuKcupoBaHa
> 10- npepBaHa (aborted, oTkayeHa)
>

11 - nogTpaH3akumsa 3apuUKCUpoBaHa, HO poauTenbckaa TpaH3aKUuua He
3aBepLleHa

« K CLOG obpaliatoTcsi NpoLecchl, B TOM YUCNe BaKyyM, BbIMOHAKOLWNN
3aMOPO3KY BEPCUUN CTPOK, YTOObI Y3HATb CTaTyC TPpaH3aKLUumn

« MakcumanbHbin pas3mep dannos CLOG 3aBUCUT OT NnapameTpa
KOHOUTYypaummn autovacuum freeze max age

)

tantor
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Pukcauma TpaH3aKumm

Mpun PuKcaunm TpaH3aKLUMN BbIMONHAETCA 3aNncb B XYpPHar
TpaH3akuum (WAL) o dukcaumm TpaHsakuum

BbinonHsaeTcs 3anucb buta B 6ydep xypHana CLOG
OcB0Ob6OXOakoTCA Pecypchbl, KOTOpble UCMNONIb30BaIUCh B
npouecce TpaH3akunm: 6JTIOKNPOBKU, KYpCcopbl (Kpome
kKypcopoB WITH HOLD), KOHTeKCTbI (4acTen) noKanbHOW
NnamMaTu npowecca

Pannbl CLOG coxpaHsitotcst B WAL B Hayane KOHTPONbHOM
TOYKU U UBMEHEHUSA B HUX 00 crnefyrolen KOHTPOJIbHOW
TOYUYKWN He XYypHanupyroTcs. ['pu BocCTaHOBMEHUM NocNie cb6o4
copgepxnmoe 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 Npy OTKPbITUM 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
B Tantor Postgres 18 M0oXHO ncnonb3oBaTb CSN B MPUNOXEHUAX C
60onbLWLINM YMCIOM NOATPAH3aKLUNN
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Tunbl 61O0KUPOBOK

» spinlock (Unknn4yeckasa nposepka)
> Mlcnonb3yroTca Ansa o4eHb KPaTKOCPOYHbIX eUCTBUN - He Aonblue
HEeCKObKUX OECATKOB MHCTPYKLUMUK npoueccopa
> CpeactB MOHUTOPWUHIa HeT
o JierkoBecHble (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
> 06cnyxusaroT 610KMPOBKKU 12 TUNOB, B TOM Yucne advisory locks.

» npepunkatHble 6noknpoBku (SIReadLock) ncnonb3yroTcs TpaH3aKUuMaAMHU
c ypoBHeM usonaumnn SERIALIZABLE
« 3akpennieHne 6noka B 6ydepe Buffer Pin

QﬂtOf
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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

e NapamMeTpoM KoHUrypaumm lock timeout MOXHO YCTaHOBUTb
MaKCUMaNbHOe BpeMs 0XnaaHuda nonyvyeHuUsa 61IOKUPOBKU Ha 06 BbEKTDI

NN CTPOKM
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CoBMeCTUMOCTb 6JIOKNMPOBOK

o CcNnabble 61OKUPOBKM MOFYT BbIiTb NOJSTyYEeHbI MO ObICTPOMY NYTH

* CWUNbHble BJTIOKMPOBKKU Tabnuy, NPenaTCTBYHOT YCTAaHOBKY cnabblX 6JTOKMPOBOK
No ObICTPOMY NYTH

* aBTOBaKyyM M aBTOaHalIN3 HE MeLLAoT UCMOSb30BaTb ObICTPbIM NYTb

* aBTOBaKyyM U aBTOaHanM3 He ONOKMPYIOT KOMaHAbl, B cfiyyae KOHGNMKTa
6/10KNMPOBOK paboymun NpoLecc aBToBakyyMa npepbiBaeT 06paboTky Tabnuubl

ACCESS ROW ROW SHARE | SHARE | SHARE | EXCL. | ACCESS
SHARE | SHARE | EXCL. | UPDATE ROW EXCL.
EXCL. EXCL.

ACCESS SHARE
ROW SHARE
ROW EXCLUSIVE X
SHARE UPDATE EXCL.
SHARE

SHARE ROW EXCLUSIVE
EXCLUSIVE X
ACCESS EXCLUSIVE X X

XX XX

XX XXX
XXX

XX XXX X
XX XXX X[ >
XXX XXX X[ X
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bnoknpoBku 06bEKTOB

» BNIOKNPOBKU Ha YpoBHE 0OBbEKTOB POPMUPYIOT oUepean

» YpoBeHb OJIOKUPOBOK MOXET BbiTb COBMECTUM

» Oyepenb "4yecTHaa" M TpaH3aKUUIO C BbICOKUM YPOBHEM
6noknpoBaHUA HeNb3s 060rHaThb:

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

FOR UPDATE - yctaHaBnuBaeT DELETE n UPDATE, KoTOpbIt MEHSIET
3HauYeHuMe B cToNOLE, BXOOAWMM B YHUKANbHbIM MHOEKC (HE NO BblpaXXeHUO
N HEe YacTun4HbIN), a Takxe SELECT FOR UPDATE

FOR NO KEY UPDATE ycTtaHaBnuBatroT Bce ocTanbHble UPDATE

Ecnu He nnaHupyeTe ygannTb CTPOKY UIN MEHATb 3HaYEHNE B KJITHOYEBOM
ctonbue, scerga ucnonosynte SELECT FOR NO KEY UPDATE
Tabnnuya coBMEeCTUMOCTMU:

CTPOKa 3a20JI0KHPOBaHA B pe:KnMe

3alpaliuBaeMblil PeKUM FOR KEY FOR NO KEY
SHARE FOR SHARE UPDATE FOR UPDATE
FOR KEY SHARE X
FOR SHARE X X
FOR NO KEY UPDATE X X X
FOR UPDATE X X X X
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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

530
(key share)

520

(no key update)

xmin=500

521
(update)
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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
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QﬂtOf

2¢c ApxutekTtypa PostgreSQL

PernameHTHble paboThl

QﬂtOf
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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

* Mocne BakyyMnpoBaHuUs Tabnuubl BbIMOMHAET aBTOaHaNN3

» 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
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[lpouecchl aBTOBaKyyMa

» B 18 Bepcuun noasunca napameTp
autovacuum worker slots (N0 ymMonyaHuio 16), KOTOPbIN
orpaHuU4MBaeT 4Ymcno paboymx NpoLeccoB aBTOBaKyyma.
3Ha4YeHne aToro napameTpa He MeHseTcsa 6e3 nepesanycka
aK3emMnnaapa

» HayduHasa c 18 Bepcunmn MOXXHO 6e3 nepesanycka ak3emnnspa
MEHATb 3HAa4YeHMNe NapaMeTpa autovacuum max workers
(no ymonyaHuto 3)

» Ecnun ogHa Tabnunua BakyymMupyeTca gonblue
log autovacuum min duration (No ymonyaHuto, 10
MUWHYT), TO B AMarHOCTUYECKUN NOr KJlacTepa BbIBOOUTCSH
coobLeHune
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OHeprmyHaa 3aMopo3kKa

o Ecnun aBTOBaKYyyM A0JITO HE OOpabaTbiBan Tabnuuy B pexunme
3aMOPO3KU, UMK aBTOBaKyyMa OH 3anyCTUTCHA B arpeCCMBHOM
peXxume

» B arpeccnBHOM pexnme aBTOBaKYyM XAET NMonyyeHus
6NOKMPOBKU U HE NPONYCKAaEeT 3aKPENIEHHbIE APYTUMU
npoueccamuy 610KH

o DHepruyHaa samopo3ka ckaHupyet 20% 6N10OKOB 13 KapThbl
BUOUMOCTU C OBUTOM all visible WM arpecCUBHOMY PEXUMY
3aMOPO3KN OCTAETCH 3aMOPO3nNTb MeHbLUE 6/10KOB

» [MapameTp vacuum max eager freeze failure rate =3%

» KapTa 3amMopo3ku bblnla BCTPOEHa B KapTy BUAMMOCTHU B
Bepcumn PostgreSQL 9.6
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[lpeactaBneHne pg stat progress vacuum

° COAEPXWUT MO OAHOW CTPOKE AJI KaXXJ0ro CepBepHOro npouecca,
BbINOJIHAOLWEro KOMaHAy VACUUM U Kaxaoro autovacuum worker
BbIMOJTHAOWNX BaKyyMNUPOBaHNE B MOMEHT o6pau.|,eHV|;| K
npencrtaBiaeHnto

e B CcTONGUE phase oTpa)xaeTcsa Tekylwasa dal3a BakyyMa: initializing
(nogrotoBuTenbHaga, NPOXoAuT BbICTPO), scanning heap,
vacuuming indexes, vacuuming heap, cleaning up 1ndexes,
truncating heap, performing final cleanup (PpUHaNbHasNA)

e Mo cTonbuam heap blks total , heap blks scanned ,
heap_blks_vacuumed oueHuTb Xo4d BbIMOJIHEHNUA OHYHUCTKHA

 num dead tuples - uucno TID, KoTopble cenyac nomMeLleHbl B
CTPYKTYpPY NaMATU. ECnNu AOCTUTHET max dead tuples YBEINUUTCA
3Ha4YeHMe B index vacuum count

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

 DISABLE PAGE SKIPPING obpabaTbiBaeT BCce bnoku Tabnu, 6e3
NCKITKOYEHUSA

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

¢ INDEX CLEANUP auto/on/off yKa3blBaeT HY>XHO Sin obpabaTbiBaTb
nHpoekcol. OFF ncnonb3yeTca ecnun HY>KHO ObICTpee ybpaTb MePTBbIE
CTPOKWU U3 6n1okKoB Tabnui

* PROCESS TOAST false - OTK/NOYaeT obpaboTky Tabnuuy TOAST

e TRUNCATE false - OTK/MHOYAET NATYHO ¢pasy

e PARALLEL n.4uMcno n orpaHnymBaeT 4Yncno GoHOBbIX MpoLeccoB

e FULL NOJSIHAA OYUCTKA, NCNOJSIb3YyeT MOHOMOJIbHble BTOKUPOBKM,
nocriegoBaTefibHO YCTaHaBIMBaEMbIE Ha KaXayto obpabaTbiBaemMyto
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
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[lapameTp default statistics target

e yYCTaHaBJ/IUBaeT

> 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 BbIGOPKM 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

e aBTOBaKyyM MOXET HeE 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

¢ MOCJIe TOro Kak aBToBaKyyM oTpaboTaeT, pa3mMmepbl Gpannos Bpad, Nu
yYMeHbLIaTCS

« O/10KM OyayT MCnonb3oBaTbCsA B OyayLlemM noj, HoBble BEPCUM CTPOK

e C/INLLUKOM 4YacTO 3aHMMaTbCA MOHUTOPUHIOM He HYXXHO, 6onee akTyasbHa
npoBepKa cBO6OAHOro MecTa Ha AncKax

s pacllMpeHune onsa oLeHKN Yucna BepCui 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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BHyTpucTpaHnyHoe obHoBneHue (HOT update)

« HOT update - npu o6HoBNEeHUN (UPDATE) CTPOKW HE BHOCSITCS
N3MEHEHUA B UHOEKCDI
» ycnoeua HOT update:
> U3MEHSAITCSH TONIbKO NoNnd, He BXoAasAauwmMe HM B OAUH U3 MHOEKCOB
(KpomMme MHAEKCOB TnNa brin), co3gaHHbIX Ha Tabnuue
> HOBadA BepCUs CTPOKU pa3mMellaeTcs B TOM Xe 6/10Ke, YTo U
NpeXXHAS Bepcus
* €CNIn HOBad BepcCuUs CTPOKU pa3mMellaetca B 610ke, OTSIMYHOM OT
TOrF0 B KOTOPOM HaxoguTca NpeXXHAd BepCus CTPOKMU, TO:
> MPEXHNS Bepcua cTaHeT nocnegHeun B uenodyke HOT-Bepcum
> BO BCeX MHAEKCaX, co3faHHbIX Ha Tabnuuy 6yayT co3faHbl

HOBbl€ 3alMnUCun, yKa3blBalolne Ha HOBYHO BEPCUIO CTPOKH
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MoHuTopuHr HOT update

« ctatuctmka HOT gocTynHa B NpeAcTaBNeHnax pg stat all tables U
pPg stat user tables

« cyeTuynk HOT obHOBNEHMN cobUpaeTcs NO KaXXaon Tabnuue u oTpaxaeTcs B
ctonéue: n_tup hot upd

» BCe OOHOBJ/IEHUA OTpaXkaroTcd B cTonbue n tup upd

* CllyYau, ecnu npu o6HOBIEHMN HE HALLIOCb MeCTa AJ11 HOBOU BEPCUN CTPOKU U
uenoyka HOT 6blna obopBaHa, a HoBasi Bepcusi b6binla BCTaBneHa B gpyron 6nok
NOKa3blBa€T n_tup newpage upd

e CTaTUCTUKa No 6a3e 0OHyNAeTCA BbI30BOM PYHKUUU pg stat reset ();
> rocne Bbl3oBa PpyHKUMKN pekomeHayeTca 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 | n tup upd | n tup hot upd | n tup newpage upd | hot ratio
——————————————— e e e e s
pPg rewrite | 14 | 9 | 5 | 04.00
Pg proc | 33 | 23 | 10 | 69.00
pg class | 71645 | 063148 | 8351 | 88.00
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BHyTpucTpaHnyHaa ounctka (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

antor

YyebHbin kypc Tantor DBA1-18 "AgmuHuctpupoBaHune PostgreSQL 18" TaHTop Jlabc © 2026 136

p




BHYyTpUCTpaHM4Hasa ouncTKa B Tabnuuax

BbinosniHAst SELECT n UPDATE, cepBepHbIM NpoLecc MOXeT yaanuTtb dead
tuples (Bepcuun CTPoOK, BbllWeLne 3a ropu3oHT BUOAUMOCTHM B6asbl JaHHbIX, XMin
horizon), BbINOSTHUB peopraHn3aLnto BEpCuUn CTPOK BHYTPK 610Ka
BHYTPUCTPaHU4YHasa ounctka coeMmectumMma ¢ HOT n moxkeT npenBapuUTesibHO
ocBObOXOaTb MECTO, KOTOopoe byaeT UCMoNb30BaTbCA HOBbIMU BEPCUAMMU
CTpOK, noasnarowmmucs B pesynbtate UPDATE

BbIMMO/IHAETCSA, €CIu:

> B6nok 3anonHeH 6onee yem Ha 90% unu FILLFACTOR (no ymon4danuto 100%)

> paHee BbinonHaswmncsa UPDATE He cMor pasaMecTuUTb HOBYHO BEPCUKO CTPOKU B
3TOM bnoke

NpMoNn3uTenbHas oLueHKa No BEPCUAM CTPOK, KOTOPble MOryT 6bITb OUYULLEHDI:

pg stat all tables.n dead tup
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BHYyTpUCTPaHMUYHas OUYUCTKA B MHOEKCAX

* BbIMONHAETCA NPU MHOEKCHOM CKaHUPOBaHUN

* €CNU CTpoOKa B Tabnuue yganeHa, UHOEKCHAsA 3anMcCb Ha CTPOKY UMK LLENOYKY
BEPCUU MOXET BbITb NomMedeHa ¢pniarom LP_DEAD

e MOMETKa MOXET cTaBuTbCca KoMmaHaoun SELECT

e XYpPHanbHaga 3anncb He co3gaeTcs, HO BNOK rPA3HUTCS

* NOMeYeHHas MHOEeKCHas 3anucb MTHOPUPYETCHA Ha MacTepe, HO He Ha
pennuke

* NOMeYyeHHass MHOEKCHasA 3anucb OyaeT o4ynLleHa nNpu BbINOJIHEHUX KOMaHLA,
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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SBontoLUMA MHAEKCOB: co3AaHue, yaaneHue, nepecTpomnka

e KOMaHpAbl create/drop/reindex index wmms YCTaHaBIUBaAKOT
6noknposky SHARE, HecoBMeCTUMYO C BHECEHUEM U3ZMEHEHUNN B CTPOKMU
Tabnuubl

* 3TW KOMaHAbl MOTYT BbIMNOJIHATLCSA OAHOBPEMEHHO, OHN 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

* create/reindex concurrently CKaHUpYeET 6onblle 6510KO0B Tabnuubl,
yem 6e3 concurrently

e concurrently MO3BOJSISET 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

CO34atoTCs MO YacTu CTPOK Tabnnubl

npegunkat WHERE ykasbiBaeTca npu co3gaHnUn MHOEKCca 1 onpegensaetr
NHOEKCUPYeMble CTPOKMU

nosie3Hbl TeM, YTO NO3BONAKOT N3bexaTb MHOEKCUPOBaHNA Hanbonee
4aCTO BCTPEeYaroLWMXCAa 3HaYEHUN

YaCTUYHbIN UHOEKC MOXET ObITb YHUKASTbHBIM

pa3Mep YaCTUYHOro nHaeKca obbI4YHO MeHbLLEe

npumMep co3fgaHua 4YacTU4YHoro nHpekca:

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

e MNepecTpanBaeT MHOEKCHI

» REINDEX 6nokunpyet npakTn4yecku nodble 3anpochkl, KpoMe NOAroTOBMAEHHbIX,
MNy1aH KOTOPbIX Obl1 3aK3WMPOBaH U KOTOPble HE UCMOb3YHOT
nepecTtpanBaemMbl UHOEKC

» [1ns nepecTpouKn ogHOro MHAeKca:

» REINDEX INDEX nma_uHpekca;

» Ecnn Heobxo4MMO NepecTponuTb BCe MHOEKCHI No Tabnuue:

« REINDEX TABLE nmsa_tabnuubl;

o Tak>Xe MOXHO NepecTponUTb MHOEKCHI B paMKax KOHKPETHOU CXEMbI NN gaxe
BCeWn 6a3bl JAaHHbIX:

« REINDEX SCHEMA nms_cxembl;

« REINDEX DATABASE; nepecTpouUTb MOXHO UHOHEKCHI Ha Tabnuubl TONIbKO
Tekyleun 6a3bl gaHHbIX, KpOMe MHOEKCOB Tabnuy, CUCTEMHOIO KaTasora

 REINDEX SYSTEM; nepecTpomnka MHOEKCOB Ha Tabnuubl CACTEMHOIO KaTtasnora
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REINDEX CONCURRENTLY

» Hebnokupytollee NnepecTpoeHne NHOEKCOB

o [/ KaX[0ro nepecrpanBaemMoro UHAeKca BbiNOJSTHSAETCA NepBbIM NPOXo4, Ha
KOTOPOM CTPOUTCSH UHAOEKC

* BbIMOJHAETCSH BTOPOM NpoXo, Ha KOTOPOM B MHOEKC BHOCATCSH 3aMucHy,
nobaBneHHble B Tabnumuy BO BpemMs NepBoro Npoxoaa

e OrFpaHUYeHUs LLEeNOCTHOCTU, NCNOJIb30BaBLLUME NepecTpanBaemMble UHOEKCHI,
NepeKnoY4aroTCs Ha onpeaeneHne HOBOro MHAEKCa U MEHAOTCA MMEHa
NHOEKCOB

e yOandaroTCA cTapble CTPYKTYPbl MHAEKCOB

* CHMUMatOTCA BJTIOKNPOBKU

» [lepecTponka MOXeT 3aBepLINTbCS onbKon, B aToM cnydae REINDEX
CONCURRENTLY npepbiBaeTcsl, HO OCTaBnsaeT rnocne cedbsa Hepabo4ynm HoOBbIN
NHOEKC B OOMOJIHEHUE K MepecTpanBaeMomMy. OTOT UHOEKC byaeT
UrHOPUPOBATbCS 3anpocamMu, HO byaeT OO6HOBNATLCSA NPU UBMEHEHUU OaHHbIX,
4YTO NOB/IEYET HakKNagHble pacxogbl
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MnoTeTnyeckune nHaekcol (pacwmpenne HypoPG)

e yCTaHaBNMBaeTCHA KOMaHO0MN CREATE EXTENSION hypopg;

* UCMONb3yeTcsl NPU HAaCTPOUKE BbIMNONHEHNS KOMaHA SQL

* MO3BOMSAET CO3[4aTh onpeneneHme NHAEKCOB, CYLLECTBYHOLWNX TOMbKO B
TEKYLLEN CECCUN N He BRUsIroWne Ha paboTy ApYyrnx ceccum

* MO3BOMAET BbIACHUTb OYAET MU NNaHUPOBLWMK NCNOMb30BaTb MHOEKC MNP
BbIMNOJIHEHUN KOHKPETHbIX KOMaH 6e3 co3fdaHna nHaekca

e paclmpeHne NO3BONSIET CKPbITb NtObble CyLeCTBYHOLWME NHOEKCHI B
TeKYLLEN cecCum YTobbl OHU HE BNUANMKN Ha NMNAaHUPOBLLNK

e TMNOTETUYECKME NHOEKCHI cOo3aatoTCH GQYHKLUNEN
hypopg create index ('CREATE INDEX...'), KOTOpPOU nepepaeTcs
TEKCT KOMaHAbl cCO34aHUA UHOEKCA

QﬂtOf

YyebHbin kypc Tantor DBA1-18 "AgmuHuctpupoBaHune PostgreSQL 18" TaHTop Jlabc © 2026 143




bubnunoteka plantuner

e 3arpy)xaetcs KomMaHgoun load 'plantuner'
» [lo3BONIAET CKPbITb OT MNNAaHUPOBLUMKA MHOEKCHI, He yaanasa ux

create table t as select * from generate series(1,100000) id;

create index t idxl on t (id);

create index t idx2 on t (id);

explain select id from t where id=1;

Index Only Scan using t i1dx2 on t (cost=0.29..4.31 rows=1 width=4)
Index Cond: (1id = 1)

load 'plantuner';

set plantuner.disable index='t idx2';

explain select id from t where id=1;

Index Only Scan using t i1dxl on t (cost=0.29..4.31 rows=1 width=4)
Index Cond: (id = 1)

set plantuner.disable index='t idxl,t idx2';

explain select id from t where id=1;

Seq Scan on t (cost=0.00..1693.00 rows=1 width=4)
Filter: (id = 1)
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CyeTunK TpaH3aKuuu

ona 32-6UTHOMo cYyeTYMKa MakCcumManbHOE 3HauyeHue 4 Mnpa.
Korga npegen AoCTUraeTcs, CYETUYMK TPaH3aKUMM nepexognT
"yepes HoMb" U HYMepauusa TpaH3aKUMM HaYMHaAEeTCs CO 3Ha4YeHua 3
YTobbl HE NpOUCXoanNo NepenosIHEHNE CYETUYNKA BEPCUN CTPOK
"3amMopaxupatotca" (freeze), 4YTO 03HaAYaET, UTO BEPCUS CTPOKU
eAVWHCTBEHHas, aKTyaNbHasl, BUAHa BO BCEX MOMEHTalbHbIX

CHUMKaX
Homepa caMbiX CTapbiX, HE3aMOPOXXEHHbIX TPaH3aKLUMN
COXpPaHAITCA B pg database B CTONOUAaxX datfrozenxid U
datminmxid

Ecnu Tekywmnm Homep TpaH3akunum 6ygeT oTCTOATb OT 3HAYEHUM
YyTb MEHbLUE, YeM Ha 2MJIPA., HOBble HOMepa TpaH3aKL MK
cepBepPHbIM NpoLeccaM NnepecTaHyT BblgaBaTbCA
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[1pakTuka

1. OBbl4HAA oyncTKa Tabnumubl
7. AHann3 Tabnuubl

3. llepecTponka nHaekca

4. [lonHaaA o4YnCTKa

5. PacwunpeHue HypoPG

QﬂtOf
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QﬂtOf

2d ApxutekTypa PostgreSQL

BbinonHeHWe 3anpocos

QﬂtOf
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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

QﬂtOf
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CuHTakcnyeckuun pasbop

« CunHTaKcmn4yeckunun pasbop BKAKOYAET B cebsi cnegyroLime

Lwaru:

> NNeKCUYEeCKUN aHanun3

> MOCTPOEHNE CUHTAKCUYECKOoro gepesa

> MpoBepKa Ha COOTBETCTBME rpaMmaTmke

QﬂtOf
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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 CUCTEMHOIro 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

QﬂtOf
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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,CTa BﬂeHVIFl LOG:rewritten parse tree:

DETAIL: (
{QUERY
:commandType 1
:querySource 0
:canSetTag true
rutilityStmt <>
:resultRelation O
:hasAggs false
:hasWindowFuncs false

QﬂtOf
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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/,
Qntor
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BbinonHeHMe 3anpoca

* YTeHue faHHbIX: YNTALOTCA CTPOKN N3 BSIOKOB Tabnny, NHOEKCOB,
GYHKLUMU

» ObpaboTka AaHHbIX: PUNbTPALUN, COPTUPOBKU, FPYMMUPOBKMY,
BblYMCNEHUS

» CoeanHeHMe HAabOpOB CTPOK: ecfin 3anpocC BKHOYAET B cebd
coefuHeHue Tabnuy nnu opyrux UCTOYHUKOB OaHHbIX

o [pynnupoBKa CTPOK: HaNnpumMep, ecnn UCnonb3yrTcAa rpynnoBble
¢GYHKUMKM COUNT, SUM, AVG, MIN, MAX U gpyrue

» Bo3BpaT pe3ynbTaTa: BO3BPAT CTPOK KNIMEHTY UK B KOf,
nociaBLlLNK 3anpocC Ha BbINOJSIHEHUE

» OcBOOOXOEHNE PecypcoB: CHUMAIOTCA BJTOKUPOBKN C 06BEKTOB U
ocBObOXgaeTca NaMsATb, UCMOIb30BaHHasA NPM BbINOSIHEHUN

3anpoca

QﬂtOf
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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.i = 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.i = 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, BXo4sLWMMU 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

¢ CNOCOObI, KOTOPbIMM NPOLLECC MONYyYaeT AaHHble (CTPOKHK, 3anmciu)
N3 NICTOYHUKOB AaHHbIX

* UCTOYHMKAMM MOTYT 6bITb TabnuLpbl, BHELLHME TabnnLbl, PYHKLNU
nT.0.

o pacLUMpPEeHNsa MOryT co3aaBaTb CBOM MeTo bl AOCTYNa

» Ansa cnocoba Bitmap cTpoutca 6utoBast KapTa No MHOEKCY
> MOCTPOEHUE KapTbl OTMEYaeTca CTpokKoun Bitmap Index Scan
> 1Mo BUTOBOU KapTe CKaHUPYHOTCA CTPOKKU nnn 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)

QﬂtOf
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\da
List of access methods

MeTopabl f,OCTYMNa K CTPpOKam vane | Type

btree

e [Ba Tuna "MeTtogoB" (cnocoboB) A0CTYyNa K CTPOKaMm columnar
Tabnuu: TabnMYHbIK U UHOEKCHbIN o

gist

 MeToabl gocTyna MOXXHO A00aBNATb paclUMPEHUAMN: | bhast

heap
> create extensilon pg columnar; spgist

> create extension bloom; (2 rows)

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

* |/|H,E|,eKCbI CcOo34aTCA Ha OANH U CTOJ'I6LI,OB Ta6J'IVILI,bII
create table t (id int8, d date, s text);

create index t _idx on t using btree ( int8 ops, date_ops) ;

create index t idxl on t using btree (s text ops);

create index 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

YyebHbin kypc Tantor DBA1-18 "AgmuHuctpupoBaHune PostgreSQL 18" TaHTop Jlabc © 2026
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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

QﬂtOf
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CTOMMOCTb NnaHa 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 3anpoca KoppenupyeT c
BpeMeHEeM BbINOSIHEHNSA 3TOrO 3anNpoca, HO HEJTMHENHO
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CTaTUCTUKH

* UCMONb3yeTcs NIaHUPOBLLMKOM Npu Bbibope nnaHa
» 0a3oBasl 1 paclUMpeHHasa CTaTUCTUKA XpaHUTCS B Tabnnuax CUCTEMHOIO
KaTanora
o cHbOp paclUMpPEHHON CTAaTUCTUKN YCTaHABINBAETCS BPYYHYHO KOMaHOON
CREATE STATISTICS WX aBTOMaTUYECKN pacLlUNpeHnem
pg stat advisor
> MocNne YCTaHOBKMW pacluMpeHHas CTaTUCTUKa cobupaeTcs BMecTe C
6a30BOW aBTOBaKyyMOM (aBTOaHanIM30M) U NPU BbIMOSTHEHUN
KOMaHA VACUUM (ANALYZE)
* HaKoMUTesIbHasi CTaTUCTMKA XPaHUTCA B pa3genaeMoun namMmsTy,
O0OCTYMHa yepes NpeAcTaBfeHns pg stat all * U QYHKUNAMMU
pPg stat get*
> MPWN OCTaAaHOBKE 3K3eMMsipa coxpaHaeTcs B pans B AUPEKTOPUN
PGDATA/pg stat

> UCNOJIb3YyETCHA aBTOBaKyyMOM
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Tabnuua pg statistic

« Tabnuua pg_statistic xpaHUT 6a30BYHO CTAaTUCTUKY
« Cobupaertcsa asroaHannsom n komangon ANALYZE ,
MCnosb3yeTcs Asg onTMMu3aumm 3anpocoB NIaHNPOBLLMKOM
» [1o ymon4yaHuto nepecobupaerca no
default statistics target * 300 = 30000 cTpoK
e copepxaTcs AaHHble MO Ka)aomy ctonouy Tabnuu

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

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

0.9988884

éz%NOf
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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
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[lapameTpbl paclUUpPeHNsa pg stat statements

Pg stat statements.max MaKCUMalJibHOE YNCNO KOMaHA, OTClieXNUBaeMbIX
pacllnpeHnem (uncno CTPOK B rnpencrtaB/ieHnNn pg_stat_statements)

Pg stat statements.save COXPAHATb 1M NMPU OCTAaHOBKE 3K3eMnidapa

pg stat statements.track €C/iM top, TO OTCNEXMUBAKOTCA TOJIbKO KOMaHAbl
BEepXHEro ypoBH4

pPg stat statements.track planning OTCNeXuBaTb AJIUTENIbHOCTb ¢da3bl
N1aHNUPOBaAHUA

pPg stat statements.track utility OTCNeXWBaTb KOMaHAbl, OT/INYHbIE 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 et e

Pg stat statements.max | 5000 | postmaster | 100 | 1073741823
Pg _stat statements.save | on | sighup | |

Pg stat statements.track | top | superuser | |

Pg stat statements.track planning | on | superuser | |

pg stat statements.track utility | on | superuser | |
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[1pakTuka

Co3faHue 06bekToB 4S5 3anpocoB

. I3BneyeHne gaHHbIX NocfiegoBaTeNbHO
. Bo3BpalleHne gaHHbIX No UHOEKCY

. Hn3kaa cenektnMBHOCTb
icnonb3oBaHMe CTaTUCTUKNA

. NpepcTtaBneHne pg stat statements

oA WN S
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QﬂtOf

2e ApxutekTypa PostgreSQL

PaclumnpeHnunsa PostgreSQL

QﬂtOf
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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)

QﬂtOf
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OupekTopun ¢pannos pacimpeHnn n 6ubnmoTek

dannbl 6UBNNOTEK HAXOAATCA B ANPEKTOPUN:

e /opt/tantor/db/18/1lib/postgresqgl

dannbl pacwmpennn (*.control un *.sqgl) HaxoasaTCs B ANPEKTOPUMN:
e /opt/tantor/db/18/share/postgresgl/extension

Y3HaTb MEeCTOonoJIOXXEeHUe MOXXHO KOMaHOaMMW:

postgres@tantor:/opt/tantor/db/18/1ib$ pg _config --libdir
/opt/tantor/db/18/1ib
postgres@tantor:/opt/tantor/db/18/1ib$S pg_config --sharedir
/opt/tantor/db/18/share/postgresqgl

 YcTaHoBKa cnocobom "PGXS":

root@tantor:~# export PATH=/opt/tantor/db/18/bin:$PATH
root@tantor:~# export USE PGXS=1

root@tantor:~# cd mupexTOpPMSI pacuMpeHMs:

root@tantor:~# make

root@tantor:~# make install

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

QﬂtOf
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YcTaHOBKa pacLunpeHumn

» PacwupeHunsa MmoryT BktoYaTb B cebs pasgenssemyro onbnmorteky n/mnm
TeKcToBble paunbl: ynpaBnsowWmMn Gann pacwmpeHns n oguH nnm donee
dannoB CKpuUNToB

o OMBNMOTEKM 3arpy>aroTca napamMeTpamMmum 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

e 00BEKTbl PpaclUMPEHUSA YCTaHABMMBAOTCA KOMaHA,0M:

postgres=# create extension wums;
CREATE EXTENSION

e AOOCTYIMNHblE K YCTAaHOBKE paClUnpeHNA nepevyncrsieHbol B npeacrtaBjieHnn
pg avallable extensions

QﬂtOf
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dannbl paclumpeHui

> MpUMep ynpasnstoLwero dpawnia pacumMpeHns:

postgres@tantor:~$ cat
/opt/tantor/db/18/share/postgresql/extension/pg stat kcache.control
# pg stat kcache extension

comment = 'Kernel statistics gathering'

default version = '2.3.1'

requires = 'pg stat statements'

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

* Npumep ¢anna ckpunta pg_stat_kcache--2.3.0.sql

\echo Use "CREATE EXTENSION pg stat kcache" to load this file. \quit
SET client encoding = 'UTF8';

CREATE FUNCTION pg stat kcache reset|()

RETURNS wvoid

LANGUAGE c¢ COST 1000

AS 'Slibdir/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 Bknto4yeHbl gBe 06epTku (apaneepa):
postgres_fdw onsa pabotbl ¢ Tabnuuamu B 6a3ax AaHHbIX
PostgreSQL wu file_fdw kK coaep>XMmMomMy TEKCTOBbIX $hanoB

« FDW ycTaHaBnMBaeTCcs Kak pacluimpeHue Yol

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

» KOMaHAbl psqgl ana npocmoTpa obbekToB FDW:

\dew, \des, \deu, \det

53

service

)

tantor
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PacwunpeHne postgres fdw

create extension postgres fdw;
CREATE EXTENSION
create database test db;
CREATE DATABASE
\! pgbench -i -d test db 2> /dev/null
create server test foreign data wrapper postgres fdw options (host
'localhost', port '5432', dbname 'test db', use scram passthrough
'"true');
CREATE SERVER
create user mapping for postgres server test options (user 'postgres');
CREATE USER MAPPING
import foreign schema public limit to (pgbench tellers) from server test
into public;

IMPORT FOREIGN SCHEMA
select * from pgbench tellers limit 1;

tid | bid | tbalance | filler

————— -t

1 1 0 |

{E%“Of
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PaclwmpeHne 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 tl (

columnl text,

column? numeric,

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

MNo3BOJIAET NMOCbIJ1TaTb KOMaHAbl Ha BbIMNOJIHEHUE U MOJTy4aTb pPe3YJibTaT

SELECT * FROM dblink ('dbname=postgres user=postgres', $$ select 7; $$ ) as (coll int);
7
SELECT * FROM dblink connect('connectionl', 'host=/var/run/postgresql port=5432"');
OK
SELECT * FROM dblink send query('connectionl', $$ select 8 from pg sleep(l); $$ );
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; $3);
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

QﬂtOf
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QﬂtOf

3

KoHpurypuposaHue PostgreSQL

QﬂtOf

YuebHbi kypc Tantor DBA1 -18 "AgMUHUCTpUpOBaHue PostgreS QL 18" TaHTop Nlabc © 2026 179




0630p

» umeetcsa okono 400 napameTpoB

* BNUAIOT Ha paboTy aKk3emMnnspa

» Ha3BaHMe HEYYBCTBUTENbHO K PErucTpy

* pacWMpPEHUS U MPUNTOXKEHUA MOTYT UCMOSIb30BaTb CBOU
napamMeTpbl KOHOUrYpaUun, y TakKUX napamMmeTpoB B Ha3BaHUM
NPUCYTCTBYET TOYKA

e HaCTpOMKa 3K3eMmnspa - yCTaHOBKa 3Ha4YeHUN napamMmeTpoB
KOHpUrypauum Tak, Ytobbl paboTa ak3emMnnspa bbina
ONTUMAalIbHOMN MPU TEKYLLEN HArpy3kKe

QﬂtOf
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[TapameTpbl KOHPUrypauum

» [lepBbIM NpocMaTpmuBaeTCa OCHOBHOU dansi KOHPuUrypauumm
postgresgl.cont
[TapameTpbl MOryT Ay0NnmMpoBaTbCA NPUMEHAETCA NOCNEAHNN

o [anbue npumMeHarTcs napamMmeTpsbl
SPGDATA/postgresgl.auto.conf

» [TapameTpbl KOMaHAHOW CTPOKU NnepeaBaemMble npoueccy
postgres napamMeTpoM -C NPEBaANUPYIOT Haf 3HAaYEHUSIMMU,
YCTaHOB/IEHHbIMUW B paniax napamMeTpoB:

postgres@tantor:~/tantor-se-18/datas

pg ctl start -o "-c config file=./postgresql.conf"
walting for server to start.... done

server started

QﬂtOf
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[TpoCcMOTp NapamMeTpoB

« KomaHpa \dconfig
> MOXHO MCKaTb UCMOMNb3ys CUMBOSIbI * ?
> MO>XHO UCTMOJIb30BaTb K/laBULLY Ta6yr|$=|L|,l/|V|
> 6e3 mapamMeTpoB BbIAa&T BCe napamMeTpbl, KOTOPbIE
OTNIMYAKOTCH OT 3HAYEHUU MO YMOJTHaHWIO
» KoMaHpaa SHOW uMs napameTpa;
> CUMBO/bI * ? HENBb39 NCNOJSIb30BaTb
> MOXHO MCMNOSMb30BaTh KNasuLLy Tabynsaumm
°* QYHKUUA current setting('mmsa napamerpa')

postgres=# \dconfig d”ta d*
List of configuration parameters
Parameter | Value

_____________________ _l________________________________________
data directory | /var/lib/postgresqgl/tantor-se-18/data
data directory mode | 0750

{E%“Of
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[TpoCcMOTp NapamMeTpoB

» KomaHpa \dconfig
B npeacTtaBneHnax pg settings pg file settings
KomMaHgon SHOW ALL;

> Henb3d oToUNbTPOBaTb NapaMeTpbl
> aHanor select * from pg settings;

B dannax postgresqgl.conf postgresgl.auto.conf
MNPOCMOTP 3Ha4YeHUnd oAHOIo MapamMeTpa Ha 3anyweHHOM UJn
OCTaHOBJIEHHOM 3K3eMMApe postgres -C mMda napameTrpa

postgres@tantor:~$ postgres -C autovacuum freeze max age
10000000000

postgres@tantor:~$ 1ls -CF SPGDATA

base/ pg logical/ pg_ stat/ pg wal/

global/ pg multixact/ pg stat tmp/ pg xact/

pg commit ts/ pg notify/ pg subtrans/ postgresgl.auto.conf
pg dynshmem/ pg replslot/ pg tblspc/ postgresqgl.conf

pg hba.conf pg serial/ pg twophase/ postmaster.opts

pg ident.conf pg snapshots/ PG VERSION postmaster.pid
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[lpegcTaBneHna gna NPocMoTpa NapamMeTpPoB

[peacTaBneHne pg settings MOKa3biBaeT TEKYLIME AENCTBYHOLLME

3HayeHua napamMmeTpoB
[lpepcTtaBneHne pg file settings
> MapamMeTpbl, KOTOopble IBHO YKa3aHbl B pannax napameTpoB

> He NoKa3sblBaeT TeKyLUne 3Ha4YeHUs, KOTOpble NCNOJIb3YET aK3EMMISAP

> cTonbey applied MMeeT 3HavyeHue "f", ecnm 3HayeHne napameTpa:
OT/IMYaETCH OT TEKYLWEero u gnsa NnpuMeHeHns 3HaYeHnsa n3 panna
TpebyeTca nepesanyck KnacTtepa

[MpeactaBneHne pg hba file rules NOKa3blBaeT cofepXunmoe

danna pg hba.conf

postgres=# select pg read file('./postgresql.auto.conf') \g

(tuples _only=on format=unaligned)
# Do not edit this file manually!
# It will be overwritten by the ALTER SYSTEM command.

log filename = 'postgresqgl-%F.log'
cluster name = 'master'
logging collector = 'on'
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OcHoBHoU daun napameTpos postgresgl.conf

e OCHOBHOM daunsi, B KOTOPOM XpPaHATCSA NapaMeTpbl
KOHOUrypaLumm Knacrtepa

* MOXeT cogepxaTtb ~400 napamMeTpoOB NAOC NapaMeTphbl
paclWMpeHnn U pasgensemMboix 6ubnnoTek (*.so)

« Co3paéTcs Ha ocHoBe paufa postgresgl.conf.sample
YTUAUTOWN initdb

» MOXHO pegakTupoBaTb

» MOXHO BKAKOYaTb coaepXxmumoe apyrmux ¢annos
napamMeTpamMm include U include dir, 3afjaHHbIMU B
danne postgresqgl.conf

QﬂtOf
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dann napametpos postgresql.auto.conf

» Pacnono)eH B AUPEKTOPUU PGDATA
» [MapameTpbl O6aBAAOTCA KOMaHOOW
> ALTER SYSTEM SET napamMeTp = 3HaAUeHUE;
» [TapameTpbl youparoTca KOMaHO0oU
ALTER SYSTEM RESET napaMmeTp;
ALTER SYSTEM RESET ALL;
e YTOObLI HOBbIE 3HAYEHMNA BCTYNUIIN B CUNY MOCSIE€ UBMEHEHNSA KOMaHLOW
ALTER SYSTEM HYXHO nepeyntaTb KOHPUrypauuo Unm neperpysunTtb

KnacTep

postgres=# select pg reload conf();
Pg reload conf

postgres=# \! pg ctl reload
server signaled

{E%“Of
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[MpuMeHeHne nsMeHeHun napameTpoB

[1a npuMeHeHNa N3MEHEHUU MePEYNTLIBAOTCS BCe ¢pannbl
KOH(I)MI'ypaLI,MM U NPNMMEeHAKTCHA USMEHEHUNA KOTOPbIE MOXHO
npoBecTn 6e3 nepesarpyskun Kacrtepa

Cnocoobl:

> SELECT pg reload conf();

> pg ctl reload B

> sudo killall -HUP postgres

[lapamMeTpbl B postgresqgl.auto.conf NepeKpbiBakOT
3Ha4YeHnd NapaMeTpoB postgresgl.cont

Ecnun B postgresqgl.conf napamMeTp yKalaH HECKO/bKO pas,

NPMMeEHSAETCA YKasaHHbIM 6nnxe K KOHLY panna

QﬂtOf
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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+ wmmsa npmeunermm

Parameter | Value | Type | Context | Access privileges
—————————————————————— i i E it I P T e e

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

°* WNN 3aNpPOCOM select * from pg parameter acl;

« A -npaBo Ha ALTER SYSTEM, s - npaBo Ha SET

e HauduHaga c 17 Bepcuun, napaMeTpoM allow alter system MOXHO
OTKIHOUYNTb BO3MOXHOCTb UCMOIb30BaHUA KOMaHAbl ALTER SYSTEM

f;}wcu
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Knaccupukaumsa napameTpoB: KOHTEKCT

« internal - napameTpbl TONMBKO A1 YTEHUS

» postmaster - Hy>XeH nepesanyck ak3emMnaapa Knacrepa

» sighup - gpocTtaToyHO nepeynTaTb pansbl KOHOUrypauum

e superuser - MOryT ycTaHaB/IMBaTbCs Ha YPOBHE CECCUUN, HO Y
nonib3oBaTtens AomkeH obiTb atpnoyt SUPERUSER unu

NpuUBUIIErNa Ha U3MEHEHNE 3TOro napamMmeTpa

» superuser-backend - He MOryT 6bITb MUBMEHEHbI MOCNIE CO34aHUS
CEeCCUN, HO MOTYT ObITb YCTAaHOBJIEHbI /19 KOHKPETHON CecCuUn B
MOMEHT NoACcOoeaNHEHNS, eCIN eCTb NMPUBUIErNN

» backend - kak n npeabiaywmmn, HoO NPUBUNETUN HE HYXHO

e USEer - MOXXHO MEeHSITb B Te4YeHne CeCCUN UN Ha YPOBHE
KnacTepa
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[TapameTpbl KOHTEKCTa internal

» 20 napameTpoB B 18 Bepcumn
* TONbKO ANS YTEHUA

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

__________________________________ +__________
block size | 8192
data checksums | on

data directory mode | 0700
debug_assertions | off

huge pages status | off

in hot standby | off
integer datetimes | on

max_ function args | 100

max identifier length | 63

max_ index keys | 32
num_os_semaphores | 174
segment size | 131072
server encoding | UTFS8
server version | 17.2
server version num | 170002
shared memory size | 189
shared memory size in huge pages | 95

ssl library | OpenSSL
wal block size | 8192

wal segment size | 16777216
(20 rows)
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Knaccuoukauma napamMmeTpoB: YPOBHU

» Knactepa
> ALTER SYSTEM SET napaMeTp = 3HAUeHUue;

> ALTER SYSTEM RESET mnapameTp;
o basbl AaHHbIX
> ALTER DATABASE umvmsda SET napamMeTp = 3HaAUEHUE;
> ALTER DATABASE umvma RESET mnapameTp;
> ALTER DATABASE mMmsa RESET ALL;
[Tonb3oBaTensa (ponu)
> ALTER USER mmsa SET napamMeTp = BHAUEHUE;
Ceccuun, co3paBaemMou nosib3oBaTeneMm, NoacoeanHALWMMCSH K

KOHKpeTHOoW 6a3e gaHHbIX
> ALTER USER mMa IN DATABASE umMa SET nmapamMeTp = 3HaAUeHUE;
> ALTER USER uMa IN DATABASE uvma RESET ALL;

QﬂtOf
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Knaccuoukauma napamMmeTpoB: YPOBHU

» BHyTpU ceccumn

> SET work mem to 'loMB';

> SELECT set config('work mem', 'loMB', false);
o TpaH3akunm

> 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};
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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,

QﬂtOf

YyebHbin kypc Tantor DBA1-18 "AgmuHuctpupoBaHune PostgreSQL 18" TaHTop Jlabc © 2026 193




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
_________________________________________________ e
Resource Usage / Memory | 31
Query Tuning / Planner Method Configuration | 28
Developer Options | 277
Client Connection Defaults / Statement Behavior | 277
Reporting and Logging / What to Log | 22
Preset Options | 20
Query Tuning / Other Planner Options | 17
Query Tuning / Planner Cost Constants | 17
Write-Ahead Log / Settings | 15

(48 rows)

{E%“Of

YyebHbin kypc Tantor DBA1-18 "AgmuHuctpupoBaHune PostgreSQL 18" TaHTop Jlabc © 2026 194




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
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KaTteropus: "lNonb3oBaTenbckue HacTPoOUKn"

» KaTeropusa napameTpoB Customized Options

B KaTeropmo BXogdaT napamMeTpbl paCMMpeHMM, onoénunoTek nnu
MPOCTO MPONU3BOJIbHbIE MapaMeTPbl, B Ha3BaHNUN KOTOPbIX
NMPUCYTCTBYET TOYKa

o pa3pa6OTL|MKM ONBNNOTEK U paCLLIMpeHMlZ Oak0T BO3IMOXHOCTb
CTaHOaAPTHbIM o6pa30M HaCTpaunBaTb NX (I)yHKLI,MOHaﬂ

postgres=# set myapp.parl = '20';
SET

postgres=# show myapp.parl;
myapp.parl

20
(1 row)
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Ha3BaHMA U 3Ha4YeHnA NapaMeTpoB KOHOUrYypaLun

» 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

QﬂtOf
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[lapameTp KOHPUrypaumm transaction timeout

* transaction timeout OTMeEHSAET NobYyIo TpaH3aKLUMIo U

KOMaHAY, OJNNTEJIbHOCTb KOTOPDbIX NMpeBblillaeT 3Ha4YeHUe
> [lencTBMe napameTpa pacnpocTpaHAeTCca Kak Ha ABHble
TpaH3akumu (HayaTtble kKomaHgon BEGIN), Tak n Ha HeABHO
Ha4daTble TPaH3aKUUN, COOTBETCTBYHOLLNE OTOENbHON KOMaHAe
°* statement timeout MakKCUMallbHOe BpeM4 BbIMOTHEHUS
OTAEeNbHON KOMaHAb
e 1dle 1in transactilon session timeout - 3alluUTa OT
NpocTamBatoLWMX TPaH3aKLUMn
°* 1dle session timeout - BpeMda NMPOCTOA ceccumn

e Honb - TanMayT OTK/HOYEH

QﬂtOf
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ABTOHOMHbIE TpaH3aKLuuu

» B Tantor Postgres SE n SE 1C
€CTb aBTOHOMHbIE
TpaH3aKuunm

* UCMOJIb3YIOTCA B
nognporpamMmmax Ha plpgsql

* MO3BONAT BbINOMHUTb

KOMaHbl U COXPaHUTb
pe3ynbTaT UX BbINONTHEHUS
HEe3aBUCUMO OT TOro
3aPUKCUPYETCAH, OTKATUTCH
NN NPepBETCA TpaH3aKuus, B
KOTOpOW BblNa Bbi3BaHa
aBTOHOMHas TpaH3aKuus

postgres=# create table t (a int);

CREATE TABLE
postgres=# create or replace
procedure p() LANGUAGE plpgsgl

AS $$
DECLARE

PRAGMA AUTONOMOUS TRANSACTION;

BEGIN
insert into t wvalues (1);
END;
$$/
CREATE PROCEDURE
postgres=# begin transaction;
BEGIN
postgres=*# call p();
CALL
postgres=*# rollback;
ROLLBACK
postgres=# select * from t;
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[lapameTp KOHPUrypaummn 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)

QﬂtOf
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[lapameTpbl multixact members buffers U
multixact offsets buffers

e 3a4aloT pa3Mep O6LLI,€M MaMATH, MCI'IOJ'Ib3yeMOl71 A4 KelWnpoBaHUA
COEPXXUMOro CoOAepPXMMOro AByX NOAAVNPEKTOPUI
PGDATA/pg multixact

e Y6eOuTbCA, UTO B KacTepe UCnonb3yrTca 64-6UTHbIe

M,El,eHTVI(I)VIKaTOpr TpaH3aKLLMM MO>XHO MO 3Ha4YeHUAM MapaMeTpPOB:
\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

{E%“Of
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[lapameTp subtransaction buffers

e 3a0a€T pa3mep obuien namMaTn, Ucnosiblyemoun ans
KOLWMPOBAHUA COAEPXKUMOro PGDATA/pg subtrans

* MOATPaH3aKuMa co3gaeTca.
> KomMmaHaoun SAVEPOINT
> ecnn B B6rioKe Ha s3blke plpgsql NpuUcyTCTBYET CEKUUS
EXCEPTION
> B psql HEABHO nepen KaXXa0n KOMaHa0M B TpaH3aKLUnm, 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)

QﬂtOf
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[lapameTp KOHPUrypaumm 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
OAHHBbIMW MeX Ay npoueccamu:
postgres=# listen abc;
LISTEN
postgres=# notify abc;
NOTIFY
Asynchronous notification "abc" received from
server process with PID 1234.
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3afjaHune napamMmeTpoB Npu Co3[aHnn Knacrtepa

* NMepeMeHHbIMN OKPYXEHUA U NapaMeTpaMm YTUNUTbI initdb
» napameTpesbl initdb --lc-collate, --Ic-ctype, --encoding
HeNnb3s N3MEHUTb MOCJIe CO34aHNA KnacTepa

* 3Ha4YeHuda NapamMeTpPoB SIoKanmnsaumum MOXXHO NOCMOTPETL
KoMaHgoun psqgl \1

* BKJTOYNTb U OTK/NTKOYUTBb NMoAacHeT KOHTPOJIbHbIX CYMM MO>HO
nocne Co3faHunA KiacTtepa

e npoBepuTb cTatyc B psql \dconfig data checksums

» NpoBepKa KOHTPOJIbHbIX CYMM O/IOKOB JaHHbIX BbIMOJSIHAETCS
YTUNNUTaMUN pg checksums U pg verifybackup

QﬂtOf

YyebHbin kypc Tantor DBA1-18 "AgmuHuctpupoBaHune PostgreSQL 18" TaHTop Jlabc © 2026 204




Pa3pellueHns Ha AUPEKTOPUIO PGDATA

o [NapamMeTp initdb -g UMN ——allow-group-access
yCTaHaB/NIMBAET pa3peleHna 0750 (rwx r-x —---)

* €C/N He yKa3aTb, TO Nepeco3gaBaTbh KJ1IacTep He HYXXHO,
MOXXHO NOMeHATb pa3peweHuss Ha PGDATA (1
NoaaAUPEKTOPUN) HA AOMNMYCTUMbIE 3HAYEHUS

o [lonycTtumble 3HayeHna 0750 n 0700:

* pg_ctl start

walting for server to start....

FATAL: data directory "/var/lib/postgresqgl/tantor/sel6/data"
has i1nvalid permissions

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

(0750) .
stopped wailting

QﬂtOf
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Pa3mep 6510Ka gaHHbIX PostgreSQL

o pa3mep 8192 6aunTt = 8K6 3agaH Npu KOMNUIALUUK
* CMHOHMM 0ONnoka - "cTpaHuua”
* NPU HaxXoXAeHUN B NaMATU 3aHUMaET bydep B bydpepHOM Kalle

QﬂtOf
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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) A4THB

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

YyebHbin kypc Tantor DBA1-18 "AgMUHUCT
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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

QﬂtOf
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KoHpuUrypaumoHHble napamMmeTpbl

e YCTaAHOBJIEHbI MPU COOPKe N HE MEHAIOTCSH
* MOX>XHO MOCMOTpPETD:
> YTUNUTOW KOMaHOHOU CTPOKKM pg_config
> B npepcTtaBneHum pg_config
» [NlapameTp SHAREDIR onpegensaeT gMpexkToputo ¢ damnamm
pacwmnpeHnmn
 PKGLIBDIR YyKa3blBaeT Ha AUPEKTOPUIO pa3aenideMblX OMbnmoTek
 BINDIR OnpeaensieT AUpPeKToOpMIo C MCNOSTHAEMbIMU dannamm

postgres=# select * from pg config where name in
('BINDIR', 'LIBDIR', 'PKGLIBDIR', 'SHAREDIR', 'SYSCONFDIR') ;

name | setting
____________ o _
BINDIR | /opt/tantor/db/18/bin
LIBDIR | /opt/tantor/db/18/1ib
PKGLIBDIR | /opt/tantor/db/18/1lib/postgresql
SHAREDIR | /opt/tantor/db/18/share/postgresqgl
SYSCONFDIR | /opt/tantor/db/18/etc/postgresqgl

f;}wcu
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IleMOHCTpauud

» [1lpocMOTp NapamMeTpoB KOHPUTrypaumu

QﬂtOf
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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

QﬂtOf
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QﬂtOf

43

Jlornyeckasa CTpyKTypa Knacrepa

QﬂtOf
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KnacTtep 6a3 gaHHbIX

KnacTtep 6a3 gaHHbix PostgreSQL - 310 Habop 6a3 AaHHbIX
> XpaHAT cBon ¢pannbl B gmpexktopun PGDATA
> 00CNyXMBaAOTCA 9K3EMMNAPOM

[Tpuno>xeHne nogcoeanHseTcs K ogHon 6a3ze gaHHbIX U
UMeeT O0CTYN K ee ob6beKTam

KnacTtep PostgreSQL co3pgaeTtcsa co3gaerca ytunmutou initdb
ba3bl gaHHbIX B kKnactepe PostgreSQL MoXXHO co3faBaTh U
yaanaTb

KnacTtep Patroni - aTo HeckonbKo KnactepoB PostgreSQL
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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
KOTOpPOMY postmaster npocylwnBaeT Bxogdawme coegnHeHusd
no npotokonam TCP n nokanbHO

* 1o ymonyaHuto napamMmeTp KoHoUrypauumm port umeet
3HayeHne 5432

QﬂtOf
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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

QﬂtOf
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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 |
——————————— - 1
postgres | postgres | UTFS | 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

 komaHgoa CREATE DATABASE nnu ytunuta createdb
e co3faHune 6a3bl 3TO KNOHUpPoOBaHUe gpyron 6a3bl CO BCEM
COAEPXKNMBIM
» y 6a3bl ecTb ponb-Bnageney (OWNER)
> MONb30BaTena postgres Mo>XHO NepenMeHoBaTb Nocsie co3faHusa
KnacTtepa 6a3 gaHHbIX
> BNhajenbua U umsa 6a3bl MOXHO CMEHUTb Noc/e ee co3gaHugd

* MOXHO co3aaTb 6a3y co CBOMMMU NapaMeTpamMu fiokanmsaumm
> nocne co3faHusa 6a3bl JaHHbIX KOAUPOBKY U3MEHUTb HENb3S
» CcBOMCTBO 6a3bl "wabnoHHaa" (IS_.TEMPLATE) BnusaeT Ha BO3MOXHOCTb

ee KIIOHNnpoBaHNA HENMPUBUINETNPOBaHHbBLIM MOJIb30OBaTENEM U YOallEHUE

o QyHKUUS pg 1mport system collations('pg catalog')
nobaensaeT napamMeTpbl 1oKannsaunm, nodasmelumnecs B linux nocne
cOo3[aHunsa KnacTtepa 6a3 gaHHbIX

QﬂtOf
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[1Ba pexuma cospaHua 6a3bl: WAL_LOG u FILE_COPY

» MpuMep BbINOSIHEHUA KOHTPOJIbHbBIX TOYEK:

postgres=# create database db0l strategy wal log;
CREATE DATABASE

postgres=# create database db02;

CREATE DATABASE

postgres=# create database db03 strategy file copy;
LOG: checkpoint starting: immediate force wait flush-all
LOG: checkpoint complete: wrote 1903 buffers (11.6%)
LOG: checkpoint starting: immediate force wailt

LOG: checkpoint complete: wrote 0 buffers (0.0%)
CREATE DATABASE

postgres=# drop database db01l;

LOG: checkpoint starting: immediate force wait

LOG: checkpoint complete: wrote 1 buffers (0.0%) ...
DROP DATABASE

{E%“Of

YyebHbin kypc Tantor DBA1-18 "AgmuHuctpupoBaHune PostgreSQL 18" TaHTop Jlabc © 2026 218




N3meHeHue cBOUCTB 6a3bl AaHHbIX

« KomMaHaon ALTER DATABASE MMSA MOXHO MOMEHATb
CBOUCTBA cyulecTBytowen 6a3bl AaHHbIX

* YacTb CBOUCTB MOXHO NOMEHSATb TOJIbKO, €C/IN HET HN OAHOW
Ceccumn K aTon 6a3e gaHHbIX

« KomMaHaon ALTER DATBASE mma SET MOXHO NOMEHSATb
KOHUrypauMoHHble NapaMeTpbl CECCUN, cO3aBaeMbIX C
3TON Ba3on

* Ha ypoBHe 6a3bl AaHHbIX MOXHO YCTaHOBUTb O0KOJ10 205
napamMeTpoB KOHpUrypauuu

« 6a3a JaHHbIX - OOLMN OB6BEKT KnacTepa U MeHsITb eé
CBOMCTBA MOXHO, MoACcOoeAUHMBLLUUCH K JTI060U apyromn base

AaHHbIX B KJTaCTepPE

QﬂtOf
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KomaHpa ALTER DATABASE

o CnHTaKcuc KOMaHAbl MO KOTOPOMY BUOHO, KaKHNE CBOWUCTBA
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

QﬂtOf
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YpaneHue 6a3bl JaHHbIX

» BbINonHsaeTca KoMaHAOW DROP DATABASE WU YTUITUTOMN-
06epTKON dropdb

o [1na BbINONHEHUA KOMaHAbl HY>XHO NO4COeANHUTLCA K 060
6ase KnacTepa, OT/INYHOM OT yaaNsieEMOU

» basza gaHHbIX yoanseTcsa Co BCEM COAEPXKUMbIM

« KomaHpa HeTpaH3aKUMOHHA - OTKaTUTb €€ Hesb3s

o Ounanyeckun ygansrotca dansibl B KOTOPbIX XPAHATCHA JaHHbIe
0O0BbeKTOoB 6a3bl

postgres=# drop database db0l;

LOG: checkpoint starting: immediate force wait

LOG: checkpoint complete: wrote 1 buffers (0.0%)...
DROP DATABASE
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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 HeT

QﬂtOf
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Co3paHue U U3aMeHeHune cxem

» CXeMbl He CBf3aHbl C NONIb30BaTENAMU, HO UMEIOT
BflagenbLa

» [1pn coszgaHnm cxeMbl MOXHO Ha3Ha4nTb NONb30oBaTeNA-
BflagenbLa:
CREATE SCHEMA wmMms AUTHORIZATION BJamesiell;

» MO>XHO CMeHUTb Bnagenbua:
ALTER SCHEMA mMga OWNER TO mnoJjsib30BaTelib;

» MO>XHO NnepenmMeHoBaTb CXeMY:
ALTER SCHEMA wmmMmsa RENAME TO wmmMm4a;

» Ha cxembl MOXHO BblgaBaTb npusunernn CREATE, USAGE
poNaAM
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[TyTb NOUCKa 0ObEKTOB B CXeMax

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

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

* 3Ha4yeHue NOo YMOMYaAHUI "Suser", public

postgres=# show search path;
search path
"Suser", public
postgres=# select current schema , current schema(),
current schemas (true), current schemas(false) ;

current schema | current schema | current schemas | current schemas
———————————————— o
public | public | {pg _catalog,public} | {public}
(1 row)

{E%ﬂor
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CneuynanbHblie CXeMbl

» pg_catalog - B aTOM CXeMe pacnosioXxXeHbl 06beKTbl "CUCTEMHOIo KaTanora"

« information_schema - cxema, onucaHHada B ctaHgapTe SQL

» pg_toast - cxema gna ocobbix Tadbnuuy TOAST

* pg_temp (ccbinka Ha pg_tempN, roe N 4yncno) - cxema gns BPpEMEHHbIX
Tabnuu

» pg_toast_temp (ccbunka Ha pg_toast_tempN, roe N ynucno) - cxema gns
BpeMeHHbIX TOAST Tabnuy Ha BpeMeHHble Tabnuubl

postgres=# \dnS
List of schemas

Name | Owner
____________________ _|____________________
information schema | postgres
pg catalog | postgres
Pg toast | postgres
public | pg database owner
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OnpepeneHue TeKyLlero Nyt nomcka

» KOMaHOoW 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

e MPW NCNONb30BaHUN Suser B MyTU NMOUCKa B Tene
nognporpamMmmsl 6ygeT nogcTtaBneHo nms Brnagenbua
nognporpamMmmel

 repep BbI30BOM TakKou NognporpamMmMsl Bbi3blBatoWMN €€
MOXET MOMEHATb 3HaUYeHne B NyT nomcka u yépatb $user, B
3TOM CJly4ae B Tene nognporpamMmmbl 6ygeT NCnonb30BaTbCS
3HaYeHne yCTaHOBNEHHOE BbI3blBaOLWMM 1 NognporpaMmma
MOXEeT HayaTb paboTaTb C gpyrmumMm obbekTamMu

» Ha ypoBHe nto6omn (INVOKER v DEFINER) nognporpamMmmbi
MOXHO YCTaHOBUTb 3Ha4YeHMe s napamMeTpoB
KOHPUrypauum, KoTopble MOryT MEHATLCHA Ha YPOBHE Ceccuu
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MackupoBka 06beKTOB CXeM

« Ecnu B KOMaHpax nepen MMeHemM
06BEKTOB He UCMOMb3yeTCca M4
Cxembl, obasneHue B NyTb
noucka nMmes Cxembl, rge cosgaH
06BEKT C TEM Xe UMEHEM
MaCKUpPYeT UCXOLHbIN OObEKT

» [lo ymon4yaHuto, BpeMeHHas
CXemMa U cxema CUCTEMHOro

KaTanora HesiBHO NPUCYTCTBYHOT B
Ha4dane NyTW NouUcKa N cosgaHme
BpeMeHHOro obbekta MacKnpyet
nobyro Tabnuuy, npencrtaBneHue,
nocnenoBaTeNlbHOCTb

postgres=# \dt pg authid
List of tables
Name

pg catalog | pg authid | table | postgres
(1 row)

postgres=# create temporary table

pg_authid(t text);

CREATE TABLE

postgres=# select * from pg authid;
t

(0 rows)

postgres=# select current schemas (true) ;
current schemas
{pg temp 2,pg catalog,public}
(1 row)

{')
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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
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Obwume o0b6beKTbl KnacTtepa

e 3TO 06beKTbI (Tabnuubl 1 BCnomMoraTtesibHble 06beKTbl)
CUCTEMHOro KaTanora, XpaHsawmue gaHHble 06 obwmx
obbeKTax Knacrtepa

* pacnonararoTcq B TabMYHOM NMPOCTPAHCTBE pg global

« ObWMme 06bEKTLI KNacTepa:

e Da3bl AAHHbIX

e nonb3oBaTenu (ponu)

e TabnMYHblE NPOCTPaHCTBA

e MNOAMUCKWN NOrNMYeCcKoUu pennmkaunm

* UCTOYHUKUN NOrMYECKOU pennkKaumm
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Ncnonb3oBaHUe CUCTEMHOIO KaTtasnora

e N3 Tabnuy n NnpeacTtaBneHNN CUCTEMHOIO KaTanora MOXHO
nony4yaTtb MHpopmaumo komaHgamm SELECT, WITH,
KoMaHgamu psql (HaumHatoTCca Ha cumBon \), rpadnyecKknmu
npunoxeHusamm un MNnatpopmon Tantor

* \? cnpaBkKa No KoMaHaam psql

* BHOCUTb U3MEHEHUS B TabnunLbl CUCTEMHOIO KaTtasiora ecnu,

3TO HE ONMUCAaHO B AOKYMEHTaLUMN HexXenaTtenbHo
o 3Haqa apxuTtekTypy PostgreSQL, NOHATUA, TEPMUHbI Bbl
CMOXXETe Nerko nonyyaTtb MHGopmMauUno KoMmaHgamm psql
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O6palleHne K CUCTEMHOMY KaTanory

» BbinonHaetca komaHpgamu SELECT n WITH

¢ MOXHO COeauHATb Tabnuubl N NpeacTaBneHuns

e CTONGEL C UMEHEM 0id - MePBUYHBIN KJTHOY

o ON151 CBA3EU Mexay Tabnmuamm ncnonblyertcs ctonbdey, oid

¢ MaKCUManbHOE YMCO CTPOK B Tabnmuax CUCTEMHOIO
KaTtanora 4 munnuapaa

e NEepBble TPU CUMBOJIa B Ha3BaHUMN CTONOLLOB - COKpalleHHoe
Ha3BaHWe Tabnuubl
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reg-Tunbl

e co3paHbl ana 11 Tabnuy, CUCTEMHOIoO KaTanora

* UCMOMb3YIOTCH A1 NpUBEAEHUA TEKCTOBOIo MMEHN OObEKTA
K 3Ha4YyeHUto Tuna oid n obpaTHo

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

_______________ +________________________

4185 | pg toast.pg toast 1213
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YacTo ucnonb3lyemble KomaHabl psql

e \l - cnncok 6a3 gaHHbIX

» \du \dg - cnnucok ponen knacrtepa

» \dn - cnncok cxem 6a3bl

» \db - cnucok TabnnyHbIX NPOCTPAHCTB

» \dconfig *umsa* - cnnucok napameTpoB KOHPUrypaLmn

» \dfS pg* - cnncok cuctemMHbix GyHKLMN 1 Npouenyp, NONEe3HbIX
o8 agMUHUCTpUpoBaHus. Yactbe nHpopmaumm o paboTe
aK3eMMIsipa U Knactepa MOXHO MoslyyYnTb TOSbKO C MOMOLLbHO
dYyHKUMN. HekoTopble cnyXebHble npegcTaBneHns UICNONb3yoT
OYHKUUN

» \dvS pg* - nonesHble cny>XebHble NpeacTaBleHns

* CUMBON + B KOHLIe KOMaHbl NoKa3blBaeT 60nbLUe NHGOPMaLnn
npumep: \db+ nokaxet pasmep n npusunerum
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CobbITUMHbIE TPpUrrepobl

* MOXHO onpenenntb ana cobbiTun: ddl _command start,
ddl command end, login, sql drop, table rewrite
* event triggers OTKIHOYaeT COBObITUNHbIE TpUurrepbobl

create or replace function ef() returns event trigger as $$
BEGIN RAISE NOTICE 'event trigger: % %', tg event, tg tag; END;
$$ language plpgsql;

create event trigger evl ON ddl command start WHEN tag IN ('REINDEX')
execute function ef () ;

reindex system postgres;

NOTICE: event trigger: ddl command start REINDEX

set event triggers = off;

reindex system postgres;

create event trigger ev2 ON login execute function ef();

\e \\

NOTICE: event trigger: login LOGIN

drop event trigger evl, ev2;

drop function ef;
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IleMOHCTpauud

» [lpocMoOTp cnmcka 6a3 gaHHbIX KnacTepa
o Co3aaHune 6a3bl JaHHbIX

» [lepenmeHoBaHMe 6a3bl AaHHbIX

o OrpaHuyeHne Ha coenHEHNE C Ba3on

» ¢opmaTupoBaHme BbiBoga psql
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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

QﬂtOf

YuebHbi kypc Tantor DBA1 -18 "AgMUHUCTpUpOBaHue PostgreS QL 18" TaHTop Nlabc © 2026 239




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

YyebHbin kypc Tantor DBA1-18 "AgmuHuctpupoBaHune PostgreSQL 18" TaHTop Jlabc © 2026
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Oupektopun n ¢aunsl B PGDATA

* COOEPXUT dannbl NapamMmeTpoB
e nogavpekTopumn

e ~/Tantor-se-1c-17/data [ ] =
N Mame Name Mame
fpg_serial autoprewarm.blocks
/base /pg_snapshots current_logfiles
/global fpg_stat pg_hba.conf
/log fpg_stat_tmp pg_ldent.conf
fpg_commlt_ts /pE_subtrans postgresgl.auto.conf
/pE_dynshmem fpg_thlspc postgresgl . conf
fpg_logical /fpg_twophase postmaster.opts
/pg_multixact fpg_wal postmaster.pid
/fpg_notify fpg_xact
/fpg_replslot PG_VERSION
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dannbl XXypHana npeasaputenbHoun 3anucu (WAL)

» [NapameTpbl wal recycle Mwal init zero onpepensaroT
paboTy ¢ pannamm WAL >XypHana

» [1o ymonyaHuto, ¢pannbl NOBTOPHO UCMOJIb3YHKOTCH, BHOBb
co3[aBaeMble 3aMnOoJIHAKTCSH HYIAMMU

 PGDATA/pg_wal xpaHuT ¢pannbl XXypHana

« [1pn ncnonbzosaHun SSD 6onbluas YyacTb pasgena ¢amnoBou
CUCTeMbl 40J1KHa 6bIiTb cBO6OAHA

1 6uT Ha aveiiky 2 BWT Ha Adeiiky 3 6WT Ha Avellky 4 OWT Ha aueliky 5 BuT Ha Aveiiky
wal block size | 8192 I - B i ——
wal buffers | 4MB ; "
wal compression | off o ‘;w
wal consistency checking | 5
wal 1nit zero | on -;;
wal level | replica o -
wal recycle | on 00
wal segment size | 16MB e
wal sync method | fdatasync  s.kc  mcepic 0 mc 0 Qe omc
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upekTopusa ¢ pannamm XxypHana

* PGDATA/pg wal MOXET OblTb CUMBOSIMYECKOWN CChINIKOM,
yKa3blBatoLLEN HA CMOHTUPOBaHHbIN pPa3gen AucKa

o YTUNNTE initdb MOXHO YKa3aTb B NapamMeTpe —-waldir=nyTs
K OUpeKTopun, rae 6yayTt XpaHUTbCA ¢annbl XXypHana

e MOC/€e Co34aHunda Knactepa MOXHO co34aTb CUMBOJSIMYECKYIHO

CCbIJIKY BPYUYHYHO
¢ MOXHO BKJIHOUMTb CXaTuUe 00pa3oB CTPaHWUL, MapaMeTpoM
wal compression, alifTOPUTMbL: pglz, 1z4, zstd

postgres@tantor:~/data$ initdb -D . --waldir=/var/lib/postgresql/wal

Success. You can now start the database server using:
pg ctl -D . -1 logfile start
postgres@tantor:~/data$ 1ls -1 pg wal
lrwxrwxrwx 1 postgres postgres 44 pg wal -> /var/lib/postgresqgl/wal
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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:
kKomaHga \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 MoryTt nepemellatbCa MeXay Knacrtepamu

* He MmoryT pesepBunpoBaTbCs OTAENBHO OT KNacTepa

* He aBnsatoTCca 00bekTaMn CXem

* ImetoT ponb-BnagenbLa

o OupekTopunsa TabIM4HOro NPOCTpPaHCTBa:

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;
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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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BpemMeHHble dannbl

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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[MapamMeTpbl KOHPUrypauum ans BpeMeHHbIX ¢annos

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

Parameter | Value
_______________________________________ _|________
| 100
enable delayed temp file | off
enable temp memory catalog off
enable temp table on replica off
log temp files -1

|
|
|
pg _stat statements.mask temp tables | off
|
|
|
|
|

remove temp files after crash on
temp buffers 8MB
temp file limit -1
temp tablespaces

wal receilver create temp slot off

(12 rows)
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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

QﬂtOf

YyebHbin kypc Tantor DBA1-18 "AgmuHuctpupoBaHune PostgreSQL 18" TaHTop Jlabc © 2026 252




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
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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

[na nonydyeHus pasmepa ¢annoB o6beKTOB eCTb Habop

GYHKLMN

pg relation size(regclass, 'main'
| 'init') BblaET pa3mMepbl COEB
pg_indexes size () pasmMep BCEX MHAEKCOB CO3[aHHbIX Ha

Tabnmuy

'-‘ml'

"fsm'

pg_table size() pa3mep Tabnuubl (TOAST n Bcex cnoés)

6e3 NHOEeKCOB

pg _total relation size() pasmep Tabnuubl BK/tOYaS
TOAST, BCce nHgekcbl 1 cnou

Yye

6H

bl KypC

Tantor DBA1-18 "AgMuHucTpupoBaHue PostgreSQL 18" TaHTop Jlabec © 2026
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[lepemMelleHne o6beKkToB

* MOXHO nepemMecTuTb dannbl Tabnuny, MHOEKCOB,
MaTepuanniloBaHHbIX NpeacTaBneHnmn

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

e YCTaHaBNMBAET MOHOMNOMbHYHO BNTOKUPOBKY, HECOBMECTUMYIO
gaxe ¢ KoMaHgou SELECT

« KomaHoa ALTER Tun ALL IN TABLESPACE [NOWAIT]
nepemMelaeT Bce 06beKTbl O4HOro Tuna B Tekyllen 6ase

OaHHbIX

> T1pn ncnonb3oBaHUM NOWAIT BblAAETCS OWMOKa, eCcnin KoMaHAaa
He MOXeT HeMeaJ/IeHHO NoNy4YnTb BCe OJTIOKMPOBKU Ha BCe
3aTparmBaemMble O0ObeKTbI

> log lock_failures JIOrMpyeT OLLUMOKM N3-3a NOWALT
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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 mMda OWNER TO mojgb30BaTeNb;

o [1nsi cCMeHbl CXeMbl UCNOMb3YEeTCH KOMaHaa:
ALTER Tun obOwexkTa mMmda SET TO cxewma;

« [1nss maccoBOro nepeHasHavyeHus Bcex o6bEKTOB ponen B ogHoun 6ase
Ha OPYryro posib UCMNOSb3yeTcs KoMaHga:
REASSIGN OWNED BY nojsvps3soBaTesib TO OJIB30OBATEb;

o yaaneHue o6bEeKTOB NpUHaaiexallmx nonb3osaTtento B 6ase:
DROP OWNED BY mMms [CASCADE];
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PeopraHusauus U nepemelleHue tabnuy,

yTMHMTOM pg_repack

nmeetcqd B Tantor Postgres

* HY>XHO YCTaHOBUTb pacluupeHne B 6a3ax AaHHbIX, rae HY>XHO
peopraHn3oBaTb Tabnumupbl

e peopraHusaums ¢annos Tabnuy c NepemMeLleHNeEM B gpyroe
TabfIM4yHOE NPOCTPAHCTBO UK Be3 nepeMeLlleHuns

e B Mpouecce peopraHnsaymm yctaHaBnmBaeTca 6/I0KMpPOBKa
ACCESS SHARE, N03BONSANOLWAA BbINOMHATL KOMaHAb
VACUUM, ANALYZE, SELECT, DML

* B KOHLIe peopraHu3aunm Ha KOpOTKOE BpeMS
yCTaHaBMNMBAETCHA 9KCKNO3MBHaA BJTIOKNPOBKa

» B 19 Bepcuun PostgreSQL nosasmnacb KoMaHga REPACK
CONCURRENTLY CO CXOX€eW NOrnkou
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YMeHblleHue pa3smepa pannos Tabnuy, yTUINTON
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 ,BOWMHOW pa3mep Tabnuubl U UHOEKCOB
> Tabnuubl o6pabaTbiBaltOTCSA C afanTUBHOWN 3a40ePXKOWU, a He C
NOSTHOW Harpy3Kowu
> He MOXET nepemellaTtb ¢awnnbl B gpyroe tabnmyHoe
NPOCTPAHCTBO
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TOAST (The Oversized-Attribute Storage Technique)

« Ob6blyHble Tabnuubl (heap tables) xpaHAT gaHHblE "MOCTPOYHO"

» Ecnu cTpoka He noMelwaeTtcs B 6/10Ke AaHHbIX, TO UCMONIb3yeTCH
TexHonorma TOAST

» YeTblpe pexnma XpaHeHns Ha YpOoBHe Ka)goro ctonbua: PLAIN,
EXTERNAL, EXTENDED, MAIN

o [0na TMNoB AaHHbIX HEOONbLLLOro pa3mMepa He npegycMoTPEHO
XpaHeHue B TOAST 1 pexmm egUMHCTBEHHbIN: PLATN

e AN 60NbLWNHCTBA OCTalIbHbIX TUMNOB AAHHbIX N0 YMOJTYaHUIO
YCTaHOBMEH pPeXUM EXTENDED

* MUCMONb3yeTcs cXKaTue Ha ypoBHeE NoJsieun, ana nonem HebonbLloro
pa3Mepa cxxatue HeadpPeKTUBHO

create table t(n numeric storage main, t text storage plain);
alter table t alter column n set storage plain;
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TOAST (The Oversized-Attribute Storage Technique)

TOAST 3T0 TexHUKa XxpaHeHusa "aTpubyTtoB" (nonen) 60nbLIOro
pasmMepa

nosia 60NbLWOro pa3mMmepa - aTo Nons He NomMellaroLlneca B 610K
NO3BOJIAET XPaHUTb nonda pa3mMmepom go 16

ecnun B Tabnuue ecTb 3aBeAoMO 60MbLUOE MOoNe UK BCTaBNSETCS
CTpoOKa c 60onblIMM NOJIEM, TO co3faeTcs toast-Tabnmua n HOEKC
Ha toast-Tabnuuy

B TOAST BbIHOCATCA OTAENbHblE NONIA CTPOK

BblHECEHHbIE Nonsa Aenartca Ha YacTtu (chunk) no 1996 6auT:

postgres@tantor:~$ pg controldata | grep TOAST

Maximum size of a TOAST chunk: 1996
postgres@vanilla-x32:~S 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 6aunT B Ha4vane nons nepeMeHHoOn ONIMHbl XPaHUT AJNHY NOoNs ANIMHOU
no 127 6ant

» 4 6auTa B Ha4dane nonga nepeMeHHOUn ASINHblI XPaHUT AAUHY nonsa ons
nonen gfinHHee 126 6anT
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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)
BblITECHEHUS 3aBUCUT OT NMopsaaKa
cfiegoBaHus cTonouos

* MpPW OO0CTYMNe K KaXXaomy
BbITECHEHHOMY MO0
OOMNONHUTENBbHO YNTaeTcq 2-3
onoka TOAST-nHgekca

* (QYHKUUA NPOBEPKN, BBITECHEHO NN
nosie B TOAST:

Pg _column toast chunk id()

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 seqg | length

74297 | 0
74297 | 1
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AnropuTtm BbiTecHeHua nonen B TOAST

Npu BCTaBKe CTPOKU B Tabnuuy oHa NMOIHOCTbIO pa3MellaeTca B NaMATH
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 3aKaH4YMBaeTcA

ob6paboTka HaunHaeTca ¢ nona EXTENDED n EXTERNAL ot
Hanbonblero pasmepa K MeHbLUEMY

cXatue n BolHOC nosien MAIN BbINONHAETCS TOMBKO NOC/ie BbIHOCA BCEX
nonen EXTENDED n EXTERNAL

[1To ymonuaHuio, ucnosnbiyeTtcs cxkatue pglz, B 19 Bepcuu 1z4

QﬂtOf

YyebHbin kypc Tantor DBA1-18 "AgmuHuctpupoBaHune PostgreSQL 18" TaHTop Jlabc © 2026 266



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 seqg | length

74297 | 0
74297 | 1
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OrpaHunyeHus TOAST

o B Tabnmuy TOAST MoXeT ObITb BblIHECEHO He 6onblue 2*32 nonen (~4
MnpAa,.)
o Ansa BblHeceHHoro B TOAST nonsa B 6n1oke Tabnuubl XpaHuTtca 18 6anT, oHu

He BblpaBHMBAKOTCS, HO BCS CTPOKa BblpaBHUBAETCH
e 3Ha4yeHue, ocTatoleecs B 6/10ke Tabnuubl, nocne BbiHOca nons 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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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 pacwmpeHne co3gaeT TabnnyHbln MeTod A0CTyNa columnar

e CMUCOK METOAOB A0CTyMna ecTb B Tabnuue pg am
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KonoHoyHoe xpaHeHue: 0co6eHHOCTU UCMNOSb30BaHUS

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
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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
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[1pakTuka

anwWwN S

N O

Co3paHue coeguHeHnsa ¢ 6a3on AaHHbIX

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

[TepemelleHmne Tabnuubl B gpyroe TabnnyHoe NpoCcTpaHCTBO
yTUAUTOUN pg_repack

. icnonb3oBaHue yTunntbl pgcompacttable

KOnoHOYHOe XpaHeHue pg_columnar
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QﬂtOf

S

[AMarHoCTnyecKum XXypHan

QﬂtOf

YuebHbi kypc Tantor DBA1 -18 "AgMUHUCTpUpOBaHue PostgreS QL 18" TaHTop Nlabc © 2026 274




[narHoctuyeckunm XxypHan knactepa 6a3 gaHHbIX

e HakannmMBaeT AMarHoCcTu4yeckmne coobLLeHUss OT BCeX rnpoueccoB

* UCMNOJNIb3yeTCA ON4d.
> OWArHOCTUKKU Npobnem
— MOHUTOPUHIa U HACTPOUKMN MPOU3BOAUTENBHOCTH
> ayauTa 6e3onacHoOCTH
> UCTOPUYECKOro aHanunsa Toro, Yto npomcxoguno npu pabore
aK3eMnnapa
> aHanunsa BbIMNONHEHUSA 3aMpoCoB

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

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

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

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

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

» B kope 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 >XypHana

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

QﬂtOf
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[lepepayva coobLieHun syslog

 MpU log destination = syslog COOOLLEHMA NnepepatoTcsa cnyxobe

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
syslog split messages
(4 rows)

on
on

QﬂtOf
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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 pa3peLlieHna 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)

QﬂtOf
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[InarHoCcTu4YeCKnmn XKypHan

* logging collector (N0 yMOMYaHWIO off) peKOMeEHAYeTCA YCTaHOBUTb
3Ha4yeHune 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 YMON4YaHUIO, YTO O3Ha4aeT normpoBaHune
COOBLLEHUN C YPOBHAMM WARNING, ERROR, LOG, FATAL, PANIC

* log min error statement=ERROR MO YMON4YaHUIO. MunHUManbHbIN
YPOBEHb BaXXHOCTU ansa komMaHpg, SQL, KoTopble 3aBEPLUUTUCE C OLLMOKOM

* log directory=log (PGDATA/log) NO yMONyaHuoo. 3adaéTt nyTb K
OVpeKTopun ¢annos fiora, MOXHO NMOMEHATb Ha TOYKY MOHTUPOBaHUS,
CKOPOCTb 1 06BbEM KOTOPbIX A0CTAaTOYHbI N4 npuemMa noros. EcTb
napamMeTpbl, HacTpanBarLine poTaumto Gannos fora

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

sudo systemctl restart tantor-se-server-18

ps -ef | grep logger

postgres 21861 21860 0 09:37 00:00:00 postgres: logger
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[TapameTpbl AMarHOCTUKU

napamMeTpoB KOHOUrypauumn normposaHua donsliie 35

TakXXe ecTb 6bonblle 8 napaMeTpoB ANd oTnaak KomMmaHg SQL
paclUUpeHns MOryT UMeTb NapamMeTpbl 419 NoripoBaHid
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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OTcneXxXuBaHue UCNoIb30BaHUSA BPEMEHHbIX $haliioB

e cluster name = 'main' [lo ymMonyaHuo nycTo. PekomeHayeTcs
yCTaHOBUTb. 3Ha4yeHne gobaBnseTcs K Ha3BaHUKO NMPOLLECCOB 3K3eMMNNSAPa,
4YTO ynpoLlaeT nx ngeHtmeukauuro. Ha pensnmke no ymMoJsl4aHUro
ncnonb3yeTcsa ona UAeHTUOUKaUUN wal receiver

* log temp files='1MB' (MO YMOMYaHUIO OTK/HOYEHO) NOTUPYET UMEHA U
pa3mMepbl cCO34aBaeMbIX BPEMEHHbIX pansioB B MOMEHT UX yYaaneHus

e MPW HYNEBOM 3Ha4YeHUn nornpyrotca dannbl N0boro pasmepa

* BPEMEHHbIe pannbl CO34at0TCH B AUPEKTOPUN TabNUYHbIX NPOCTPAHCTB,
YKa3aHHbIX B NapamMeTpe temp tablespaces
> MOXHO OrpaHNuuUTb MapaMeTpoM temp file limit
> PEKOMEHAYEeTCH YCTAaHOBUTb log temp files M temp file limit

o Mpumep coobLleHnUsa 0 TOM, YTO BpeMEHHbIN pann gopoc ao 97/Mo6:

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 YMOMYaHUIO yCTaHOB/EH B 10 MUHYT.
Ecnu aBTOBakyyM NpeBbICUT 3TO BpeMs nNpu obpaboTke Tabnuupbl, TO B 1Ol
KnacTepa 3anuweTca coobleHune. lNpn BO3HUKHOBEHNN TaKNUX COOBLLLEHUN
CTOUT BbISICHATb NPUYNHY A0NTrOro BakyymMmmpoBaHus Tabnuubl

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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HabniogeHne 3a KOHTPOJIbHbIMU TOYKaMM

rnepBasa 3anmcb NOABAAETCA B MOMEHT Hayasna KOHTPOJSIbHOU TOYKM
total =09:31:35.070-09:27:05.095
> 270 ceKyHpA = checkpoint completion target *
checkpoint timeout = 0.9*300
total= + Bpems 3anncu B WAL-pannbl
BpeMs, 3aTpadyeHHoe Ha Bbi3oBbl fdatasync no WAL-dpannam
sync files=15 (CMHXPOHU3UPOBAHO dannoB) - YMCNo GannoB AaHHbIX, B
KOTOpble Benacb 3anucb, N0 HUM B KOHLE KOHTPOJIbHOW TOYKE NOoChl1aeTcs

BbI30B fsync
longest=0.003 s (camasi_gonrast CUHXpP.) - Hanbonbliasa AINTENbHOCTb

06paboTkn ogHoro ¢panna

09:
09:

buffers; 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; 1lsn=8/1164B2E8, redo 1lsn=8/BC98978

27:05.095 LOG: checkpoint starting: time
31:35.070 LOG: checkpoint complete: wrote 4315 buffers (26.3%), wrote 1 SLRU
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OnuncaHue 3annucen log checkpoints

e wrote 4315 buffers YMUCMO rPA3HbIX ByPepoB, KOTOPbIE 3anncaHbl Mo
KOHTPOSIbHOWU ToYyke. OgHOBPEMEHHO C checkpointer rpsasHbie 6/10KM MOryT
3anucbliBaTb ApYyrmve npouecchbl aKk3eMnniapa

e (26.3%)MNPOLEHT OT obulero konn4yecTtea bypepon 6ydpepHOro KaLla,
3afaBaeMblX NnapaMeTpoM shared buffers

e file(s) added, 0 removed, 6 recycled YUCNO CO34aHHbIX,
YAaNnEHHbIX, MOBTOPHO Ucnonb3oBaHHbIX WAL ¢annos

e distance=109699 kB (paccTosiHMe) - oo6bem 3anmcen WAL mexay
Hayanom npegbiayLen KOHTPOSTbHOU TOYKU U

09:22:05.087 LOG: checkpoint starting: time

09:26:35.066 LOG: checkpoint complete: wrote 3019 buffers (18.4%), wrote 1 SLRU buffers; 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;
1sn=8/AA004C8, redo 1lsn=8/5177990

09:31:35.070 LOG: checkpoint complete: wrote 4315 buffers (26.3%); 0 WAL file(s) added, O
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=8/1164B2ES,

QﬂtOf
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OnuncaHue 3annucen log checkpoints

e estimate=109699 kB (pacCCTOsIHME KOTOPOE 0OXULaN0Cb) paccynTbiBaeTCs,
4YTOObI OLLEHUTb CKONbKO WAL cermMeHToB OyaeT UCMob30BaHO B

cnepyrolen KOHTPOJIbHOU TOYKE
e €eCZIMHYNU B "0 WAL file(s) added, 0 removed", TOOUEHKa estimate

BepHas. CKonbKo ¢annoB yganuTb, onpeaenseTca napametTpamm
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%), wrote 1 SLRU

buffers; 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 filel(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,

QﬂtOf
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YTnnuta pg waldump M 3aNUCU log checkpoints

e Ansa npocmoTpa 3anncen B WAL-bannax ncnonb3lyertcs yTunuTa
pg waldump. 1o ymonyaHuto ytunuta nwet WAL-daunbl B "." (TekyLuen
OVPEeKTOpUM OTKyda OHa 3anylleHa), ganbwe B . /pg wal, SPGDATA/pg wal
* BJIOre U BblBOAE pg controldata B LSN Begywme Hynu nocne "/" He

neyaTaroTCH
» B BblBOAE pg waldump B ISNn u 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%), wrote 1 SLRU buffers; 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 3aNUCU log checkpoints

e Isn 8/1164B2ES 3aNUCb O KOHLE KOHTPOJIbHOU TOYKU

* redo 8/0BC98978 3anNnUCb O Hayane KOHTPOJIbHOU TOYKN, C KOTOPOWU
Ha4YHEeTCHA BOCCTaHOBJIEHME B CNy4dae cboa ak3emnidapa

e prev 8/1164B298 agpec Hayana npegbiayLen 3annucu B XXypHane

° obbeM XypHana oT Havana npeablayuwen Ao Hadyana 3aBepLUeHHON
KOHTPOJIbHOW TOYKM '8/0BC98978"': :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%), wrote 1 SLRU buffers; 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 1sn=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=8/1164B2ES8, redo 1lsn=8/BC98978

QﬂtOf
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JlorupoBaHue coeHEHNN

* BbIABIAET HET /1N C/IULLKOM 4YacCTbIX COeAUHEHNN U KOPOTKUX

ceccun
* MOPOXAEHMEe ceccuun ans BbIMOMHEHUA OAHOro 3arnpoca He

OonTnMmMalibHO

° ﬂ,J'IFl nornpoBaHM4A COeLI,VIHeHVIM NUCMOJIb3YHOTCA MapaMeTpbl:

log connections={all, authentification, receipt,
authorization, setup duration, on, off}

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

f;}wcu
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[lapameTp log connections

* log connections 3alUCbIBAET B ONAarHOCTUYECKUU XYPHanN

KflacTepa NonbITKU NMNOAKIHOYEHUA K 3K3eMMNNApPY, NONbITKA
ayTeHTUPUKaLUN KU yCNewWwHY ayTeHTMdmnKaumro
* U3MEHUTb 3Ha4YeHMne MOXXHO TONIbKO Ha YPOBHe KnacTepa

* HMN Ha YPOBHE MNnoJjib3oBaTtesid, HKA Ha YPOBHE 6a3bl JaHHbIX 3TOT

MNapaMeTp HE MOXET YCTaHaBJINBATbCA:

postgres=# alter user alice set log connections = 'all';
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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[lapameTp log disconnections

o log_disconnections=on 3alinCblBa€eT B IEl,l/IaFHOCTl/I‘-IeCKl/Il‘/JI
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 MNnoJjib3oBaTtesid, HA Ha YPOBHE 6a3bl OaHHbIX
MNapaMeTp HE MOXET YCTaHaBJIMBATbCA:

postgres=# alter database postgres set log disconnections = 'all';
ERROR: parameter "log disconnections" cannot be set after connection start

* NpUMep CoObLLEHUN:

LOG: disconnection: session time: 0:00:00.007 user=postgres database=postgres
host=127.0.0.1 port=34298
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[JunarHocTuka yacToTbl coeiuHeHn ¢ 6a3oM faHHbIX

 log disconnections=on 3anucbiBaeT B JIOI COObITUE 3aBepLLUEHMS
ceccuun. 3anncbliBaeTcd Ta XXe MHPopMaLus, YTo log connections MJKOC
OUTENIbHOCTb CECCUMN.
> npenmMyLlecTBo B TOM, HTO BbIBOOUTCA OHa CTPOKa, 4TO HE 3aMyCOpunBaeT Jior

> MNO3BONAET UAEHTUPUMUMPOBATbL KOPOTKNUE MO BPEMEHU CECCUM
> NpUMep cooBbLWEHNS O ANNTENBHOCTU CECCUN CeCcCUn 4 ceKyHAbl:

LOG: disconnection: session time: 0:00:04.056 user=oleg database=dbl host=[vml]

* log connections=on 3aNUCbIBa€eT B IOl NOMbITKM YCTAaHOBUTb CECCUIO
> HeAOCTaTOK B TOM, YTO HeyAa4Hbl€ MOMbITKN OT/IIMH4AKOTCA TOJIbKO
OOMOJSTHUTENBHON CTPOKOMU:

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

QﬂtOf
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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 ymonyaHuo 1 cekyHga, 4To Ha
HalrPy>eHHbIX 3K3eMMApax co3gaeT U3AEPXKKN

* log startup progress interval='1l0s' He CTOUT OTK/IKOYATb

* log recovery conflict waits=on. 1o ymonyaHuto off. [1pouecc
startup 3aluueT coobLlieHune B nor peninkn, eciin He CMOXeT NPpUMeHNTb
WAL K 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 NpeacTaBneHnm (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

QﬂtOf
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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

QﬂtOf
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[Monb3oBaTtenu (ponu) B knactepe 6a3 gaHHbIX

* POSb CUHOHUM MNOJSIb30BaTENS

e 00OWMM OOBEKT KNacTepa

* Y 06BbEKTOB MOXET ObITb TONIbKO OfHa poNb-Bragened

e Y pONnewn HeT ponu-enagenbua

° PONAM MOXHO NPenoCcTaBnATb NPUBUIErnn Ha OO bEKTHI

* Y poneun ecTtb aTpunbyThI

o pa3Huua mexay komaHgamm CREATE USER n CREATE ROLE:
postgres=# create user alice;

CREATE ROLE

postgres=# create role bob;

CREATE ROLE
postgres=# \du

List of roles

Role name | Attributes

___________ o

alice |

bob | Cannot login

postgres | Superuser, Create role, Create DB, Replication, Bypass RLS

f;}wcu
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[Monb3oBaTtenu (ponwu)

Cnncok ponen MoXHO NoCMOTpeTb KoMaHaamMu \dusS \dgs
Cnucok poneun xpaHuTca B rnobanbHou Tabnuue pg_authid
EcTb ncesooponb public, B KOTOPY BXOAAT BCE POMU

> el MOXHO BblgaBaTb NpuBUIernu
ATpubyTbl ponu postgres:

postgres=# select * from pg authid where rolname='postgres'\gx
—[ RECORD 1 ]J-—#-—————mmmm oo

oid

rolname
rolsuper
rolinherit
rolcreaterole
rolcreatedb
rolcanlogin
rolreplication
rolbypassrls
rolconnlimit
rolpassword
rolvaliduntil

10
postgres
t

t ot ot t

-1
SCRAM-SHA-256$4096:0ejDgbbw. ..
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ATpubyTbl (MapamMmeTpbl, CBOMCTBA) NOMb30BaTENEN

eCTb 7/ aTpnbyTOB TUNA BKIHOYEH/BbLIKTHOYEH

LOGIN - npaBo co3gaHnsa Ha4yanbHOro coeguHeHua ¢ 6azamMm gaHHbIX

SUPERUSER - 06xoguT npoBepku NpaB 4ocTyna, KpomMe HayanbHOro

coeguHeHud

REPLICATION LOGIN - (6e3 atpubyta LOGIN atpnbéyt REPLICATION

b6ecrnoneseH) MMeeT NpaBo pPe3epBUPOBaTb BECH KacTep

CREATEROLE - moXeT co3gaBaTb HOBble pPOn

> Yy ponen HeT BnagensLua

> CcO3[aHHas ponb rpaHTyeTca cospatrowen ponu ¢ onumen ADMIN OPTION, Ho 6e3
SET u 6e3 INHERIT, noatomy HU rpaHT WITH ADMIN, Hu aTpubyT CREATEROLE He
NO3BOMIAOT NOAHATL CBOEN POMU NPUBUAETNM NYTEM CO3[aHUS N NEPEKTIOYEHNS B
CO3[4aHHY0 POnb

['paHT ¢ ADMIN OPTION He pa€eT npaBo MeHATb aTpnbyTel CREATEROLE,

BYPASSRLS, REPLICATION, CREATEDB, SUPERUSER

> 9TW aTPUBYTbl POSiIb CMOXET MEHSATb Yy ponen, Ha koTopble ectb ADMIN OPTION,
TOSIbKO, ECNIN Y HEE NUMEETCS TaKoW Xe aTpmbyT

QﬂtOf
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[lapameTp KOHPUrypaLmmn createrole self grant

» [lo ymonyaHuto, co3gatenb He nony4daet SET u INHERIT, Tonbko ADMIN

postgres@postgres=# create user alice createrole;

CREATE ROLE

postgres@postgres=# grant all on schema public to alice with grant option;
GRANT

postgres@postgres=# \c postgres alice

You are now connected to database "postgres" as user "alice".
alicelpostgres=> create user bob createrole;

CREATE ROLE

alicel@postgres=> set role bob;

ERROR: permission denied to set role "bob"

alicelpostgres=> grant all on schema public to bob;

GRANT

alice@postgres=> drop user bob;

ERROR: role "bob" cannot be dropped because some objects depend on it
DETAIL: privileges for schema public

alicelpostgres=> revoke all on schema public from bob;

REVOKE

alice@postgres=> drop user bob;

DROP ROLE

f;}wcu
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BblaaHHblIe Nofib30BaTENAM npusuiernn

* 3aBUCMMOCTU OBBEKTOB XPaHATCA B pg shdepend U pg depend
o OYHKUMSA pg get acl() BblJAET CMUCOK NpaB AocTyna

\pset xheader width 20

Expanded header width is 20.

select pg describe object(classid, objid, objsubid) obj,

pg _describe object(refclassid, refobjid, 0) ref, pg get acl(classid,
objid, objsubid) acl from pg shdepend\gx

-[ RECORD 1 ]-—-——=——-

obj | schema public

ref | role alice

acl | {pg database owner=UC/pg database owner,=U/pg database owner,
alice=U*C*/pg database owner, bob=UC/pg database owner}

-[ RECORD 2 J--———--

obj | schema public

ref | role bob

acl | {pg database owner=UC/pg database owner,=U/pg database owner,

alice=U*C*/pg database owner, bob=UC/pg database owner}

{E%“Of
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ATpunbyT INHERIT n GRANT WITH INHERIT

o ATpunoyT INHERIT ycTaHaBnnBaeTcsa no ymon4yaHuo

» [lo3BonsdeT HacnepgoBaTb Npasa, BblgaHHble Ha 06beKTbl 6a3 faHHbIX

o Ecnun ponu yctaHoeutb aTpubyT NOINHERIT, TO OHa He 6yaeT HacnefoBaTth
npuBUNErnmn poneun, KotTopble en AaHbl

» [lpu Bblgayve ponm MOXHO ABHO 3a4aThb
> 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"

QﬂtOf
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MNepeknoyeHne ceccum B gpyryro ponb U CMeHa ponen

e SET [SESSION | LOCAL] SESSION AUTHORIZATION poJib;

nepekoyaeT CECCUI0 B APYryHo Posib
« KomaHAy MOXeT BbIMOMHUTb TOJIbKO Cyneprnosib3oBaTerb
> NCNOJIb3yeTCA And 10ro, YyTOObI cynepnosib3oBaTesib MOTI' MEPEKTHOHYNTDb
CeCCUIO B ApYyroro noJsibsoBartesnd h 3atemM BepHYyTbCA B MCXOOHYIHO
« TekyLlero nonb3oBatens MOXHO U3MEHUTb KOMaHAO0M SET ROLE
> MPOoBEpPKa rnpaB Ha 0OBbEeKTbI BbIMOMHAETCS ONAa TeKywero nojib3oBatensd

postgres=# set session authorization alice;
postgres=> select current user, session_user, user;
current user | session_user | user

alice | alice | alice

postgres=> set role bob;

postgres=> select current user, session_user, user;
bob | alice | bob

postgres=> reset role;

postgres=> select current user, session_user, user;
alice | alice | alice

postgres=> reset session authorization;

postgres=# select current user, session_user, user;
postgres | postgres | postgres

QﬂtOf
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[MpeponpenenéHHbie (cny>xebHble) ponu

» noasunucb B PostgreSQL HaunHada c Bepcun 14

» 15 poneu nntoc ncesaoposnb public

* MOXET rpaHTOoBaTb PO/Sb C aTpMbyTaMun SUPERUSER WU POb,
nMmerowlasa npaBo WITH ADMIN Ha —
rpPaHTyemMyto posb List of roles

Role name Attributes

¢ yﬂanMTb Cny)l(e6Hb|e ponM Henb3ﬂ _____ ;__;__T_; ________________ ;————;—1——7———
pg checkpoin anno ogin
e [MOJ1e3Hbl L-|T06b| He IulaBaTb pg create subscription Cannot login
pg database owner Cannot login

Cannot login
Cannot login
Cannot login
Cannot login

A1 BbIMOJTHEHUA BOCTpe6OBaHHbIX pg_monitor

o o pg _read all data
ﬂ'eMCTBMM pg read all settings

pPg read all stats

pg_read server files
pPg_signal backend

Pg _stat scan tables

Pg use reserved connections
pg write all data

pg write server files

Cannot login
Cannot login
Cannot login
Cannot login
Cannot login
Cannot login
Cannot login

|
|
|
|
anM6yT SUPERUSER Pg execute server program | Cannot login
pg maintain |
|
|
|
|
|
|
|
|
|
|

QﬂtOf
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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

€Ea1h0f
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[MfpocMOTp NpaB Ha 06beKThbl B psq|

o I'IpaBa BbIBOOATCA B BUAE CIMUCKaA:

° KOMY IaHa=IpMUBUIIeTVM/KTO IaJl
— N IIpaa Komanja

» Ecnu nepep 3Haukom "=" nycTo, aTO Tun odbexTa Beempasa  Lip oo 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+
nepegayn WiTH 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 Cﬂe,ﬂ,yPOU.LeVI CTpoOKe LARGE OBJECT rw HeT \d1l+
PARAMETER sSA HET \dconfig+
postgres=# \1
List of databases SCHEMA uc HET \dn+
Name | Owner | Access privileges SEQUENCE rwU HeT \dp
________ _|___________+_______________________
demo | postgres | postgres=CTc/postgres+ TABLE (i mono6Hble M) arwdDxtm HeT \dp
| | alice=C*c/postgres
postgres=# GRANT ALL PRIVILEGES ON ALL TABLES IN COLUMN arwx HeT \d
SCHEMA public TO alice, bob WITH GRANT OPTION; b
GRANT TABLESPACE C HET \db+
TYPE U U \dT+

QﬂtOf
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MpuBunerun no ymonyauuto (DEFAULT PRIVILEGES)

e ALTER DEFAULT PRIVILEGES NO3BONSAET 3afaBaTb NpaBa, NPUMEHSEMbIE
K obbeKTaMm, KoTopble byayT co3faBaTbCA B byayuem gns cxem, tTabnuu,
npencTaBneHnin, BHEWHUX Tabnuy, nocnegoBaTeibHOCTEN, MOANPOorpamMmMm,
TUNOB (BKJIFOYAKOT B ceb6 AOMEHDbI)

* POJIb public Nonyvaer
npasa:
> CONNECT U TEMPORARY
(coszpgaHne BpeMeHHbIX
Tabnuu) ana 6a3 gaHHbIX
> EXECUTE Ang GYHKUUN U

npoueayp
> USAGE And A3blKOB, TUMOB

NaHHbIX, AOMEHOB

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 et i
plpgsgl | postgres | t | .. | postgres=U/postgres
(1 row)

QﬂtOf
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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 (npemmukar) ;
> 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

QﬂtOf
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[ToacoeguHeHne K ak3emMnniapy

[TapameTpbl HA4YanbHOU ayTEHTUOUKALNN YCTaHABNMBAIOTCA B ABYX
dannax pg hba.conf M pg ident.conf
o Qannbl pefakTUPYHOTCS BPYYHYHO
» copepxumoe ¢anna pg hba.conf MOXHO B NpeACTaBeHUN

prg hba file rules
« PacnonoxeHue pansioB MOXHO MOCMOTPETb NapamMeTpamMmm KoOHUrypaumm
hba_file u 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

QﬂtOf
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®ann 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 ——— +—————— 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:£f£fff: | 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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Copepxumoe pg hba.conf

e TWUN coeguHeHus:
> local - coeguHeHune 4yepes UNIX-cokeT
> host - nrobble (c wnppoBaHmem n 6e3) coegmnHenus no TCP/IP
e Ha3BaHWe 6a3bl AaHHbIX:
> all - Bce 6a3bl
» replication - nogknto4YeHne No NPOTOKONY GPU3NYECKOU pennmkaumm
» IP-agpec ¢ mackoun nogcetn nnm 6e3 Macku:
> all - Bce agpeca IPv4 n IPv6
> samehost - ¢ IP-agpecoB xocTa, Ha KOTOpOM 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,@dfilel +bob,@file2 10.0.0.0 255.0.0.0 scram-sha-256
host "/ db\d{2,4}s$" /~.*desk$S samehost ident map=omicron
host all all all reject

f;}wcu
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CoaepXumoe pg hba.conf (MpoaonxeHue)

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 mdb

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}s$" /~.*desk$ localhost cert

host all all 1.1.0.0/16 reject
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®ainn conoctaBneHnss UMEH pg ident.conf

[ns metonos peer, gss, ident MOXXHO CoNoCTaBUTb UMS, BO3BpaLLaeMoe
cny>|<60171 ayTeHTM(bMKaLI,MM U POJIN KNnacTtepa, 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 NOCMOTPETb
TeKkyllee cogep>xmmoe davna:

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
———te e - et o e — F——————
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 MNOIKJIOUATHLCS IIOL IOJIb30BaTeJeM 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

QﬂtOf
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Buabl pe3epBHbIX KONUn

» [opsiune - 6e3 npocTos, 663 0CTaHOBKU 3K3eMMnnspa, 6es
NPUNOCTAaHOBKWU 06CTY>XMBAHUA KITMEHTCKNX CECCUU

o XonopgHble - Ha OCTAaHOBJIEHHOM 3K3eMmnnsipe

» ABTOHOMHbIE UM CaMOO0CTaTOYHbIE

* NNIHKpeMeHTanbHblE

QﬂtOf
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« XOonogHble 63Kansbl

YTUnuTbl pg basebackup N wal-g He 63KanaT, ecnin 3K3eMnnasip ocTaHOB/EH
Aicnonb3ytoTcs YyTUINTbl onepaunoHHOM CUCTEMBI CP, rsync, tar

HepgocTaTok - npepblBaHUE OOCNYXUBAHUA NPUNTOXEHUN, HYXXHO YUYUTbIBATb
cnmBoOJiIn4HeCKNEe CCbIJTIKHA

I'Ipmmep co3gaHnNA Xos1oaHoro 63Kar|a, eCJIn HET CMMBOJIMHYECKINX CCbIJTOK:

pg _ctl stop
cp -pr S$PGDATA/* S$HOME/backup
sudo systemctl start tantor-se-server-18

[Tpumep cosgaHusa ropsdero 6akana ytunutom pg_basebackup:

pg _basebackup -D $HOME/backup

[Mpumep co3ganusa ropsidyero 6akana ytunutom wal-g:

wal-g backup-push $PGDATA
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YTO HY>XHO pe3epBUpoOBaTb

o [OupekTtoputro PGDATA
> BPEMEHHble ¢pannbl He pPe3epBUPYHOTCS

o [lnpektTopun TabnnyHbIX NPOCTPAHCTB

o Qannbl WAL OT Hayana KOHTPOJIbHOU TOYKMU nepea
KonupoBaHnem ¢annoB Knacrtepa 40 MOMEHTa, Ha KOTOPbIN
HY>XHO BOCCTaHOBUTbCA

o [1na NONIHOro BOCCTAHOBNEHUA HY>XHO HAaCTPOUTb "apxuB

>XYpHanoB"
> YTUWINTOU pg receivewal
> U/MNK napamMeTpamMu archive command U archive mode=on
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OrpaHunyeHus npu cosgaHmnmn 6akana

o [loka co3paeTtcs 6aKan He CTOUT MeHATb 0a3bl AaHHbIX, Ha
OCHOBE KOTOpPbIX CO34at0TCs HOBble 6a3bl AAHHbIX

» [locne co3gaHunsa unu yganeHusa TabnmyHoro NpocTpaHCcTBa
pekoMeHayeTcs caenaTtb 6akan

o ECNnN HY>XHO c034aTbaBTOHOMHbIV 63Kar, TO HY>XHO
BKIHOUNTb B 63Karm XXYpPHasbl, KOTOPble BKAOYAOT U3SMEHEHMUS
C MOMEHTAa Hayasna KOHTPOJSIbHON TOUYKN 4,0 MOMEHTA
OKOHYaHUA KonupoBaHUa GpannoB KnacTepa
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ApPXUB >XXYpPHanoB

» Cnocobbl opraHu3aumn apxmBa XXypHasnoB:
» npuem (pull) noToka XypHasnbHbIX 3aNUCen pg receivewal

pg_receivewal --create-slot --slot=arch
Pg receivewal -D $HOME/archivelog --slot=arch --synchronous

» nepepava (push) komaHaou B napamMeTpe archive command

alter system set archive command = 'wal-g wal-push %p >>
$PGDATA/log/archive command.log 2>&l';
alter system set archive mode=on;

« KomMaHpa KonnpoBaHMa XYpPHanoB U3 apxuea npu

BOCCTaHOBJ1IEHUN:

alter system set restore command = 'wal-g wal-fetch %f %p >>
$PGDATA/log/restore command.log 2>&l || cp $HOME/archivelog/$f %p || cp
SHOME/archivelog/%f.partial %p';
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[lpouenypa BOCCTaHOBJIEHUSA

» OCTaHOBUTb aK3eMNnsp

» BoccTtaHoBUTb U3 NosiHOM pe3epBHOU Konunm PGDATA m
ONPEKTOPUN TabNNYHbBIX NPOCTPAHCTB

o [IPUMEHUTb UHKPEMEHTaNbHble O3Kanbl, eCN OHU co34aBaluCb

» Co3pgatb ¢pann standby.signal U YCTAaHOBUTb 3HAYEHMUE

napameTpa KOHpUrypauum restore command, 4YTOObI Ppannbl

XXYPHana KonmpoBannucb N NPUMeHANNCb U3 apXuBa

pg _ctl stop -m immediate

rm -rf S$SPGDATA/*

wal-g backup-fetch $PGDATA LATEST

touch $PGDATA/standby.signal

echo "restore command = 'wal-g wal-fetch %f %p >>

$PGDATA/log/restore command.log 2>&l || cp $HOME/archivelog/%$f %p || cp
SHOME/archivelog/%f.partial %p'" >> $PGDATA/postgresqgl.auto.conf
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[Mpouenypa BoccTaHoBneHus (NpoaoxKeHue)

o 3anyCTUTb 3K3eMMNNsap

o [1poBepPUTbL, YTO BCE XYpPHalbl, KOTOPbIE €CTb, ObINN
NPUMEHEHbI

» [locnaTb cUrHan promote ak3eMnnspy, OH OTKPOETCA Ha
YyTeHue-3anuchb

sudo systemctl start tantor-se-server-18
psql -c "select pg last wal replay lsn()"
psql -c "checkpoint"

psql -c "select pg promote(true, 60)"
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[Tpumep BOCCTAHOBJ/IEHUSA

» yaobHee ncnonb3oBatb pann standby.signal, a HE
recovery.signal
* B NpuMepe genaetcs 63kan

cd $HOME/backup

pg _ctl stop -m immediate -D

rm -rf SHOME/backup/*

pg_basebackup -c fast -D

touch standby.signal

echo "restore command = 'cp /var/lib/postgresql/tantor-se-
18/data/pg wal/%$f %p || cp /var/lib/postgresql/tantor-se-
18/data/%f.partial %p'" >> ./postgresql.auto.conf

echo "port = 5433" >> . /postgresql.auto.conf

chmod 750 $HOME/backup

pg_ctl start -D

psql -p 5433 -c "select pg last wal replay 1lsn();"

psql -c "checkpoint"

pg ctl promote -t 60 -D
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[MpMmeHeHue XXypHanbHbiX 3anmcen (WAL)

e XYpPHalibHbl€ 3anncu NpuMeHsaeT TONbKO npouecc startup

o ynpasngaeTtca ¢annamMmum standby.signal, recovery.signal U
napamMeTpamMun restore command U recovery *

* XXYPHalibHas 3anmcb, C KOTOPOU HAYMHAETCHA NPUMEHEHNE
(HakaT) bepéTca U3 TeKCcToBOro ¢amna PGDATA/backup label
nnn buHapHoro ynpasnsouwiero panna
PGDATA/global/pg control

* Mpoueccy startup Hen3BeCTHO Kakad XXYypHalibHaqa 3annucb
dopmMmpoBanacb nocnegHen nepepn c6oem Knacrtepa, npouecc
NbiTaeTCA NPUMEHATb BCE 3annucu u ¢annbl, KOTOPble UMEKOTCS
B PGDATA/pg wal

* log startup progress interval (10 cekyHAa) 4YacToTa
3anmMcamMm B JIor, YTO genaet npouecc startup
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JInHUKN BpemMeHun

o [Mpn N3MEHEHUN NNHUN BPEMEHU B AUPEKTOPUN
PGDATA/pg wal CO3[0alOTCS TEKCTOBble pansbl
0000000N.history € MHPOPMALMEN O IMHUAX BPEMEHHU, UX
HEeJ1Ib3Ad CTUPaTb N OHU 6y,£|,yT pe3epBNpPOBaTbCH

 HoBas NUHUS BpeMEHU NoABNAETCA, €CJIN BbINOJIHAJTIOCb
BOCCTaHOBJ1IEHUE UJTUN PETIJIMKa CTaJla MaCTepPOM

o Llenb NnuHUM BpemMeHu:
> YTOObI Nnpu BOCCTaHOBJIEHNUN Ha MOMEHT B MNMPOLWJ1OM HOBbIE

dannbl XypHanoB He 3aTUpanun NpexxHue
> YTOObl OblN1la BO3MOXHOCTb BEPHYTbCS Ha NPeXXHNe NNHUK
BPEMEHMU

o @aunnbl C IMHAMM BPEMEHN MOXET yaansaTb YTUAUTA

pg archivecleanup 3anfylweHHada C NapaMeTpoM -b
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dannbl XXypHana npeasaputenbHon 3anucu (WAL)

HaxoaaTca B PGDATA/pg wal

He oyébnupytotca

B HUX NUWyT cepBepHble U POHOBbIE NpoLecChl aK3emMnnapa
MOryT pacnonaratbcsd BHe PGDATA

Pasmep Tekylwero ¢anna XypHana Takou Xe, Kak oCTalibHbIX
pg switch wal () - nepeknoveHne Ha cneagyrowmn WAL-daunn

postgres=# select * from pg ls waldir() order by 1;
name | size | modification
__________________________ _|____________|_________________________
00000001000000000000005D | 16777216 | 2026-05-13 09:36:52+03
00000001000000000000005E | 16777216 | 2026-05-13 09:41:59+03
00000001000000000000005F | 16777216 | 2026-05-13 09:34:28+03
postgres=# select pg current wal lsn()\gx
-[ RECORD 1 J-—————-- +——————————
pg current wal 1sn | 0/5E0001CO
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LSN (Log Sequence Number)

« XXypHan MOXHO npeacTaBuUTb cebe Kak KOHKaTeEHUPOBaHHbIN
Habop dannoBs XypHana (6onbLlien 4YacTn KoTopble yXe
yAaneHbl) HaYnHasi ¢ camMoro nepsoro ¢ganna,
chopMMPOBaAHHOIO Npu Co3gaHnmn Knacrtepa

« LSN - 646uTHOE YnCno, MOHOTOHHO BO3pacTaloLlee,
yKa3blBatowee agpec (cmeleHne ot nepBoro 6anta nepsoro
danna XypHana) ¢ TOYHOCTbIO A0 6anTa B XYypHane Knacrepa

» [lpouecchbl aK3emMnaspa NULIYT B XXYPHan 3annucu
nepemMeHHon gnuHbl, LSN ncnonb3syetcsa gnsa ykasaHus
afpeca Havana XypHalbHOW 3anncu

o pn3nYeckun 3annucob B pannbl ocyulecTensieTcs 61okamMmm no
8K6 (wal block size)

QﬂtOf

YyebHbin kypc Tantor DBA1-18 "AgmuHuctpupoBaHune PostgreSQL 18" TaHTop Jlabc © 2026 326




Ha3aHus XxypHanbHbiX ¢annos u LSN

- LSN npepncrtaBnatoT B BUAE ABYX 32-6UTHbIX Yncen, 3anuCcaHHbIX B
lWecTHaguaTepnyHon popme (HEX), pa3geneHHbIX Cnawem:
XXXXXXXX/YYZ22.2.2.7

© XUXXXXXX - "cTapwue" 32 6uta LSN

* YY - "cTtapwwue" 8 out "mnapgwero"” 32-6utHoro 4yncna

° 777777 - CMelleHne B panne 16-merabanTHOro XypHana
OTHOCUTENbHO ero Ha4vana

- Pasmep ¢panna xypHana onpegendet MakCuUMasbHbIN pasmMep
XYpHanbHoro 6ygepa (wal buffers)

* 0000000NXXXXXXXX000000YY - Ha3BaHus 16-merabanTHbix Gpannos

XypHarna

select pg current wal flush lsn(), name, size from pg ls waldir();
pPg current wal flush 1lsn | name | size
__________________________ _|___________________________+__________
AB/15F1AD6S | 00000001000000AB0O0O0O000O1S | 16777216
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OyHKUMKM ana paboTbl C XypHanamu

* pg_switch wal () nepeknto4vaeT 3anncb Ha HoBbi WAL-dann

°* pg create restore point('wTekcT') CO3[a€ET B XYypHane
3anmcb LSN ¢ TeKCTOBON METKOWU, KOTOPYH MOXHO
NCMOJIb30BaTb B NMNapaMeTpe recovery target name

* pg walfile name ('LSN') BblgaeT Ha3BaHue WAL-¢paunna B
KOTOPOM ecCTb 3anucb LSN

* pg_current wal flush 1sn() LSN koHUa nocnegHeu
XXYPHanbHOW 3anNnucu, KoTopas CYMTAeTCs HagEeXHO
COXPaHEHHOU

* pg wal 1sn diff (LSN,LSN) 6auT mexay Asymsa LSN

° pg_last wal replay lsn() Kakou LSN npumeHeH

* pg_last wal receive lsn() Kakou LSN npuHAT
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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 ¢ann He AomKeH 6biTb TOYKON CHOS
(single point of failure)

» icnonb3oBaHne pg receivewal UK GU3NYECKOU PEMIUKN -
BO3MOXHOCTb rapaHTUpoBaTb OTCYTCTBUE NOTEPDL Mpwu
NoBpEeXAEHNN TEKYLLErO XYypHana
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YTunuta pg_receivewal

* NOACOEAUHSETCS MO NMPOTOKOY peninkauuu

* NPUHUMAET XYpPHanbHble 3anncu 6e3 3agepXXek

* PEKOMEHAYETCHA NCMNOJSIb30BaTb CNOT peninkaumm

* MOXET NosiydaTb XYpPHalbl KaKk C MacTepa, Tak U C
dU3NYECKOU PENIUKU

e CKpUMTHbI A5 aBTO3anycka (systemd) oTcyTCTBYOT

* MOXET CXWUMaTb XXYpPHarbHble 3anucu

* NPEUMYLLECTBO B TOM, UYTO ABMSAETCH UHNLIMATOPOM
coeIMHEeHns, YTo No3BoNigeT obecneynTb 6€30NacHOCTb

o TEKYLLUeMY XYypHanbHOMY ¢anny gaet cydopukc .partial
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Zero data loss (RPO=0)

°* pg recelivewal —-synchronous MOXET MNOATBEPXAaATb
TPaH3aKLUNA
» [1Nns rapaHTUM OTCYTCTBUSA NOTEPb TPaH3aKLUIM MPn NMOSTHOM

noTepe Knactepa UCMNoJib3yroTCA NapaMeTpbl.
> synchronous commit = {on, remote write}
> synchronous standby names

pg_receivewal --create-slot --slot=arch

pPg _receivewal -D $HOME/archivelog --slot=arch --synchronous

psql -c "alter system set synchronous_ standby names = pg receivewal"
psqgl -c "alter system set synchronous commit = remote write"

psqgl -c "select pg reload conf ()"
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3anyck pg receivewal KaK CnyXobl

[Unit]

Description=postgres pg receivewal

After=network. target

[Service]

Type=simple

Environment=PGDATA=/var/lib/postgresql/tantor-se-18/data
WorkingDirectory=/var/lib/postgresql/archivelog
ExecStartPre=/opt/tantor/db/18/bin/pg receivewal --create-slot --if-not-exists
--slot=arch

ExecStart=/opt/tantor/db/18/bin/pg receivewal -D /var/lib/postgresql/archivelog
--slot=arch --synchronous -w -v

Restart=on-failure

RestartSec=10s

User=postgres

Group=postgres

UMask=047
StandardOutput=append:/var/lib/postgresql/archivelog/pg receivewal.log
StandardError=inherit

[Install]
WantedBy=multi-user. target
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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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YTunuta pesepBuUpoBaHUSa pg basebackup

* CO3[a€ET pe3epBHYI KOMNUIO KNacTepa Ha paboTaroLlem
aK3emMnngape

e CO3[4aTb KOMNUKO OTAENbHbIX 6a3 AaHHbIX UK 06beKTOB H6a3bl
Heslb34, TO/IbKO BCEro Knacrepa

* MCNOJIb3yeT 6e30mnacHbIN pexum pesepsupoBaHua "pull” -
npuem pannos, a He "push"” - nepepayy pannos

» nogcoeauHaeTcs K akzemnnsapy Yyepes TCP unm Unix-cokeTt

* MCNONb3YyeT NPOTOKON pennKauum

* CTOUT UCNOJIb30BaTb C/OThI penanKauum

* MOXET pe3epBMpoBaThb PennKy, He Harpy>as mMmacTep

e Nporpecc B nNpeactaBieHNN pg stat progress basebackup
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Co3aaHue pe3epBHOU KOMUK

pg_basebackup nyuylle 3anyCcTUTb Ha XOCTe, rae obyner
XpaHUTbCA pe3epBHasa Konusa (pe3epBHbIN XOCT)

napameTp -D 3a4aeT NyTb K AUPEKTOPUM Kyaa 63KanuTb

> [npekTopua co3gaeTcs Ha TOM XOCTe, rae 3anylieHa yTunura
> Ecnn pupekTopus CyLWecTBYET, TO OHa A0JIKHa ObiTb MYyCTOM

No YMOJTYaHMIO, CO30AET ABa COeAMHEHUA K ABYM NpoLeccam
wal-sender. [10 nepBoMy coegmnHeEHUIO nepepatoTca Gpannbl C
OAHHbIMUW, MO BTOPOMY XXYpPHarbl

MO>XHO OrpaHN4YnTb CKOPOCTb pe3epBMpoBaHns ¢pannoB AaHHbIX
[Tones3HbIn NnapaMeTp —P UWIN ——progress NOKaAXeT B KakKou ¢da3se
pe3epBUPOBAHUA HAXOOUTCA YTUNNUTA
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CospaHue pe3epBHOM Konuu (NpoaomkeHue)

o XXOET 3aBepLUEHNsI KOHTPOJIbHOU TOYKU nepen Havyanaom
pe3epBnpoBaHNA
> MOXHO BbIlMOJIHNTb KOHTPOJIbHYHO TOYKY MaKCUMaJ1IbHO
6bICTPO, YKa3aB NapamMeTp
-c fast WIN ——-checkpoint=fast

> Ha pennuke yTunmta He MOXeT MHULMNPOBATb KOHTPOMbHYO
TOYKY U XOET, NOKa OHa BbIMOJIHUTCA HA MacTepe
» Co3paeT ¢pannbl backup manifest U backup label
o [MpuHumaet pannbl ("pull"), a He nepepaét ("push")
> Mpuném (pull) - 6e3onacHee
> pg receivewal TOXe paboTaeT B pexume "pull”
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[lapameTp KOHPUrypaumm full page writes

* MO YMOJT4aHUIO BK/IHOYEH

» He peKkoMeHAyeTcsa OTKI4YaTb

e 3alMLaET OT pa3pbiBa (torn) 6510KOB JaHHbIX

* MPU pe3epBUNPOBaHNN PENIUKU OOJIKEH ObITb BKTFOYEH Ha
MacTepe
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NHKpemeHTanbHble 63akanbl

e MOTYT ObITb MOME3HbI, eCQin pa3Mep Knactepa 60bLIoN
* YBeJIMYMBAET CNOXXHOCTb Npouenyp pesepBnpoBaHus,
BEPOATHOCTb OLLUNOKHU
» [lpouepnypa:
> alter system summarize wal=on; NepeyvynTaTb
KOHOUrypauuro
> CcO034aTb NOMHbIKM B3Kan YTUIUTOU pg basebackup
> MHKPEeMeHTasnbHble 63Kanbl Co34atoTCAa YTUITUTON
pg basebackup C NAPMETPOM -1 maHUMbecT WUIN —-—
ingremental=MaHM®eCT
> [OJ19 BOCCTaAHOBJIEHUSA MHKPEMEHTaNbHble 63aKanbl
HaKnagblBatOTCS Ha MOSHbIN 63Kan yTUIUTON
pg combilinebackup

o Qannbl summaries ouuwatotrcs yepes 10 gHewn
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[pMep MHKpEeMeHTanbHOro pe3epBUpPoOBaHNS

pg_basebackup -D $HOME/backup/fulll -P -R -c fast -C --slot=r
39909/39909 kB (100%), 1/1 tablespace
pg_basebackup -D $HOME/backup/incr -P -R -c fast --slot=r -i
$HOME/backup/fulll/backup manifest

6487/39891 kB (16%), 1/1 tablespace
pg_combinebackup --link S$HOME/backup/fulll $HOME/backup/incr -o $HOME/backup/full2
Pg combinebackup: warning: manifest file
"/var/lib/postgresqgl/backup/incr/backup manifest" contains no entry for file
"standby.signal"
pg combinebackup: warning: --link mode was used; any modifications to the output
directory might destructively modify input directories
rm -rf $HOME/backup/fulll
rm -rf $HOME/backup/incr
pg_basebackup -D SHOME/backup/incr -P -R -c fast --slot=r -i
$HOME /backup/full2/backup manifest

6487/39891 kB (16%), 1/1 tablespace
pg_combinebackup --link $SHOME/backup/full2 $HOME/backup/incr -o $HOME/backup/fulll
pg combinebackup: warning: --link mode was used; any modifications to the output
directory might destructively modify input directories
rm -rf $HOME/backup/full2
rm -rf S$SHOME/backup/incr
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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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YTunurta pesepsuposaHusa WAL-G

« CBOH6OAHO pacnpocTpaHsemMast yTUNMTa KoOMaHgHOW CTPOKM
Ona pesepBupoBaHUa KnactepoB PostgreSQL

» [locTaBnaetca c Tantor Postgres

» PesepBupyeT n BOCCTaHaBMINBAET C BbICOKON CKOPOCTbIO B
HECKOJIbKO NMOTOKOB

* icnonb3yeTt BCOKO3PPEKTUBHbBIN aNnropuTM cxXkaTnsi 63Kanos
N apPXUBHbIX XXYPHanoB

» [Moppep>xunBaeT NPoTokon S3 n pannoBble CUCTEMDI

» Co340aeT UHKpeMeHTallbHble 63aKanbl

» bakanuT gaHHble U XXYypHanbl B peXxumax push u pull
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IleMOHCTpauud

» NI3ameHeHne pasmepa WAL ¢dannos

QﬂtOf
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[1pakTuka

©ONOUAWNS

Co3paHne 6a3oBOU pPe3epBHON KOMUK KNnacTepa

. 3anyck ak3emnnspa Ha Konmu Knacrtepa

. @annbl XXypHana

. NpoBepka LeNOCTHOCTU Pe3epPBHON KOMUN
. CornacoBaHHaga pe3epBHasa Konuga

. YpaneHue ¢annoB XxypHana

Co3faHune apxuBa XypHana yTUIUTOU pg receivewal

. CMHXPOHHaA PuKcauma TpaH3aKUMN U pg receivewal
. MUHUMM3aLUMA noTepb AaHHbIX TPaAH3aKLUUN
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QﬂtOf

/b

Jlornyeckoe pesepBmpoBaHue

QﬂtOf
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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

» JlaHHble BbIFpYy>XakoTCHA cornacoBaHHO - Ha OgUH MOMEHT
* Vicnonb3yroTca YTUNAUTDI:

pPg_dump

pg_restore

pPg dumpall

psql

KOMaHOa COPY

KOMaHAa yTunutbl psgl \copy

VoV VWV VLV
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[TpumMepbl UCNOJIb30BaHUA

[Nepexopn Ha HOBYO OCHOBHYIO BEPCUIO

[MpoBepKa LEenoCTHOCTU AaHHbIX

[NonyyeHne cKpunTa BOCCO34aHNSA OOBbEKTOB
Pe3epBupoBaHuMe KnacTepa 1 obLLmMX 06 beKTOB KlacTepa
Bbirpy3ka 4acTu KnacTtepa: oTAe/bHOM 6a3bl AaHHbIX,
COLEPXMMOro CXeMbl U APYrMx oObekToB
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CpaBHeHue Jiorm4yeckoro n usn4eckoro

pe3epBUpoBaHUA
BO3MOXHOCTb n |o
BbIFPy>aeT cogep>Xnmoe otaenibHon 6a3bl AaHHbIX + |-
BOCCTaAHOBJ/IEHME YaCTN OOBbEKTOB + |-
BOCCTaHOBNEHME Ha MPOU3BOJIbHbLIN MOMEHT BPEMEHH - +

He 3aBUCUT OT Bepcun, cbopku, nponssoantens copra + |-

obecneyeHune oTkazoyctonunsocTtu (Durability) - +
Ncnonb3yeT penInKauuoHHbIN MPOTOKO/ - +
pe3epBUpoBaHmnE NO CETH + |+
NPOCTOTa UCMOMIb30BaHUSA + |+
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KomMaHaa COPY TO

e NCNOJSIb3yeTcs A9 BbICOKOIODEKTUBHON BbIFPY3KU U
3arpys3Kku gaHHbIX B 0gHY Tabnuuy

 MOXHO BbIFPY3uUTb cogepXXnumoe Tabnnubl UNKN pesynbTaT
nrobon komaHabl SQL, Bo3BpalaroLen AaHHbIe

o [1aHHblE BbIFPY>XatoTCH B:

> ¢ann B pannoBon cuctemMme cepsepa
> nepefaroTcsa Ha CTaHOapTHbIM BXOL, (stdin) yTunuTe

KOMaHOHOW CTPOKMK cepBepa
> CTaHAapTHbIN BbIBOA stdout

 Ecnn komaHpa COPY Bbi3blBaeTCA Yepes ceTeBoe
coeaAuHeHne, To CTaHOAPTHbIWM BbIBOA, NepefaeTcs yepes
ceTeBoOe CoeIMHEHUE KITMEHTCKOMN nporpamMmme
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KomMaHaa COPY FROM

» 3arpyska BbIMOJIHAETCS B 0AHY Tabnuuy
o JlaHHble 3arpy>karoTcs us:
> (anna Ha XOoCTe rae 3anyLeH aK3emMnaap
> CTaHAAPTHOro BbiBOAA NPOU3BOJSIbHON MCMOHAEMOU
nporpamMmmel
> W3 CTaHOAapTHOro BBoja stdin
» B npouecce 3arpysku MOXHO cpasy YCTaHOBUTb NMPU3HaK
3aMOPO3KN CTPOK
« MOXHO 3agaTb onuuoHanbHOE BblpaXeHne WHERE, B HEM

HENb3A MCMNOJIb30BaTb NoA43anpocChbl
* nNpeactaB/ieHNe pg stat progress copy - OTCNeXuUBaHUe
PaboTbl KOMaHAbl U NpU 3arpy3kKe n Npu BbIrpyske
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KomaHga 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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YTnnuta 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

* BbIFPYXaeT B 04HOM M3 YyeTbipex ¢opmaToB: plain, custom, directory, tar

* B popmarte directory MOXET BbIrpy>XaTb B HECKOJ/IbKO MOTOKOB

« anga custom u directory napamMeTpoM -7 MOXHO BblbpaTb anroputm u
YPOBEHb CXaThd zstd, 1z4, gzip, none

* MOXHO He co3gaBaTb $ann, a ucnonb3oBaTb Naun (pipe):
Pg dump napamMeTpr | psgl napamMeTprl
pg dump -F c napamMeTprel | pg restore napaMeTphl
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[TapannenbHaqa Bbirpy3kKa

* BO3MOXHa TOJ/IbKO B peXNMMe directory

* KONMMYeCTBO paboymnx npoLeccoB 3afaeTcd napamMmeTpom -j
UNN --jobs

* MpepBETCA, eCNU Nocsie Havyana BbIrpPy3ku OyayT AaHbl
KOMaHbl, yCTaHaBNMBatoOLLME 3KCKTHO3NUBHYH 6/1OKMPOBKY Ha
BbIrpy>XaemMble 0ObeKTbl

» Ha BpeMms BbIrpy3KKN ycTaHaBNMBaroTCA ONTIOKNPOBKN ACCESS
SHARE Ha BCe BbIrpy>aeMble 00beKTb

o [1pun 60nbLLIOM YUCTiE OOBEKTOB MOXHO YBENMNYUTL 3HAYEHUS
napamMeTpoB max locks per transaction,
max connections
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YTunuta pg _restore

» obpabaTtbiBaeT gamnbl B popmate custom, directory, tar
* MOXEeT co3faBaTb U3 apXMBOB TEKCTOBbLIU dann popmaTa plain
* MOX>XHO BOCCTaHOBWTb TOJIbKO onpefenieHnsa o6beKToB, He
3arpy>as gaHHble yKasaB napameTp
--schema-only
e €CTb BapuaHT 3arpy3ku ¢ nomoubto panna "ornasneHuns” (TOC,
title of contents):
> C(I)OpMMpOBaTb d)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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BO3MOXHOCTU 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, TPUrrepbl
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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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BO3MOXHOCTU pg dumpall

* MMeeT MHOTIO MNMapaMeTpoOB, 6onbliast YacTb U3 HUX ABMSAETCSH

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

YyebHbin kypc Tantor DBA1-18 "AgmuHuctpupoBaHune PostgreSQL 18" TaHTop Jlabc © 2026
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CTpoku 6onbLLOro pasmepa

o Tunbl gaHHbIX text n bytea MoryT XxpaHuUTb AlaHHbIE Pa3MepoMm
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 YBENNUYMBAET 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 yCTaHaBAMBaTbCS Ha YPOBHe ceccuu U ytunutamm pg_dump,
pg_dumpall

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

» npobriema BO3HUKAET CcO CTpokoun Tabnuubl config npunoxxennn 1C:ERP,
KomnnekcHas aBToMmatusauma, YnpasneHme rnpomsBogCcTBEHHbBIM
npegnpuaTnem
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IleMOHCTpauud

o ObpaboTKa CTPOK BONbLUIOro pasmMmepa

QﬂtOf
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[1pakTuka

1. Vicnonb3oBaHWe yTUINTbl pg dump

2. QopmaT custom U YTUNUTA pg restore
3. dopmaT directory

4. CXKaTne n CKOpOoCTb pe3epBNpPOBaHUS
5. KomaHpa COPY
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QﬂtOf

8a

Pusnyeckas pennmkauus

QﬂtOf
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dusnyeckan pennmkaums

« OauH ocHOBHOM (primary, master, BeayLwiun) knactep 6a3
OAHHbIX - JONYCKaeT BHECEHUE N3MEHEHUN B AlaHHbIE

« OOWH NN HeCKOSbKO pe3epBHbIX (standby, Begombix)
KnacTepoB

» PesepBHble knactepa (dusmyeckme persinkm unm npocTo
PENUKWN) NMOMYyYaroT XXYpPHanbHble AaHHbIE U NPUMEHSAIOT K
CBOUM pannam

» Pennuku moryTt ob6cnyXuBaTb 3anpocChl HA YTEHUE - PEXUM
ropsiyero pesepsa (hot standby)

» Pennuku aBnarotcs pUsn4eckon pes3epBHON KOMNeEN
OCHOBHOIO KflacTepa, KoTopasi o6HoBNsIeTCSH
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MacTtep 1 pennmku

* MacTep U peninkm OoNMKHbl NICNONb30BaTb TY XX& OCHOBHYH BEPCUIO
PostgreSQL
o KnacTep pennuuupyeTtcs LenMKom

o OAVUPEKTOPUM TabNMYHbIX NPOCTPAHCTB MOTYT OT/INYATbCH
» BO3MOXHO KackagupoBaHue

MACTEP R/W PEMINKA R/O

5O

— : startup
walsender ————— walreceiver

SN LN LN

T T
[ |

= —\
IIIII - 0
iiiii -0 ii=0
lllll -0 =0
lllll -0 =9
WAL WAL
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Penninkun n apxme XXypHana

o OObIYHO MCNOMb3YyEeTCHA NOTOYHAA pennmKkauus
MCMNOSIb30BaHMEM CJI0Ta pennkaunm: npouecc walreceiver
nogcoenuHsaeTcsa K npoueccy walsender

 MOXET UCNoNb30BaTbCA apXUB XYpPHaoB, 3an0J/IHAEMbIN
KOMaHAoW B NapamMeTpe archive command UK
dopmMupyemMbIn YTUNUTOU pg receivewal

o ECcnun pennnka He CMOXET NONYYNUTb XYpHan vyepes
walreceiver, To UCNOMb3yeT KOMaHAy restore command
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HacTpounka macTtepa

° HaCTpOVITb BO3MO>XHOCTb rnoacoegmnHeHuna pernjank rno
MPOTOKONY penankKaLmm
 [poBepuUTb 3HaYEeHUA NapamMeTPoB KOHPUTYypaLmK:
> wal level NO YMOJIHaHUKO replica
> max _walsenders no ymon4daHuto 10
> max replication slots no ymonyanuio 10
> max _slot wal keep size Mo ymonyaHuto -16e3
OrpaHM‘-IeHVIl\/’I, CTOUT YCTAaHOBUTb OrpaHN4yeHune
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Co3sfaHue peninku

e CO3[aHue pe3epBHOU Konuu yTunmuToun pg_basebackup

e rMapamMeTp -R yCTaHaBNMBaET KOHOUTYPaALUOHHbIE
napamMeTpbl ANs pennmkm u co3pgaét ¢anmn standby.signal

» napameTp --create-slot (-C) n --slot=umsa (-S) co3gaét cnot
ona ygep>xanma WAL->XypHanoB A0 3anycka ak3emnnsapa
PENUKN

* YCTaHOBUTb NapamMeTp KOHOUrypaumm cluster name

e MPOBEPUTb 3HAYEHUA NapaMeTPOoB KOHbUrypaumm, npusens
NX B COOTBETCTBME C BO3MOXHOCTAMM XOCTa PENSINKM

e HacTpouTb cny>by gna aBToMaTU4YeCKOoro 3anycka
3K3eMnasipa pernsinkn n 3anycTuTb 3K3eMnaap peninku
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CnoTbl pennmkaumm

» [1lpouecc walreceiver pennmku Ucrnonb3yeTt PUsanYeckKnm cnot
* CMNCOK CJIOTOB - B NpeAcCTaB/ieHMN pg replication slots
o QyHKUMA co3oaHns

pg create physical replication slot ('mma')
» YOoaneHue cnoTta nboro tuna

pg drop replication slot('mma')
o Co30aHKMe Konuun crnoTa

pg copy physical replication slot('mma',

'MMSa CcO3maBaeMoro’)
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[TapameTpbl KOHPUrypauun Ha pennmkax

Ha MacTepe He UrparoT Posain, HO MOryT BbITb 3apaHee
YCTAHOBJIEHbI

MHOrMe He MeHarTCa 6e3 pecTapTa aK3eMnaapa peninku
pennunka obcnyxusaeT 3anpockl (hot standby=on)
pensinka NpUMeHSEeT XXYpPHalibHble 3anncu 6e3 3a4eP>XXKu
(recovery min apply delay=0)
walreceiver status interval No ymonyaHuio 10 cekyHn.
ObpaTHaqa cBsA3b 6yAyT OTNPABNATLCA He Yalle U TOPU3OHT
cobbITMK 6a3 gaHHbIX HA MacTepe byaeT caBuUraTbCs He
yalle, YeM 3TO 3HayeHue

wal retrieve retry interval MO YMONYaAHUIO - S
cekyHA. Bpemsa oxungaHusa pennmkon nocTynneHus
XXYPHanbHbIX AaHHbIX U3 NOObIX NICTOYHUKOB
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KOHONUKTBI Ha pernyinke

» obpaTHada cBA3b oTKNOYeHa (hot standby feedback=off)
» walreceiver timeout NO ymMon4yaHuto 60 cekyHA
> walreceiver PeniMkn MOXeT 06HapYXWTb OTCYTCTBUE OTBETA
OT walsender, U 3@HOBO NnepenoacoegnHNTbCA
e max standby streaming delay WU
max standby archive delay Mo yMon4yaHuto paBHbl 30
CekyHpA. MakcumanbHO JonycTuMmoe BpemMs 3a4epKKu
npumeHeHna WAL
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AHomManus long fork

« Ceccuun Ha macTepe U pennmkax MoryTt HabntogaTb
N3MeEHEHUS, BHOCUMbIE TPaH3aKUNAMUN, B pa3HOM nopsgke

o [1pnUno>XeHnsa MoryT nonaratbCs Ha NOPALOK, B KOTOPOM
N3MEHEHNSA CTaHOBATCA BUAUMbI U MEPEHOC BCEX YNTAIOLLMX
3arnpoCoB Ha pPerinky MOXeT HapyLUTb paboTy Takmnx
NPUNOXXEHUN

» [NapameTp KOHPUrypaumn csn enable 18 Bepcun Tantor
Postgres BktovaeT ncnonb3osaHne CSN (commit sequence

number), YTo ycTpaHaeT

> aHomManuto long fork

> CHUXEHWe Npon3BoaUTENIbHOCTU, €CNN YNCNO NOoATPaH3aKLUMN B
TpaH3akuuun 6onblue 64
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[[opAYvaa pennunka

° MO YMO/YaHuIo BKtoYeHa (mapamMeTp hot standby=on)

° pensuvkKa NnpMHMMaeT coegmMHeHUa 1 BbINOJIHAET 3anpochl

* yTunuTta pg_basebackup MoXXeT BbINONIHATb pe3epBUpoBaHME
pennuku BMecTto macTtepa (backup offloading)

- B Tantor Postgres 18 napameTpbl
enable temp table on replicald
enable temp memory catalog MO3BONAKT UCMNONb30BaTb
BpeMeHHble Tabnunubl Ha pennuke

* NnepeMeHHble paclWnpeHna pg variables MOXHO

NUCMOJIb30BaTb Ha perijimke
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O6paTHas CcBsi3b C MacTepoOM

» 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
PENMNKN Ui TPpaH3aKUUNU (ypOBeHb N30n9unKn TpaH3aKLMK
REPEATABLE READ)

 BmecTo 06paTHOUN CBA3U MOXXHO UCMNOJSIb30BaTh NapamMeTpbl
> max standby streaming delay U
> max standby archive delay
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MOHUTOPUHI FOPU3OHTA

o OueHKa ropusoHTa Tekyulen 6asbl JaHHbIX:

> backend xmin U3 NpefcTaBneHNd pg stat activity

> ONnTenbHOCTb CaMOro 4oNroro 3anpoca Unu TpaH3akuuu:
max (now () -xact start) U3 pg stat activity

> CTonbel xmin NpeAcTaBfieHna pg replication slots npu
MCMONIb30BaHNN CNOTOB peninkauum

> Ctonbel backend xmin npepacTaBeHUS
pg _stat replication Ha MacTepe - 4YTO nMony4mnu walsender
No o6bpaTHOWN CBA3U

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
———————— et et et
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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[lapameTpbl max slot wal keep size WU
transaction timeout

» max slot wal keep size MO ymonyaHuo -1 (6e3
OrpPaHNYEHNIN) MaKCUManbHbIN pa3mMep XYpPHanbHbIX ¢annos,
KOTOPbIN MOXET OCTaBaTbCs B KaTanore pg_wal nocne
BbIMO/IHEHUSA KOHTPOSIbHOW TOYKM AS19 COTOB pennkauum

* transaction timeout MO YMONYaHWIO HOMb (TanmayT
OTKtOYEH). [103BONISIET OTMEHUTL NHOOYIO TPaH3aKLUMIO NN
OONHOYHYIO KOMaHAY, ANNTENBbHOCTb KOTOPOU MPEBbIWAaET
YKa3aHHbIN nepunon BPpeEMEHHU, a He TONIbKO NPOCTanBatoLLYHO.
3awmuiaeT oT yaep>kaHua ropnus3oHTa 6a3sbl JaHHbIX U
pa3ayBaHua dannos (bloat)
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[TapameTpbl MacTepa, KOTopble A0/KHbI ObiTb

CUHXPOHU3NPOBaHbI C pernJinkamMu

o Ecnu MeHATb 3Ha4YeHns aTUX NapamMeTpoB Ha MacTepe, TO Ha
pennmMkKax 3Ha4yeHus NATU NnapameTpoB OOSKHbI ObITb HE MeHbLLE

» I3MeHeHUs B aTUX NapamMeTpax 3anucbiBatOTCSA B XYpHarn

o €CJIN pensimka obHapy>XuT, YTO 3HaYEeHMe Ha MacTepe CcTano
6onblUe, TO HaNIOXEHME XYpPHanbHbIX 3aNMCen NPUOCTaHOBUTCS
NN 9K3eMNNsap peniMku oCTaHOBUTCS

e [14Tb NnapameTpoB:
°* max connectilions, max prepared transactions,

max locks per transaction OrpaHUMYMBAIOT MakKCMMalbHOE
yncno 6NOKNPOBOK Ha YpoBHE OOBHEKTOB

°* max walsenders

° max worker processes
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CMeHa poneu mactep-pennuka

e KOrga Mmactep paboTtocnocobeH Ha3biBatoT switchover
(3annaHupoBaHHbIM NMepexon PO MacTepa Ha O4HY M3
PenuK)

e ecqn macTtep HepaboTocrnocobeH Ha3biBatoT failover

o y6eanTbCcs YTO MacTep OCTaHOB/EH Nepen TEM KakK AaTb
CUrHan ogHown N3 pensink cTatb MacTepom

* UCKMKOYUTb MM MUHUMWU3UPOBATb NOTEPHD TPaH3aKLUNM

* pg last wal replay 1lsn() - XXypHalbHada 3anuncb,
KOTOopas Oblyla BOCCTaHOBJIEHA MNOCNeaHEN

* pg last wal receive 1lsn() - nocnegHuu LSN,
NONYYEHHbIN PENSIUKON
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[loBbilLeHME pennKu 00 MacTepa

e 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

KnacTtepoB PGDATA/pg wal CO34aeTCA TEKCTOBbIN 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

CUHXPOHUN3UPYET OANPEKTOPUIO PGDATA N TabNUNYHbIX
NPOCTPAHCTB C UCXO4HbIM KNacTepoM, B TOM YUCIIe 3aMeHAeT
dannbl NnapamMmeTpoB

YTunuta nwet ¢ann 0000000N.history 060MX KNacTepoB C
LEeNbto HAUTU TOYKY, B KOTOPOU JIMHUK BPEMEHU ABYX KNacTepoB
pPa3oLWwInchb

YnTaeT XypHanbHble pannbl B PGDATA/pg wal, HAYMHadA C
nocnegHen KOHTPOJIbHOM TOUYKM nepes MOMEHTOM, Korga JNMHUm
BpeMEHU pa3oLnach U Ao TeKkyLwero ¢anna XypHana Toro
KnacTtepa, Ybto AUPEKTOPUIO YTUNNUTa ByAEeT CUHXPOHU3UPOBATb
[10 >XypHanbHbIM 3anncamM onpenensieT Bce 610KN, B KOTOPbIE
6blSI BHECEHbBI UBMEHEHUSA

Konupyet aTh B610KU C ApYyroro Knacrepa
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YTunurta pg rewind

* MCNOJNIb3yeTCA ANa TOro, YToObl BEPHYTL B paboTy ObIBLLNY
MacTep nocne He3annaHNMpPoBaHHOM CMEHbI poneun

e CMEHa poneun gomkHa 6bITb BbINMOSIHEHA C NMEPEXO[OM Ha
HOBYH JIMHUIO BPEMEHMU

o TpebyeT BKNOYEHHbIX full page writes, MOAcCYETa
KOHTPOJIbHbIX CYMM (MK wal log hints)

* CO3[0aeT ¢pann backup label B KOTOPOM YKa3blBatoTCA
napameTpbl 419 BOCCTAaHOB/IEHNS COrNacoBaHHOCTU

* KOMUPYET BCe Ppaunsibl NapaMeTpoB, KOTOpPble HAaXo4ATCS B
PGDATA UCXOLHOro Knactepa. Ecnun cogepxnmoe pannos

napaMeTPOB CUHXPOHU3NPYEMOTIO KfacTepa BaXKHO, TO CTOUT
COXPaHUTb 3TK pannbl 40 3anycKa YTUIUTbI
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[1pouecchl ak3eMnnsapa penimku

» postgres OCHOBHOM NpPOLECC, 3anyCcKaeT gpyrne rnpouecchl,
NPUHUMAET COeaUHEHUS

» checkpointer BbINOMHAET TOYKKN pecTapTa

» background writer 3anucblBaeT rpsasHble CTpaHULbl Ha AUCK

 startup HakaTblBaeT XYypHasbHble 3annucu n3 ¢annos B
PGDATA/pg wal

» walreceiver NpuHMMaEeT NOTOK XXYpPHaSibHbIX 3anNnCen n
3anucbliBaeT UX B ¢aunbl B PGDATA/pg wal
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OTno>XXeHHasa pennmkauus

 MOX>HO YCTaHOBUTb 3a4,EeP>XXKY AN PENNNKU B MPUMEHEHUN
XXYPHanbHbIX 3ann1ceun

e MO YMONYAHUIO 3a4EPXKKN HET

* YCTaHaBNMBaeTCA NapaMeTpPOM recovery min apply delay

o [1pMEM XypHarbHbIX 3anncen penankon (npouecc
walreceiver) BblNoOSHAETCA 6€3 3aePXKN, 3a0EepP>KMUBAETCS
X Hakat

e MapaMeTp yCTaHaBNMBAETCA Ha YPOBHE aK3eMMNaapa PEenINKH,
Npu U3MEHEHUN OOCTAaTOYHO NepeydnTaTb Gannbl NapamMeTpPoB

QﬂtOf

YyebHbin kypc Tantor DBA1-18 "AgmuHuctpupoBaHune PostgreSQL 18" TaHTop Jlabc © 2026 383




[Mpobnema c nepesanyckom walreceiver

» Ecnn npouecc walreceiver no nto6oun NnpuymnHe
OCTaHaBNMBaeTCAd, TO OH 3aNyCTUTCA TONIbKO, Korga npouecc
startup NnpuMeHUT BCe NoJIy4YeHHble XXYpHanbl
> MPUMEHUT He paHblle, YeM Yepes recovery min apply delay

» [1pobnema ycTpaHsaeTca napaMeTpoM KoHourypauum Tantor
Postgres wal receiver start at, KOTOPbIM MOXHO
yKa3aTb, YTOObI Npouecc walreceiver 3anyckasncs:

> startup - 6€3 3a4epPXKKu
> consistency - N0 OCTUXEHUK COrnacoBaHHOIoO COCTOAHUA

dannoB KnacTepa
* U3MEHEeHMEe 3HaUYeHUAa NnapaMeTpa TpebyeT nepesanyck

3K3eMMspa Penimku
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bakan ¢ pennuku (backup offload)

» Ncnonb3ynte -c¢ fast gnsa 3aBeplieHusa restartpoint B Havane
pe3epBMnpPOBaHNA

» [locne pecTapTa ak3emnaapa PenIiMku Hy>KHO He 3abbITb
BbINONHUTb QYHKLUWUIO pg wal replay pause ()

LOG: restartpoint starting: time

pg _basebackup -p 5433 -D $HOME/tantor-se-18-replica/data2 -P -R -v

pg basebackup: initiating base backup, waiting for checkpoint to complete
AC

pg _basebackup -p 5433 -D $HOME/tantor-se-18-replica/data2 -P -R -v -c fast
pg basebackup: initiating base backup, waiting for checkpoint to complete
pg basebackup: checkpoint completed

pg basebackup: base backup completed

{E%“Of

YyebHbin kypc Tantor DBA1-18 "AgmuHuctpupoBaHune PostgreSQL 18" TaHTop Jlabc © 2026 385




BoccTaHoBeHe NoBpeXaAEHHbIX 6/T0KOB C pPenyinku

» 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

. IamMeHeHne nmeHun KnacTepa

. Co3fgaHne BTOPOU pennnkm

. BbIbop pensinkn Ha ponb MacTepa

. NoprotoBka K nepekno4YeHUo Ha pennunky
[lepekntoyeHne Ha pennunky

. BkntoyeHune obpaTHOU CBA3N

. YTUnuta pg rewind

©ONOUAWNS
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QﬂtOf

8b

Jlorndyeckas pennvkauus

QﬂtOf
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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 noanucku

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 N NPUEMHUKA N UX 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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CBoucTBa NoANUCKHU

» [1pun co3pgaHuUmM NOAMNUCKN YKa3blBaeTCA CTPOKa COeANHEHUS C
6a3zoun nybnnkaunm

B ogHOM noannucke MoXXHO yKa3aTb HECKOJIbKO My6nnKaLuuu,
ecnn nybnmkauum B ogHoun 6ase

» [1pu co3gaHnm NoaNUCKKU, CTPOKK Tabnuy nybnnkaymm
MOXHO CKONMUpoBaTb B TabnLbl-NMPUEMHUKU

« Jlornyeckasa pennukaumsa paboTaeT TONbKO Yepes3 CNnoT

o Cnot MoXeT 6bITb CO3aH 3apaHee U yKasaH npu co3gaHum
NOANMUCKU

o CNoT MOXET ObITb CO34aH Npu co3gaHuu NoANUCKK

o [1o ymMOn4aHuto, UMS C/1oTa TaKoe Xe KakK MMA NOANMUCKU

QﬂtOf

YyebHbin kypc Tantor DBA1-18 "AgmuHuctpupoBaHune PostgreSQL 18" TaHTop Jlabc © 2026 3908




CBouncTBa noanucku (npopgomxkeHue)

* streaming NO YMOMYaHUIO parallel, Nnepenava AaHHbIX
HaYMHaeTCs HEMeOJIEHHO, He JoXungasicb Gukcauum
TpaH3aKUnn Ha nybnukyroulen 6ase

* binary (N0 yMonuyaHuto false). [103BONSET YCKOPUTDL
Ha4YallbHYHO CUHXPOHU3ALUMIO N pPerninkauuio 3a CYET
MeHbLLEeN COBMECTUMOCTH

* copy data (Mo ymonyaHuto true). ByayT nn KonMposaTbCH
CYLLEeCTBYHOLME CTPOKU U3 NMYDNNKYyeMbIX Tabnuy, B Tabnunubl

NOANMUCKU
e origin (N0 YMONYaHUO any, Ny6nmMKaumnsa oTrnpaBnsaeT BCe
M3MeEHeHNs), ANs ABYHanpaBfeHHON peninkaumum Hy>KHO

YCTaAaHOBUTb or1g1n=NONE

QﬂtOf
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YTunuta pg createsubscriber

o YCKOPSAET HaYal/bHYO CUHXPOHM3aLUIo Tabnumu,

* npeobpasyeT GpU3NYECKYIO PennNKy B KNOH, ObICTPO CO3AaET

MNOAMNCKU U I'Iy6J'Il/IKaLI,MM Nno no BcemM Tabnuuam

« Co3patotca TPOUKU Nyobnmnkaunsa-rnoanmcka-cnoT Anasa KaXkgoun
6a3bl (--all) Unu anga nepedncneHHblX B CNUCKe napameTpa

--database

pg ctl stop -D $PGDATA
pg_createsubscriber -D $PGDATA --publisher-server='user=postgres
port=5432' --database=postgres --subscriber-username=postgres -v
pg ctl start -D SPGDATA
psql -p 5433 -gxc "\dRs"
List of subscriptions
Name | Owner | Enabled | Publication

———————————————————————————————— e i A e et P
pg createsubscriber 5 bd8ebb88 | postgres | t | {pg createsubscriber 5 bd8ebb88}
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Harpys3ka Ha ak3eMnnsap

o [ns Ka)gon NnoAnucKn 3anyckaeTca npouecc walsender,
BbIMNONHAOWNN Bypepunusauunto u normnyeckoe gekognpoBaHue

bydep

' ' | walsender |/

noAnuCKu

NOANNCKM

p

antor
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[ony4yeHune XXypHabHbIX JaHHbIX C PErNINKK

 [Mpun co3gaHnUm NOANUCKN AOCTAaTOYHO YKa3aTb afpec

bU3NYECKON PEMSNKMN:
CREATE SUBSCRIPTION s CONNECTION 'dbname=mmMsi

host=pennnkmu port=pennmuxm' PUBLICATION p;

bydep

walsender /

— | 6bydep

perfika

NOANUCKM

QﬂtOf
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KOHPNUKTBI

» KoHONUKT - ecnun npouecc logical replication worker He
MOXXET BHECTU UBMEHEHUSA U3-3a HAPYLLUEHUNS OrPaHNYEHUN
LLeNOCTHOCTM WX NO APYron NPUYnNHE

e pennukaumsa Bo BCEN NOAMNUCKE NpUOCTaHaBIMBaETCH

 ABTOMATU4YeCKOro paspelleHna KOHPINKTOB HET

o YCTPaHUTb KOHPNUKT MOXHO BPYYHYHO NU3MEHUB AaHHbIE UMK
NpPonyCcTUTb (HE NPUMEHSTb) TPaH3aKLUMIO, B KOTOPOU
BbINOJIHAETCA KOMaHAa, npuBellas K owunbKke

* NTHpopmauua o6 onbke nonagaeT B lore Kfacrepa

QﬂtOf
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MOHUTOPUHI NOrMYECKON penmKaumm

» Cnucok ny6nmkaumm n nognucok:

postgres=# \dRp \dRs

o Tabnuubl 1 NpepcTaBleHUs:

postgres=# \dtv *ub*|*slo¥*
List of relations

Schema | Name | Type | Owner
———————————— o
pg catalog | pg publication | table | postgres
pg catalog | pg publication namespace | table | postgres
pg catalog | pg publication rel | table | postgres
pg catalog | pg publication tables | view | postgres
pg catalog | pg replication slots | view | postgres
pg catalog | pg stat replication slots | view | postgres
pg catalog | pg stat subscription | view | postgres
pg catalog | pg stat subscription stats | view | postgres
pg catalog | pg subscription | table | postgres
pg catalog | pg subscription rel | table | postgres
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[1ByHanpaBneHHas pennvkauus

o Ecnu MeHATb 3HauYeHns aTUX napamMeTpoB Ha MacTepe, TO Ha
pennmkax aTn 3HauyeHus OOoJIKHbl COOTBETCTBOBATb 3HAYEHUAM Ha
MacTtepe

o I3meHeHusa B aTUX NapamMeTpax 3anncbiBatOTCA B XYpHan

e €CJIN pennmKa obHapy>XUT, YTO 3HaYEeHMe Ha MacTepe CcTano
6onblle, TO HaNnoXeHne XYpPHanbHbIX 3anMcen NPUOCTaHOBUTCH

U K3eMnndap perjimkn oCtTaHOBUTCHAH
 Cnncok napamMeTpoB:
max connections, max prepared transactions,
max_locks_per_transaction OorpaHN4YmMBakOT MaKCMMaJibHOE

4ynucno 610KMPOBOK Ha YpoBHE OH6BHEKTOB
max walsenders
max worker processes

>

QﬂtOf
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IleMOHCTpauud

« OpHOHanpaBneHHasa pennuKaums
» [1ByHanpaBfieHHas pennukaums

QﬂtOf
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[1pakTuka

1. Pennukauyus Tabnuubl

2. Pennnkauua 6e3 nepBUYHOro Krroya
3. [JobaBneHune Tabnunubl B Nnyonmkauuo
4. [1ByHanpaBneHHaa pennukauua

QﬂtOf
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QﬂtOf

9

O630p lNnatdopmbl Tantor

QﬂtOf
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NHCTPYMEHTbl MOHUTOPUHIa

YHUuBepcanbHble CUCTEMbI MOHUTOPWHTA,
HeapanTupoBaHHble ans PostgreSQL

okmeter<

[
~MUNIN

VY hew relic

cac+i

YyebHbin kypc Tantor DBA1-18 "AgMUHUCT

n n
[TnaTtdopma "Tantor
® —on - o
% n o Lase MWW - g e A
CANS | 37MBjsec 1494 MB
Al le i\ I ) 73xbikfsec 90.42%
2 % : ) ) 533.5KBfsec  sun
2 455 N 1.4GB _‘_'g' . T2KBjsee
T  s0.3GB A 5 MB/sec = e [
J
L] )
tantor

puposaHue PostgreSQL 18" TaHTop Jlabc © 2026
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[TnaTtdopma Tantor

o OyHKUMoHanbHoe N0 ¢ rpadnyeckm Nosib30BaTENbCKUM
nHTEepdencom, cosgaHHoe and yagobHoro
aAMUHNCTPUPOBaHMA ak3eMnnsapoB PostgreSQL n knactepos
Patroni

« Heobxoanma opraHmsaymsm, KOTopble UCMONb3YIOT
MHoOXecTBO B/, KaXkaasa n3 Kotopbix 06Cny>XXmnBaeT
onpeneneHHyro NHGOPMaLMOHHYO CUCTEMY U CEPBUC

QﬂtOf
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Boamo)kHocTu lnatdopmbl Tantor

Dashboard (naHenb): rpapumkun gna Hambonee BaXKHbIX METPUK
KoHpurypatop: pekomeHgaunum no yCTaHOBKE 3HaYEHUN
napameTpoB PostgreSQL

AHanusaTtop njaHoB 3anpocoB Tensor: BCTPOEHHbIW aHann3aTop
N1aHOB 3aMNpPOCOB C peKoMeHadaunamMmu ncnpaeneHmns 3anpocos U
BU3yanusaumen nnaHos

AHanuTUKa: aHanua guarHocTnyeckmnx >XypHanon PostgreSQL
YnpaBneHue knactepamu Patroni: npocMoTp U UBMEHEHUE
napamMeTpoB, MOHUTOPUHI perinkaumn n cobbitum failover
HTerpauma c cuctemamu

> YyBEe4OM/EHUN

> MOHUTOpUHra: no REST API (Swagger/OpenAPI)

> cny>Xbamu KaTtanoros no npotokony LDAP

> cuctemMamu pesepeupoBaHud: RuBackup n Backman

QﬂtOf
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Pa60Ta C 3K3emnnapamu PostgreSQL.: O63op

Tenant 1/ Edu / Skzemnnapel / tantor:5422 / Obsop I'Iocne,u,Hme 20 MUHYT
10.0.2.75 : 5432
]
Self Managed CECCHMK : CPEAHEE BPEMA SAMPOCA : TRAHZAKLIMM : SALUMKMNBAHWNE © PEMNAKALMA
Tantor Special Edition 17.5.0  ® i
-+ ’ 5 W‘f 1 ’UL‘J v U‘N V 2 aﬁisgﬂ:ﬁfa o
@ _ o ———————  iAGniscmi 100 MC tps I
0630 . . .
@ p 5 CAMBIX ONUTENGHLIX 2ANPOCOR : BEO/A/BLIBOM HA AMCK /DEVISDAT PASVEP : PﬂPASHMHEbFI‘X
- L0015
- Konpurypaumn \ 237.3KB 45KB 216 MB
29 O6enywueanne o 4233 KB ~ 0.00% ~ 0.00%
07.09, 10:59
IR
& Bpaysep BA & . .
m BEO//ELIEO ENOKOB : % ENOKOB : % KOHTP.
S 0006 4 13 EYDEPA TOYEK
Iy MpodUNMpoBLMK o o o
=! 3anpocoE v enok/ 100 % 0%
{003 ceK
£
1 Tekyllan akTMEHOCTE , R —
” 7AF 10340 07465 k35 07405 1040 0705 1045 0709 1050 0745 10:55 07405 1100
X Pennukaumn EPEMEHHBIE GAM M : YREOM/IEHNS
o ® SELECT {SEL... ® SELECT clock...
= TabnMuHkEIR OB
NPOCTRAHCTEE select mds{ar... ® SELECT p.sh... @ select spcna... JE— fcek Onoeewenua
MpeaynpewaeHuie Bk, 10.0.2.15
b~ Tpaduim Available Memory < 40%, Last value: 37%
(B} HacTpoiikn MORMTOPIHIE HAMPYaIA LMY ¥ : OOCTYIHD OFY : CETb BR-DSCETSC1A7ET : MpeaynpexaeHe sk, 10.0.2.15
Disk Space Usage imountpoint: §) » BO%,
= PacwwperHan aHanuTuka _A,J\,.,.J\,w 1.39 "“—L—\' 2 GB l\ ‘ 19.6 KB Last value: 81%
1ad] Qfvem 03¥77 foek
i) “3 MoHuTopuHr Bekanos < lof1d4 >
= [2] 2anam APAHWMMLLE ROOT : ARANG WAL : CTATMCTHKA ABTOOMMCTEN
® 6.6 GB OB 0
oo xopzﬂ:uiﬁabseﬁ"sa _— fcek _ HepkepoE MpocmoTpeThb Ece coobiyeHns

oa

HacToTa 0BHOBNEHMA AaHHEIX - 1 MKUHY Ta

fahtor
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Tenant 1/ Edu / Knactepn

KINACTEPDI JK3EMIJ/IAPbI

o 2 @

Cnucok knactepos Patroni

ATEHTDI

MoKMCK MO MMEHK Q
MMA KNACGTEPA COGTOAHME PATRONI KOf-EO LNy OBbLEM 03Y¥
patroni partial 4.0.4 12 23.2GB
@ Tenant 1/ Edu / KnacTepel / patroni / O630p W ynpaBneHWe
OTnpagnaHa KomMaHaa MTE Ha KNac
OE30P W ¥NPAB/IEHWE  MOHWTOPWHT

LE]
?
4.0.4

17.3

23.3GB

12

IJK3IeMMNNAPbI Knactepa

COCTOHAHW

s na | E I
+ﬂ’ 43 streaming

-

@ | 44 running

oa

oa

BEPCH
POJb | oC | THMN | A uny |
replica Dabian GNLLinux Postgras 17.3 4
primary Debian GNULinux FPostgras 17.2 4

N UX 3K3eMMNNApPOB

AWCK OCHOBHOT O 3K3EMI/TIAPA IK3IEMIAPH

10.2GBf 381 GB aj3

':'TI'I[:Z'ElEi.I'IEHEI KOomMaHOs Nay3a Ha KNacTep

38.1GB 3/3 2/2

Kondurypayma knactepa MNaysaf06cmyxneanue

HacToTa OBHOBNEHMA - 1 MWUHYTA

KOHEYHAA TOY-
METKA |

KA nopPT | TTL | 3AAEPXKA
172.210.2 5432 a0 OB
172.2100 5432 20 0B
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PaboTa ¢ ak3emnnsapamu: KoHpurypauus
[<]

Tenant 1/ Edu / SkzemnnAapel / tantor:5432 / HacTpolkw TenadTa | [Napametpol

10.0.205: 5422
. Self Managad NAPAMETPbl  TPYMNMA NAPAMETPOR
[z Tantor Special Edition 17.5.0 e

@ 5 MOWCK KOHGMIYpaL 9 Q v | Hl CoxpaHlTb Kak rpynny napameTpos

@ Qzop NAPAMETP TEKYIEE 3JHAYEHME PEKOMEH A YEMOE 3HAYEHWE
2L Kougurypaymns
Autovacuum
(/@’ OBCnywKuBaHKMa
& Bpaysep BA
autovacuum
on on
g ﬂpod)MﬂMpOBLLI,HK Starts the autovacuum subprocess. §
3aNpoCcoE
St Tekylwan akTHEHOCTh
autovacuum_analyze_scale_factor 0.0007 & — 0.0007
x Fennukaymna Murnber of tuple inserts, updates, or deletes prior to analvze as a fraction of reltuples. ’ R
TabnudHele
NpoCTPaHCTEa
autovacuum_analyze_threshold 50 69 586
[adurm Minirnum nurmber of tuple inserts, updates, or deletes prior to analvze.

il

HacTpoiki MOHUTOpKHNa

autovacuum_freeze_max_age
PaclWwvpeHHan aHan1Tuka - -max_ag 10,000,000,000 59 E 500,000,000

Age at which to autovacuum a table to prevent transaction ID wraparound.

{J
O W @ R

oa

es MOHUTOpKHT Bekanos

@
[

2anaun autovacuum_max_workers 5 A E 4

Sets the maximom nomber of simnitaneonsiy rinnino aitovaconm worker orocesses
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Epaysep Bl -> Ayaut

Tenant 1 du / Sksemnnapel  tantor:5d32 © bpaysep B/ postgres

PA3MEP BA3blI lAHHBI X

281 MB

Bnapeney
KoaupoEka
TabnuiHo2 NpoCTRAHCTED

OrpaHquHme no Kon-gy N0 AKTHIHEHWIA

MOYSYEHHBIE CTRPOKIA

B38MMHBIE BENOKPOBKIA

BCEIo TABNAL

7

postgres
LUTF&
pg_default
Mo Limit

BOIBPALLEHHBIE CTRPOKIK

BCTABMNEHHBIE CTRPOKIA

BCErO ¢ YHKLUWHA

27 1

BCEMo CXEM

Pacwumpenma plpgsqlil.0), pg_stat_statementsi1M), pg_qualstats(2.1....
Beero nHaekcos 9

hash(1l, btree(8)
o221, sql{3], plpgsalll

MHaeKkce

Dy HKL MK

BBINONHEHD TRAHIAKLIMA OTKAYEHD TPAHIAKLIAK

OEHOBJTEHHBIE CTRPOKIA ¥OANEHHBIE CTPOKK

38MWCAHD BPEMEHHBIX
DHARNOB

C0308HO BPEMEHHbBIX
aANOB

% BITOKOB M3 BEVDERA FAUNENMBAHKE

ABapuiHan
AETOOYHCTHE
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CkavaTb oTyeT

@ MocnegHue 30 muHYT

MocnegHyia cobpandbii 21410/2025 18:35

ODOHOBWUTbL J,aHHBbIE

MPOBEPKA COCTOHHWA Y

Camble Gonelumve Tabnuue

Tabnuubl © MHABKCAMKM MAKCUMAaNBHOMD pasmMepa
Ton zanuceiBasmex Tabnuy,

Ton 4iTaemelx Tabnuy,

Tabnuubl © HEMBONLWKM Pasay THemM

Tabnuusl ¢ HaMBoNELWWM KON-BOM
nocnefoBaTensHBIX CKaHMpOBaHMA

Tabnuubl ¢ HeAONYCTUMBIMIA MH 0 2KCAMI

Tabauusl ¢ HeMCNONb3YeMBIMKM MHOEKCAMM
Tabnuubl ¢ KaHAMAATaMW ANA YaCTHYHEIX MHASKCOE
WHaekce Tabnuy ¢ sHaqdeHmammn MULL = 50 %
Tabnuubl ¢ M3BBITOHYHEIMK WH O SKCAMM

Tabnuyel FK Ges uHoekca

TaGJ'IIALLbI ¥ KOTODBIX TUN AHHBEX BHSWHSMO KNEDHE
OTAMHEH OT HCXOOHOMD

Tafnuiikl & dzes eoadhuvanTor ARdoRnadua




bpay3sep b1 -> SQL-pepakTop n Cxema

@ SQL-pegakTop EI] Tenant1/ Edu / Sksemnnapsl / tantor:5432 | bpaysep Bll / SQL-pepaktop - postgres
it |
postares R 4 3AMPOGT X
Lz BrNWYUTE Cxemy
Q? 1 select * from human
ObrekT B Q
Schemes
public
hurman
order_items_]
order_items_2
ID_HUMAN | LAST_MAME DEPT |
pghench_account
T K 1
pgbench_branche Banos
pgbench_history 2 MeTpos 2
pgbench_tellers 3 Cwgopos 2
& stock_items 4 TaEpunoB 1
'!’ﬂ: Views 10 5 ChupHos 2
Functions 27
= 5  AHgpees 2
@ Sequences 2
7 Cobones
oa
oa
a JkcnopTUpoBaTh B CSY
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PaboTa ¢ ak3emnnapamu: NpodunmpoBLLUK 3anNpoCcoB

@ E[l Tenant 1/ Edu / Skzemnnapel / tantor:5422 0 MNpo¢pUAMpOBLL MK 3aNPpOCoE C‘-) MocnegHue 20 MUHY T
10.0.2.15 : 5432

Self Managed
(8 Tantor Special Edition 17.5.0 @

@ 5 3.5 ms

CpepHes BpemMsa 3anpoca

Ims
25
@ 06zop e
2 ms
2 Kondwurypauma
1.5ms
(/@’ Qb6cnywrEaHUe
1ms
& Bpaysep 611 5 ms 7/09 22:02
@ CpeaHee Bpema 3anposa: 3.05 ms
b MNpogrunupoBL MK s ko s [PEEE D
3anpocon TAG2L32 TARIL34  TAG21%6  TAGZLE FAR2L40  TASZI42  TAR2L44  TASZ146  TAGZLEE  FASZLS0  TASILE2  FAS2154  FASZILSE  JAR2LSE FAGIZHD  TAR 2240
S Tekywan akTMEHOCTE
k]
Pennukauua
X H BeeauTe xalW 3anpoca Ana noucka . O CopTWpoEaTe No: Camble BEICOKM... ™ Y
TabnuqHele
NpocTpaHcTEa

Mpaduiv XAW 3ANPOCA BAZA AHHBX/NONb30OBATEND OBLEE EPEMA BEbiZ0BH CPEAHEE BPEMA CTPOKHW SANUCAHO EPEMEHHBIX BNOKOB TPEHA

HacTpoAkn MOHUTORKHTE + 598f1cdd... postgresfpostgres 00:00:00 1782 0190 17824 0 W\]

PaCLLIMpE!HHaF! AHANKUTUKA

il

© W @

&

® Mok opur Geanos +b4dBdddd..  postgresipmauser 00:00:00 20 8.800 60 0 \‘HHWWN\!\'
Eg @ 2agadm A . \
B 3NemMeHToE Ha CTpaHuue 25 - 1-25 13 83 > >l
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[TpodunnpoBLLUKK 3anpocoB -> [naHbl

« B lNnatdopmy Tantor BCTpoOeH NONHOPYHKLMOHANbHbIN
aHanmsaTop 3anpocoB Tensor
» 3anpocChkbl He nepepnaroTca Ha BHeLWHWe cepBepa

@ |E| Tenant1 / ... / MNpoguivpoewkk sanpocos | b8Ged9737274b0222450c4T0T2C1dEET / Mnadel / abeb0490042a377Acabd91ccBaddiad
CTATUCTHUKA NniaHbI

[
2025-02-07 19.38:26.066 9, bAefflIfY7b42618570ab7d6444ea752 g¢ =+ CEAZAHHBIN NNaH

+ﬂ explain €2 yanos) LA arpamma DTHOLEHMA MNaH {3 cTpok) MOOENb DDWIAHAEN (27887

&=

® 4 node,ms tremms rowes |

202 w FITOIOERIE OB :-‘Er. neTaTtel

oo

oa ¥ i aca Update on pghbench_accounts

B 1 DEE 1 -» Index Scan using pgbench_accounts_plkey on pgbench_accounts

QﬂtOf
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dk3emMnnap: NpodunmMpoBLLMK 3anpoCcoB: peKoOMeHaaumn

OarzammMa DTHOLLEHIAA MAEH {38 crpod MOOEME DU TAHEN (35K A WHOEKCE] {anm 1 yana) PEKDMEHDAUMI (2 anm 2 yanos)

CBogHO

# 6 Parallel Seq Scan on stock items t1

Execution F ©19.277 ns 11.08% : rows=104'586 {34°B62) RRBF=2'114'73% {704'513), loops=3

Cost 3125@.78 orows=43266 width=12

Farallel 5eq Scen on staock_itermns ] [cost=000.3125075 rows=43290 width=12] [actual tirme=0662.2 352755 raws=354 862 laaps=3)
Filter: [[apteauntsr = 147277 AND [optcauntsr < 152207

Rtz Rernawed by Filtsr: 704 215 -- 0 p-t': aunter - iﬂteg eF |:} . {:|
CREATE INDEX CONCURRENTLY "~ctock_items-f75k2ass"

-» Parallel Seq Scan on stock_iterns £ OM EtI:IEk_itE‘rTIEI:D ptEI:ILIr'ItE"f:I;
rowes=104556, RRDFE21M4739, ratic=202

- coanalfTe MHABKE, CEeCcnEqYHEaoLUAE 2 e THEHVIC BNETDaUMID Mo YCADEMD

# 8 Parallel Index Only Scan using order items 1 pkey on order items 1 oill ua

Execution & 432, 76T ns 7.0% : rows=150000 {50006, loop==3
Cost 1p31.43 ! orows=62500 width=g8

FParallsl Indsx Only Scan using order_iternz_1_plkey onardsr_items_ 1 il [aost=0.42 305 475 raws=62 500 width=5] (actual tinng=0.055.] 477552 raws=5 0000 [oops=3)
Heap Fetohes: [

ﬂ -= Farallel Index Only Scan using order_items_1_pkey on oroler_iterms_1 ol
rowrs=150000
PeromeHOaUMK [MoopobHes]:

- OAPATUTE BHEIM3HME, UTC MHABKGC MCNDAB3YEToA TONBKD AN YNOpAACHEHHOMD YTEHKUS, B3 OrpaHHYeHKi No Koy
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Pennukauua n Tabnn4yHble NpoCTpaHCTBa

@ E[l Tenant1 ./ Edu / Zkzemnnapel / tantor:bd32 ) TabnUYHbe NpOCTpaHCTEa

10.0.2.15: 5433
: Self Managed

HAZEAHWE TAE/IMYHOT O PAZMEP TAEB/IMHHOT O AOCT¥NHBIA OBBEM A9 OBLWMWIA OBBEM A719
[Fl Tantor Special Edition 17.5.0 o NPOCTPAHGTBA MOHTWUPOBATh NPOCTPAHCTRBA MOHTHUPOBAHNA MOHTUPOBAHNA
g o
pg_default { 245 MB 7 GB 28 GB
& 0630p
pa_global ! 572 KB 7 5B 28 GB

= Koudurypayma

@ Bpayzep BH

E[l Tenant 1/ Edu / Skzemnnapel / tantor:b432 / Pennukayma

10.0.2.15 : 5432

Self Managed roPAYHA PEZEPE  CAOThI
Tantor Special Edition 17.5.0 @

pfE B @

CTATYC nMa T™n
&

® replica Physical
22 Kondmrypaumus

é!" OBy wvBaHue

@ Bpaysep B0
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@ pE B @

i)

PaboTa c aKk3emMmnnspamu: 3agauu

E] Tenant1 / Edu / 3kzemnnapel / tantor:B432 / 3apaum
10.0.2.5 : 5422 o
Self Managed Mouck Q o Y Co3paTh sajady
Tantor Special Edition 17.5.0 @
& ) )
= AKTHEHA 1D CTATYC MMA BNAAENEL 3AAAHA OMACAHWUE PORT AOCTYNH CGLI AOCTYNH SOL NOCAEAHWKA ZANYCK CNEAYHOWAA 3ANY
@ oesop & 3 YenewHo  job?2 student@student.ru 5432 ] ] 08/09/25 12:27

2 Kondurypauua
(/('_(4 OBChywuBEHHE |:| B 2 Owmbka job student@student.ru 543z

@ Bpaysep 6O

5 MpodUAMPOBLLWK Brnwounte OTKNIOYNTE 3anycTuTb ceflyac MNpepeatb
=% 3anpocoB

E[l Tenant1/ Edu / 3wzemnnapsl | tantor:5432 © 3agawwm | job2
10.0.2.5 : 54232

Self Managed Maunck Q T Y

HypHan cobuTHi
Tantor Special Edition 17.5.0 @

74

AKTMEHO GTATYC Ve NAPAMETPHI

@ o6aop & YenewHo job SELECT1

2 KoHdurypauua

OBcnywuBaHue _
(}74 ¥ BribpaHHee: 1 Brniwuuth OTKNIOYHUTBL

=1 bpavaenBH
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JanycTutb 3ajavy HNobaBuTb LENCTBHE

THN

sql

YacToTa obHOBNEHMA AaHHEX - 15 cak
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@

Mopaynu Nnatpopmbl Tantor

Tenant1 ./ Mopaynwu

L AHanus nnaHa <
AHOHMMHHSED SQL PenaKTop fvoran nouuLIv
A 3anpocoB
Moawnun
JF  AHanMa nnaHa 2anpocok
o AHOHWMaHR3eD
pynnbl napameTpoB Pe3epBHble Konuu 3apaun
[ 1 saQLPepaktop
b Hosoe To  Cxema AaHHbIX
$tb Mpynnel NnapamMeTpos
BHelwHWe mogynm
(-
.{9: “U  PezepBHbIg KOMWK Hoeoe
6 XData Cearrep [5] 3agaum
®
0 T— = xData Hoeoe
off Cearrep

Bce monynu
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AHOHMMaKU3ep

@ Tenant 1/ AHoHMmansep | MCTOYHMKK g@8HHBIX

HCTOYHWU KW AAHHbLIX CNoBAPH

g Moayn v

JF2  AHanMa nnaHa 3anpocos

)

NOCGAEAHEE CKAHW- CTATYC CKAHWPO- )
42 AHOHMMAaNZep | POBAHWE | BAHWA | MOGAEAHWMWA AAMN | GTATYC AAMNA
[ 1 SQLPepakTop 0802025 D030 2aBeplueHo - HeuseacTHo
To  Cxema gaHHbix OTKPEITh
Moynnel NapaMaTpo. MepanmeHoBaThb
©F  “D MoHMTODMHT Gexkanoe  Hosoe PenakTMPOBAaTD

it

Jagadu
¥ 0anMTe

Cearrep

©
&[5

aoa
oa Bce mogynm
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OnoBeLlleHus

@ Tenant 1/ OnoeeweHun
4

LE
@ UAa ONOBEWEHA BEPEMA COZAAHKMA PABOYEE NMPOCTPAHCTEO PECYPC KPMTUYHOCTb TPATTEP CTATYC

548 D&f09/2025 12:15.26 Edu 10.0.2.15 MNpotbnema Task execution failed.  OTkpeITO

: MNogpobHees

.m, 06092025 Available Mermory <

£21 05:33.00 Edu 10.0.2.5 MNpotbnema 20%, Last value: 19% OTKEpBITO
= 28KpBI T

06/09/2025 OnoeeLleHHA 1

@ 622 08:28.00 Eclu 1 KpbIT O
oa Task execution failed. (scheduler_task_id: 2} A
B JNeMeHTOB Ha cTpaHvue 25 - 1-25uz 63 > >l OAf09f2025 1215

Pecypc: Mma xocTa: tantor
W TodHmke Edu

Available Memory < 20%, Last value: 19% A
(08/09/2025 03:45)

DEf022025 08138

Bce onoesuleHWA
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NHTerpaums co cnyxbamm coobLieHnn

* yBe4OMJIEHUA 06 ONOBELLEHUAX MOTYT nepepgasaTbCcs Mo:
> e-mail, Telegram, Mattermost

@ HacTpoAkKM TeHaHTa EI] Tenant 1/ HacTpolkM TeHadTa | KaHanel yeegomneHnid | Modyta

MNoNe30EATANM W MRYNNG HobaEnTe NOYTY

EIE KaHankl YyES AokNeHKIA

®

Telegram
A4 KAHA A | AAPEC EMAIL | NPABWNA | CTATYC
Moura
2 alerts@dbal.ru HeT OTKNRHEHD
Mattermost
abnoHe nMcem
'!’?\Ia 2 alerts2mdbal.ru Ha AKTUBHO

BHewHaa ay TeHTuhuKalLma
- OTKPEITb
@ MNodToBRA cepeep (SMTP)

MEWMOCTEHOBWTE
ba PazepEHOS KONMMPOBaHWE
Ooa
B ToKeHkl Y aanMTs
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Kypc no Nnatpopme Tantor

» Bo3moxkHocTu lNnatpopmbl Tantor nayyatrorca B y4eb6HOM

Kypce PL6: Nnatdopma Tantor 6
> ANNTENbHOCTb Kypca 2 OHA
» TeMmbl Kypca:
Bo3amoxHocTu Nnatpopmbl Tantor
ApxuntekTtypa MNnatpopmbl TaHTop (4 YacTn)
MoOHUTOPUHT (8 YacTewn)
KoHpurypmupoaHme n obcnyxumsaHue PostgreSQL (7 yacTten)
YcTtaHoBKa lNMnatdpopmsbl, Prometheus, Grafana (5 yacTten)

VoV VWV

QﬂtOf
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QﬂtOf

10

Bo3moXxHocTu Tantor Postgres

QﬂtOf
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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

QﬂtOf
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[lopaboTkn B Tantor Postgres

o [10paboTKN NO3BONAAOT YNYYLWINTb NPOU3BOAUTENBHOCTb U
OTKa30yCTOMYMBOCTb NPU NPOMbILLIEHHOW 3KCMNyaTaumm
o [1opaboTkn BHOoCATCA 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 ONbIT
agMUHUCTpupoBaHma PostgreSQL

o TaHTOp Jlabc nsberaet oopaboToK, KOTOPble MOrnn 6bl
npuea3aTtb npunoxeHus ("vendor lock") n 3aTpygHUTH
paboTy NpunoXxeHnn B BaHUNbHOM PostgreSQL

QﬂtOf

YyebHbin kypc Tantor DBA1-18 "AgmuHuctpupoBaHune PostgreSQL 18" TaHTop Jlabc © 2026 429




[lononHutenbHble napametTpbl 17.6, 17.9, 18.3
» [lMapameTtpbl Tantor Postgres SE n SE 1C, nosiBnsinecsd B 1/.6:

default statistics target temp tables, enable filter predicates reordering,
enable or expansion, enable parallel insert, enable pgstat for temp rel,
or expanded other disjuncts cost limit

» [TlapameTpbl Tantor Postgres SE n SE 1C, noasueluneca B 17.9:

enable detailed sort cost=off, wal recelver start at={exhaust, consistency, startup}

» [TlapameTpbl Tantor Postgres SE n SE 1C, noasueluneca B 18.3:

cardinality estimation, cpu filter cost, csn elog panic enable, csn enable,
csnlog slot size, enable eager aggregate (bygeTt gobasneH B PostgreSQL 19),

enable temp table on replica, min eager agg group size (byaer gobasneH B PostgreSQL 19),
replica xid window size, smgr ctl cache size, smgr ovr extent cache size,

smgr ovr size cache size, write page cost

 [lapameTpbl, nossumsLlunecs B 18 Bepcun PostgreSQL:

autovacuum vacuum max threshold, autovacuum worker slots, enable distinct reordering,
extension control path, file copy method, file extend method,

idle replication slot timeout, 1o max combine limit, 1o max concurrency, 10 method,

io workers, log lock failures, logical decoding work mem, max active replication origins,
md5 password warnings, num oOs semaphores, ssl groups, ssl tlsl3 ciphers,

track cost delay timing, vacuum max eager freeze failure rate, vacuum truncate

€Ea1h0f

YyebHbin kypc Tantor DBA1-18 "AgmuHuctpupoBaHune PostgreSQL 18" TaHTop Jlabc © 2026 430




PostgreSQL 18: aBTOBakyym

autovacuum vacuum max threshold - min«
autovacuum vacuum scale factor * umcyio _CcTpok B Tabimuie +

autovacuum vacuum threshold, autovacuum vacuum max threshold)NOJNIE3€H
ana éonblnx Tadbnuuy

autovacuum worker slots (16) - MeHATb YNCo paboTatoLmX
NpoLeccoB aBTOBaKyyMa napamMmeTpoM autovacuum max workers (3)
vacuum max eager freeze failure rate (0.03, TO eCcTb 3%)
vacuum_truncate (0n) - OTKNtOYaEeT Ppasy yMeHblUeHUA pa3mepa dpannos
track cost delay timing (off) - oTcnexusaTb 3agepXKku npu
BaKyyMNUPOBAHUN U3-3a autovacuum vacuum cost delay

postgres=# set track cost_delay timing=on;

SET

postgres=# wvacuum verbose t;

pages: 0 removed, 0 remain, 0 scanned (100.00% of total), 0 eagerly scanned

delay time: 0.000 ms

{E%“Of
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PostgreSQL 18: pennukauus

idle replication slot timeout - (0, OTKNtOUEH)
MHBaNMaauma cnota penankaumm, ecnm oH 6bln HeakTUBEH
YCTaHOBJIEHHOE NapaMeTpoM BpeMs. [TocMOoTpeTb
HEeaKTUBHOCTb MOXHO B cTON6LE
pg_replication_slots.inactive_sinc

logical decoding work mem - (64MB) namsaTtb ang
NEeKOANPOBaHUSA B JTOrMYECKOW pennukaunm, ecnun oyaet
NpeBbIlLEHO, TO BYAYT UCMOMb30BaTbCA BPEMEHHbIE dannbl.
max active replication origins - (10) CKONbKO MOXeET
6bITb CO30aHO NOAMUCOK IOrMYECKOU pennukaunn. Ecnm ymcno
CO3[aHHbIX NOANNCOK Bonblle 3Ha4YeHna napameTpa, To

AK3eEMMNAP HEe 3alyCTUTCH

QﬂtOf
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PostgreSQL 18: coobLueHus

* log lock failures - lOrnpyet coObITHA, KOrga KomMmaHaa

SELECT.. NOWAIT He nony4duna 6J'IOKMpOBKy
°* num os_semaphores - BblAaeT YNC/IO cemMadopoB

postgres@tantor:~$ postgres -C shared memory size in huge pages
110

postgres@tantor:~$ postgres -C num os semaphores
174

* md5 password warnings OTK/IHOYUTb NpepynpexneHune

postgres=# set password encryption = md5;
postgres=# create user alice password 'alice';
WARNING: setting an MDS-encrypted password

DETAIL: MD5 password support is deprecated and will be removed 1in
a future release of PostgreSQL.

YyebHbin kypc Tantor DBA1-18 "AgmuHuctpupoBaHune PostgreSQL 18" TaHTop Jlabc © 2026
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PostgreSQL 18: ¢paunbl

* file copy method - {COPY | CLONE} UCNONb3yeTcAd, eClin
co3faeTcsd 6a3a gaHHbIX ¢ onuMen STRATEGY=FILE COPY

* file extend method = {write zeros |
posix fallocate} - WUCNONb3yeTcs, ecnu paun

pacwunpseTtcsa 6onee, 4em Ha 8 610KOB
* extension control path -rae MCKaTb ynpasndaloLlime

dannbl paclunpeHnu
* enable distinct reordering (on) - no3sonder
nepeynopsgoymeaTb CTONOLbI B 3anpoce SELECT DISTINCT

018 UCKNtoYeHna ayo6nmkaToB

QﬂtOf
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[TOTOKOBbIN U aCUHXPOHHbIN BBOA,-BbIBO[,

« B 17 Bepcuun PostgreSQL nosiBuics NOToKOBbIM BBOA-BbIBOA
> HaCTpaunBaeTCd napamMeTpaMmn 1o combine limit U
10 max combilne limit
» B 18 Bepcun PostgreSQL gobaBneH aCMHXPOHHbIV BBOS,-
BbIBOM 1 NapaMeTpbl:

10 max concurrency | 64
1o method | worker
io workers | 3

* NPUMEpP OLINDOKMU:

set effective io concurrency = 63;

create temp table tl1 (a char(1700));

insert into tl select 'a' from generate series(1,20000);
create temp table t2 (a char(1700));

insert into t2 select * from tl1;

ERROR: no empty local buffer available

{E%“Of
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Tantor Postgres 18: c)kaTne gaHHbIX

» B 18 Bepcuun Tantor Postgres nosaBunoch cxkatne cnos
OaHHbIX B Tabnuuax

create extension pg csm;

drop table t1;

create table tl1 (a char(1700));

insert into tl select 'a' from generate series(1,20000);

select * from pg compress analysis('tl');

reloid | page cnt | alg name | avg compress | avg page sz | pages over 1k | pages over 2k | pages over 4k
———————— e et st e et e et e
16470 | 5000 | zstd | 0.015380859 | 126 | 0 | 0 | 0
16470 | 5000 | pglz | 0.025390625 | 208 | 0 | 0 | 0
16470 | 5000 | 1z4 | 0.018310547 | 150 | 0 | 0 | 0
16470 | 5000 | cpy | 1.0029297 | 8216 | 5000 | 5000 | 5000

alter table tl set (compression = zstd, compression page = 2048);

select * from pg smgr info('tl');
pg smgr info

Storage Manager with compression (algorithm: zstd, page size: 2048)

{E%“Of
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Tantor Postgres 18: ILM

» YnpaBneHune XU3HeHHbIM LUUKITOM OaHHbIX
> MO3BONAET 3a4aTb NpaBua NnepemMelleHnsa JaHHbIX MeXxay MmecTaMu
N cnocobamMmn nx XxpaHeHus
o [lo3Bongder:

> NnepemMeLllaTtb 06BbEeKTHI MeXay TabNIMYHbIMU MPOCTPaHCTBaAMU
> I'IpeO6paSOBbIBaTb B KOJIOHOYHbIE Tabnuubl npun nepemMeLlleHnm

» [Moppep>xnBatoTcsa Kak 0OblUYHbIE, TAK U CEKLIMOHMPOBAHHbIE TabNULbl

alter system set shared preload libraries = pg stat statements,
pPg_dqualstats, pg store plans, pg prewarm, pg stat kcache, pg archive bgw,
pPg_partman bgw, pg cron;

CREATE SCHEMA IF NOT EXISTS partman;

CREATE SCHEMA IF NOT EXISTS archive;

CREATE EXTENSION IF NOT EXISTS pg cron CASCADE;

CREATE EXTENSION IF NOT EXISTS pg partman SCHEMA partman;

CREATE EXTENSION IF NOT EXISTS pg archive SCHEMA archive CASCADE;

CREATE EXTENSION IF NOT EXISTS pg ilm CASCADE;

QﬂtOf
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Tantor Postgres 18: pacluMpeHne auto dump

e CO3[0aéT TecTKeucol

alter system set shared preload libraries = auto dump;
alter system set auto_dump.enable = on;
alter system set auto_dump.dump persistent tables= on;
alter system set auto dump.output directory = '/var/lib/postgresql/dump/’;
CREATE TABLE AAA(BBB int, CCC int);
SET auto_dump.dump on query string = 'AAA';
SELECT 1 FROM AAA;
postgres@tantor:~$ cat dump/2026 06 05 23 20 37 00/create persistent.sql
CREATE TABLE aaa (
bbb integer,
ccc integer

) ;

postgres@tantor:~$ cat dump/2026 06 05 23 20 37 00/insert persistent.sql
COPY aaa FROM stdin;

\.

postgresltantor:~$ cat auto dump files/2026 06 05 23 20 37 00/query.sql
SELECT 1 FROM AAA;

f;}wcu
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Tantor Postgres 1/7: pononHuTenbHble NapamMeTpbl

» B Tantor Postgres 17 ecTb 14 ponoNIHUTENbHbIX NAapPaMeTPOB,
BINAKOLWMX Ha co3faHne 1 BbI6OP N/1aHOB 3anpoCcoB U GYHKLMOHanN:

backtrace on internal error | off
= fi le * T -
postgres=# \dcog 9 ezab p | val enable delayed temp file | off
arameter atue enable large allocations | off
______________________________________ _|_______ — —
, . enable temp memory catalog | off
enable convert exists as lateral join | on . - - . -
ble £ Thes t — | libpg compression | off
era e_gonver v ueST Q_any or wal sender stop when crc failed | off
enable 1ndex path selectivity | on - - - - —

-, . — pg stat statements.sample rate | 1
enable join pushdown | on - - -
cnable self 4oin removal | on pg stat statements.mask const arrays | off

in r v - - - -

- —J - Pg stat statements.mask temp tables | off

» [TapameTpbl, noasueluneca B PostgreSQL 1/ Bepcuu:

allow alter system, commit timestamp buffers, enable group by reordering, huge pages status,
io 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

QﬂtOf
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Tantor Postgres 1/: pacwimnpeHusa

» fAppa Tantor Postgres SE n SE 1C yHupumumnpoBaHbl ¢ 17 Bepcuu
> BCe BO3MOXHOCTU U pacwmnpenna SE 1C ectb B SE
» Tantor Postgres SE n SE 1C Bknto4aloT:

> paCWUNpeHnd credcheck, cube, fasttrun, fulleq, hypopg, mchar,
page repailr, pg cron,pg hint plan, pg repack, pg stat kcache,
pg store plans, pg trace, pg walt sampling, pgaudit, pgaudittofile,
transp anon, auto dump, csn, pg csm,pg 1lm, pg sample profile
> 6M6HMOT9KM<ﬂm&qpies_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

{E%“Of
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[TapameTpbl onTMMM3aTopa 3anpocos 1/.6 - 18.3
« 17.6

> enable filter predicates reordering (off)
> enable or expansion (off)
> enable parallel insert (off) napannenbHoe BbinonHeHne INSERT INTO
Tabnuua AS SELECT
« 17.9
> enable detailed sort cost (off) bonee TouHoe BbluMCNEHMEe cost Anq
onepaung COpTUPOBKHU
» 18.3
> cardinality estimation CE1/7 nonHoCTbIO He3aBuUcnMas, Kak B 1/

Bepcumn; CE18 - yaCTUYHO KoppennpoBaHHas

> cpu filter cost (0) ymeHbliaeT estimated Rows Removed by Filter

> enable eager aggregate (off) BBOogUT anroputm npegsapuTenbHON
rPYnNNnUpoBKKU

> min eager agg group size - N0 YMOM4YaHuo 8: npeasapuTernbHas
rpynnupoBKa 6yaeT UCNosb30BaTbCA, eCN BblIbOpKa YMEHbLUUTCA He
MeHblle, YeM B 8 pa3

QﬂtOf
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[TapameTpbl onTMuMn3aTopa 3anpocos 17.5

o [Ana ycTpaHeHunsa npobnem ¢ Npom3BoguUTENbHOCTbIO,

BO3HMKAKOLKMX B paboTe npunoxxeHnn 1C

[103BONAOT NIAHUPOBLUMKY BbINTU Ha ONTUMasibHbIM NaH

» Bpems BbINnoNIHEHUSA NPOBIEMHbIX 3aNPOCOB YMEHbLLAETCH
Ha NOPAAKM

o BkntouyeHbl N0 yMONYaHUIo

postgres=# \dconfig enable *

Parameter | Value
______________________________________ e
enable convert exists as lateral join | on
enable convert in values to any | on
enable index path selectivity | on
enable join pushdown | on
enable self join removal | on

)

tantor
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[TapameTpbl 0151 BPEMEHHbIX Tabnuiy

enable temp memory catalog CO3faHWe, yganeHune, usMmeHeHune
BPeMEHHbIX 0O0beKTOB He BHOCAT U3MEHEHUSA B TabnnLbl CUCTEMHOIO
KaTaJiora

> BbICTpee 00CTYyN K MeTafaHHbIM COo34aHHON BpeMeHHON Tabnuubl

> MOMHOCTbIO MPO3PaYHO AN MPUNTOXEHUS

enable delayed temp file ycKopsaeT paboTy C BpeMEHHbIMU
Tabnmuamu, No3BONASA He co3gaBaTb pansbl BPpEMEHHbIX Tabnuu, noka
XBaTaeT NaMsATU IoKanbHoro 6ydepa cepBepHOro npotecca

enable temp table on replica - 18 Bepcud, Npu BKIOYEHUN BMECTE
C enable temp memory catalog MO3BONAET paboTaTb C BPpEMEHHbIMU
obbeKTaMU Ha pennukax

default statistics target temp tables - no ymonyaHuto 100
enable pgstat for temp rel - N0 YMONYaHUIO BKIKOYEHO,
BbIKJTOHEHUE YCTPaAHAET Y3KOEe MeCTO

write page cost - N0 YMOJYaHUIO 5, CTOMMOCTb cbpoca 6noka
BPeMeHHbIX 0ObeKTOB Ha OUCK

Qntor
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DyHKUMKM ans paboTbl € uuid Bepcun 7

» B 18 Bepcuun gobaBneHa pyHKLUSA BbICOKOCKOPOCTHOMN reHepaumm
uuid v7 ()

e uuid v7 () reHepupyeT Bo3pacTaloLline 3Ha4YeHus, 4To No3sondeT
MCMO/Ib30BaTbh ONTUMU3ALUMNIO BCTAaBKN B UHAEKC
> MPW O0YeHb YacTbIX BCTaBKax B CECCUN BbICOKasi CKOPOCTb, HE

MegsieHHee, YeM C bigserial

> CTPYKTYpa MHOEKCa OCTaeTca onTUMasnbHOU U KOMMaKTHOM

e uuid 3aHUMaeT 16 6aunT, bigint 8 6auUT

* U3 uuid v7 MOXHO MoNly4YnTb AaTy U BpemMda ero reHepauum:

create table ttl (id uuid default uuidv7 () primary key, data bigint);
select uuid extract timestamp (uuidv7('lsec')) - clock timestamp() diff;
diff

00:00:00.999818

{E%“Of
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Tantor Postgres 18: paclwuMpeHne pg sample profile

e OonpawunBacEeT npoueccobl U BblAae€T CKOJIbKO pa3 BCTpE4YaJIUCb
COObITUSA OXNAAHUS

create extension pg sample profile;
select pid, backend type, state, event type, event, query id, counts from
pg _sample all('l0 seconds','l milliseconds',6 true) order by counts desc;
WARNING: The sampling period is too short.
pid | backend type | state |event type| event | query id | counts
——————— ettt e e et st
788 | 1o worker | | Activity | IoWorkerMain | | 10000
787 | io worker | | Activity | IoWorkerMain | | 10000
796 | background writer | | Activity | BgwriterMain | | 10000
844 | autovacuum launcher | | Activity | AutovacuumMain | | 10000
795 | checkpointer | | Timeout | CheckpointWriteDelay | | 10000
789 | io worker | | Activity | IoWorkerMain | | 10000
843 | walwriter | | Activity | WalWriterMain | | 9999
17263 | client backend | active | CPU time | |3886912043147135675 | 1609
17263 | client backend | idle | Client | ClientRead | | 380
17263 | client backend | active | IO | WalWrite |6097083398544187049 | 42
17264 | autovacuum worker | | CPU time | | | 3
17264 | autovacuum worker |starting| CPU time | | | 2
843 | walwriter | | CPU time | | | 1
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PaclwuMpeHne pg wait sampling

» BXOOWUT 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 ucnonb3lyet GOHOBLIM MPOLECC pg wait sampling collector
e MpoLecc onpalwmBaeT COCTOAHUE BCEX MPOLECCOB aK3emnaapa
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

QﬂtOf
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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

QﬂtOf
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PacwupeHne pg stat kcache

* OONOJNIHAET pg stat statements U 3aBUCUT OT HETO

» cobupaeT cTaTUCTUKY linux, BbINOSHASA CUCTEMHbBIN BbI30B getrusage Mnocne
BbIMOSTHEHMA KaX0M 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 s a i

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 | |

QﬂtOf
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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)
e 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

\dx+ pg stat kcache

function pg stat kcache ()
function pg stat kcache reset|()
view pg stat kcache

view pg stat kcache detail

QﬂtOf
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PacwupeHne pg store plans

« PacluunpeHue gns otcneXxnBaHnsa CTaTUCTUKN BbIMOSTHEHUS
SQL-3anpocos
e COXPaHSET NOJIHble MNfaHbl 3aNPOCOB, a HE TOJIbKO UX

CTaTUCTUKY U TEKCT

* UCMNOJIb30BaHNE pg store plans MOXET YBENUYUTb
Harpys3Ky Ha cucTemy m3-3a cbopa 1 XxpaHeHus
NOMOJSIHUTESNbHbIX AaHHbIX

QﬂtOf
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Tantor Postgres 17: pacwumpeHune pg tde

« Peanusyet "npo3payHoe" wmndppoBaHne aaHHbIX (Transparent
Data Encryption)

* [1pO3pavyHOCTb O3HAYaAET, YTO KJIMEHT nosyvaeT n nepepaer
He3almndpoBaHHble gaHHble

 He wndpyeTt gaHHble B NaMATU (B ByPpepHOM K3aLle) 1 npu
nepepaye No ceTtu

» LLiInppoBaHne BbinonHAeTCA npoTtokonamu: AES, Magma,
Kuznyechik, ChaCha20

« dunanyeckas u normdyeckasa pennnkaums noaaep>XMBatoTCs

o Tabnuubl CUCTEMHOr0 KaTtasora He WwungpyroTca

» pg_rewind noka He paboTaeT c 3awmnppoBaHHbIM WAL

« WAL wnopyrotca NONHOCTbIO

Qntor
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Tantor Postgres 17: BannpaTtop oauth_base_validator

» B Tantor Postgres 17 ectb cnoco6 ayteHTudmkaumm oauth (OAuth 2.0),
KOTOpbIK nosiBunca B PostgreSQL 18 Bepcuun

» OTOT cnocob NCNOob3yeT BHELLHIOK CNYX6y ang ayTeHTUUKaumnm

« MeTop oauth BcTaBnsieTcsa 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 ¢ Banmoatopom nocTaBiAeTCs

» [lpnmep ayteHTUOUKaUUK 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=>

QﬂtOf
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Tantor Postgres 17: bubnnorteka 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 | 0
credcheck.encrypted password allowed | off
credcheck.max auth failure | O

credcheck.whitelist |
(30 rows)

QﬂtOf
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PacwupeHne pg variables

« PacwmnpeHune, no3sondmoLLee co3aaBaTb U UCMOMb30BaTb
nepemMeHHble B SQL-3anpocax

e MO YMOJTYaHUIO HEe TPaH3aKLUMUOHHbI, HO MOTYT ObITb
TPaH3aKUNOHHbIMMU

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)

e aNbTepHaTnBa set config() /current setting()

Qntor
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[Mpon3BoaUTENbHOCTb NPU UCNONb30BaHUN 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 UCMOJIb30BaHWNA

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 '%G IVANOV' limit 1;

Time: 1.169 ms

select book_ref 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) where passenger name like '%G IVANOV' limit 1;

Time: 0.185 ms

QﬂtOf
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[lpenmyLLecTBa paclUMpeHna pg variables

o QYHKUMU paclumpeHmns pg_variables MOXHO ncnonb3oBaTb Ha pPenmKax
TOYHO TakK Xe, KaK Ha MacTepe

» pg_variables xpaHWUT gaHHble TONbKO B JIOKa/IbHOW NaMATN CEPBEPHOIro
npouecca n He UCrnosb3yeT BPEMEHHbIe pansibl

» [lepeMeHHble MOryT ObITb TPaH3aKLUMOHHBbIMU U HET

» Ha coxpaHsiemble 06beKTbl JENCTBYET OrpaHUYeHmne CTPOKOBOro
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

_____ _|____________|_________

1] 0 |
select pgv_select('bookings','t2',1);
pgv_select

QﬂtOf
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PacwupeHua pgaudit U 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 moryTt co3gasaTb aHanlorM4Hble 3annucu B
oTaenbHom daune ayguta

QﬂtOf
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KoHpUrypmpoBaHue pgaudit U pgaudittofile

e BOCEMb MapaMeTpoB OTHOCATCHA K
bnbnmnoTteke pgauditlogtofile
* YyTO6bl CO3aaBanCsA XypHan
ayaAunTa HY>XHO YCTaHOBUTb
napaMeTp pgaudit. log KakK
MWHUMYM B 3Ha4YeHNe 'misc'
> 'mone' - ¢ann XypHana ayguTta He
co3faéTcH
> 'role' N 'ddl'
pgaudit.log connections U
pgaudit.log disconnections
HEe OEeUCTBYIOT

postgres=# \dconfig pgaudi¥*
Parameter
pgaudit.ddl notemp
pgaudit.dml notemp
pgaudit.log
pgaudit.log autoclose minutes
pgaudit.log catalog
pgaudit.log client
pgaudit.log connections
pgaudit.log directory
pgaudit.log disconnections
pgaudit.log filename
pgaudit.log format
pgaudit.log level
pgaudit.log parameter
pgaudit.log parameter max size
pgaudit.log relation
pgaudit.log rotation age
pgaudit.log rotation size
pgaudit.log rows
pgaudit.log statement
pgaudit.log statement once
pgaudit.marking log directory
pgaudit.marking log filename
SY-%m-%d.csv
pgaudit.marking rules enabled
pgaudit.marking rules max
pgaudit.role
pgaudit.whitelist role
(26 rows)
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audit-%F.log
csv
log
off
0
off
1d
0
off
on
off

pgaudit mark-

off
1000

QﬂtOf
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PacwupeHne 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 ()

QﬂtOf
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Tantor Postgres 16: 6ubnuoteka pg _stat advisor

e aBTOMaTM4YeCKN OBbHapy>XMBaeT 3anpochl, rae NMaHUPOBLLUK
He[0o0LeHBaeT UK NepeoLieHBaeT YMCOo BO3BpaLlaeMblX
cTpokK (actual rows oTnM4yaeTca oT NAaHUPYEMbIX rOWS)

o eCN KO3PpPULUMEHT pacxoxXAeHNsa npesblllaeT 3a4aHHbIN
Nopor co3faeT PacLUMPEeHHY 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
———————— i i st et e

public | t 1 j stat | i, jJ 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

QﬂtOf
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PaclumpeHna fasttrun U online analyze

» YceyeHune BpeMeHHbIX Tabnuy obHoBndaeT Tabnuuy pg_class
« PacwwupeHnune 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

QﬂtOf

YyebHbin kypc Tantor DBA1-18 "AgmuHuctpupoBaHune PostgreSQL 18" TaHTop Jlabc © 2026 461



PacwupeHue mchar

« [lobaBnaeTt nogaep>XKy TMNOB mchar, mvarchar 4S9 COBMECTUMOCTM € SQL
Server

o [Ana TMNoB mchar, mvarchar onpegensieT GyHKUMN 1 onepaTopbl:

length ()

substr(str, pos|[, length])

| | KOHKaTeHauus ¢ pasHbiMu Tunamu (mchar || mvarchar)

< <= = >= > CpaBHeHMe 6e3 YyBCTBUTENBbHOCTU K peructpy (ICU)

&< &<= &= &>= &> CPaBHEHME C YYBCTBUTENBHOCTbIO K perucTpy (ICU)

LIKE

SIMILAR TO
~ (perynsipHble Bbipa>keHuns)
» [lobaBnsaeTt HesABHOE NpuBeAeHNE TUNOB mchar K mvarchar U 06paTHO

* MoapepXkKy TMNnoB MHAekKcamu b-tree n hash
» Vlcnonb3oBaHWe MHOEKCOB N4 BbINOJIHEHUSA onepaTopa LIKE

vV VvV VvV VvV VvV vV vV vV

QﬂtOf
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PacwupeHue 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

QﬂtOf
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PacwupeHue 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
PostgreSQL c Oracle Database

» PacwunpeHue cosgaet 15 cxeMm, B KOTOPbIX HaXxogATcsa
06beKTbl paclunpeHunsa. MimeHa BOCbMM CXEM COOTBETCTBYIOT
nMmeHam naketoB B Oracle Database

Qntor
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PacwupeHue http

o PacmmpeHMe http NpepocTaBndeT BO3SMOXHOCTb BbINOJTHATb

HTTP n HTTPS 3anpochkl npsamo 13 SQL

* yCTaHaBMBaeTCcs B 6a3y AaHHbIX KOMaHOO0M:
> create extension http;

e MOXHO c0o34aThb Tpurrep, obpaljarowmmncs K sedb-cnyxbe,
nepepaTtb AaHHbIE U MOAYYUTb pe3ynbTaT, KOTOPbIM MOXHO

MCNO/b30BaTb B JIOFTUKEe TpUrrepa
» PacwunpeHmne http MOXET ObITb MONE3HO:
> NPU UHTerpauum ¢ BHelwHUMM API
> B MHTEPAKTUBHbIX MPUNOXEHUAX
> ANna 06paboTKM AaHHbIX B pealibHOM BpeMEHMU

QﬂtOf
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Anroputm cxkatusa pglz

» B Tantor Postgres ontumMmunsnpoBaH afiroputm cxkxatma pglz

» CxaTne ncnonb3yeTcs TONbKO AS9 TUMNOB AaHHbIX NepeMEHHOU
LUMPUHBI U AN9 60NbLWMHCTBA TUMOB AaHHbIX BKAOYEHO NO
YMOMYaHUKO

° AJ‘IFOpVITM CXaTund MO>XHO NOMEHATb Ha YPOBHE CTOJ'I6LI,a:
> ALTER TABLE umMsi ALTER COLUMN cTon6bernr SET COMPRESSION

{DEFAULT | pglz | 1z4};
o Anroputm cxatua pglz npumeHsaetcsa onda cxkatua TOAST no

YMOJIYaHUIO:

postgres=# \dconfig *compress*
CnmMcok napamMeTpoB KOHOUI'ypaLMMU
[TapameTp | 3HaueHUe
___________________________ o
default toast compression | pglz
libpg compression | off
wal compression | off

QﬂtOf
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[lapameTp 1libpg 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";

QﬂtOf
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[lapameTp wal sender stop when crc failed

* CHUXXaeT BEPOATHOCTb Nepefayn NoBpeEXOEHHbIX XYPHaNbHbIX
3anmMcen Ha pensinku

* MO YMONYaHUIO 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

QﬂtOf
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[lapameTp backtrace on internal error

» [TapameTp oTHOCUTCSH K rpynne Developer Options, To eCcTb He
MCNOMb3YyeTCH NP NPOMBbILLEHHON 3KCnyaTauum

» ECcnn aTOT NnapaMeTp BK/IHOYEH U BO3HUKAET OWMDOKa ¢ KOAOM
XX000 (internal_error), To TpaccupoBKa CTeKa 3annucbiBaeTCcs B
OVAarHOCTUYECKNIN XYpPHan BMecTe ¢ coobLleHmnem o6 owmnbke
> JTO MOe3Ho Npu oTnagke BHYTPEHHUX OWNOOK, KOTOPbIE 0ObIYHO

HEe BO3HUKAOT B paboyen cpege
* [10o yMOn4YaHMIO BbIKJTHOYEH.

QﬂtOf
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YTunuta pg configurator

» [MpencTaBnaeT cobon CKPUNT Ha A3blke python

o NpepgsaraeT peKoMeHayemble napamMeTpbl KOHPUIYpaLMM Ha
OCHOBE XapaKTEePUCTUK annapaTHbIX PeCcypCcoB, TaKnX Kak
00CTYNHasa NaMsATb, KONMMYECTBO NPOLLECCOPOB U OUCKOBOE
NPOCTPAHCTBO U T.[. OTO NO3BONAET ONTUMAasbHO
MCNONb30BaTb MMEIOLLMECH PECYPCbl U YBENUYNUTD
NPOn3BOUTENbHOCTb 3K3eMnnapa

QﬂtOf
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YTunuta pg_anon

[lporpamMmma, HannucaHHasa 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

QﬂtOf
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Tantor Postgres 17: 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

QﬂtOf
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Tantor Postgres 17: ytunuta 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
CKpMNTOoB .sgl .sh .lua
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Tantor Postgres 16: ytunuta pgcopydb

o YTunuta aBToMaTU3UPYeET KOoNnpoBaHue 6a3bl aHHbIX Ha gpyrou
KnacTep

o TUNMNYHBIN CNy4dan Ucnonb3oBaHus pgcopydb - murpayma Ha
HOBYHO OCHOBHYHO Bepcuto PostgreSQL ¢ MUHMUMKM3aLMEN NPOCTOS

* YTunuta peanusyeT 3agavy pacnapannenmpaHusa ¢ NOTOYHOMW
nepegayeit aaHHbIx no noruke "pg_dump -jN | pg_restore -jN"
MeXay AByMs paboTatowmMmMmn KnactepamMmu, gupuxupysa aTumm
yTUIUTamMmu

» [logoep>kuBaeT napannenbHoe co3gaHne MHOEKCOB,
oTCNnexXmnBaHne N3MeHeHUN N NX NPUMeHeHne, BO306HOBEHMNE
npepBaHHOW Neperpysku, dunbTpaumo o6bEKTOB

o [1pOEKT C OTKPbITbIM NCXOAHbIM KO4OM

QﬂtOf
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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

NPOLLSIOM
> YNPaBNATb PE3EPBHbIMU KONUAMK NO NPOoTOoKoNy S3: yaanatb
HEHY>XHble 63Kanbl U CBA3aHHbIE C HUMU palsibl XXYPHaNoB

QﬂtOf
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Tantor Postgres: PaclunpeHue 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

QﬂtOf
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Lpyrne pacwumpeHums

» dbcopies_decoding - 6ubnunoTteka 1C, npeaocTaBnseT c/oTbl TOFMYECKON
penankaumm npu KonmposaHnu 6a3 gaHHbIX 6a3 gaHHbIX 1C

» vector - nonHasa nogaep>xka Tmna gaHHbIX BEKTOPOB 60/1bLON Ppa3sMepPHOCTH

e pg_partman - aBToMaTU3auUUa NOALEPXKKN CEKLUMOHUPOBAHHbIX TabnuL,

* pg_qualstats - Be4E€T cTaTUCTUKY MO NpegmkaTamM, HaugeHHbIM B onepaTtopax
WHERE v B npegnoxeHuax JOIN

* pg_hint_plan - nogckaskyu onTMMnU3aTopy B 3anpocax

» plantuner ckpbiBaeT UHOEKCHI OT NSIAHUPOBLUMKA

* pPg_cron - NNaHMPOBLLUUK BHYTPU aK3eMnidpa

» pg_throttle - orpaHnyeHne obbemMa YMTaeMbIX CTPOK B 3anpocax,
NO3BONAKOLLEE CHU3NTb KOHKYPEHLUUIO 3a BBOLA-BbIBOA

e pg_trace - TpacCUpPoOBKM paboTaroLLMX 3aNpPOCOoB, MOXET 6bITb Nose3Ha A4S
aHanusa 3anpocos B 1C

* pg_ddi_deploy - pacwupeHne gna norm4eckomn pennmkaumm

* pPQg - ouyepenb B 6a3e gaHHbIX

QﬂtOf
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[1pakTuka

1. PacwupeHune orafce
2. PacwwupeHne pg variables
3. PacwwupeHune page repair
1. TlogrotoBka pennnku
2. [loarotoBka Tabnuubl
3. BoccTaHoBneHWe CTpaHULbl C MOMOLbBIO page repair
4. OB6HyneHune cTpaHuubl
4. OTnagka nognporpamMmm
1. YcTaHOBKa paclunpeHns U3 NCXogHblX KOO0B Ha nNpumMepe pldebugger
2. Otnagka ¢yHKUnM B pgAdmin
3. Otnagka nognporpamm B DBeaver
5. O6paboTKa CTpoK 6onbLloro pasmepa StringBuffer
6. [lonck ocmpoTeBlwnx Gannos

/. Pe3epBupoBaHue n socctaHoBneHme WAL-G
1. YctaHoBka WAL-G
2. KoHpurypumposaHue knactepa gssa apxmuBupoBaHUs XXYpPHanoB
3. BoccTtaHoBneHue n3 6skana, co3gaHHoro WAL-G
4. (OcCTaHOBKa apXmMBMpOBaHUSA XYpPHanoB

QﬂtOf
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