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AgmMmuHuctpuposaHue PostgreSQL 17
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[pepnBapuTenbHas NoaroToBka

» 3HakomMcCTBO ¢ SQL
» HaBblkn paboTbl B onepaunmoHHOU cnuctemMe Linux
» PekomeHpyeTcs onbIT paboTbl ¢ Ntodbon penaunoHHon b

LleneBasa aygutopus

o AOMUHUCTpPaTOpbl 6a3 aaHHbIX PostgreSQL
« Pa3paboTumkn npunoxeHumn gns 6a3 gaHHbIX
o COTPYAHUKUN TEXHUYECKOU MOAOEPKKN
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MaTepuanbl Kypca

« YyebHoe nocobue B popme KHUrM B popmarte pdf, koTopoe
COLEPXUT TEOPETUYECKYHO YacCTb Kypca
» [lpakTnyeckune 3agaHuda

e BUPTYaJibHad MallUHa O0J14 BbIMOJIHEHUA NMPaAKTUHECKNX 3aaHnu
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Paspenbl Kypca

0. BBepgeHue

1. YcTaHoBKa v ynpaesneHune CYb/
2. Apxutektypa (5 yacten)
3. KoHpuUrypauyums

4. ba3bl paHHbIX (2 YyacTun)
5. XXypHanupoBaHue
©. besonacHoCTb

/. Pe3epBHOe KonmnpoBaHue (2 4yacTn)

8. Pennukauusa (2 yactun)

9. MNMnatdopma Tantor, 0630p BO3MOXHOCTEN
10. HoBble Bo3MOXHOCTKU Tantor Postgres 1/7.5
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O Kypce

* OYHOE UNn aUCTaHUMOHHOE 0byYeHNEe C MHCTPYKTOPOM:
> MPOAOIKUTENBbHOCTb S AHEun
> Hadano B 10:00
> nepepblB Ha 06ef 13:00-14:00
> OKOHYaHue no 17:00 (nocnepHnn peHb o 15:00)

QﬂtOf
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O komMnaHuu TaHTop Jlabc

» ¢ 2016 roga Ha MeXayHapo4HOM pblHKE

» ¢ 2021 roga Ha POCCUUCKOM PbIHKE

» paspabotka CYb/[ Tantor Postgres

» paspaboTka Nnatdopmbl Tantor gnsg MOHUTOPUHIa U
ynpasneHunsa CYB[l cemencTta PostgreSQL, a Takxe
KnactepoB Patroni

* MHOIOJIETHUN ONbIT 3KCMIyaTaunmn BbICOKOHArpy>XeHHbIX
CUCTEM

» Bxoaut B ['pynny AcTpa

QﬂtOf

YyebHbin Kypc "Tantor : AoMuHUCTpupoBaHne PostgreSQL" Mpynna Komnaxwuin Actpa, OO0 "TaHTop J1abc"© 2025 www.tantorlabs.ru 15




’ \ ’

CYb/L Tantor Postgre

’ \ . \ 4 \

B cocTaBe
Tantor xData

Tantor
PipelineDB

HoBble BO3MOXHOCTU U CYB/] Enterprise-ypoBHs, CYB/[], ans BLICOKMX Harpy3oK, PaclumpeHue, nossonsiollee MakcumanbHas Bepcus

B0paboTKM MO CPABHEHMIO C noAxoauT Anis Haubonee ONTUMMU3NPOBaHHas HenpepbIBHO 06pabaTbiBaTb CybA,
PostgreSQL, Harpy>eHHbix OLTP-cuctemM U ogobpeHHasn ansa paboThl JaHHble OonTUMU3NpOBaHHas ans
TeXHUYecKasn noanepxka umnu KX pasmepom go 100Th ¢ npunoxexusimm 1C paboTbl ¢ 1C

e DPUPMA“I1C”

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

o ecry TpeGosarns

27 nexalipn 20225, o AN /OOT

HacToAmin nChMOM coobutaen, ro Dupsoli "1C” Gsuto nposexeno Tectuposaiiie CYBJ]
‘Tantor SE sepci 14.4-5 cobwecrio ¢ nardopwofi 1C:Tpempisre sepenii 8.3.18.1959,
8.3.19.1726, 8.3.20.2184, 8.3.21.1644, 8.3.22.1709, 8.3.23.1437.

TecTHPOBatHe GLLT0 BEIOTHERO YCENIHO, POGIEM B COBMECTHOM HCTIO/IS30BAHIN JAHHbX
BepcHii He BIABICHO.

-

C ynaxenmey,
Jlipextop 000 «1C» Vi o - /( Hypames B.I"

b,
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Tantor xData

[TporpaMmmMHoO-AnnapaTHbin KomMnnekc, ¢
BbICOKOW NPOU3BOANUTENBHOCTbIHO,
OTKa30yCTOMYMBOCTbIO, 6€30MacHOCTbIO
Bepcusa 2A - npoueccopbl AMD EPYC u
x86-64

Bepcua 2B - npoueccopsbl Baikal-S
BblCOKas NPonU3BOAUTENBHOCTb U
MacLUTabupyeMOCTb

CHUXXEHUE 3aTpaT Ha NHOPACTPYKTYpPY U
aAMWHUCTPUPOBaHUE

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

YuebHbin kypc "Tantor : ApMuHUCTpupoBaHue PostgreSQL" Mpynna Komnawui Actpa, OO0 "TaHTtop J1labc"© 2025 www.tantorlabs.ru
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[ThaTtdopma Tantor

4 )
» NMporpamMmmMHoe obecneyeHune a4 Mnatdopma
yrnpaBneHus 60/bnm KONINYECTBOM / A |
CYB/l n knacTtepoB Patroni \‘ -------------------------- "
» ynpaengaet CYB/] Tantor Postgres u
dopkamm PostgreSQL
» cbop nokasaTteneu paboThl : :
ak3emMnnapoB PostgreSQL, xpaHeHue u g 5
obpaboTka nokasaTenen, vaeren N »{p}
! 7 SO ! :
peKoMeHAauum no __oea) L s

HaCTPOUKe NMPoOn3BOANTENBHOCTU
e MHTErpauus c noYToBbIMWU CUCTEMAMMU,

CJ'IY)K68 MW KaTaJioros, MecceHpg>xepamu
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PacwupeHue Tantor PipelineDB

pacwupeHne gna CYb/L Tantor Postgres u PostgreSQL ¢ oTKpbITbIM
MCXOOHbIM KOOOM ONA HENpepbIBHOrO BbiNOJIHEHUA SQL-3anpocoB Ha
NOTOKaX AaHHbIX C MHKPEMEHTaNbHbIM COXpPaHeHNEM pe3yNbTaToB B
OObIYHbIX Tabnmuax

BbICOKOMPOU3BOAUTENBbHOE arpernpoBaHne BpeMeHHbIX pAL0B
NO3BOJIAET COeNHATb NOTOKOBbLIE AaHHble C NICTOPUYECKUMUN OaHHBbIMU
019 COMOCTaB/IEHUS B PEXNME pealibHOro BpeMEHMU

MOXXET UCMONb30BaTbCS B NPUOXEHUSAX, FOe HYXHa
He3amMegnuTenbHas peakuua

NpUMepP HENPEPbIBHOIoO NpeacTaBNeHnsa 419 BbiBO4a eXeCyTOYHOro
Tpaduka, UICNONb3YyeMOro Ton AeCATbIO ip-afpecoB:

CREATE VIEW heavy hitters AS
SELECT day (arrival timestamp), topk_agg(ip, 10, response_size) t‘o)ntor
FROM requests_stream GROUP BY day

PipelineDB

QﬂtOf
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[lopaboTka pacwmpeHnn PostgreSQL

L C 2% github.com/forgs/TantorLabs/repositories G % =

1. pg_cluster

. pg_anon

. pg_perfbench
. ansible_tantor_agent | repostiones
. pg_configurator 9 pusic

. pg_store_plans oo il

Idap2pg S anve gl

. wal-g s graitaT e

» 10. odyssey T

» 1. plantuner E S inie e
* 12. pg_orchestrator

» 13. pgtOOIS A3 MTLicense « %0« 70 = 0« 110 « Updsted on Feb 9

pg_store_plans Public

o 14. pipelinedb @C - B Other « ¥ 1+ %91« (D0 - 110 + Updated on Dec 18, 2023

@ Tantor Labs

(A) Overview (= Repositories ﬁf] Projects ) Packages 2 People

All

Q Search repositories

[
©ONO®UAWN

na _canfinauratar  Duhblic
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KoHdepeHuun PGBootCamp

» TaHTOp JlabCc npnHMMaeT yyacTme B opraHmsaumm
KOHpEepeHLU NI
o KoHpepeHuusa PGBootCamp npoBoagunacse:
> EkaTepuHobypr 10 anpensa 2025
> Ka3aHb 17 ceHTa6pa 2024
> MunHck 16 anpenga 2024
> MockBa 5 okTa6psa 2023

QﬂtOf
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NKor

1a

YcTaHOBKa
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[penBapuTenbHblie TpeboBaHUs

Ina yCTaHOBKU HYXXHBbI:

* nNopgaep>xxumeaemagda onepaunoHHasa cuctema
> peKkomMeHayeTcs onepaumoHHasa cuctema Astra Linux
> nopgpepxusaetca 10 onepalMOHHbIX CUCTEM

* MWHUMalbHbIE TpeboBaHUA K 060pya0OBaAHUIO:
> 4 appa CPU, 46 RAM, 40I'6 SSD

QﬂtOf
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[IpoBepKa BO3MOXXHOCTU YCTaHOBKM

ONcTpnbyTnBbI pacnpoCTpaHATCAa B Buae danna ons
nakeTHbIX MeHeaxepoB Red Hat (rpm) n [ebunaH (deb)

B onctpubyTtmnBax ykasaHbl Te MakeTbl, K QyHKLMOHanNy
KOTOPbIX MOFYT 06paTUTbCA YTUNUTbLI U MPOoLEeccChl
aK3eMnnidpa Knacrtepa

B AOKYMEHTaLUNN CNUCOK 3aBUCUMOCTEN HE YKa3aH, TakK Kak
OTNIMYaeTcs oNs pasHbiX BEPCUN N COOPOK

00 YCTAaHOBKU MOXHO NOJSIYYUTb CMMUCOK MakeToB TpebyroLlwnx

YCTaHOBKM

QﬂtOf
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NHCTannatTop

» MpOoBepsieT BO3MOXHble KOHPNIMKTbI OUBINOTEK U Npedsaraet
KOMaHAy Ans UX yCTpaHeHus

» nobaBnsaeT agpec peno3nTopus B CANCOK apt n yum

s CKauymMBaeT noaxoasmmn AUCTPUOYTMB N BbIMOJSIHAET
YCTaAHOBKY, CO3[aHMe KnacTepa, co3gaHne crnyxobl

» npeacTaBnsieT cobon TEKCTOBbIN CKPUMT:
> MOXHO O3HAaKOMWTbLCSH C TEM, KaKue AeNCTBUSA BbINOSHAET

MHCTaNNATOP
> JIErKO BbIACHUTb B YEM OLLUNOKKN U UCNPaBUTb UX

QﬂtOf
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JlokanbHaa ycTaHoOBKa

» [TapameTpbl HCTanaTopa ./db_installer.sh --help

* MPW YCTAHOBKE MOXHO CO3[aTb KnacTep

o ONCTPMOYTMBLI (MakeTbl rpm u deb) nmetoT cTaHgapTHbLIN
dopmMaT, NX MOXXHO pa3apXmBuUpoBaTb, BbISCHUTb Kakue
N3MEHEHMNS BHOCATCS B OnepaLnoHHY CUCTEMY B nNpoLecce

YCTaHOBKM

QﬂtOf
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[lpoLiecc ycTaHOBKU

» CO3[aeTca Nonb3oBaTeslb C UMEHEM postgres

e CO30aeTca cnyXba 3anyckKa Knacrtepa

» CO3[aloTCA AUPEKTOPUU U dpannbl

» YCTaHaBMMUBAOTCA HYXXHblE pa3peLlleHns Ha
ONPEKTOPUN, pannbl U UX BlagenbLbl




[locne yCTaHOBKM

» YCTaHOBUTb NepeMeHHYo okpyxeHnda PGDATA
B Nnpodune nonb3oBaTtend postgres

» CO3[aTb KJlacTep, ecqn OH He bblN1 elle co3gaH

* 3aNYyCTUTb 3K3eMNNAp Knacrtepa

* YCTAHOBUTb HayaslbHble 3HaYeHNda napamMeTpoB
KNlacTepa Mcnosib3y4
https://tantorlabs.ru/pgconfigurator

* YCTAHOBUTb MHCTPYMEHTbI YNPaBIEHUSA U
MoOHUTOpuHra (MNnatdopma Tantor)




KoHdurypatopbl

8 @ KonmrypaTtop napamerp % + S

. yTMn MTa “« Efar Q B https//tantorlabs.ru/pgconfigurator E ® @ & =

t’ojntor MpopykTel »  floKyMeHTauMA QByyeHne Hoeoctun KoHdurypatop J KOMNaHWK ~ KoHTakTel

thtOf KoHgurypaTop KpMTHUECKH BaXKHbIX NapamMeTpoB NPoUM3BoANTeNbHOCTH PostgreSQL RU

pg_configurator
* Beb-Bepcus
http://tantorlabs.ru/pgc - |

[OCTYNHOS KOMWYECTBD ONepaTMBHOMK
namath RAM, MB

onfigurator |
* BBOOATCH et

ssh ~ ning

XaPaAKTEPUCTUKN XOCTa  womomee

M NNaHnpyemou

Harpys3Ku 5 '
* BbldaeT NapamMeTpbl

KOHpUrypaummu

Bepcwa PostgreSaL

15 A

GopmarT eble0ga

idla in trane
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Cos3paHue Knactepa ytunutoum initdb

» KnacTtep co3pgaeTcs yTUINTON KOMaHOHOW
CTpoOKM Iinitdb

* Initdb 3anyckaeTcsa U3 noAd nonb3oBaTens
onepaymoHHON CUCTEMbI postgres

 [lepepn 3anycKoM yTUNUTbI HY>XXHO co34aTb
ONpeKTopuro ana ¢annos KnacTtepa

» BblIbpaTb HAaCTPOMKM NoKanmsauuu

* O3HAaKOMUTbLCSA C APYrMMU NapamMeTpamm
YTUINTDI




NKor

o
YnpaBneHue
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YTunurta ynpasneHusa aksemnaapom pg_ctl

» OCHOBHbIE OEUNCTBUSA: OCTAHOBKA,
nepeydnTbiBaHNE KOHPUrypaLunUoHHbIX Gpannos,
NpoBepKa cTaTyca 3K3eMMnasipa, a Takxe
BO3MOXEH 3amnycK aK3emnnspa

* MPEUMYLLLECTBO B MPOCTOTE NCMOJIb30BaHUA U
nosly4eHuns pesynbTaTa BbINOJHEHUS KOMaHAb!

» 3aMycKaeTcs nop rnosnb3oBaTenem postgres




[lpouecc postgres

* pg ctl 3anyckaeT npoLecc postgres, KOTOpbIY NOpoOXAaeT
OCTallbHbl€ MpoLeccChl aK3emMndapa

* MapamMeTpoM -o YTUNUTbI pg ctl MOXHO nepepasaTb
npoueccy postgres napamMeTpbl KOMaHAHOU CTPOKU U
KOHOUrypaumm knactepa

* postgres —--single NO3BONAET UCMNONTIb30BATb
OAHOMONb30BaATENIbCKUN N OAHOMPOLECCHbIN PeXNM. Pexnm
MCNOMb3YIOT A1 UCMNPaBEeHNSA COAEPXMMOro KnacTepa B
CNTOXHbIX Cly4Yasax NOBPEXOEHUN

e ANd BbiXOAOa U3 OAHOMOJIb30OBATEJ/IbCKOINO peXXnMa
NUCIMOJIb3YETCH KOMOUHaUMAa KnaBull ctrl+d
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YnpaBieHne ak3eMnnapom vyepes systemctl

* YNpPaBMdAeT TONbKO 3aK3eMnasipamMmu 3anyLweHHbIMNU en,
aK3eMnnap, 3anyLlWeHHbI pg ctl YTUINTOU systemctl He
ynpaBndeTcs

* systemctl UCNONb3YET pg ctl ANA 3anyckKa aK3emmnnsapa

o OXupgaet 3anycka ak3semnnsipa 300 cekyHa (mapameTp
TimeoutSec=300 B panne-onmcartene cnyxobil)

» 3anyck ak3emnnsapa:
> systemctl start tantor-se-server-17
> systemctl start tantor-se-lc-server-17
> systemctl start tantor-be-server-17

QﬂtOf
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PaboTa B KOHTeuHepe docker

* n3mMeHsieMble ¢paunnbl, B YacTHOCTU PGDATA, A0MKHbI NexaTb Ha TOMax
(volumes)

» paboTa B KOHTEMHepPEe He Ao0baBnaeT BbICOKOU AOCTYMNHOCTU

* Mpouecc postgres He fgonmxkeH nmetb PID=1

e MPW CO34aHNN N 3aNyCKe KOHTEMHEpPa HYXXHO UCMNOJIb30BaTb NapamMeTp
docker run -d --init

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

root@tantor:~# docker rm -f mumMa xonTelHepa

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/l1b/postgresql/data -d -v /root/data: /var/llb/postgresql/data --name uMs_KOHTeMHepa postgres

QﬂtOf
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Tpu pexxuma oCTaHOBKU 3K3emMmnsapa

* smart - 3anpelwaeT HOBblE MNOAKMYEHUSA N XOET
006POBOSIBHOIO OTCOEANHEHUS CYLLLECTBYHOLLMX
CECCUUN. DTOT PEXUM HE NpaKTU4YeH

» fast - 3anpeLaroTca HOBblE NOAKNHOYEHUS, BCEM

cepBepPHbIM NpoLeccaM OTrMpPaBNSAETCH CUrHaN
npepBaTb TPaH3aKUUN U 3aBEPLLUNTLCA. DTO NYYLLUN
Bbl6op. lcnonb3yeTcd No yMon4aHuto

» immediate - peXUM HEMEAJIEHHOIO BbIK/THOYEHUS

YuebHbin kypc "Tantor : ApMuHUCTpupoBaHue PostgreSQL" Mpynna Komnawui Actpa, OO0 "TaHTop J1labc"© 2025 www.tantorlabs.ru
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OcTaHOBKa 3aK3eMnnspa

» OK3eMnnsAp MOXXHO OCTaHOBUTb KOMaHAOM pg ctl stop

HEe3aBMCUMO OT TOr0 KakMM Cnocobom 6bi1 3anyLLleH
aK3eMnnap

» icnonb3oBaHne pg ctl - Hanbonee yaobHbIN U
rapaHTUPOBaHHbIN CMOCOH6 NOracuUTb 3K3eMMIap

» MOXXHO nocnaTtb cUrHan npoteccy postgres Hanpsmyio:
kill -INT "“head -1 SPGDATA/postmaster.pid’

» He pekomMmeHpyeTcsa nocbinaTb CUrHan SIGKILL (9) HU C

O HOMY MpoLieccy aK3emnnsapa
o systemctl stop He rapaHTUPYeT OCTAaHOBKM 3K3eMMnaspa

QﬂtOf
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OcTaHOBKa 3aK3eMnnspa

« B XYPHane Kinactepa npn BblMoJIHEHUN KOHTPOJIbHbIX TOYEK
(HapaMeTp1c©;pheckpoints=on)6yﬂyTHpMCYHHBOBaTb
coobLeHna Tuna:

COORIIEHVME : HauaTa KOHTPOJIbHAS Touka: Sshutdown
immediate

UIn

LOG: checkpoint starting: shutdown immediate

» TekcT B coobuweHun "shutdown immediate" oTHOCUTCA K
CBOMCTBaAM KOHTPOJSIbHOW TOYKHK, @ HE K PEXNUMY OCTaHOBKM
ak3emnnapa. lNpun octaHoBKe aK3eMnaspa B pexume immediate
(koMaHAa pg ctl stop -m immediate) KOHTPOJSIbHAA TOUYKA He
BbINOJIHAETCS

» B PostgreSQL HeT komMmaHAabl shutdown immediate

QﬂtOf
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YTunutbl ynpasneHusa (06epTtkn komaHg SQL)

HaxXoOATCA B AUPEKTOPUN /opt/tantor/db/17/bin
NYyTb K ANPEKTOPUN BKIKOYEH B MEPEMEHHYH OKPY>XXEHUS
PATH nonb3oBaTtens postgres B Linux

YacTb YTUINT KOMaHAHOW CTPOKU - OBEPTKK Aansa KomMmaHg SQL
YTUNUTbI U COOTBETCTBYHOLLME MM KOMaHAbI:

clusterdb - CLUSTER

createdb - CREATE DATABASE

createuser - CREATE ROLE

dropdb - DROP DATABASE

dropuser - DROP ROLE

relindexdb - REINDEX

vacuumdb - VACUUM

QﬂtOf

Yyeb6HbIn Kypc "Tantor : AoMuHUCTpupoBaHune PostgreSQL" Mpynna Komnaxwuin Actpa, OO0 "TaHTop J1abc"© 2025 www.tantorlabs.ru 39




YTUNuUTbl yrpaBfieHus pe3epBUpoBaHNEM

» pg_archivecleanup - ncrnonb3yeTcs Ha penankax (pe3epBHbIX
Knactepax)

» pg_basebackup - co3gaeT pusnyeckne 63akanbl

* pg_combinebackup - HaknagbliBaeT UHKPEMEHTalbHblE
63Kanbl Ha NOJIHblE

* pg_dump, pg_dumpall, pg_restore gna norn4yeckoro
pe3epBUpoBaHUA (Co3aaHns amMrnoB)

» pgcopydb - ytunuta Tanor Postgres gonsa norM4yeckoro
pe3epBUpoOBaHUS

* pg_receivewal - pnsa co3gaHnsa NoToYHbiX apxmsos WAL

» pg_resetwal ona nameHeHua pasmepa WAL-cermMeHTOB

QﬂtOf
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YTUnuTbl ynpasnenusa (gpyrue)

* pg_checksums - BKIOYEHNE/OTKITIHOUEHUE NOACYETA KOHTPOMBHbIX
CYMM O/I0KOB flaHHbIX U NMpoBepKa 6JI0KOB AaHHbIX KflacTepa

* pg_rewind - ons CUMHXPOHU3ALMU KNTACTEPOB, HAaNpUMep, nocrne
aBapUUHOro NepekItoYeHnsa Ha GU3NYECKYIO PEMIUKY U B Npouenypax
anrpevpa

» pg_upgrade - on4a nepexoga Ha HOBYH OCHOBHYO Bepcuto CYB/]

» pg_test_fsync - usmepsiet ckopoctb 3anmcum B WAL cermMeHTbl B pa3HbIX
peXXxmnmax

» pg_config - tHpopMaLma o napameTpax UHcTannaumn n céopkun CYb/1

» pg_controldata - BbIBOOUT B TEKCTOBOM BULE COoLepXUMoe
ynpasnstowlero ¢anna knactepa $PGDATA/global/pg_control

QﬂtOf
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YTUnuTtbl ynpaeneHusa (NpoaomkKeHue)

» pg_isready - npoBepKa YTO KJlacTep NPMHUMAET COeAUHEHUS

» oid2name - ygobHasa yTunuta ons noncka K Kakomy ob6bekTy
OTHOCUTCA pann UnNu AQUPEKTOPUSA

e Vacuum_maintenance.py un gpyrue CKpunTbl Ha A3blke
Python, ncnonb3ytorca paclwimpeHnem ang
CeKUMOHNpPOoBaHUA pg_partman pg_repack - OoTHOCUTCA K
OOHOMMEHHOMY pacCLIMPEHNIO, peann3yroLlemMy aHanor
VACUUM FULL, Tonbko 6€3 MOHOMO/bHOU BTIOKNPOBKY

» pg_ctl - ynpaBndaeTt ak3eMnnapoM KnacTepa, bbina
paccMOTpeHa paHee

* initdb - co3paeT kKnacTtepa, 6blNa pacCMOTpPEHA paHee

QﬂtOf
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NKor

1c

YTunuta psql
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TepMUHanbHbIU KNUEHT psql

* MO3BONSAET MHTEPAKTUBHO BBOAUTb KOMaHAbl

* MOXXHO nepepaBaTb KOMaHAbl U HE MHTEPAKTUBHO - KOMaHAbl MOTYT
6bITb B34Tbl U3 pannia nin napamMeTpa KOMaHOHON CTPOKMU

e €CTb ¢pannbl KOHPUrypauymu
rnobanbHbIN /opt/tantor/db/17/etc/postgresqgl/psglrc
NIOKasnbHbIW MO YMOMAYaHUO ~/ .psglrc

* HeunHTepakTUBHOE BbINMO/IHEHNE KOMaHA,:
psgl -f dann ckpunra.sql
psgl -c "CREATE SCHEMA sh; CREATE TABLE sh.t (n
numeric) ;"

s OMNMCaHMe NapamMeTpPoB KOMaHAHOM CTPOKU psgl --help

QﬂtOf
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psql: nogkntoyeHne K 6ase paHHbIX

» psgl nogknroyaeTcsa K KOHKpeTHOM ba3e JaHHbIX B KiacTepe

« 1na noacoeanHeHus K 6a3e HY>XHO NPONTU ayTeHTUPUKaLMNIO

e CNOCOObI ayTEHTUPMKALMM pacCMaTPUBAIOTCA B CNefyoLnX rnaBax
» Ponb v nonb3oBatenb CUHOHUMBI U aBCONOTHO OANHAKOBbIE MOHATUSA
» [MoaKntoUYUTLCA OOQHOBPEMEHHO K HECKONbKUM 6a3am gaxe

Pacnojio>XxeHHbIM B OAHOM U TOM >XXe KJ/laCTepe HEJIb34

QﬂtOf
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psql: napamMeTpbl NOAKIHOYEHUS

» [NapameTpbl KOMaHOHON CTPOKW AN NogCcoeANHEHUS:

o -U ponb, N0 yMON4YaHUo UMS Nosib3oBaTesigd onepaunoHHON CUCTEMBI
o -d ums_6asbl, MO YMOSTYAHUIO UMS POJIN

e -h xocT, no ymon4yaHuto /var/run/postgresql

e -p NOPT, N0 YMONYaHuo 5432

» KomMaHpabl:

» KomaHpa BbiBOAa geTtanen nogcoeauHeHus:
\conninfo

» MepenoacoeauHeHune:
\c mMA ©Oasel MMA POJM XOCT HNOPT

e MapaMeTpbl TeKyLWero coegnHeHnda MO>XHO nepenatb, YKa3aB
cumBos Tupe "-"
\c - = localhost

QﬂtOf
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[TonyyeHue cnpaBku nNo kKomaHgam psql

e KOMaHpAbl psql HauMHarTCSA Ha 06paTHbIN CNaLl \

e MapaMeTpbl KOMaHAHOU CTPoKK psqgl --help

e crnpaeka no komaHgam psql \?

e cnucok komaHpg SQL \h
nocrne \h MOXXHO BBECTM HaYyasibHble C/IoBa KOMaHAbl U MOAYYUTb MO HEN
NomMoLb

* MO YMOMYaHUIO ecnn pe3ynbTaT He NoMellaeTcsl B OKHe TepMuHana
MCNONb3YEeTCA NOCTPAHUYHbBIN BbIBOS,

e [J19 MOCTPAHUYHOIrO BbIBOAA UCMOMb3YHOTCS YTUNUTbLI onepaLnoHHON
cucTemMbl more unu less, ytmnuta less ynobHee

e YTUNUTA YCTaHaBNMBaAETCH KOMaHOON \setenv PAGER 'less -XS'

° PEeXWUM MOCTPaHUYHOro BbiIBOAA OTKJ/TKOYAETCSH KOMaH4 oM
\pset pager off

° B peXuMe NocTPaHMYHOro BbIBOAa (Mocne ABoeToumns):
q - BbIXof4, Z - BNepéen, b - Haszaa, h - NoMoLLb

QﬂtOf
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dopmaTrupoBaHue BbiBoga psql

« [lo ymonyaHuto psql BBIBOAUT pe3ynbTaT 3anpoca c rnceBgorpadmnkon:
postgres=+# select datname, datistemplate from pg database;

datname | datistemplate
___________ _|________________
postgres | £

templatel | t

templatel | t
(3 rows)

* MOXHO feTanibHO HacTpouTb popmMaT BbiBOAa NapaMeTpaMmn \pset U
nepeknyatenamMmm \a \t \x
* MOCMOTPETb TEKYLWME HACTPOUKN POpMaTUPOBAHUA: \pset

» OTObOpakeHne BpeMEHMU BbINOSIHEHNSI KOMaHAbl, YA0OHO A8 HaCTPOWUKK
NPON3BOAUTENIbHOCTU \timing on

QﬂtOf
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BbiBOL pe3ynbTtata B popmate HTML

e psgql -c "komaHgma;" -H -o f.html | xdg-open f.html

3 Mozilla Firefox
set format htiml
Html . Jfvar/lib/postgresql/file.html X -+
file. html
ow all; C O file:///var/lib/postgresgl/file.html w
xdg-open file htm |l name | setting description
' allow_in place tablespaces off Allows tablespaces directly inside pg_tblspe, for testir

Peducation:~$ logout allow_system_table mods off Allows modifications of the structure of system tables
application_name psql Sets the application name to be reported in statistics a1
archive_cleanup _command | Sets the shell command that will be executed at every
archive command (disabled) Sets the shell command that will be called to archive ¢
archive mode off Allows archiving of WAL files using archive comma
archive_timeout 0 Forces a switch to the next WAL file if a new file has

within N seconds.

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

j— auto_explain.log wal off Log WAL usage.
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BbiBOA, pe3ynbTaTa B paclUMpeHHOM popmaTe

o MepekoyaeTcsa KomaHaom \x

postgres=# “x

Expanded display is off.

postgres=# “x

Expanded display is on.

postgres=# select * from pg settings limit 1;

[ RECORD 1 - s ebmm o o o e e e o oo
name allow in place tablespaces

setting off

unit

category Developer Options

short_desc
extra_desc

Allows tablespaces directly inside pg thlspc, for testing.

|

|

|

|

|

|
context | superuser
vartype | bool
SoUrce | default
min_wval
max_wval
enumvals |
boot wal | off
reset _wval | off
sourcefile |
sourceline |
pending restart | f

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

o 3a4yeM? nsberaTtb Bbldaym KoMaHpg "He B TOM OKHe"
o [Npurnawenne (NPOMNT) MOXHO MEHATb KOMaHaamMu

\set PROMPT1 n \set PROMPT?2 EEE}IﬁFESZ# begin transaction;
postgres=# \‘set PROMPT1 '%[%033 F’“Stgreszzﬁ select . _
\set PROMPT2 '%[%033[0;31m%]%ny  POSTBres—™# tantor.version(y;
. antor_version
postgres@postgres =% begin, T
BEGIN Tantor Special Edition 1C 17.2.1
postgres@postgres *=# select 1; (1 row)
postgres=*# Selec;

o "-" BTOpaa n nocnegyrowine CTPOKM  ERROR: syntax error at or near "Selec"
(PROMPT2) LINE 1: Eelec;

o "*" OTKpbITa U He 3adUKCMpPOBaHa costgres='# commit;
TpaH3aKuus ROLLBACK

postgres=# |

"I'" TpaH3aKuns B COCTOSIHUM cH0s K
MOXXET TO/IbKO OTKaTUTbCA, Aaxke ecnin Habpate COMMIT;

QﬂtOf
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ABTOdUKCaLUA TpaH3aKLUUN U BbINONIHEHUE KOMaH[
psql

e MO YMON4YaHuto psql paboTaeT B pexxmme aBToMaTUYECKOMU
dukcaumnm TpaHsakumm (AUTOCOMMIT)

* IameHeHne pexxnuma aBToPuKcaLnu:
\set AUTOCOMMIT on
\set AUTOCOMMIT off

* MOCMOTPETb NepemMeHHble psqgl: KomaHaa \set

* O4YUCTKa bydepa HabpaHHbIX KOMaHA \r

* NpocMoTp 6ydpepa nnu nocnegHen KomaHabl ecnu dydep nycr

\p
* ;<ENTER> 3aBepllaeT koMmaHay SQL n nocbinaeT ee Ha

BbIMOSIHEHME CepPBEPHOMY NpoLeccy

QﬂtOf
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[lepeMeHHble psql

* YCTaHaB/INBakOTCH KOMaHAOoWN \set UMS 3HAUYEHUE

» CpOK XWM3HM [0 BbiXxoaa M3 psql nnu o BbINOAHEHUSA KOMaHAb!
\unset wmMa

* €CTb NMepPeMEHHbIE OKPYXEHUA onepaunoHHON CUCTEMbI Ha
KOTopble pearnpyet psql

* UX MOXHO yCTaHaBnmneaTb B psql unu B pannax napameTpos
(~/.psqlrc)
\setenv PSQL EDITOR /usr/bin/mcedit

QﬂtOf
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BbinonHeHne KoMmaHaHbIX pannos B psql

* \! linux command - BbINO/MIHUTb KOMaHAy onepaloHHOU
CUCTEMDI

* \o file.sgl - MepeHanpaBuUTb BbIBOS, B paun

* \o - BEPHYTb BbIBO Ha 3KpaH

e \i file.sgl - BbINOJSIHUTb KOMaHAbl U3 paunna

» Ewe npumepbl Kak BbINONMHUTL KOMaHAbl N3 daunna:
psqgl < file.sgl
psgl —-f file.sgl

* BbINONHUTbL KaXkayro CTPOKY, popmMUupyemyto 3anpocomMm SELECT

Kak KoMaHAay B psql:
SELECT 'checkpoint;' \gexec

QﬂtOf

YyebHbin Kypc "Tantor : AoMuUHUCTpupoBaHune PostgreSQL" Mpynna Komnaxwuin Actpa, OO0 "TaHTop J1abc"© 2025 www.tantorlabs.ru 54




[ padunyeckume npunoxxeHus: DBeaver

* MMeeT cBOOOOHO pacnpoCTpaHAEMYO BEPCUIOD
* HanmMcaHa Ha si3blKe java 1 paboTtaeT B AcTpa JInHykc 1.8

@ DBeaver 24.0.4 - hohdefi)

©afn  PEOakTHpOBaHMe Haewrauua Search  PenakTop SQL Basa AaHHbik  OKHE  Cnpaeka

¢~ [ 2 I TR ¢ T ~o Auto 4D v W postgres v public@postgres

v vy Qo Q ‘B @

= Bazbi ganH X 'EI'IpUEKTm = B f bobdefl) X = B8
L g =& £ f CeoicTea

BEEAMTE HacTe kMeHK 0fb. | W ¥ | Y postgres BN Basei ganHbx ¥ = postgres G0 Cxewo ¥ public

NEpostgres - focaihost 5422
HaaeaHwe: bobdef Tum: Function
# ENBashl AaHHbI

OMNWEEHNE NPOLE YL

v = postgres ID oftekTa: | 15566

v B Creme
~ [ public
> B Tafinmus = T D e -- DROP FUNCTION public.bobdef():
> B Brewnme TaBniusl 1 3aevcrmocTA = CREATE OR REPLACE FUHCTICH public.bobdef()
> Binpeacraenenna [ Properties / ... RETURHS text
> [ MaT. npegcTaEneHns LANGUAGE plpgsgl
= o~ MR ZRETHE SECURTTY DEFTHER
> Mvpere T MexogHetil ko, AS $tunction$
~ I yHkU ke BEGIH

RAISE HOTICE 'search_path %', current_sch
RAISE MOTICE ‘current_user %', current_us
> £ plpgsl_show_depender ° RAISE NOTICE 'session_user %', session_us
> RAISE MOTICE 'user %', user:

. RETURH new():
> f po_stat_staterments(in hoc o

> £ _ plpgsgl_show_depender

EHNE;
@ projert - General X = B8 $function$
0 =4
HazeaHue MCTOHHME ¢
> Bl Bookmarks
> [ Dashhoards .
} Source n R E5 Show permissions T Show commerts [ MNokasats sarono

> 5 Diagrams

MSK | ru_RU | wiritable Smart Insert 11...51
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[‘papunyeckme npunoxeHusi: pgAdmin

» CcBOBGOAHO pacnpocTpaHsaeMas rpaduyeckas nporpamma gnis
paboThbl ¢ kKnacTtepamun PostgreSQL
» pgAdmin paboTtaeT B AcTpa JIMHyKC 1.8

= pgAdmin 4 = + X
File Object Tools Help
Object Explorer s B W Q > Dashboard X Properties X SQL x Statistics X Dependencies X Dependents X Processes X H
~ = Servers (1) n
v General System Statistics
~ (&7 tantor R
~ = Databases (1) Server sessions W Total [7] Active [l Idle  Transactions [l Transactions [ Commits [lil Rollbacks
« = postgres per second
» [g5 Casts Ja— ‘
6 — 4 |
> 4 catalogs (2) i
!
» I Event Triggers 4 3 p i
+ % Extensions (1) 2 n
T4 plpgsql Z mds' agcu.
. — 1 ions: 3
~ = Foreign Data Wrappers 0 / W Commits: 3
~ Languages (1) i} Rollbacks: 0
plpgsql 5
o Tuples [l Inserts [ Updates [liDel  Tuples [l Fetched [ Returned ~ Block I/0 M Reads [ Hits
» @ Publications %
4 in out
~ %% Schemas (2) 200
i 100 1,000
> <> public
> ¢ sh 75 750 200
~ Subscriptions
il 50 500 100
> &b Login/Group Roles (16)
v Tablespaces (2) 25 250
0
pg_default i 0 A
- pg_global
Server activity
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[ padunyeckume npunoxxeHus: Nnatpopma Tantor

o NMpuUnoXxeHue gna agMUHUCTPUPOBaAHUA U MOHUTOPUHIa
6onbloro Yncna knacrtepos PostgreSQL u knactepos Patroni
» NpunoxeHwne knacca Enterprise Manager

tantor T posee $ % 0 °

postares 9]
1 CREATE OR FUNCTION public.pg stat_statements_info(OUT dealloc bigint, OUT stats_reset timestamp with time
SQL-pepakTop zZone)
2 RETURNS recor d
Q 3 LANGUAGE ¢
4 PARALLEL SAFE STRICT
5 AS '$libdir/pg stat statements', $function$pg stat_statements_info$function$
Schemes
gm public
Table
View:
Functions

pg_stat_statements
pg_stat_statements_ir
pg_stat_statements_re

pg_store_plans

pg_store_plans_hash_c

QﬂtOf
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I1eMOHCTpaLus

« CKauMBaHWe NHCTaNIATopa

» YCTaHOBKa pa3peLlleHnsa Ha UCMNOJSTHEHUE NHCTaIATOPA
» YCTaHOBKa ajpeca pacnosioXXeHua guctpunbyTtmeos

» YcTaHOBKa C co3gaHunem ba3bl AaHHbIX

» [1poBepkKa, YTO KNnactep paboTaeT

» OcTaHoBKa cnyXx6

o [lenHcTannauusa

QﬂtOf
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[MpakTuKa

1. Co3paHue KnacTtepa

2. Cos3paHue Knacrtepa ytunutou initdb

3. Pe>Xxnum ogHoro nonb3oBaTeng

4. MNepepaya napamMeTpoB 3K3eMMIApPY B KOMaHOHOWU CTpoKe
5. Jlokannsauud

6. OgHOBGanNTHbIE KOAUPOBKMU

/. lcnonb3oBaHWe YTUNUT ynpaBJieHUS

8. HacTponka TepMUHanbHOro KnaneHTa psql

9. Nlcnonb3oBaHne TepMUHaNbHOro KnmeHTa psql
10.BoccTaHOBNIEHNE COXPaHEHHOro KilacTtepa
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tr'c?ntor

2a

ApxutekTtypa PostgreSQL

QﬂtOf
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Ak3emMnnap PostgreSQL

» ak3emnnsp PostgreSQL - npouecc postgres,
NOPOXXAEHHbIE UM NPOLLECCbl onepaLoHHOM
CUCTEMbI, MaMsATb, KOTOPYO UCMONb3YIOT 3TH

npoLiecchl
* MPUMepP NPOLLEeCCOB:

—> npouecc 1
— npouecc 2
— 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/17/bin/postgres

postgres:
postgres:
postgres:
postgres:
postgres:
postgres:
postgres:
postgres:

logger

checkpointer

background writer

walwriter

autovacuum launcher

pg_stat advisor BackgroundTaskManager
autoprewarm leader

logical replication launcher

psgl -d demo -U alice -h /var/run/postgresql

postgres:

alice demo [local] idle

OCHOBHOM npoLecc

npouecc 3anncu B XypHan logging collector
$OHOBbIN MPOLLECC KOHTPOSIbHOW TOYKM
npouecc $oHOBOM 3anncu

npouecc ¢OHOBOM 3arMncK B XXypHan
npouecc 3anycka aBToBakyyma

npouecc paclmpeHus

npouecc paCcWnpeHnd pg prewarm
npouecc 3anycka fIormyeckoun penankaumm
KNMWEHT, yTunmTa psqgl

npouecc, 06CnyXuBaroLWnmn psql

{a
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Sk3emnnap PostgreSQL

o , MaMATb,
autovacuum autovacuum
(4 [ ] ] Checkpointer Data
5432 postgres launcher worker
\ [ autovacuum ] [LOCK hash] [PROC lock]
CeTb \ worker
. . LOCK PROC
! [ checkpointer bgwriter >
psql backend . Walwrlter] 1 Apyrue
Buffer Descriptors
| = Shared Buffer Lookup
pg_dump [« —| backend xom Oydepos oble snap | dC)?LOG
= ydepa =
l . 8K6‘8K6‘8K6‘8K6‘8K6||8K6‘8K6| xom WAL cunee | Imxact
. XypHaa
[ pg_receivewal H walsender A A
: CTPAHUUHBIM |K3II ONEePAaLMOHHOM CMCTEMEI
v v v
dannbl AaHHbIX B: PGDATA/pg_xact
PGDATA/base dannbl XXypHana B: PGDATA/pg_subtrans
PGDATA/global PGDATA/pg_wal PGDATA/pg_multixact
PGDATA/pg_tblspc n gpyrue
)

tantor
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3anyck aK3emMnnsapa, npouecc postgres

» 3anyckaeTcqd npouecc postgres

e CYMUTbIBatOTCA pansibl NapamMeTpoB 1 KOMOUHUPYHOTCS C
napamMeTpamu, nepegaHHbIMN B KOMaHOHOM CTPOKE

* MNpoBepArTCA pa3pelleHns Ha aupektoputo PGDATA

» MpoBepsAeTcd Hanuune ynpasnqawowero ¢anna pg control

* BblOensieTcs NaMaAThb, 3arpy>karoTcs pa3gensaemMblie 6U6NINoTeKku

« B PGDATA co3paeTca ¢pann postmaster.pid Hann4yme Kotoporo u
NpaBUNbHOCTb HOMEpPa NpoLecca npoBepsdeTca pas B MUHYTY

* MpoOLeCC postgres perucTpmpyeT cepBepHble COKEThbI, CO34aeTCH
dann UNIX-cokeTa

* yntaeTcqa ¢ann c napameTpamm ayTeHTUuduKaumMm pg hba.conf

» 3anyckaeTtcqd npouecc startup n ¢poHoBbIe NpoLeccChl

QﬂtOf

Yyeb6HbIn Kypc "Tantor : AoMuHUCTpupoBaHune PostgreSQL" Mpynna Komnaxwuin Actpa, OO0 "TaHTop J1abc"© 2025 www.tantorlabs.ru 63




3anycK cepBepHOro npotecca

o O7151 KaXXJ0W CECCUN CO3[aETCH CEPBEPHbIN NpoLecc

* VIHnumnanmnanpyrotcsa (BblAeNatoTCAa U 3aMoHAKTCA) TPU Kalla B
fTIoKafibHOM NaMsATU CepPBEPHOro npouecca:
> Kaw ana éeicTporo goctyna K Tabnuuyam (RelationCache)
> Kaw Tabnuy cuctemHoro katanora (CatalogCache)
> Kaw nnaHoB BbinonHeHUa komaHg, (PlanCache)

» BbloenseTtcsd naMaTb nog MmeHepxep "noptanos" TopPortalContext

* KI/IMEHT ayTeHTUPMUMpyeTcs

o [oOrpyXarTcs pasgensemMble 6UbNNOTEKU, YKa3aHHblIe B NapamMeTpax
session preload libraries U local preload libraries

» Bblgensietca namMaTb MessageContext ang TekCTa KOMaHg, U
NpoLecc rotoB K NpuemMy KomaHg

QﬂtOf
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O6Laa NnaMAaTb NPOLEeCCOoB 3K3eMNNApa

o bonblee 60 CTPYKTYp NaMATH
* pas3mMepbl U CNUCOK - B NpeAcTaBNeHNN pg shmem allocations

¢ pa3Mep YacTu CTPYKTYp 3a[aETca napameTpamMmn KoHOUrypawmm

(74 rows)

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
———————————————————————————— o
<anonymous> | | 4946048 | 4946048
Archiver Data | 147726208 | 8 | 128 128
XLOG Recovery Ctl | 4377728 | 104 | 128 128
| 148145024 | 2849920 | 2849920
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Kaw Tabnuuy cucteMHoOro Katanora

e BblOensaeTcs B IOKaNbHOU MaMsATU KaXg0ro rnpouecca B KOHTEKCTE
CacheMemoryContext

e MPW CO34aHnn UnNu yaganeHmnm obbekTa, npouecc 3adpnkKkCcUpoBaBLLNM
TpaH3aKuuto, nocblnaeT coobuieHne B KonbLeBon bydpep shminvalBuffer
pasgenaemMomn NnamMmsTu

« Bydep xpaHuT go 4096 coobLeHnm

e rpouecchbl NOTPebNAT COObLWEHNS N OOHOBNSAIOT CBOWU JTIOKaNbHbIE K3LIK

e €C/In Npouecc NponyCcTUT COOBLLEHNS, TO MOSTHOCTbHO OYUCTUT CBOMU
nokKanbHbIKM KaW Tabnuy, cuctemMmHoro katanora (CatalogCache) n éyaer ero
3aHOBO 3aMOJIHATb

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
———————————————— o
shmInvalBuffer | 146865024 | 68128 | 68224 | 68224
(1 row)

QﬂtOf
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[lpepctaBneHne pg stat slru

» B PGDATA ecTb nogaoupeKTopumn, B KOTOPbIX COXPaHAKTCA CYyXebHble
OaHHble KnacTtepa

o [ONS1 YCKOPEHUs AOoCTyna Ha YTeHUe-3anncb B pannbl 3TUX OUPEKTOPUN
MCMNONb3YHOTCA KI3LLKN B pa3feniseMomn namsaTy ak3emnispa

e CTaTUCTUKA UCNONb3yeTcd A9 YCTaHOBKU NapaMeTpoB KOHpUrypauuu,
3afatomnx pasmepbl SLRU-kaLwen

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 i e bt et T
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)
)

tantor
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JlokanbHaa NnamMaATb npoLecca

e AOOCTYIHa TOJIbKO OHOMY rpoueccy, nostomMy 6ﬂOKMpOBKV| aA
OOCTYyNa K HEU HE HYXXHb
o 0OOMbLIada YacTb CTPYKTYP HE 3aHNUMMaEeT MHOIo NaMATU N UHTEPECHDbI
TONbKO OJ151 MOHMMaHMWS anropUTMOB PaboTbl NMPOLECCOB
» MapameTpbl, Hanbonee CUNbHO BANSIOLLME Ha BblaeneHne NoKanbHOM
MaMATUN Npouecca:
> work mem - Bblaenderca gn4d O6CJ'|Y)KMBaHM€ y3/10B (LLIarOB) MNaHa
BbINMOJIHEHUNA (eCﬂVl LLarm cnocobHbl BbIMOMHATLCA Op,HOBpeMeHHO), B TOM
YUCEe KaXXAbIM MapasisiesibHbIM MpouecCcoMm. BmecTe C MnapamMeTpom
hash_mem_multiplier BJINAET Ha NaMATb, BblAENAEMYIO Ka>X4blM
cepBePHbIM U NapaiyiesibHbIM MpouecCcoM.
> maintenance work mem 3Ha4yeHue Mo ymonyaHuo 64MB. 3apaeT
06beM NaMsTH, BbligenseMbll KaXabiM NpoLeccom (CepBepHbIM,
I'IapannerleblM), yyacTByrweM B BbINOJIHEHNUN KOMaHA VACUUM,
ANALYZE, CREATE INDEX, ALTER TABLE ADD FOREIGN KEY
QﬂtOf
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[lpepctaBneHne pg backend memory contexts

e MOKa3blBaeT NaMsATb, BblAENEHHYO CEPBEPHbIM NPOLLECCOM,
06CNny>XXnBaroLMUM TEKYLLYHO CECCUIO

o KOHTEKCT namMsATn (memory contexts) - Habop Yacten namsaTn (chunks),
KOTOpble BblAensatoTCs NPOoLecCcoM A5 BbINOSIHEHUSA KaKOMN-TO 3a[a4u

e [/ BbINOJIHEHMS NOA3a4aun MOXET BblAeNATbCSH J0YEPHUN KOHTEKCT

« KOHTEeKCTbl 06pa3yroT gepeBo (Mepapxuto)

* B NpeacTaBeHnn nepapxmro oTobpaxkaroT cTonbubl: name (HasBaHue
KOHTEeKCTa namaTu), parent (Ha3aBaHWe poaUTENbCKOrO0 KOHTEKCTa
namMmaTu, level

» B CTONOLE ident cooepXxutcs getannsauyms Toro, YTo XpaHUTCA B
KOHTEKCTe

select sum(total bytes), sum(used bytes), sum(free bytes) from pg backend memory contexts;
sum | sum | sum
_________ .|___________|_________
2114816 | 1380760 | 734056

QﬂtOf
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OyHKUMA pg log backend memory contexts (PID)

* HauumHada c 17 Bepcuun y komaHgbl EXPLAIN ecTb onuuss memory (no
YMOJTYaHUIO OTKIIKOYEHA), KOTOpas BblAAEeT CKONIbKO MaMsiTu
MCNOMb30Bas NNaHUPOBLLUUK M OOLLYHO NaMATb CEPBEPHOro npolecca

* MaMSATb YY>XXUX CECCUN MOXHO BbIBECTU B AMArHOCTUYECKUN for
Knactepa pyHKUmnen:

postgres=# SELECT pg log backend memory contexts(11l1l);
Pg log backend memory contexts

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

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

LOG: level: 2; AV dblist: 8192 total in 1 blocks; 7840 free (0 chunks); 352 used
LOG: Grand total: 658848 bytes in 38 blocks; 270616 free (32 chunks); 388232 used

QﬂtOf
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CTpyKTypbl NaMATH, ob6cnyXxusatoLune 6ydpepHbIN KL

« Buffer Blocks - caM by¢pepHbIN KLU

> BblgensieTcsa namMmsaTb No yncny 6ypepos*8192 6anta nnroc 4096 caut

> napameTp kKoHburypaumm shared buffers 3agaeT yncno 6yodepos
« Buffer Descriptors - onucartenu (3aronosku) oydepos

> BblgensieTcsl namMsaTb No ynucny éydepos * pasmep onucartens (64 6anta)
° B KaXX[0M onucartene XpaHUTcs:

> agpec 6noka Ha gucke B Buage Mmetkn 6noka (BufferTag)

— apgpec 6noka cogepxut: TBC, b, dann, popk, Homep 6aoKa OT Havyana
nepsoro ¢anna

> aApec bydepa B BUAE NopsiAKoBOro Homepa bydepa B 6ypepHOM Kalle
» onucaTtenb cBs3aH 1:1 (ognH K ogHOMY) Cc 6ydepom
e paHHbIX B 20 6anTax KoTopble 3aHMMaeT BufferTag goctatodHo (He
HY>XHO HUKYyOa obpawaTtbcs), YTobbl cUMTaTh 610K C AUCKA

QﬂtOf
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CTpyKTypbl NaMATH, ob6cnyXxusatoLune 6ydpepHbIN KL

 Mocne 3arnycka aKk3emnnspa, noka sce bydepa
cBobogHbl freeNext ykasbiBaeT Ha ceayoLwmin no

X3lW-Tabnuua

Shared Buffer Lookup Table nopﬂﬂle 6y¢ep.

NUM_BUFFER_PARTITIONS=128

128 BufStrategyControl

Ka3aTesin Ha CJ'IGE¥I-OLI.I,VIVI CcBO

60HbIN ep, freeNext

AeckpunTtopbl 6ydepos
Buffer Descriptors

nyn 6ydpepos (6ydepHbI KaLw)

shared buffers

BufferTag

dann B PGDATA 8K6 ‘ ¢dann B PGDATA
tantor
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[Tonck ceoboagHoro dydepa

* €C/IM npoLecc Xo4eT paboTaTb C 6/IOKOM, TO OH €ro ULLET B
bydepHOM Kalle. Ecnn HaxoguT, To 3akpenngeT. MHOXeCTBO
npoLeccoB MOXET 3aKpenuTb bydep. Ecnu npoueccy bydep He

HTAB HY>XeH, TO NMPOoL,eCcC CHUMAET 3aKpensieHune.

* 3aKpenneHue NpenaTcTBYeT 3aMeHe B bydepe 6noka opyrmm
610KOM.

» Oydepa MoryTt Bo3BpaLlaTbCa B CNMCOK cBO60AHbIX. O6bIYHO

CNUCOK cBOOOOHbIX BYy¢pepoB NycCT

128 BufStrategyControl

)

8Kb 8K6
tantor
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ANTOPUTM BbITECHEHUSA IPA3HBIX OydepoB

» npouecc checkpointer nepepg NOCbLINIKOU rPA3HbIX 6/IOKOB Ha 3anuchb
COPTUPYET UX OTAENBHO MO KaXkaomy danny

select * from (select *, lead(off) over (order by off) - off as true from

pg_shmem allocations) as a where a.name like 'Buf%' or a.name like 'Check%' or
a.name like '$Lookup%'order by 1;

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

Checkpoint BufferlIds

uf_i
l l l l buf_id Checkpointer Data
8Kb 8K6 AKG
clean dirty Buffer IO Condition Variables

QﬂtOf
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CTtpaTerum 3ameHbl 6ydepoB

* yucno 3anmncen B BufTable ato cymma NBuffers u
NUM_BUFFER_PARTITIONS
* MeTOofbl 3aMeHbl 6n10KoB B 6ydepHoM konbLe (buffer cache replacement
strategy):
> BULKREAD. Ons nocnepoBatenbHOro YreHusa 6nokos Tabnuu, (Seq Scan)
pa3mMep KOTopbIX He MeHbLUe 1/4 Kawa bydepoB ncnonbayerca Habop 6ypepos
B OypepHOM Kalle pa3amMmepomM 256K6
> VACUUM. 'pA3Hble cTpaHuLUbl He youparoTcs U3 Konbla, a NocbiatoTca Ha

3allnCb. Pa3Mep KOJibUa 3a4a€eTCAd NapamMeTpoMm KOHd)VIrypaLI,VIVI
vacuum buffer usage limit.[lo ymon4yaHuo 256K®0.

> BULKWRITE. Ncnonb3yeTtca komaHgoamu COPY u CREATE TABLE AS SELECT.
Pasmep konbua 16MO0.
» B OydepHOM Kalle 610K MOXKET HaxoguTbCs TONIbKO B 0A4HOM Bydepe
* ecnun bygep cTan rpsasHbIM, OH UCKIOYaeTcs U3 bydepHoOro KonbLa.

QﬂtOf
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[Tonck 6noka B 6ypepHOM Kalle

[Mpouecc ak3emnnsapa:

CO3[a€eT B CBOEN /IOKANIbHOW NaMATU aK3eMnaap CTpPYKTypbl BufferTag
BbluncngaeT 4-6anTHbin xaw oT BufferTag

Mo 3HAaYEeHMUIo X3alla onpenensaeT HoMep NapTUUmMm B XaW-Tabnuue
Shared Buffer Lookup Table

3anpawmnBaeT nerkosecHyto (LWLock) 6nokupoBky Tuna
BufMappingLock naptuymmn Tabnuubl B KOTOPYH nonasno 3Ha4YeHume
X3alla

B XaLW-Tabnuue HaxoguT nopsgKkoBbi HOMep 610Ka B Kalle 6ydpepos
nnun -1 ecnu 6510Kka HeT B KaLle

QﬂtOf
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3akpernnieHue bydepa (pin) n 6nokmnposka content_lock

» 3akpenneHue (pin) ncnonb3yeTtcs onsa Toro, YTobbl 6N0K B 6ydepe He
6bl1 3aMEHEH Ha apyrou

o ONA YTEHUS UNU USMEHEHUA CcogepPXXNUMOro 6n1oka B bydpepe Hy>XHa
nerkosecHas 6nokupoBka content_lock, cchblfika Ha KOTOPYHO
COXpaHseTca B onucaTtene 6noka Buffer Descriptors

» ONOKMpPOBKaA A0/MKHA yaep>XXuBaTbCAa KOPOTKOE BPEMS, B OT/IMUME OT pin

o ONS yganeHust Mecta 3aHmmaemoro ctpokoun (HOT cleanup vnu
vacuum) nocne pin n Exclusive npouecc goXugaeTcs, YTobbl y Apyrux
NpoLeccoB He cTano pin (To ectb pincount=1)

o Ons pobaeneHuss B 610K HOBOM CTPOKU UMK M3MEHEHUS XmMin, XmMax
CYLLECTBYHOLWMNX CTPOK NpoLecC OOIKEH NONYUYUTb BNOKUPOBKY
content_lock Tnna Exclusive

e ecnu npouecc umeert pin n Shared content_lock, To OH MOXeT MeHATb
HeKoTopble 6MThI B t_infomask, B YaCTHOCTK cTaTyC ¢ukcaunm/oTkaTa

{ahtor
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OcBoboxaeHue 6ydepos npu yaaneHun ¢pamnos

* Npu yganeHun 6a3bl gaHHbIX BbINOJIHAETCSA MNOJIHOE CKaHUpPOBaHUE BCEX
aeckpuntopos bydepos

* MOJIHOE CKaHMpPOBaHUEe OeCKPUNTOPOB BbIMOJIHAETCA, eCnn pasmMep
yaansiemoro relation 6onbwe 1/32 nyna 6ydepos

* B OCTallbHbIX CNy4Yadx NOUCK OEeCKPUMNTOPOB UOET Yepes Xaw-Ttabnuuy

* Mpu yBennyeHmmn kawa 6yepepos c 116 go 1616 BpemMsa Ha NOUCK
6ydepoB Npu yaaneHnn Tabnuubl yBenmymMBaeTca Ha NopsaaoK

* MOWUCK BbINOJSIHAETCS Npu yaaneHnn ¢annos B pesynbtate DROP,
TRUNCATE n Bakyyma (ecnu He OTK/IFOUYEHO yceyeHne ¢pannos)

CreateAdndDrop.sqgl:

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

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

TPS mna HP 8GB 127
TPS nnsa HP 16GB 55
TPS nna HP 18GB 33

QﬂtOf
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[Mpouecc ¢oHoBOM 3anucu bgwriter

» npouecc bgwriter 3annceiBaeT (writeback) rpsasHble 6ypepa u nomeyaeT
NX KaK YNCTble

» paboTta bgwriter CHMXXaeT BEPOATHOCTb TOr0, YTO NPOLLECChl HATONKHYTCH
Ha rpsa3Hble 6/10KkM NpKu Nnoncke bydpepa-kangmpata (victim) Ha
BbITeECHEHMe (eviction) gnsa 3amMeHbl Apyrum 6710KOM

» "nouck ceobopgHoro 6noka" aTo o6bIYHO Bydepa-KaHgmMaaTa Ha
BblITeCHeHMe U3 bydepa 6/10Ka, Tak Kak Bce bydepa 06blYHO 3aHATHI U
CNMUCOK cBOOOAHbIX 6/10KOB MYCT

e MPW BbITECHEHUU FPA3HOIo 6510Ka N3 bydepa obpalleHUs K LUMHE BBOAA-
BbIBO4a HET, 3T0 "writeback": konnpoBaHue n3 namatn (bydpep) B NnamaATb
(CTpaHWYHbIN KaW linux)

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

————————————————————————— f——_— -

bgwriter delay | 200 | sighup | 10000 | 10

bgwriter flush after | 64 | sighup | 256 | O

bgwriter lru maxpages | 100 | sighup | 1073741823 | O

bgwriter lru multiplier | 2 | sighup | 10 | 0O

QﬂtOf
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OuuncTka Kkalla bydpepoB npoLieccom bgwriter

» bydep He nonagaeT B CNUCOK CBOOOAHbIX OydpepoB, rpsA3HbIN
bydep CTaHOBUTCS YNCTbIM

* Ha ONCK 3allMCblBalOTCA TOJIbKO INpA3Hble, HE3aKPelrnJ/jieHHblE
6/10KN C usage count=0

 bgwriter He MeHfleT usage count

* MPW BKIIFOYEHHOM MNOACYETE KOHTPOJIbHBIX CYMM 610K
KonupyeTtcs 13 Kala 6ydepos B NoKasbHYO NamMaTb
npouecca bgwriter n B nokasbHON NaMATU NOACUUTbIBAETCH
U COXpaHSEeTCA B 3arosioBke 6/10Ka KOHTPOsIbHaa cyMMa

QﬂtOf
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KOHTpOJIbHasa ToYkKa

» BbINOJIHAET npouecc checkpointer:
> nepunoanyeckm no UCTe4YeHMn checkpoint timeout
NO pa3pacTaHUIO XYpPHala max wal size
B KOHLLe npoLueypbl OCTaHOBKW UK 3anycKa ak3emMnnsapa
NPOABUXEHUN PENNNKU
KoMmaHaaMm checkpoint, create database
Npu pe3epBUpoOBaHNM

vV VvV VvV VNV

postgres=# checkpoint;

CHECKPOINT

LOG: checkpoint starting: immediate force wait
LOG: checkpoint complete: wrote 5 buffers (0.0%);

QﬂtOf
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LLlaru BbinosIHEHUA KOHTpOJ'IbHOﬁ TOYKU

* €C/IN 3K3eMNnAp ocTaHaBnNMBaeTcH, B ¢ann pg control
3anncbiBaeTcs CTaTyC O Havyane raweHmsa ak3emMmnnapa

» Bblynucnsietcsa LSN cnepytowen xypHanbHoun 3anmcu. 91o 6yaet LSN
Hayana KOHTPOJIbHON TOYKMN

* XAOET cHATUA npoueccamu npusHaka DELAY_CHKPT_START

» Ha guck cbpacbiBatoTcs slru 6ypepa v gpyrne CTpykTypbl
pasgendaemMomn namMmsaTu

» checkpointer B umke npoberaet Bce onucartenun 6ydpepos u ons
rpsA3HbiX 6510koB ycTaHaBnueaeT ¢nar BM_CHECKPOINT_NEEDED,
coXpaHsieT agpec 65oka (5 umcen) B cTpykType namatn Checkpoint
Bufferlds gns nocnegytowen CoOpTMPOBKU

» nocrne yctaHoBku ¢pnara checkpointer He 6nokupyet 6ydep n 650K B
bydepe MoXKeT ObITb COPOLLEH Ha ANUCK N 3aMEHEH APYrnMm

QﬂtOf
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LLlaru BbinosIHEHUA KOHTpOJ'IbHOﬁ TOYKU

* COXpPaHeHHble naeHTUPUKaTOpPbl 6JIOKOB COPTUPYHOTCSH B NMOopsigKe:
tblspc, relation, fork, block

e O0KM NOCHITAOTCA MO OAHOMY B CTPaHUYHbIM KW linux

« Ecnun checkpoint_flush_after He paBeH HytO, TO BbIMOMHAETCSH
CUHXPOHU3aLMA MO Y)Xe OTCOPTUPOBaHHbIM AMana3zoHamM 610KOB Mo
Kaxkxgomy ¢panny

« B WAL coxpaHsieTc MOMEHTalIbHbIM CHUMOK CO CMUCKOM aKTUBHbIX
TpaH3aKunm

o dopmMUpyeTCs XYpHalibHada 3anncb OKOHYaHUA KOHTPOJIbHOW TOYKM,
copepxkawasa LSN xypHanbHOM 3anmcun, kotTopaa obina chopMupoBaHa
Ha MOMEHT Ha4dasia KOHTPONIbHOW TOYKM

* B dpanne pg control coxpaHdaetca LSN coopmumpoBaHHOU
XXYPHaNbHOW 3anucu

o ypanstoTca WAL-cerMmeHTbl, KOTOpble HE O0/1KHbI Yaep>XuUBaTbCs

QﬂtOf
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B3anMmoaeincTeme nNpoLeccoB aK3eMnnaspa ¢ AUCKOM

» ONnoku no 8K6 cunTbIBatOTCA B pasgendemMyro naMaTb Yepes CTPaHUYHbIN
Kaw (6nokun no 4K06)

o OJIOKW 3aNnUCbIBAtOTCS HaA AMUCK Yepe3 CTPaHUYHbIN KLU

e OS99 3arnncu NCNOJIb3yeTcs ONTUMMNINPOBAHHBIN aNrOPUTM CUHXPOHU3aLUK

Kol OybepoB Kam WAL SLRU k»nmu
Checkpointer Data 8K6 | 8K6 “ 8K6 “ 8K6 8K6 “ 8K6 8K6 8K6
Write an.d/or fsyrlc .
PageSetChecksumCopy/() XLogWrite() -> pp_pwrite() SlruPhysicallVfitePage()
v PrefetchShgredBuffer() -> pg_pwritd()
CEepPBEPHLIM npbuecc
SKB CTPAaHMUHHM K2m Linux
“SMQrwrier) >
v _ 4KO4KO|4KO|4 KO 4K6|4K6
checkpointer 0. flush_data()-
HTAB | —HteTange() 6nokn PHY_SEC_SIZE | 'Po wwuHe PCle
hash_create("Pending Ops Table"..
SSD v |

~16K6 | ~16k6 [55 e “‘ DRAM Al'6

éz}“Of
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[MpakTuKa

TpaH3akuua B psql
. Cnnucok ¢poHOBLIX NpoLEeccoB
. bypepHbIn kaw, komaHga EXPLAIN
. XXypHan npegsanucu
. KOHTpoOnbHada Touka
. BoccTtaHoBNeHWe nocne cbod

O wWNS

QﬂtOf
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antor

2b ApxutekTypa PostgreSQL

MHOroBepCUOHHOCTb

QﬂtOf
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MHOroBepCMOHHOCTb CTPOK

» B 6510kax Tabnumubl XpaHATCA BEPCUKN CTPOK (rows), KoTopble
Ha3bIBalOT KopTexamu (tuple)

» 3anpochbl (SELECT) gonxHbl BblgaBaTb JaHHble HA O4WH
MOMEHT BpeMeHMU ("KOHCUCTEHTHbIE"), YTO Ha3bIBatOT
"LenoCTHOCTb No YTeHn" (read consistency)

» Bce Bepcun cTpok pU3NYECKN XpaHATCA B pannax tabnuupl
No BO3MOXHOCTU PSAOM APYr C Apyrom (B Tex xe 651okax
dannoB OaHHbIX)

id col col?2 col3
tuple, cTpoka,
1 a b c BEpPCUSI CTPOKMU
(CUHOHWUMBbI)

)

tantor
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Tabnuupbl

* 0OBEKT B KOTOPOM XpaHATCA AaHHblIE

» HECKOJIbKO BMAOB: 00blYHble Tabnuubl (heap tables, cTpoku
XPaHATCSH HEYNOPSA0YEHHO), HEXXYPHANUPYeEMBbIe,
BpeMeHHble, CEKLIMOHNPOBaHHbIE

e pacLUIMpPeHNa MOryT co3gaBaTb HOBble CMOCOObI XpaHEHUS
OAaHHbIX U MeToAbl A0CTYyNa K HUM

* YNCNO N NOPAAOK cnefoBaHUsA CTONOLOB 3a4atoTCcs Npu
co3faHun Tabnuupbl

e Mocfie co3gaHua Tabnuubl MOXHO A400aBNATb U yAandaTb
cTtonoéubl. Npn pobaBneHnn ctonbua oH gobaBnseTcs
nocnegHMM - Nocye BCeX CYLeCcTBYHOLWMX CTON6L0B

* MOXHO NOMEHATb TUM cTONbLa
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Cny>ebHble cTonobLbl

* xmin - HOMep TpaH3akumu (xid), co3gaBLUenN BEPCUIO CTPOKM

* xmax - HOMep TpaH3aKuumn (xid), yoansarowen unm nbiTaBlUEencs
(TpaH3akuma He bblnia 3adpmuKCcmMpoBaHa no rbon NPUUYnHE:
Bbi3BaH rollback, cepBepHbIM npouecc npepBaH) yaanutb CTPOKY
NN HOJb

» ctid appec PU3NYeCcKOro pacnoslioXXeHUa CTPOKHU

 tableoid - oid Tabnuubl, B KOTOPOUN PU3NYECKN COOEPIKUTCSH
CTpOKa. 3Ha4YeHUa MMEOT CMbIC A1 CEKLMOHNPOBAHHbIX U
yHacnegoBaHHbIX Tabnuuy

e cmin MOPSAKOBbIM HOMEP KOMaHObl BHYTPU TpaH3aKLUMN HauYMHaS
C Hynd, CO34aBLUEN BEPCUKO CTPOKM

* cmax NOPSAAKOBbIM HOMEP KOMaHAbl BHYTPU TPpaH3aKLUMM HaYnHas
C HyNnd, ypansatowen unu noiTaBllencs yaanutb CTPOKY

t"c?ntor
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CTpyKTypa 6/10Ka AaHHbIX

lower upper

BaroJIoBOK 6Jioka 24 OGamnr

select * from page header
(1sn, checksum, lower, upper...) 'y

(get_raw_page('t','main’',0));
-[ RECORD 1 ]-—-———=-——-
pa3mep KpaTeH 8 6anTam lsn | 0/110DCF10

. | checksum 0

-~ |
3aTOJIOBOK IDaHHBIE CTPOKM flags | 0

23 BamT lp len lower | 928
= | 944

|

|

I

l

CBRODOIIHOE MEeCTO

upper
3aTr'0JIOBOK saI'OJIOBOK-‘ HOaHHBEIE CTPOKM 16 siicial 8176
23 Oaiira CTpoxM 23 ‘ lp len \ ‘ pagesize 8192
J\ I\ — J version 5
pa3mep KpaTeH 8v6a M 3 pa3mep no60or CTPOKM U 3aronioBKka CTPOKM \ . prune xid 0
, 32... 6anT KpaTeH 8 KpaTHbl 8 6aiTam special —

aHHbIX B CTPoKe HeT (Bce nons NULL)

ntoBas kapTa (0=NULL) oguH 6ut Ha cTonbel,
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3aroJIoBOK BEpCUU CTPOKHU

e Xmin - xid TpaH3aKunmn, co3gasBLUenN BEPCUIO CTPOKMU
e Xmax - Xid TpaH3aKuuun, yaanmseluenNn BEPCUIO CTPOKHU
» ctid - cchblfika Ha cnepyroLyto BEPCUO 3TON CTPOKMU
» bits - ButoBasi KapTa NYCTbIX 3HAYEHUNN

» hoff - cMmeleHne 4o Havyana gaHHbIX CTPOKU
 |p_off cmelleHne oo Havyana CTpPoKu

xminfxmax ﬁeld3ctl 1nfomask2 infomask hoff IOaHHBIE CTPOKU 24
333 334 OlOOOOOOOOOOOOlO 0000000100000010¢ 24 \x0100000009666f6f P
xmig xmax lehj ctid infomask?2 infomask hoff bits IaHHBIE CTPOKU q
334 O 0 (0,2)§100000000000001040010100000000001F 24 10000000 \x01000000 bd

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 infomask2|t infomask| | €t bits |t oid
——t—————= fommm fo——— to————- - tomm t-————= pomm - fommm - - fomm -
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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BcTaBka CTPOKU

e Xmin - xid TpaH3aKuunn, BCTaBUBLLUEN CTPOKY

e Xmax -HoJb

 ctid - ccbinka Ha cebs

* TpaH3aKuusl, BCTaBUBLUAA CTPOKY He nomMmeyaeT B infomask 1o, 4Tto
OHa b6blna 3apuKcmpoBaHa. OTo byaeTt caenaHo npu
nocnepgyroLwem obpalleHnn K CTPOKe B A4pyron TpaH3akunum nnum
OPYrMM 3arnpocom

xminlxmax|lfielazjctid infomask?2 infomask hoff IaHHBIE CTPOKU 24
3331 O 0 (0, 1)j0000000000000010J0000100000000010 24 \x0100000009666f6f 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 infomask2|t infomask| | t bits |t oid
——t—————= fommm - fom———- to————- - tomm t-————= e fomm - - tomm -
1] 8144| 1] 32| 333] 0] 0| (0,1)] 2 | 2050 | | |

QﬂtOf
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OGHoOBNEHWE CTPOKU

» ctid npeXxHen Bepcun ykasbiBaeT Ha apec HOBOM BEPCUN CTPOKHU

» ctid akTyanbHOU BEPCUU CTPOKKN YKa3blBaeT caM Ha cebs

e Xmax NpeXXHen BEPCUN MEHSIETCSH C HYA HA HOMEP TPaH3aKLUuu,
KOTopada co3falia HOBYHO BEPCUIO CTPOKU

xminlxmax|lfielasjctid infomask2 infomask hoff IOAHHEIE CTPOKMU 24
333),334 0 §(0,2)l0100000000000010J0000000100000010f 24 \x0100000009666f6f P
Xmig XmaX|iehi‘Ct';ﬁ infomask?2 infomask hoff bits IaHHBIE CTPOKU q
334 0 0 §(0,2)§1000000000000010J00 O 00000000001 24 J10000000 \x01000000 bd

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 infomask2|t infomask| | t bits |t oid
——t—————= fommm - fom———- to————- - tomm t-————= e fomm - - tomm -
1] 8144| 1] 32| 333] 334| 01| (0,2)] 16386 258 | | |
2] 8112| 1] 28| 334| 0] 0| (0,2)] 32770] 10241 | 110000000 |
£

tantor
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YpaneHue CTpoOKuU

e XmMax aKTyasllbHOU Bepcuun cTpokn (xmax=0) ycTaHaBnMBaeTCcs B
Xid ygansirowen TpaH3akumm

xminlxmax|lfielasjctid infomask2 infomask hoff IOAHHEIE CTPOKMU 24
3331,334 0 1(0,2)J0100000000000010}J0000000100000010Q 24 \x0100000009666f6f b

xXmig XmaX|iehi‘Ct';ﬁ infomask?2 infomask hoff bits IaHHBIE CTPOKU q
334 || 335 0 §(0,2)§1000000000000010J0010100000000001 24 J10000000 \x01000000 ba

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 infomask2|t infomask|

1] 8144 1] 32| 333|] 334 (0,2) | 16386 1282 |

0 |
2| 8112] 1] 28| 334| 335] 01| (0,2)] 40962 8449 |

QﬂtOf

YyebHbin Kypc "Tantor : AoMuHUCTpupoBaHune PostgreSQL" Mpynna Komnaxwuit Actpa, OO0 "TaHTop J1abc"© 2025 www.tantorlabs.ru 94




Tunbl gaHHbIX HAMMEHbLUEro pa3smMepa: boolean,

"char", char, smallint

* CMWCOK TUMOB AaHHbIX U NX XapaKTEPUCTUKM eCTb B Tabnuue pg type
e ecnu ctonbey, 6ygeTt Ucnonb3oBaTbCA A1 NOUCKA, CTOUT OLEHUTb
90 HEKTUBHOCTb UHOEKCUPOBAHNA CTONOLOB, COCTaBHbIX MHAEKCOB,
30 HEKTUBHOCTb CKaAHUPOBAHUSA NHOEKCA AOCTYMNHbIMWU Criocobamu
(Bitmap Index Scan, Index Scan, Index Only Scan)
e Twunbl JAaHHbIX, 3aHMMaKOLLME HAUMEHbLLEE MECTO:
> boolean 3aHUMaeT 16auTt
> "char" 3aHumaeT 1 6aunT, xpaHut cumeonbl ASCII
> char 3aHUMaeET 2 6aunTa,
— XPaHWUT CUMBOJbI B KOAUPOBKE 6a3bl JaHHbIX
> smallint, 3aHMMaeT 2 baunTa
— XPaHUT uenble Yncna ot -32768 po 32767

QﬂtOf
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Tunbl JaHHbIX NepeMeHHOW OJINHbI

ONA CTPOK NepeMeHHOU AJSINHbI CTOUT NCMNOMb30BaTb TUN text

Pa3MepHOCTb AJ1a text He yKa3blBaeTCA

3aHMMaemMoe MecCTO:

> OOWH 6aunT, ecnn annvHa nosst MeHblle 127 6ant u cTtpoka nycras "'

> ecnim kogupoBka UTF8, To ASCIlI cumBonbl 3aHumatoT 1 6anT. Nosatomy 3HadyeHume '1'
3aumMeT 2 6aunTa: \x0531. 3HaueHue "11' 3anMeT 3 banTa: \x073131. none
cocTosilee U3 6ykBbl 's' 3anmeT 3 6anTa: \x07d18d

> eCcnu gnvHa nonsa éonblue 126 cMMBOMOB, TO 3aro/s1IOBOK NOMA CTaHeT 4 6anta u
nona 6yayT BblpaBHMBATLCA Mo 4 6anTa

Nofisg MOryT CXXMMaTbCA U OCTaBaTbCs B 610Ke

nons MmoryTt BblHocUTbCS B TOAST, ocTaBnsist npu aTom B 6noke 18 6aunT (He
BblpaBHUBAKOTCA)

OBOWYHbIE OaHHble CTOUT XPaHUTb B TUMe AaHHbIX bytea. 3TO TN AaHHbIX
nepeMeHHON OJINHbI N ero NoBeAeHNe Takoe Xe, Kak y Tuna text

QﬂtOf
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LlenoyncneHHble TUMNbl AaHHbIX

Lesible Yncsia MOXHO XpaHUTb B TUMax int (integer, int4),
bigint (1nt8), smallint (1nt2)

06bl4YHO ncnonb3yroTcs ana ctonbuos PRIMARY KEY

bigint BblpaBHMBAETCA NoO 8 6aunT

int AA8 NEePBUYHOIO UMM YHUKANIbHOrO Kto4a orpaHuymT 4Ynmcno
CTPOK B Tabnuue 4mnpp (2*32)

018 reHepaunm 3HavYeHUn gnst TMnoB smallint, int UWbigint
NUCMOMb3YHOTCS NMocsiefoBaTeslbHOCTU U €CTb CUHOHUMBI
smallserial (serial2?), serial (seriald), bigserial
(serial8)

018 XpaHEHUA YMcen MOXET UCMNOMb30BaTbCA TUM NEPEMEHHON
OJSIMHBI numeric (CMHOHUM decimal), HaKNagHble pacxoabl 4
6anTa Ha XpaHeHue AnHbI NoNs

QﬂtOf
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XpaHeHue paT, BpeMeHU, UX UHTepBaJioB

o ONS XpaHeHusa gaT, BpEMEHU, MHTEPBaNOB UCMNOJMb3YHOTCSH TUMbI:
> date (4 6banTa, C TOYHOCTbIO A0 AHSA)
> timestamp, timestamptz, time TOYHOCTb A0 MUKPOCEKYHAbI,
pa3Mep oAMHaKOBbIM 8 BanT, coaep>XMmMoe oiMHaKoOBOEe
> timetz - gNuMHa 12 6aunT, interval - ANuMHa 16 6aunTt
e TWUMbl JAaHHbIX timestamp, timestamptz HE XPaHAT YaCOBOW MOSC
° timestamptz NPUBOAUT XPaHUMOE BPEMSI K BPEMEHHOMN 30HE KIIMEHTA
e timestamptz PU3NYECKU XPaHUT 3HaUYeHUa 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, lp len, t hoff, t data from heap page items(get_raw page('t',6 'main',0)) order by lp off;

lp off | 1p len | t hoff | t data

———————— oo
8096 | 40 | 24 | \x70580939¢c1ca020070580939¢c1ca200
8136 | 40 | 24 | \x7044c4bcc3cal020070580939¢c1cal200

select t, ttz from t;
2024-11-25 20:19:47.833968 | 2024-11-25 20:19:47.833968+00

QﬂtOf
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Tunbl gaHHbIX ONA BeWeCTBEHHbIX Ynucen

*  (PUKCUPOBAHHOWU O/INHbI, C NNaBatoLWeN TOYKOU, C OKpYyrieHmem 0o 6 unun 15 paspsgos
(3Havalwwmnx yncen B gecatmyHom ¢opmare):
> float4 , real , float(l..24) -B 4 6anTax XxpaHUT He MeHee 6 pas3psaasoB
> float8 , float , double precision , float (25..53) B 8 6auUTax XpaHuT

He MeHee 15 pas3pagoB

select 12345678901234567890123456789.1234567890123456789::float4: :numeric;
12345700000000000000000000000

select 12345678901234567890123456789.1234567890123456789: :float8: :numeric;
12345678901234600000000000000

* repemMeHHON aNnHbI, 6e3 NoTepu TOYHOCTU MPU BbIYUCNEHUSIX:
> numeric , decimal
> TOYHOCTb MOXHO 3a4aTb NapaMeTpaMUn: numeric (presision, scale)

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

* NPUMEpP 3KCrNoHEeHLMaNbHON 3arnnMcmn 0gUHAKOBbIX YNCEN C Pa3HOMN MaHTUCCON U

select 12345.6::floatd4, '12.3456e+03'::floatd, '123.456e+02'::floatd,'1234.56e+01"'::£float4;
1.235e+04 | 1.235e+04 | 1.235e+04 | 1.235e+04
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MoMeHTanbHbI CHUMOK

e npeacTtaBnsieT cobon cornacoBaHHoOe COCTosiHUE 6a3bl JaHHbIX Ha
MOMEHT BpeMeHU

» B CHMMOK pgaHHbIX BXOAMUT:
> Xmin - HOMep cCaMoW CTapon aKTUBHOW TPaH3aKLUUK
> Xmax - 3HayeHue, Ha euHnLYy bonblle HoMepa nocnegHen 3aBepLUeHHON

TpaH3aKuuu

> Xip_list - cnMCOK aKTUBHbIX TPaH3aKLUnm

o QyHKUUS, BO3BpaALLatoLLas cogep>X MMoe MOMEHTaNbHOro CHUMKaA U
GYHKUNSA SKCNopTUpYyHoLWaa ero ans apyron cCeccuu:

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

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

00000024-000000000000000A-1

QﬂtOf
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TpaH3akuus

o TpaH3akuus - Habop KomaHA

» HauymHaeTca ABHO UK HEABHO

» 3aBepluaeTcst OAHUM U3 ABYX Aaencteun: pukcauma (komangosl COMMIT,
END) nnmn otkatomMm (komaHga ROLLBACK)

« Pe3ynbTaT npepBaHHOM (aborted) TpaH3aKuMK TaKOW Xe Kak
OTKa4YeHHOM KOMaHa0un

» [lpumep HeaABHOIro Ha4dana TpaH3aKUUu:

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

QﬂtOf
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CBoOMUCTBa TpaH3aKuumn

ATomMmapHoCTb (Atomicity) - npu ¢puKcauun BbINOJSIHEHbLI BCE KOMaHAbI
6e3 UCKYEHUN, NPU OTKaATe - HM O Ha KOMaHAa He BbIMNOSIHEHA

> nocne pukcauun, UaMeHeHU MOMeEHTaIbHO CTaHOBATCA BUAHDI APYrmm
ceccunam

LlenocTHOCTb (consistency) - oTCYyTCTBUE HapyLLUEHUs AeKnapaTUBHbIX
OFPaHNYEHUN LEeNOCTHOCTH

N3onsauma (isolation) TpaH3akuum gpyr ot gpyra

> Peanusyetcsa ogHUM N3 YPOBHEN U30NALUN

OTkasoycTtonympocTb (Durability) - ecnm KNMEHT nony4dunn
noaTBepXaeHne ob ycnewHocTn dukcaumm TpaHsakumm (COMMIT
COMPLETE), To MOXeT 6bITb YBEPEH, YTO pe3ynbTaT TPaH3aKUnm He
nponaget

QﬂtOf
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YPOBHU N30NALUM TPaH3aKLNM

« READ UNCOMMITTED - yTeHue He3adUKCUPOBAHHbIX AaHHbIX. B
PostgreSQL He ncnonb3yeTcs

« READ COMMITTED - 4yTeHue 3apUKCUPOBaHHbIX OaHHbIX.
cnonb3yeTtcsd no ymMmon4yaHuo

« REPEATABLE READ - noBTOpseMoCTb No YTeHuto. CTOUT NCMONb30BaTb
TONbKO ANA YTeHUd, a He nameHeHunsa aaHHbiX (READ ONLY)

« SERIALIZABLE - ynopsano4yeHHoOeE BbIMOJIHEHUE
> Ha ypoBHAX REPEATABLE READ n REPEATABLE READ, ecnu MmeHANUCb
OaHHble, BO3MOXHa owmnbka cepmanmnsaymm (serialization failure): "He mory
cepuanmniaoBaTtb goctyn" (can't serialize access), TpaH3aKuus NepexoguT B
COCTOSIHME cH0A N He MOXKeT 3apUKCUpPoBaTbCA

QﬂtOf
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deHoMeHbl U30NALUK TPaH3aKLUNA

» B cTaHpapTe ISO SQL-92 n nocnepyrouwmx onpenenieHo Tpu ¢eHoMeHa
KOHKYPEHTHOro 40oCTyna, KoTopble A0J/IXXHbl OTCYTCTBOBATb Ha YPOBHAX
N30n54Mu

* Ha BCEX YPOBHAX HE MOryT HapyLlaTbCs orpaHUYeHunst LLeSTIOCTHOCTH

» rpsA3Hoe 4YTeHue B PostgreSQL He gonyckaeTca HM Ha O4HOM U3
YPOBHEN N3018UUN, NOSTOMY YpoBeHb Read uncommited He
oTnnyaetca oT Read committed

YpoeeHB I'psiszHoOe HenoeTopsieMoe ®aHTOMHOE Hapymeunue
MNBONALMN yrenue (P1l) yrenne (P2) urenne (P3) cepmuanmusauum
Read JonyckaeTrcda, BO3MOXHO BO3MOXHO BosmoxHO

uncommitted HO He B PG

Read HEeT BosMOXHO BosMOXHO BosMoOxHO
committed

Repeatable HeT HeT IonyckaeTcs, BO3MOXHO
read HO He B PG
Serializable HerT HeT HeT HeT

QﬂtOf
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[Tpumep onbku cepuanunsauum

» [lpnmep oWnbKK cepuanmsalmm:

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

postgres=# drop table if exists b;
DROP TABLE

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

2 postgres=# begin transaction isolation level
serializable;

BEGIN

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

6 postgres=*# commit;

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

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

HINT: The transaction might succeed if retried.

» B Oracle Database Ha ypoBHe SERIALIZABLE owmnbku HeT
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CrtaTtychbl TpaH3akuum (CLOG)

XXypHan npeactasnsetr cobon 6UTOBLIM MaccuB, B KOTOPOM AN
KaXkg0un TpaH3aKunum oTBegeHo aBa buTta

3HayeHusa OUToB:

> 00 - TpaH3aKumMa B npouecce

> 01 - 3adpukcupoBaHa

> 10- npepBaHa (aborted, oTkayeHa)

>

11 - noaTpaH3akumna sapukcupoBaHa, HO poguTenbckas TpaH3aKUua He
3aBepLLEHa

K CLOG obpallatoTcsi NpoLecchl, B TOM YUCIe BaKyyM, BbIMOAHSOLWMN
3aMOPO3KY BEPCUWN CTPOK, YTOObI Y3HATb CTaTyC TPaH3aKUnK
MakcumanbHbin pasmep pannos CLOG 3aBUCUT OT NapamMeTpa
KOHpuUrypauum autovacuum_freeze_max_age

)

tantor
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Pukcauma TpaH3aKLum

o [1pn pukcaumm TpaH3aKLUKM BbINOMHAETCA 3aNUCh B XYpHan
TpaH3akumn (WAL) o dukcaumm TpaH3aKumu

» BbinonHsaeTcsa 3anucb 6muta B 6ydpep XXypHana CLOG

» OcBoboXxpaaroTca pecypchl, KOTOPbIE NCMOIb30BaIUCH B
npouecce TpaH3aKuun: 610KMPOBKU, KYpPCOopbl (Kpome
KypcopoB WITH HOLD), koHTeKCTbI (4acTen) nokanbHOM
NamMaTK npotlecca

o ®annbl CLOG coxpaHatoTcst B WAL B Hadane KOHTPOJIbHOM
TOYKU U UBMEHEHUSA B HUX A0 crnefyrowen KOHTPOIbHOW
TOYKM He XYpHanupyroTtca. Npn BocCTaHOBNEHUK Nocsie cbod
copepxxmmoe CLOG BoccTaHaBnuBaetca no 3anmcam WAL

QﬂtOf
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[ToaTpaH3aKLuun

NoATPaAH3aKUNUN 3TO TOHKU COXPaHEHNA

> UCMONb3YHTCHA YTOObI OTKATUTLCA, a HE MepPeBoOgUTb TPaH3aKLUMIO B
COCTOAHME cboA

co3garoTcA
> KomMaHaou SAVEPOINT
> cekumen EXCEPTION B 6noke Ha a3bike pl/pgsdal

> B psql npu OTKPbITUM TpaH3aKUMK Npu YCTaHOBKe NapamMeTpa
\set ON_ ERROR ROLLBACK interactive

B cTpyKType PGPROC coxpaHsieTcsa go 64 HoMmepoB NOATPaAH3aKLUN
NOATPaH3aKUMAM, KOTOPble TOMIbKO YNTAtOT AaHHble MpUCcBanBaeTCs
BUPTYanbHbIK HOMEP

eCJ/lIn BCTpeYyaeTca KoMaHaa U3MEeHEHUA AaHHbIX, TO NOATPAH3aKUNAM
BMN/IOTb 4O OCHOBHOW TpaH3aKUUM NpmMcBanBatoTCs peanbHble HOMepa
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Tunbl 6710KNPOBOK

» spinlock (Unknnyeckasa nposepka)
> |/|CI'IOJ'Ib3yI-OTCFI ONA O4YeHb KPaTKOCPOYHbIX ,D,eVICTBMVI - He AoJibLlle
HECKOJIbKUX OECATKOB MHCTPYKLUWUM npoLeccopa
> CpeacTtBs MOHUTOPUHra HeT
» nerkoBecHble (LWLocks)
> Mlcnonb3ytoTcsa oNns gocTtyna K CTPYKTypaM B pa3fensieMomn namsaTm
> MIMEeroT MOHOMOMbHbLIN (Ha YTEHNE U UBSMEHEHUNE) U pa3fenaeMbln PeXNM
(4TeHmne)
> He 6onbuwe 200 ogHOBPEMEHHO
* OOblYHbIE (TAXEeNnoBeCHbIE)
> ABTOMaTM4YECKM 0CBOBOXAOTCA NO OKOHYaAHUKU TPaH3aKLUuun
> ECTb HECKONbKO YPOBHEN BTOKUPOBOK
> 06cnyxuaroT 6N10KMPOBKK 12 TUNOB, B TOM Yucne advisory locks.
» npeaunkatHble 6nokupoBku (SIReadlLock) ncnonb3yroTcs TpaH3aKuMaMm

c ypoBHeM nsonaunm SERIALIZABLE

QﬂtOf
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BnokupoBKU 06BHEKTOB

» [pu BbINONHEHNM KOMaHA, 3arnpalunBaeTcs 6JJTOKUPOBKA Ha OO BHEKTHI,
3aTparmBaemMble KOMaHAa0ou

> SELECT aBTOMaTuyecku 3anpawumnsaet 6noknpoeskn ACCESS SHARE Ha
Tabnuupbl, NHOEKCHI, NpencTaBNeHnsd

» [loka 6/10KMPOBKK He ByayT NONYy4YeHbl, KOMaH4a He Ha4yHeT
BbIMOJIHATbCS

» BNOKWPOBKK Ha YPOBHE OOBEKTOB UCMOMb3YHOT "4YeCTHYH" ouepenb
6NOKMPOBOK. ITO O3HAYaET, YTO ONOKMPOBKK ByayT 06CNny>XnBaTbCA B
nopsigKe nx 3anpoca He3aBUCUMO OT YPOBHEU 3anpallunBaeMbIX
6NOKMPOBOK U HET MPUOPUTETOB

* NapamMeTpom KoHourypaumm lock_timeout MOXXHO YCTaHOBUTDL
MaKCUManbHOe BpeMs 0XungaHua nonyvyeHuUsa 6J1IOKUPOBKU Ha 06 BbEKTDI
NN CTPOKMU

QﬂtOf
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CoBMeCTUMOCTb 6JIOKMPOBOK

criabble BTOKMPOBKM MOTYT ObITb MoAy4YeHbl Mo 6bICTPOMY NYTU
CUNbHble BJTOKMPOBKK Tabnuny, NpenaTCTBYHOT YCTaHOBKY cNnabbiX 61OKMPOBOK

Nno ObICTPOMY MYTH

dBTOBaKyyM N aBTOaHaJ/IN3 HE MELWaOT UCIMOJ1Ib30BaTb 6bICprIV1 NyTb

aBTOBaKyyM W aBTOaHaNM3 He BDNOKUPYHOT KOMaHAbl, B Cllydae KOHQNUKTa
610KMPOBOK paboynm rnpouecc aBToBakyyma rnpepbisaet 06paboTky Tabnuubl

ACCESS
SHARE

ROW
SHARE

ROW
EXCL.

SHARE
UPDATE
EXCL.

SHARE

SHARE
ROW
EXCL.

EXCL.

ACCESS
EXCL.

ACCESS SHARE

ROW SHARE

ROW EXCLUSIVE

SHARE UPDATE EXCL.

SHARE

SHARE ROW EXCLUSIVE

EXCLUSIVE

ACCESS EXCLUSIVE

XX XX

XX XXX

XXX

XXX XXX

X XXX X[ > [ >

XXX XX XXX [ X
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BnokupoBKU 06BHEKTOB

» BNoknMpoBKKN Ha ypoBHE 0O6bEKTOB GOPMUPYIOT ouepeamn

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

QﬂtOf
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BNoKMpoOBKU CTPOK

» Tabnmua COBMECTUMOCTHU

CTpOKa 3a0JIOKHPOBaHA B pe:KNMMe

3anpammnBaeMbli PeKUM FOR KEY FOR NO KEY
S(I?I R FOR SHARE SPD AOTE FOR UPDATE
FOR KEY SHARE X
FOR SHARE X X
FOR NO KEY UPDATE X X X
FOR UPDATE X X X X
=)

tantor
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MynbTUTpaH3aKLnK

« bnokuposka FOR NO KEY UPDATE ycTaHaBnmBaeTcs KOMaHLOU
UPDATE, koTopas He BHOCUT U3MEHEHMUS B KNTKOUYEBbLIE CTONIBLbI

« 6nokunposka FOR KEY SHARE yctaHaBnmBaeTca komaHgon DELETE u
UPDATE koTopast 06HOBNSAET 3HAYEHUSA KNHOYEBBIX CTONOLIOB

» TaKXXe pas3gensemMble 6JIOKMPOBKU YCTaHaBNMBAKOTCA KOMaH4aMU
SELECT .. FOR SHARE, FOR NO KEY UPDATE, FOR KEY SHARE

» paspensemble 65TIO0KMPOBKM MO3BOMAKOT O4HOBPEMEHHO paboTaTth CO
CTPOKOWN HECKONBbKUM TPaH3aKUUSM

» OfHOBpeMeHHasa paboTa peanusyetca "MynbTUTPaAH3aKUMAMN",
KOTOPblE UMEIOT CBOMN CYETUYMK xid, CBOU Gansibl N KISLLN

e COOTBETCTBME MEXAY xid TPaH3aKUMN N MYNbTUTPAH3aKLUUN XPaHATCS
B AUPEKTOPUN PGDATA/pg multixact

» advisory locks He aBnsArOTCA 3aMeHON 6STOKMPOBOK CTPOK, TaK KakK UX

KOJIN4EeCTBO OlNpaHN4eHo

QﬂtOf
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Ouepenb Npu 61O0KUPOBKE CTPOKMU

» eCTb NepBbI/ B 04epPEeamn N OCTallbHble

* MepBOro B oMepeam MoXeT 060rHaTb TpaH3aKUMA, Yen YPOBEHb
6N1OKNPOBAHUSA CTPOKM COBMECTUM C YPOBHEM TPaH3aKLUMN, YXKe
3a6/10KMpOBaBLUEN CTPOKY

* €CJIN NMepBbI B oYepean rnosiydaet 6/1I0KMPOBKY, TO Ha ero MecTo

BblOMpaeTcs TpaH3aKuus criydyanHolM o6pa3omM HE3ABUCUMO OT
ONUTENbHOCTU OXUOAHUS

524

520 521 i (update)
(update) (update)
527
(update)
528
(update)

xmin=500 1, foo

QﬂtOf
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[MpakTuKa

BcTaBka, 0OHOBIEHUE U YOalleHNE CTPOKMU
. BUOMMOCTb BEPCUN CTPOKU Ha Pa3InNYHbIX YPOBHAX U309UNUN
. CocTosHMe TpaH3akuun no CLOG
. bnoknpoeka Tabnuupl
. bnoknpoBkKa CTpOKH

abhowN/

QﬂtOf
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antor

2c ApxutekTtypa PostgreSQL

PernameHTHble paboThl

QﬂtOf
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ABTOBaKyyM

» BbINOJIHAETCA pabo4ynmMun npoLeccamMmm aBToBaKkyyma

» BblOUparoTca Tabnuubl, B KOTOPbIX OblI0 O6HOBNEHO UMK
BCTaBneHo bonbue 20% oT pa3mepa Tabnuupbl

e €C/N JaBHO He H6bl10 3aMOPO3KN BEPCUN CTPOK, TO
BbINOJIHAETCSA 3aMOpPO3Ka

e Nocne BakKKyMUpoBaHUSA Tabnuubl BbINOMHAET aBTOaHaNus3

» ABTOBaKyyM 3anpalumBaeT 6/10kMpoBKY ypoBHA SHARE
UPDATE EXCLUSIVE n ecnun He MOXeT NOJNTy4YUTb
6NOKMPOBKY Ha Tabnuuy, To 3Ta Tabnuua He BaKyyMUpPYyeTCH
B 3TOM LUKIIe aBTOBaKyyma

* BpeMeHHble Tabnunubl aBTOBakKyyM He obpabaTbiBaeT

QﬂtOf
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[lpeactaBneHne pg stat progress vacuum

e COOEPXUT N0 OAHOMN CTPOKE AJI1 KaXXA0ro CepBEepHOro npoLecca,
BblnonHaowero komaHay VACUUM u kaXkgoro autovacuum worker
BbIMOJTHAOLMX BaKyyMNUPOBaHNE B MOMEHT obpaLleHuns K
npeanctaBieHnio

» B CTONOLE phase oTpa)xaeTca Tekyllasa ¢asa BakyymMa: initializing
(mogrotoBuUTeNbHAadA, NPOXOAUT ObICTPO), scanning heap,
vacuuming 1lndexes, vacuuming heap, cleaning up 1ndexes,
truncating heap, performing final cleanup (pUHaNbHasNA)

e Mo cToNbuaM heap blks total , heap blks scanned ,
heap blks vacuumed OUEHUTb XO[ BbIMO/IHEHNA OUYNCTKU

 num dead tuples - y4ucno TID, koTopble cenyac NomMeLleHbl B
CTPYKTYPY NaMATHU. Ecnu pocTuUrHer max dead tuples YBEJIMYUTCA
3Ha4YeHne B index vacuum count

e VACUUM FULL OTCNneXunBaeTcd Yepe3 pg stat progress cluster
* ANALYZE OTC/IEXXUBAETCA Yepe3 pg stat progress analyze

QﬂtOf
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[TapameTpbl KoMaHabl VACUUM

 DISABLE PAGE SKIPPING obpabaTbiBaeT BCce b/1okn Tabnui, 6e3
NCKJTHOYEHNS

* SKIP LOCKED false - He fJaeT nNponycKaTb 3ab/10KMpPOBaHHbIEe
OObEeKTbl, cekunn Tadbnuw, 610Kn

e« INDEX CLEANUP auto/on/off yKa3blBaeT HY>XHO N1 obpabaTtbiBaTb
nHpekcol. OFF ncnonbayercs ecnun HY>XXHO bbiCcTpee ybpaTb MepTBble
CTPOKW N3 6N10KoB Tabnuy,

« PROCESS TOAST false - OTK/tOYaeT obpaboTKy Tabnuy TOAST

e TRUNCATE false - OTK/IKOYAET NATYyO ¢pasy

e PARALLEL n.4MCno norpaHnynBaeT YNC/IO POHOBbLIX MPOLECCOB

e FULL NofHas 04YUCTKa, UCMOMb3yeT MOHOMOJIbHblE 6/TOKNPOBKMN,
nocnegoBaTeNibHO YCTaHaBNIMBaeMble Ha KaXayH obpabaTbiBaeMyto
Tabnuuy
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[TapameTpbl KoMaHabl VACUUM

* SKIP DATABASE STATS OTK/IHOYaeT obHOBNEHME
pg database.datfrozenxid
> NO3BOJIAET HE BbIMNOJIHATb NMNOJIHOE CKaHNPOBaHUE Tabnuubl pg class
o VERBOSE - BbIBOOAUT CTAaTUCTUKY BbINMOJIHEHUA KOMaHAbl
e FREEZE - BbINOJIHAET 3aMOPO3KY CTPOK BO BCeEX BIOKaX, KpOME TEX B
KOTOPbIX BCE CTPOKU aKTyaJibHbl N 3aMOPO>XXEHbI
» BUFFER USAGE LIMIT pa3mep bydepHoro KonbLa BMeCTO
vacuum buffer usage limit
> B OT/INYME OT NapameTpa KoHPurypauum, BUFFER USAGE LIMIT MOXHO
YCTAaHOBUTb B 3Ha4YE€HME HOMb U BydepHoe KOoMbLo He byaeT

NCMOJIb30BaATbCH

QﬂtOf
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[lapameTp default statistics target

e YCTaHaBJIUBaeT

> 4MCcno Hanbonee YacTo BCTPEYAOLWMXCS 3HaYeHuit B cTonbuax Tabnuy
(pg stats.most common vals)

> KOJIN4EeCTBO KOP3UH B NTMCTpOrpaMmMmax pacripeneneHuns 3HaYeHun B CTO”6L|,aX
(pg stats.histogram bounds)

> 4YMCNO CTPOK (default statistics target * 300) cnyyanHoM BbIBOPKM MO
KOTOPbIM cobupaeTcs cTaTUCTUKA
* no ymon4aHuto 100
* MakKcumanbHoe 3Ha4vyeHue 10000
* MOXHO YCTaHOBUTb AN KOHKPETHOro ctonéua tabnuubl WA MHA4eKca no
Bblpa>XeHUHO:

alter table test alter column id set statistics 10000;
alter index test alter column 1 set statistics 10000;
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Pa3gyBaHue (bloat) Tabnuu u nHoekcos

aBTOBaKYyM MOXET He obpaboTaTb Tabnumuy ns-3a Toro, YTo:

> TOPWU3OHT 6a3bl faHHbIX 400 He cABUrasncs

> B MOMEHT O6paLLl,eHVIFI dBTOBaKyyMa K Ta6n|/|u,e Ha Heun bbina YCTaHOBJI€EHa
HeCOBMeCTMMaﬂ(ZaBTOBaKyyMON16HOKMpOBKa

NnocJie TOro Kak aBToBakyym oTpaboTaeT, pasmMmepbl pansioB BpaL Nn
YMEHbLUATCS

6nokn 6yayT ncnonb3oBatbCcd B byayLem nog HoBble BEPCUM CTPOK
C/IMWKOM 4acTo 3aHMMaTbCA MOHUTOPUHIOM He HY>XXHO, 6onee akTyalibHa
npoBepka cBOOOAHOrO MecTa Ha AMUCKax

paclwmpeHne ansi oLueHKU Ymcra BEPCUN 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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Ontumunsaumsa Heap Only Tuple

npu obHoBMeHUnN (UPDATE) CTPOKU B MHAEKCHI MOTYT HE BHOCUTbLCH

N3MEHEHMUS

N3MEHEHUS He BbIXOOAT 3a npepenbl 6noka Tabnuubl (heap only)

YCNOBUS:

> NU3MEHAKTCS TOSIbKO MO, He BXoAsilme H1U B OAVH U3 MHOEKCOB
(Kpome nHgekcoB Tuna brin) Ha Tabnuuy

> HOBasi BEpCUA CTPOKN pa3MeLLaeTCca B TOM Xe 6/I0Ke, YTO U
NpPeXXHAs Bepcusd

eCin HoBada BepcUda CTPOKU pa3mellaeTca B 610Ke, OT/IMYHOM OT

TOro B KOTOPOM HaxoAuTCA NPeXHAA BepCUd CTPOKMU, TO:

> MPEeXHAa Bepcua ctaHeT nocnegHeun B uenodyke HOT-Bepcum

> BO BCEX MHAEKcax Ha Tabnuue byayT co3gaHbl HOBble 3anucuy,

yKasblBaloLlMe Ha HOBYIO BEPCUIO CTPOKMU

QﬂtOf
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MoHuTopuHr HOT update

ctatuctuka HOT pocTynHa B NpeAcTaBneHnax pg stat all tables U

pg stat user tables

cyeTunk HOT obHoBNEHNU cobupaeTca No KaXkaon Tabnuue n oTpa)kaeTcs B
cTonéue: n_tup hot upd

BCe OOHOBNEHUA OTpaXkaltoTcsa B CToNbue n tup upd

clly4au, ecnv npu o6HOBNEHUM He HaLUMoCb MecTa o191 HOBOU BEPCUU CTPOKU U
uenoyka HOT 6bina obopBaHa, a HoBasi Bepcus 6binia BCTaBneHa B Apyron 6nok
NoKasblBaeT n_tup newpage upd

cTaTUCTMKa Nno 6a3e obHyNAeTCcAd BbI30OBOM PYHKUUU pg stat reset ();

> rnocne Bbl3oBa GyHKUMKN pekomeHayeTca BbinonHnTb ANALYZE no Bcen 6ase

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

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

order by 5;
relname

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

pg rewrite

Pg_proc
Pg_class

QﬂtOf
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BnuaHue FILLFACTOR Ha HOT cleanup

» yto6bl HOT cleanup BbinonHuncs, npegbigywmm UPDATE cTpoku
OOJIXXKEeH NPeBbICUTb MPaHULy min (90%, FILLFACTOR)

* €CJIn pa3mep CTPOK B Tabnuue Takou, YTo B 610K NOMELLaeTcs MeHbLUe
9 CTpOK, TO BOCbMaga CTpokKa He npeBbicUT rpaHunuy 90%, a oeBATasd
CTpoka byget 6onblie 11% pa3mepa 6510Kka U OHa HeE MOMECTUTCA B
6n0K

» Haubosnee apPeKTUBHO NPU NPOEKTUPOBAHUN CXEM XPaHEHUS OAHHbIX
nenaTtb pa3Mep CTPOK HEGONbLWNMU. PasyMHbIN pa3aMep CTPOKU He
6onble 600 6aunt

QﬂtOf
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BHYTpMCTPaHWYHasa o4MCcTKa B Tabnmuax

BbinonHaa SELECT n UPDATE, cepBepHbIM npouecc MOXeT yganutb dead
tuples (Bepcumn CTPOK, BbilLegLlne 3a FOPU3OHT BUAMMOCTU 6a3bl AaHHbIX, XMin
horizon), BbINOSTHUB PEOPraHmM3aUnto BEPCUNU CTPOK BHYTPU BoKa
BHYTPUCTpaHU4YHasa o4nctka coeMmectnuma ¢ HOT n MmoXeT npegBapuUTesibHO
ocB0O6OXAaTb MECTO, KOTOpPOE byaeT NCnosib30BaTbCH HOBbIMU BEPCUSAMMU
CTPOK, noasnarowmmmca B pesynbtate UPDATE

BbINOJIHAETCA, eCln:

> 650K 3anonHeH 6onee yem Ha 90% wunu FILLFACTOR (no ymonyaHuto 100%)

> paHee BoinonHaswnmncss UPDATE He cMor pa3aMecTUTb HOBYHO BEPCUIO CTPOKU B
3TOM 610Ke

NnpubnnsnTenbHas oueHKa No BEPCUAM CTPOK, KOTOPbIE MOTYT BbITb OUYULLEHbI:

pg stat all tables.n dead tup

QﬂtOf
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BHYTpMCTpaHW-IHaFI O4YNCTKa B MHOEKCaX

e BbINONHAETCA NPU MHAEKCHOM CKaHUPOBaHUN

* €CNU CTpOKa B Tabnuue yganeHa, UHOEKCHAA 3anMcCb Ha CTPOKY UMK LLENOYKY
BEPCUU MOXET bbITb NomMmeyeHa ¢pnarom LP_DEAD

* MOMETKa MOXEeT cTaBuTbCca KoMmaHaon SELECT

e XXYPHanbHas 3anmcb He co3faeTcsd, HO BJIOK rPA3HUTCA

* NMOMeYeHHasa MHOEeKCHasa 3anucb UTHOPUpPYeTCAa Ha MacTepe, HO He Ha peninke

* MOMeYeHHasi MHOEKCHaA 3anucb OyaeT odunLleHa Npu BbINOTHEHUN KOMaHA,
KOTOpble MEHAIOT AaHHble B Tabnuue

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

{531U0f
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SBonoLUUA MHOEKCOB: Co3faHue, yaaneHue, nepectponka

e KOMaHAbl create/drop/reindex index mmMa uHzmexca YCTaHaB/MUBAKOT
6noknpoBky SHARE, He COBMECTUMYO C BHECEHUEM U3ZMEHEHNN B CTPOKMU
Tabnuubl

* 3TU KOMaHAbl MOTYT BbIMO/HATLCS O4HOBPEMEHHO, OHM COBMECTUMbI CaMu
c coboun, npn aToM ¢ concurrently He COBMeCTUMbI

e aBTOBaKyyM He COBMEeCTUM HU C concurrently, HU be3s

o AN BPEMEHHbIX MHOEKCOB Ha BPEMEHHbIE Tabnuubl HE HA4O0 UCNOIb30BaTb
concurrently, Tak kak 6/TOKMPOBOK Ha BPEMEHHbIE 0ObEKTbI HET

» create/reindex concurrently CKaHUpyeT Tabnuuy Aea pasa, bes
concurrently OAWUH pa3

* concurrently NO3BOJNSET BbINONHATLCA KOMaH4aM SELECT, WITH,
INSERT, UPDATE, DELETE, MERGE W MO3BOJSIAET UCMNOIb30BATb ObICTPbLIN
nyTb (fastpath) 6nokupoBaHmna o6bLekTOB (Tabnuy, NHOEKCOB, CEKLNN)
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YacTuyHble (partial) nHaeKcobl

CO3[4atoTCS MO YacTu CTPOK Tabnunubl

npegunkat WHERE ykas3biBaeTca npu co3gaHUN MHOEKCa U onpeaenser

NHOEKCUPYEMbIE CTPOKM

* MOJIE3HbI TEM, YTO NO3BOJIAKOT N3bexaTb MHOEKCUPOBaHUA Hanbonee
4aCTO BCTpeYatolmXcsl 3HaYEeHUN

* YaCTUYHbIN MHOEKC MOXET 6bITb YHUKASIbHbIM

e pa3Mep YaCcTUYHOro MHAEeKCca OObIYHO MEHbLLE

* MNPUMepP co3haHnUAa YaCTUYHOIro MHOEeKca:

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

QﬂtOf
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KomaHaa REINDEX

* MNepecTpanBaeT UHOEKCHI

» REINDEX 6nokunpyetT npakTU4ecKu nobdble 3anpochkl, KPOMe NOAroTOBMEHHbIX,
nfaH KOTopbIX 6bl1 3aKaLWMPOBaAH U KOTOPble HE NUCMONb3YIOT
nepecTtpanBaemMbl UHOEKC

o [Inda nepecTtpoukn ogHOro MHAOEKca:

» REINDEX INDEX nmsa_nHpekca;

» Ecnu HeobxoomMmo nepecTpounTb BCe MHAOEKCHI NO Tabnuue:

« REINDEX TABLE nma_tabnuubl;

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

» REINDEX SCHEMA nms_cxembl;

« REINDEX DATABASE; nepecTponUTb MO>XXHO UHOHEKCHI Ha TabnnLbl TONIbKO
TeKkyLlen 6a3sbl AaHHbIX, KPOMEe UHAEKCOB TabnnLl, CUCTEMHOIO KaTtasnora

 REINDEX SYSTEM; nepecTpouka nHgeKcoB Ha Tabnuubl CACTEMHOIO KaTasiora

{chtor

Yyeb6HbIn Kypc "Tantor : AoMuHUCTpupoBaHune PostgreSQL" Mpynna Komnaxwuin Actpa, OO0 "TaHTop J1abc"© 2025 www.tantorlabs.ru 131




REINDEX CONCURRENTLY

Hebnokupytouiee nepecTpoeHne NHOAeKCoOB

0119 KaXoro nepecrtpanBaemMoro UHAeKCa BbINOJIHSAETCA NepBblv NPOXOo4, Ha
KOTOPOM CTPOUTCA UHLOEKC

BbIMO/IHAETCHA BTOPOM MNPOoxo[, Ha KOTOPOM B MHAEKC BHOCATCS 3aruncw,
nobasneHHble B TabnuLy BO BpemMs NMepBoro npoxoaa

orpaHu4eHuns LeIoCTHOCTU, UCMONIb30BaBLUNE NepecTpanBaemMble NHAEKCHI,
NnepekKno4yarTCca Ha onpeaeneHne HoOBOIro MHOEeKCa U MeHAKTCA MMeHa
NHOEKCOB

yOanaroTCcAa cTapble CTPYKTYPbl MHOEKCOB

CHUMaKOTCA BNTIOKUPOBKMU

[TepecTponKa MOXET 3aBepLUNTbLCA OMOKoU, B 3ToM cnydae REINDEX
CONCURRENTLY npepbiBaeTcsl, HO ocTaBndaeT rnocne cebsa Hepabo4ymnm HOBbI
MHOEKC B AONOJIHEHME K NepecTpanBaeMomMy. OTOT UHOEKC OyaeT
UrHOPUpPOBATbCSH 3anpocamMu, HO byaeT oO6HOBMATLCSA NPU UBMEHEHUUN OaHHbIX,

YTO NOBNEYET HaKNagHble iaCXO,ﬂ,bl m
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PacwupeHne HypoPG

e yCTaHaBNIMBaEeTCH KOMaHAoMN CREATE EXTENSION hypopg;

* UCMNONIb3YETCA NpPU HACTPOMKE BbINMONMHEHUA KOMaH SQL

» MO3BONSIET CO34aTb onpeaeneHme NHOAEKCOB, CYLLECTBYHOLWMX TONMbKO B
TEKYLLEN CECCUN N HE BNMAIOLLME Ha PaboTy ApYyrux ceccum

* MO3BONAET BbIACHUTb OYAET NN NNaHUPOBLLMK NCMOMb30BaTb MHOEKC MpWU
BbIMNOJIHEHUN KOHKPETHbLIX KOMaHA 6e3 co34aHna nHaekca

* paclunpeHne NO3BONSET CKPbITh Nt0bblIe CYyLLEeCTBYOLWME NHOEKCHI B
TeKkyLen ceccum Ytobbl OHM HE BAUANN Ha NJTaHNPOBLUMK

* MMNOTETUYECKUE NHOEKCHI COo3aatoTCs GYHKLUMEN
hypopg create index ('CREATE INDEX...'"), KOTOpOW nepenaeTcs
TEKCT KOMaHAbl CO34aHUA UHOEKCA
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CyeTumnK TpaH3aKLUMK

o [Ans 32-6UTHOro cyeTymka TpaH3akumm (xid) MakcumanbHoOe 3HaYeHne
paBHO 4Mnpa.

e KOrfa aToT Npenen AOCTUraeTCs, CYETUMK TpaH3aKUUN nepexoamnT
"yepes HoMb" 1 HYyMepaLuus TPpaH3aKUMMN HaYMHAETCS CO 3Ha4YeHua 3

» Y106bI HE NPpOUCXOONN0 NEPENOSIHEHUE CUYETYNKA BEPCUU CTPOK
"3amMopaxkupatrotcsa" (freeze), YTo 03HAYaET, UTO BEPCUSA CTPOKU
eAVWHCTBEHHasd, aKkTyanbHas, BUAHa BO BCeX MOMEHTalbHbIX

CHUMKax

QﬂtOf
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[MpakTuKa

1. ObblYHaAA oYnUCTKa Tabnunupbl
7. AHanus Tabnuubl

3. lepecTponka nHgekca

4. lonHaga o4YnCTKa

5. PacwupeHmne HypoPG

QﬂtOf
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antor

2d ApxutekTypa PostgreSQL

BbinonHeHMe 3anpocoB

QﬂtOf
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SQL - geknapaTnBHbIN A3bIK

» SQL - geknapaTtuBHbIN A3bIK NpOorpaMmMmmpoBaHna ana paboThl
c 6a3amMu gaHHbIX, rae nNosib3oBaTe/lb ONUCHIBAET XEMaeMble
pe3ynbTaThbl 3anpoca, He YKa3blBasd KOHKPETHbIE Laru
BbINO/THEHUS

» Korpga nonb3oBaTtenb oTnpaBndeT 3anpoc SQL cucreme
ynpasneHust 6azamu gaHHbix (CYB/[) PostgreSQL,
npoucxoauT cnepytoLlee:
> MNapCcuUHr (CUHTaKCUYECKUN N ceMaHTUYeCcKnK pa3bop) 3anpoca
> [lepenuncbiBaHue
> [naHnpoBaHue
> BblnonHeHMe

QﬂtOf
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CuHTakcuuyeckum pasbop

o CnHTakcmnyeckuun pasbop BKAOYAET B cebsi cregyroLime
Laru:
> JIEKCUYEeCKUn aHanus
> MOCTPOEHNEe CUHTAaKCUYECKOro AepeBa
> MpOBEepKa Ha COOTBETCTBUE rpaMMaTUKe

SELECT coll, colZ2 FROM tablel WHERE col2='testl';
TECT 3anpoca CUMHTaKCN4eCK BEPEH

éz}“Of
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CeMaHTU4YecKumn pasbop

o onpepeneHne cmbicna (CeEMaHTUKK), NPOBEPKaA CYLLLECTBOBaHUS
Tabnuy, cToNnduoB, COrnacoBaHHOCTb TUMOB AaHHbIX
* MPOBEPKa MNnpaB AOCTYyMNa: UMeET JIN NOoJIb30BaTeEJ1b MNMPaBO Ha
BbIMOJIHEHWE KOMaHAbl, NpaBa AOCTyna K o6bekTam, YKa3aHHbIM B
3anpoce: cxemam, Tabnuuyam, PyHKUUAM, NMpeacTaBleHUsam U T.1.
> NAET obpalleHne K Tabnmuam CUCTEMHOIO KaTtasiora, B KOTOpPbIX
XpaHATCA onpeneneHns obbekToB. Hanpumep, pg class,
pg attribute, pg type, pg depend, pg constraint,
pg namespace, pg inherits, pg attrdef, pg sequence
> BblbpaHHble JaHHble K3LWNPYHOTCA B JTOKaSIbHOM MaMATH
npouecca, 06Ccny>X1UBatoLEero Ceccuio Nosib3oBartens

QﬂtOf
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TpaHcdopmauusa (nepenncbiBaHne) 3anpoca

» npeobpasoBaHMe NCXOOHOM CTPYKTYPbI 3anpoca B
aHaNOrMYHYIO C TOYKM 3PEHUSA NONyYeHUs pesynbTaTa B
Lensax nyywen onTMMmn3aunm Ha atanax niaHMpoBaHus U
BbIMOSIHEHUSA B LLenax nyylen onTMumMmn3aLmnm Ha atanax

NnJaHNpoBaHNA U BbINOJIHEHUA

> NMMEHa npe,u,CTaBneHMPI, eCc/nun Takme 6binin B 3alpoce,
3aMeHATCA 3alpoCaMn, Ha OCHOBE KOTOPbLIX CO34aHbl
npeanctaBieHnd LOG: rewritten parse tree:

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

QﬂtOf
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[TnaHupoBaHue BbiNoSHEHUA (ONTUMKU3ALUSA)

» Llenb aTtoro wara - noNy4YnuTb Hanny4dwmmn crnocob (nnan)
BbIMNOJIHEHUSA 3anpoca

o [[eHepunpyroTCcsa BO3MOXHbIE COCOObI BbIMOMHEHUS 3aMpoca,
OLEHMBAETCS TPYA0EMKOCTb BbINOSHEHUA U BblbUpaeTcs
crnocob (nnaH) BbIMOMHEHUS C HAUMEHbLLIEN CTOUMOCTbLIO

o [1N9 OUEHKN CTOMMOCTM UCMNOSb3YETCH

e CTATUCTUKA, ONMUCbIBatOLLLAs OO BbEKTDI

» BecoBble KO3pPULMEHTbI U3 NapaMeTPOB KOHPUrypaLuun

» MapamMeTpbl KOHOUrypaunm, paspeLlatome Ncrnonb3oBaTb
cnocobbl BbIOOPKU U 06paboTKN CTPOK

» B pacyeT CTOMMOCTM BKJIHOYAKOTCA ABE YaCTu:
BblUNCIUTENbHAA CNOXHOCTb (NpoLeccop) n BBoA-BbIBOS,

‘fc?ntor
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BbinonHeHMe 3anpoca

* YTeHune AaHHbIX: YNTAKOTCH CTPOKN N3 6NoKOB Tabnuy, NHOEKCOB,
bYHKLUUN

« ObpaboTKa gaHHbIX: pUNbTPaLUKN, COPTUPOBKN, FPYMMNNPOBKMN,
BbIYNCNEHUS

» CoeanHeHMe HabopOoB CTPOK: ecrin 3anpoc BKJIHOYAET B cebd
COefIMHEHMe Tabnuy, N ApYyrux NCTOYHMKOB AaHHbIX

o [pynnmMpoBKa CTPOK: HaNnpumMep, ecin NCrnonb3yrTCH rpynnoBble
¢yHKumm Tnna COUNT, SUM, AVG

« Bo3Bpar pe3ynbTraTa: BO3BpaT CTPOK KIIMEHTY UM B KOf,
nocnaBLUMN 3aNpPOC Ha BbINOSIHEHNE

» OcBobOXAaeHNE pecypcoB: CHUMAIOTCS 6/TOKMPOBKU C OOBEKTOB U
ocBoboOXaaeTca NaMsATb, MCNOSIb30BaHHAsA NPU BbINOSIHEHUN

3anpoca

QﬂtOf
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KomaHpga EXPLAIN

» BbIgAET NJiaH BbIMOJIHEHMA 3arpoca
> MO YMOJTYaHUIO 3anpocC He BbINOJIHAETCS.
» Ecnun ykasatb onuuio analyze, To 3anpocC BbIMNOJIHUTCA, NMoce
BbIMONIHEHUSA ByOeT NokKasaH NnaH c geTansaMu BbiNOSTHEHUS.
> 6e3 onuumu timing off "Execution Time" MOXeT BblgaTb BPEMS BbINOSIHEHMUS,
npesblllatoLLee peanbHoe B HECKO/bKO pa3
> onuma buffers nokasbiBaeT Ynucno 6ydepos, KOTOpble CYUTbIBANIUCH NpU
N1aHUPOBaAHUN U BbIMOSIHEHUN

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)

QﬂtOf
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[TapameTpbl KoMaHabl EXPLAIN

» 12 NnapaMeTpoOB, YKa3blBalOTCA B KPYI/bIX 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, j
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=1l
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 KoMaHabl EXPLAIN

» 12 NnapaMeTpoOB, YKa3blBalOTCA B KPYI/bIX 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, j
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=1l
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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NHpaeKebl aia orpaHMYeHui LienloCTHOCTY

o ana orpaHnyeHun yenoctHoct PRIMARY KEY n UNIQUE Heobxoaum
YHUKanbHbIN MHOEKC TUNa btree co ctonbuamu, BXoASLWLMMMN B
orpaHu4yeHmne LenoCTHOCTHU.

e OCTallbHble MHOEKCbI MOTYT MCMNOJIb30BaTbCH AJ1I9 YCKOPEHMS 3anpOoCoB
("aHanuTM4eckmne nHaekcobl"), NOTHOTEKCTOBOIO Nomucka

* MHOEKCbl YCKOPAKT MOUCK CTPOK M 3aMegnstoT gobasneHune,
N3MeEHeHne, yaaneHune CTpokK

* MHOEKCbl UCMOMb3YOT MECTO Ha ANCKE, pa3Mep COMoCTaBUM C
pasMepomM Tabnunubl

* MPUMEpP 3aMeHbl UHOEKCA APYTMM 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)

QﬂtOf
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Cnocobbl AoCcTyNa K gaHHbIM B NJ1aHe 3anpoca

* CNOCOb6bLI, KOTOPbLIMU MPOoLEeCC Nosiy4yaeT AaHHble (CTPOKU, 3annucu)
N3 UICTOYHUKOB AaHHbIX

* UCTOYHUKAMM MOTYT 6bITb TabNULbl, BHELUHUE Tabnuubl, PYHKLNN
nT.0.

° pacwumpeHuna MmoryT co3gaBaTb CBOUM MeTOAbl 40CTyNa

» NS cnocoba Bitmap cTpoutca 6utoBas KapTa No MHOEKCY
> MOCTPOEHUE KapTbl OTMEYaeTca CTpokKoun Bitmap Index Scan
> Mo BUTOBOU KapTe CKaHUPYHOTCA CTPOKU Unn 6510Kn Tabnuubl, 4TO

oTMeYaeTcst cTpokon 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
MeToabl AOCTYMNa K CTPOKaM | Name | Type
bloom | Index
brin | Index
T . btree | Index
« aBa TMNa "mMeTtonoB" (cnocoboB) AOCTYMa K CTPOKam columnar | Teble
Tabnuy: TabaMUHbIA U MHAEKCHbIN Cime | tnacs
» MeToabl 4oCTyNna MOXHO 00aBNATbL paCclMpPeHUAMMN: EZEE : _neex
> create extension pg columnar; spgist | Index
> create extension bloom; ERplie)

» TabnnyHble MeToAbl AOCTYMNa onpenenstoT cnocob XxpaHeHUs
OaHHbIX B Tabnnuax u obbIYHO CUYUTLIBAIOT BCE CTPOKMU

 VIHOeKkcHble MeToabl 0O6bIYHO CUYUTLIBAKOT YacTb BJIOKOB TabnuLbl

o [ns nHOEeKCHbIX MeToaoB (cNocoboB) HYXXHO cO34aTb
BCNOMOraTesibHbl 06bEKT, Ha3blBaeMbIN MHO,EKCOM

 VHpeKkchbl co3pgatoTcd Ha oguH Unun cTOoNn6UOoB TabnnLbI:

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);

{531U0f
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Cnocobbl coegnuHeHuUs HabopoB CTPOK

» Cnocobbl:
> CoepgnHeHue BnoxXeHHbiM Umkiom (Nested Loop Join) ¢
MemMou3aumen n bes
> CoepgunHeHune xewmpoBaHnem (Hash Join) ¢ ncnonb3oBaHmem
BPeMEHHbIX ¢pannoB U 6e3 NCnosib30BaHUS
> CoeauHeHune cnuaHmem (Merge Join)

» Habopbl CTPOK Bcerga coeanHATCA NonapHo

QﬂtOf
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KapauHanibHOCTb U CENIEKTUBHOCTDb

s KapauHanbHbIM YNC/TOM OTHOLUEHMUS (COKpaLLEHHO
KapOuHanbHOCTbIO) UM MOLLHOCTbIO OTHOLLEHMS Ha3blBaeTCs
4yncno cTPok (OHM e tuples, KopTexn)

> B NnaHe rows u actual rows
> € 18 Bepcuun PostgreSQL rows - gecaTuyHoe 4yncno

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

o CenekTnBHOCTbL - gons (oT HyNst 4o 1) CTPOK M3 BbIGOPKMU

postgresgl.org/docs/18/release- 18 htm#RELEASE- 18-CHANGES @ ¢ P4 ) 2

Maodify EXPLAIN to output fractional row counts (Ibrar Ahmed, llia Evdokimov, Robert Haas) 8 &

QﬂtOf
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CTOMMOCTb njlaHa 3anpoca

CtonmocTb (cost) - uncnoBas oueHKa TPYL0EMKOCTH
BbINOJSIHEHUS Y3Ma NflaHa UNu BCEro 3anpoca

CoCcTOoUT U3 ABYX HNCEJT, MeXY KOTOPbIMU ABE TOYKU
> cost=0.00..14425.00

[TepBoe 4ncno (startup cost) - CTOMMOCTb OTAaun NepBoun
CTPOKU B BblbOpKe

BTopoe uncno (total cost) - cTouMoOCTb OTAaUM BCEX CTPOK
3HaYeHne CTOMMOCTU UMEET CMbIC/ TOSIbKO ANSi CpaBHEHUS
NNaHOB OJHOro 1 TOro Xe 3anpoca

[1ns BCex 3anpocoB, KpoOMe KYypCOpOB, BbIOMpaeTcs NnaH C
HaMMEHbLUMM BTOPbIM YNCTOM

CTOMMOCTb OHOr0 1 TOro Xe 3anpoca KOpennupyeT C
BPEMEHEM BbIMOSIHEHUA 3TOro 3anpoca, HO HETMHENHO

QﬂtOf
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CTaTUCTUKU

* MNCNOJIb3YyeTCs NNaHMPOBLLUMKOM Npun BblIbOpE rniaHa

» 6a30Bad M paclWMpeHHasa CTaTUCTUKaA XpaHUTCA B Tabnnuax CUCTEMHOIO
KaTanora

» cbHbop paclUMPEHHON CTAaTUCTUKMN YCTaHaB/IMBAETCH BPYUYHYHO KOMaHO0U
CREATE STATISTICS unn aBToMaTU4eCckKn paclimpeHnem
pg_stat_advisor
> Mocsie YCTaHOBKW paclUMpeHHaa CTaTUCTUKa cobupaeTcd BMecCTe C

6a30BOW aBTOBaKyyMOM (aBTOaHanIM30M) U NPU BbIMOSTHEHUN
komaHg VACUUM (ANALYZE)

* HaKoOMuUTesIbHaa CTaTUCTUKA XPaHUTCA B pa3fgensieMon namMaTy,
OOCTYMHa Yyepes npencrasneHua pg_stat_all_* n pyHkunamu
pg_stat_get*
> MPW OCTaAaHOBKE 3K3eMMsipa coxpaHaeTcs B pansl B ANPEKTOPUU

PGDATA/pg_stat/

> MCMNOJIb3yeTCsA aBTOBaKYyMOM

QﬂtOf
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Tabnuua pg_statistic

» Tabnuua pg_statistic xpaHUT 6a30BYyIO CTAaTUCTUKY

« Cobupaetcsa aBtoaHannsom n komanHgon ANALYZE ,
MCMoNb3yeTcs Ana onTMMm3auum 3anpocoB NNaHUPOBLLMKOM

» [1lo ymon4yaHuto nepecobupaetcs no default_statistics_target
* 300 = 30000 cTpok

e cofep)kaTcsa AaHHble Mo KaXxaomy ctonbuy Tadbnuy

» [pumep: pona ctpok ¢ NULL B TpeTbem cTonbue Tabnuubl
test:

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

0.9988884

fa}wcn
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HakonutenbHaa CTaTUCTUKA

° 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 | seqg scan | idx _scan | idx tup fetch | autovacuum count | autoanalyze count
————————————————————————— et e et b
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 npeactaB/ieHUN pg statio all tables CTaTUCTUKa MO BCeM MHAOEKCaM Ha

Tabnunuy. CTaTUCTMKY (4TeHue C NOArpy3Kom ¢ gucka u us Kkawa 6ydpepos) no
KOHKPETHOMY MHOEKCY MOXHO NOCMOTPETb B NMpeaAcTaBeHnm
pPg statio all indexes.
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PaclwunMpeHne pg stat statements

o [eTanbHaa cTaTUCTUKa paboTbl aK3eMMnaspa C TOYHOCTbIO A0 KoMaHg, SQL
o [N YCTaHOBKWU HY>XHO 3arpy3nTb 6MBNOTEKY M YCTaHOBUTb pacCLUMpPEHME:

alter system set shared preload libraries = pg stat_statements;
create extension pg stat_statements;

» B paclumpeHune Bxogar 3 yHKUNN N 2 NpencTaBleHuns:

\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 KOMaHAbl OObeaNHAOTCSH B OAHY CTPOKY B pg stat statements, KOrga OHU
BbINMOJTHAKOTCA O AHUM U TEM XKe MoJib3oBaTtesieM U UMerOT UOEHTUYHDbIE
CTPYKTYpPbl 3aNpOCOB, TO €CTb CEMaHTUYECKU paBHO3HAYHbI, 3a
NCKJTFOUYEHNEM NUTEPAaNoB N NepeMeHHbIX NoacTaHoBKM (literal constants)

« Hanpumep: select * from t where id = 'a' Uselect * from t
where id = 'b' 0ObEOUHATCA B select * from t where id = $1

QﬂtOf
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[lapameTpbl pg stat statements

°* pg stat statements.max 3afa€T MakCMMalbHOE YMUCIIO KOMaHA,
oTCcneXumnBaemMblxX paclwmpeHnem, To eCtb, MakCnMalsZibHOE YNCJ10 CTPOK B
npeactTaBleHNN pg stat statements

°* pg stat statements.save onpepgendeTr, 0OJIKHa JIN CTaTUCTUKA
COXpPaHATbCA Nocne nepesarpy3kn cepeepa

°* pg stat statements.track onpepenseT, Kakne komaHgbl oyaoyT
OTCNeXnBaTbCA: TOP OTCNIEXUBAKOTCA TOJIbKO KOMaHAbl BEpPXHEro ypoBHA

» pg_stat_statements.track_planning yctaHaBnuBaeT 6y4yT N1 OTCNEXUBATLCA
onepaunn nnaHNpoBaHUA N OJIUTEJIbHOCTDb ¢da3bl MNJaaHNpPoOBaHUA

°* pg stat statements.track utility OyayT N OTCNeEXMBaTbCA KOMaHAbI,
OT/INYHble 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
——————————————————————————————————— o
pPg 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 | |

QﬂtOf
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[MpakTuKa

Co3faHne o6bEKTOB A1 3anpocoB
. I3BneyeHmne gaHHbIX NocneaoBaTebHO
. Bo3BpalleHue gaHHbIX MO UHOEKCY
. H13Kaa cenekTnBHOCTb
. lcnonb3oBaHWe CcTaTUCTUKU
. IpepcTaBneHne pg_stat_statements

OUhhwWNS

QﬂtOf
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tr'c?ntor

2e ApxutekTtypa PostgreSQL

PaclumnpeHuna PostgreSQL

QﬂtOf
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PaclupsaemocTtb PostgreSQL

» nobaBneHne pyHKUMOHaNna 6e3 BHeCeHUS NAMEHEHUN B
dannbl NICXOQHOro Koda 1 nepekoMnmisaumm

* MOXHO CO3[aBaTb TUMbl AAaHHbIX, ONepaTopbl, FPynMnoBbie
dYHKUMU, NpUBeJEeHNsI TUNOB

e CO3[aHue XpaHUMBbIX NOoANpPorpamMmm Ha 60/1bLLIOM Yuche
A3bIKOB MPOrpaMmMmnpPOBaHUS

* CO3[aHue N Ncnonb3oBaHMe paclunpeHunmn (extensions)

> Habop Ntobbix 06beKTOB 6a3bl AaHHbIX, KOTOPbIN MOXHO
YCTAaHOBUTb UK YOannTb Kak eguHoe uenoe

* paclunpeHmne ¢yHKLMOHaNa pasgensaemMmbiMu 6MbnnoTekamu
o OOEPTKU BHELUHUX AaHHbIX (FDW)

QﬂtOf
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[dupekTopun ¢annos pacLuMpeHun n bnbnmoTek

dDannbl OMGINOTEK HAXOAATCSA B AUPEKTOPUMN:

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

daunnbl pacwmpernn (*.control n *.sgl) HaxogAaATCs B ANPEKTOPUN:

e /opt/tantor/db/17/share/postgresgl/extension

Y3HaTb MeCTOMNOJIOXKEHNE MOXXHO KOMaHOaMMu:

postgres@tantor:/opt/tantor/db/17/1ibS pg config --libdir
/opt/tantor/db/17/1ib
postgres@tantor:/opt/tantor/db/17/1ibS pg config --sharedir
/opt/tantor/db/17/share/postgresql

» YcTaHoBKa crnocobom "PGXS":

root@tantor:~# export PATH=/opt/tantor/db/17/bin:$PATH
root@tantor:
root@tantor:
root@tantor:
root@tantor:

export USE_PGXS=1

cd OUPeKTOpUsI pacCUMpeHust
make

make install

0b6bIYHO paclnpeHna, BUGNNOTEKN, YTUAUTBI, NPUITOXEHUS
yCTaHaBAMBAOTCA Naketamu deb n rpm

QﬂtOf
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YcTaHOBKa pacLliMpeHumn

PacwupeHnst MOryT BKItOUaTb B Cebs pasgensemMyro 6ubnnoTeky n/mnm
TeKCToBble paunbl: ynpaBnsaowmmn gann pacwmpeHns n oauH nnm bonee
dannoB CKpUNTOB

BUONMNOTEKN 3arpyXaroTcs napamMeTpamMmm Unm KoMaHgou:

postgres=# \dconfig *librar*
archive library |
dynamic library path | $libdir
local preload libraries |
session preload libraries |
shared preload libraries | pg stat statements
postgres=# load '6ubiamorexa’';
LOAD
postgres=# \dx

00BbEKTbI paCLUMPEHUSA YCTaHABINBAOTCA KOMaHa0M:

postgres=# create extension wumsa;
CREATE EXTENSION

AOOCTYIHblE K YCTAaHOBKE paClWNPEHUA NMepedncsieHbl B npeactaBjieHNU
pg avallable extentions

QﬂtOf
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dannbl pacuMpeHun

o NpuMep ynpasnsaouwero panna
pg_stat_kcache--2.3.0.control

# pg stat kcache extension

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

requires = 'pg stat statements'

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

* npumep ¢anna ckpunta pg_stat_kcache--2.3.0.sql

-- complain if script is sourced in psqgl, rather than via CREATE EXTENSION
\echo Use "CREATE EXTENSION pg stat kcache" to load this file. \quit
SET client encoding = 'UTF8';
CREATE FUNCTION pg stat kcache reset ()
RETURNS void
LANGUAGE 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

o LJOBepTKa BHELUHNX AaHHbIX) - PYHKLUMOHAN gnsa obpalleHus
K OaHHbIM, HaxoaawWwmnmca BHe 6a3bl JaHHbIX N3 CECCUN C
6a3oun gaHHbIX PostgreSQL cTtaHgapTU30BaHHbIM U
OTHOCUTENIbHO NPOCTbIM CNOCOH60M

» B PostgreSQL Bk/tOUYEHbI ABE 06epTKU (Opaneepa):
postgres_fdw pnnsa pabotbl ¢ Tabnnuamun B 6aszax gaHHbIX
PostgreSQL u file_fdw kK coaep>Xnmomy TeKCTOBbIX GpansioB

« FDW ycTaHaBnMBaeTCcs Kak paclunpeHue (o -

o CywecTBYHOT paclwmpenmns: mysqgl_fdw, 0 Y '@
oracle_fdw, sqlite_fdw, mongo_fdw, redis_fdw \ \

» KOMaHAbl psql ona npocmoTtpa ob6vekToB FDW:
\dew, \des, \deu, \det cervice

)

tantor
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PacwupeHue file_fdw

 file_fdw no3BonseT co3gaBaTtb BUpPTYyasbHble TabnuLbl HA OCHOBE
OAHHbIX, XPaHSLWUXCSH B TEKCTOBbLIX pannax

* BHOCUTb M3MEHEHUS B pannbl HENb3S, TONbKO YMTaTb

* MHOeKcoB HeT, npu kaxgom SELECT npocmaTtpuBaeTca Becb
dbaunn

o Mpumep cosgaHusa obbekToB 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');

QﬂtOf
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PacwunpeHune dblink

* NMO3BOJIAET MOCbIJ1IaTb KOMaHAbl Ha BbINMOJIHEHUE U MOJTy4HaTb

pe3ysibTaT

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

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

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

SELECT dblink is busy('connectionl') ;
1

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

SZLECT dblink is busy('connectionl');

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

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

OnpepeneHne gmpektTopumn ¢ pannamm paclunpeHus
. [pocMOTp YyCTaHOBNEHHbIX pacLUNPEHNN

. NMpocmMoTp AOCTYMHbIX pacLUUpPEHUN

. YCcTaHOBKa 1 yganeHune rnpon3BosibHOro obHoBeEHUS
[TpOCMOTP AOCTYMNHbIX BEPCUN paCLUUPEHUN

. O6bHOBNEHNE A0 aKTyallbHOU BEpPCUU

O6epTKN BHELWHUX AAHHbIX

NoOuhwN S

QﬂtOf
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tr'c?ntor

3

KoHpurypuposaHue PostgreSQL

QﬂtOf
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0630p

» nMmeeTcd okono 370 napaMeTpoB

* BINAIOT Ha paboTy ak3emMnnsapa

» Ha3BaHWe HeEYYBCTBUTENIbBHO K PErncTpy

* paClUMPEHNS U MPUNOXEHNUA MOTYT NCMOMb30BaTb
CBOW NMapameTpbl KOHPUrypaumm, y Taknx
napaMeTpoB B Ha3BaHWN NPUCYTCTBYET TOYKA

» HACTpOMKa 3K3emnnsipa - yCTaHOBKa 3HaYEHUN
napaMeTpoB KOHPUrypauum Tak, 4tobbl paboTa
aK3eMnasapa bbina onTuManbHOM NPU TEKYLLEN
Harpyske

QﬂtOf
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[TapameTpbl KOHPUTrYypaLum

 [1lepBbIM NMpocMaTpmMBaETCA OCHOBHON ¢aun
KOHOUrypaumm postgresqgl.conf
[TapameTpbl MOTyT AyonnpoBaTbCA NPUMEHSIETCS
nocnegHumn

» [lanblie NpUMEHS0TCS napameTpbl
SPGDATA/postgresgl.auto.conf

» [lapamMmeTpbl KOMaHOHOM CTPOKWN NepeaaBaeMblie
npoueccy postgres -c npesBanupytoT Hag

YCTaHOBJ/IEHHbIMUW B pannax napamMmeTpoB
pg ctl start -o "-c config file=/opt/postgresgl.conf"
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[TpoCcMOTp NapamMeTpoB

« KomaHpga psqgl \dconfig
- MOX>XHO UCKaTb MO WabfioHy \dconfig *umsa*
- MOXXHO UCNOJIb30BaTh KlaBuLly Tabynaunm

» KoMaHpa SHOW mMs mapameTpa;

- MOXHO MCMNOMb30BaTb KNaBuLLy Tabynauum
- HY>KHO MocblaTb Ha BblINO/HEHUE Habpas “; "

- TONIbKO OAMH napameTp
* QYHKUMA current setting ('mMs mapameTrpa')

QﬂtOf
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[TpoCcMOTp NapamMeTpoB

» [lpepctaBnennsa pg settings pg file settings
« KomMaHaa SHOW ALL;

- aHanor SELECT * FROM pg settings;

- HeNb3s OTPUNbTPOBATL NApaMeTpbl

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

base/ pg logical/ pg stat/ pg wal/

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

pg commit ts/ pg notify/ pg subtrans/ postgresqgl.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

e MPOCMOTP OAHOIo NnapamMeTpa Ha 3anyweHHoOM Uin oCtTaHOBJIEHHOM
aK3eMnndape

postgres -C mMmda napameTpa

éz}“Of
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[TpoCcMOTp NapamMeTpoB

» [lpepctaBnennsa pg settings pg file settings
« KomMaHaa SHOW ALL;

- aHanor SELECT * FROM pg settings;

- HeNb3s OTPUNbTPOBATL NApaMeTpbl

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

base/ pg logical/ pg stat/ pg wal/

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

pg commit ts/ pg notify/ pg subtrans/ postgresqgl.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

e MPOCMOTP OAHOIo NnapamMeTpa Ha 3anyweHHoOM Uin oCtTaHOBJIEHHOM
aK3eMnndape

postgres -C mMmda napameTpa

éz}“Of
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OcHoBHOU ¢pann napameTpoB postgresql.conf

* OCHOBHOW pawnsi, B KOTOPOM XPaHATCS NapamMeTpbl
KOHOUrypaumm kKnactepa

* MOXeT cofep xaTb 6bosiee 370 napamMeTpoB NAOC NapaMeTpbl
paclMpPEHN U pasgensieMblx 6ubnnoTtek (*.so)

» CospaéTtcsa Ha ocHoBe ¢aunna postgresql.conf.sample
yTunutou initdb

» MOX>XHO pepgaKkTUpoBaTb

» MOXHO BKJ/IFOYaTb COAEPXMMOE Apyrmx ¢pannos
napamMeTpamMmmn KoHpurypauuu include u include_dir
3aJaHHbIMU BHYTpU postgresqgl.conf

QﬂtOf
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dann napameTpoB postgresgl.auto.conf

» Pacnono)xeH B AUpeKTopun PGDATA
» [NlapameTpbl 406aBNAOTCH KOMaHO0M

> ALTER SYSTEM SET nmapamMeTp = 3HaA4YeHUE;
» [TapameTpbl youparoTCa KOMaHa0U

ALTER SYSTEM RESET mnapaMeTp;

ALTER SYSTEM RESET ALL;

» YTOObI HOBbIE 3HAYEHUSA BCTYMWUN B CUITY NOCE N3MEHEHUS
KOMaHAoM ALTER SYSTEM HYXHO nepe4yntatb

KOHOUrypaLuto Uin neperpy3nTb KnacTtep

QﬂtOf
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[TpMeHeHne u3aMeHeHu NapameTpoB

[119 npuMeHeHNa N3MEHEHUN NMepedYnTbiBatOTCS BCe pannbl
KOHPUrypauum n npuMeHaroTCca MUSMEHEHNS KOTOPble MOXHO
NpoOBeCTM 6e3 nepesarpyskun Knacrtepa

» Cnocobbil:

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

» [NlapameTpbl B postgresgl.auto.conf nepekpbiBatoT 3HaYEHUS
napameTpoB postgresgl.conf

» Ecnu B postgresqgl.conf napameTp yKkasaH HECKO/bKO pas,
NPpUMeEHSEeTCS yKa3aHHbIM 6nXe K KOHLY ¢anna

QﬂtOf
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NpuBUNernn Ha UsMeHeHne napamMeTpoB

» Tun napameTpa yKasaH B CTONbLe context NpeacTaBneHns
pPg settings
 KomaHay ALTER SYSTEM MoXeT BbINOSHATbL POJib C aTpubyTom

SUPERUSER u Te ponu, kotopbiM Oblnia gaHa npueunerua
GRANT ALTER SYSTEM on PARAMETER mMsa napameTpa to poJb;

» [locMoOTpeTb CNNCOK NPUBUIIErUN MOXHO KOMaHAaou psql:

\dconfig+ mma npuBuIeIrUMN

Parameter | Value | Type | Context | Access privileges
—————————————————————— o -

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

e UNun 3anpocom select * from pg_parameter_acl;
» A -npaBo Ha ALTER SYSTEM, s - npaBo Ha SET

{531U0f
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Knaccuoukauma napameTpoB: KOHTEKCT

 internal - napamMmeTpbl TONbKO AN9 YTEHUS

e postmaster - Hy>XeH Nepe3anyckK aK3eMmnidpa Knacrtepa

» sighup - pocTaTto4yHo nepeydnTaTb dannbl KOHPUrypaLmn

e sSuUperuser - MOryT yCTaHaBIMBaATbCS Ha YPOBHE CECCUN, HO Y
nosib3oBaTtens gosmkeH obiTb atpubytT SUPERUSER unu
npuBunerva Ha N3MeHeHNe aToro napameTpa

e superuser-backend - He MOryT ObITb MUBMEHEHbI NOC/e Co34aHuUS
CeCCUN, HO MOrYT ObITb YCTaHOBJIEHbI /19 KOHKPETHOMN CeCccuUn B
MOMEHT NOACOEeANHEHUNS, eClTIN eCTb NPUBUTIETNU

» backend - kak 1 npegblayLwnn, HO NPUBUNETNU HE HYXXHO

e user - MOXHO MeHSATb B TeYEHNE CECCUN UITN Ha YPOBHE
KnacTepa

t";’ntor
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[TapamMeTpbl KOHTEKCTa internal

» 19 napameTpoB B 17 BepCcuu

e TOJIbKO ANd YTeHUA

name
block size

data checksums

data directory mode
debug_assertions

huge pages status

in hot standby
integer datetimes

max function args

max identifier length
max_ index keys
segment size

server encoding
server version

server version num
shared memory size
shared memory size in huge pages
ssl library

wal block size

wal segment size

(19 rows)

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

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

setting

100

63

32
131072
UTFS8
17.2
170002
189

95
OpenSSL
8192
16777216
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Knaccuoukauma napamMmeTpoB: YPOBHMU

KnacTtepa komaHaou
> ALTER SYSTEM SET napamMeTp = 3HAUEHUE;

ba3bl AaHHbIX

> ALTER DATABASE umMmsa SET nmapamMeTp = 3HAUEHUE;
Ponwu

> ALTER ROLE poJsb SET mapamMeTp = SHAUEHUE;
Ceccumn co3gaBaeMou posbio, NogcoegnHsIroLEenNcs K

KOHKpeTHOWU 6a3e gaHHbIX
> ALTER ROLE posiz IN DATABASE umvmsa SET napamMeTp = 3HaAUYeHUE;

QﬂtOf
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Knaccuoukauma napamMmeTpoB: YPOBHMU

» BHyTpU ceccumn

> SET work mem to 'loMB';

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

> SET LOCAL work mem to 'loMB';

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

» Ha Bpems BbIMONHEHUA PYHKLNM MK NpoLenypbl
> CREATE {FUNCTION|PROCEDURE}

SET napameTrp {TO 3HaueHuMe | = 3HaueHue | FROM CURRENT}
> ALTER {PROCEDURE | FUNCTION}..
SET napameTrp {TO | = }{3Hauenme | DEFAULT};
)

tantor
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[lapameTpbl XpaHeHUs Ha YPOBHe TabnuLy,

YcTaHaBnmMBarOTCA KOMaHa oMU
> ALTER TABLE mMsa SET (mapamMeTp XpaHeHMS = 3HaueHue) ;

Mo>Ho ycTtaHoBUTb B KOMaHae CREATE TABLE

[lepeKpblBalOT aHaNOrM4yHble napameTpbl KOHQUrypauum npum
paboTe aBTOBaKyyMa C KOHKpeTHou Tabnuuen n/vnn ee TOAST
Tabnunuen

KomMaHpa nepekpbiBarollas 3Ha4YeHne napamMmeTpa KoHpurypaumm

default_statistics_target gns ctonbua tabnunupl:
> ALTER TABLE mMs ALTER COLUMN wmMs SET STATISTICS

dVICJIO,;

QﬂtOf
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Knaccuoukauma napameTpoB: Kateropuum

o KaTeFOpVIM OMNMUCbIBakOT AJid 4Yero rnpegHa3dHa4dyeHbl napamMeTphbl

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

2 desc;

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

(42 rows)
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KaTteropus: "[nsa pa3paboTynkos”

» KaTeropusa napamMeTpoB Developer Options

« [TapamMmeTpbl 3TOMN KaTEropmm He AOoSIKHbI UICMNONb30BaTbCS NP
NPOMBbILLUNEHHOW 3KCNyaTauum

« [lapameTpbl U3 3TON KaTEropmn MoryT nMoMoYb Mosy4YnTb AaHHbIE B
CNMOXHbIX Clly4Yasax NOBPEXOEHUA CTPaHULL

* ignore system indexes - UFHOPUPOBATb CUCTEMHbIE UHOEKCHI MPU
YTEHUN CUCTEMHbIX Tabnuy (HO BCe XKe 0OHOBMIATbL MHO,EKCHI NPU
N3MeHeHnn Tabnuuy). MoxeT NPUroanTbCS, ecnu NoBpeXaeHus B
CUCTEMHbIX MHOEKCAX He NO3BOJISAIOT CO3[4aTb CECCUIO A1 YCTPaAHEHUS
NnoBpeXaeHUN

* zero damaged pages - NOBPeXAeEHUA B cnyXebHon obnactu 6noka He
OAET NpoYecTb AaHHble U3 3TOro 6sioka. NapamMeTp NO3BONIAET CUMTATb
610K NyCTbiM, Kak ByATO B HEM HET CTPOK

QﬂtOf
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KaTeropus: "lMonb3oBaTtenbckne HaCcTPOUKKU"

» KaTeropusa napamMeTpoB Customized Options

» B KaTeroputo BXoaAT napamMeTpbl paclunpeHnmn, 6ubnmnoTek nnm NnpocTo
NPON3BOJIbHbIE NapaMeTpbl, B HA3BaHUN KOTOPbLIX MPUCYTCTBYET TOYKa

* pa3paboTuymku BUBGINOTEK U paCLUMPEHNN OA0T BO3MOXHOCTb
CTaHOapTHbIM 06pa3oM HacTpamBaTb UX QYHKLMOHAN

SET myapp.parl = '20';

SET

SHOW myapp.parl;

myapp.parl

20
(1 row)

QﬂtOf
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Ha3BaHWA U 3Ha4YeHUa NnapaMeTpoB KOHpuUrypauum

 HazBaHWAa napamMeTpoB HEYYBCTBUTENbHbI K PETUCTPY

» 3Ha4YeHUa napameTpoB - OAMNH U3 NATU TUMOB:

» boolean: 3HaYeHNAa MOXXHO yKa3blBaTb KakK on, off, true,
false, yes, no, 1, O

* CTPOKa: 3HayeHunda nydlle 3agaTtb B anocTpogdax

* LleNnoe nnu gecatuyHoe Ynucno: B eanHuuax usmepeHumnsa ms
cTonbua unit npeacTtaBneHnd pg settings UM NMPOCTO
4yncno

e enum: 3HAYEHUE N3 CMNUCKa B cToNbuUe enumvals
npencraBneHns pg_settings

QﬂtOf
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[lapameTp KOHPUrypaumm transaction timeout

* MO3BONAET OTMEHUTb NOYIO TPaH3aKUMIO, AJINTENTIbHOCTb
KOTOPOW NpeBbIlIaeT yYKa3daHHbIN Nepunod BpeEMeEHM

* NENUCTBUE NMapamMeTpa PacrnpoCcTpaHAETCHa KaK Ha SIBHble
TpaH3akuuun (HavyaTtble ¢ nomoLllbto KomaHabl BEGIN), Tak n Ha
HEABHO HayaTble TPaH3aKLUuK, COOTBETCTBYHOLLME OTAENTbHOM
KOMaHfe

o 3Ha4yeHue Hosb (Mo YMOMYaHUIO) OTKNOYaET TaumayT

» [1o3BONISIET YCTaHaBNMBaTb OrpaHU4YeHmne Ha OJINTENTIbHOCTb
TpaH3aKuUumn

» statement_timeout no3BonsieT yCTaHOBUTb MakKCUMasbHOEe
BpeMS BbIMNOIHEHUA OTAEIbHOU KOMaHbl

QﬂtOf
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ABTOHOMHbIE TPaH3aKLUK

» B Tantor Postgres SE ecTb
aBTOHOMHbIE TpaH3aKLUUn

* UCMONIb3YIOTCA B
nognporpamMmmax Ha plpgsql

* MO3BONAOT BbINOMHUTb
KOMaHAbl U COXPaHUTb
pe3ynbTaT UX BbIMOJIHEHUA
He3aBUCUMO OT TOro
3aPpuUKcuUpyeTcd, OTKaTUTCH
NN NPEPBETCA TpaH3aKuus, B
KOTOpOou 6blsa Bbi3BaHa
aBTOHOMHasA TpaH3aKLums

postgres=# CREATE TABLE t (a int);
CREATE TAELE
postgres=# CREATE OR REFLACE PROCEDURE p()
LAMGUAGE plpgsgl
AS %%
DECLARE
FRAGMA AUTOMNOMOUS TRANSACTION;
BEGIHN
INSERT INTO t VALUES (1);
END ;
$%;
CREATE PROCEDURE
postgres=# BEGIN TRANSACTION;
BEGIN
postgres=*# CALL p();
CALL
postgres=*# ROLLBACK;
ROLLBACK
postgres=# SELECT * FROM t;
a

_i_
(1 row)

€E%1U0f
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[MapameTp KOHPUrypaumm transaction_buffers

* 3a[a€T pasmMep obLien NamMmsaTh, UCNONb3YEMbIN ANA KILWMNPOBaHUSA
COOEPXXUMOro PGDATA/pg xact - MOAKaTasora co ctatycom
dmnKcauum TpaH3lakLUnm

o 3HayeHune no ymosndaHuto - 0, YTo paBHO pa3Mepy pasfendemMoro
nyna é6ydepos, geneHHomy Ha 512 (shared_buffers/512)

QﬂtOf
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[MapameTpbl multixact_members_buffers u
multixact_offsets_buffers

* 3aaloT pasmMep obLien namMmsaTu, UCNONIb3yEMOW NS KELUUPOBaHUS
COLEPXUMOro CoOAEP>XKMUMOro AByxX NOAANPEKTOPUN
PGDATA/pg multixact

e YOeOuTbCs, YTO B KJlacTepe UCMOoNb3yrTcs 64-6UTHbIe
NOeHTUOUKaTOPb! TPaH3aKLUMUN MOXHO NO 3HAaYEHUAM NapamMeTpPoOB:

\dconfig autovacuum *age
List of configuration parameters

Parameter | Value
_____________________________________ _|______________
autovacuum freeze max age | 10000000000
autovacuum multixact freeze max age | 20000000000

e €C/IM1 3HayeHua 6onblle 4 MUNINMAPAOB, TO UCMOMb3YHOTCS 64 -
BUTHbIE CYETYUKN TPAH3aKUNN U MYTIbTUTPAH3aKL N

éz}“Of
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[MapameTp KOHPUrypaumm subtransaction_buffers

e 3afa€T pa3mep obuien namaTu, MICNosib3yemMoun ans
KelwmnpoBaHUA COAep>XUMOro PGDATA/pg subtrans
e NMoATpaH3aKLUMa co3paeTcs:
> KomMmaHaoun SAVEPOINT
> ecnu B 6bnoke Ha a3blke plpgsql npucyTCcTBYET cekuusa
EXCEPTION
> B psql HESIBHO nepepn Ka)Xa0on KoMaHa0u B TpaH3aKLuMu, ecnu
BKJTFOUYEH (interactive nnu on) napamMeTp KOMaHaou:
\set ON ERROR ROLLBACK interactive

» Hannume cekumn EXCEPTION HeaBHO yCTaHaBIMBAET TOUKY
coxpaHeHunsa nepep Hadanom 65ioka (nepen BEGIN)

QﬂtOf
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[MapameTp KoHPuUrypauum notify_buffers

e 3afa€T pa3mep obuien namaTu, MICNosib3yemMoun ans
KelnpoBaHUA COAEPXNMOro PGDATA/pg notify

e 3Ha4yeHue rno ymondaHutro 8 6nokos (64K0)

» Ncnonbaytotcs B apxutekType NOTIFY/LISTEN obmeHa
OAHHBbIMW MeXay npoLueccamu:
postgres=# listen abc;
LISTEN
postgres=# notify abc;
NOTIFY
Asynchronous notification "abc" received from
server process with PID 1234.

t"c?ntor
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3apaHre napaMeTpoB MNpU CO3AaHUMU KJlacTepa

* NepeMeHHbIMU OKPYXEHUS U NapaMeTpamMun yTunuThbl initdb

» napameTpsbl initdb --lIc-collate, --Ic-ctype, --encoding
Henb3d N3MEHUTb MOC/ie CO3AaHuns KacTepa

* 3Ha4YeHUs NapamMeTpPoB floKaan3aunum MOXHO NOCMOTPETb
KoMaHgou psql \1

» [NapameTp initdb -k nnun --data-checksums 3agaet nogcuer
KOHTPOJIbHbIX CYMM B CTpaHuuax ¢annoB AaHHbIX

o BK/THOUYUTb U OTKIHKOYNUTb NOACYHET KOHTPOJIbHbIX CYMM MOXHO
nocne co3gaHusa Knacrepa

* nMpoBepuUTb cTaTyC B pPsql \dconfig data checksums

e MPOBEPKA KOHTPOJIbHbIX CYMM 6/I0KOB AaHHbIX BbIMOHAETCSA
yTunutamu pg_checksums un pg_verifybackup

QﬂtOf
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Pa3pelleHna Ha OUpPEeKTOpUo PGDATA

» [TapameTp initdb -g unn --allow-group-access yctaHaBnmBaeT
pa3pewennsa 0750 (rwx r-x ---)

* €CJI1 He yKa3saTb, TO Nepeco3faBaTb KNacTep He HYXHO,
MOXHO NOMEHSATb pa3pewenns Ha PGDATA (u
noganpeKTopmnmn) Ha 4oNyCcTUMbIE 3HAaYEHUS

o [lonyctumsble 3Ha4vyeHunda 0/50 n 0/00:

* pg ctl start

walting for server to start....

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

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

stopped waiting

QﬂtOf
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Pa3mep 6noka gaHHbIX PostgreSQL

« pa3mep 8192 6aunt = 8K6 3agaH npu KOMNUNSALNU
* CUMHOHUM “cTpaHunua”
* MPU HAXOXOEHUN B NaMATU 3aHUMaET bydpep B OypepHOM Kalle

QﬂtOf
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OrpaHuyeHuna PostgreSQL

pa3mMep 6a3bl JaHHbIX

He orpaHuyeH

Konm4yecTBo 6a3 JaHHbIX B KnacTtepe

4,294,950,911

OTHOLLUEHUN B 0aHOWU Ba3e

1,431,650,303

pa3Mep OTHOLLEHUS

32TB (6nok 8KB)

©0510KOoB B Tabnuue

4,294,950,911

cTono6uosB B Tabnuue 1600

cTon6buos B Bblbopke (SELECT) 1664

pasmep nonsa (B Tom yncne text, bytea) b

pa3mep 60nbLlnx 06bekToB (l0) A4Thb

oobwmm obbvem lo B Hasze 32TB (bnok 8KB)
OVMHa ugeHTndukaTopa 63 6anTa

MHOEKCOB Ha Ta6m/|u,y

HE OrPaHN4YeHoOo

pa3Mep CTPOKoBOro 6ydepa

1M6-1

CTONOLOB B COCTaBHOM MHAOEKCEe

32
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[lapameTp enable large allocations

« napametp CYB/[ Tantor Postgres, KoTopbin yBENUUYMBAET pasMep
StringBuffer c 1 rurabanta go 2 rurabaunt

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 yCTaHaBMIMBATbCA Ha YPOBHE Ceccuun n ytunmtamm pg_dump,
pg_dumpall

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

e npobnema BO3HUKAET CO CTpokou Tabnuubl config npunoxennun 1C:ERP,
KomMnnekcHaa aBToMmaTmnlaums, YnpaBneHue npom3BoaCTBEHHbIM
npegnpuaTmem

QﬂtOf
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OrpaHn4eHus Ha OIMHY NOEHTUPUKATOPOB

« MakcumanbHasi gnMHa ngeHTudmMKaTopoB (Hanpumep, UMeH
Tabnuy, ctonbuosB, MHOEKCOB U T. A.) cocTaBnseT 63 cMmMmBoOna
» Hanpumep, Bbl MOXeTe co3aaTb Tabnnyy ¢ UMEHEM,

copepXawmm oo 63 CMMBONOB:
e CREATE TABLE

my really long table name with 63 characters (...);
* nun ctonbel c UMEHEM, TaK>XXe coaep kawmm 0o 63 CUMMBOJIOB:
* ALTER TABLE my table name ADD COLUMN
my really long column name with 63 characters
INTEGER;
* aeHTndUKaTopbl MNPEBbILAKOWMNE STOT Pa3Mep YCEKAKTCH, O YEM
BblAaeTcsa npenynpexageHue

QﬂtOf
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KoHpurypaunoHHble napamMeTphbl

» YCTaHOBNEHbI NMpn cbopKe N He MEHAIOTCH

* MOXHO NMOCMOTpPETH:

o YTUINTON KOMaHOHOWU CTPOKU pg_config

» B NpepcTaBneHunun pg_config

» dyHKUMen pg_config()

» [NapameTp SHAREDIR OonpeaensieT AMpekToputo ¢ pannamm
pacLnpeHnm

 PKGLIBDIR YKa3blBaeT Ha ANPEKTOPUIO pa3aensieMbix 6ubnnoTek

Mo YMOJTYaHUIO
o BINDIR onpeaensieT AUpPeKTopUto C NCMONHAEMbIMU dpannamm

QﬂtOf
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[leMOoHCcTpauus

» [IpocMOTp NapameTpoB KOHOUTrYypaLuun

QﬂtOf
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[MpakTuKa

1. O630p NapaMeTpoB KOHOUTYpPaLIUK

2. NapameTpbl KOHPUrypaLmn ¢ eAUHNLEN N3MEPEHUS
3. NapameTpbl KOHPUTrypaLUmM NOrM4yecKoro Tuna

4. KoOHpUrypaumMoHHble napaMeTpbl

5. ®ann cnyxo6

QﬂtOf

YuebHbin kypc "Tantor : ApMuHUCTpupoBaHue PostgreSQL" Mpynna Komnawui Actpa, OO0 "TaHTop J1labc"© 2025 www.tantorlabs.ru 200




tr'c?ntor

43

Jlornyeckasa CTpyKTypa Knacrepa

QﬂtOf
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KnacTtep 6a3 gaHHbIX

» KnacTep 310 Habop nnm obvegnHeHue 6a3 gaHHbIX

» B Knacrtepe ecTtb 06LiMe 0ObeKTHI ANa Bcex 6a3 gaHHbIX

o [TpunoxkeHne nogcoeanHsieTcs K ogHon 6ase gaHHbIX U
MMeeT OO0CTYN K eé ob6beKTam

» Knacrtep co3paércs yTUInTon KoMmaHgHoM CTPoKu initdb

» KnacTtep co3gaetca B PU3NYECKOM MECTE XPaHEHUS -
onpektopun, obosHavyaemon "PGDATA" no Ha3BaHUto
NepeMeHHOU OKPYXEHUA ANa YTUNNUT

» ba3bl gaHHbIX B KJTaCTepe MOXHO co34aBaTbhb U yOansATb

QﬂtOf
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DK3emMniap

o OK3emMnnsap 3To Habop NpoLEeccoB U UCMOMNb3YEMON MU
namMaTn, obcny>kmearowme oguH KnacTtep 6a3 gaHHbIX

» Knactep 6a3 gaHHbIX obcny>XnBaeTca TOJIbKO OAHUM
3K3eMMIApoOM

» [lepBblt 1 OCHOBHOW NPOLLECC 3K3EMMIAAPA Ha3blBaEeTCH
postgres nnu postmaster

» Heobxognmbln napamMmeTp ak3emMmnaspa - nopt (port), no
KOTOpOMY postmaster npocywmnBaeT Bxoaslime coeguHeHNs
no npotokosiaMm TCP 1 nokanbHO

* [1o ymon4yaHuio napamMeTp KoOHpUrypaumm port umeert
3Ha4YeHune 5432

QﬂtOf
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ba3a gaHHbIX

» basa gaHHbIX - NOrMyeckoe MecTo XpaHeHUsa oobbekToB SQL

» basa gaHHbIX - YacTb KnacTtepa

» Cooepxumoe 6a3bl AaHHbIX MOXET ObITb BbIFPY>XEHO Ha
NTIOrM4ecKom ypoBHe (B Buge komaHpg SQL) u 3arpy>xeHo B
Opyryto 6a3y gaHHbIX 3TOro UK APYroro Knacrtepa

» [MpunnoxeHune co3gaéT ceccuto (session) c ogHon 6a3on

OAHHbIX

» B ceccumn ecTb OCTYN K 06bekTaM 0gHOM 6a3bl AaHHbIX

« [locTyna K obbekTam apyrmx 6a3 gaHHbIX KnacTepa B O4HOU
Ceccuun HeT

QﬂtOf
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Cnuncok 6a3 gaHHbIX

» [lony4yeHune cnucka aTo komaHga psql:
\1 nnn \1+

postgres=# \1

List of databases

Name | Owner | Encoding | Locale Provider | Collate | Ctype |
——————————— -t
postgres | postgres | UTFS8 | libc | en US.UTF-8 | en US.UTF-8 |
templateO | postgres | UTFS8 | libc | en US.UTF-8 | en US.UTF-8 |
templatel | postgres | UTFS8 | libc | en US.UTF-8 | en US.UTF-8 |
testdb | postgres | UTFES | 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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Co3paHue 6a3bl A4aHHbIX

» komaHga CREATE DATABASE vnu ytunuta createdb

» ABa pexunma cosgaHua 6asbl: WAL_LOG u FILE_COPY

e co3faHue 6a3bl 3TO KIIOHMPOBaHUE Apyron 6asbl CO BCEM
COLAEPXKUMbIM

» y 6a3bl ecTb ponb-Bnageney, (OWNER)

» BNnagenbua n nms 6asbl MOXXHO CMEHUTb MOC/e e€ COo34aHus

* MOXXHO co3faTb 6a3y co CBOMMU MapamMeTpamMu
nokanmsaunm (KoampoBKOW)

* KOOWPOBKY Nocne co3faHua 6a3bl U3BMEHUTb HeNb3f

o cBOUCTBO 6a3bl "wWwabnoHHaa" (IS_.TEMPLATE) BnusaeT Ha
BO3MOXHOCTb €€ KNOHUPOBaHUNSA HENPUBUITETMPOBAHHOM

PONbIO U yaaneHue

QﬂtOf
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3meHeHne cBOUCTB 6a3bl JaHHbIX

« KomaHpou ALTER DATABASE MM MOXXHO NMOMEHSATb
HEKOTOpble CBOUCTBA CYLLECTBYOWEN Ba3bl AaHHbIX

« YacTb CBOUCTB MOXHO NMOMEHSATb TOMIbKO €C/IM HET HU OAHOM
ceccumn K baze gaHHbIX

« KomaHpoun ALTER DATBASE nma SET MOXXHO NOMeEHATb
KOHOUrypaLMOHHbIE NapaMeTpbl CECCUN, cO3aBaeMbIX C
3TOUN 6a3on

e Ha ypoBHe 6a3bl AaHHbIX MOXHO YCTaHOBUTb 0Kos10 190
napamMeTpoB KOHPUrypauuu

» 6a3a OaHHbIX - OOLLMM OOBEKT KlacTepa N MEHATb €€
CBOMNCTBAa MOXHO, NoacoeanHUBLLUUCH K 1t060n 6ba3e gaHHbIX

B KnacTepe

QﬂtOf
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KomaHga ALTER DATABASE

o CMHTaKcuUc KoMaHabl N0 KOTOPOMY BUOHO Kakue CBOUCTBa
MO>XHO NMOMEHATDb.:
e ALTER DATARASE MMH_GaBH

ALLOW CONNECTIONS truel|false
CONNECTION LIMIT -1/4ymciio

IS TEMPLATE truelfalse
RENAME TO HOBOE

OWNER TO HOBEBM

SET TABLESPACE HOBOEe
REFRESH COLLATION VERSION
SET HnapaMeTp=3HaueHUE

QﬂtOf
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YaaneHue 6a3bl AaHHbIX

» BbinonHsietca komaHgon DROP DATABASE vnu ytunuton-
obepTkoun dropdb

o [1na BbINOAHEHUSA KOMaHAbl HY>XHO MoACcoeaAnHUTBLCS K JFoboun
6a3e knacTtepa, OT/IMYHOM OT yaansgieMou

» basa gaHHbIX yaanseTcs Co BCEM COOEPXKMNMbIM

» KomMmaHga HeTpaH3aKLUMOHHA - OTKaTUTb €€ HeNb3s

o Pusnyeckun yganstotcs pannbl B KOTOPbIX XPaHATCS OaHHbIE
06BbeKTOB 6a3bl

QﬂtOf
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CxeMbl B 6a3e gaHHbIX

* CUHOHMM CXEeMbIl - MPOCTPAHCTBO MMEH (nhamespace)

* NCNOJIb3YHOTCH AJ19 YNOopsSA0uYMBaHMNSA XpaHEHNSI OOBbEKTOB
6a3bl AaHHbIX

« Cxema - nokanbHbI 0OBbEKT 6a3bl AaHHbIX

o CxeMbl MO3BOMAKOT UMETb HECKObKO Tabnuuy n apyrux TUMNnoBs
OObEKTOB C 0ANHAKOBbIMUA UMEHaMU B OOHOU U TOU Xe ba3ze

OAHHbIX

» OB6BEKT HE MOXET HaxoAUTbCH B HECKOJIbKUX CXeMax

o CxeMbl MOTyT NCNONb30BaTbCS AN NOMMKKU 06 beanHEHNS
(makeTupoBaHUs) nognporpamMmm

» ObbekTOoB "nakeTbl" B PostgreSQL HeT

QﬂtOf
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Co3naHue  USMeHeHUe CXemM

» CXeMbl He CBA3aHbl C poSIAMU, HO UMEOT BflagenbLla
» [1pn co3gaHnUn cxemMbl MOXHO Ha3Ha4YnUTb ponb-BnagenbLa:
CREATE SCHEMA mmMsa cxemel AUTHORIZATION Bilamesel;
» MO>XHO CMEeHUTb BnagenbLa:
ALTER SCHEMA mma cxemel OWNER TO poJb;
» MOXHO nepenmMeHoBaTb CXeMmy:.
ALTER SCHEMA wmMmsa cxemel RENAME TO wmmsa;

» Ha cxembl MOXHO BblgaBaTb npusunernn CREATE, USAGE
ponam

QﬂtOf
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[TyTb NOUCKa 0OBbEKTOB B CXeMax

* 3a[0a€T CMUCOK CXEM, B KOTOPbIX ULLETCA OOBbEKT

* yCTaHaBNMBaeTCHd NapaMeTpoM search path, KOTOPbIU
MOXET BbITb UBMEHEH Ha NTIFOO6OM YPOBHE

e 3HAaYeHUe No yMONYaHUK "Suser", public

QﬂtOf
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CneuuanbHble cXeMbl

» pg_catalog - B 3TOM cxemMe pacnofioXXeHbl 06 bEKThI
"CUCTEeMHOoro kartanora"

» information_schema - cxema, onncaHHaa B ctaHgapTe SQL

* pg_toast - cxema gna ocobbix Tabnuy, TOAST

» pg_temp (cchinka Ha pg_tempN rge N 4nucno) - cxema ons
BPEMEHHbIX Tabnuu

» pg_toast_temp (ccbinka Ha pg_toast_tempN rae N yncno) -
cxemMa gnsi BpemMeHHbix TOAST Tabnuuy Ha BpeMEHHbIE
Tabnuupbl

QﬂtOf
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OnpepeneHne TeKkyLlero nyTyu noucka

» KOMaHAou psql SHOW search path;
> BblgaeT YCTaHOBMEHHbIN 419 9TOro0 MecTa NyTb MOUCKaA
* PyHKUMEN current schemas (false)
> BblOaeT AEUCTBYOLUN B 9TOM MECTe NyTb MOonUCKa B BUAE
MaCCuBa
* QYHKUMUA current schemas (true)
> pobaBnaet cny>xebHble cXeMbl, a UMeHHO pg_catalog u
pg_temp_N
* QYHKUUSA current schema WIN current schema ()
> BblgaeT 0gHO UMS NepBOU NO NOpPSAKY CXEeMbI B MYyTU MOUCKA
mnn NULL, ecnu nyTb noncka nyctou
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B kakon cxeme 6yaeTt co3gaH o6bekT

° UMS 9TOM CXeMbI ANs1 06bIYHbIX OOBEKTOB BblAaeT PYHKLMSA
current schema ()

» BpeMeHHble 0O0beKTbl CO34al0TCA B C/YXKEDOHbIX CXemMax

» CNy>KebHble cXxeMbl s BpeMeHHbIX 0ObeKTOB CO34akoTCA
aBTOMaTU4YeCKu

QﬂtOf
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[TyTb noucka B nognporpammax SECURITY DEFINER

» MpK ncnonb3oBaHum $user B NyTN NoUckKa B Tene
nognporpamMmmsbl 6ygeT noacTtaBieHO UMS BflagenbLa
noanporpamMmbl

e repepn BbI30BOM TakoW NOAMPOrpamMmmMsbl Bbi3biBatoLLUN €€
MOXET MOMEHSATb 3HauYeHne B NyTW noucka n yépatb $user, B
9TOM CJ/ly4yae B Tene noanporpammsl 6ygeT Ncnonb3oBaTbCs
3Ha4yeHue yCTaHOBNEHHOE Bbi3blBaOLWMM N NoanporpamMmma
MOXXET HayaTb paboTaTb C APYrMMMN OObEKTAMMU

» Ha yposHe ntobon (INVOKER 1 DEFINER) noanporpammel
MOXXHO YCTaHOBUTb 3HaYeHNe A/1d napamMeTpoB
KOHOUIypaLummn, KOTopble MOTyT MEHSATbCA Ha YPOBHE Ceccumu
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MackunpoBKa OObEKTOB CXEM

Ecnn B KoOMaHgax nepen UMeHeM

06bEKTOB He MCMONb3YeTCA MMS | S
CXeMbl, jobaBneHne B NyTb schema Name | Tupe
NOUCKa MMesl CXeMbI, rae co3faH
0OBbEKT C TEM Xe UMEHEM
MaCKUpyeT MCXOﬂ,HbIVl OODbEKT ostgres reate temporary table pg_authid(t text);
[To ymMmon4aHuUo BpeMeHHasd '
CXemMa, CXemMa CUCTEMHOro
KaTanora HeEABHO NPUCYTCTBYIOT B
Ha4vane nyTv Noucka u cosgaHue
BPEMEHHOIo 00beKTa MacKupyer
ﬂl'O6Y|'O Ta6ﬂML|,y, NMPpeEAcCTaBsieHne, ipg_temp_d,pg_catalog,publics
nocnenoBaTeNlbHOCTb (1 row)

select # from pg_authid;

)

tantor



CuctemMHbIU KaTanor

» CUCTEMHBbIN KaTanor 3aTo Tabnuubl, npeacTaBnennsi, PyHKUUN,
MHOEKCHI N gpyrme obbeKTbl KOTOPble UCMOSIb3YHOTCA ANs
XpaHeHUa MeTagaHHbIX

» OBObeKTbl CUCTEMHOIO KaTtanora pacrnonaratoTCa B CXemMe
pg catalog

» Ob6BbeKTbl CUCTEMHOIO KaTtanora (Kpome rnobanbHbIX) Bcerga
pacnosiaratoTcs B TabIMYHOM MPOCTPAHCTBE MO YMOMYAHUIO
ana 6a3bl AaHHbIX

* Ha3BaHUA 0OBHEKTOB NPUBOAATCS K HUXKHEMY PETUCTPY

» Tabnuubl CUCTEMHOIO KaTasnora HeABHO UCMOJIb3YIOT
npoLuecchl Knactepa Ha aTane BbiNnofHeHNs KomaHg SQL
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O6bLune obbeKTbl KlacTepa

» 3TO OOBbEKTbI (Tabnuubl U BCoMoraTelibHble 0O0beKTbl)
CUCTEMHOIO KaTasiora, XxpaHsiLume gaHHble 06 o6LWKMX
obbeKkTax KnacTtepa

 pacnonararoTcd B TabIMYHOM NPOCTPaAHCTBE pg global

» ObuwMme 0ObEKTHLI KNacTepa:

o 0a3bl gaHHbIX

* PONU

e TabnMYHblEe MNPOCTPaHCTBA

* MOAMUCKU NTOrMYEeCKOoU peninkaumm
* UCTOYHUKWU NOTMYECKON penmMKaLmm
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cnonb3oBaHUe CUCTEMHOIO KaTanora

* U3 Tabnuu n npeacTaBleHUN CUCTEMHOIO KaTtasnora MOXHO
nony4datb MHPopmauunro komaHgamu SELECT, WITH, komaHgamu
psqgl (HaunHaroTCs Ha cumBon \), rPadmnYecKUMU NPUNOXKEHNAMN U
[Mnatdopmoun Tantor

* \? crnpaBkKa no komaHgam psql

* BHOCUTb N3MeHeHUa B TabnnLbl CUCTEMHOIO KaTajiora ecnu, aTo

He OMMCaHO B 4,0KYMEHTaLMN HeXxenaTenbHOo
» 3Hada apxutekTypy PostgreSQL, NOHATUSA, TEPMUHbI Bbl CMOXeTe
nerko nony4yartb MHpopmauuo kKoMmaHgamu psql
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O6palleHue K CAICTEMHOMY KaTanory

» BbinonHAaeTca komaHgamu SELECT n WITH

* MOXXHO COeaUHATb Tabnuubl U NpeacTaBneHUs

» CTONOEL, C UMeHeM oid - NepBUYHbIN KoY

e 719 CBA3eU Mexay Tabnmuamm ncrnosib3yeTcs
cTonb6eu oid

* MaKCUMabHOE YNCNIO CTPOK B Tabnmnuyax CUCTEMHOIO
KaTtanora 4 munnuappga

 MepBble TP CUMBOJA B Ha3BaHUN CTONOLLOB -
COKpallleHHoe Ha3BaHune Tabnuupbl
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reg-Tunbl

e CcO3aaHbl ansa 11 Tabnuu CUCTEMHOIO KaTanora
* UCMONb3YIOTCA A9 NpuBeaeHNS TEKCTOBOro MMEHU OObEKTA
K 3Ha4YeHUto Tuna oid n obpaTtHo
e MO3BONSAIOT MNpoLle NMUcaTb 3anpochl K Tabnnmyam CUCTEMHOIO
KaTanora ymMeHbllasi KONIM4YeCcTBO CoeanHEHNn Tabnui,
o [Tpumep: Hantn Ha3BaHne TOAST Tabnuubl co3gaHHON angd
Tabnuubl pg_tablespace:
SELECT reltoastrelid, reltoastrelid::regclass
FROM pg class where relname='pg tablespace';
reltoastrelid | reltoastrelid
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YacTo ncnonbayemble KomaHabl psql

» \l - cnnucok 6a3 gaHHbIX

» \du \dg - cnucok poneun knacTepa

» \dn - cnncok cxem 6a3bl

» \db - cnucok TabnnyYHbIX NPOCTPAHCTB

» \dconfig *umsa* - cnucok napameTpoB KOHOUrypaumu

» \dfS pg* - cnncok cuctemMHbIX GYHKLUN 1 npoueayp, NONe3HbIX
ONa agMUHUCTPUpoBaHus. YacTtb MHPOpPMaL MM o paboTe
aK3eMMnasapa 1 Knactepa MOXHO NOSTyUYUTb TOSIbKO C MOMOLLbIO
dYHKUMN. HeKoTopble cly>XebHble NpencTaBieHnsa UCMONb3YHOT
OYHKLUUN

» \dvS pg* - nonesHble cnyXebHble NpeacTaBleHUs

* CMMBOS + B KOHLIE KOMaHbl NoKa3blBaeT 60nbLUe NHGOPMaLUn
npumep: \db+ nokaxet pasmep 1 NnpuBUIErnn
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NHcnekTop 6a3 paHHbIX B [Tnatpopme Tantor

g8 | @ Tantor x| + ne
« = O @ O & ntps/feducation.tantorlabs.ru/platformfworkspaces,/2/instances,: 87% T @ 9 =
- Import bookmarks., (3 Astra Linux
@ student_db = .~ test_db Last 30 mins @ @ o2 @ °
OWMER ENCODING TRELESPACE COMMECTION LIMIT Last collected data
& 03/02/2024 12:27
postgres UTF8 pg_default Mo Limit
# HEALTHCHECK
Tables with candidate to partial
2 indaxez
TOTAL SCHEMAS TOTAL TRELES TOTAL INDEXES TOTAL FUNCTIONS VTEMES indeies with MULL values =
ﬁg a0%
1 3 6 13 stock_items
h » Top sizetables
ﬂ # Tables with top size indexes
DE SIZE EXTENSIONS INDEXES FUNCTIONSE
b2 » Top writabla tahles
189 MB plpasql{1.0} hash{1) c{13})
. . » Top readahle tahles
# Tables with the top bloat
Lot
ROWS FETCHED ROWS RETURNED TX COMMITTED TX ROLLEACKED Top & egecanc tables
& — " N - Tables with invalid indexes
= # Tables with notuzed indeses
Tables with redundant indexes
DEADLOCKS ROWS INSERTED ROWS UPDATED ROWS DELETED
Tables with FKz without inday
- Tables with FKa with diff erent data
type then the ariginal column
stock _items
TEMP FILES WRITTEN TEMP FILES CREATED ELOCK HIT WRAPAROQUND Tables with the low HOT updates
EmerEncy ratS
ALy 3z wm Tables with poszible auto analyze
S? I izzues
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I1eMOHCTpaLus

» [lpocMoOTp cnncka 6a3 gaHHbIX KnacTepa
o Co3pfaHue 6a3bl AaHHbIX

» [lepenmeHoBaHne 6a3bl JaHHbIX

o OrpaHunyeHue Ha coeuHeHNE C Ba3on

» ¢popmMaTnpoBaHue BbiIBOAA psql
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[MpakTuKa

1. YcTaHOBKa napamMeTpoB KOHUrypaLnm Ha pasinyHbIX
YPOBHSAX
2. YcTaHoOBKa NyTW NOMUCKa B QYHKLMUAX N NpoLeaypax
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tr'c?ntor

4b

Pusmnyeckasa CTpykTypa Knacrepa
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IunpekTopua ¢annos knactepa PGDATA

« Knactep xpaHuUT cBou ¢pannbl B GannoBon cCUCTtemMme

» [lnpekTtopua knactepa HasbiBaetca PGDATA

o [npekTopuna nnun e€ noganpeKTopun MoryT 6biTb TOYKaAMMU
MOHTUPOBAHUA, XXECTKUMU, CUMBOJIMYECKUMMU CChINIKaMWU

» bno4yHble yCcTponcTea U HehopMaTUPOBaAHHbIE pa3aensbl
YKE€CTKOro gucka He UCnoJsib3yroTca

» [1o ymonyaHuto npu pabote ¢ pannamu Knacrtepa
MCMNONb3YEeTCA KL onepaymMoHHOU CUCTEMDI
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IunpekTopua ¢annos knactepa PGDATA

* COAOEPXUT dhansnbl NapamMeTpoB
* noganpexkTopumn

e~/ Tantor-se-1c-17/data [ ]
N Name Name Name
fpg_serlal autoprewarm.blocks
fbase fpg_snapshots current_logfiles
fglobal fpg_stat pg_hba.conf
flog fpg_stat_tmp pg_ldent.conf
fpg_commit_ts fpg_subtrans postgresgl . auto.conf
fpg_dynshmem fpg_thlspc postgresqgl . conf

fpg_logical fpg_twophase pestmaster.opts
fpg_multixact fpg_wal poestmaster.pid
fpg_notify fpg_xact

fpg_replslot PG_VERSION
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BpeMeHHble 06beKTbl

* CO3[at0TCH B AUPEKTOPUAX TabNIMYHbBIX NPOCTPAHCTB

» Tabnn4yHble NPOCTPaHCTBa A1 BpeEMEHHbIX ¢annoB 3agatoTcs
NapaMeTpoM temp tablespaces

* PEKOMEHAYETCHA co3aaTb OTAENbHOE TabnnyHoe
NPOCTPAHCTBO A/19 BPEMEHHbIX hanioB

* BpeMeHHble ¢paunbl co3gatoTcs ecnu obpabaTtbiBaemMble
OaHHble He MoMeLlatoTcsa B NaMATb NpoLecca

» BPEMEHHbIe pannbl co3aatoTCcA A8 BPEMEHHbIX Tabnuu U ux
MHOEKCOB, NPW BbiNONMHEHUU KOMaHA, SQL obpabaTbiBaroLmX
6onblmne o6beMbI AaHHbIX (HaNpUMep, COPTUPOBKA,
co3faHue nHaekca)
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TabnnyHble NPoOCTpaHCTBa

* NMpepgHasHa4yeHbl gasa Toro, YTobbl Knactep Mor
pacrnonaratbCsa Ha HECKOJIbKUX YCTPOUCTBAX XpaHEeHUs

* OU3MNYECKN 3TO AUpeEKTOPUA B $pannoBOU CUCTEME

* ABNAKOTCA 0OWMMN 06 bEKTaMM KnacTepa

* MOFYT XpaHUTb ¢pansnbl HECKOMbKUX Ba3 AaHHbIX KnacTepa
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TabnnyHble NPOCTPaHCTBA: XapaKTePUCTUKK

» [MoganpeKTopun co3aaroTca aBTOMaTUYECKHU

» [1pn co3gaHnn KnacTepa co3aaroTcsa TabnnyHble
npocTpaHcTBa pg_global u pg_default

o CnucokK TabnnyHbIX NPOCTPAHCTB:
komaHga \db n Tabnuua pg_tablespace

° COAEPXMUMOE CNUCKa OANHAKOBO BO BCex 6ba3ax AaHHbIX
KnacTepa

» pg_tablespace - rnobanbHaga Tabnuua CUCTEMHOro Katanora
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TabnnyHble NPOCTPaHCTBA: XapaKTePUCTUKK

» bes KlacTepa He CcyLecTBYHOT

* He MOryT nepemellatbCs Mexay Knacrtepamu

» He MoryT pe3epBupoBaTbCA OTAENBHO OT KJlacTepa

» He aBnatoTcs obbekTamMu CXem

 MimeroT ponb-Bnagenbua

o [npektopuda TabnmnM4yHoOro npocTpaHCTBa:

e CO3[a€ETCs BPYYHYO B OnepaLmMoHHON CUCTEME

» OOJIXXHa pacnonaraTtbcs B $annoBbiX CUCTEMAX, YCTOUUYMBLIX
K nmoTepe NMTaHus

» pekomMeHpyeTca co3gaBaTtb BHe PGDATA

* B AUPEKTOPUN HE CTOUT YAANATb BPYUYHYHO ¢daunnbl, OHU
yAansaroTCcs aBToOMaTUYeckKn KomaHgamu SQL

t";’ntor
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KomaHab!l ynpaBneHus TabnmyHbIMU NPOCTPaHCTBAMM

« KomMaHpa co3aaHus:
CREATE TABLESPACE mmMsa [ OWNER posie ] LOCATION

'mupekTopud’
[ WITH ( mapameTrp = 3HaueHue [, ...] ) ]
» CmeHa Bnapenbua:
ALTER TABLESPACE wmma OWNER TO poJib;

» [lepenmeHoBaHuKeE:
ALTER TABLESPACE mMmsa RENAME TO wwMs;
» ba3sa gaHHbIX UMeeT TabMYyHOE NPOCTPAHCTBO "MNO YMOYaHUO", B HEM
HaxoasaTcsl pannbl OObEKTOB CUCTEMHOIO KaTasnora aTon 6a3bl JaHHbIX
« KomaHpa nameHeHuns TabnmyHoro NpoCcTpaHCcTBa Mo YMOJI4aHUIO Ans

©a3bl JaHHbIX:
ALTER DATABASE 6a3a SET TABLESPACE mms;
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3ameHeHne aupeKTopun TabnmyHoro NpocTpaHCcTBa

» KnacTep onpepensiet AMpeKToputo TabnmyHoro
NPOCTPaHCTBa NO CUMBOJINYECKOW CCbISTIKE B ANPEKTOPUN
PGDATA/pg_tblspc

» [1pouenypa 3aMeHbl:
> Hampute Ha3BaHWE CUMBOJIMYECKOU CChISIKU B AUPEKTOPUN

PGDATA/pg_tblspc, yka3biBatoLlyto Ha OUPEKTOPUIO

TabIMYHOro NPOCTpPaHCTBA

OcTaHoBUTE 3K3eMNNap

[lepemMecTnTEe AUPEKTOPUIO TABIMYHOIO NPOCTPAHCTBA

O6HOBUTE CUMBOJIMYECKYHD CCbISIKY

3anycTuTte aKk3emMnnsap

vV VvV
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[MapameTpbl TabNIMYHbBIX NPOCTPAHCTB

» YeTblpe napameTpa: seqg_page_cost, random_page_cost,
effective_io_concurrency, maintenance_io_concurrency
» [lepekpblBalOT 3HAYEHUS NapamMeTPOB, YCTAaHOBJIEHHbLIX Ha YPOBHE
KnacTepa
o BnusaroT Ha cTOMMOCTb NnaHa BbINOMHEHUA KOMaHA SQL
 MOXHO 3agaTb Npu co3gaHun TabaIMYHOro NPOCTPaHCTBA:
CREATE TABLESPACE nma WITH ( napameTtp = 3HayeHue |, ...] );
* MOX>XHO U3MEHUTb MNO3XKeE:
ALTER TABLESPACE vmsa SET ( napameTp = 3HauyeHue [, ... ] );
 MOX>XHO COpPOCUTb YCTAHOBNEHHOE 3HAYEHUE:
ALTER TABLESPACE vma RESET ( napameTtp [, ... ] );
Read (MB/s) Write (MB/s)

T 494.43 336.17

gem 504.69 297.60
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PaboTa ¢ dannamm XypHana

o [TapameTpbl wal recycle Mwal init zero onpepensaroT
paboTty c pamnamm WAL xypHana

» [1o ymonyaHuto ¢pansbl MOBTOPHO UCMOMb3YOTCH, BHOBb
co3faBaeMble 3anoJIHAKTCA HYNAMMU

 PGDATA/pg_wal xpaHuT ¢pawnsnbl XXypHana, ee MOXHO
CMOHTUPOBATb Ha OTAENMbHbIN pa3aern

» PekomeHpyeTca BKIHOUYNTD

16MT Ha fuefiky 2 BWT Ha Aueiiky 3 GWT Ha A4eiky 4 BUT Ha sqefky SﬁuTHaﬂqeﬁKy

coxaTme o6pa30|3 cTpaHuy (e , oo .  p— |
NApPAMETPOM wal compression Bl = =

o [1pu ncnonbsoBaHun SSD 6onbmaﬂ o
4aCTh pasgena ainosoi B I e = 2
CUCTeMbl O4OJIXXKHa ObITb cBO6OAHA 0

SLC - MLC/DLC TLC 5 QLC : PLC
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OCHOBHOM CION XpaHEeHUs1 AaHHbIX

» CcOoCcTOMUT N3 pannos pasmepom o 116

» HOBble ¢pannbl co3aatoTCAa NpU AOCTUXEHUU NpeabiayLlero
danna cnosa 16

» MakcumanbHbIK pas3mMmep ¢annos crnost 32T6

« PaboTa c pannamum Bcex CNOEB 0O6BEKTOB NMOCTOAHHOIO
XpaHeHUsI NponcxoanT yepes 6ydepHbIN KaLl

» Pabota c pannamm BCeX CNOEB BPEMEHHbIX 06BEKTOB
npoucxoauT yepes 6ydpep B NOKanbHOM NaMsATU CEPBEPHOro
npouecca

« Qannbl BCeX CNOEB pacrnonaratTCca B 04HOU AUPEKTOPUN
oAHoro TabaMYHOro NPOCTpPaHCTBA
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IlononHUTenbHbIE C/IOU

KapTa cBob6oaHOro npoctpaHcTiea (fsm)

» He co3paeTca Ans XsW-UHOeCcKoB

e CO3[JaeTcs BakyyMUpOBaHNEM

KapTa BugnmocTtu (vm)

* He co3gaeTcsa And MHOEKCOB

e CO3[JaeTcs BaKyyMUPOBaAHNEM

» NBa 6bUTa Ha BJIOK OCHOBHOIO Cnos

e YCTaAHOBJIEHHbIN NEPBbIN OUT O3HAYAET YTO BCE CTPOKK 6J10Ka
aKTyallbHbl U HET CTapbIX BEPCUN

e YCTaHOBJIEHHbIN BTOPOWN BUT O3HAYaET YTO BCE CTPOKU BoKa
3aMOPOXXEHDI

Cnowv nHuumanusauum (init)

e CO3[aeTcs ANs HEXYpPHanupyeMsblix Tabnuu U UHAEKCOB

« (dann paamepom oamnH 610K 6e3 AaHHbIX
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Pacnono)eHue ¢pannos o6beKToB

» Ecnu ob6bekT pacnonoXeH B pg default TO Gpaunbl
pacnonararoTcs B AUPEKTOPUN:
PGDATA/base/{oid 6asbl DaHHBIX}

« Ecnu B gpyrnx TabnmyHbiX NpocTpaHcTBax (3HauYeHune

cTonbua reltablespace B pg_class He paBHO HYO), TO:
PGDATA/pg tblspc/{reltablespace}/{oid 0Oasbl HDaHHLX}

* iImMeHa dannoB o6 bEKTOB HauYMHaOTCS Ha relfilenode
» [1na nony4dyeHmnsa mectononoxenusa (otHocutenoHo PGDATA)

nepBoro ¢ganna gaHHbIX 06beKTa Ucnosb3yeTca GQYHKUUS
pg relation filepath (oi1d)
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Pasmepbl TabnnU4YHbIX NPOCTPaHCTB U 6a3 JaHHbIX

o pasMep TabnnyHbIX NPOCTPAHCTB KNactepa \db+ UIn pyHKUUS
pg tablespace size ()

postgres=# \db+
Cnucok TaOJMUHBEIX IPOCTPAHCTB
Vmsa | Branmeseny | PacnonoxeHue | IlpaBa mocTtyna | IlapameTprl | PasMmep
———————————— fo——————
pg default | postgres | | | | 30 MB
Pg _global | postgres | | | | 565 kB
postgres=# SELECT spcname, pg_size pretty(pg_tablespace size(oid)) FROM pg_tablespace;
spcname | pg size pretty
____________ _|_________________
pg _default | 30 MB
Pg_global | 565 kB

» pasmMep 6a3 gaHHbIX: \ 1+ NN PyHKUNS pg database size ()

postgres=# SELECT datname, pg size pretty(pg database_size(datname)) FROM pg database;
datname | pg size pretty
_______________ o
postgres | 7737 kB
templatel | 7609 kB
templatel | 7377 kB
1ab01is088595 | 7537 kB
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DyHKUMK onpeneneHus pasmepa

o [Ina nony4deHus pasmepa ¢annoB o6bLEKTOB eCTb Habop
bYHKUNK

- pg_relation_size(regclass, 'main' | 'vm' | 'fsm' init') Bbigaet
pa3Mepbl C/I0EB

» pg_indexes_size() pasmep BCEX MHOEKCOB CO34aHHbIX Ha
Tadbnmuy

» pg_table_size() pasmep Tabnuupbl (TOAST u BCcex cnoés) 6e3

NHOEKCOB

- pg_total_relation_size() pasmep Tabnuubl Bkntovad TOAST,
BCE MHOEKCbI N Crow
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[lepemMellieHne 06 bEKTOB

* MOXHO nepemMecTuUTb pannbl Tabnuu, MHOAEKCOB,
MaTepuann3oBaHHbIX NpencTaBieHnmn

e B HOBble ¢pansbl KONUpyeTcs coaepxnmoe pannoB BCcex
CJI0€B

e YyCTaHaBIMBAeT MOHOMOJIbHYO OJTIOKUPOBKY, HECOBMECTUMYHO
fa)e ¢ KoMaHaou SELECT

« KoOMaHpa ALTER Tun ALL IN TABLESPACE nepemMellaet

BCe 0ObEeKTbl 0QHOro TUNa B TEKYLWEN Ba3e AaHHbIX
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CMeHa cxeMbl U Bnagenbla

* MOXHO MeHATb BNagenbLa obbekTa U CXeMY Y TeX 06BHEKTOB, Y
KOTOPbIX OHU AOIKHbI 6bIThb

» [1na cMmeHbl BNnagenbLa UCnonb3yeTcs KoMaHAaa:
ALTER Tun obwekTa mMa OWNER TO poJib;

» [1na cMeHbl cXeMbl UICMONb3YyeTCA KOMaHaa:
ALTER Tmun ob6wexTa mMa SET TO cxewma;

« [1na maccoBoro nepeHasHayeHUs BCeEX OOBbEKTOB pofien B ogHoun base
Ha OPYryto posb UCNONIb3yeTCa KoOMaHaa:
REASSIGN OWNED BY poJsie TO poJib;

e yaaleHune OOBbEKTOB NMPpUHagneXawnmx poJin B ba3se:
DROP OWNED BY mma [CASCADE];

QﬂtOf
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PeopraHunsauus v nepemelleHue Tabnuu,

yTMHMTOM pg_repack
e YTUNUTa KOMaHOHOW CTPOKU pg_repack

» MMmeetcqa B Tantor Postgres

* HY>XHO YCTAaHOBUTb pacluMpeHne B 6asax AaHHbIX, rae HY>XHO
peopraHn3oBaTb Tabnuupbl

o peopraHusaumsa ¢annos Tabnuy c NnepemMeLleHNeM B gpyroe
TabNIMYHOE NPOCTPAHCTBO UK 6e3 NepemMeLleHns

» B NpoLecce peopraHnsaunm yctaHaBnnBaeTcs OJIOKMpPOBKa
ACCESS SHARE, no3BongatoLaa BbINONMHATb KOMaHAbI
VACUUM, ANALYZE, SELECT, DML

* B KOHLEe peopraHn3aumm Ha KOpoTKoe BpeMHS
yCTaHaBIMBaeTCA 9KCKJIH0O3MBHas 6NOKNPOBKaA

QﬂtOf
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YMeHblLleHue pa3mepa pannos Tabnul, yTUINTOM

pgcompacttable

o YTUNuUTa HanncaHHaga Ha a3bike Perl

* UCNONb3yeT CTaHOapPTHOe paclunpeHune pgstattuple
o OTnnyma ot pg_repack:
> CBOOOAHOE MECTO paBHO pa3mMepy caMoro 60bLIOro UHAEKCA,
a He ABOWHOWN pa3mMep Tabnuubl U MHOEKCOB
> Tabnuubl obpabaTbiBatOTCA C afanTUBHOU 3aeP>XXKOU, a HE C
NOJSIHOWN Harpy3Kowu

> He MOXEeT nepemeLllaTb ¢ansbl B gpyroe tabnnmyHoe
NPOCTPaHCTBO

YyebHbin Kypc "Tantor : AoMuHUCTpupoBaHune PostgreSQL" Mpynna Komnaxwuit Actpa, OO0 "TaHTop J1abc"© 2025 www.tantorlabs.ru 246



TOAST (The Oversized-Attribute Storage Technique)

» O6blyHbIEe Tabnuubl (heap tables) xpaHAT gaHHbIE "NOCTPOYHO"

» Ecnu cTpoka He noMeljaeTtcs B 6/10ke AaHHbIX, TO MICNOMb3yeTCcH
TexHonormna TOAST

» YeTblpe pexxmnma XxpaHeHUs Ha ypoBHe Kaxxgoro ctonébua: PLAIN,
EXTERNAL, EXTENDED, MAIN

» [na TMNoB gaHHbIX HEOONbLLLOro pa3mMepa He npegycMoTpPEHO
XpaHeHne B TOAST u pexum eauHcTBeHHbIN: PLAIN

o Ansl 60NbLUMHCTBA OCTallbHbIX TUMNOB AaHHbIX MO YMOJTHaHUIO
ycTaHoBNieH pexXxum EXTENDED

* UCMNONb3YETCH CXKaTUe Ha YpOBHE nosien, onsi nosien HebonbLworo
pa3mMepa cxxatune HeapPeKTUBHO
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TOAST (The Oversized-Attribute Storage Technique)

« TOAST aTO TexHUKa xpaHeHua "atpubyTtoB" (nonen) 60bLWOro
pasmMepa

» nons 6onbLIOro pasmMmepa - 3To Nosa He nomMellaroLlnecs B 610K

* MNO3BOMAET XpaHUTb nons pasmepom go 16

e €CJIn B Tabnuue ecTb 3aBeoMO 60SibLLOE NoMne UN BCTaBNAETCS
CTpOKa C 60MbLUXMM NOJIEM, TO co3faeTce toast-Tabnuua n MHOEKC Ha
toast-Tabnunuy

« B TOAST BblHOCATCSA OTAENbHbIE NOMIA CTPOK

» BblHECeHHble nona genatca Ha YacTtu (chunk) no 1996 6aunT:

postgres@tantor:~$S pg controldata | grep TOAST

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

Maximum size of a TOAST chunk: 1988
postgres@vanilla-x32:~S pg controldata | grep TOAST
Maximum size of a TOAST chunk: 2000

éz}“Of
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[Tona nepeMeHHOU ANNHDI

e CTPOKa AOJI>KHa NoMeCTUTbCA B OAUH 610K

e nonga varlena, KOTOpbIe HE NMOMELLa0TCA B 610K BbIHOCATCS B Ta6nmu,y
TOAST

e TUMNbl AaHHbIX (I)MKCMpOBaHHOlZ AOJINHbl HE COKUMAaKOTCA U HE BbIHOCATCA B
TOAST

e CTpaTerno XxpaHeHnda MO>XHO YCTaHOBUTDb KOMaHOoOu ALTER TABLE
mMa ALTER COLUMN mmvsa SET STORAGE { PLAIN | EXTERNAL |
EXTENDED | MAIN | DEFAULT }.

» cxatue nogaepxxusaetca gna MAIN n EXTENDED

» 1 6anUT B Ha4ane nNons nepemMeHHoOu oAnHbl XPaHUT SAUHY Nonst AJIMHOU
0o 127 6aut

» 4 6anTa B Hayane nonsa nepemMeHHoOu AfNHbI XpaHUT AJNHY nonsa ans
nonen gfivHHee 126 6aunT
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BoitecHeHue nonen B TOAST

* BbIHOCATCA MNOJIA CTPOK OJINHON

oonbwe 2032 6anT
> MNPV 39TOM MONSA PEXYTCHA Ha YacTu
no 1996 6aunt

° anropuTtm (oyepenHoCTb)
BbITECHEHUA 3aBUCUT OT NMopsigKa
cfiegoBaHMa CTonoLoB

* MpPW OOCTYMNe K KaXXaoMmy
BbITECHEHHOMY MO
OOMNONHUTENBbHO YnTaeTcsa 2-3
onoka TOAST-nHgekca

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 seq | integer | plain
chunk data | bytea | plain
Owning table: "public.t"
Indexes:

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

74297 | 0
74297 | 1

QﬂtOf
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AnropuTtMm BbiTecHeHus nonen B TOAST

Npu BCTaBKe CTPOKU B TabnnLy OHa NOMHOCTbIO pa3MeLlaeTcs B NaMATH
CepBEPHOro npoLecca B CTPOKoBOM bydepe pasmepa 16 (nnm 26
npn 0O6HOBNEHUN CTPOKN 06paboTKa BbIMOMHAETCA NO 3aTparnBaemMbiM
KOMaHgoun nonsim B npegenax cTpokosoro 6ydepa. lNons, He
3aTparmBaemble KOMaHAOW, NMpeacTaBneHbl B bydepe 3arosIoBKOM
annHoun 18 6auT.

nocrie 06paboTku (CXKaTus M BbIHOCA) KaXAoro nossi NpoBepseTcs
pa3mMep CTPOKWU. Ecnn pa3mMmep He NpeBbIlLaeT toast tuple target
(mo ymonyaHuto 2032 6ainT) CTpoKa coxpaHseTca B 6ydep n obpaboTka

CTPOKM 3aKaH4YMBaETCH
obpaboTka HaunHaeTca ¢ nonsd EXTENDED n EXTERNAL ot
Hanbonbluero pasmMepa K MeHbLLEMY

cxXaTue u BbiHOC nonen MAIN BbiNnonHAETCSA TONIbKO NOcne BbIHOCA BCEX
nonen EXTENDED n EXTERNAL
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TOAST chunk

* npu ncnonbsosaHun EXTERNAL
nonsi paamepom otT 1997 6aunt
cOo34atoT BTOPOU YaHK
HeboNbLLIOro pa3mMmepa n3-3a
KoToporo B 6ok TOAST
nomMelwlaeTcs ToNbKo 3 YaHKa
6onbLIOro pasmMmepa

o ana nonen EXTERNAL c
pasmepom oT 1997 no ~2300 b6auT
eCTb BEPOATHOCTb MeHee
NJIOTHOIO XpaHeHus

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 seq | integer | plain
chunk data | bytea | plain
Owning table: "public.t"
Indexes:

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

74297 | 0
74297 | 1

QﬂtOf
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OrpaHndyeHua TOAST

o B Nnob6oun Tabnuue B TOAST MOXeT ObITb BbIHECEHO He bonblue 2732
noneun (~4mnpa.)

« Anga BblHeceHHoro B TOAST nonsa B 6n1oke Tabnuubl XpaHutca 18 6anT, oHu
He BblpaBHUBAIOTCSH, HO BCS CTPOKa BblpaBHUBAETCA

e 3HayeHue, ocTarolleecs B 6/1oke Tabnuubl, nocne BbiHoca nons B TOAST:

select lp len, t data from heap page items(get raw page('t',6 0));
lp len | t data
________ - - . ——

42 | \x0112d9070000d450700003922010037220100

1 18 2009 BantT 2005 Bamt 74297 74295
A A A A

[ \[ \( \[ |

o1 v ONIMHa 00 cXXaTus anvHa B TOAST chunk_id toast_OID

D9 07 00 0O D5 07 00 00 39 22 01 00 37 22 01 00
L J
Y
18 Gamt

QﬂtOf
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[lapamMeTpbl toast tuple target u
default toast compression

Ha BblITecHeHUe BnuaAtoT aBa Mmakpoca: TOAST_TUPLE_THRESHOLD u

TOAST_TUPLE_TARGET
> M0 YMOJIYaHUIO PaBHbl 2032

ecnn pasmep cTtpokn 6onbwe TOAST_TUPLE_THRESHOLD, T0
HauYMHaeTCAa cXXaTne U/Mnun BblITECHEHME NOJIEN CTPOKU

nossg OyayT CXXMMaTbCS U paccMaTpmMBaTbCs Ha NPegMeT XpaHeHUA B
TOAST, noka ocTtaBlumecs nons He nomecTtaTca B TOAST_TUPLE_TARGET
TOAST_TUPLE_TARGET MOX>XHO nepeonpenenntb TONbKO Ha YPOBHe
Tabnuubl:

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

napamMeTp KOHOUrypauum default toast compression yCTaHaBNMBaeT
anropuTMm cXkatua:.

ALTER SYSTEM SET default toast compression = pglz,

QﬂtOf
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KonoHo4Hoe xpaHeHue: obLias MHpopmauus

* CHU3UTb TPYAOEMKOCTb AOCTYNa K AaHHbIM B CTONOLAX
NyTEM COBMECTHOIro XxpaHeHunst 3Ha4eHUn CToNoL.oB

* BO3MOXXHO 3QPEKTUBHO CXXMMATb AaHHble MO CpaBHEHUIO CO
cXxatmem nosien B heap tables

o [ns ncrnonb3oBaHMS KOJTOHOYHOroO cnocoba XxpaHeHus
0O0CTaTOYHO YKa3aTb Npu Co3gaHnm Tadbnuupbl:
CREATE TABLE mMma (...) USING columnar;

e paclwmpeHne co3gaeTr TabnnuyHbin MeTod AOCTYNa columnar

* CMNWUCOK MeToAO0B fOCTyna ecTb B Tabnuue pg am

QﬂtOf
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KonoHoyHoe xpaHeHne: 0CoO6eHHOCTU UCMNOb30BaHUS

e nopgpep>xusatotca UPDATE n DELETE

» noppepxuarotca komaHgbl: TRUNCATE, INSERT (B TOM
yucne ogHon ctpoku), COPY

e MNapannenbHoe CKaHUpOBaHWE peasin3oBaHo

* NOAOEPXKNBAKOTCH TUMbI MHOEKCOB, NCMOJMb3yeMble B
orpaHu4yeHunax LenlocTHoCcTu: btree, hash

e OCTalibHble TUMNbl NHOEKCOB He NMogaepXmBaroTca: gist, gin,
spgist, brin

* COBMECTUMOCTb C CEKLMOHUPOBaHMEM TabnnL,: ceKunmn
MOTYT UMeTb pa3Hble dopmMaTbl XpaHEHUS

* HET CJTY)XEOHbIX CTONOLOB XmMin, Xmax

* €CTb CNny>ebHbin ctonbey ctid
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KoJIOHOYHOE XpaHeHUue: napamMeTpbl

* Y paclUMpeHna ecTb napameTpbl C NpepukcomM "columnar."”

e NocfiegoBaTefibHaa 3anmcb B TabAnLy ynopsaoyYeHHbIX
OAHHbIX MOXEeT YNYyUYLWNTb CXaTue, 3Ha4YnTeNlbHO COKPaTUTb
pasMep MHOEKCOB N 0ObEM CKaHMpPYeMbIX OJTOKOB faHHbIX

» JaHHble YacTo ynopagodymBaroTca No BPEMEHU N Ha3bliBakOTCA
"Time Series"

» Hanbonee apPeKTUBHbLIN aNropuTMm cxkatusi zstd, oH
YCTAHOBJIEH MO YMOJTYaHUIO

* MPU YTEHUN HEBONBLINX OO BbEMOB AaHHbIX NCMOJIb30BaHUE
MHOEKCOB MOXET OKa3aTbca 6onee apheKTUBHbIM
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I1eMOHCTpaLus

o [npekTopusa Ans BpeMeHHbIX pannos
o [MepemelleHne oNPEKTOPUN TaBMNMYHOIO NPOCTPAHCTBA
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[MpakTuKa

Co3pnaHue coeguHeHnsa ¢ 6a3on AaHHbIX

. Copep kmmoe TabnMyHOro NPOCTPaHCTBA

. ®ann nocnepoBaTenbHOCTMU

. NepemelleHne Tabnuubl B gpyroe tabnnmyHoe NPoCTPaHCTBO
[TlepemMelwieHue Tabnuubl B gpyroe TabnmMyHoe NPoOCTPaHCTBO
YTUNNTON pg_repack

. icnonb3oBaHue pgcompacttable

KonoHOYHOEe XpaHeHne pg_columnar

S NEANNI

N O
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antor

S}

[narHocTu4YeCKnmn XypHan

QﬂtOf
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[AnarHocTu4YeCcKunmn XXypHan

* HaKannmMBaeT AMarHocTuyeckne coobLleHusa oT MnpoueccoB aK3eMIJidApa

* NCMOJIb3yEeTCA ONA:

> ANarHOCTUKU npo6neM
- MOHUTOPWHIA U H8CTpOI7IKVI NnPon3BOAUTEJSIbHOCTH

> adyaunTa 6e3onacHoOCTH
> UCTOPUYECKOIo aHalJiln3a TOro, 4To npomncxognmnmno rnpu pa60Te IK3eMIJ14pa
> dadHalln3a BbllMNOJIHEHNA 3alpOoCOB

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

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

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

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

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

» B Kopge sgpa PostgreSQL, koge 6ubnmoTtek paclumpeHunn, koge plpgsql
CcoobLEeHN MTOMEeYatoTCsl YPOBHSMU BaXXHOCTU (severity level)
* log min messages YCTaHaB/IMBaeT COODOLLEHUA KaKUX YPOBHEN
Ba)XHOCTW ByayT nepenaBaTbCA B AMAarHOCTUYECKUN XYpPHan
> JonyCTUMble 3Ha4YeHUd N NOPAOOK BaXXHOCTU ANd 3TOro napamMeTpa: DEBUG)S,
DEBUG4, DEBUG3, DEBUG2, DEBUGl, INFO, NOTICE, WARNING, ERROR,
LOG, FATAL, PANIC
¢ client min messages YCTaHaBNIMBaeT COOOLIEHUA KaKNX ypOBHEN
Ba)XHOCTU ByAyT nepepaBaTbCs KIIMEHTY, CO34aBLUEMY CECCULD

> [JOMNYCTUMbIE 3HAaUYEHUS 1 NOPALOK BaXXHOCTU AN 9TOro napameTpa: DEBUGS,
DEBUG4, 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)eHue XypHana

log destination onpeAensieT MeCcTononoXxexue, kyga oyayt

BbIBOAUTbLCA AMArHOCTUYECKNE COODLLEHUSA
> AonyCTUMble 3HaveHud: stderr, csvlog, jJsonlog, syslog

eCJZIn MeCTOMOJIOXEHUN HECKOJIbKO, TO OHM ByAYT BbIBOAUTHCS
OJHOBPEMEHHO BO BCE& MECTOMOJIOXEHUSA

logging collector=on 3anyckaeT ¢OHOBbIN NPOLECC logger, KOTOPbIU
nepexBaTbiBaeT stderr u HanpaBNsieT CoobLWEeHUS B AUPEKTOPULIO

log directory

B KOpHE PGDATA CO3[4aETCHA TEKCTOBbLIN Hpans C Ha3BaHUEM

current logfiles, B KOTOPbIX 3aNNCbiBAaeTCA MECTOMOJIOXEHNE U
Tekylwue (Kyga cenmyac naetT 3anucb) Ha3BaHUsA GaninoB AMarHOCTUYECKOro
XYpHana

log filename 3afaéT Ha3BaHWe ¢anna (B log destination OAHO
3HauYeHune stderr) N pannos nora

> YOOOHO 3HaUeHUe log filename = postgresqgl-%F.log
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[lepepava coobuieHnn syslog

 MPU log destination = syslog COObBLIeHUA NepepatoTca cnyxobe
onepaymoHHON CUCTEMBI SYyslog

» B BbIBOA Syslog nonagatoT He BCce coobLeHUs], B logger BCe
> logger NpeanoyTUTesibHee - OH He TepseT CoobLeHUs

e MapamMeTpbl KOHPUrypauum gas BzanmogencTeus ¢ syslog:

postgres=# \dconfig syslog*
List of configuration parameters

Parameter | Value
_________________________ o mmmmmm—
syslog facility | localO
syslog ident | postgres
syslog sequence numbers | on
syslog split messages | on

(4 row37
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PoTauua ¢oannoB gUarHOCTUYECKOro XXypHana

* MpPWU UCNoNIb30BaHUN logger Ppansbl XypHana MOryT poTupoBaTbCS
> CTapble ¢annbl He yOansatoTcsA

» [lapameTp log truncate on rotation MO3BOJIAET NPU poTalnKn Mo
BpeMeHu (HO He Npu poTaunm no pasmMepy nnm npu 3anycke sK3emMnnspa)
nepesanuncbiBatb cyulecTeyrowme dannbl ora, a He 4onucbiBaTb B UX
KOHeL,

» [NlapameTp log file mode 3afa€T pa3pelleHns Ha daunnbl
OVarHOCTUYeCKoro XypHana (no ymonyanumto 0600)
> 3HayeHue 0640 pas3peLwnT YynutaTb pannbl YneHam rpynnol postgres

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

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

(3 rows)
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[1MnarHoCTUYEeCKUM XypHan

* logging collector (MO yMONYyaHuO off) peKoMeHOyeTCa YCTaHOBUTb
3Ha4YeHWe B on

e 3anycTuTcst pOHOBBIN NpoLECC logger, KOTOPbIN cobupaeT (collect)
coobuieHud, oTnpaBneHHble B stderr n 3anncblBaeT nx B ¢ausbl nora

* log min messages=WARNING MO YMOMYaHWIO, YTO O3HAYaeT NormpoBaHue
COOBLLEHUN C YPOBHAMUM ERROR, LOG, FATAL, PANIC

* log min error statement=ERROR no ymonyaHuo. MMHUManNbHbIU
YPOBEHb BaXXHOCTU ANns komaHg, SQL, KoTopble 3aBEPLUUINUCH C OLLMOKOU

* log directory=log (PGDATA/log) no ymonyaHuto. 3afaét nyTb K
ONpeKTopmn ¢annos f1ora, MOXHO MOMEHATb HA TOUYKY MOHTUPOBAHWUS,
CKOPOCTb U 06bEM KOTOPbIX A4OCTAaTOYHbI 4151 NpuemMa noros. EcTb
napamMeTpbl, HacTpauearLme poTaumo ¢annos fora

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

sudo systemctl restart tantor-se-server-16

ps -ef | grep logger

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

QﬂtOf
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[TapamMeTpbl AUMArHOCTUKU

napamMeTpoB KOHOUrypaumm normposaHusa 6onblite 35

Tak>XXe eCTb 6onblle 8 napamMeTpoB ANd oTnajkin KomaHa SQL
pacLlUUpeHna MoryT UMeTb nNapamMeTpbl 414 NioripoBaHnd
OCHOBHble 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='lMB';

alter system set cluster name='main';

alter system set log autovacuum min duration='l0s';
alter system set log disconnections=on;

alter system set log connectilions=on;

alter system set log lock waits=true;

alter system set deadlock timeout='60s';

alter system set log recovery conflict wailts=on;
select pg reload conf();

QﬂtOf
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OTcneXXuBaHue UCnosib30BaHUA BPeMeHHbIX $hannoB

e cluster name = 'main' [lo ymonyaHuto nycto. PekomeHayeTcs
YCTaHOBUTb. 3Ha4YeHne A06aBNsgeTCsa K Ha3BaHMIO NMPOLECCOB aK3eMMnnsapa,
YTO ynpouwaeTt nx ngeHtTndmkaunro. Ha pennmke no ymMmoa4aHuio
ncrnonb3yetca ond UAeHTUPUKaUMnN wal receiver

* log temp files='1MB' (N0 YMOYAHUIO OTK/IHOYEHO) NOrUpyeT MMeHa U
pa3Mepbl Co34aBaeMbIX BPEMEHHbIX pannoB B MOMEHT UX yaaneHust

e MPW HYNEBOM 3HaYeHUN nornpyroTca ¢aunbl Ntoboro pasmepa

* BPEMEHHble ¢pansibl CO3[at0TCA B ANPEKTOPUN TabIMYHbIX MPOCTPAHCTB,
yKa3aHHbIX B NapaMeTpe temp tablespaces
> MOXHO OrpaHU4nTb NapaMeTpoM temp file limit
> peKomMeHAyeTCA YCTaHOBUTb 1log temp files MW temp file limit

* MPUMeEpP COOBLLEHUS O TOM, YTO BPEMEHHbIN ¢ann gopoc o 97M6:

STATEMENT : CREATE INDEX ON test (id);
LOG: temporary file: path "base/pgsqgl tmp/pgsgl tmpl37894.0.fileset/0.0",
size 101810176

QﬂtOf
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OTcneXxuBaHue paboTbl aBTOBaKyyMa U aBTOaHanus3a

* log autovacuum min duration, MO YMOSYaHUIO ycTaHoBEH B 10 MUHYT.
Ecnun aBTOBaKYyyM MPEBbLICUT 3TO BpeMs npu o0bpaboTke Tabnuubl, TO B 1or
KnacTtepa 3anuuweTcs coobuieHune. Npn BO3HMKHOBEHUN TaKNX COOBLLLEHNU
CTOUT BbIACHATb NPUYNHY O0roro BakyymMmnpoBaHusa 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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HabnoaeHne 3a KOHTPOJSIbHbIMU TOYKaMU

e [repBas 3anuch NnepenaeTcs B SIor, Korga HauMHaeTCcs KOHTPOsIbHasA TOYKa
e total = 09:31:35.070-09:27:05.095
> NPUMEPHO cooTBeTCTBYET 270 cekyHAaM, KOTOpble Mosly4yaroTCa NnepeMHOXeHUeMm
checkpoint completion target * checkpoint timeout (0.9*300=270)
e total= + Bpems 3anucu B WAL-dpannbl
o Bpems 3aTpadeHHoe Ha Bbi3oBbl fdatasync no WAL-dannam

09:27:05.095 LOG: checkpoint starting: time
09:31:35.070 LOG: checkpoint complete: wrote 4315 buffers (26.3%); 0 WAL file(s) added, 0 removed,
6 recycled; ’ , total=269.976 s; sync files=15, longest=0.003 s, average=0.001 s;

distance=109699 kB, estimate=109699 kB; 1lsn=8/1164B2E8, redo 1lsn=8/BC98978

e sync files=15 (CMHXPOHMN3NPOBAHO GpannoB) - YNCNO dannoB JaHHbIX (B TaBANYHbIX
NPOCTpPaHCTBaXx, YbM 6/10KN pacnonaratoTcsi B 6ypepHOM K3Lle) B KOTOpble Benacbh 3anucb u
MO HUM B KOHLIE KOHTPOJIbHOW TOYKE nocbinancs Bbi3oB fsync

e longest=0.003 s (camasa_ponrasa CUHXpP.) - Hanbonbllas gANTENbHOCTb 06PaboTKM OJHOro

danna

LOG: checkpoint complete: wrote 8596 buffers (52.5%); 0 WAL file(s) added, 0 removed, 33 recycled;
write=25.057 s, sync=9.212 s, total=35.266 s; sync files=4, longest=9.181 s, average=2.303 s;
distance=540552 kB, estimate=550280 kB; 1sn=9/16BCO03F0, redo 1lsn=8/F82504B0

QﬂtOf
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OnucaHue 3anucen log checkpoints

* wrote 4315 buffers YMUCMO rPsA3HbIX ByPepoB, KOTOPbIE 3anncaHbl Mo
KOHTPONbHOU TOUKe. OgHoBpeMeHHO ¢ checkpointer rpsidHble 6/10KM MOTYT
3anuncblBaTb CEpPBEPHbIE NpoLEecChl 1 bgwriter

°* (26.3%)MNPOLEHT OT 0bLLEero KkonnyecTaa 6ygpepoB byPpepHOro Kalua,
3afaBaeMbiX NapaMeTpoOM shared buffers

e f1le(s) added, 0 removed, 6 recycled YUCNO CO34aHHbIX,
yOaNEeHHbIX, NOBTOPHO NUcnonb3oBaHHbIX WAL cermMeHTOB

o distance=109699 kB (paccTosiHue) - o6bem 3anncen WAL mexay
Hayanom npeabiayLen KOHTPOSIbHOU TOUYKU U

09:22:05.087 LOG: checkpoint starting: time

09:26:35.066 LOG: checkpoint complete: wrote 3019 buffers (18.4%); 0 WAL file(s) added, 0 removed, 6 recycled;
write=269.951 s, sync=0.009 s, total=269.980 s; sync files=14, longest=0.004 s, average=0.001 s;
distance=99467 kB, estimate=108859 kB; 1lsn=8/AA004C8, redo 1lsn=8/5177990

09:31:35.070 LOG: checkpoint complete: wrote 4315 buffers (26.3%); 0 WAL file(s) added, 0 removed, 6 recycled;
write=269.938 s, sync=0.009 s, total=269.976 s; sync files=15, longest=0.003 s, average=0.001 s;
distance=109699 kB, estimate=109699 kB; 1lsn=8/1164B2ES,

QﬂtOf
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OnucaHue 3anucen log checkpoints

° estimate=109699 kB (pacCToOsiHME KOTOPOE 0XXUOaN0Cb) paCCUYMUTbLIBAETCSH,
4YTOObI OLEeHUTb cCKoNbKOo WAL cermeHTOB OYLET UCMOMBb30BaHO B
clie4yoLen KOHTPOSIbHOU TOYKe

e eC/IMHYNUM B "0 WAL file(s) added, 0 removed", TO OUEHKa estimate
BepHasa. CKonbKo ¢pannoB yaannTb onpegensercs napamMmerpamm
min wal size, max wal size, wal keep size,
max slot wal keep size, wal i1nit zero=on, wal recycle=on

09:22:05.087 LOG: checkpoint starting: time

09:26:35.066 LOG: checkpoint complete: wrote 3019 buffers (18.4%); 0 WAL file(s) added, 0 removed, 6 recycled;
write=269.951 s, sync=0.009 s, total=269.980 s; sync files=14, longest=0.004 s, average=0.001 s;
distance=99467 kB, estimate=108859 kB; 1lsn=8/AA004C8, redo 1sn=8/5177990

09:31:35.070 LOG: checkpoint complete: wrote 4315 buffers (26.3%); 0 WAL file(s) added, 0 removed, 6 recycled;
write=269.938 s, sync=0.009 s, total=269.976 s; sync files=15, longest=0.003 s, average=0.001 s;
distance=109699 kB, estimate=109699 kB; 1lsn=8/1164B2ES,

QﬂtOf
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YTunuta pg waldump W 3annMcU log checkpoints

« ONns npocmoTpa 3anucen B WAL-pannax ncrnonbsyerca yTunmTa
pg waldump. 1o ymonyaHuo ytunuta nwet WAL-dannbl B "." (TekyLen
ONPEKTOpPUN OTKYyOa OHa 3anyLieHa), ganbwe B . /pg wal, SPGDATA/pg wal
e BJlOre U BbIBOAE pg controldata B LSN Begywme Hynu nocne "/" He
neyartaroTcA

* B BblBOAE pg waldump B Ish M prev HoMb NnevyaTeTcs, a B redo He nevyaTtaeTcs
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: 0,

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 8/1361C4BO0:

expected at least 26, got O

09:27:05.095 LOG: checkpoint starting: time

09:31:35.070 LOG: checkpoint complete: wrote 4315 buffers (26.3%); 0 WAL file(s) added, 0O 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 1lsn=8/0BC98978
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YTunuta pg waldump W 3annMcU log checkpoints

e Isn 8/1164B2ES8 3aMNuUCb O KOHLE KOHTPOJIbHON TOYKHU

e redo 8/0BC98978 3amnncb O Hayane KOHTPONbHOM TOYKU, C KOTOPOWU
Ha4YHEeTCHA BOCCTaHOBJIEHME B C/y4dae cboa sk3emnisapa

e prev 8/1164B298 agpec Hadana npegblayLwen 3annucu B XXypHane

o ob6beMm XypHarna oT Ha4dana npegbiayuwen Ao Hayana 3aBepLUeHHOU
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: 0,
lsn: 8/1164B2E8, prev 8/1164B298, desc: CHECKPOINT ONLINE redo 8/BC98978;...

09:26:35.066 LOG: checkpoint complete: wrote 3019 buffers (18.4%); 0 WAL file(s) added, 0 removed, 6 recycled;

write=269.951 s, sync=0.009 s, total=269.980 s; sync files=14, longest=0.004 s, average=0.001 s;
distance=99467 kB, estimate=108859 kB; 1lsn=8/AA004C8, redo 1lsn=8/5177990

09:27:05.095 LOG: checkpoint starting: time

09:31:35.070 LOG: checkpoint complete: wrote 4315 buffers (26.3%); 0 WAL file(s) added, 0 removed,

6 recycled; write=269.938 s, sync=0.009 s, total=269.976 s; sync files=15, longest=0.003 s, average=0.001 s;

, estimate=109699 kB; 1sn=8/1164B2ES8, redo 1lsn=8/BC98978

tantor
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JlornpoBaHue coegnHEHNM

e BbidBJ1A€T HEeT JIh CJIMLUKOM 4YaCTbIX COG,EI,VIHGHVIVI N KOPOTKUX
ceccuu

e NopoxageHmne ceccnun gnd BbllMoJIHEHNA OOHOIO 3allpoCa HE
OoNnTnMaJibHO

« [1n9 nornpoBaHnsa coegmHEHUN NCNONb3YHTCA NapaMeTpbl:

log connections=on

log disconnections=on

pgaudit.log connections=on

pgaudit.log disconnections=on

LOG: connection received: host=[local]

LOG: connection authorized: user=postgres database=db2 application name=psql
FATAL: database "db2" does not exist

LOG: connection received: host=[local]

LOG: connection authorized: user=alice database=alice application name=psql
FATAL: role "alice" does not exist

QﬂtOf

276

YyebHbIn Kypc "Tantor : AoMuUHUCTpupoBaHune PostgreSQL" Mpynna Komnaxwuin Actpa, OO0 "TaHTop J1abc"© 2025 www.tantorlabs.ru



MapameTp log_connections

* log connections=on 3aMUCbiBaeT B ONArHOCTUYECKNU XXYpPHan
KflacTepa NonbITKU NMOAKNHOYEHNA K 3K3eMMNNApY, NOMNbITKA
ayTeHTUPMKaUnUnN U yCcnewHyro ayTeHTUPUuKaLuio

* U3MEHUTb 3HaYeHMe MOXXHO TO/IbKO Ha YPOBHe KnacTepa

* HU Ha YPOBHE pPOnU, HX Ha YpOBHe 6a3bl AaHHbIX NapaMeTpa He
MOXeT yCTaHaBNnBaTbCA:

postgres=# alter user alice set log connections = on;
ERROR: parameter "log connections" cannot be set after connection start

* NpUMep COObLLLEHNN:

LOG: connection received: host="10.0.2.15"
LOG: connection authorized: user=fff database=fff application name=psqgl
FATAL: role "fff" does not exist

QﬂtOf
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[MapameTp log_disconnections

* log disconnections=on 3anucbiBaeT B AUarHOCTUYECKUM
XYPHan ogHo coobLlleHune MNP OCTaHOBKE CepBEPHOIo
npouecca, O6Cﬂy)KVIBaBLIJeFO cecCcuro

* NAMEHUTb 3Ha4Ye€HNE MOXHO TOJIbKO Ha YPOBHE KJ/1aCTepa, a
TaK>Xe Ha KJIUEeHTE nepen yCTaHOBKOVI coeanNHEeHUA:

export PGOPTIONS="-c log disconnections=on"

° HW Ha YPOBHE POSN, HM Ha YPOBHE 6a3bl JaHHbIX NapaMeTpa He
MOXET YCTaHaBJINBAaTbCA.

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

* NpUMeEpP COoObLLEHUN:

LOG: disconnection: session time: 0:00:00.007 user=postgres database=postgres
host=127.0.0.1 port=34298

QﬂtOf
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Pacwupenusa pgaudit n pgaudittofile

* pacWwWMnpeHndaMmn pgaudit U pgauditlogtofile MOXHO
HanpaBuUTb COOBLLIEHNS O CO34aHUN CECCUN U UX OJIUTENBbHOCTU B
oTaeNbHbIN pann nnun dannbl aygnta

o ANnsi paboTbl pacLUUPEHUN HYXXHO 3arpy3nTb X OUBINOTEKMU:
alter system set shared preload libraries = pgaudit, pgauditlogtofile;

» PacwupeHunsa paboTtatoT HE3aBMCUMO U MapannesibHo C
YXYPHaNoM KnacTtepa U ynpaBnsroTca CO6CTBEHHbIMU
napamMeTpamMu, KotTopble UMerT NpePuke "pgaudit.”

* NapaMeTpbl pgaudit.log connections U
pgaudit.log disconnections aHanorM4yHbl O4HOMMEHHbIM
napameTpam PostgreSQL n moryT co3gaBaTb aHalorMyHble 3annucu B
oTaenbHomM daune ayguta

QﬂtOf
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KoHpurypupoBaHue paclumpeHnun pgaudit u pgaudittofile

e CeMb NMNapaMeTpoB OTHOCATCAH K R
, . postgres= dconfig pgaudi*
6M6”MOTeKe pgaUdltlogtOflle List of configuration parameters
Parameter | Value
e yTOobblI CO3paBanca xXypHan - | - e
pgaudit.log | none
ayﬂ'MTa Hy)KHO yCTaHOBMTb pgaudit.log autoclose minutes | 0
, pgaudit.log catalog | on
NnapaMeTp pgaudit. log KakK pgaudit.log_client | off
. pgaudit.log connections | off
MWHAMYM B 3Ha4YeHUe 'misc' pgaudit.log directory | log
~ audit.log disconnections | off
> 'none' - Galn XypHana ayanTa He| coeudic.ios fiienane | audit-%F.log
COSﬂlaeTCﬂ pgaudit.log level | log
pgaudit.log parameter | off
3 v rOle 1 n 'ddl v pgauj{i.iog_paJl:arEieter_max_size : Off
pgaudit.log relation o)
pgaudit.log_connections W | DuiiiiTniT |
pgauc{it .log disconnections ggijﬁjggﬁgziemnt o
He p'eMCTByK)T pgaudit.log statement once | off
pgaudit.role |
(18 rows)

QﬂtOf
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[InarHoCTUKa 4YacToTbl COeAUHEHUN C 630U AaHHbIX

* log disconnections=on 3aMuCbiBaeT B NIOr COObITUE 3aBEPLLEHMS
ceccun. 3anncbiBaeTcs Ta Xe MHpopmauusd, YTo log connections MNAKOC
OJINTENbHOCTb CECCUMN.
> MNPEeUMYLLEeCTBO B TOM, YTO BbIBOAUTCA O0fHa CTPOKa, YTO He 3aMyCOPUBAET Jior
> no3BonfeT naeHTUGULMpPOoBaTb KOPOTKME MO BPEMEHU CECCUN
> NPUMEpP COOBLLEHNSA O OSIUTENBbHOCTN CECCUN CeCCUU 4 CeKyHbI:

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

* log connections=on 3aMlnCbIBa€eT B JIOI NOMbITKN YCTaHOBUTb CECCUIO

> He[OoCTaTOK B TOM, YTO HeygauHble NOMbITKMU OT/IMYAOTCA TONbKO
OOMOJSTHUTENBHOWN CTPOKOMW:

LOG: connection
LOG: connection
FATAL: database
LOG: connection
LOG: connection

FATAL: role "alice" does not exist

received: host=[local]

authorized: user=postgres database=db2 application name=psql
"db2" does not exist

received: host=[local]

authorized: user=alice database=alice application name=psql

QﬂtOf
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[lnarHocTnka 6/10KUPYIOLLUX CUTYaLUM

* log lock waits=true.[llo ymonyaHuo oTkno4yeH. PekomeHpyeTcs
BK/TIOYNTb, YTOObI NOMy4YaTh COOBLEHNS B OUArHOCTUYECKUIN XY PHaN YTo
Kakon-nmoo npouecc XAetT aonblle, 4eM: deadlock timeout

* deadlock timeout='60s".[lo ymon4yaHuto 1 cekyHaa, YTo C/IULLKOM
Mano U Ha Harpy>XeHHbIX aK3eMnispax co3faeT 3HauynTesbHble U3AEPXKKN

* log startup progress interval='10s' He CTOWUT OTKNKOYaTb

e log recovery conflict waits=on.[lo ymonyaHuto off. [lpouecc
startup 3anuweT coobLleHne B JIor PenInKn, ecinm He CMOXET MPUMEHUTb
WAL K pennuke gonblue, YeM deadlock timeout

LOG: recovery still waiting after 60.555 ms: recovery conflict on lock
DETAIL: Conflicting process: 5555.

» Hannume KOHPIMKTOB MOXHO YBUAETb B NpeacTaBneHnm (Mmano getanen):

select * from pg stat database conflicts where datname='postgres';
datid|datname |tblspc|confl lock|confl snapshot|confl bufferpin|deadlock
————— +4--—-t -t
13842 |postgres| 0 | 0 | 1 | 1 | 0

{531U0f
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[MpakTuKa

1. Kakaa nHoopmauuna nonagaeT B XypHan
2. Pacnono)xeHune XypHanoB cepBepa

3. Kak nHpopmauma nonagaeT B XYpPHan
4. lobaBneHne popmata CSV

5. BkntoyeHue konnekTopa coobuieHum

QﬂtOf

YuebHbin kypc "Tantor : ApMuHUCTpupoBaHue PostgreSQL" Mpynna Komnawui Actpa, OO0 "TaHTop J1labc"© 2025 www.tantorlabs.ru 283




NKor

6
be3onacHOCTb

YuebHbin kypc "Tantor : ApMUHUCTpUpoBaHue PostgreSQL" Mpynna Komnawui Actpa, OO0 "TaHTop J1labc"© 2025 www.tantorlabs.ru 284



[Tonb3oBaTenu (ponu) B Knactepe 6a3 gaHHbIX

* HaKannmMBaeT AMarHocTuyeckne coobLleHusa oT MnpoueccoB aK3eMIJidApa

* NCMOJIb3yEeTCA ONA:
> ANarHOCTUKHU r|p06r|eM
- MOHUTOPWHIA U HaCTpOIZKM NnPon3BOAUTEJSIbHOCTH
> adyaunTa 6e3onacHoOCTH
> UCTOPUYECKOIo aHalJiln3a TOro, 4To npomncxognmnmno rnpu pa60Te IK3eMIJ14pa
> dHalJln3a BbINOJIHEHNA 3aMpoCoOoB

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

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

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

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

23:27:21.200 [800] ERROR: 1index "ticketsl ticket no idx" contains unexpected zero page at block 3
23:27:21.200 [800] HINT: Please REINDEX it.
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[Tonb3oBaTenu (ponw)

« Cnncok posien MOXHO NoCMoTpeTb KoMaHaamMmm \dusS \dgs
» Cnucok poneun xpaHUTCA B rnobanbHou Tabnuue pg _authid
» ECcTb nceBpoponb public, B KOTOpYHO BXOOAT BCE PO

> €N MOXHO BblAaBaTb NMpuBuiernn
o ATpubyTbI ponun postgres:

postgres=# select * from pg authid where rolname='postgres'\gx

—[ RECORD 1 ]==4==m—m e

oid | 10 R
rolname | postgres \Nm‘________"#,f//
rolsuper | t

rolinherit | t

rolcreaterole | t

rolcreatedb | t r
rolcanlogin | t

rolreplication | t ll
rolbypassrls | t

rolconnlimit | -1 \ _/
rolpassword | SCRAM-SHA-256%$4096:0ejDgb5wgdHcuVXBUOH/VA==SAwimWKZOQ. . .

rolvaliduntil |
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ATpnbyThbl (MapamMeTpbl, CBOUCTBA) poneu

e €CTb 7 aTpnbyToB TUNa BKIOYEH/BbIKIHOYEH
« LOGIN - npaBo co3gaHua HadarnbHOro coeMHeHUA ¢ bazaMu AaHHbIX
» SUPERUSER - o6xoaunT npoBepKu npaB A0OCTYyNa, KPOME HavyanbHOro
coeauHeHud
« REPLICATION LOGIN - ponb ¢ atumun atpubytamm (6e3 atpmbyta LOGIN
aTpnbyT REPLICATION 6ecnoneseH) uMmeeT nNpaBo NoACoeanHATLCS Mo
NPOTOKONY pennnkKaunm n pesepBupoBaTb BeCb KJlacTep
« CREATEROLE - ponb MoXeT co3faBaTb pPoJn
> Yy pOJSiIeEU HET BNnagenbLa
> CO3[aHHasi ponb rpaHTyeTcs cosgatowen ponu ¢ onunen ADMIN OPTION
> HuU rpaHT WITH ADMIN, Hn aTpnoyt CREATEROLE He no3Bondat0T NOAHATb
CBOEW POnn NpUBUNErUN NYTEM CO3LaHUS N MEPEKIHOYEHNSA B CO3AAHHYIO POSb
» ['paHT c ADMIN OPTION He pa€eT npaBo MeHATb aTpubyTthl CREATEROLE,
BYPASSRLS, REPLICATION, CREATEDB, SUPERUSER
> 9TW aTpUBYTbl POJSIb CMOXET MEHATb Y ponen, Ha koTopble ectb ADMIN
OPTION, TONbKO, €Ccnun y HEE UMEETCSH TaKoW Xe aTpubyT
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ATpnbyT INHERIT 1 GRANT WITH INHERIT

ATtpunoyT INHERIT ycTaHaBnmBaeTtcs no ymon4yaHuro

[To3BONAET HacnenoBaTh NpaBa, BblAaHHble HAa 06BbEKTbI 6a3 AaHHbIX

Ecnu ponn yctaHoeutb atpmdoyT NOINHERIT, To oHa He 6yaeT HacnenosaTh
NpUBUNIErUN POJIEU, KOTOPbIE N AaHbl

[Tpn BbliAa4ve Poan MOXHO ABHO 3adaTb

> ByayT nu paboTaTb NpaBa rPaHTOBaAaHHOW POSIN Y CECCUN FPAHTYEMOro
> MOXET /I FPaHTYEeMbIU NEPEKMOYNTBCS B IPAHTOBAHHYHO POJSib

postgres=# grant postgres to alice with inherit false, set true;
GRANT ROLE

postgres=# \c postgres alice

You are now connected to database "postgres" as user "alice".
postgres=> set role postgres;

SET

postgres=#

postgres=# grant postgres to bob with inherit true, set false;
GRANT ROLE

postgres=# \c postgres bob

You are now connected to database "postgres" as user "bob".
postgres=> set role postgres;

ERROR: permission denied to set role "postgres"
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[lepekntoyeHmne ceccum B gpyryro ponb U CMeHa poneu

e SET [SESSION | LOCAL] SESSION AUTHORIZATION poJib;
nepektoYaeT CeCCUo B APYryro Posb
« KomMaHAay MOXET BbIMNOJSIHUTb TOJIbKO CYNeprnosb3oBaTesb
> WUCMONb3yeTcs AN Toro, YTobbl Cynepnosib3oBaTes/lb MOI NEPEK/TOUYNTD
CECCUIO B APYroro nosib30oBaTenis U 3aTeM BEPHYTbCS B UCXOAHYHO
o TekyLlero rnonb3oBaTtenss MOXHO M3MEHUTb KOMaHA0MN SET ROLE
> MpOBepKa npaB Ha 06bEKTbI BbINMOSHAETCA A5 TEKYLLErO NOIb30BaTeNS

postgres=# set session authorization alice;

postgres=> select current user, session_user, current role, user;
current user | session user | current role | user

—————————————— e b T e e
alice | alice | alice | alice

postgres=> set role bob;

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

postgres=> reset role;

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

postgres=> reset session authorization;

postgres=# select current_ user, session_user, current role, user;
postgres | postgres | postgres | postgres
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[MpeponpenenéHHbie (cny>XebHble) ponu

» noasunucb B PostgreSQL HaumnHaa ¢ Bepcun 14

« 15 ponen nnroc ncesaoposb public

* MOXET rpaHToBaTb posb ¢ aTpndytamm SUPERUSER nnu ponb, numerowiaqa
npaso WITH ADMIN Ha rpaHTyemyro posnb

 YOanuTb CNy>eBHble PONU HeNb3s ostazesh \dus

 MONe3Hbl YTOBbI He AaBaTb MPUBUIUIED L detofroles
cynepnosb3oBaTens 45 BbIMOMHEHMS
BOCTPEe6OBaHHbIX AeNCTBU e eats bubscription o

|
+
|
|
pg database owner | Cannot login
Pg _execute server program | Cannot login
|
|
|
|
|
|
|
|
|
|
|

pg maintain Cannot login
pg monitor Cannot login
pPg read all data Cannot login
pg read all settings Cannot login
pg _read all stats Cannot login
pg_read server files Cannot login
Pg signal backend Cannot login
Pg stat scan tables Cannot login
pPg_use reserved connections Cannot login
pg write all data Cannot login
pg write server files Cannot login
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[lpaBa Ha 06beKTHI

[Mpn co3gaHnn obbekTa

Ha3Ha4yaeTcs Bnageneuy

[To ymonyaHuto Brnageneu, u

cynepnofnib3oBaTesb UMELOT

npaBa Ha CO3[4aHHbIN OOBLEKT

Opyrum ponsiMm HYy>KHbl npaBa

[ns Ka)xporo Tuna oobekTa

eCTb CBOW Habop npas

> Ha3BaHWA MpaB npmBegeHbl B
Tabnuue

[MpaBa BblgatoTCA U

OT3bIBaOTCH KOMaHAamu

GRANT U REVOKE

npaBo
SELECT

INSERT
UPDATE
DELETE
TRUNCATE
REFERENCES
TRIGGER
CREATE
CONNECT
TEMPORARY
EXECUTE
USAGE

SET
ALTER SYSTEM
MAINTAIN

X A2 0 QO o X o o =2 9w

)]

TUMNbl 06 bEKTOB

SEQUENCE, TABLE (m
COLUMN

LARGE OBJECT,
MOoJ00HBIE UM) ,

TABLE, croJoer
LARGE OBJECT,
TABLE
TABLE

SEQUENCE, TABLE, COLUMN

TABLE, COLUMN
TABLE

DATABASE,
DATABASE
DATABASE
FUNCTION, PROCEDURE

DOMAIN, FDW, FOREIGN SERVER,
LANGUAGE, SCHEMA, SEQUENCE,

PARAMETER
PARAMETER

SCHEMA, TABLESPACE

TYPE

m TABLE
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[TpocMOTp NpaB Ha 06beKThbI B psql

o I'IpaBa BbIBOOATCA B BUAE CITNCKaA.

¢ KOMY ﬂaHa:HpMBMHePMM/KTO IaJl
— — IIpaBa Komanpga

» Ecnu nepep 3Hauykom "=" nycTo, 3TO Tun o6bexra Beempasa Lot o beql
O3Ha4vaeT public (NpefocTaBNeHO BCEM)  arapase . Te \1
» 3HayokK "*" nocne OykBbl O3HAYaAET, UYTO DOMAIN U U \dD+
npaBo npegocTaB/iIeHO C NpaBOM FUNCTION, PROCEDURE X X \df+
nepenayn wiTH GRANT OPTION. FDW U HET \dew+
» 3Ha4yoK "+" B KOHLE 0O0O3HA4YaeT, UTO 3TO  FOREIGN SERVER U HeT \des+
He I'IOCJ'Ieﬂ,HVII‘/JI J;1IeMEeHT U CIMNCOK LANGUAGE U U \dL+
NnpoAo/I>XXaeTCH Ha Cﬂeﬂ,yI-OLLl,eﬁ CTpOKe LARGE OBJECT rw HET \dl+
PARAMETER SA HET \dconfig+
postgres=# \1
List of databases SCHEMA uc HET \dn+
Name | Owner | Access privileges SEQUENCE rwU HET \dp
________ _|___________+_______________________
demo | postgres | postgres=CTc/postgrest TABLE (1 mogoOHbIe ©M) arwdDxtm Her \dp
| | alice=C*c/postgres COLUMN ATWX HeT \dp
postgres=# GRANT ALL PRIVILEGES ON ALL TABLES IN
SCHEMA public TO alice, bob WITH GRANT OPTION; TABLESPACE C HET \db+
GRANT TYPE U U \dT+
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MpuBunerun no ymonyanuto (DEFAULT PRIVILEGES)

e ALTER DEFAULT PRIVILEGES NO3BOJIAET 3aA4aBaTb MNpaBa, NpuMeHdeMble

K o6beKkTaMm, KoTopble byayT co3gaBaTbCd B byayLiem ans cxem, Tabnuy,
npeacTaBneHuin, BHELWHNX Tabnuy, nocnenoBaTeNbHOCTEN, NOANMPOrpamMm,
TUNoB (BKIKOYaOT B ceba JOMEHbI)

e pOJSib public nony4vaer

npaea:

> CONNECT n TEMPORARY
(cospaHne BpeMeHHbIX
Tabnuu) onga 6a3 gaHHbIX

> EXECUTE gnsa ¢oyHKUMM u
npoueanyp

> USAGE gns s3blkoB, TMNOB

NaHHbIX, LOMEHOB

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
——————————— i e e
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
————————— -t
plpgsgl | postgres | t | .. | postgres=U/postgres
(1 row)
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3alluTa Ha ypoBHe cTpoK (Row-level security, RLS)

* MO YMOMYaHUIO OTKNIKOYEHA
» RLS He aBngeTca maHaaTHbIM KOHTponem goctyna (MAC)
» ecnu RLS BkNtoyaeTcs, a paspeluarowmx NoJIMTUK HET, TO A4OCTYN 3anpeLLeH
e nonutukn cosgatotca komaHgon CREATE POLICY, Hanpumep:
CREATE POLICY mmMsa ON Tabmmua AS PERMISSIVE FOR ALL TO poJib
USING (npemoukar) ;
> MOMUTUK Ha Tabnuue MOXeT OblTb HECKOJIbKO, OHU MOTYyT 6biTb PERMISSIVE
n/vnn RESTRICTIVE u moryT kombuHuposaTtbca AND n OR

» RLS BkIOYaloT Ha ypoBHe TabnnL, KOMaHao0m:
ALTER TABLE wmmsa [ENABLE | DISABLE | FORCE |NO FORCE ] ROW

LEVEL SECURITY;

» BKJIrOUYeHMe c onumen ENABLE:
> RLS penctBytoT Ha BCeX, KpomMe Bnagenoua un poneun ¢ atpnoytom SUPERUSER
nnn BYPASSRLS
* RLS He npumeHsieTca K NnpoBepkaM OrpaHnMYeHnn LENOCTHOCTH
> OrpaHNYyeHuns LenoCTHOCTU He MOryT HapyLlaTbCcA

QﬂtOf

YyebHbin Kypc "Tantor : AoMuHUCTpupoBaHune PostgreSQL" Mpynna Komnaxwuit Actpa, OO0 "TaHTop J1abc"© 2025 www.tantorlabs.ru 294




[loaocoeguHeHue K ak3eMnnsapy

[MapameTpbl HaYanbHOU ayTEHTUOUKALUNMN YCTaHABNMBAOTCA B ABYX
dannax pg_hba.conf un pg_ident.conf
o Qannbl peaakTUpPYyroTCs BPYYHYHO
» cofepxunmoe panna pg hba.conf MOXHO B NpeAcTaBeHUM

pg hba file rules
« PacnonoxeHue ¢pannoB MOXHO NOCMOTPETb NapamMTeTpamMn KoHOUrypaumm
hba_file u ident_file:

postgres=# \dconfig * file
List of configuration parameters

Parameter Value
config file /var/lib/postgresgl/tantor-se-1c-17/data/postgresqgl.conf
enable delayed temp file off

external pid file
hba file
ident file

/var/lib/postgresqgl/tantor-se-1c-17/data/pg hba.conf
/var/lib/postgresqgl/tantor-se-1lc-17/data/pg ident.conf
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dann pg_hba.conf

« QopmaTt danna - ofHa 3anNnUCb Ha CTPOKY

e 3anncb COCTOUT U3 HECKOJbKMX NONEUN, pa3fAeneHHbIX npobenamm
n/vunu cumeonamu Tabynauum

« CopepXxnumoe rnonen MoxXeT ObITb 3aK/TFOYEHO B BONHbIE KaBblYKK

e 3anmcu (CTpoku) 6aunxe K Hadany danna npeBanupyroT, B OTIUME OT
dannoB napameTpoB (postgresql.conf)

« Tekyllee cogepxnmoe ¢panna MOXXHO NMOCMOTPETb Yepes
npencraBfeHme:

postgres=# select rule number r, right(file name, 11) file name, line number 1, type, database, user_ name
user, address, left(netmask, 15) netmask, auth method auth, options opt, error from pg hba file rules;

r | file name | 1 | type | database | user | address | netmask | auth | opt | error
——— e —— +———— - o - o o - - +————- f——————

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} | 01 | ffff:ffff:£ffff: | trust | |

4 | pg hba.conf | 124 | local | {replication} | {all} | | | trust | |

5 | pg hba.conf | 125 | host | {replication} | {all} | 127.0.0.1 | 255.255.255.255 | trust | |

6 | pg hba.conf | 126 | host | {replication} | {all} | 01 | ffff:ffff:ffff: | trust | |

(6 rows)
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Copepxxmnmoe pg_hba.conf

* TUN COeAMNHEeHUN:
> local - coegnHeHmne Yyepes UNIX-cokeT
> host - ntobble (¢ wndppoBaHnem n 6e3) coeguHenmsa no TCP/IP
» Ha3BaHWe H6a3bl gaHHax:
> all - Bce 6a3bl
» replication - nogknto4yeHmne No NPOToKoNy GU3NYECKON penInKaLmm
» |IP-agpec ¢ mackou noaceTtu nnm 6e3 MackHu:
> all - Bce agpeca IPv4 n IPv6
> samehost - ¢ IP-agpecoB xocTa, Ha KOTOPOM paboTaeT aK3eMmIsap

postgresltantor:~$ tail $PGDATA/pg hba.conf

# TYPE DATABASE USER IP-ADDRESS IP-MASK METHOD

local sameuser all peer

local samerole all mdb

host all all 127.0.0.1/32 trust

host dbl,db2,@filel +bob,@file?2 10.0.0.0 255.0.0.0 scram-sha-256
host "/~db\d{2,4}s" /~.*desk$ samehost ident map=omicron
host all all all reject

{531U0f
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Copep>xumoe pg_hba.conf (npogonxeHue)

MeTopn ayTEHTUPUKauUunu:

trust - YCTAaHOBUTb cCoegnHeHne 6e3 NPoBEPOK, B TOM YUCIIe Napond
reject - 0€3yCNOBHbIM OTKa3 B COeAUHEHUN

peer - UMSA NONIb30BaTeNA onepaumuoHHON CUCTEMbI KITMEHTA AOIKHO
coBnagatb C UMEHEM POJIU, €CTb OMNUUOHANbHbIM MapaMeTp map
scram-sha-256 UM md5 - MPOBEPUTb NapOJb

gss - ayTeHTUdUKaumna no NpoTokony kerberos

ldap - ayTeHTUPUKauma Idap-cepeepom

cert - 3anpawmnBaTh Yy KNMeHTa cepTueukaTt 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,db2,6@filel +bob,@file2 10.0.0.0 255.0.0.0 scram-sha-256
hostssl "/~db\d{2,4}s$" /~.*deskS$S localhost cert

host all all 1.1.0.0/16 reject

{531U0f
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dann conocTtaBneHust UMEeH pg_ident.conf

[na meToaoB peer, gss, ident MOXHO coNoCTaBUTb UMS, BO3BpaLLaeMoe
cny>x6on ayTeHTUPUKaLMN N PONKN KnacTepa, nod KOTOPOW XOYEeT YCTaHOBUTb
CEeCCUI0 KITNEHT

Ha Ha3BaHWA MAPNAME CCbISTaeTCs NapaMeTp map=mapl B 3anncsax ¢amna

pg hba.conf

[MpencrtaBneHne pg ident file mappings MNO3BOJSISET MOCMOTPETb
Tekyllee cogepxmmoe ¢aunna:

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
R f————t————————— fo———— Fm— 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 MOXeET MNOIKJIOUATHLCS C poJsibio alice
mapl astra alice
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[MpakTuKa

Co3fgaHne HOBOU Pou

. YcTaHoBKa aTpubyToB

. CozpaHue rpyrnnoBon posnu

. Co3paHune cxembl 1 Tabnuubl

Bblga4da ponn goctyna K Tabnuue

. YpaneHne co3fgaHHbIX 06beKToB
PacnonoxxeHne ¢annos KoHOUrypauunm
. [lpocMoOTp nNpaBuni ayTeHTUGUKaLUUN

. JlokanbHble UBMEeHeHNA ana ayTeHTUPUKaLunn
10 [TpoBepKa KOPPEKTHOCTU HACTPOUKM
11. O4YnCTKa HEHYXXHbIX OOBEKTOB

©oONOUDWNS

YyebHbin Kypc "Tantor : AoMuHUCTpupoBaHune PostgreSQL" Mpynna Komnaxwuit Actpa, OO0 "TaHTop J1abc"© 2025 www.tantorlabs.ru 300



tr'c?ntor

/a

Pdusnyeckoe pesepsunpoBaHue
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Buabl pe3epBHbIX KONUK

» [opsumne - 6e3 npocTosa, 6€3 0CTaHOBKU 3K3eMMnnspa, 6e3
NPUOCTaHOBKM 06CNYXUBaAHUA KITMEHTCKNX CECCUN

o XonopgHble - Ha KOPPEKTHO (C pMHANbHON KOHTPOBbHOW
TOYKOMN) OCTAHOB/IEHHOM 3K3eMMAsAPeE

 ABTOHOMHbIE UM CaMOLOCTaTO4YHbIE
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NHKpeMeHTarnbHble 63Kanbl

e MOTYT ObITb NOME3HbI, ECIN pa3Mep KnacTtepa 60bLIOon
* YBENIMYMBAET CMIOXHOCTb NpoLenyp pe3epBUpOBaHMS,
BEPOATHOCTb OLIMOKN U HEBO3MOXHOCTU BOCCTAHOBUTb

Knactep
» [1pouepnypa:
> MepBbIM CO34aeTCA NOJIHbIN 63Kan YTUINTOU pPg basebackup
> MO3Xe co3[arnTCAa UHKPEMEHTasbHble 63Kanbl YTUIINTOU
pg basebackup C NAPMETPOM -1 maHUbecT WUIN ——
ingremental=MaHM®eCT
> AN BOCCTAHOBJIEHUA MHKPEMEHTallbHble 63Kanbl
HaKNagblBatOTCS Ha MOMHbIM YTUAKUTON pg_combinebackup
* NPU CO30aHNUN NHKPEMEHTAlIbHbIX 63KanoB NUCMONb3YHTCA
dannbl AMPEeKTOpUN PGDATA/pg wal/summaries
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YTo pe3epBupyetcs

o aupektopua PGDATA
o OUPEKTOPUN TAaBNTIMYHbIX MPOCTPAHCTB

» He pe3epBupytotcsa ¢annbl, N3BECTHbIE YTUNUTE
pg_basebackup kak BpemeHHble
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[lpouenypa BoOCCTaHOBJIEHUA

» OCTaHOBUTb aK3eMNap

» BoccTaHOBUTb U3 NOJSIHOU Pe3epPBHON KOMUK €€ cofepXXumoe

o [1pPUMEHUTb MHKPEMEHTaNbHbIE 63Karbl, €C/IN OHU
co3faBannchb

o 3anyCcTuUTb 3K3eMMNNsap
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dannbl XXypHana npegsanucu

» Haxopatca B PGDATA/pg_wal
» ¢aunbl XypHana He oybonumpyroTcs
* pa3mMep TekyLwero ganna XypHasa Takou e Kak OCTaNbHbIX

* B ¢pawnnbl XypHana nuwyT cepBepHble U GOHOBbIE MNPOLECCHI
aK3emMnnapa
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LSN (Log Sequence Number)

» XXypHan MOXHO npeacTtaBuTb cebe Kak KOHKaTEHNPOBAHHbIN
Habop dannoBs XypHana (bonblien YacTn KoTopble yXe
yAaneHbl) HaYnHasi ¢ camMoro nepsoro ¢anna,
cHoOpMUPOBAHHOIO NpPU CO3daHNKN KacTepa

» LSN - 646UTHOE Yncno, MOHOTOHHO BO3pacTaloLLlee,
yKa3blBatollee aapec (cmelleHne oT nepBoro 6anta nepBoro
danna XypHana) ¢ TOYHOCTbtO 0 6anTa B XXypHase Knactepa

» [lpouecchl aK3emMndgpa NMWYT B XXYPHan 3anmcu
nepemMeHHou annHHbl, LSN ncnonbayerca ansa ykasaHus
afipeca Ha4vana XypHalibHOM 3annucu

o PM3NYECKU 3annucb B pannbl ocyllecTBnsseTcs bnokamu rno
8K6 (wal_block_size)
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Ha3BaHusa XXypHanbHbiX ¢annos u LSN

- LSN npepcTaBnatoT B BUAE ABYX 32-OUTHbIX Yncen,
3aNucaHHbIX B LWWecTHaguatepmyHon popme (HEX),
pPa3feneHHbIX CN3WEM: XXXXKXXXX/YYZLL 7777

o XXXXXXXX - "cTapwmne" 32 6uta LSN

. - "cTapwune" 8 6ut "Mnaguwero" 32-6UTHOro Yyncna

° 777777 - cMeweHue B panne 16-merabanTtHOro XypHana

OTHOCUTENbHO ero Havana
- Pasmep dawnna XxypHana onpegenaet MakCUMalibHbIV
pa3mep XypHanbHoro oydepa (wal_buffers)
* 0000000NXXXXXXXX000000 - Ha3BaHWA 16MerabanTHbIX
dannoB XypHana
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[lpoLiecc BoccTaHOBIEHUA startup

» startup - npouecc BoccTaHoBIeHUA GpannoB KnacTepa C
NOMOLLbIO XYpHana

* MPU U3MEHEHUN TUHNN BPEMEHN B ANPEKTOPUN
PGDATA/pg wal CO3[AaloTCA TEKCTOBble Gaunsbl
0000000N.history C UHPOPMaALMEN O NIUHUSX BPEMEHMU, NX
HEeNb3s1 CTUPaTb U OHU BYAYT Pe3epPBUPOBATLCS

e HOBas JIMHUA BPEMEHMU MOABMASETCS €C/ZIN BbINOMHAMOCH
BOCCTaHOBJIEHUE UMK PENIMKA CcTasla MacTepom

e LeSlb IMHUN BPEeMEHU - YTOObI NMpu BOCCTAaHOB/IEHUN Ha
MOMEHT B NPOLUIOM HOBble ¢pausbl XXYPHaNoB HE 3aTUpanu
npe>XXHue 1 4YTobbl Oblsla BO3MOXHOCTb BEPHYTbCS Ha
npeXXHne NNHNU BPEMEHMU
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OyHKUUKM ana paboTbl C XXypHanamm

» pg_switch_wal() nepekntouyaeT 3anmuceb Ha HoBbIn WAL-dpann

» pg_create_restore_point('TekcT') co3aaéT B XypHasne 3anuchb
LSN ¢ TeEKCTOBON METKOU

» pg_walfile_name('LSN') BbipaeT HassaHne WAL-danna B
KOTOPOM ecTb 3anucb LSN

» pg_current_wal_flush_Isn() LSN koHua nocnegHen
XXYpPHanbHOW 3anNnucu, KoTopasi CYMTAeTCs HagEXHO
COXPaHEHHOMU

» pg_wal_lsn_diff(LSN,LSN) 6ant mexgy osymsi LSN
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X0N104HO€E pe3epBupoBaHue

e 3K3eMMnnsap A0/MKEH ObiTb KOPPEKTHO OCTAHOBJIEH

* YTUNUTA pg_basebackup He MOXeT pe3epBupoBaThb KacTep,
ecnun ak3emMnadap norawleH

* NCNOJIb3YHOTCSH YTUAUTBI onepaunoHHON CUCTEMBI CP, rsync,
tar

» Konupyetca uennkom PGDATA n gpupektTopun TabnnyHbIX
NPOCTPAHCTB

» CO3[aeTcd aBTOHOMHas Konus, Ha KOTOPOU MOXHO
3anyCTUTb 3aK3eMNnsap

* NPEenMyLLeCcTBO - NPOCTOTA

* OCHOBHOM HEO0CTaTOK - NpepbiBaHKUE 06CNYyXNUBaHUSA
KJIMEHTOB KJlacTepa
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[lapameTp KoHpUrypauum full page writes

* MO YMOJTHaHUIO BK/IHOYEH

» 3aWmuaeT oT pa3pbiBa (torn) cTpaHuy

* He peKoOMeHAyeTcs OTKrYaTh

» BKJIHOYAETCHA Ha BpeMSA pe3epBmpoBaHUAa YTUINUTON
pg_basebackup

* MPU Pe3epPBUPOBAHNN PEMNNKN OOJIKEH ObITb BKIHOYEH Ha
MacTepe
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YTunurta pesepsupoBaHua pg_basebackup

e CO3[a€T pe3epBHYIO KOMNUIO KnacTepa Ha paboTatolem
aK3emMnnape

e CO30aTb KOMUKO OoTAENbHbIX 6a3 AaHHbIX NN 06BbEKTOB H6a3bl
HeNb34, TO/IbKO BCEro Knacrepa

* UCMONb3YET NPOTOKON penIinKaumm

» Ucnonb3yeT 60nee 6e30MnacHbIN PEXNM pe3epBUPOBaAHUS
"pull" - npuHnmaetT dannbl, a He "push" - nepepada pannos

* MOXET co3aaBaTb UHKPEMEHTalIbHble 63Kanbl
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YTunura pg_verifybackup

» npoBepsaeT pannbl B 63Kanax co3gaHHbIX YTUNTON
pg basebackup

* paccuYuTbiBaeT KOHTPOsbHble cyMMbl pannoB (CRC32C) un
CpaBHMBAET CO 3HayeHuamMu B panne manifest_file

o CpaBHMBAaET dpaunsbl Co cnuckom pannos B pansie MmaHndecTa

» 6e3 ¢panna maHudecTa He paboTaeT

» [lpoBepsaeT Hannuune XypHarsnbHbIX 3arnMcen HY>XXHbIX s
CUHXPOHM3auUun ¢annosB 63kana - aBTOHOMHOCTb 63Kana

* He npoBepsieT pannbl postgresgl.auto.conft,
standby.signal, recovery.signal
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ApPXUB XXYpHaioB

» Cnocobbl opraHnsaLlmm apxmBea >XYpHanos:

» KonupoBaHue WAL-cermeHTOB KOMaH40u B rnapamMmeTpe
archive_command

* MPUeM NoToKa XYpPHarbHbIX 3arMMCeN N COXPaHEHnE
YTUINTON pg_receivewal

* UCMOJIb30BaHNE PU3NYECKUX PENINK

* UCMOJIb30BaHWE YTUNUTLI wWal-g anda nepepaydun XXypHasos no
npoToKony S3
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OTtcyTtcTBue notepb (Durability)

o APXUTEKTYpa pe3epBUPOBaAHUSA O,0/KHA rapaHTUPOBaTb
NoSIHOE BOCCTAHOB/IEHNE 3adUKCUPOBAHHbIX TPaH3aKL MK

» ApXUTEKTYpa pe3epBUPOBaHMS O0/MKHA 3amaTh OT
yaaneHuns 6aKanoB B clfiydae B3/loMa XOCTa C 9K3eMMIsipoOM
KnacTepa: MHUUMATOPOM 63KaMNoB O0J1KEH ObiTb XOCT
OTJZINYHbIN OT TOrO Ha KOTOPOM paboTaeT aK3eMnaap
KnacTepa

o TeKkywmmn XXypHanbHbiK ¢ann He A0MKeH bbiTb e AUHCTBEHHOM
To4ykomn cbosd (single point of failure)

» icnonb3oBaHue pg_receivewal nnn puanyeckomn penmku -
BO3MOXHOCTb rapaHTUpoBaTb OTCYTCTBUE NOTEPDL MpU
NoBpeXAEeHUN TEKYLLErro XypHana
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YTunura pg_receivewal

* NOACOEOUHSIETCS MO NPOTOKONY penmkKaunm

* NPUHUMAET XYpPHalbHble 3anncu bes 3agepxek

* PEKOMEHAYETCHA NCMONb30BaTb CNOT pennKaumnm

* MOXET Mosny4aTtb XYpHanbl Kak C MacTepa, Tak U C
dn3nYeCKOUn pennmnkm

o CKPUNTbI ANsa aBTo3anycka (systemd) oTcyTCTBYIOT

* MOXET CXWUMaTb XXYpPHalbHble 3anucu

* NPEUMYLLECTBO B TOM, UYTO ABAAETCA UHULMATOPOM
coeiMHeHUs, YTO No3BoniAeT obecrneynTb 6€30NacHOCTb

* MOXET noATBepXaaTb TPaH3aKUUN B PEXNUME CUHXPOHHOW
duKcauum

o TEKYyLLeMY XypHanbHOMY ¢anny gaet cyddpukc .partial
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CnoT pennukauuu

* TpW BUAA: PU3NYECKUN, BPEMEHHBIU GU3NYECKUN,
NTIOrnMYecKun

* NUCMNOMb3YHOTCH AN yaep>XaHus XXYPHanbHbIX ¢annos

* ECnn KNUEHT He NPUHUMAET XYpPHalibHble AaHHble
(ocTaHoOBUNCSA), TO pannbl XYPHaNoB 6yayT yaepXXnBaTbCs U
3arosIHAT BCE cBOOOAHOE MECTO B ANPEKTOPUU
PGDATA/pg wal. YTOObI 3TOrO HE NPOU3OLLSIO CTOUT
YCTAaHOBUTb OrpaHU4YeHne napamMeTpom
max slot wal keep size

* NpeacTaB/ieHNe pg replication slots COA4EPXUT CMUCOK
BCeX CJIOTOB pennkauuu
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Co3aaHue 6a30BOU pe3epBHOU KOMUU

* pg_basebackup Nyulle 3anycTuUTb Ha XocTe, rae obyner
XpaHUTbCA pe3epBHasa Konusa (pe3epBHbIN XOCT)

» MapamMeTp -D 3afaeT NyTb K AUPEKTOPUM

* MO YMONYaHUIO CO3MAET ABa COeAUHEHUA K ABYM MpoLeccam
wal-sender. [10 nepBoMy coeamMHEHUIO nepepatoTca Gpannbl
C AaHHbIMW, MO BTOPOMY XXYpHanbl

» MO>XHO OrpaHMuYnUTb CKOPOCTb pe3epBUPOBaHUSA NEPBOro
CoeaNHEHMS

* NWHULUMUPYET KOHTPOJIbHYO TOUKY Mepen Hayanom
KONWUPOBaHUSA

* CO3[3a€T ¢pannbl backup manifest W backup label
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YTunurta pesepsuposaHua wal-g

» JOMNOJIHUTENbHO NocTaBndemoe ¢ Tantor Postgres
KNIMEHTCKOE NPUoXeHne

* icnonb3yeTcs And pe3epBUpoBaHns Knactepa n ¢annos
XXYPHanoB no npotokony S3

e nogaep>XuBaetT co3gaHue "genbta-Konmn"
(MHKpPEeMeHTanbHblIe KOMun)

e nogaep>XmBaeT orpaHNYeHNEe CKOPOCTU Pe3epBUPOBaHUS,
NpoBEPKY LEeNOCTHOCTU pannoB, HaCTPOUKY YPOBHS
napannenmama ana 3arpysku n Bbirpy3skun ¢pannos
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I1eMOHCTpaLus

» I3ameHeHune pasmepa WAL dannos
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[MpakTuKa

Co3pgaHune 6a30BON pe3epBHOU KOMUK KNnacTepa
3anyck ak3emMmnngapa Ha Konumu KnacTepa

. Gannbl XxypHana

. NMpoBepkKa LenoCTHOCTN Pe3epPBHON KOMUK

. CornacoBaHHagqa pe3epBHaa Konuga

. YoaneHune ¢pannoB XypHana

Co3pgaHune apxuBa XypHana yTunnTon pg_receivewal
. CMHXpOHHaA dukcauns TpaHsakumm nu pg_receivewal
. MnHUMmM3aumna notepb AaHHbIX TPaAH3aKLU UM

©ONOOUAWNS
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tr'c?ntor

/b

Jlornyeckoe pesepBupoBaHue
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ITornyeckoe pesepBUpoBaHMe

» popmMUpoOBaHUE TEKCTOBOro ¢panna nnu dannos
NO3BOJIAOLLME BOCCO34aTb OOBbEKTDI

o CoxpaHaeT 06beKTbl B TOM COCTOSIHUN, B KOTOPOM OHU 6bIN
Ha Ha4yasno BbIrPYy3Ku

* lcnonb3yroTca YTUNUTDI:
pg_dump

pg_restore

pg_dumpall

psql

koMmaHga COPY
KoMaHpga psqgl \copy

vV OV VNV VY
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[TouMepbl UCnoib30BaHUA

» [lepexon Ha HOBYHO OCHOBHYH BEPCUHO

» CMeHa napaMeTpoB KNnacTtepa, KOTopble He MeHAKTCA nocre
ero cosgaHuga

» [1poBepkKa LenoCTHOCTU AaHHbIX

» [lonyyeHue ckpunTta BOCCO34aHNUA OObEKTOB

» Pe3epBupoBaHue 06bHEKTOB

» BbIrpy3ka 4yacTu Knacrepa: otaenbHon 6a3bl gaHHbIX,
COLEPXXUMOIr0o CXeMbl U APYrnX 06 BHEKTOB
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CpaBHEHUe /IorM4eckoro n Gusanyeckoro

pe3epBUpPOBaHUS
BO3MO)XHOCTb n |o

BbIFPY3UTb COOEPKMMOE OTAEeSIbHOM 6a3bl JaHHbIX + |-
BOCCTaHOBSIEHNE YaCcTu OOBHLEKTOB + |-
BOCCTaHOBNEHME Ha NPOU3BOSIbHbLIM MOMEHT BPEMEHMU - +

He 3aBMUCUT OT Bepcumn, cOOpKK, NpomsBoauTens codTta + |-
obecneyeHne oTkasoyctomndmsocTu (Durability) - +
NCrosnb3yeT pensIMKauMOHHbIN MPOTOKOS - +
pe3epBnpoBaHmeE Nno cetu + |+
NPOCTOTa UCMOSb30BaHUS + [+
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KomaHga COPY .. TO

* Mcnonb3yeTca An9 BbICOKO3IPPEKTUBHOM BbIFPY3KU U
3arpy3Ku JaHHbIX B OAHY Tabnuuy

» MOXHO BbIFPYy3nUTb cofepXnumoe tTabnuubl nnn pesynbraT
nrobéon komaHabl SQL, Bo3BpallatoWen aaHHbIe

» [1aHHbIEe BbIFPY>XaroTCA B:
a) pann B pansioBon cucteme cepBepa
6) nepeparoTcsa Ha CTaHJapTHbIM BXoA, (stdin) yTunute
KOMaHOHOW CTPOKU cepBepa
B) CTaHOApPTHbIV BbiBOA, stdout. Ecnn komaHpga COPY
BbI3blBAaETCS Yepe3 ceTeBoe coeuHeHne, TO CTaHOaPTHbIN
BbIBO/, MepeaaeTcs Yepes ceTeBoe coegnHeHmne KIMeHTCKON

nporpamme
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KomaHaa COPY .. FROM

» 3arpy3ska BbIMOJIHAETCA B o4HYy Tabnuuy

» [laHHble 3arpy>karoTcs us:
> ¢daunna Ha XocTe rge 3anyweH aK3emnisap
> CTaHOapPTHOro BbIBOAA NMPOU3BOJSIbHOU UCMOTHAEMOM

nporpamMmmbl

> U3 CTaHpapTHoro Beoga stdin

» B npouecce 3arpyskm MO>XHO cpa3y YCTaHOBUTb NMPU3HaK
3aMOPO3KN CTPOK

» Mo>XHo 3agaTb onunoHanbHoe BbipakeHne WHERE. B
Bblpa>XeHNN HeNb3a UCNONb30BaTb NoA3anpocChl

* NpencrtaBfeHNe pg stat progress copy - OTC/I€XUBaHUE
PaboTbl KOMaHAbl U NMPWU 3arpy3Ke U Npu BbIrpyske

QﬂtOf

YyebHbin Kypc "Tantor : AoMuUHUCTpupoBaHune PostgreSQL" Mpynna Komnaxwuin Actpa, OO0 "TaHTop J1abc"© 2025 www.tantorlabs.ru 328



KomaHpa psqgl \copy

* \copy 3TO KOMaHpga psdql

* CMHTaKCUC NOXO0X Ha KOMaHAy COPY

e KOMaHAa UCMOoNIb3YyEeT HUXHUU PEFNCTP U YYBCTBUTESbHA K
HeMY

» HabupaeTcsa ogHON CTPOKOMU

o "' B KOHLUE KOMaHAbl CTaBUTb HE HY>XXHO

» paboTaeTt c pannamu Tam, rge 3anylleHa ytunumta psql,
kKomaHga COPY paboTaeTt ¢ pannamum 4yepes cepBEPHbIN

NpPOLECC Ha XOCTe cepBepa
o Anga 6onbwnx o6bemoB gaHHbIX COPY appekTnBHEE
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YTunuta pg_dump

* CO3[0a€T JIOrMYECKYIO pe3epBHYO KOoMnuto (gamr) 6a3bl AaHHbIX NN €€
4YacTu

*  BbIFpy>aeT AaHHble 0gHOU 6a3bl AaHHbIX COrMacoBaHHO - Ha OAWUH
MOMEHT BPEMEHMU

*  [ON4 BbIFPY3KW AaHHbIX U3 Tabnny, No YyMOJTHaHUIO UCMONb3YET KOMaHA4Y
COPY

° BbIFpYy>aeT B 04HOM U3 YeTbIpEX popmaTos: plain, custom, directory,
tar

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

- ans custom u directory napameTpom -Z MOXHO BblbpaTb anropmutm u
YPOBEeHb CXaTud zstd, 1z4, gzip, O

* MOXHO He co3aaBaTb pans, a Ucrnonb3oBaTtb rnaun (pipe):
pg dump napaMeTpel | psgl napamMeTpE
pg dump -F c napameTpel | pg restore napamMeTphl
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[TapannenbHaqa BbiIrpy3kKa

* BO3MOXHa TOJNIbKO B pexume directory

o KOJINYECTBO paboumx NpoLLeccoB 3a4aeTCs NapaMeTPoOM -
Un —--jobs

* MPEPBETCH, €CNu nocrie Havana BbIrpy3kn dOyayT AaHbl
KOMaHAbl, YCTaHaBJINBarOWNE 3KCKJTFOSUBHYHO 6J'IOKVIpOBKy Ha
BbIrpy>Kaemble 0ObeKThI

» Ha Bpems BbIrpy3KK YyCTaHaBIMBatOTCA ONOKNPOBKU ACCESS
SHARE Ha BCe BbIrpy>XaeMble OObEKThI

o |_|pl/l OOSIbLLUOM KOJSIMYECTBE OOBEKTOB MOXHO YBEJIUHYNTD
3Ha4YeHuda napamMeTpoB max locks per transaction,
max connections
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YTunuta pg_restore

» obpabaTtbiBaeT gamnbl B popmaTte custom, directory, tar
* MOXET co3aBaTb U3 apXMBOB TEKCTOBLIN pann dopmaTa plain
* MO>HO BOCCTaHOBUTb TOJIbKO onpepeneHns o6bLekToB, He
3arpy>as gaHHble yKasaB napameTp
--schema-only
* €CTb cneunduyeckmnin BapuaHT 3arpyskum ¢ nomMmoLlybro panna
"ornasneHua" (TOC, title of contents):
> chopmMupoBaTb hann ornaBneHUsa apxmea NapamMeTpom
--list
> 3aKOMMEHTMPOBaTb (yAannTb, NEPEMECTUTb) CTPOKM OO bEKTOB
> 3arpy3uTb apXxuB yKa3aB ornaeneHue --use-list
> O0ObEeKTbl, HE YKa3aHHble B OrnaBfieHUN, He ByayT 3arpy>keHbl
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Bo3MOXXHOCTU pg_restore

* MOX>XHO BOCCTAHOBUTb TOJIbKO onpeaeneHnsa oo6beKToB He
3arpy>asi oaHHble

* 3arpy3nTb OOBEKTHI TOIbKO YaCTU CXEM

* He BOCCTaHaB/MBaTb NMpaBa BNlageHus

e 3arpy>atb B Tab/iM4YHOE NMPOCTPAHCTBO NO YMOI4YaHUIO ANA
6a3bl AaHHbIX

* BOCCTAHOBUTb YaCTb CEKLUN CEKLIMOHNPOBAHHbIX TabnuL,

* BOCCTaHOBWUTb TOJIbKO YKa3aHHble Tabnuubl, NHAEKCHI,
npeacTaBlieHNs, NocnenoBaTenbHOCTU, GYHKLMUH,

npouenypbl, TpUrrepa

QﬂtOf

YyebHbin Kypc "Tantor : AoMuHUCTpupoBaHune PostgreSQL" Mpynna Komnaxwuit Actpa, OO0 "TaHTop J1abc"© 2025 www.tantorlabs.ru 888




YTunuta pg_dumpall

» Co30aéT eAUHCTBEHHbIN CKPUMT, NO3BOMSAOLWMN BOCCTAaHOBUTL 00pa3
BCEro Kjiacrtepa

» BbIrpy>kaeT obuwme o6beKTbl KnacTepa

» [locnepgoBaTenibHO 3anyckaeT pg_dump B pexume plain gna scex 6as
OAaHHbIX, KOTOPble HY>XHO BbIrPY3nUTb

o CKpuUNT TEKCTOBbLIN, COAEPXUT KOMaHAbl SQL

o CKpUNT MOX>XHO BbIMNOJIHUTb B psAl

» B cKpunte HeT KoOMaHAbl CO34aHUA KNnacTepa, KNnactep HY>XHO co34aThb,
3anyCTUTb 3K3EMMNNSAP U YKa3aTb Nobyro 6a3y AaHHbIX A4A9 HadanbHOro
nogcoeguHeHua psql

o Bosibllasi YaCTb NapamMeTpPoOB YTUMNTbI OTHOCUTCS K pg_dump, KOTOpbIn
byaeT 3anyckaTb YTUINTa

e BbIFpy>XaeT B 04UH NOTOK

» MOXHO Mcnosb3oBaTb nauvn (pipe):
pg_dumpall napameTpbl | psql napameTpbl
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Bo3mMo)kHoCTK pg_dumpall

° UMEEeT MHOIro napamMmeTpoB, 6oMbLIasA YacTb U3 HUX SIBNSIETCS
napameTpamm pg_dump

* MOXXHO BbIrPYy3UTb TONbKO 06LLMe 0ObeKTbl KnacTepa
--globals-only

* MOXHO BbIrPY3UTb TOSIbKO OMNMpeaeneHns posen
--roles-only

* MOXHO BbIrPY3UTb TONbKO onpeaeneHnst TabnmnmyHbiX
NPOCTpaHCTB --tablespaces-only

* MOXHO He BbIrpy>aTb YacTb 6a3 gaHHbIX
--exclude-database=wwabnoH

* He A06aBnATb B KOMaHAbl UMeHa TabnYHbIX MPOCTPAaHCTB
--no-tablespaces
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CTpoku bonblloro pasmMepa

» Twunbl gaHHbIX text u bytea MoryT XpaHuUTb faHHble pa3amMepoMm
no 16

» CTpoku paszmepom bonblue 16 moryT TpeboBaTb ocoboro
obpalleHuns

 [Monsa npu BbIrpy3ke B TEKCTOBOM BUAE MOTYT YBEIMUYMBATHCS
B pa3mMepax
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[lapameTp enable large allocations

« napametp CYB/[ Tantor Postgres, KoTopbin yBENUUYMBAET pasMep
StringBuffer c 1 rurabanta go 2 rurabaunt

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 yCTaHaBMIMBATbCA Ha YPOBHE Ceccuun n ytunmtamm pg_dump,
pg_dumpall

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

e npobnema BO3HUKAET CO CTpokou Tabnuubl config npunoxennun 1C:ERP,
KomMnnekcHaa aBToMmaTmnlaums, YnpaBneHue npom3BoaCTBEHHbIM
npegnpuaTmem
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I1eMOHCTpaLus

« ObpaboTKa CTPOK BONbLIOro pasmMmepa

QﬂtOf

YuebHbin kypc "Tantor : ApMUHUCTpUpoBaHue PostgreSQL" Mpynna Komnawui Actpa, OO0 "TaHTop J1labc"© 2025 www.tantorlabs.ru 338




[MpakTuKa

1. icnonb3oBaHWe yTUnuThbl pg_dump

2. ®opmart custom u ytunuta pg_restore
3. ®opmar directory

4. CXaTne n CKOpoCTb pe3epBnpoBaHnS
5. KomaHpa COPY
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antor

8a

dunsunyeckas pennmkauus

QﬂtOf
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dusnyeckasa pennmkaums

» OgunH ocHoBHOM (primary, master, BeayLwumn) knactep 6a3
OaHHbIX - OOMyCKaeT BHeCEHUE N3MEHEHUN B AaHHble

o OOuH N HECKOJIbKO pe3epBHbIX (standby, Begombix)
KnacTepoB

» Pe3epBHble KnacTtepa (pnsnyeckne pennmkm nam NnpocTo
PENINKN) NONYYaroT XYPHaNbHble AaHHbIE N MPUMEHSIIOT K
CBOUM pannam

» Pennuku moryTt obcny>uBaTb 3arnpocChl Ha YTEHUNE - PEXUM
ropsiyero pesepsa (hot standby)

» Pennukun aenarotcs ¢U3nYecKon pe3epBHON Konneun
OCHOBHOrO KfacTepa, Kotopasd 0bHOBNSIETCH
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MacTtep U pennuka

* MacTep U PenInKnM A0MKHbI MICMOMb30BaTh TY XX€ OCHOBHYH BEPCUIO
PostgreSQL

o KNacTep penmumpyeTcs LeNIMKOM
o AUPEKTOPUM TabNMYHbIX NMPOCTPAHCTB MOTYT OT/INYATbCH

MACTEP R/W PEMNMUKA R/O
@ E startup
walsender ————— walreceiver
‘ CLSN SN LSN
— f=_:\
uuuuu - I I==0
lllll -0 He=Q
lllll - (TN -]
rrrrr -0 1i6N1=0
WAL WAL
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Pennvku 1 apxuB XypHana

o O6bIYHO MCNoNb3yeTcs NOTOYHas penankKaums ¢
MCNONb30BaHMEM CJI0Ta pennkaunm: npouecc walreceiver
nogcoeauHsaeTca K npoueccy walsender

o MoXeT Ncnosib30BaTbCs apXUB XYpPHasnoB, 3arnosiHIEMbIN
KOMaHOou B napameTpe archive_command nnun ytunuton
pg_receivewal (co cnotom pennmnkauun)

o pernnmka MOXeT UCNOJSIb30BaTb M CMOT PenamKauum n ecnm He
CMOXET NoNy4YnTb Yepes Hero daun XypHana, To
OVPEKTOPUIO C apXMUBOM XYPHaNoB eCJin OHa eCTb
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HacTpouka MacTepa

» HacTpouTb BO3SMOXXHOCTb NoACOeAUHEHUA pensInK NOo
NPOTOKONY pennnkKauumn

» [1poBepuUTb 3Ha4YeHNA NapamMeTpPoB KOHUrypaLun:

wal level No ymMon4aHuto replica

max walsenders No ymon4yaHuo 10

max replication slots no ymosnyanuo 10

max slot wal keep size N0 ymMonyaHuto -16e3

OrpaHu4yeHnn, CTOUT YCTaHOBUTb OrpaHnveHmne

vV oV VWV
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Co3gaHue pennku

e CO3[aHue pe3epBHOU Konuu yTunmutoun pg_basebackup

* NapameTp -R ycTaHaBnmMBaeT KOHPUrypaunoHHblIe
napamMmeTpbl oNA penyinku

» napameTp --create-slot (-C) n --slot=umsa (-S) cospaét cnot
onsa yoep>xaHmna WAL->XypHanoB g0 3anycka aksemMmnndapa
PENINKU

* YCTAHOBUTb NMapamMeTp KoHpurypauumu cluster_name

e NPOBEPUTb 3HAYEHUNA NapamMeTpoB KOHPUrypauuun npueens
MX B COOTBETCTBME C BO3SMOXXHOCTAMMU XOCTa PennKu

» HacTpouTb cny>xby ons aBToMaTUYeCKOro 3anycka
aK3eMnndpa penimkn 1 3anyCTuTb 3K3eMMNNAap Peninku
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CnoTtbl pennukaumm

* UCMNONb3YIOTCA pernyinkamm
* CMUCOK CNOTOB B NpeAcCTaB/IeHUN pg replication slots
o @OyHKUMA co3aaHns
pPg create physical replication slot('mma')
o YpaneHue cnota noboro tuna
pg drop replication slot ('muma')
 Co3pgaHune Konun cnoTa
pg copy physical replication slot('mma',
'MMS CcO3maBaeMoro’)
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[TapameTpbl KOHPUTypaUUn Ha pennnkax

* Ha MacTepe He UrparoT posun, HO MOryT bbITb 3apaHee
YCTaHOBJIEHbI

* MHOIMe He MeHsoTCS 6e3 pecTapTa aK3eMMsipa PennKu

* MO YMOJIYaAHUIO:

* pennunka obcnyxusaeT 3anpockl (hot standby=on)

» obpaTHas cBA3b OTKNOYeHa (hot standby feedback=off)

o pensnka nMPUMeHSIET XYpPHalibHble 3anucu 6e3 3aaepXKu
(recovery min apply delay=0)
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[ opAaYvasn pennuka

° MO YMOJYaHUIo BKNtoYeHa (mapamMeTp hot standby=on)

* pensinka npMHUMaeT coeUHEHUSA U BbINOJTHSET 3anpochl

* yTunuta pg_basebackup MoXeT BbINONHATb pe3epBUpoBaHNE
penInkmn BMecTo Mmactepa (backup offloading)

* BPEMEeHHble Tabnunubl Ha penimke HeMb3s UCMOob30BaTb,
paclinpeHune pg_variables MoXHo

QﬂtOf
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O6paTHasa cBAA3b C MacTepPOM

» ObpaTHas cBA3b NO YMOJIYaHUIO OTK/KOYEHA
hot standby feedback=off

» 06paTHasa CBA3b yaAep>XMBAET rOPU3OHT OUYUCTKN BCErO
MacTepa B A/IMTEeNbHOCTb CaMOro JONroro 3anpoca Ha 6a3sax
PENINKN UM TPaH3aKuun (YpOBEHb TPaH3aKLMM
REPEATABLE READ)

» BmecTo obpaTHOM CBA3M MOXHO MCMNOMb30BaTh NapamMeTpbl
> max standby streaming delay U
> max standby archive delay
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MOHUTOPUHI FOPU3OHTA

o OueHKa ropusoHTa Tekyulen 6asbl JaHHbIX:

> backend_xmin n3 pg_stat_activity

> ONNTEeNnbHOCTb CaMOro AOMIroro 3anpoca WUnm TpaH3aKUuu:
max(now()-xact_start) ns pg_stat_activity

> Ctonbeu xmin npeacTtasneHus pg_replication_slots npwu
MCMONIb30BaHNN CNOTOB pPenIinKauum

> Ctonbey, backend_xmin npeactasnenus pg_stat_replication
Ha MacTepe - YTo nony4ynnu walsender no o6paTHOM CBSI3U

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
———————— e
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 KOIMYECTBE HOMEPOB TPaH3aKLUN, OTCTOSILLNX
OT TEKYLLEWN:

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;

e ANNTENIbHOCTb CaMOIl'o AOJIroro 3arnpoca Uin TpaH3akKuunu, KOTOprVI U ynep>xmBaet
FTOPU3OHT:

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;

° yaep>kaHune ropu3oHTa (yaoep>xmBatoT Ha BCcex 6asax) PUsnyeckumMmmn cnotamm
pennukaumu, ecnm BknroveHa obpaTtHasa cBsasb (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 peryimkax McKatb rnpouecchbl, BbiMoJIHAOLWLWMNE KOMaHObl, yAep>XnBarowne
FOPU3OHT MOXHO TaK XXe, Kak U Ha MacTepe - 3alNpOCOM 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 ymMonyaHuo -1 (6e3
OrpPaHNYEHNN) MaKCUMasbHbIN pa3mMep XYpPHanbHbIX ¢annos,
KOTOPbIN MOXET OCTaBaTbCA B KaTanore pg_wal nocne
BbIMO/IHEHUSA KOHTPOJIbHOW TOYKM AJ19 CNOTOB penankKauum

°* transaction timeout MO YMOJIYaHUIO HOJIb (TaVIMayT
OTKtOYEH). [M03BONMSET OTMEHUTbL NHOOYIO TPaH3aKLUMIO NN
OANHOYHYIO KOMaHAY, ANTENBbHOCTb KOTOPOMW MPEBbILLAET
YKa3aHHbIN Nepuno BPEMEHU, a HE TOJIbKO MPOCTanBatoLLYHO.
3alimulaeT oT yaep>kaHua ropm3oHTa 6asbl AaHHbIX U
pa3ayBaHua dannos (bloat)

QﬂtOf

Yyeb6HbIn Kypc "Tantor : AoMuHUCTpupoBaHune PostgreSQL" Mpynna Komnaxwuin Actpa, OO0 "TaHTop J1abc"© 2025 www.tantorlabs.ru 857



[TapameTpbl MacTepa, KoTopble A0KHbI 6biTb

CUHXPOHU3NPOBAHDbI C pernJyinkaMu
» Ecnn MeHATb 3HayeHusa aTux NapamMeTpoB Ha MacTepe, TO Ha

pennmkax aTn 3Ha4YeHUsa A0KHbl COOTBETCTBOBATb 3HAYEHUAM Ha
MacTepe

* IaMeHeHunsa B aTUX NapamMeTpax 3anncbiBatoTCA B XXYPHa

* €Cnu pennuka obHapy>XUT, UTO 3HAYEHME Ha MacTepe CTano
bonblle, TO HaNOXXEHUE XYPHaNbHbIX 3annMcen NPUOCTaHOBUTCS
NN 3K3eMNNsp peniMkm OCTaHOBUTCS

 Cnnucok napaMeTpoB:

e max_connections, max_prepared_transactions,
max_locks_per_transaction orpaHn4ymneatoT MakCUMasbHOE
KOM4YeCcTBO BNOKMPOBOK Ha YpOBHE 06BHEKTOB

» max_walsenders

* max_worker_processes

t";’ntor
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CMeHa ponen Mmactep-pennuka

» 3anNaHUpoOBaHHa“A Korga MmacTtep pabotocnocobeH Ha3bIBaAOT
switchover

» ecqn macTtep HepaboTocrnocobeH Ha3biBatoT failover

» ybegnTbCca YTO MacTep OCTAaHOBJMEH Nepen TEM KaK AaaTb
CUrHan ogHou N3 penyink ctaTb MacTepom

* UCKJTKOYUTb UNN MUHUMU3NPOBATb NOTEPHO TPAH3aKL NN

» pg_last_wal_replay_lsn() - >xypHanbHas 3anucb, KoTopas 6bina
BOCCTaHOBJ/IEHA NMoc/iegHeN

» pg_last_wal_receive_lsn() - nocnegHuin nony4yeHHbin LSN Ha
pennumke
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[loBbilLeHUE pennnuKu A0 MacTepa

* 3anyCTuUTb YTUNNTY pg ctl promote

* BbI3BaTb QYHKLMIO pg promote ()

e MOBbILLEHUE 00 MacTepa yBeNnnumnBaeT JIMHUIO BPEMEHU Ha
eanHunLy

* MU Nepexone Ha HOBYHO JIMHUIKO BPEMEHU B ANPEKTOPUN

KnacTtepoB PGDATA/pg wal CO30aETCA TEKCTOBbIN pann
0000000N.history
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dannbl UICTOPUN NIMHUIA BPEMEHM

» HaxopAaTtca B AMPEKTOPUN PGDATA/pg wal

* ViMeloT Ha3BaHMe 0000000N.history

e YpanaTtb 3T Gpansbl HE CTOUT

e MPW NOBbILWIEHNN PENNNKK OO0 MacTepa cO34aeTcs HOBas
NTMHUA BPEMEHU N HOBbIN pani UICTOPUN NMUHUN BPEMEHN

* UCNONb3YIOTCA YTUAUTAMKU N NpoLeccaMu B LENsixX
pe3epBMpoBaHUA U BOCCTAaHOB/IEHUSA

 3anpallmBaroTCa M NepepatoTca No NPOTOKONY perninkaumnm
HapaBHe Cc dannamm XypHanos

* pe3epBUpPYHOTCS HapaBHe C pannamu XXypHanos
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YTunurta pg_rewind

* CUHXPOHU3NPYET AUPEKTOPUIO PGDATA U TabMNUYHbIX
NPOCTPAHCTB C UCXOAHbIM KNacTepoM, B TOM 4Yncne
3aMeHseT pannbl NapamMeTpoB

* UCNONb3yeTCcsd And Toro, YTobbl BEPHYTb B paboTy ObIBLLNY
MacTep nocrne He3annaHMPoOBaHHON CMEHbI Posieun

e CMEHa posien gosmkHa 6bITb BbINOSIHEHA C NEpPeXo[oM Ha
HOBYO JINHUIO BPEMEHU

» TpebyeT BKNOYEHHbIX full page writes, MOACYETa
KOHTPOJIbHbIX CYMM (MM wal log hints)

e co3faeT ¢ann backup label B KOTOPOM YKa3blBarOTCH
napamMeTpbl 419 BOCCTAaHOB/IEHNSA COrNacoBaHHOCTU
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[lpoLiecchbl aKk3eMnnsapa Ppenimku

» postgres oCHOBHOM NpoLeCC, 3anycKaeT gpyrue npoLecchl,
NPUHNMAET CoeAUHEHNS

» checkpointer BbINOMHAET TOYKN pecTapTa

» background writer 3anucbIBaeT rpsiaHble CTpaHULbl Ha OUCK

» startup HakaTbIBaeT XXYpPHasbHble 3anmcun n3 ¢annos B
PGDATA/pg wal

» walreceiver npuHMMaeT NMOTOK XYpPHallbHbIX 3arnncen u
3anucbiBaeT ux B ¢annbl B PGDATA/pg wal

QﬂtOf
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OTno>xeHHas perJinkauusd

 MOX>HO YCTaHOBUTb 3a4,eP>XXKY ONS PeENINKU B NPUMEHEHUN
YKYPHalbHbIX 3annceu

e MO YMOYaHUIO 3a0EPXKKN HET

* YCTaHaB/IMBAETCA NMNapaMeTpoOMm
recovery min apply delay

e NapamMeTp yCTaHaBIMBAETCH Ha YPOBHE KflacTepa, npwu
N3MEHEHUN O0CTAaTOYHO NepeynTaTb panbl NapameTpPoB

QﬂtOf
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BoccTaHoBneHue noBpeXaeHHbIX 6/10KOB AaHHbIX

C pernjimku

» PaclwwmnpeHue page_repair cogep>XuTt GyHKLUUIO
pg_repair_page 419 BOCCTaHOBIEHUS NOBPEXOEHHbIX 610KOB

* 3a OWH BbI30OB npoLeaypbl BOCCTaHaBMMBaETCS 0AUH 610K

* MOX>XHO BOCCTAHOBUTb 6/10KK CIOEB Main, vm, fsm

» B MpoLecce BOCCTAHOB/IEHMS HA OTHOLLEHUE
yCTaHaBNMBaeTCad MOHOMOJ/IbHaA 6/IOKMPOBKaA

» O/I0K 3anpallnBaeTcs C PennkKn Yyepes coegnuHeHune

* NapamMeTpbl coeanHeHUs nepenaroTcs GyHKL MM

QﬂtOf
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I1eMOHCTpaLus

« Co3sfaHue pennuku 1 3anyck eé aksemMnnapa

QﬂtOf
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[MpakTuKa

Co3faHne pennnku

. Cnotbl pennukauunm

. \laMmeHeHne nMmeHun KknacTrepa

. Co3faHne BTOPOU pennkKu

. BbIbop penninkn Ha ponb MacTepa

. NogrotoBKa K Nepekto4YeHno Ha pensunky
[lepekntoYyeHmne Ha pensuky

. BkntoyeHune obpaTHOU CBA3MU

. YTunuta pg_rewind

©OONOOUTAWNS
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antor

8b

Jlornyeckasa pennukauus
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Jlornyeckasa pennmkauus

* noaaep>XuBaetT perinkauno N3AMEHEHNN B CTPOKaX OObIYHbIX
N CEKLUMOHMPOBAHHbIX TabnuL,

» Jlornyeckas u ¢pusmnyeckaa pennmkauma MmoryT paboTaTb
0QHOBPEMEHHO

» Co3paeTtca gBa Tvna o6beKTOB: NybnKauum n nognmncKu

» [lybnukaunsi BknrovaeT B cebst Habop Tabnuy, ogHon 6a3bl
OAHHbIX

» Habop Tabnuuy, MOXHO MeHATb 6e3 0CTaHOBKU peninkauuu

o Pennnumpyrotcs USBMEHEHUS, a HE KOMaHAabl

 OpgHa 1 Ta Xe Tabnunuya 6bITb UCTOYHUKOM N NPUEMHUKOM
N3MEHEHUN

QﬂtOf

YyebHbin Kypc "Tantor : AoMuHUCTpupoBaHune PostgreSQL" Mpynna Komnaxwuit Actpa, OO0 "TaHTop J1abc"© 2025 www.tantorlabs.ru 364




[IpMMEeHeH1e TorM4Yeckomn penmkKauum

icnonb3yeTca gna:

nepeHoca AaHHbIX B apPXMBHbIE MU aHaNUTUYECKMe 6asbl
OaHHbIX

KOHCONuaauuun gaHHbIX: nepeHoca AaHHbIX N3 pernoHasnbHbIX
6a3 JaHHbIX B LEeHTpaNibHYO

opraHusaummn pesepBHOU 6a3bl AaHHbIX Ha CNy4Yan NoTepu
OCHOBHOM

CHUXEHUA Harpy3kKn Ha 6a3y gaHHbIX 3a CYET NepeHoca
4yaCTuM 3anpocoB Ha pe3epBHble 6a3bl AaHHbIX

QﬂtOf
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dusunyeckas n normyeckas perJinkauusd

BO3MOXHOCTU NOrMYecKou penimkauymu:

* MOXHO pennunumpoBaTb Habopbl Tabnul, a He BeECb KnacTep
LLleJIMKOM

* HEYyBCTBUTENbHOCTb K OCHOBHbIM BepcusaM, nnatpopmam,
cbopkam

» NepenaroTca XypHalbHble 3annucK He BCero KnacTepa, a
TONbKO NO pennuunupyemMbiMm Tabnnuam

* €CTb ABYHanpaBfieHHasa penaukKaums

* XXYpPHanbHbIE AaHHble MOTYT NepefaBaTbCa C PU3NYECKOU
pPenInKu

QﬂtOf
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NaoeHTudUKaLmsa CTpokK

o 009 pennkaunm TonbKo BCTaBOK CTPOK (INSERT) u
TRUNCATE ngeHtTnpmnkatopbl CTPOK He HYXXHbI

o Ansi oBHOBNEHUA U yaaneHns CTPoK B Tabnuue OoskeH bbiTb:

e MEepPBUYHbIN KNOY

* NIN6O YHMKaNbHbIN MHAEKC U orpaHnydeHnuns uenoctHoctn NOT
NULL Ha Ka>XgoM 13 ctonouoB YHUKaNbHOro MHAeKca

e NMMB0 NCMNOJIb30BaTb BCe CTONOLbI A8 UaAeHTUPUKaumnm
CTPOKM
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Cnocobbl uaeHTUGUKaLMKN CTPOK

» Ecnn B Tabnuue HET NepBUYHOI0 K/oYa, HY>XXHO YCTaHOBUTb

Ccnocob naeHTUPUKaLUmM CTPOK KOMaHO,0M
ALTER TABLE wmms REPLICA IDENTITY

>
>

DEFAULT; WUCMONIb30BaTb NEPBUYHbLIN KITHOY

USING INDEX wmmsa; YHUKaANbHOro, He YaCTUYHOrO, He
OT/IOXKEHHOro MHAEKCA, Ha BCEX UHOEKCUPYEMbBIX CTONOLLAX
yctaHoBuTb NOT NULL

FULL; nepepaBaTb 3HAa4YEHUS BCeEX CTONOLIOB

NOTHING; ycTaHoBneHo gns Tabnuu cCUCTEMHOro KaTtanora, gns
NoNb30BaTENbCKUX TabnuLl He UMEET CMbICNa
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[lencteua ona cosgaHus NorM4eckon pennukaumm

» YCTaHOBUTb 3HayeHWe napamMeTpa wal level=logical Ha
MacTepe U PU3NYECKON PENNNKE K KOTOpou byaeT
NoACOEeAMNHATLCS Nognucka (M3amMeHeHne napamMmeTpa Tpebyer
PecCTapT aK3emnnapa)

» BblbpaTb Tabnuubl oNa penankaumm

* MPOBEPUTb HaNMUYMe NeEPBUYHbBIX KNHOYEN UNN BbIOpaTb
cnocob ngeHTnpmkaumm CTpok

e CcO3aaTb Tabnunubl B 6a3ax gaHHbIX-MPUEMHUKaX

e Cco3paTb Nybnukaumm Ha 6a3e gaHHbIX-UCTOYHUKE

e CO3[aTb NOANUCKWN Ha Ba3ax AaHHbIX-NPUEMHUKAX U BbI6paTh
napamMeTpbl MoAMUCKU

QﬂtOf

YyebHbin Kypc "Tantor : AoMuHUCTpupoBaHune PostgreSQL" Mpynna Komnaxwuit Actpa, OO0 "TaHTop J1abc"© 2025 www.tantorlabs.ru 369




Co3paHune nybnukauum

» BblOpaTb Tabnuubl, KOTOpble OYAYT BKNOYEHbI B O4HY
ny6nukauuo
» MOXHO yKa3aTb KakuMe KoMaHAbl 0yoyT pennnmuupoBaTbCa:
BCTaBKW, UBMEHEHUNE, YOaNeHNE CTPOK, yceyeHue Tabnuy
» B nybnmkaumo MOXHO BKIHOUYUTD:
> Bce Tabnuubl 6a3bl AaHHbIX
> BCe Tabnuubl B cxemax
> CMUCOK Tabnuu
» [1pu 3agaHnn cnucka Tabnmuy MoXXHO yKa3aTb Habop
CTONOLO0B U GUNBLTP AN CTPOK
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Co3aaHue noanucku

e [Nognucka co3paétcsa B 6a3e AaHHbIX roe HaxoaAaTCS
TabnMuUbl-NPUEMHUKN U3MEHEHUN

» Ka)kpgaa noanuncka gonyHa ncnosnb3oBaTb CBOU CNOT
fTorn4yeckou pennunkauum B 6ase gaHHbIX-UCTOYHUKE

o Tabnuubl ICTOYHUKA U MPUEMHUKA N NX CTONOLbI
COMOCTaBNAKTCA MO UMEHAM U OO0XHbI ObITb OANHAKOBbIMMU

» B Tabnuue-npueMHuUKe MoryT 6biTb AOMNONIHUTENbHbIE
cTonoubl. OHM MOTYT 3aNOJIHATLCSH 3HAYEHUAMMU MO
YMOJTYaHUIO UNKN TPUrrepamMu

QﬂtOf

YyebHbin Kypc "Tantor : AoMUHUCTpUpoBaHune PostgreSQL" Mpynna Komnaxwuit Actpa, OO0 "TaHTop J1abc"© 2025 www.tantorlabs.ru 371




Co3aaHue noanucku

» [1lpn co3gaHumM NOANMUCKN YKa3blBAaeTCHA CTPOKa COeaUHEHUS C
6a3oun nybnnkauum

» B ogHOM noannucke MOXHO yKa3aTb HECKObKO Ny6nankKauum
eC/lIn OHU B 0AHOW Dba3e

» [1pn co3gaHumn NOANMUCKN CTPOKU Tabnuu, nybnmkaumm MOXHO
ckonupoBaTb B Tabnuubl-npueMHUKN

» Jlornyeckasi pennukaumsi paboTtaeTt TONbKO Yepes CnoT

o CnoT MOXeT 6bITb CO34aH 3apaHee N yKa3aH Npu Co3aaHnm
noAanucKu

« CNnoT MoXeT 6bITb co3aH Npn co3gaHnUn NoarnmncKu

o [1o yMON4YaHUIO NMS CioTa TakKoe XXe KaK UMS MoanncKu
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Harpy3ka Ha aK3emMnnsap

« [nsa Ka)xgon NnoAnucKu 3anyckaeTca npouecc walsender,
BbIMO/HAKOLWUN 6y Pepunsauunto n normyeckoe gekoampoBaHue

NoANUCKU

)

tantor
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[lonyyeHune XypHarnbHbIX JaHHbIX C PEr/MKU

[Mpu co3pgaHum NOoANUCKN AO0CTAaTOYHO YKa3aTb agpec

dn3NYEeCKON pPENINKMU:
CREATE SUBSCRIPTION s CONNECTION 'dbname=wums

host=pennuku port=pennuxkmu' PUBLICATION p;

bydep

walsender —

bydep

o

perfka

noAnucKu

QﬂtOf
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KOHPNUKTDI

» KoHonuKT - ecnu npouecc logical replication worker He
MOXXET BHECTU M3MEHEHUSA U3-3a HapYyLUEHNSA OrpaHUYeHNI
LLeNIOCTHOCTU UK NO APYron NpudnHe

* pennunkauunsi BO BCen noanncke NpuocTaHaBINBaeTCS

» ABTOMATU4YeCKOro pas3pelleHna KOHQJIMKTOB HeT

* YCTPaHUTb KOHPUKT MOXHO BPYYHYHO U3MEHUB AaHHble UNU
NponycTuUTb (He NPUMEHSTb) TPaH3aKLUNIO, B KOTOPOWU
BbINOJIHAETCA KOMaHAa, npmBellasa K olnbke

* ITHpopmauuna o6 olnbke nonagaeT B fiore Kfacrtepa
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[1ByHanpaBneHHas penivkauus

» Ecnn mMeHATb 3Ha4YeHns 3TUX NapaMeTPOB Ha MacTepe, TO Ha
pennmkax aTn 3Ha4YeHUsa A0KHbl COOTBETCTBOBATb 3HAYEHUAM Ha
MacTepe

* IaMeHeHunsa B aTUX NapamMeTpax 3anncbiBatoTCA B XXYPHa

* €Cnu pennuka obHapy>XUT, UTO 3HAYEHME Ha MacTepe CTano
bonblle, TO HaNOXXEHUE XYPHaNbHbIX 3annMcen NPUOCTaHOBUTCS
NN 3K3eMNNsp peniMkm OCTaHOBUTCS

 Cnnucok napaMeTpoB:

e max_connections, max_prepared_transactions,
max_locks_per_transaction orpaHn4ymneatoT MakCUMasbHOE
KOM4YeCcTBO BNOKMPOBOK Ha YpOBHE 06BHEKTOB

» max_walsenders

* max_worker_processes

t";’ntor
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I1eMOHCTpaLus

» OQHOHanpaB/ieHHaqa pennnkauns
» [1ByHanpaBfieHHasa peniukKauus
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[MpakTuKa

1. Pennunkauuns Tabnuupbl

2. Pennukauna 6e3 nepBMYHOro Kro4a
3. [JobaBneHune Tabnunubl B Nnybnmkauuto
4. [1ByHanpaBneHHas pennmkauusa
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NKor

9
O630p lNMnatdopmbl Tantor
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CueHapun UCnob3oBaHUS

Knaccuyeckum

1.ITOCMOTPETb UMEIOLLLYHOCHA CUCTEMY
MOHUTOPWHIa, NokanusoBaTtb bottleneck (CPU,
RAM, Disk)

2> Mopkntountca K cepeepy no ssh
3. OTKPbITb TEPMUHANBHbIN KIUEHT pPsq

4 MpoaHann3npoBaTb CTaTUCTUKY Ha OCHOBE
CUCTEMHbIX NpeaCcTaBeHUN
(pg_stat_statements)

5.Hantn B dannax noros b/ nnaHbl 3anpocoB
(auto_explain)

6.Pa3amMecTnTb MHTEpeCyroLWMn NMiaH 3anpoca B
online Bn3yanunsatope

7.0npenenuTb NpobrieMHble onepauum B
3anpoce

8.NpUHATL pelleHune

YyebHbin Kypc "Tantor : AoMuHUCTpupoBaHune PostgreSQL" Mpynna Komnaxwuit Actpa, OO0 "TaHTop J1abc"© 2025 www.tantorlabs.ru

[MpoABUHYTHIN
1OTKpbITb NNatpopmy Tantor B 6paysepe

2. LleHTpanm3oBaHHO BbIGpaTb
Habnogaemyto b/

3. JlokannsoBaTb CNUCOK Hanbonee
PecypcoeMKmnx 3anpocos

2 OTKpbITb Nor b/ 3a HTEpPECYOLWMN
NHTEpBas BPpeEMEHU

s OTKpbITb BU3yasbHbIA MaH 3anpoca

6.|_|p0‘-II/ITaTb pekomMeHgaunn no
onTMMmM3aunu

7T'1pUHATL pelleHue

QﬂtOf
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NHCTPYMEHTbI MOHUTOPUHIa

YHuBepcanbHble CUCTEMbl MOHUTOPUHTa, M naTd)opma "Tantor"
HeaganTupoBaHHble ans PostgreSQL

ﬂ - “ S— i Yhic WA 4ps L

U hew relic

AN | * 458 NV 1468 N\ 72KBfeec
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[ThaTtdopma Tantor

o OyHKUMoOHanbHoe N0 ¢ rpadnyeckMmM Nosib3oBaTENbCKUM
MHTEpPencom, coszgaHHoe Aand ygobHoro
agMUHUCTPUpOBaHUA KnacTepoB PostgreSQL

» Heobxoanma opraHm3aumnsam, KOTopble NCNOMb3YIOT
MHOXecTBO b/l, KaXkgasa U3 KoTopbiX 06CNy>XUBaAET
onpeaeneHHyo NHOGOPMaLMOHHYO CUCTEMY UNN CEPBUC

» Poccumnckmne KomMmnaHum nepexogaT Ha POCCUNCKUE aHanNoru

QﬂtOf
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HacTpounku nonb3oBateneun

» YnpaBneHne nonb3oBaTeNsaMN U UX PONSMU

TantorLabs.ru

e0e () ul B [+
Qntor Configurations > All users @ b —o °

WA NONb30BATENA MM NONb3OBATENA ALPEC 3NEKTPOHHO NOYTbI ™n ABNAETCA BNADENLUEM AKTMBHA rPYANbI

1 admin /" mail.com NlokansHblit @ 3 Or

2 admin /' mail.com NokansHblit O 4 Or

3 adminad  / mail.com Nokanewsit -~ (O 3 or

4 admin289058 £ mail.com Nokansrit O 2 Or

5 adming78979798798 /' mail.com Nokanshsit O 1 o

7 admin778 /' mail.com NokanbHblit O 1 Or

9 admindd /' mail.com Nokanshsiit (O 1 or

10 adminad /' mail.com Noxanshsin O 0 or
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Pabo4yune npocTpaHCTBAa

» YnpaBneHue akdemnnapamu PostgreSQL n knactepamu
Patroni —

o0 < ) g t 5 |,;
)
tantor  Werkspac
mmmmmmmmmmmmm Q =
Tantor SE 15.2 Tantor SE 14.6
=2 D0 A1 =2 B2 02
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O630p aKk3eMnnfapa

» KoHconunpauusi Bcen BaXxHOU MHPopmauum ob MHCTaHce
PostgreSQL 1 e€ npencrasneHne B ynpoLleHHOM Buae

o0e® (>

TantorLabs.ru

tr'c?ntor

@ overview

3= CONFIGURATIONS
49 DB INSPECTOR

) QUERY PROFILER
;23 CURRENT ACTIVITY
4 REPLICATION

2 TABLESPACES

CHARTS

@ MONITORING CONF

ADVANCED
= ANALYTICS

B Tasks

Tantor SE15.2 »

sec par sec

Cluster > main_15

-db-004. labs.ru: 54:
Instances » demo-db-0o \anmra:s ru; 5432

Max connections 50

8 A 0.24ms

20105 11:1.

ethers

® SELECT clock_timesta...

NN

20081118 20081123 20051128 20051133 20051138 2006 11:43 20005 11:48

® WITH nspjs AS ( SELEC... @ SELECT p.shared_lib, c...

select mdS(array_agg(c... @ WITH nspjs AS ( SELEC...

loadl

Total ram 1.9 GB
0.35 A 116B
Total storage 88.4 GB :
88.4GB AP 3 MB/Sec

Overview

Ve Ay

4tps
\ J\ N 16.9 MB/Sec
< 1of2 >
\ 9 blk/sec
0B/Sec
AN A 3.4 MB/Sec
< 1of2 >

max workers 4

0

Emergency
Autovacuum
241MB 1525 MB
0.00 +0.00"
100 % 100 %
Alerts  System hints

No open alerts

View all messages
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Knactepa Patroni

« Busyanusaumsa n HarnagHoe ynpaBneHue knactepamu Patroni

TantorLabs.ru

ece () TU@F'

tontor Tantor SE 15.2 Clusters > main15 > Monitoring &

ey Nay3a/06cnyxueaHue
partial since 2024.04.27 12:49 Y- y

3.86 GB 4 236 GB 3.0.2 15.2 2/2 11
10.128.0.36 10.128.0.37 [NoGasuTs
RUNNING RUNNING 3K3IEeMNNAp B

MASTER REPLICA knactep

WnTepsan BuIGOPKM MCTOPMYECKHX AiaHHbIX MocneaHue 30 MuHyT "7':':
VameHeHue poneil ak3emnnspa

B no_data sync_standby replica stancby_leader [} leader

%1000 _

10.128.0.37

1610 161 1692 1613 1614 1615 1616 1647 1618 1818 1620 1621 1622 1623 1624 1625 1626 1627 1628 1629 1630 1631 1632 1630 1634 1635 1636 1637 1638 1630 1640

WcTopus u3aMeHeHui cTaTyca yana Knacrepa

A
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[MpodnNUpoOBLLKK 3aMpOoCoB

» OTcneXkxmBaHue napamMeTpPoB BbIMNOJIHEHNSA 3aMNPOCOB U UX
nfaHbl Ha BbIDPAHHOM NMPOMEXYTKEe BPEMEHMN.
» AHanus n BbiiBNIeHUE NpobnemMHbIX 3anpocos B b/1

® ® ¢ ) TantorLabs.ru i G I B
|
fo)ntor Tantor SE15.2 ~ > Cluster > main15 > Instances > 9eme-db-003.antorlabs.ru:5432 . query profiler > e4463da039cba34c3ba... e 30 mu o °
CTATMCTHKA  nAAHSI
os3op anar

3% HACTPOMKM

OBCAYKMBAHME

MCCNERDBATS 64

g rPosnnApoaunx [
3ANPOCOB 2500 -

TEKYWAR
4 prumocTs ] ] =

2 PENNUKALMA

TABNAYHBIE

NPOCTPAHCTBA wos 12

Lal rPAGMKH
NONYYEHD M3 CUMTAHO 3ANUCAHO
HACTPORKM xaw OBUIEE BPEMSA BbI30BS! BPEMA LNY BPEMA /0 BYOEPA B/I0KOB /10KOB CTPOKM TPEHA
MOHWTOPMHIA
PACWMPEHHAR . 69:31:15 39597 38.2h Nn2739124 1568742142 228669355 1235041 3081241148
AHANMTUAKA
3A0A4M
il 11530717e50e2408¢7207992a53e8a12 03:58:35 1596 3.83h 527794 102665777 24799101 150514 712228820
By 502904620696 02:06:12 962 1.37h 2634385 931893 14674331 277373 237216170
BY 565608846b5abbaB047alcadaf1daBee 00:01:42 13 1.65 min 3669 815935 233541 424 3247670
B 73741821c3d0914 eeelci2ed6cad382b 13:40:51 5793 13.01h 2399976 201087222 98892132 702261 1932807029
[l 872015340d77d66074757876d2a23a09 03:24:00 1524 3.25h 524375 99682015 20128101 16899 244902249
<l
+ 06:45:55 3189 427h 8975963 302454244 46008956 1002131 746544689
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Pennukauus

» OTOB6paXkeHne cocTosAHUSA pennmkaumm Ha Primary cepBepe, u
Ha cepBepe Standby

ety TantorLabs.ru i -
to’ntof Tantor SE15.2 » > Cluster > main_15 > Instances » deme-db-003antorlabs.ui5432 , pepjication L4 o
o FOPAYMA PE3EPB  CNOTbI
& O0B30P —
= HACTPOIIKM CTATYC IKIEMNNAP COCTORHME PEXUM OBLIAR 3ANEPXKA
% OBCNYKMBAHME ] Tantor_Pg (15.2):10128.0.37:5432 streaming async 0

4° MCCNEAOBATL BA
3nemenTos Ha CTpaHuue | 50 v 1-1m31

, NPOOUAMPOBLINK
“ 3anpocos

r— TEKYWAR
A2 AKTMBHOCTD

4 PENIMKAUMA

- TABAMYHBIE
NPOCTPAHCTBA

L4 FPAGMKM

HACTPOMKM
' MCHUTOPHHIA

PACWHPEHHAR

= AHANMTUKA

B 3anaum

g
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TabnnyHble NPoOCTpaHCTBa

» KOHTpPOJIb 3aHMMaeEMOro MmecTa TabJIM4YHbIMU NPOCTPAHCTBaAMMU
B 6a3e AaHHbIX ¢ ¢ o o @

fo]ntor Tantor SE15.2+ > Cluster > main5 > Instances > demo-db-003.antorlabs.rui5432 , apjegpaces : °°

-~
~

€ osaop
AOCTYNHbIA OBBEM [N MOHTUPOBAHMA OBLMI OBLEM AANA MOHTUPOBAHIA

HAIBAHWE TABNM4HOTO NPOCTPAHCTBA MOHTHPOBATD PAIMEP TAB/IAMHOTO NPOCTPAHCTBA

P HACTPOIKN
pa_global 532 KB 107 GB 118 6B

OBCNYXUBAHUE
/ 2GB 107 GB 118 GB

pg.default
WCCNEACBATL BA

, NPOGHAMPOBILMK
* 3ANPOCOB

) TEKYWAR
AKTHBHOCTb

PENNMKALMA

Qusnmm:
NPOCTPAHCTBA

L rPAGMKM

2 HACTPOMKM
” MOHMTOPUHIA

= PACLWMPEHHAR
= AHANUTUKA

) 3AANM

pynna Komnaxwui Actpa, OO0 "TaHTop J1a6c"© 2025 www.tantorlabs.ru
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OnoBeLlleHusd

o QopmMunpoBaHue yBeaoMAEHUN O KPUTUYHbBIX cUTyaumsax ¢ b

TantorLabs.ru

000 () b o
Qntor Alerts e °
Y
WA BPEMA CO3AAHMA PABOYEE NPOCTPAHCTBO PECYPC KPUTUYHOCTb TPUFTEP CTATYC
168685  17/05/2024 12:52.00 Tantor SE 14.6 10.128.0.34 Mpeaynpexaenne CPU IOWait Time > 20%, Last value: 24.5% OTKpeITO H
168687  17/05/2024 12:52.00 Tantor SE 14.6 10128.0.34 Mpo6Gnema Cache Hit Ratio OTKpbITO :
168686  17/05/2024 12:52.00  Tantor SE14.6 10.128.0.34 MpoBnema Cache Hit Ratio < 80%, Last value: 59.05% OTKpbITO H
168684  17/05/2024 12:51.00 Tantor SE 14.6 10128.0.35 Mpeaynpexaenue CPU IOWait Time > 20%, Last value: 27.6% OTkpbITO H
168683  17/05/2024 12:51.00 Tantor SE 15.2 10.128.0.36 Mpepynpexaexne CPU Load Average AVG 1 minutes > 150.0%, Last value: 199.00% OTKpLITO H
168681  17/05/2024 12:42.00  Tantor SE 15.2 10.128.0.36 MpoBnema Cache Hit Ratio < 80%, Last value: 53.50% 3aKpbiTo = ABTOMATU4ECKOR BOCCTaHOBNEHHE H
168682  17/05/2024 12:42.00  Tantor SE15.2 10.128.0.36 Mpobnema Cache Hit Ratio 3aKpbiTo - ABTOMATH4ECKOe BOCCTaHOBNEHNe H
168680  17/05/2024 12:42.00 Tantor SE 15.2 10.128.0.36 Mpeaynpexaexue CPU IOWait Time > 20%, Last value: 36.0% 3aKpLITO - ABTOMATHUECKO® BOCCTaHOBNEHHE H
168679  17/05/2024 12:41.00  Tantor SE 15.2 10128.0.37 Mpeaynpexaenue CPU IOWait Time > 20%, Last value: 22.4% 3aKpLITO - ABTOM3TUMECKO® BOCCTaHOBNEHHE H
168677  17/05/2024 12:32.00  Tantor SE 14.6 10.128.0.34 Mpo6nema Cache Hit Ratio < 80%, Last value: 59.95% 3aKpbiTo - ABTOMATH4ECKO BOCCTaHOBNEHHE H
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KoHdurypauma MOHUTOPUHra

» HacTpounka crnnckoB 6a3 gaHHbIX Aa8 MOHUTOPUHrA.
» HacTpowuka TpurrepoB gns Ka)xgomn 6a3bl JaHHbIX

® ® ¢ ) TantorLabs.ru M & P T
tantor Tantor SE15.2« > Cluster > main15 > Instances > deme-db-003.tantorlabs.ru:Sa32 , nyonitoring Config o °
% 05308 CRMCOK 6A3 QAMHBIX  TPHITEPH
3 HACTPONKM Y a

OBCNYXUBAHNE 2 2 2

#© MCCNENOBATL BAL

NPOBMIMPOBUINK
< 3anpocos
cTATYC BA3A RAHHBIX PAIMEP EAZbI QAHHBIX ATEHT WMEET AOCTYI?
TEKYUAR
AKTUBHOCTb
test_db 1568 Na
¢ PENNMKAUMA
TABNMUHBIE postgres 73MB fa

NPOCTPAHCTBA
TPAGUKM

o HACTPORKM
MOHUTOPHHIA

= PACWIMPEHHAR
AHANMTUKA

A 3AmAYM

391
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AHaNnUTUKa

» C6op, aHanu3 n Busyanmsaumsi coobITn 13 fioros 6a3bl gaHHbIX

® e ¢ ) TantorLabs.ru [T_] g H._

QﬂtOf Tantor SE15.2 » > Cluster > main_15 > | dema-db-003 tantorlabs.u: 5432 ,  pgyanced analytics e °

24052024
0B30P

s =- 123720 © 23721 yKamUTE GUILTE x
3 HACTPOAKH
OBCNYKHBAHME PSA  PSe pidstat active = 1] idle = 8| pcero=9
p dbnam: backend xact / m n angs
" WCCNEAOBATL BA -
0, MPOSUAMPOBIIMK 8090 postgres 333482ms : A 127001 334, 134,000ms active SELECT clock_timestamp(), * FROM pg._stat_get_activity(NULL);
* 3ANPOCOB e N
TEKYWAR BO9! postgres - 27001
%2 AKTHBHOCTH
PENMUKALMA 8092 test.db - 127001 40241 62277ms idle
TABNMUHBIE
NPOCTPAHCTBA 8104 postgres o 127001 422167 422.386ms idle SELECT clock_timestamp), * FROM pg._stat_get_activity(NULL;
46 rPAGHKY
8105 postgres 27001 298 4 365m:
2, HACTPORKM
MOHWUTOPUHIA
18106  test_db 127001 68 ms idle
@ PACWNPEHHAR
AHANATHKA
D 3ARAYM RERE posi (v 127001 4013 215000ms idle SELECT clock_timestamg(), * FROM pg_stat_get_activity(NULL);
#9120  postgres S 127001 g y 2078ms idle
18121 test.db e 127001 die
3
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AKTUBHOCTU GOHOBbIX MpoLieccoB

o OHNaNH-MOHUTOPUHI COCTOSAHMUA NONIb30BaTE/IbCKNUX CECCUN B
6a3e gaHHbIX PostgreSQL

TantorLabs.ru p—
o000 ¢ > h a [+
t‘ujntor Tantor SE15.2 + > Cluster > main15 > Instances > demo-db-00dtantorlabs.u:5432 , yoyyyiag axTuaHoCTs > test_db °
@ ossor BHIOMHENME  OXMAAHME  JAGTIOKMPOBANO v

3% HACTPOWKM

# WCCNENOBATH 6
\. NPOGUNMPOBLIMK 26203 postgres NIA 165 NIA NIA Het Her [idle ] 55.94 sec WITH nspis AS (
~ 3anpocos

) TEKYWAR

A% AKTMBHOCTB 26278 postgres N/A 1.41 NJA N/A Het [idle | 17.2 sec WITH nspjs AS (

¢ PENNMKAUMA

— TABNMUHBIE
NPOCTPAHCTBA

rPAGHKM

o HACTPOMKN
MOHUTOPMHIA

PACIIMPEHHAR
AHANATHKA

IALANM
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HacTpouku

o [1pocMOTp U n3MeHeHne danna KoHpurypauum postgresql.conf,
N KOHPUrypaumm KrnactepHoro nporpamMmHoro obecneydeHums
Patroni oo oo lm

o T: E15.2 v i ity
tontor antor SE 15. Clusters main15 > Configuration °

NAPAMETPbI PATRONI  NAPAMETPbI POSTGRESQL.

urypauns Q v IpMMeNNTS HOBME HACTPORKN
™n TAPAMETP TEKYUIME SHAYEHUS PEKOMEH/1YEMBIE 3HANEHWA
Autovacuum
autovacuum on Vi o o
autovacuum_analyze_scale_factor 0.0007 7 0.0007 0
Number of tuple pdate otes o f "
autovacuum_analyze_threshold 520 3 529
[ n f tupl o olote Iyze Z °
autovacuum_freeze_max_age 500,000,000 7 500,000,000 0
autovacuum_max_workers p
_max_\ 4 4
autovacuum_multixact_freeze_max_age 800,000,000 Vi 800,000,000 (]
autovacuum_naptime 15 ] 15
Timet between aut ; < : °
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AHann3 cxembl AaHHbIX

» AHann3 cxembl gaHHbIX 6a3bl PostgreSQL

TantorLabs.ru

e0® () M ul I’_I_
: . s e G e
& oo 7

g ossop 24/05/202412:37 HOSHIE A

postgres UTF8 pg_default No Limit

tQ)ntof Tantor SE15.2 ~ > Cluster > main15 > Instances » 9emo-db-003 ""“’"':s""' 5432, pBinspector > test.db Mocnea

3= HACTPOWKM . v
# OBCNYKMBAHNE a6nm ACTUUHBIX UHAEKCOB
* Mingexcel Tabnmy ¢ snauennamu NULL > 50%
0 ncenenosaTs 64 o e
l 3 6 13 > Camble Gonblume TabAULL
0, NPOGUANPOBIIMK
* 3anpocos
? Tabnuubi C HHAEKCAMM MAKCUMANEHOTO Pasmepa
TEKYWAR
M2 AKTHBHOCTb : ' " ' U > Ton 3anucHIBaeMbIX Ta6AMY
¢ PENNUKAUMA > Ton uuTaembix Tabnuy
1,522 MB plpgsql(1.0) hash(1) c(13)
TABNMYHBIE . . > Tabnuubi ¢ HAUGONBLUWM PA3AYTHEM
NPOCTPAHCTBA
LIMM KON-BOM
CKBMMDOBAHMHA
L FPAGUKM y : PALLE A S r MR : :
TabnuLLb C HELONYCTUMBIMA HHBKCAMM
Bl \/\Iv\f\/\/\/\/\/\/\;\/\f\/\ WWAWVWWWWWWWWA /\AI\ANVU\MMAA/\
™ MOHWTOPMHIA * Tabnuus C HENCNONS3YEMBIMA MHACKCAMM
PACWHPEHHAR ThBARIL & ok
= AHANUTUKA e
s } ¥ H ¢ 1 ] s » TaBnuusi ¢ BHEWHIMM KNo4am Ge3 nHaeKcos
B sanaum : E 3 : c : :
5 Tabnuus y KOTOPLIX TR ABHHSIX BHELIHErD K/KHa
OT/MYEH OF MCXORHOD
5 TabnML! C HUIKHM KOIPOHLMEHTOM OBHOBNEHHR
HOT
5 Tabnuus ¢ BOIMOXHBIMK NpoGnemamm Npu
7 2 s asToaHanule
® ¢ " ¥ Tabnuusi ¢ BOIMOXHBIMK NPOGNEMaMN 2BTOOUHCTKM
i i Asapuivian
I Ta6niLsl 663 yHUKAbHBIX MHR
«
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PernameHTHOE obCcny>XuBaHue

» VlcnpaBneHue pPa3fyTus Tabnuu U MHOEKCOB, a TakKXe
YCTpaHeHUe rnepenosiHeHnd C4eT4nKa TpaH3aKLLMm

® ® () TantorLabs.ru ] &l [
fQ)ntOf Tantor SE15.2» > Cluster > main15 » Instances > Jeme-do-003amiorlabsrui$432 , npaintenances > Table Bloat °
PA3AYTUE NOCNELHAR ONEPALIMA MOCNEQHAR ONEPAUMA
0B30P B assame tasnnus PAIYTHE . PASMEP OUMCTHTL  CTPOKH ABTOQUMCTKA OHHCTKM
¥ HACTPOMKM O  eublicstock_items 3 me 869 75ME 342MB 5260787  2024-05-24 12:31
2% OBCNYKMBAHME
O  eublicorder_items_2 136 k8 038 35 M8 34 MB 1000000
G MCCNENOBATL BAY
gy MPOOHAHPOBLINK public.order_ftems 1 16 kB 03 5312kB 5MB 150001 -
IANPOCOB
| TEKYWAR
ArTmErocTs information_schema.sql features 8102bytes 125 64kB 56 K8 714 -
PENMKALMA
TABHYHbIE pg_catalog.pg_description 8192bytes 227 352kB 344 K8 5070 -
NPOCTPAHCTBA
L& FPAGHKM
pg_cataleg.pg_amop 0 bytes 0 56 kB 56 KB 945 -
HACTPOMKH
% MOHUTOPHHTA
= PACLIHPEHHAA O  pocataiog.pg amproc Obytes 0 40k8 40KB 607
AHANUTHKA
1
MDA O  po_catalog.pg_auth_members 0bytes 0 B 8K8 3 -
bytes
[0  eo-catalog.pg_cast Obytes n 18 n 16 K8 220 -
[0 ANALYZE
O  pocatalog.pg depend Obytes O DISABLE.PAGE.SKIPE 1) yp 1835 -
[0 rreeze
3nemenToB Ha cTpanuye | 10 1-10 w319 > )l [J INDEX_CLEANUP
[0 SKIP_LOCKED
[J TRUNCATE

BuibpanHsie: 4 feficTane: VACUUM AI 3anycTuts 06cAyKHBaHHE '
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[1naHUpOBLUUK 3a4aM

» ABTOMaTU3aUUA U NNaHUPOBaHUE BbIMOMHEHUA Pa3NNYHbIX
onepaunn. HacTpownka 3anycka AencTenm no 3agaHHoMy

pacnucaHuto, BKIKOYaAET BbIMNOSIHEHNE CUCTEMHbIX KOMaHL Unun
SQL-ckpuntoB Saal > ne

Qntor Tantor SE14.6 Tasks o °

3ANYCKOB JANVILEHO

QﬂtOf
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Kypc no Nnatdopme Tantor

» BoamoxkHocTu lNnatpopmbl Tantor nayvarotca B y4eOHOM

Kypce
> ANUTENbHOCTb Kypca 2 OHSA
» Tembl Kypca:
> BBepeHune
[ToarotoBKa K paboTe

>
> MOHUTOPUHI

> 3afaun KOHOUrypupoBaHusa U o6Cny>XxmBaHus
>

YcTaHoBKa [Nnatpopmbl U AreHTa

QﬂtOf
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tr'c?ntor

10
HoBble BO3MOXHOCTU Tantor Postgres 17 Bepcun

QﬂtOf
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Tantor Postgres - BeTBb PostgreSQL

CYb/[ Tantor Postgres BkntoyaeT B ceb4:

BCE BO3MOXHOCTM "BaHUNbHOro" PostgreSQL
BO3MOXXHOCTU, KOTOPbIE NOABATCA B 6ByAYyLLUX BEPCUAX
PostgreSQL

OOMONHUTENbHbIE PpaCLUUPEHUA N YTUNUTDI

nameHeHuda B agpe PostgreSQL, KoTopble HY>XHbl A4n4
BbICOKOHarpy>eHHboix CYB/ n npunoxeHun, GopmMmnpyroLmnx
croXxHble 3anpockl (1C:ERP)

COOCTBEHHbIE A0PabOTKM

QﬂtOf

YyebHbin Kypc "Tantor : AoMuHUCTpupoBaHune PostgreSQL" Mpynna Komnaxwuit Actpa, OO0 "TaHTop J1abc"© 2025 www.tantorlabs.ru 400



[opaboTkn B Tantor Postgres

o [opaboTKkn No3BONAKOT YAYYLLUUTb NPOU3BOANTENBHOCTb U
OTKa30yCTOMYNBOCTb NPU MPOMBbILLUIEHHOW 3KCNyaTauum
» [lopaboTkn BHocATCA Tak, 4Tobbl Tantor Postgres
MUWHUMaASbHO OT/IMYancs oT oCHOBHOW BeTBU PostgreSQL
> BblOMpaeTcsa peanunsauus, KoTopass MMeeT HanbonbLIYHO
BEPOATHOCTb NMNOABJ/IEHUA B OCHOBHOW BETBU

> HaumMeHee MeHswasa kog PostgreSQL u ero HacTpouKu no
YMOJTYaHUIO

o AoMuHUCTpUpys Tantor Postgres MOXXHO NPUMEHATb ONbIT
agMUHUCTpUpoBaHua PostgreSQL

o TaHTOp Jlabc nsberaet gopaboTokK, KOTOpPble MO Obl
npussasaTb npunoxeHus ("vendor lock") n 3aTpyaHUTb
pPaboTy NpuoXxeHnm B BaHUNbHOM PostgreSQL

QﬂtOf
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[lononHutenbHble NapamMeTpbl KOHPUrypauum

» B Tantor Postgres 1/.5 ecTb 15 4ONONHUTENIbHbIX NAapaMeTpPOB,
BNUAIOLWNMX Ha co3gaHue 1 BbiIbop nNiaHOB 3anpocoB U GYyHKUMOHAN:

postgres=# \dconfig enable * backtrace on internal error | off
Parameter | Value enable delayed temp file | off
—————————————————————————————————————— t————— enable large allocations | off
enable convert exists as lateral join | on enable temp memory catalog | off
enable convert in values to any | on libpg compression | off
enable group by reordering | on wal sender stop when crc failed | off
enable index path selectivity | on pPg stat statements.sample rate | 1
enable join pushdown | on Pg stat statements.mask const arrays | off
enable self join removal | on Pg stat statements.mask temp tables | off

» [lapameTpsbl, nosiBuelunecs B PostgreSQL 17 sepcuu:

allow alter system, commit timestamp buffers, huge pages status, 1o combine limit,

max notify queue pages, ultixact member buffers, multixact offset buffers, notify buffers,
restrict nonsystem relation kind, serializable buffers, subtransaction buffers,

summarize wal, sync replication slots, synchronized standby slots,

trace connection negotiation, transaction buffers, transaction timeout, wal summary keep time

QﬂtOf
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PacwupeHua Tantor Postgres SE u SE 1C

» fAppa Tantor Postgres SE u SE 1C yHU¢ULMpPOBaHbI
> BCe BO3MOXHOCTU N pacwmnpeHnsa SE 1C ectb B SE
» Tantor Postgres SE n SE 1C Bkiro4aloT:

> pPacClWnpeHnNd credcheck, cube, fasttrun, fulleq, hypopg, mchar,
page repair, pg cron, pg hint plan, pg repack, pg stat kcache,
pg store plans, pg trace, pg uuidv/, pg wait sampling, pgaudit,
pgaudittofile, transp anon

> 6M6HMOTeKMckmm@des_decoding, cauth base validator,
online analyze, pg query 1id, pg stat advisor, plantuner, walZjson

> YTUIWUTbIl pgcompacttable, pgcopydb, pg diag, pg repack

e B OTAE€JIbHbIX NMaKeTax NMNOoCTaBIAKOTCA NMPOrpaMmMmsbl: pg anon, wal-g,
pg configurator, pg cluster, pg diag setup, pg sec check

o Tantor Postgres SE OO0MNoJIHNTEeJSIbHO BKJTKOYaeT paClLNpPEHUA:
> http, orafce, pgl ddl deploy, pgqg, vector, pg archive,
pPg columnar, pg 1vm, pg partman, pg qualstats, pg tde,
pg throttle, pg variables, pg background

éz}“Of
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[MapameTpbl oNnTUMKU3aTOpPa 3aMpPocoB

B 1/ Bepcun Tantor Postgres noaBunocb 6 napamMeTpos,
KOTOPbIMW MOXHO BKJTFOUaTb ONTUMU3aUUKU NNaHUPOBaHUSA
3anpocoB

OnTMmn3sauumn No3BONAKT CYLLECTBEHHO YMeHbLUaTb BpeMs
BbINO/IHEHUSA BCTPEYatoOLWMXCSH Ha NpaKTUKe 3anpocoB
[TapameTpbl fobaBneHbl, YTOObI 6bina TMO6KOCTb HACTPONKM
ONTUMM3aTOPa 3anpPoCoB

[To ymMon4yaHuno onTMuMmn3aumm

BKJTFOUYEHbI postgres=# \dconfig enable *

Parameter

enable convert exists as lateral join
enable convert in values to any
enable group by reordering

enable index path selectivity
enable join pushdown
enable self join removal

QﬂtOf
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bubnuoteka pg_stat_advisor

* aBTOMaTUYECKU OOHapPY>XMBAET 3anpochl, rae niaHNpPoOBLLUK
HeOoOLeHMBaEeT UNKU rnepeoLeHmBaeT YNCNO BO3BpaLlaeMblX
CTPOK (actual rows oTnn4yaeTcs OT NNaHNPYEMbIX FOWS)

o Ecnun KoadpPpuuUMEHT pacxoxXaeHuns npeBbillaeT 3a4aHHbIN
NOpPOr co3faeT paclUUPEHHYO CTaTUCTUKY Ha Tabnuuy

set pg _stat _advisor.suggest statistics_threshold = 0.33;

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(1)
\dx

List of extended statistics
Schema | Name | Definition | Ndistinct | Dependencies | MCV
———————— o
public | t i j stat | i, J FROM t | defined | defined | defined
\i 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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[TapameTpbl enable_temp_memory_catalog u

enable_delayed_temp_file

°* enable temp memory catalog MO3BONIAET COXPAHATb
MeTagaHHble BpeMEHHbIX 06bEKTOB B JTOKaSIbHOW NaMATHU
TOro npouecca, KoTopbin paboTaeT ¢ HUMU U HE BHOCUTb
N3MEHEHUSA B Tabnunubl CUCTEMHOIO KaTtanora
> CKOPOCTb A0CTyna K MeTafaHHbIM y>e cO3JaHHON BPEMEHHOMW
Tabnuubl BblLLE
> CNocob XpaHeHUS AaHHbIX BO BPEMEHHbIX 06beKTax 1 cnocob
00CTyna K JaHHbIM HE MEHSAOTCH
* enable delayed temp file yCcKopseT paboTy c
BPEMEHHbIMK Tabnmuamun, No3BONAA He co3faBaTb paunsbl
BPpeMeHHbIX Tabnuu, Noka xBaTaeT NaMATU NOKalIbHOIro
bydepa cepBepHOro npoLecca
t";’ntor
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[MapameTp enable_large_allocations

o yBenunumeaet pa3mep StringBuffer ¢ 1 rurabanta o 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

* MOXXET yCTaHaBNMBaTbCA Ha YPOBHE CECCUN U YTUNUTAMMU
pg_dump, pg_dumpall

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

» Mpobnema BO3HMKAET CO CTPOKOW Tabnuubl config NpunoXXeHunn
1C.ERP, KomnnekcHas aBToMmaTtunsauua, YnpasneHue

MNPon3BOoACTBEHHDBIM MNMpenrnpuaTnem

QﬂtOf
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Anroputm cxXxatus pglz

» B Tantor Postgres onTMMn3npoBaH anropuTM CxaTusa gaHHbIX pglz

» OnTUMM3aunsa yganseT NnoTeHUManbHO U30bITOYHbIE onepauuu,
NOBbILLAA CKOPOCTb cxxaTua B 1.4 pasa.

» C)kaTne ncnonb3yeTcs TOMbKO 418 TUMOB AaHHbIX NepeMeHHon
LLUMPUHBI N UICNONIb3YEeTCHA NO YMOMYaHuo AN 60NbLUMHCTBA TUMOB
OAaHHbIX, KOTOPble MOryT UCMNOJIb30BaTb CXaTue

o ANroputm cxatusa pglz npumMeHsaeTcd no yMoJI4aHUIo ANa cXXaTtua

TOAST

postgres=# \dconfig *compress*
CoMCOK IapaMeTpoB KOHOUI'ypalLuMu
[TapameTp | BHaueHUe
___________________________ o
default toast compression | pglz
libpg compression | off
wal compression | off

QﬂtOf
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[MapameTp libpg_compression

* 3HaYeHMe No YMONYaHUIK of £

* onpependaeT CNMCOK Nogaep>XmBaemMbix anropUuTMoOM CXKaTug
CeTeBOro Tpapuka

e JOMYCTUMbIe 3Ha4yeHua: of £, on, 1lz4, zlib

* MO>XHO 3afaBaTb YPOBEHb CXaTUNA, HaNnpmMep:
alter system set libpg compression =
'1z4:1,z1ib:2"';

QﬂtOf
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[MapameTp wal_sender_stop_when_crc_failed

e CHM)KAET BEPOSATHOCTb Nepeaaydun noBpeXaeHHbIX XXYPHanbHbIX
3arnncen Ha peninku

* MO YMOJTYaHUIO OTKI/THOYEH

e MPW BKIKOYEHUN NpoLecchl walsender byayT npoBepsTb
KOHTPOJIbHbIE CYMMBbI XXYPHasnbHbIX 3anNnCeun nepen nepenadven
KnneHTam. Ecnn KoHTponbHas cymMma He coBMadeT, TO
npouecchl MOMbITAaOTCH NPOYECTb 3aNnUCb U3 XXYPHAJIbHOroO
6ydepa (WAL buffer). Ecnu B XXypHanbHOM bydepe yxe He
6ygeT 3annucu Uan KOHTposibHasi CyMMa He COBMNafeET, TO
walsender OCTaHOBUTCH

QﬂtOf
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[TapameTp backtrace_on_internal_error

» [lapameTp oTHOCUTCSH K rpynne Developer Options, To ecTb He
MCMNOJb3YyEeTCS NMPU NPOMBbILLIIEHHOW SKCMyaTaumm

» Ecnun aToT napamMeTp BKIHOYEH U BO3HUKAET OLIMOKa C KOAOM
XX000 (internal_error), To TpaccupoBKa CTeKa 3annucbiBaeTCs B
ONarHoOCTUYECKNU XXYPHan BMecTe ¢ cooblleHnem ob owwnbke
> OTO NOMIE3HO NPM OTNagKe BHYTPEHHUX OLLMOOK, KOTOPbIE 0ObIYHO

He BO3HUKalOT B paboyen cpene
» [10 yMON4YaHUIO BbIK/TFOYEH.

QﬂtOf

an
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PacwiunpeHune uuid_v7/

» pacwupeHune gobaBnaeT PyHKLMIO BbICOKOCKOPOCTHOM
reHepauuun uuid_v7/

e Uuid_v7/ reHepupyeT Bo3pacTarome 3Ha4YeHuns, 4Yto
NO3BONIIET UCMOJIb30BaTb ONTUMU3ALNIO BCTaBKU B UHOEKC
btree
> NPKN O4eHb 4YaCTblX BCTaBKaxX B CECCUUN BbICOKaA CKOPOCTb, HE

Me[nNneHHee, YeM c bigserial
> CTPYKTYpa MHOEKCa OCTaeTca onTuMasnbHOU U KOMMaKTHOM
» Uuid 3aHMMaeT 16 6aunT, bigint 8 6aunt
* NPUMeEpP UCMNONb30BaHUA:

create extension if not exists "uuid-ossp";

create extension if not exists pg uuidv7;

create table ttl (id uuid default uuidv7() primary key, data bigint);

create table tt2 (id bigint generated by default as identity primary key, data bigint);
select count(*), pg_indexes_size('ttl') from ttl;

QﬂtOf
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Pacwupenue pg_tde (Transparent Data Encryption)

« Peanusyet "npo3payHoe" wmndppoBaHne aaHHbIX (Transparent
Data Encryption)

» [1po3payHOCTb O3HAYAET, YTO K/IMEHT Nony4daeT U nepepaetr
He3alndpoBaHHbIe AaHHbIe

» He wnopyeT gaHHbIE B NaMATH (B BypepHOM KaLle) U npu
nepepaye No ceTu

» lLInppoBaHne BbiNnONHAETCA nNpoTokonamu: AES, Magma,
Kuznyechik, ChaCha20

« Dunanyeckas n normyeckas pennanmkaums nogaep XmBatoTcs

» Tabnuubl CUCTEMHOrO KaTtasiora He WwngpyroTca

* pg_rewind noka He paboTaeT ¢ 3awmnppoBaHHbiM WAL

« WAL wuopyrotca NOAMHOCTbHO

t";’ntor
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Bannpatop oauth_base_validator

» B Tantor Postgres 17 ectb cnocob ayteHTudpmkaumm oauth (OAuth 2.0),
KoTopbin nosasutca B PostgreSQL 18 Bepcumn
» OTOT cnocob NCNONIb3YEeT BHELLHIOK CNYX6Yy ong ayTeHTUUKaumu

« MeTop oauth BcTaBnsieTcsa B YeTBEpPTOE NoJie CTPOKKU B danne
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"

« [na ncnonb3oBaHusa crocoba ayTeHTUOUKaUMM oauth HY>XXHO Ha A3blke
C HanucaTb "Banupgartop”

» B Tantor Postgres 6ubnuoTteka c BanMgatopomM NOCTaBNsSETCH

» [lpumep ayTeHTUOUKaLMU B psql:

psql "user=alice dbname=postgres oauth issuer=http://1.1.1.1:80/realms/a oauth client id=userl
oauth _client secret=AbCdEf123GhIjKl1"

Visit http://1.1.1.1:80/realms/a/device and enter the code: XYZX-XYZO

postgres=>

QﬂtOf
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bubnuorteka credcheck

* WMcnonb3yeT OMbNnMoTeKky, KoTopass MOXET 3arpy>XaTbCs Ha YPOBHEe
knactepa (napameTp shared preload libraries) ¥ ofs 0gHOM
ceccuun (komaHaom LOAD credcheck)

» [lpu 3arpyske pernctpumpyet 30 napamMeTpoB KOHPUTYpaLUK,
KOTOPbIMU MOXHO 3aaTb MPOBEPKN CNOXHOCTU Mapons, 3aluTy oT
noabopa napond, napamMmeTpbl MOBTOPHOIO MCMONb30BaHMSA Naposieu,
CMUCOK POJIEN Ha KOTOPble MPOBEPKN HE AENCTBYHOT U T.M.

» B pacwmpeHmnmn 8 pyHKUUN N 2 NpeacTaBneHuns

« PacwunpeHue cpabaTbiBaeT Npu co3gaHnum ponum, nepemMmeHoBaHuu,
N3MEHEHMNA Napons, ayTeHTudunKaumu

postgres=# \dconfig credcheck.*

Parameter | Value
______________________________________ fom
credcheck.auth delay ms | O
credcheck.encrypted password allowed | off
credcheck.max auth failure | O

credcheck.whitelist |
(30 rows)

QﬂtOf
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Pacwupenusa fasttrun u online_analyze

» Yce4yeHune BpeMeHHbIX Tabnuy, obHoBndgeT Tabnuuy pg_class
« PaclwupeHue fasttrun cogepxut pyHkumto fasttruncate
>y pannoB He MEHAETCS Ha3BaHMe
> Ta6J'IVILI,bI CUCTEMHOIO KaTaJiora He MeHAKTCHA
> MOXEeT ucnonb3oBatbca BMecTo KoMmaHabl TRUNCATE
> paboTaeT TO/IbKO C BPEMEHHbIMU Tabnuuamm
» [locne yceyeHUa nnun gpyrux KoMmaHg MoXKHo cobpaTb CTaTUCTUKY
« [lna aBTOMaTU4yeckoro cbopa cTaTUCTMKM MOXHO UCMOMb30BaTh
pacwmpeHune online_analyze
> paclIMpeHne HacTpamBaeTCsa NapamMmeTpamMm KOHPUrypaumm

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, 0 estimated

total rows
INFO: analyze "tt" took 0.00 seconds
fasttruncate
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PaclumpeHne mchar

« [obaBnsaeT nogaep>XKy TmnoB mchar, mvarchar gns COBMeCTUMOCTHU C
Microsoft SQL Server
» [1na TvnoB mchar u mvarchar onpegenaeT ¢yHKUUX U onepaTopbl:

> length()

> substr(str, pos|, length])

> || koHkaTeHaums ¢ pasHbiMu Tnamu (mchar || mvarchar)

> < <= = >= > CpaBHeHMe 6e3 YyBCTBUTENbHOCTU K peructpy (ICU)

> &< &<= &= &>= &> cpaBHEHUE C YYBCTBUTENBbHOCTbLIO K PErncTpy
(ICU)

> LIKE

> SIMILAR TO

\ %

~ (perynsapHbie Bblpa>XeHusl)

« [lobaBnat HesdABHOE npuBegeHne TMNoB mchar K mvarchar n oépaTtHo
* MoapepXKy TMNnoB MHAekcamu b-tree n hash

* Klcnonb3oBaHne MHOEKCOB ANd BbiNoJIHEHUA onepaTopa LIKE

QﬂtOf
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PacwupeHune fulleq

» [1pn ncnonb3oBaHUK onepaTtopa "=" 4na cpaBHEHUS
3Ha4YeHUK, ecnm xoTs 6bl OAUH N3 ONepaHOOB UMEET
3HayeHne NULL, pesynbtatom 6ygeT NULL

» B npunoxeHunax 1C 4yacto ncnonb3yercda onepatop "==",
KOTOpPbIN BO3BpaLLaEeT true, korga onepaHabl paBHbl UM oba
nmetrot 3HadeHune NULL, yto yoobHo npu paboTe c 6bazamu
OaHHbIX, 0ocobeHHO ¢ 1C, roe onepaTopbl U ceMaHTUKa
paboTbl ¢ NULL oTtnnyatotcsa ot ctaHgapTta SQL

» Onepatop "==" n3 pacwmnpenuns fulleq nossongaer

BbICOKO3(DPEKTUBHO BbIMOSIHATb CPAaBHEHUE 3HAYEHUN C
MCMONIb30BaHNEM HY>XXHOW NOMNKMK

QﬂtOf
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PacwupeHue orafce

» PacwunpeHune, npegoctasnarouiee pyHKLUK, ynpoLlarouime
MuUrpaumto koga npunoxxeHmmn ¢ Oracle Database

» orafce amynupyet yacTtb PpyHKLUMOHaNa n naketoB Oracle
Database

» Co3paéTt 6onblUoe KOMNYECTBO GYHKLUMU U APYruX 06 bEKTOB
M TUNOB OaHHbIX, KOTOPble PaboTaloT TaK XXe, Kak UX aHanoru
B Oracle Database

» PacwunpeHune ynpolaet Murpaumto koga npunoXXeHmu B
Tantor Postgres ¢ Oracle Database

» PaclmnpeHne co3gaeTt 15 cxem, B KOTOPbIX HaXOAATCSH
06BbeKTbl pacwnpeHusa. iIMeHa BOCbMW CXEM COOTBETCTBYIOT
nMmeHam naketoB B Oracle Database

t";’ntor
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PaclunpeHue http

» PacwupeHune http npegoctaBnsget BO3MOXHOCTb BbIMOJIHATb
HTTP n HTTPS 3anpocskl npsimo n3 SQL

» YcTaHaBnmBaeTca B 6a3y AaHHbIX KOMaHOOWU create
extension http;

* MOXHO co3aaThb Tpurrep, obpallarowmmcs K Beb-cnyxoe,
nepenaTtb AaHHbIE U MONYYUTb pPe3ynbTaT, KOTOPbIN MOXHO
MCMONb30BaTb B JIOTUKE TpUrrepa

» pgsqgl-http Mmo>keT 6bITb NONE3EH B:

* NHTerpaunn c BHewHumu API

* /IHTEepaKTUBHbIX MPUNOXXEHUAX

« ObpaboTKe AaHHbIX B peanbHOM BPEMEHMU

QﬂtOf
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PaclunpeHue pg_store_plans

» PacwmpeHune ansi oTcrexXmBaHnsa CTaTUCTUKU BbIMONTHEHUS
SQL-3anpocos

o COXpPaHSIeT NOJIHble NJiaHbl 3arnpoCcoB, a He TOMbKO UX
CTaTUCTUKY WU TEKCT

* MUCMonb3oBaHMe pg_store_plans MOXET yBENNUYUTb HarpysKky
Ha cUCTeMY M3-3a cbopa U XpaHEeHUS JO0NONTHUTENbHbIX
OAHHbIX

QﬂtOf
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PacwupeHue pg_variables

» PacwunpeHune, no3sondmoLlee co3gaBaTb U UCMONb30BaTb
nepemMeHHble B SQL-3anpocax

e MO YMOJT4aHUIO HE TPaH3aKUNOHHbI, HO MOTYT BbITb
TPaH3aKUNOHHbIMMU

* XPaHATCA B NaMATU CepPBEPHOro npoLecca

e CYLLECTBYHIOT TO/IbKO B TEKYLLEM CeaHCe NoJib3oBaTeNs

* MOTYT UCMONb30BaTbCA Ha PU3UYECKUX peNnINKaX,
BpeMeHHble Tabnuubl He MOTYT

* CKOPOCTb paboTbl cpaBHMMa C BpeMEHHbIMU Tabnuuamm

e OTCYTCTBME HaKNagHbIX pacxoaoB (He TpebytoT peanbHbIN
HOMEpP TPaH3aKUuKn, He Co3aatoT Gpannbl)

QﬂtOf
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[Mpon3BoauUTENBHOCTb NPU NCNONb30BaHWUU pg_variables

» [lpn cpaBHEHUN CKOPOCTU OOCTYNa K Tabnuuam B NaMATU, BPEMEHHbIM,
06bl4YHbIM pPe3yfibTaTbl HE OYEBUAHDI

» PacuwunpeHune pg_variables He aBnseTca cTaHO4APTHLIM U He NOJIb3yeTCH
NonynapHOCTbIO N3-3a HeyA4O0OHOro CMHTaKCUca UCNosb30BaHUSA U
HEBHATHOW NPON3BOAUTESNIBHOCTH

select * from pgv_select('bookings', 'tickets', '0005432020304'::char(13)) as (ticket no character(13),
book ref character(6), passenger id character varying(20), passenger name text, contact data jsonb);
Time: 0.281 ms

select * from tickets where ticket no='0005432020304";

Time: 0.266 ms

select book_ref from tickets where passenger name like '%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', '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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[MpeumyLLecTBa pacllupeHuns pg_variables

» BpemeHHble Tabnuubl HeNb3 UCMOb30BaTb Ha pPenInkKax

o OYHKUMKN paclumpeHust pg_variables MoOXHO UCMOMb30BaTb Ha pennmkax
TOYHO TaK Xe, Kak Ha MmacTtepe

* pg_variables XxpaHWUT gaHHble TONbKO B JIOKaNbHOM NaMATU CEPBEPHOIO
npouecca n He UCnosib3yeT BPEMEHHbIe pansibl

o [lepeMeHHble MOryT ObITb TPAaH3aKLUNOHHBIMU N HET

» Ha coxpaHsiemMble 06beKTbl AENCTBYET OrpaHUYEeHmne CTPOKOBOIO
bydepa - 116

select pgv_insert('bookings','t2', pgbench branches) from pgbench branches;
select * from pgv_select('bookings','t2',1) as (bid int, bbalance int, filler character(88));
bid | bbalance | filler

_____ +__________+________
1 0 |
select pgv_select('bookings', 't2',1);
pgv_select
(1,0,)

QﬂtOf
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PaclwmpeHne pg stat kcache

* OONOJIHAET pg stat statements U 3aBUCUT OT HETO

» cobupaeTt cTaTUCTUKY linuX, BbINOSTHASA CUCTEMHbIN BbI3OB getrusage Mocne
BbIMOJIHEHUWN KaX>XA0MU KOMaHAbl

e B OT/INYME OT YTUIUT ONepaLnMoOHHON CUCTEMBI, pacluMpeHne cobupaeTt
CTaTUCTUKN C OETaJIbHOCTbHO O KOMaHbl

* MO3BOJIAET pasnnyaTtb Yntancd 670K ¢ AUCKa UK U3 CTPAHUYHOIO K3aLla

* Mcnonb3yeT ABa bypepa B pa3fenaemMon namMaTu

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

————————————————————————— o

Pg stat statements | 148162816 | 64 | 128 | 128

pPg_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 '%kcache%';

name | setting | context | min val | max val

_______________________________ T T

pg stat kcache.linux hz | 333333 | user | -1 | 2147483647

pPg stat kcache.track | top | superuser | |

pg_stat kcache.track planning | off | superuser | |
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CTaTUCTUKKU, cobupaeMble pg stat kcache

CTaTUCTUKKM B NpeacTaBNeHUax pg stat kcache Mpg stat kcache detail:
» reads blks reads, in 8K-blocks
 writes blks writes, in 8K-blocks
 user time  user CPU time used

* system time system CPU time used

« minflts page reclaims (soft page faults)
« majflts page faults (hard page faults)

* nswaps sSwaps

» msgsnds |IPC messages sent

« msgrcvs |IPC messages received

» nsignals signals received

°* NVCSWS voluntary context switches

e nivecsws involuntary context switches

alter system set shared preload libraries = pg_stat_statements, pg wait_ sampling, pg_stat_kcache;
create extension pg_stat_kcache;
\dx+ pg_stat kcache

function pg stat kcache ()

function pg stat kcache reset()

view pg stat kcache

view pg stat kcache detail
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PaclwiupeHne pg wait sampling

s BXOAWT BO Bce cbopku Tantor Postgres
e BblgaeT CTaTUCTUKY MO COBLITUAM OXUAaHUIM BCEX MPOLLECCOB aK3eMnnsapa
o [J19 YCTAHOBKU HY>XHO 3arpy3uTb 6UBIMOTEKY U YCTAaHOBUTb pacLUMpeHue:

alter system set shared preload libraries = pg stat statements, pg_stat_kcache, pg wait_ sampling;
create extension if not exists pg wait sampling;

o BUbnnoTeka pg wait sampling [OJHKHA ObiTb YKa3aHa No3xe
pg stat statements, YTOObI paclUMpPeEHME He Nepes3anucano ngeHTnomnKaTopbl
3anpocoB (queryid)
e paclmpeHne ucnonb3lyeTt GOHOBLIU NMPOLECC pg wait sampling collector
e MpoLuecc onpalnBaeT COCTOAHNUE BCEX NPOLECCOB 3K3eMmMdpa

e B paclupeHune Bxogart 4 ¢yHKUMN N 3 NpeacTaBleHuns:

\dx+ pg wait sampling

function pg wait sampling get current (integer)
function pg wait sampling get history()
function pg wait sampling get profile()
function pg wait sampling reset profile()
view pg walt sampling current

view pg wait sampling history

view pg wait sampling profile

QﬂtOf
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NcTopusi cobbiTUM OXnaaHUS

paclwmpeHne NCnosib3yeT "camnipoBaHne" ¢ YyactoTtom oT 1 MUNNNCEKYHAbI
(no ymonyaHuto 10 MMNIncekyHa)
NCTOPUA OOCTYNHa 4Yepes npencrasneHue:

select count(*) from pg wait sampling history;
count

no ymMmosn4yaHuto coxpansietca ncrtopma 5000 nocnegHmnx cobbiTUN OXXnUaaHUS
paclUMpeHmne TakXXe UCMOoNb3yeT pa3fendemMyro NnaMaTb Nog XxpaHeHne cBOUX
TPEX CTPYKTYP:

> o4yepenb (MessageQueue) ¢ukcmpoBaHHOro pasmepa 16K6

> NamMaATb nofd cnucok PID

> MaMsATb Nog, naeHTUPUKaTopbl KOMaHpg, (queryid), BbIMONHAKOLWNXCA Npoueccamm

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
—————————————————— S
pg wait sampling | 148145920 | 17536 | 17536 | 17536
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PaclunpeHue pg_background

» PacwmpeHne No3BoNsieT aCUHXPOHHO (B POHOBOM peEXUME)
BbIMO/HATbL MPOU3BONIbHYO KOMaHAy U peann3oBaThb
NPON3BOJIbHbIE 3a4a4n, KOTOPble HY>XHO BbIMOHUTb
NPUNOXEHUIO NN aaMUHUCTPAaTopy. 3agaun 6yayT
BbIMOHATLCSA POHOBLIMU NPOLLeCCaMM 3K3eMnadapa.

» PacwupeHue coaep>xut pyHKLMN .
> pg background launch ()
> pg background result ()
> pg background detach ()
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Pacwupenusa pgaudit n pgaudittofile

* pacWwWMnpeHndaMmn pgaudit U pgauditlogtofile MOXHO
HanpaBuUTb COOBLLIEHNS O CO34aHUN CECCUN U UX OJIUTENBbHOCTU B
oTaeNbHbIN pann nnun dannbl aygnta

o ANnsi paboTbl pacLUUPEHUN HYXXHO 3arpy3nTb X OUBINOTEKMU:
alter system set shared preload libraries = pgaudit, pgauditlogtofile;

» PacwupeHunsa paboTtatoT HE3aBMCUMO U MapannesibHo C
YXYPHaNoM KnacTtepa U ynpaBnsroTca CO6CTBEHHbIMU
napamMeTpamMu, KotTopble UMerT NpePuke "pgaudit.”

* NapaMeTpbl pgaudit.log connections U
pgaudit.log disconnections aHanorM4yHbl O4HOMMEHHbIM
napameTpam PostgreSQL n moryT co3gaBaTb aHalorMyHble 3annucu B
oTaenbHomM daune ayguta

QﬂtOf
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KoHpurypupoBaHue paclumpeHnun pgaudit u pgaudittofile

e CeMb NMNapaMeTpoB OTHOCATCAH K R
, . postgres= dconfig pgaudi*
6M6”MOTeKe pgaUdltlogtOflle List of configuration parameters
Parameter | Value
e yTOobblI CO3paBanca xXypHan - | - e
pgaudit.log | none
ayﬂ'MTa Hy)KHO yCTaHOBMTb pgaudit.log autoclose minutes | 0
, pgaudit.log catalog | on
NnapaMeTp pgaudit. log KakK pgaudit.log_client | off
. pgaudit.log connections | off
MWHAMYM B 3Ha4YeHUe 'misc' pgaudit.log directory | log
~ audit.log disconnections | off
> 'none' - Galn XypHana ayanTa He| coeudic.ios fiienane | audit-%F.log
COSﬂlaeTCﬂ pgaudit.log level | log
pgaudit.log parameter | off
3 v rOle 1 n 'ddl v pgauj{i.iog_paJl:arEieter_max_size : Off
pgaudit.log relation o)
pgaudit.log_connections W | DuiiiiTniT |
pgauc{it .log disconnections ggijﬁjggﬁgziemnt o
He p'eMCTByK)T pgaudit.log statement once | off
pgaudit.role |
(18 rows)
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YTunuta pgcopydb

* YTunuta aBTomMaTU3InUpyeT KONMMpoBaHMe 6asbl JaHHbIX Ha Apyrou
KnacTep

o TUNWYHbIXN CNyYan Ucnonb3oBaHus pgcopydb - Murpauma Ha
HOBYIO OCHOBHYIO Bepcuto PostgreSQL ¢ MMHMMM3aLmMeN NpocTos

o YTunuta peanusyet 3agady pacrnapannenmBaHus ¢ NOTOYHOM
nepepgayven gaHHbix no noruke "pg_dump -jN | pg_restore -jN"
MeXxnay AByMs paboTarolumMm KrnactepamMmu, QUPMXKUPYS 3TUMU
YyTUINTamMu

» MNoppep>xuBaet napannenbHoe co3aaHne NHOEKCOB,
OTCNeXNBaHNUE NBMEHEHUN N NX NPUMEHEHME, BO30OHOB/EHUE
npepBaHHOW Neperpysku, dunbTpaumo o6 bLEKTOB

* [1pOEKTOM C OTKPbITbIM UCXO4HbIM KOLOM

QﬂtOf
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YTunuta pg_anon

[lporpamMmma, HanucaHHaa Ha A3blke python BbINOSIHAET:

NMONCK KOHPUOEHLUMaNbHbIX AaHHbIX B 6a3e AaHHbIX
co3faHue crioBapsi HA OCHOBE Pe3yibTaTOB NOUCKA
COXPaHEHNE N BOCCTAHOB/IEHMNE C UCMOSIb30BaHNEM Cl1OBapS
CUHXPOHM3aLUUA COOEPXKNMOTIO UMK CTPYKTYPbl YKa3aHHbIX
Tabnuu Mmexay McXxogHou n uenesomn basamMmm gaHHbIX
BbIrPYy3Ka JaHHbIX C MaCKUpPOBKOW (06e3nnymBaHuemMm,
aHOHMMM3aUMen) no 3agaHHbIM LWabnoHam

QﬂtOf
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YTunuta pg_configurator

» [MpencTtaBnsaeT coboun ckpunt pg_configurator Ha A3bike
python, yctaHaBnuMBaeMsbin no nyTtu [usr/bin

o Npegnaraet peKoMeHayeMble napamMeTpbl KOHOUrypaLum Ha
OCHOBE XapaKTEPUCTUK anmnapaTHbIX PECYPCOB, TaKUX KaK
OOCTYNHas NaMATb, KOJIMYECTBO MPOLECCOPOB N ANCKOBOE
NPOCTPAHCTBO U T.4. OTO NMNO3BONAAET ONTUMASIbHO
MCNOMIb30BaTb MMEKOLLNECH PECYPChl U YBENMNYUYUTD

NMPON3BOANUTEJIBHOCTb 3K3EMIJIAPA

QﬂtOf
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YTunurta pg_diag_setup.py

» 3apava, pewaemasi YTUINTON: Bbl3BaTb YTUIIUTY Ha XOCTE
KnacTtepa 6a3 gaHHbIX, KOTOpas YCTaHOBUT N HACTPOUT
napamMeTpbl paCclUUPEHUN B COOTBETCTBUN C LLIABTIOHOM U
3ape3epBUpyeT 3HaYEeHUA NapaMeTpPoB, YTOObI MOXHO 6bIN10
BOCCTaHOBUTb N3MEHEHUS

» [NpoBepsieT 4OCTYNHOCTb pacCLUNPEHUN Yepes
pg avallable extensions

» OBbHOBNAeT 3Ha4yeHne shared preload libraries 6e3
nepes3anncu CyLecTBYOLWNUX bubnnoTtek

« [lobaBnseT HoBble NapamMeTpbl B KOHeL, postgresqgl.conf

o Co3paeT TekCToBbIN pann 63Kamna co 3HaYEHUAMU
KOHOUrypmpyembiX napamMeTpoB C BPEMEHHOU METKOU

» [1o3BONSAET OTKATUTb U3MEHEHUA K Nt0OOoOMY Bakany

‘fc?ntor
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YTunurta pg_sec_check

e MO3BONIIET aBTOMaTU3MPOBaTb NMPOLECC NPOBEPKM NapaMeTPOB
6e30MacHOCTU: OT HAaCTPOEK onepaLnMoOHHON CUCTEMbBI A0
napamMeTpoB KoHPpUrypaumm PostgreSQL

* CO3[a€T OTYETHI O BbIABNEHHbLIX NpobnemMax n pekoMmeHgauuu no
NX YCTPaAHEHUIO

* MPOBEPKU BbIMOJIHAKTCA CKPUNTAaMU .sgl U .sh

» pe3yfibTaTbl MPOBEPOK BaNNANPYHOTCA CKpUNTamMn Ha A3blke Lua,
UMK XXe GOpPMUPYIOTCHA OTUETHLI U PEKOMEHaLMU

e MpPoBepsieET LLETOCTHOCTb CBOUX $annoB KOHTPOIbHbIMU CYMMaMM

» B yTunnte nmeetcsa 68 npoBepokK

* MOX>XHO CO3[aBaTb COOCTBEHHbIE NMPOBEPKU NYyTEM HaAaNUCaHUS
CKPUNTOB .sgl .sh .lua
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YTunuta WAL-G (Write-Ahead Log Guard)

o YTUNNTA AN CO3[aHus LUMPPOBaAHHbBIX Pe3ePBHbIX KOMUN™
KnacTtepa 6a3 gaHHbIX (MONHbIX 1 UHKPEMEHTalbHbIX) U
apxmnsupoBaHna WAL-cermMmeHToOB, X BbICOKOSPpPEKTUBHOM
OTNpaBKn/nosyyeHuma rno npotokony S3 "us" n "B" xpaHunnuwia
(obnayHble B ceTU NPeanpuaTus Un BHELWHUE) Hanpsamyto 6e3
CO3[aHunsA NPOMEXYTOYHbIX ¢annos B ¢panioBoOU CUCTEME.

* cnonb3aya ytunuty WAI-G MOXHO:
> Cco3daBaTb pe3epBHble Konuu knactepa n WAL-cermeHToB
> BOCCTaHaBMBaTb KacTep Ha Bbl6paHHbI MOMEHT BPEMEHU B

NpoLUIOM

> YNpaBnATb pe3epBHbIMU KOMUAMM MO NpoTokony S3: yaanaTb
HeHY>XXHble 63Kanbl U CBA3aHHblE C HUMU Qalnbl XXYPHaNoB

QﬂtOf
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Adpyrue paclumpeHusa

» dbcopies_decoding - 6ubnunoteka 1C, npeaocTaBnsieT Cf0Tbl NTOrMYECKON
pennmkaumm npm KonnposaHmm 6a3 gaHHbIX 6a3 gaHHbIX 1C

» vector - nonHasa nogaepxka Tuna gaHHbIX BEKTOPOB 60/1bLLION pa3MeEPHOCTH

* pg_partman - aBTOMaTM3auUna NOLLEPXKKN CEKLMOHNPOBAHHbIX Tabnny

* pg_gualstats - BeAE€T cTaTUCTUKY NO NpegmkaTamM, HaugeHHbIM B onepaTtopax
WHERE n B npegnoxeHuax JOIN

» pg_hint_plan - noackaskm onTMMn3aTopy B 3anpocax

» plantuner ckpbiBaeT MHAEKCHI OT NJIaHNPOBLUUKA

* pPg_Cron - NN1aHUPOBLLUMK BHYTPU 3K3eMMdpa

» pg_throttle - orpaHn4yeHne obbeMa YNTAaeEMbIX CTPOK B 3arnpocax,
No3BOIAOLLEE CHU3UTb KOHKYPEHLMIO 3a BBOA-BbIBOS,

* pg_trace - TpacCUpPOBKM paboTatoLLMX 3aNpPoCcoB, MOXET bbITb Nose3Ha 4
aHanusa 3anpocos B 1C

* pg_ddi_deploy - pacwupeHne gna norM4eckoun pennmkaumm

* pQg - ouyepenb B 6a3e gaHHbIX
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[MpakTuKa

1. PacwupeHue orafce
2. PacwunpeHue pg_variables
3. PacwunpeHune page_repair
1. TlogrotoBka peniauku
2. NoprotoBka Tabnuupl
3. BoccTaHoOBeEHUE CTpaHMLbI C MOMOLLbLIO page_repair
4. OBHyNneHue cTpaHuubl
4. OTnagka nognporpamMmm
1. YcTaHOBKa pacLlUMpeHna n3 NCXo4HbIX KOOO0B Ha npumMmepe
pldebugger
2. Otnagka ¢oyHKuUun B pgAdmin
3. Otnagka nognporpamMmm B DBeaver
5. O6paboTka cTpok 6onblioro pasmepa StringBuffer
6. llonck ocupoTeBLUnX pannos
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