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AeMOHCTpaummn) paspeluaeTtcs 6e3 orpaHnyeHnii. Kommepueckoe
MCNOMb30BaHNEe BO3MOXHO TOSIbKO C NMMCbMEHHOIO paspeLleHms KoMnaHum
Postgres Professional. 3anpeliaercs BHeECEHNE U3MEHEHWNI B MaTepuabl
Kypca.
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OTKa3 OT OTBETCTBEHHOCTHU

KomnaHus Postgres Professional He HeCceT HMKaKo OTBETCTBEHHOCTM 3a
N06ble NOBPEXAEHUA N YObITKA, BKKOYAA NOTEPI0 40X04a, HAHECEHHbIEe
NPSAMbIM UM HENPAMBIM, CleunasibHbIM UK CyvYaiHbiM UCMO/Ib30BaHWEM
mMaTepuanos kypca. KomnaHusa Postgres Professional He npegoctasnsaet
Kakux-nnbo rapaHTuii Ha matepuasbl Kypca. MaTepuasbl Kypca
NPeAoCTaBNSTCS Ha OCHOBE NMpuHLUMNa «Kak ecTb» U KoMmnaHusa Postgres
Professional He 06s13aHa NpefoCcTaBNATb CONPOBOXAEHME, NOALEPXKKY,
OGHOB/EHNSA, PaCLUNPEHNS N N3MEHEHNS.
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ByhepHbIn KelL Posigres

xelw-tabnmua

cBO6OAHbIE
6ychepsl D

crnegyowas
Xeprea

Bycbep
3aKkpenneH ynucno

o6palLeHwnii

TPSA3HbIN () shared_buffers
6ychep

3apava 6ydhepHOro Kela — Criaxunsarb pasHuLy B NPOU3BOANTE/TbHOCTY
ABYX TUMOB NamMATU: onepaTuBHOM (GbICTpas, HO Masio) U ANCKOBOIA
(MepnsieHHas, Ho MHOro). Ytobbl paboTaTb C AaHHbIMU — YnTaTb UMK
N3MEHSATb, — MPOLIECChI YATAIOT CTpaHuLbl B 6ydepHbIin Kewl. Noka
CTpaHuLa HaxoauTcsa B Kelle, Mbl 3KOHOMUM Ha obpalleHUsX K QUCKY.

ByhepHblil Kell pacrnonaraeTca B 06Lein naMsaAT cepBepa 1 npeacrasnser
cobon maccus 6yhepoB. Kaxaplii 6ydpep cocTouT N3 MecTta nog, ofaHy
CTpaHuLy AaHHbIX U 3arofioBka. 3arosioBOK COAEPXUT, B YUMC/IE MPOYErO:

* pacnosioxeHne cTpaHuupbl Ha gucke (dparn n HoOMep CTpaHuLbl B HEM);

* yucno obpalleHunit K Bydoepy (cyeTumk usage count, yBennymMsBaeTcs
KaoKAbl pas, Koraa npouecc Yntaet unm nsmeHsieT ydep);

* MPU3HaK TOro, 4YTO AaHHbIe Ha CTPaHULE U3MEHWUINCHL N PaHO UKW NO34HO
[O/DKHbI BbITh 3anncaHbl Ha AUCK (Takoi 6ydoep Ha3bIBaKT rPA3HbLIM);

* MpU3HaK 3aKpenneHns (CYeTHMK pin count KosmyecTsa NpoLeccos,
paboTalowmx B AaHHbIA MOMEHT C CoOAepPXuMbIM Bydrepa).

Pa3smep 6ydepHoro kella 3agaetca napametrpom shared_buffers.
Ero nsmeHeHune TpebyeT nepesanycka cepsepa.

N3HavyasibHO Kell coAepXXnT nycTble Bydiepsbl, 1 BCe OHN CBA3aHbl B CMUCOK
cB060AHbIX 6ydrepoB. CMbIC/T yKa3aTtesisd Ha «CieayoLLyo XXepTBy» CTaHeT
AICEH YyTb NO3Xe.

UTOObI OLICTPO HAXOANTb HY)XXHYIO CTpaHuLY B Kelle, UCMOo/b3yeTcs Xell-
Tabnuua.
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CTpaHuua B Kelle Pos{gres

xeww-tabnmua

cBO6OAHbIE
6ychepsl D

crnegyowas
Xeprea

Bycbep
3aKkpenneH

Korga npoueccy TpebyeTcs npounTtaTb CTpaHuLy, OH CHavasia nbitaeTcs
HanTN ee B OyhepHOM KeLle C NOMOLLbO Xel-Tabnnupl.

Kntouyom xelumpoBaHusi CNYXNUT haiin n Homep CTpaHuubl BHYTpK hainna;
nosyyunB HoMmep 6ydoepa, npouecc 6bICTPO NPOBEPSET, AENCTBUTENBHO NN
OH COAEPXUT HY)XXHYIO CTpaHuuy. Kak n B tobon xew-tadnuue, 3aechb
BO3MOXHbI KO/I/IN3UN; B TAKOM Crlydae npoueccy npuaeTcs NnpoBepuTb
HECKO/IbKO CTPaHuL,

Ecnu Hy)XHasa cTpaHuLa HaleHa B Kelle, NPOoLecet AO/MKEH «3aKpennTb»
6ydhep (yBEMUMTL CHETUMK pin count) N YBENMUYNTb YMCIO O6paLLLEHN
(cueTumk usage count). Bydhep mMoryT 3akpennsaTb HECKO/IbKO MPOLLECCOoB
O[HOBPEMEHHO, NO3TOMY UCMO/b3YETCA MMEHHO CUYETUMK, & HE NTOTUYECKNIA
Npu3HaKk.

[Moka 6yhep 3akpenneH (3HavyeHne pin count 60sbLIE HY/SA), CHUTaETCS,
4yTO Bydpep MCNoNb3yeTCsA U ero CoAePXMMOoe He AO/MKHO «pafnKasibHO»
N3MEHUTbCA. Hanpumep, B CTpaHuLe MOXeET NOABUTLCA HOBasA BeEpPCUS
CTPOKM — 3TO HMKOMY He MeLuaeT 6rarogapsi MHOroBEPCUOHHOCTU U
npaBunnam BUANMOCTK. HO B 3aKpenseHHblin 6ydhep He MOXET ObITb
npounTaHa gpyras ctpaHuua.



CrpaHuia B Kellle

=> CREATE DATABASE wal_buffercache;

CREATE DATABASE

=> \c wal_buffercache

You are now connected to database "wal buffercache" as user "student".
Co3pmagumM TabIuIy C OOHOM CTPOKOM:

=> CREATE TABLE test(
t text
)

WITH (autovacuum_enabled = off);
CREATE TABLE

=> INSERT INTO test VALUES ('a row');
INSERT 0 1

HHubopmanuio o cogepxuMoM 6ydepHOro Kellla ¥ ero UCI0Ib30BaHUU MOXKHO ITOJIYYUTD C ITOMOIIBIO PACIIUPEeHUST
pg_buffercache, Bkmrouaroimero B ce6s1 0HHONMEHHOE IIPEICTABIIEHNE U NOIOJTHUTENIbHEIE (QYHKITHHN:

=> CREATE EXTENSION pg_buffercache;
CREATE EXTENSION
Co3pmapuM A1st yno6cTBa IpefcTasiieHue, pacmudpoBeBapllee HEKOTOPEE CTOIOIIEL.

YVcnoBue Ha 6a3y maHHEIX HEOOXOOUMO, TaK Kak B OypepHOM Kellle comepzKaTcst JaHHEIe BCEro Kiacrepa. Pacmmbposats
MBI MOKEM TOJIbKO HH(popManuio u3 Toi BJI, K KOTOpPO# MoaKIo4YeHbl. I'J106a1bHble 00BEKTHl CYUTAIOTCS MPUHAIIeXKaIuMHU
B[ ¢ ayneBem OID.

=> CREATE VIEW pg_buffercache_v AS
SELECT bufferid,
(SELECT c.relname
FROM  pg_class c
WHERE pg_relation_filenode(c.oid) = b.relfilenode
) relname,
CASE relforknumber
WHEN © THEN '‘main‘’
WHEN 1 THEN 'fsm'
WHEN 2 THEN ‘vm'
END relfork,
relblocknumber,
isdirty,
usagecount
FROM  pg_buffercache b
WHERE b.reldatabase IN (
0, (SELECT oid FROM pg_database WHERE datname = current_database())
)
AND b.usagecount IS NOT NULL;

CREATE VIEW
B 6ydepHOM Kelle yzKe HaXOAATCS CTPAHULB! TaOIUIBI; OHU MOSBUIINCH IIPU BBHIIIOJIHEHUY BCTaBKH:
=> SELECT * FROM pg_buffercache_v WHERE relname = 'test';

bufferid | relname | relfork | relblocknumber | isdirty | usagecount

1845 | test | main | 0|t | 1
(1 row)

Komanpa EXPLAIN c yka3auuem analyze u buffers nokassiBaeT ncrnonb3oBaHue 6y(dhepHOro Kella IIpX BEITOTTHEHUN
3ampoca:

=> EXPLAIN (analyze,buffers,costs off,timing off,summary off)
SELECT * FROM test;



QUERY PLAN

Seq Scan on test (actual rows=1 loops=1)
Buffers: shared hit=1

Planning:
Buffers: shared hit=4

(4 rows)
Ctpoxka «Buffers: shared hit=1» roBoput o ToM, YTO cTpaHuIla Obljla HaliJjeHa B Kelle.
ITocye BBIIOJIHEHUS 3aIIpOCa CYETYUK HCIIOJIb30BAHUS YBEIUYUIICS Ha eUHUILY:
=> SELECT * FROM pg_buffercache_v WHERE relname = 'test’;
bufferid | relname | relfork | relblocknumber | isdirty | usagecount

1845 | test | main | 0|t |
(1 row)
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YTeHune B cBOOOAHbIN Oydpep Posgares

xeww-tabnmua

cBO6OAHbIE
6ychepsl

crnegyowas
Xeprea

MoXeT NonyyYnTbCA Tak, YUTo Heobxoaumas cTpaHuua He ByaeT HangeHa
B Kewe. B 3TOM c/iydyae ee HeO6X0AMMO cunTaTh C AUCKa B KAKON-NN60
oydep.

B nepsyto ouepeab NOUCK noaxoasiiero dydepa 6yget npoxogutb

MO CNNCKY CBOOGOAHBLIX 6ydoepoB, ecnn OH He MyCT.

HaiaeHHbIl No ykasatento bydep 3akpennsieTcs, B Hero yntaetcs
Heo6xoaMMasn cTpaHuLa, Y4c/o obpallleHnin ycTaHaBIMBAETCS B eAVHULLY.

Ykaszaresib Ha cBo60AHbI 6yhep nepeasuraeTcs Ha crneayroumii No CNnUcky
6ydbep, ecniv OH ecCTb.

Kpome Toro, CCbIfIKy Ha 3arpy>XeHHy CTpaHuLy Heo6XxoAMMOo nponucartb
B XeLW-Tabnuuy, YTobbl B Aa/ibHENLLEM €€ MOXHO ObI/10 HANTW.
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B KOHLIe KOHLIOB GYyZIET 3an0/IHEH U Noc/eaHuii cBo60aHbI Bydoep.

Tenepb ccblsika Ha CBOOOAHLIN Bydiep nycTta — B AasIbHENLLIEM, YTOObI
npoynTaTb HOBYH CTpaHuLy B /1l060M 3aHATLIN Bydep, NpUAETCA N3 3TOro
Oydhepa BbITECHUTL CTPaHULY, KOTOpas Tam HaxoA4uTCS.

Bydepbl BO3BpaLLatloTCs B CMUCOK CBOOOAHBLIX MPW YAASTEHUN UMK
ONyCTOLEHUN TabnuLpbl NN NPU OTCEYEHUM YACTM XBOCTOBbIX CTPaHWUL, Npu
O4YMCTKE — TO €CTb B Cyyasix, Korga ctpaHuua B bychepe He 3ameHsieTcs
[ApYyroii, a NpocTo ncyesaer.



Yrenue B CBOOOTHBIN Oydep

Ilepe3arpy3um cepBep, YTOOE cOPOCUTE OyhepHBIH Kel.
student$ sudo pg_ctlcluster 16 main restart
student$ psql wal_buffercache

B kemre ects cBoOGOnHEIE Oy depEHL:

=> SELECT count(*) FROM pg_buffercache WHERE usagecount IS NULL;

BrImosTHEM 3anpoc K Tabnule:

=> EXPLAIN (analyze,buffers,costs off,timing off,summary off)
SELECT * FROM test;

QUERY PLAN

Seq Scan on test (actual rows=1 loops=1)
Buffers: shared read=1

Planning:
Buffers: shared hit=12 read=7

(4 rows)

Ctpoka «Buffers: shared read=1» nmoka3sIBaeT, YTO CTPAHUILy IIPUIIIOCH IIPOYUTATE C AUCKa. BoT oHa:
=> SELECT * FROM pg_buffercache_v WHERE relname = 'test’;

bufferid | relname | relfork | relblocknumber | isdirty | usagecount
---------- R L T e T

189 | test | main | 0| f | 1
(1 row)

KomnuuecTBo cBOGOOHEIX 6y(HepoB yMEHBIIUIIOC:

=> SELECT count(*) FROM pg_buffercache WHERE usagecount IS NULL;

B ke nomana He TOIBKO IIpoYyuTaHHadA CTPpaHuIla, HO U CTPAHUIIbI TabIUL CHCTEMHOT'O KaTaJsora, KOTODPEIE HOTp66OBaHI/ICL
IIJIAaHUPOBIIUKY .
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UTeHne c BbITECHEHUEM Posigres

xeww-tabnmua

cBO6OAHbIE
6ychepbl D

cnepyowas
XepTtea

Henb3sA
BbITECHATD:
3aKkpenneH

MexaHn3M BbITECHEHUSI MCNO/b3YET YKa3aTe b Ha CNeAYIOLLYH «XKEPTBY».

ANropuTM COCTOUT B TOM, YTOObI Nepebupatsb rno Kpyry sce 6ydepsl,
yMeHbLUas UX cYETUMKN obpalleHnin (usage count). Bbibupaetcs nepsblit
Xe bydoep, y KOTOPOro 3Ha4YeHNe cHeTHMKA PaBHO HY/1H0 U KOTOPbI

B MPUHUUNE MOXET ObITb 3aHAT HOBOWN CTpaHuLen. Mo-aHrIMNCKn aToT
aniropuTMm HasbiBaeTcs clock-sweep: aHanorMa ¢ YacoBOW CTPESIKOM,
KoTopas npoberaet unepbnar no Kpyry.

Uem 60/blLLEe 3HaYeHMe cyeTymnka y bydpepa (To ecTb Yem yaule OH
MCNONb3YeTCs), TeEM B0/IbLUE Y HErO LWAHCOB 3a4epXaTbCs B KeLle.
MakcrumasibHoe 3Ha4yeHune cyeTunKa obpalleHnin orpaHM4eHo Y1Mciom 5,
4yTOObI N36eXxaTb «HaMaTtbIiBaHUS KPYros» rnpu 601bLWNX 3HAYEHUSAX.

B Halwiem nprvmepe npouecc cHavasia obpatlaetcs K 6ydoepy no ykasaresnto.
Bydep 3akpensieH (To eCTb NCNOMNb3YyEeTCHA KaKMM-TO NPOLEeCccoM), 1 NO3TOMY
CTpaHuua He MOXET ObITb BbITECHEHA U3 HEro. TeM He MeHee Mbl
yMeHbLUaeM 3Ha4YeHne cyeTumka obpalieHnii Ha equHULY 1 Nepexoanm

K cnegytowemy oydoepy.



UTeHne c BbITECHEHUEM po@a?:sg
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cB0O6OAHbIE
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eLe paHo:
1cnonb3yetcst
aKTUBHO
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Cnepytowmii 6ydoep He 3akpensieH, O4HaKo ero CHeTYMK obpaLLeHuia
6onbLUe HyNS.

Mbl yMeHbLUAeM CYETUUK HA eQMHULY U faeM CTpaHuLe WaHC ocTarbca
B KeLlle.
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HakoHel, Mbl 4OXOAMM [0 He3akpenaieHHoro dydepa ¢ HyNeBbIM CHETHMKOM
o6pauleHnin. CTpaHuua 13 atoro dydepa n 6yaeT BbITECHEHA.

OfiHaKo B HallleM NnpuMepe HaieHHbI 6ydoep okasancs rps3HbIM — OH
COAEPXUT N3MEHEHHbIE AaHHble. M03TOMy CHayasna CTpaHuLly TpebyeTtcs
COXpaHWUTb Ha AuCK. [1s 3aToro 6ydiep 3akpensiserca (4ToObl NokasaTb
OCTa/IbHbIM MpOLIeccaM, YTO OH UCMOMb3yeTcs), NOC/e Yero cTpaHmua
3anncbIBaeTCs Ha ANCK.

3T0 He OYeHb xopoLuasi cMTyaums: NpPoLeccy, KOTopbIii cobupancs
npounTaTh CTPaHuLy, NPUAETCA XAATb, NOKa «UyXUe» AaHHble OyayT
3anucaHbl. ITOT 3PGIEKT CrNAKMBAETCA NPOLLECCAMU KOHTPO/TbHOMN TOYKM
1 hOHOBOIA 3anncK, KOTOpble PacCMOTPEHbI B TeMe «KOHTPO/IbHasA TouKa.
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UTeHne c BbITECHEHUEM Posigres
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[Mocne Toro kak cTpaHula n3 rpsasHoro dydoepa sanucaHa Ha Auck,
B 0CBO6OAMBLUMIACA Bydhep paHee pacCMOTPEHHbLIM 06pa3oM YnTaeTcs
HOBas cTpaHuua.

Ccbl/lKa Ha cnenyoLLyo «KepTBY» YXe yKa3blBaeT Ha cneayoLwunin éydep,
a y TO/IbKO YTO 3arpy>XeHHOro ecTb BpeEMSA HapacTUTb CHETUMK ObpaLLeHniA,
Noka ykasaresib He 060AEeT No KPyry Becb OypepHblil KeLl N He BEPHETCS
BHOBb.
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HacTponka pasmepa kewa  Posggres

Hactpotika
() shared_buffers = 128MB @

BydepHbIii Kelll O/KeH COfiepKaThb «aKTHBHbIE» /JaHHbIe

NIPH MeHbIIeM pa3Mepe TIOCTOSTHHO BBITECHSIFOTCS T0JIe3HbIe CTPaHHULIBI
npu OosbIIeM pa3Mepe 6eCCMBICIEHHO PacTyT HaK/Ia/iHble PACXOABI
HauasibHOe npubnxenue — 1/4 O3y

Hy>XHO yuuTBIBaTh JBOWHOE KelllpOBaHHe

ecnu crpaHuLpl HeT B Ketle CYB/I, oHa MokeT oKa3aTbCs B Kelle OC
anroputMm BhiTecHeHUst OC He yuMThIBaeT crieliuyky 6a3bl JAHHBIX

13

Pa3mep Kella yctaHaBnnBaeTcs napametpom shared buffers. 3HaueHne
no ymonyaHumio — 128 Mb — CU/IbHO 3aHWXEHO.

Kak BblGpaTtb noaxoasiiee 3HadyeHne? [axe camas 6onbwan 6asa nmeer
OorpaHMyeHHbIn Habop AaHHbIX, C KOTOPbIMU BeAETCSA akTMBHas paborTa.

B ngeane atot Habop (N1HOC HEKOTOPOE MECTO AN1A «Of4HOPa30BbIX>»
[AaHHbIX) A0/HKEH NOMeLLaTbcsa B 6ydiepHblil KeLu.

[Mpy MeHbLUEM pasmepe Kella akTUBHO UCMO/b3yeMble CTPaHULbl 6yayT
MOCTOSAHHO BbITECHATb APYr Apyra, co3faBas N30bITOYHbIA BBOL-BbIBOA.
Mpr3HAKOM Takol CUTyauUum MOXET CNYXUTb TO, YTO BCE CTPaHULbI B KeLle
NMET 60/1bLLIOE YNCNOo obpaLlleHnin (usage count).

OfHako npv 60/bLLIOM pa3mMepe Kella 6yayT pacTu HaknaaHble pacxoabl
Ha ero noaaepxaHue.

B kauecTBe nepBOro NPUGAMXEHNA MOXHO B3ATb 1/4 onepaTuBHON NnamsaTw,
HO HaJ0 NOHMMAaTb, YTO ONTUMasIbHOE 3HaYeHne 3aBUCUT He OT pa3mepa
O3Y, a 0T KOHKPETHbIX AaHHbIX N Harpy3Ku.

He cnepnyet 3abbiBatb M 0 TOM, 4YTO PostgreSQL paboTaeT ¢ ANCKOM Yepes3
onepauuoHHY0 CUCTEMY U, TaKUM 06pa3oM, NPOUCXoaUT ABOMHOE
KellmpoBaHue: CTpaHuLbl nonagaroT Kak B 6ydhepHbiii Kew, Tak 1 B ke OC.
Taknm 06pa3om, «HenonagaHue» B 6ydepHbIi Kell He Bceraa npuBoanT

K HE0OX04MMOCTY peasibHOro BBOAa-BbiBoga. Ho ctpaterns BoitecHeHms OC
He yuynTbiBaeT crneundomkm 6a3 AaHHbIX.

https://postgrespro.ru/docs/postgresgl/16/runtime-config-resource#RUNTIM
E-CONFIG-RESOURCE-MEMORY




Hacrpoiika pa3mepa Keira

Ucnonb3ys pacmupenue pg buffercache, moxuo HabmogaTh 3a COCTOSTHUEM Kellla IO Pa3HEBIMU yTjIaMU.

Kpome unpopmaluu o ToM, KakK IpPeACcTaBieHa B Kellle Ta UM WHasi CTPaHUIlA, MOXKHO, HAallpUMep, IOCMOTPETH
pacnpenenenue 6yhepoB Mo UX <IOMYISIPHOCTH».

=> SELECT usage_count, buffers AS count FROM pg_buffercache_usage_counts();

usage_count | count

(6 rows)

Oyuknus pg buffercache usage counts() Bo3BpaiaeT HaGop CTPOK CO CBOOHOM MHGOpMaLel 0 COCTOSTHUU BCEX OOIINX
6ydepoB, arperupoBaHHBIX 10 BO3MOXKHEIM 3HAaYEHUSIM CUETUHKA UCIIOJIHh30BaHUS.

Kak u nmpencrasnenue pg buffercache, pyHkuus He ncnonb3yeT 6I0KUPOBKU MeHenxKepa 6ydhepoB, I03TOMY IIPU
mapa’sneabHol paboTe B 6a3e JaHHEIX BO3MOXKHA He3HAYUTEIIbHAS IOIPEIITHOCTD PEe3y/IbTaTOB QYHKIHH.

HOCMOTpI/IM, KaKas OOJIsd KaKuX TaﬁJ'II/ILI 3aKelnpoBaHa (H HACKOJIBKO aKTUBHO UCIIOJIB3YIOTCA 3THU I[aHHI:Ie):

=> SELECT c.relname,

count(*) blocks,

round( 100.0 * 8192 * count(*) / pg_table_size(c.oid) ) "% of rel",

round( 100.0 * 8192 * count(*) FILTER (WHERE b.usagecount > 3) / pg_table_size(c.oid) ) "% hot"
FROM pg_buffercache b

JOIN pg_class ¢ ON pg_relation_filenode(c.oid) = b.relfilenode
WHERE b.reldatabase IN (

0, (SELECT oid FROM pg_database WHERE datname = current_database())
)

AND b.usagecount is not null
GROUP BY c.relname, c.oid
ORDER BY 2 DESC

LIMIT 10;

relname | blocks | % of rel | % hot
--------------------------------- L s I S
pg_attribute | 31 | 50 | 47
pg_proc | 14 | 13 | 2
pg_class | 14 | 78 | 78
pg_operator | 11 | 61 | 39
pg_proc_oid index | 9 | 82 | 27
pg _attribute relid attnum index | 8 | 73 | 55
pg_proc_proname_args nsp_index | 7 | 22 | 3
pg_amproc | 5| 56 | 11
pg_amop | 5| 45 | 27
pg _operator oprname 1 r n index | 5 | 83 | 33
(10 rows)

A cBopuylo nHbOpManyio o 6ybepHOM Kellle HaM IToKaxeT Apyras QyHKUUS U3 PaCIIuPEHUs:
=> SELECT * FROM pg_buffercache_summary() \gx

<] RECORD 1 J--ovmmmmmmmmcomamnn

buffers used | 265

buffers unused | 16119

buffers dirty | 6

buffers pinned | 0

usagecount avg | 3.709433962264151

TTomoOHbBIE 3aTPOCH MOT'YT ITOACKAa3aTh, HACKOJIBKO aKTUBHO UCIIOJIb3yeTCst Oy(DepHBIH Kelll M AaTh MUIIY AJIS Pa3MBIIUIeHUR
0 TOM, CTOUT JI¥ YBEJIMYUBATH UJIM YMEHBIIATh €r0 pa3dMep. Hamo yYuTeIBaTh, YTO TaKue 3alIPOCH HAZO ITOBTOPSTH
HECKOJIBKO pa3: HudpH OyOyT MEeHSATHCS B OIIPefeIeHHEBIX IIpenerax, a Habop pe3yIbTaToB, IOMyYeHHEN a1 Bcex Oydepos,
B IIEJIOM MOJKET 0Ka3aThCsl HECOTJIaCOBAaHHEIM.

Wudopmanuio, nofobHYy0 TOH, 4TO Bo3BpamawT dyHknuu pg buffercache summary() u pg buffercache usage counts(),
MOZKHO IIOJIyYHUTh U C IIOMOIIBIO IpeficTaBnenus pg buffercache, ognako ncnonp3oBanue QyHKIUN MeHee 3aTPaTHO, YTO
yOOGHO [AJIST UCIIOJIF30BAHUS B CUCTEMAX MOHUTOPUHTA.






o)) PROFESSIONAL

MaccoBoe BbITECHEHUE Posigres

shared_buffers
N

6yhepHoe KonbLo TPSA3HBINA
: ) Gychep

| [ | | [ ] [ ] [ ]
npouecc MpoLecc  UCKOYAETCS M3 KosbLa
npucoesuHuICS pa6oTtaet unm
K KOMbLy C Aa@HHbIMKM  cBpacbiBaeTCs Ha AWCK

15

Mpu onepayunsax, BbIMOAHAOLWNX MACCOBOE YTEHUE UK 3aNUCb AaHHbIX,
€CTb ONaCHOCTb BbITECHEHUA NOME3HbIX CTPaHUL, U3 BydiepHOoro kewwa
«0HOPA30BbIMW» AaHHbIMW. YTOObI 3TOr0 HE NPOMUCXOANO, ANA TaknX
onepauuni Ncrnonb3yrTca 6yghepHble Ko/ibya — BblaeNneHHble HebonbLune
yacTtu 6ycpepHoro kewa. BblTeCHEHNE AENCTBYET B 3TOM C/lyyae TO/IbKO

B npefenax Kosbla, N ocTasibHble JaHHbIe B Kelle He CTpajator.

Ecnn B npouecce paboTbl B KOJbLE NOSBMAOTCA rPs3Hble 6ydepbl, TO OHY
OYayT OTKNKOUYEHbI OT KOMbLA UK 3anucaHbl Ha AM1CK.



o)) PROFESSIONAL

BydepHoe KonbLo Posigres

[TocnenoBatesibHOE UTeHUe

32 cTpaHuLIbI
TPSI3HBINA Oydep UCKIIOUaeTCs U3 KoJblia

Ouunctka

vacuum_buffer_usage_limit = 32
rpsi3HBIN Oydep BbITECHSETCS Ha TUCK

MaccoBas 3aruch

<2048 cTpanurl
rpsi3HbIN Oydep BbITECHSETCS Ha TUCK
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[Mpwn nocnegosatesibHOM YTeHUM (Sequential scan) Taénuy, Ncnosib3yeTcs
KONbLO pasMepoM 32 cTpaHuubl. Ecnmn npu pabote ¢ aTuMn gaHHbIMU
NOAB/IAKOTCA rpsA3Hble Bydoepsbl (B pe3ynstare npocTaHOBKM BUTOB-NOACKA30K
nnn npu eoinonHeHnn UPDATE), oHKM OTK/1to4aloTCA OT KonbLa,
BO3BpaLlaloTCA B OCHOBHOW KELL U BbITECHAIOTCA 3aTeM YXXe Ha 06LmMX
OCHOBaHuAX. A BMECTO OTK/IIO4YEHHOro bydoepa B KO/bLO U3 Kella
noakayaeTca gpyroi dydoep. Takas cTparerns paccumMtaHa Ha To, 4YTO
AaHHble B OCHOBHOM YMTAKOTCA, & HE N3MEHSAIOTCA.

Ecnu B npoLiecce YTeHnst TabnmLbl Apyromy npoLieccy Toxe noTpeobyrTcs
3TW [laHHble, OH MOAK/IYAETCA K Y)Xe UMetoLleMycs 6ydpepHOMY KosbLly,
a NoTOM OTAE/TbHO [0YMTLIBAET CTPaHWLbl, KOTOPbIX B KOJbLE He GbIO.

[na paboTbl OYNCTKN UCMOMb3YETCA KO/bLO, pasMep KOTOPOro 3ajaeTcd
napameTpom vacuum_buffer_usage_limit. T10 ymonyaHuio ero sHayeHune
HeBenuko (32 cTpaHuLbl), Tak Kak 3amefi/IeHne O4YNCTKM 0ObIYHO He CTO/b
KPUTUYHO, KaK 3amef/ieHne NoMb30BaTe/IbCKMX NMPOLLECCOB (UCKIOYEeHNe —
3alUNTHBIA PEXMM: B HEM O4YMCTKa MOXET MUCMOJ/Ib30BaTb BECh KeLl).

[na maccoBbIx onepauunin 3anucu, Taknx kak COPY nnn CREATE TABLE
AS SELECT, KonbLo nMeeT goctato4yHo 60sbLUoin padmep (06b14HO 2048
CTpaHuL, HO He 6onblle 04HON BOCbMOM BCero 6ydpepHoro kewa).



MaccoBoe BbITECHEHHEe

Ins monmHOTOo YTeHus: TabIuIl, pa3Mep KOTOPHIX IIPEBHINaeT 4eTBePTh OydepHOoro Kellla, UCIonb3yeTcs: 0ydhepHOoe KOIbIIOo.
Pasmep Kellla (B CTpaHHIaX):

=> SELECT setting FROM pg_settings WHERE name='shared_buffers';

setting

[To6aBUM CTPOK B TaOIHITYy:

=> INSERT INTO test SELECT repeat('A',1000) FROM generate_series(1,30_000);
INSERT 0 30000

=> ANALYZE test;

ANALYZE

=> SELECT relpages FROM pg_class WHERE relname = 'test';

relpages

ITepe3arpy3um cepBep, YTOOE cOPOCUTE Oy(hepHBIH Kel.
student$ sudo pg ctlcluster 16 main restart
student$ psql wal_buffercache

U cOpocum 061IyI0 CTaTUCTUKY BBOLA-BEIBOAA:

=> SELECT pg_stat_reset_shared('io');

pg _stat reset shared

HpquTaeM OaHHBIE U3 TaﬁJ'II/ILH:I:

=> EXPLAIN (analyze,buffers,costs off,timing off,summary off)
SELECT count(*) FROM test;

QUERY PLAN

Aggregate (actual rows=1 loops=1)
Buffers: shared read=4286
-> Seq Scan on test (actual rows=30001 loops=1)
Buffers: shared read=4286
Planning:
Buffers: shared hit=14 read=8
(6 rows)

Brimu IIPOYUTAHBEI BCE€ CTPAHUIIBI C JAaHHBIMHA, HO CKOJIBKO 6y(bepOB Kellla MU 3aHATO?

=> SELECT count(*) FROM pg_buffercache_v WHERE relname = 'test’;

B 16-11 Bepcuu PostgreSQL nosBunocs npencrasienue pg stat io, KOTopoe mokas3elBaeT CTaTUCTUKY BBOAA/BEIBOAA C TOYKU
3penus CYB]] (kemmpoBaHue Ha ypoBHe OC B HeM He YYUTHIBAETCS).



=> SELECT context, reads, hits, reuses FROM pg_stat_io
WHERE backend_type = 'client backend' AND

object = 'relation' AND
context IN ('normal', 'bulkread');

context | reads | hits | reuses
---------- B it R
bulkread | 4286 | 0 | 4254
normal | 92 | 4211 |

(2 rows)

CTpoKa c KOHTEKCTOM normal moKa3bIBaeT Onepaluy YTeHUI-3alucu B o0Ireil yactu 6ydepHoro kemra, a bulkread — B
OydepHBIX KOJIbIIax.

e reads — KOJIMYECTBO UTEeHUMU U3 ¢aiina,
e hits — CKOJIbKO pa3 CcTpaHMIla HAIlJIachk B Kellle,
e reuses — YUCJIO ITOBTOPHBIX MCIIOJIb30BaHUM 6ydepoB B OydepHOM KOJIbIIE.

PaszHocTs Mexny reads u reuses B cTpoke bulkread paBHa pasmepy Kosbiia (32).

A Temneps cOPOCUM CTATHCTHUKY M M3MEHUM BCe CTPOKH Tabiuusl. I[Ipu sToM 6ydeps! co cTpaHuiaMu 0yAyT OTCOeRUHSTHCS
oT 6ydepHOoro Koyblla U OCTaBaThCS B Kellle:

=> SELECT pg_stat_reset_shared('io');

pg stat reset shared

=> EXPLAIN (analyze,buffers,costs off,timing off,summary off)
UPDATE test SET t =t || '!';

QUERY PLAN

Update on test (actual rows=0 loops=1)
Buffers: shared hit=98604 read=4256 dirtied=8574 written=4312
-> Seq Scan on test (actual rows=30001 loops=1)
Buffers: shared hit=32 read=4254 written=25
Planning:
Buffers: shared hit=4 read=2 dirtied=1
(6 rows)

Celiyac B Kellle HaXOOSITCS BCE WJIX IIOYTH BCE CTPAHULIEL TAOGIUITE], KOJIMYECTBO KOTOPHIX YIBOUIOCH U3-3a MMOSIBIICHUS
HOBBIX BEPCHUH CTPOK:

=> SELECT relfork, count(*) FROM pg_buffercache_v WHERE relname = 'test' GROUP BY relfork;

relfork | count

fsm | 3
main | 8547
(2 rows)

Emre pa3 3ariagdHeM B CTaTUCTHUKY.

=> SELECT context, reads, hits, reuses FROM pg_stat_io
WHERE backend_type = 'client backend' AND
object = 'relation' AND

context IN ('normal', 'bulkread');
context | reads | hits | reuses
---------- R T SRR
bulkread | 4254 | 32 | 25
normal | 10 | 220917 |
(2 rows)

Tabnuia eine pas MOJTHOCTHIO CKAaHUPYyeTCs dyepeld OydepHoe Kombio. [Ipu 3TOM 32 CTPaHHUIIEL OCTAIUCH B KOJIBIIE OT
IPEemBIOyIEero CKAaHUPOBAHMS, & OCTAJIbHEIE IPUIIITIOCHh IPOYUTATh 3aHOBO. VI3MeHEeHHbIEe CTPAHUIILL OJHA 3a OPYrou
epenalTcs B OOLINY Kelll, o0palleHusl K HUM YYUTEIBAIOTCS B CTPoKe normal. ITpu aToMm o6HOBIeHUEe Kaxkaon u3 30 TeCcAY
CTPOK Tabnuiel TpebyeT HECKOIBKUX 00palleHu i K CTpaHUIlaM, I03TOMY 3HadeHUe B 1ojie hits moBonIbHO BETTUKO.



off PROFESSIONAL

JToKaIbHbIN Kell Posjgres

I1711 BpeMeHHbIX Tab/uI]

BU/HBI TOTKO OTHOMY CeaHCy — HeT CMbIC/Ia UCIT0/Tb30BaTh OOIIMIA Kelll
CYILIeCTBYIOT B TIpeZiesiax ceaHca — He >Kasko MoTepsTh pu cboe

OcobeHHOCTH

He TpeOyroTCst 6JI0OKUPOBKU

TIaMSITh BBIZE/SETCS TI0 He0OXOAUMOCTH B Tipezienax temp_buffers
OOBIUHBIN a/TTOPUTM BBITECHEHUST

MeXaHH3M OydhepHBIX Kojiel] He UCTI0/Ib3yeTCst
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ckntoueHnem 13 obuero npasuia ABMASIOTCA BpeMeHHbIe Tabnnupl.
[MOCKONbKY BPpEMEHHbIe AaHHble BUAHbI TO/IbKO O4HOMY Mpoueccy, UM
Heuero genarb B 06wem 6ychepHom Kewe. bonee Toro, BpeMeHHble faHHble
CYLLECTBYIOT TOJIbKO B paMKax OfHOro ceaHca, Tak 4YTO UX He HYXHO
3almularb ot cooA.

ans BPEMEHHbLIX AaHHbLIX NCMNO/1b3YETCA 0O/1ErYEHHbI NOKaNbHbIN KeLL.

MOCKO/bKY NOKasIbHbIV KeLl JOCTYNeH ToNIbKO OAHOMY MpoLeccy, 418 Hero
He TpebytoTca 6/10KMPOoBKU. NMamMATb BblAenseTcs no Mepe HeobXxoANMOCTH
(B Npeaenax, 3afgaHHbIX napameTpom temp_buffers), Beb BpeMeHHble
Tabnv1Lbl NCNOJL3YKOTCA AasIEKO HE BO BCeX ceaHcax. B nokasibHOM Kelle
MCNOJIb3yeTCs 00ObIYHbIA aNITOPUTM BbITECHEHUS.

BpeMeHHble Tabnuubl Ha OU3NYECKOM YPOBHE XPaHATCHA CXOXUM

C 06bI4HbIMKN Tabnnuamm obpasom. NapameTp temp_tablespaces 3anaet
Tab/IMyHble NPOCTPAHCTBA, B KOTOPbIX OyAyT cO34aBaTbCA BPpEMEHHbIE
006bEeKTbI (BpEMEHHbIE TabnnLpbl N HAEKCHI BPEMEHHbIX Tabnul), koraa
B komaHae CREATE TabnnyHoe NnpoCcTpaHCTBO He yKa3blBaeTcs ABHO.

3HauyeHne napametpa temp_tablespaces MOXeT cofepxaTb CMUCOK MMEH
Tab/IMYHbIX MPOCTPaAHCTB. Korga aToT CNMCcoK coaepXuT 6oblue 04HOro
nveHn, PostgreSQL BbIGMpaeT 13 Hero criyvyariHblii 3/1IEMEHT NPU co34aHum
Ka)K40ro BpeMeHHOro o6bekTa; ogHako npy co3gaHumn nocesyroLwmx
00BbEKTOB BHYTPW TpaH3akuuu TabnmyHblie NpocTpaHcTBa nepebupatorcs
nocneposarefnibHO. Ec/n e B cnucke okasbiBaeTcs nycras CTpoka
(3HayeHwue no ymonyaHuto), PostgreSQL 6yaeTt ncnonb3oBarb TabnmyHoe
MPOCTPaAHCTBO N0 YMONYaHWUIO AN Tekyulen 6a3bl aHHbIX.



BpemMmeHHbIE TaOIHIBI

Co3pmamuM BpeMeHHYI0 TalIuIly C ODHOM CTPOKOM:

=> CREATE TEMP TABLE test_tmp(
t text
);

CREATE TABLE

=> INSERT INTO test_tmp VALUES ('a row');

INSERT 0 1

B maHe BEITOJIHEHUS 3ampoca obpaljeHue K JIOKalTbHOMY KelTly BEIMISAUT Kak «Buffers: local»:

=> EXPLAIN (analyze,buffers,costs off,timing off,summary off)
SELECT * FROM test_tmp;

QUERY PLAN

Seq Scan on test tmp (actual rows=1 loops=1)
Buffers: local hit=1

Planning:
Buffers: shared hit=4

(4 rows)

=> SELECT context, hits, extends FROM pg_stat_io
WHERE backend_type = 'client backend' AND
object = ‘temp relation' AND context = 'normal’;

context | hits | extends

normal | 1| 1
(1 row)

BumguM, 4TO BCTaBKa CTPOKM IIPHUBEIa K paciupenuio Tabnuns (extends).



o)) PROFESSIONAL

[1porpes keLla Posigres

Paciumvpenue pg_prewarm

PYUHOI1 [TpOrpeB Kellla OniepaliiOHHON CUCTeMbI
pyuHoii iporpes 6ydepHoro Keiiia
aBTOMaTHueCcKui nporpes OydepHOro Kellla Mpy Mepe3arycke cepBepa
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Mocne nepe3anycka cepsepa 6ydepHblil Kewl nycT 1 A0/HKHO NPONTH
HEKOTOPOE BPEMS, UTOObI OH «MPOrpesncsi», To eCTb Habpan akTyasibHble
aKTMBHO MCNoNb3yrwmecs AgaHHble. VIHOorga MOXeT oka3aTbCs NOMe3HbIM
cpasy npountaTtb B Kel AaHHble onpeaeneHHbIX Tabnuu.

PacwunpeHune pg_prewarm rno3BosiieT B PyYHOM pexmme npovnTarb
HekoTopble Tabnunubl M60 B Kell onepaumoHHON CUCTEMbI, TGO
n B 6ydpepHblii kew CYB/[, Toxe.

PaclmpeHne Takke NO3BOMAET B aBTOMaTUYECKOM peXnme BOCCTaHOBUTL
cofepxmmoe bychepHOro Kella nocse nepesanycka cepsepa. 18 3Toro
Heobxo4MMO NOAKNIUYNTL BUBNMOTEKY pacLUMpeHns, obaBmB ee

B napameTp shared_preload_libraries.

https://postgrespro.ru/docs/postgresgl/16/pgprewarm




IIporpes Keiia

PaccMoTpuM caMblil IIPOCTOM CIleHAapPUM MCITOIb30BAHUS PACIIUPEHUS OIS IIPOTrpeBa Kela.
=> CREATE EXTENSION pg_prewarm;

CREATE EXTENSION

B ouepenHol pa3 nepes3amycTUM cepBep, YTOOH! B Kellle He ObLIO HaHHBIX TaOnmuLs test:
student$ sudo pg_ctlcluster 16 main restart

student$ psql wal_buffercache

=> SELECT count(*) FROM pg_buffercache_v WHERE relname = 'test';

Br130B pyHKIMHE pg prewarm 6e3 [OIMOJIHUTEIbHEIX TapaMeTPOB IIOJIHOCTHIO CYUTHIBAET OCHOBHOM CJION yYKa3aHHOMU
Tabmunel B 6ypepHbId Kel:

=> SELECT pg_prewarm('test');

pg_prewarm

=> SELECT relfork, count(*) FROM pg_buffercache_v WHERE relname = 'test' GROUP BY relfork;

relfork | count



o)) PROFESSIONAL

Toru Posigres

Bcst paboTa ¢ JaHHBIMU TIPOHMCXOAUT yepe3 OydepHbIi Kelr

Pe,E[KO HCII0J/Ib3yeMble CTPAaHHLbI BBITE€CHAIOTCA,
HdCTO UCIIOJIB3YyEMbIE€ — OCTdIOTCA

BydepHbIii Kem cokpaiijaeT 00eM BBO/ja-BbIBO/Ia,
HO MPUBOJIUT K HEOOXOAMMOCTHU KyPHATHUPOBaHUS
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o)) PROFESSIONAL

[1pakTnKa Pos{gres

1. Co3paiiTe TabMITy ¥ BCTaBbTe B Hee HEKOTOPOE KOJIMUECTBO
cTpok. Onpenenure, CKOJILKO 3aHUMaeT Tab/Iuiia
a) CTpaHMI] Ha JUCKe,
6) 6ydepos B kerire.

2. Y3HaliTe KOIMUECTBO IPA3HBIX Oy(GepoB B Kellle Ha TeKYIU
MOMEHT. BBITIO/THHUTEe KOHTPOJIbHYIO TOUKY KOMaH[0M
CHECKPOINT. CKoJIbKO Ipsi3HBIX Oy(depoB 0CTanoCh Temnephb?

3. TloakmounTte OUOIMOTEKY PaCIIMPEHUs Pg_prewarm u
TIPOBEPETe, UTO TOCJIe Tiepe3artycka cepBepa Co/iepyKuMoe
OydepHoOro Kelila BOCCTaHaB/IMBAETCS.
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UTOoObI NPOBEPUTL COAEPXMMOE BYdIEpPHOro Kella, UCNoMb3ynTe
paclumpeHnune pg_buffercache:
https://postgrespro.ru/docs/postgresql/16/pgbuffercache.html




1. Ta0auna B KeIle

Co3panum Tabmuy:

=> CREATE DATABASE wal_buffercache;

CREATE DATABASE

=> \c wal_buffercache

You are now connected to database "wal buffercache" as user "student".
=> CREATE TABLE t(n integer);

CREATE TABLE

=> INSERT INTO t SELECT 1 FROM generate_series(1,10_000);
INSERT 0 10000

BreimmoniruM VACUUM — 3T0 o6ecliedynuT HaM Haludue BCeX CIJIOEB:

=> VACUUM t;

VACUUM

CKOJIbKO CTPaHWUII Ha IUCKe 3aHKHMaeT Tabauma?

=> SELECT setting FROM pg_settings WHERE name = 'block_size';

setting

=> SELECT pg_table_size('t') / 8192;

?column?

W3 HUX OCHOBHOU CJIOH:
=> SELECT pg_relation_size('t','main') / 8192;

?column?

KapTa cBOGOAHOTO MPOCTPAHCTBA:
=> SELECT pg_relation_size('t','fsm') / 8192;

?column?

U KapTa BUOUMOCTH:
=> SELECT pg_relation_size('t','vm') / 8192;

?column?

CkopKO 0y(depoB B Kellle 3aHUMaET Tabauma?
=> CREATE EXTENSION pg_buffercache;

CREATE EXTENSION



=> SELECT CASE relforknumber
WHEN 0 THEN 'main’
WHEN 1 THEN 'fsm'
WHEN 2 THEN 'vm'
END relfork,
count(*)
FROM  pg_buffercache b,
pg_class ¢
WHERE b.reldatabase = (
SELECT oid FROM pg_database WHERE datname = current_database()
)
AND c.oid = 't'::regclass
AND b.relfilenode = c.relfilenode

GROUP BY 1;
relfork | count
_________ B
fsm | 3
main | 45
vm | 1
(3 rows)

2. I'psizHble Oydepsl B Kelne

=> SELECT buffers_dirty FROM pg_buffercache_summary();

buffers dirty

BEHIIONTHUM KOHTPOJIBHYIO TOUKY:

=> CHECKPOINT;

CHECKPOINT

=> SELECT buffers_dirty FROM pg_buffercache_summary();

buffers dirty

I'psizubIX OydepoB He ocTanock. [logpo6Hee 0 KOHTPOIBLHOM TOYKE PacCKa3bIBaeTCs B OTHENILHOM TeMe.

3. ABTOMaTHYEeCKHH IPOrpeB Kelia

IMopgkmoyuM 6uOINOTEKY P prewarm u nepe3anyCTHM CepBep.

=> ALTER SYSTEM SET shared_preload_libraries = 'pg_prewarm';
ALTER SYSTEM

student$ sudo pg ctlcluster 16 main restart

student$ psql wal_buffercache

Terneps OTHENbHEIN (HOHOBHIH Iporecc GymeT cOpackBaTh Ha QUCK CIIMCOK CTPAHUI[, HAXOOSALIUXCs B OydhepHOM Kelle, pa3 B
pg_prewarm.autoprewarm interval eguuu BpemMeHu.

student$ ps -o pid,command --ppid $(sudo head -n 1 /var/lib/postgresql/16/main/postmaster.pid) | grep prewarm
175436 postgres: 16/main: autoprewarm leader

IIpouutaem Tabnuiy t B OypepHbIi Kemr:

=> CREATE EXTENSION pg_prewarm;

CREATE EXTENSION

=> SELECT pg_prewarm('t');

pg_prewarm



=> SELECT count(*)
FROM pg_buffercache
WHERE relfilenode = pg_relation_filenode('t'::regclass);

MozkHOo 160 IonoXKAaTh, 160 COPOCUTH CIIMCOK CTPAHUIl BPYyYHYIO:
=> SELECT autoprewarm_dump_now();

autoprewarm_dump_now

B daiin 3anuceBaOTCA UAeHTU(DUKATOPHI Oa3bl JaHHBIX, TAaOJIUYHOIO TPOCTPAHCTBA U (aiia, HOMEp CJIosT U HOMep 6110Ka:
student$ sudo head -n 10 /var/lib/postgresql/16/main/autoprewarm.blocks

<<299>>
0,1664,1262,0,0
0,1664,1260,0,0
1,1663,1259,0,0
1,1663,1259,0,1
1,1663,1259,0,2
0,3
0,0
0,1
0,2

’
’

’

1,1663,1259,
1,1663,1249,
1,1663,1249,
1,1663,1249,

’
’
’

CHOBa Ilepe3alyCTuM cepBep.

student$ sudo pg ctlcluster 16 main restart

student$ psql wal_buffercache

ITocne 3amycka (hOHOBHEIY IPOIECC IPOYUTAET B Oy(PEePHEIN KeIll BCe CTPAHUITH, YKa3aHHEIE B ¢aiie.

=> SELECT count(*)
FROM pg_buffercache
WHERE relfilenode = pg_relation_filenode('t'::regclass);

BepreMcs K HacTpoKaM I10 YMOTYaHUIO.
=> ALTER SYSTEM RESET shared_preload_libraries;
ALTER SYSTEM

student$ sudo pg_ctlcluster 16 main restart



