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YCTpOMCTBO 1 MCII0/Ib30BaHUe OydhepHOro Keliia
MexaH13M BbITeCHEHUSI CTPAHMUI]

MaccoBoe BbiTecHeHUe U OydepHbie Ko/blia
HacTpotika pa3Mepa Keliia

JIoKa/ibHBIM Kelll /ijisT BpeMeHHBIX Ta0JIuI]
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TPSA3HbIA () shared_buffers
6ychep

3apava 6ydhepHOro Kela — Crinaxmnsarb pasHuLy B NPON3BOAUTENBHOCTU
[BYX TUMOB NaMAT: onepaTuBHOi (6biCTpas, HO Mano) U ANCKOBOWA
(MegsieHHada, HoO MHOro). YTobbl paboTaTb C AaHHbIMU — YnTaTb UK
N3MEHATb, — NPOLECChI YNTAKOT CTpaHuLbl B OyddepHblii Kelw. MNoka
CTpaHuua HaxoguTcs B Kelle, Mbl 3KOHOMMM Ha 00paLleHnsax K ANCKY.

BydepHbIli kel pacnonaraeTcs B 06Lein namsaTy cepBepa n npeactaBnseT
coboin maccus 6ydrepoB. Kaxabli 6ydoep cCOCTOUT U3 MecTa nog, OAHY
CTpaHuLYy AaHHbIX 1 3aronoBKa. 3aro/I0BOK COAEPXMUT, B UMC/I€ NPOYETO:;

* pacnosioXeHne cTpaHuupbl Ha aucke (dpain n Homep CTpaHuLbl B HEM);

* yucno obpalleHunit K Bydoepy (cueTumk usage count, yBenmMymBaeTcs
KabKAbI/ pas, Koraa npouecc untaet unu naMeHsiet bydep);

* NpU3HakK TOro, YTO AaHHble Ha CTpaHuLEe U3MEHUIUCb N PaHO WUAN NO34HO
[O/MKHbI ObITb 3anMcaHbl Ha ANCK (Takon bydoep HasbIBaKOT IPA3HbLIM);

* MPU3HaK 3aKkpensieHnsa (CYHeTUYMK pin count KosimM4yecTsa NPoLeccos,
paboTalWmx B AaHHbIA MOMEHT C cogepXnmMbiM 6ydrepa).

Pa3smep 6ydhepHoro kewa 3agaetcsa napameTpom shared_buffers.
Ero nasmeHeHvne TpebyeT nepesanycka cepsepa.

3HauyasIbHO Kell coaepXXnT nyctblie 6ydiepsbl, U BCe OHW CBA3aHbl B CMMCOK
cB060AHbIX 6ydpepoB. CMbIC/ yKasaTe i Ha «CMeayoLLy0 XXepTBY» CTaHeT
AICEH YYTb MO3Xe.

UT0ObI 6bLICTPO HAXOAMUTb HYXHYI CTPaHWULY B KeLle, UCMO/b3yeTCAa XelLl-
Tabnuua.
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CTpaHuua B KeLle Pos{gres

xew-tabnuua

CcBO6OAHbIE
6ycheps! D

cneaytowas
xepTea

Gycep
3akpenneH

Korga npoueccy TpebyeTcs npounTtaTb CTpaHuLy, OH CHavasna nbitTaeTcs
HanTK ee B ByhepHOM KeLle C NOMOLLbH Xell-Tabnuupl.

Kntouom xewwmpoBaHust CNYXUT haiin n Homep CTpaHuLbl BHYTpY haiina;
nosnyyYnB HoMep 6ydrepa, Nnpouecc ObICTPO NPOBEPSET, AENCTBUTENBHO N
OH COAEPXUT HYXXHYIO cTpaHuuy. Kak 1 B ntoboil xew-tabnuue, 34ecb
BO3MOXHbI KOM/IN3MK; B TaKOM C/lydae npoueccy NpuaeTcs npoBepuThb
HECKOJIbKO CTpaHuL,.

Ecnu HyXXHasa cTpaHuua HallieHa B Kelle, NPOLEeCC AO0/MKEH «3aKpenuTb»
6ychep (yBeIMUUTL CHETUMK pin count) 1N yBeINYNTb YNCNI0 ObpaLleHNii
(cyeTumk usage count). bychep MoryT 3akpenifaTb HECKO/IbKO MpoLeccoB
O[HOBPEMEHHO, NO3TOMY UCMO/b3YETCA UMEHHO CUYETUMK, & HE JTOTNYEeCKUi
NPU3HaK.

[Moka 6ydhep 3akpensieH (3HavyeHne pin count 60/bLIE HYNS), CUATAETCA,
4yTO Bydoep UCNO/b3YyEeTCA U ero COAEPXUMoe He A0/MKHO «paanKasibHO»
N3MeHUTbLCA. Hanprumep, B CTpaHULe MOXET NOABUTLCSA HOBas BEPCUs
CTPOKM — 3TO HUKOMY He MellaeT 6narogapst MHOroOBEPCMOHHOCTU U
npasunam BUAMMOCTU. HO B 3aKpenieHHbIn Bydhep He MOXET ObITb
npounTaHa gpyrasa ctpaHuua.



CrpaHuIia B Kelre

=> CREATE DATABASE wal_buffercache;

CREATE DATABASE

=> \c wal_buffercache

You are now connected to database "wal buffercache" as user "student".
Cosgazum TabJIHIly C OHOM CTPOKOM:

=> CREATE TABLE test(
t text
)

WITH (autovacuum_enabled = off);
CREATE TABLE

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

VH)OpMAITHIO 0 CO/IeP>KUMOM 6Y(hepHOTO KeIlla U ero HCII0/IH30BaHUH MOYKHO IIOJTYYUTD C IOMOIIBI0 PACITHPeHUS
pg_buffercache, Bkirouarorero B cebst oJHOMMeHHOe IIpeficTaBIeHUe U JOII0JTHUTeIbHbIe QYHKITUH:

=> CREATE EXTENSION pg_buffercache;
CREATE EXTENSION
Co3mauM /1St y06CTBa IIpe/icTaBIeHue, paciiipPoBhIBaoIiee HEKOTOPhIe CTOJIOIBL.

VcioBue Ha 6a3y JaHHBIX He0OX0/MMO, TaK Kak B 6ypepHOM Kellle Co/lepKaTcs JaHHbIe BCero Kuacrepa. Pacimu$poBaTb MbI
MO>KeM TOJIbKO HHGOpMaIiHIo U3 ToH BJl, K KOTOpOH IIOAK/II0UeHs!. ['7106aIbHble 00beKThI CUMTAIOTCS IIPUHA//IeKaIMU B/l ¢
HyseBbIM OID.

=> CREATE VIEW pg_buffercache_v AS
SELECT bufferid,
(SELECT c.relname
FROM pg_class ¢
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 Kellle y>Ke HaXO/SATCS CTPAHUITHI TaGJIUITHI; OHU ITOSIBHJINCH IIPU BBITTOJIHEHUY BCTaBKU:
=> SELECT * FROM pg_buffercache_v WHERE relname = 'test';
bufferid | relname | relfork | relblocknumber | isdirty | usagecount
1850 | test | main | 0|t | 1
(1 row)

Komanzma EXPLAIN c ykasaHueM analyze u buffers mokassiBaeT ncrosb30BaHKe 6yGepHOro Kellla IIPpK BRIIIOJTHEHHUH 3aIIpoca:

=> 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» ToBopUT 0 TOM, UTO CTpaHUI]a ObLIa Hali/leHa B Kellle.
ITocJie BBITIOJTHEHHUS 3alIpoca CUeTUHK KUCII0Ib30BaHUs YBEJIUNYMICSI Ha eJUHUILY:

=> SELECT * FROM pg_buffercache_v WHERE relname = 'test';

bufferid | relname | relfork | relblocknumber | isdirty | usagecount
---------- B L T e L L L Tr o

1850 | test | main | 0|t | 2
(1 row)
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UTeHune B cBOOOAHbIN Oydpep Posgares

xew-tabnuua

CcBO6OAHbIE
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cneaytowas
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MOXET NoMy4nTbCA Tak, YTO HeobxoaMmasi CTpaHuLla He ByaeT HalaeHa
B Kewle. B 3ToM ciyyae ee He06X0AMMO cuMTaTh C AUCKa B Kakoli-nn6o

oydhep.
B nepsyto ouepeab NoUcK nogxoasilero dydgepa byaet npoxoanTb
Mo crnmcky cBoboaHbIX BydepoB, eC/n OH He NyCT.

HaiiaeHHbIl No ykasatento bydep 3akpenssieTcsl, B Hero YntaeTcs
Heob6xoMMas cTpaHuLla, Y4c/o 06paLleHnin ycTaHaBIMBAETCS B eAVHULLY.

YKkazaTenb Ha CBOOOAHbIV Bydoep nepeaBuraeTcs Ha crieayowmi No Cnncky
6ydbep, ecrniv OH ecCTb.

Kpome Toro, CChifIKy Ha 3arpy)XeHHyto cTpaHuLy Heo6xoamMmMo nponucarb
B XeLLU-Tabnuiy, 4tobbl B AasIbHENLLEM €€ MOXHO ObI/1I0 HANTW.
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cneaytowas
xepTea

I s . B . S

B KOHLIE KOHLOB ByaeT 3ano/iHEH 1 NOCMeAHniA CBOGOAHbLIN Bydiep.

Tenepb ccblsika Ha CBOOGOAHLIN Bydiep nycta — B AasIbHENLLEM, YTOObI
NpoynTaTb HOBYH CTpaHULy B /10601 3aHATLI Bydhep, NpUAETCA N3 3TOro
Oyhepa BbITECHUTL CTPaHuLYy, KOTOpas TamMm HaxoAuTCs.

Bydhepbl BO3BpaLLLATCS B CNMCOK CBOGOAHBIX NPUW yAAIEHUN UK
OMyCTOLLEHUM TabnuLbl UK NPU OTCEYEHUM YaCTU XBOCTOBbIX CTPaHML, NpK
OuNCTKE — TO eCTb B C/yvasix, Korga cTpaHuua B 6ydepe He 3aMeHsieTcs
Apyroii, a NpPoCcTo ucyesaer.



YreHHe B CBOOOHEIN Oydep

ITepe3arpy3uM cepBep, UTOOBI COPOCUTE 6YQepHBIH Kelll.
student$ sudo pg_ctlcluster 16 main restart
student$ psql wal_buffercache

B kerrre ecTb CBOOGOAHEIE Oydephl:

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

BrirtostTHUM 3allpoC K Taﬁnmue:

=> 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)

Crpoxka «Buffers: shared read=1» mmokaseIBaeT, UTO CTPAHUILY IIPUIILJIOCH IIPOYUTATH C IUCKA. BOT oHa:
=> SELECT * FROM pg_buffercache_v WHERE relname = 'test';

bufferid | relname | relfork | relblocknumber | isdirty | usagecount
---------- B it L e S S

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

KosruecTBo cBO60IHBIX 6Y$epoB YMEHBIIIIIOCE:

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

B KeIlI 1Torajia He TOJIBKO IIPOYMTAHHAs CTPAHUIIA, HO M CTPAHUIIEI TAGJIUI] CHCTEMHOTO KaTaIora, KOTOphIe ITOTPeGOBaIHCh
TJIAHUPOBIIHUKY.
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UTeHne c BbITECHEHUNEM Posigres

xew-tabnuua

cB0O6OAHbIE
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cnepyowas
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Henb3s
BbITECHSATb:
3aKpensieH

MexaHn3M BbITECHEHUSI CNO/b3YET YKa3aTeslb Ha CNEeAYIOLLYH «XKEepPTBY».

AropnTM COCTOMUT B TOM, YTOGbI Nepebupatb No Kpyry Bce 6ydoepsl,
yMeHbLlas nx cyeTymkn obpatleHnin (usage count). BeibnpaeTtcsa nepsblii
Xe bydoep, Y KOTOPOro 3Ha4YeHe cYeTUMKa paBHO HY/I0 N KOTOPbINA

B MPUHUUNE MOXET ObITb 3aHAT HOBOWN CTpaHUuUeit. Mo-aHrMNCKN aToT
a/IropuTM HasblBaeTcs clock-sweep: aHaslornsa ¢ 4acoBOW CTPENKON,
KoTopasi npoberaeT ungepodnar no Kpyry.

Uem 60/bLIe 3Ha4YeHne cuetunka y bydepa (To ecTb YeM Yyalle OH
NCNOMb3yeTcsl), TEM 60/bLUE Y HETO LUAHCOB 3aZlepXXaTbCsl B Kelle.
MakcumasibHoe 3Ha4YeHne cHeTUYnKa obpalleHnin orpaHn4YeHo Y1UCIom 5,
4TOObI M36eXaTb «HamMaTbIBaHUA KPYroB» Npu 60/bLLINX 3HAYEHUAX.

B Halwem nprymMmepe npouecc cHavasia obpalaertcs K 6ydpepy no ykasaresnto.
Bydep 3akpenseH (To eCTb NCMOb3YETCA KaKMM-TO NPOLLECCOM), 1 NO3TOMY
CTpaHunua He MOXET ObITb BbITECHEHA U3 HEr0. TeM He MeHee Mbl
YMEHbLLAEM 3HaYeHNe cHeTUMKa 06paLleHNn Ha eauHULY 1 Nepexoanm

K cnepyowemy oydepy.
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Cnepytowmii 6ycpep He 3akpensieH, O4HaKo ero CHeTYMK obpaLLeHnia
6onblLUe HyNA.

Mbl yMEHbLLIAEM CYETUMK HA eAUHULY 1 laeM CTpaHWuLE LLaHC OCTaTbCs
B Kelle.
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UTeHne c BbITECHEHUNEM Posigres
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11

HakoHeL, Mbl AOXOAMM [0 He3aKpenieHHoro bydhepa ¢ HyNneBbIM CHETUMKOM
ob6pauleHnin. CTpaHuua 13 atoro dydepa n 6yaeT BbITECHEHA.

OfHako B HallleM NpuMepe HaaeHHbI bydep okasancsi IPi3HbIM — OH
COAEPXUT M3MEHEHHbIE AaHHble. M03TOMY CHayana cTpaHuLy TpebyeTcs
COXpaHnTb Ha Anck. Ans atoro 6ydoep 3akpennsieTcs (4To6bl NokasaTb
OCTa/IbHbIM MpoLLeccaM, YTo OH UCMONb3yeTcs), NOC/e Yero cTpaHuLa
3anmcbIBaeTCs Ha ANCK.

3TO He OYeHb XopoLuas CUTyauns: NPoLeccy, KOTopbIi cobupasics
npounTaTb CTpaHuLy, NPUAETCA XAATb, NMOKa «YyXXune» faHHble 6yayT
3anuncaHbl. ITOT 3(PhekT crnaxmnsaeTca npoueccamm KOHTPOSIbHOW TOUKN
1 OOHOBOM 3anncu, KOTopble PacCMOTPEHLI B TEME «KOHTPO/IbHAsA TOUKa.
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UTeHne c BbITECHEHUNEM Posigres

xew-tabnuua

cB0O6OAHbIE
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[Mocne Toro Kak cTpaHuLua 13 rpsasHoro bydpepa 3anmncaHa Ha Auck,
B 0CBO6OAMBLUMIACA Bydhep paHee pacCMOTPEHHbIM 06pa3oM YMTaeTcs
HOBas cTpaHuua.

Ccbl/lKa Ha cnenyoLLyo «KepTBy» YXe yKasblBaeT Ha crieayowmin oydep,
a 'y TOJIbKO YTO 3arpy>eHHOro ecTb BpeMsi HapacTUTb CYHETUMK ObpaLleHWnid,
Nnoka ykasaresib He 060MAeT No KPyry BeCb 6ydoepHbIn KeL 1 He BEPHETCH
BHOBb.
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HacTponka pasmepa kewa  Posggres

Hacrpoiika
() shared_buffers = 128MB @

By(epHbIii Kelll TO/KeH CoflepKaTh «aKTUBHbIE» JAaHHBIE

TIPY MEHBIIIEM pa3Mepe TIOCTOSIHHO BBITECHSIIOTCS M0JIe3HbIe CTPAHHLIbI
ripu 6osibiIeM pa3Mepe GeCCMBICIEHHO PACTYT HAK/Ia[HbIE PACXOABI
HavasbHOe npub/mkeHne — 1/4 O3Y

Hy>XHO yunTBIBaTh JBOMHOE KelllpOBaHHe

ec cTpaHuLibl HeT B Ketle CYB/I, oHa MoxeT 0Ka3athes B Keltie OC
anropuT™ BeiTecHeHHs OC He YUUTBIBAeT Crielii(UKHU Oa3bl JaHHBIX

13

Pa3mep Kella yctaHaB/nBaeTcs napameTtpom shared buffers. 3HavyeHune
no ymonyaHmio — 128 Mb — CU/IbHO 3aHWXKEHO.

Kak BbibpaTtb noaxogsauwee 3HadeHne? Jaxe camas 6onblias 6asa numeet
orpaHn4YeHHbI Habop AaHHbIX, C KOTOPbIMW BeAeTCcA akTuBHas pabora.

B naeane stot Habop (NaHOC HEKOTOPOE MECTO A1 «OAHOPA30BbIX»
[laHHbIX) AO/MHKEH NOMELLATLCA B BydoepHbIi KelLl.

Mpn MeHbLIEM pasMepe Kella akTUBHO UCNOJIb3yeMble CTpaHuLbl 6yayT
MOCTOSAHHO BbITECHATL APYr Apyra, co3aaBas N3bbITOYHbIA BBOL-BbIBOA.
Mpr3HaKOM TaKo CUTyauumn MOXET CNYXNUTb TO, YTO BCE CTPaHULbI B KeLle
nmeroT 60/bLLIOE YMC/o 06pauleHnii (usage count).

OpaHako npu 60/bLLIOM pa3mMepe Kella 6yayT pacTi HaknaaHble pacxobl
Ha ero noaaepxaHue.

B kauecTBe NepBOro NPUGAMKXEHNA MOXHO B3ATb 1/4 onepaTuBHON NamaTw,
HO HaA0 NOHMMAaTb, YTO ONTUMasIbHOE 3HaYeHNEe 3aBUCUT He OT pasmepa
O3Y, a 0T KOHKPETHbIX AaHHbIX N Harpy3Ku.

He cnepnyet 3abbiBaTb M 0 TOM, 4YTO PostgreSQL paboTaeTt ¢ AUCKOM vepes
onepaumoHHY0 CUCTEMY U, TaKUM 06pa3oM, MPONCXoaUT ABOMHOE
KelmpoBaHue: CTpaHuLbl nonagarT Kak B OydoepHbIin Kelw, Tak 1 B ke OC.
Taknm o6pa3om, «HenonagaHue» B 6yhepHbIii Kell He Bceraa NnpuBoanT

K He06X0AMMOCTM peasibHOro BBOAAa-BbiBoga. Ho cTpaterus BbiTecHeHus OC
He yunTbiBaeT cneundukmn 6as gaHHbIX.

https://postgrespro.ru/docs/postgresagl/16/runtime-config-resource#RUNTIM
E-CONFIG-RESOURCE-MEMORY
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Hacrpoiika pasmepa Kema

Hcrosb3ys pacuruperue pg_buffercache, Mo>kHO HaGJIIOATE 32 COCTOSTHUEM Kellla IO, Pa3HBIMU YIJIaMH.

KpoMe nHpOpMaIuu o ToM, Kak IIpe/icTaBjeHa B Kellle Ta WM UHas CTPaHUIla, MOYKHO, HallpuMep, IOCMOTPeTh paclipefiesieHHe
6ydepoB I10 UX «IIOITYJIIPHOCTH».

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

usage count

(6 rows)

dyuknus pg_buffercache_usage_counts() BosBpaliaeT Habop CTPOK CO CBOJHOM MHPopMaIie o COCTOSTHUH BceX 00IHX 6ydepos,
arperupoBaHHBIX I10 BOSMO’KHBIM 3HAYEHUAM CUETYHKA HCII0/Ib3OBaHUI.

Kak u nipencraBieHue pg_buffercache, QyHKIIHUS He HUCIIOIB3yeT 6JIOKUPOBKY MeHeIKepa 6ydpepoB, II03TOMY IIpU ITapaIeIbHOU
paboTe B 6a3e JaHHBIX BO3MOKHA He3HAYHTeIbHAs IIOTPEIITHOCTD Pe3y/IbTaTOB QYHKITUH.

ITocMOTpHM, KaKas ZoJIs1 KaKUX TabJIuI] 3aKellTipoBaHa (M HaCKOJIbKO aKTHBHO HUCIIOJIb3YIOTCS 3TH JaHHBIE):

=> 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 c 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 cBOHYI0 MHGOPMAITUIO 0 6yGepHOM Kellle HaM ITOKaXKeT ApyTast GYHKIIHS U3 PACIIHPeHUs:
=> SELECT * FROM pg_buffercache_summary() \gx

-[ RECORD 1 J--#-------------------
buffers used | 266

buffers unused | 16118

buffers dirty | 7

buffers pinned | 0

usagecount avg | 3.7030075187969924

ITomo6HBIe 3aIIPOCHI MOT'YT I0/iCKa3aTh, HACKOJIBKO aKTUBHO UCII0JIb3yeTcs 6ydepHBIN Kelll ¥ AaTh IHUINY I PasMBIIILIeHUH 0
TOM, CTOMT JIM yBeJIMYMBaTh WK YMEHbIIATh ero pasMep. Haflo y4UTEIBaTh, UTO TaKHe 3aIIPOChI HAZlo IIOBTOPSITH HECKOJIBKO pas:
nudpHI 6yAyT MEHATHCA B OIIpe/le/IeHHBIX IIpe/iesiaX, a Habop pe3yIbTaToB, II0JIyIeHHBIH 11 BceX 6ypepoB, B 11eJI0M MOKET
OKa3aThCsd HeCOIJIaCOBaHHBIM.

HHpopMaIiHio, mofo6Hyo TOH, 4To Bo3BpamaT yHkiuu pg_buffercache_summary() u pg_buffercache_usage_counts(), Mo>xHO
TIOJTy4YHUTH U € IIOMOIIIBI0 IIpeficTaBIeHus pg_buffercache, oqHako ucriob30BaHHe QyHKIIMI MeHee 3aTpaTHO, UTO YA06HO I
HCII0JIb30BaHUS B CHCTeMaxX MOHUTOPHHIA.
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MaccoBoe BbITECHEHNne Posigres

shared_buffers
N

6ythepHoe KonbLo TPA3HbII
: ) Gydhep

| | | | [ ] [ ] [ ]
npouecc MpoLecc  WCK/KYAETCA M3 KosbLa
npucoeauHuica pa6otaet nnu
K KOnbLy C JaHHbIMM  cbpacbiBaeTcs Ha AWCK
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Mpu onepaymax, BbINOMHAOLWNX MacCOBOE YTEHWE NN 3annCb OAHHbIX,
€CTb OMacHOCTb BbITECHEHWSA MONE3HbIX CTPaHWUL, N3 BydoepHOoro keLua
«0[HOPa30BbIMU» AAaHHbIMW. YTOObI 3TOT0 HE MPOUCXOAMIO0, OJ1A TaKnx
onepauuin Ncnonb3yTcsa byghepHblie Ko/lbya — BblAeNeHHble HebonbLune
yacTtn 6ydpepHoro kewa. BolTecHeHMe AeCTBYET B 3TOM C/lyvae TO/IbKO

B Npejeniax Kosbla, U OCTasibHble JaHHble B KeLlle He CTpaalor.

Ecnn B npouecce paboTbl B KOJbLE NOSBASIOTCA rPsi3Hble 6ydhepbl, TO OHW
OYylyT OTKNIOUYEHbI OT KOMbLA WX 3anucaHbl Ha AUCK.
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BydepHoe KonbLo Posigres

ITocnenoBarenbHOE UTeHUE

32 cTpaHuLIbI
rpsi3HBIN Oydep UCKTFOUaeTCst U3 KOJblia

OuncTKa

vacuum_buffer_usage_limit = 32
rpsi3HBIN Oydep BeITECHSETCS Ha JUCK

MaccoBas 3a1uch

<2048 cTpanurj
rpsi3HBIN Oydep BBITECHSETCS Ha TUCK
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[Mpn nocnegoBatenbHOM YTEeHUM (Sequential scan) Tabnuu, NCrnosb3yeTcs
KONbLUO pa3mMepoM 32 cTpaHuubl. Ecnn npu paboTe ¢ 3TMMn gaHHbIMU
NOABNAKTCA rpA3Hble bydoepbl (B pe3y/ibTare NpocTaHOBKN BUTOB-NOACKA30K
nnn npu BobinonHeHnn UPDATE), OHM OTK/Ilo4aloTCA OT KONbLa,
BO3BpaLlaloTCA B OCHOBHOM KeLl M BbITECHAKOTCA 3aTEM YXXe Ha 00LLmnX
OCHOBaHuAX. A BMeCTO OTK/TH04EeHHOro bydpepa B KObLo M3 Kella
noAknyaeTcsa gpyron bydep. Takaa cTparernsi paccumMtaHa Ha 1o, YTo
[aHHble B OCHOBHOM YMTAlOTCA, & He U3MEHSIOTCS.

Ecnu B npouecce YTeHusl Tabnmupbl ApyroMy NpoLieccy Toxe notTpebyoTcs
3TV [laHHbIE, OH MOAK/IUYAETCA K YXKE UMetoLLeMycst 6ychepHOMY KosbLly,
a NoTOM OTAE/TbHO AOUUTLIBAET CTPAHULIbI, KOTOPbIX B KOMbLE He GbI/O.

[na paboTbl OYNCTKU UCMOMb3YEeTCA KO/bLO, pasMep KOTOPOro 3ajaeTca
napameTpom vacuum_buffer_usage_limit. 1o ymon4aHuio ero 3HayeHue
HeBenuko (32 cTpaHuubl), Tak Kak 3aMmefsieHne O4YUCTKM 0ObIYHO He CTO/b
KPUTUYHO, Kak 3amMen/ieHre Nnosib30BaTeNlbCknX NpoueccoB (MCKIYeHne —
3alUNTHBIA PEXMM: B HEM OYMCTKA MOXET UCMNO/Ib30BaTb BECH Kelll).

[nsi maccoBbIx onepaunin 3anncu, Taknx kak COPY nnn CREATE TABLE
AS SELECT, konbL0 nmeeT goctatodyHo 60nbLuoin pasmep (06bl4HO 2048
CTpaHuL, HO He 60/1blle 04HOM BOCbMOW BCEro 6ychepHoro Kelua).



MaccoBoe BbITECHEHHEe

JIJ1s1 TIOJTHOTO YTeHUsI TabJINI], pasMep KOTOPBIX IIPeBHIIIaeT YeTBEPTh OypepHOro Kellla, MCII0JIb3yeTcs 6ypepHOe KoIbIlo. PasMep
Kellla (B CTpaHHUIIAX):

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

setting

Jlo6aBUM CTPOK B Ta6JIHITY:

=> 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

IlepesarpysuMm cepBep, YTOOBI COPOCUTH Oy)epHBIH Kelll.
student$ sudo pg_ctlcluster 16 main restart
student$ psql wal_buffercache

U c6pocyM 06IITyI0 CTATHCTUKY BBOJA-BBIBOJA:

=> SELECT pg_stat_reset_shared('io');

pg stat reset shared

IIpoynTaeM JJaHHbIE U3 TaOIHUIIBL:

=> 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)

Beutu IIPOYHNTAHBI BCe CTPAaHUIIBI C TaHHBIMH, HO CKOJIBKO 6y¢1)ep03 Kellla UMY 3aHATO?

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

B 16-11 Bepcuu PostgreSQL mogBHIIOCE IIpeficTaBIeHue pg_stat_io, KOTOpoe IT0Ka3bIBaeT CTaTUCTHUKY BBOZA/BBIBO/IA C TOUKU
3peHus CYB/l (kemupoBaHue Ha ypoBHe OC B HEM He yUUTHIBAETCS).



=> 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 | 93 | 4226 |
(2 rows)

CTpoKa c KOHTeKCTOM normal ITokasbIBaeT oIlepaliii YTeHUs-3aIIUCH B 0011lel yacTu 6ydepHOro Keia, a bulkread — B
6ydepHBIX KOJIbIIaX.

® reads — KOJIM4YEeCTBO YTeHUM u3 paiina,
e hits — ckoJIBKO pa3 cTpaHUIlA HAILILTACh B Kellle,
® reuses — YHCJIO IOBTOPHBIX HCII0JIb30BaHUM 6ydepoB B 6ypepHOM KOJIbIIe.

PasHOCTE MeXK[y reads U reuses B cTpoke bulkread paBHa pasMmepy KoJjibIia (32).

A Temepb cGPOCUM CTATUCTUKY X H3MEHUM BCE CTPOKHU TaGIHITEL. IIpu 3ToM GydepErI co CTpaHUIIAMU GYAYT OTCOEUHSATHCS OT
6ybepHOTo KOJIbIIa ¥ 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=4305
-> Seq Scan on test (actual rows=30001 loops=1)
Buffers: shared hit=32 read=4254 written=18
Planning:
Buffers: shared hit=4 read=2 dirtied=1
(6 rows)

Ceruac B Kellle HAXOZATCI BCe MJIX IIOYTH BCe CTPAaHUIIBI TaOJIHIIBI, KOJHMYECTBO KOTOPHIX YABOKJIOCH M3-3a IIOSIBJIEHHS HOBBIX
BepCUU CTPOK:

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

relfork | count

_________ B
fsm | 3
main | 8554

(2 rows)

Emre pas saryiiHeM B CTaTUCTUKY.

=> 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 R
bulkread | 4254 | 32 | 18
normal | 10 | 221029 |
(2 rows)

TabJm11a ellfe pa3 MOJIHOCTBI0 CKAHUPYeTCs depe3 6yPepHOe KoIbII0. IIpH 3TOM 32 CTpaHHUITbI OCTAIHNCh B KOJIbIIE OT
IIpefbIAyIero CKAaHUPOBAHU, a OCTaJIbHbIe IIPUIILIOCH IIPOYUTATh 3aHOBO. FIsMeHeHHEbIe CTPaHUIIBI O/HA 3a APYIOH IlepelaloTCsa
B 0OIIMI Kelll, 06palieHys K HUM YUYUTHIBAIOTC B cTpoKe normal. [Tpy 9ToM 06HOBJIEHHe KaXK[0H 13 30 THICSY CTPOK TabJIUITHI
TpebyeT HeCKOIbKUX 06palljeHHUI K CTpaHHUIIaM, II09TOMy 3HaUeHHe B I10J1e hits J0BOJIEHO BeJIHKO.
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JToKaIbHbIN Kell Posjgres

I17151 BpeMeHHbIX TalOJTHI]

BU/IHBI TOJILKO OZIHOMY CeaHCy — HeT CMBbIC/Ia MCIT0/Ib30BaTh OOLIHI Kell
CYLLIeCTBYIOT B Mpe/ie/iax ceaHca — He KaJIKo I0TepsTh Ipu cboe

OcobeHHOCTH

He TpeOyroTCst GJTIOKUPOBKU

MaMSATh BbIJE/ISIeTCS 110 He0OXOAUMOCTH B Tipefiesiax temp_buffers
OOBIUHBII alTOPUTM BBIT@ CHEHHSI

MexaHu3M OydhepHbIX KOJIel] He UCTI0/b3YeTC s
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cknoveHnem n3 obLuero npasunia ABNAKTCS BPEMEHHbIE Tabnuubl.
[MOCKOMbKY BPpEMEHHbIE AaHHble BUAHbI TO/IbKO OAHOMY MNPOLEeCCy, UM
Heuyero aenarb B 06LleM 6ydpepHoM Kelle. bonee Toro, BpeMeHHble AaHHble
CYLLECTBYHIOT TO/IbKO B pamMkKax OfHOIo ceaHca, Tak YTo UX He HYXXHO
3almularb oT c6o4.

[Ns BpEMEHHbIX laHHbIX UCNOMNb3YETCS 06NErYeHHbI NOKasIbHbIN KelLll.

MOCKO/bKY TOKasIbHbIM Kell [OCTYMNeH TO/IbKO O4HOMY NpoLueccy, A/151 Hero
He TpebyroTcA 6/1I0KMPOBKN. [NamMATb BblAeNAeTcs no Mepe Heobxo4MMOCTH
(B Nnpeaenax, 3agaHHbIX napameTpom temp_buffers), Beab BpeMeHHbIe
TabvLbl NCNO/Mb3YIOTCA fa/IEKO HE BO BCEX CeaHcax. B nokasibHOM Kelue
MNCNOJIb3YEeTCH OObIYHbIA aNITOPUTM BbITECHEHUS.

BpemMeHHble Tabnuubl Ha OU3NYECKOM YPOBHE XPaHATCA CXOXMM

C 06bIYHbIMKN Tabnnuamm obpasom. NMapameTp temp_tablespaces 3anaet
Tab/IMYHbIE NPOCTPAHCTBA, B KOTOPbIX OyAyT cO34aBaTbCA BPEMEHHbIE
00beKTbl (BpeMeHHble Tabnnubl U MHAEKCHI BpEMEHHbIX Tabnuu), koraa
B komaHae CREATE Tabnm4yHoe npoCcTpaHCTBO He yKasblBaeTCs ABHO.

3HaueHve napameTpa temp_tablespaces MOXeT cofepxartb CNNUCOK MEH
Tab/IMYHbIX NpocTpaHcTB. Korga aToT CNUCOK COAEPXUT 60/1bLue OAHOTro
nmeHun, PostgreSQL BbIGUpPaET U3 HEro cnyvyarHblii 3/IEMEHT Npu co3gaHum
KaxK[40ro BpeMeHHOro o6bekTa; ogHako npy co3gaHumn nocienyroLmx
00bEKTOB BHYTPU TPaH3akuum TabnunyHble NpocTpaHcTBa nepebupatorca
nocneposaresibHO. Ecnn e B cnucke okasblBaeTcs nycras CTpokKa
(3HayeHue no ymonyaHuto), PostgreSQL 6yaeT ncrnonb3oBarb TabnmyHoe
NPOCTPaAHCTBO N0 YMONYaHWUIO AN Tekyuweil 6a3bl AaHHbIX.



BpeMeHHBIE TaOIHIIBI

Co3faguM BpeMeHHY0 TabJINITy C OFHOM CTPOKOM:

=> CREATE TEMP TABLE test_tmp(
t text
);

CREATE TABLE

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

INSERT 0 1

B IITaHe BEHINTOJIHEHHMS 3aIIpoca oGpalieHre K JIOKaJILHOMY Kellly BRITISAUT 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
_________ B T,
normal | 1| 1
(1 row)

BuauM, 94TO BCTaBKa CTPOKH IIpHBeJIa K pacIupeHuI0 TabauIls! (extends).
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[1porpes keLla Posigres

Pacivpenue pg_prewarm

PYYHO¥ ITPOrpeB Kellla OrleparjiOHHON CHCTeMBI
pyuHoii riporpeB OydepHoro Kera
aBTOMaTHueCKHi porpeB OydepHOro Kellla IPH Tiepe3artycke cepBepa
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Mocne nepesanycka cepsepa 6ydrepHblil Kewl nycT 1 AO/HKHO NPONTU

HEKOTOPOEe BPEMSI, UTOGbI OH «MPOrPescsi», TO eCTb Habpas akTyasibHble
aKTMBHO MCNO/b3YHOLLMECS AaHHble. VIHOraa MOXET 0Ka3aTbCsl MOIe3HbIM
cpasy nNpounTatb B Kelll laHHble onpeaeneHHbIX Tabnuy,

PaclunpeHue pg_prewarm rno3BosisieT B Py4YHOM pexumMe npovmtarb
HeKkoTopble Tabnuubl MO0 B KeLl ornepawumoHHON CUCTEMBI, TGO
n B bydoepHsblii kew CYB/, Toxe.

PaclumpeHune Takke No3Bo/IsieT B aBTOMaTUYeCkoM pexrme BOCCTaHOBUTb
cofepxnmoe BychepHOro Kella rnocne nepesarnycka cepsepa. 15 atoro
HeobXxo4uMOo NMOAKNUMTE BUBNMOTEKY pacLuMpeHns, obaBmB ee

B napameTp shared_preload._libraries.

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



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

IIporpes Kemia

PaccMOTPUM caMBIH IIPOCTOH CIleHapHi HCII0IH30BaHUS PacIIUpe s /IS IIporpeBa Kela.
=> CREATE EXTENSION pg_prewarm;

CREATE EXTENSION

B odepe/iHOI pa3 Ilepe3allyCTHUM cepBep, YTOOHI B Kellle He ObUIO JAHHBIX TaOIHIIEI test:
student$ sudo pg_ctlcluster 16 main restart

student$ psql wal_buffercache

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

BrI30B OyHKIMH pg_prewarm 6e3 [OIIOTHUTEIbHBIX IAPAMETPOB IOJTHOCTHI0 CUMTHIBAET OCHOBHOM CJI0i yKa3aHHOM TaGIHITE B
6ydepHBI KeI:

=> SELECT pg_prewarm('test');

pg_prewarm

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

relfork | count
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Toru Posygres

Bcsi paboTa ¢ JaHHBIMU TTPOMCXOAUT uepe3 OydepHbIii Kelil

PE,E[KO HCII0JIb3yeMble CTPpAaHHLbI BEITE€ CHAOTCA,
HdCTO UCII0J/Ib3yeMble — OCTArOTCHA

BydepHbIii kel cokpaiijaeT 00beM BBOJa-BbIBO/Ia,
HO MPUBOJUT K HEOOX0ANMOCTH KYPHaTMPOBaHUS
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[1pakTnka Posigres

1. Co3patiTe TabMMITy ¥ BCTaBbTE B Hee HEKOTOPOE KOJTMUECTBO
cTpok. Ompefenure, CKOMBbKO 3aHUMaeT Tabuiia
a) CTpaHUlL] Ha JIUCKe,
6) 6ydepos B Kerire.

2. Y3HaliTe KOMMUeCTBO IPsi3HbIX OydepoB B Kellle Ha TEKYIUH
MOMEHT. BBINOHUTE KOHTPOJIbHYIO TOUKY KOMaHAOMH
CHECKPOINT. CKOMBKO TPsI3HBIX OydhepoB 0CTanoCh Ternepb?

3. TlogkntourTe 6UOMMOTEKY paclliMPeHUs] pg_prewarm u
TIPOBEpPETE, UTO TOCJ/Ie Mepe3arycka CepBepa CoZIep>KUMoe
OydepHOro Kellra BOCCTaHaB/IMBAETCSI.

23

UTOObLI NPOBEPUTL COAEPXKMMOE BYydIEepHOro KeLla, UCMNoNb3ynTe
paclumpeHune pg_buffercache:
https://postgrespro.ru/docs/postgresgl/16/pgbuffercache.html



https://postgrespro.ru/docs/postgresql/16/pgbuffercache.html

1. TaGsmIa B Kele

Co3afuM TabInILy:

=> 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

BeimosHuM VACUUM — 3To o6ecrieduT HaM HaJU4YHe BCeX CJI0eB:

=> VACUUM t;

VACUUM

CKOJILKO CTPAHUII Ha IUCKE 3aHUMaeT Ta6IuIa?

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

setting

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

?column?

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

?column?

KapTa cBOGO/IHOTO IIPOCTPAHCTBA!
=> SELECT pg_relation_size('t','fsm') / 8192;

?column?

U xapTa BUAUMOCTH:
=> SELECT pg_relation_size('t','vm') / 8192;

?column?

CkoJIbKO 6ydepoB B Kellle 3aHUMaeT Tabuma?
=> 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. T'psasHbIe 6ydepsl B Kellte

=> SELECT buffers_dirty FROM pg_buffercache_summary();

buffers dirty

BBITIOJTHUM KOHTPOJIBHYIO TOUKY:

=> CHECKPOINT;

CHECKPOINT

=> SELECT buffers_dirty FROM pg_buffercache_summary();

buffers dirty

I'psi3HBIX 6ydepoB He 0cTaIoCch. Ilofpo6Hee 0 KOHTPOILHOM TOUKE PacCKa3bIBAETCS B OT/EIBHOM TeMe.

3. ABTOMaTHYeCKHii MPorpeB Kemra

TogxII0uUM GUGIMOTEKY Pg_prewarm U Ilepe3alrycTUM cepBep.

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

student$ sudo pg_ctlcluster 16 main restart

student$ psql wal_buffercache

Tellepb OT/eIbHBIN POHOBBIHM IIpoliecc 6y/eT cOpacklBaTh Ha AUCK CIIMCOK CTPaHMUIL, HAXOAITHUXCS B 6ypepHOM Kellle, pa3 B
pg_prewarm.autoprewarm_interval eJMHHUI] BpeMeHH.

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

51331 postgres: 16/main: autoprewarm leader
IIpounTaeM TabIUIy t B 6ypepHBIN Kell:
=> CREATE EXTENSION pg_prewarm;
CREATE EXTENSION
=> SELECT pg_prewarm('t');

pg_prewarm



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

MOo>KHO JTI60 TIOZ0>K/IATh, IN60 COPOCUTH CIIMCOK CTPAHMUI] BPYUHYIO:
=> SELECT autoprewarm_dump_now();

autoprewarm_dump_now

B ¢aiin 3anuchIBaOTCA UAeHTHQUKATOPHI 0a3bl JaHHBIX, TAOJIMYHOT0 IIPOCTPAHCTBA U daiisia, HoMep CJI0sI 1 HoMep 6JI0Ka:
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 Ilepe3allyCTUM CepBep.

student$ sudo pg_ctlcluster 16 main restart

student$ psql wal_buffercache

ITocse 3ammycka QOHOBBIM IIPOIlecC IIpoUnTaeT B 6ypepHBIN Kelll Bce CTPAaHUIIL], YKa3aHHbIe B Qaiise.

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

BepHeMCcst K HaCTPOMKAaM II0 YMOTYaHHIO.
=> ALTER SYSTEM RESET shared_preload_libraries;
ALTER SYSTEM

student$ sudo pg_ctlcluster 16 main restart



