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Wcnonb3oBaHne matepuanoB Kypca

HekomMmepueckoe 1cnosib3oBaHne maTepunanios Kypca (npeseHTaLmu,
AeMOHCTpaummn) paspeluaetcs 6e3 orpaHuyeHunii. Kommepueckoe
MCNOJIb30BaHNe BO3MOXHO TO/IbKO C MMCbMEHHOIO paspeLLeHns KoMmnaHum
Postgres Professional. 3anpeuwjaeTcsi BHeCEHME U3MEHEHUI B MaTepuasibl
Kypca.

OGpaTtHas cBA3b
OT3bIBbl, 3aMeYaHnst 1 NPeASIOKEHNA HanpaBNANTe No aapecy:
edu@postgrespro.ru

OTKa3 OT OTBETCTBEHHOCTU

KomnaHus Postgres Professional He HeceT HMKako OTBETCTBEHHOCTM 3a
N06bIE NOBPexXAeHUA 1 YObITKKX, BK/IOYas NoTepto A40X04a, HAHECEHHbIe
NPSAMbIM UN HENPAMBIM, CleunasibHbIM UK CyYaiHbIM UCMO/Ib30BaHMEM
MaTtepuasnioB kypca. KomnaHus Postgres Professional He npegocTtasnser
Kakux-1mbo rapaHTuii Ha matepuasibl Kypca. MaTtepuasnbl Kypca
NPeaocTaB/STCA HA OCHOBE MPUHLUMNA «KakK eCTb» 1 KoMnaHua Postgres
Professional He 06s3aHa nNpeAoCcTaBNATb COMPOBOXAEHME, NMOALEPXKKY,
06GHOB/IEHNSA, pacLUMPEHNA N U3MEHEHNS.
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YCTpOMCTBO U MCI0/Ib30BaHKe OydhepHOro Kellla
MexaH13M BbITeCHEHUsI CTPaHMI]

MaccoBoe BbiTecHeHe U OydepHbie Komblia
HacTtpotika pa3mepa Kelila

JIoKasibHBIM Kelll Zijisi BpeMeHHbIX Ta0JIui]
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cBO6OAHbIE
6ychepsl D

crnegyowas
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yueno
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:

- pacnosioeHue cTpaHulbl Ha ancke (thais n Homep CTpaHuubl B HEM);

- yncno obpauleHnin K Bydpepy (CHETUMK yBENMMUMBAETCS KaxAbl pas, Koraa
npouecc Yntaet uam nameHset bydep);

- MPU3HaK TOro, YTO AaHHble Ha CTPaHULLE N3MEHW/IUCE U PaHO WA NO34HO
[O/DKHbI BbITh 3anucaHbl Ha AWCK (Takoi 6ydoep Ha3bIBaKT rPA3HbLIM);

Pa3mep GychepHoro kella 3agaetca napametTpom shared_buffers. Ero
n3MeHeHne TpebyeT nepesanycka cepsepa.

I3Hauyas/IbHO KeLl coaepXnT nyctble 6ydiepsbl, U BCe OHU CBA3aHbl B CMNCOK
cB060AHbIX 6ydhepoB. CMbIC/T yKa3aTesisd Ha «CeayoLLyo XXepTBy» CTaHeT
SICEH YyTb NO3XeE.

UT0O6bI 6LICTPO HAXOAUTb HYXHYI CTPaHWLY B Kelle, NCMO/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 cofepXart Hy)XHy cTpaHuuy. Kak 1 B noboil xew-tabnuue, 34ecb
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 3akpensnieH (3HavyeHne pin count 60/bLLE HYNA), CUNTAETCH, YTO
Oydpep ncnonb3yeTcs N ero CoaepXXUMoe He A0/MKHO «pafuKasibHO»
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

ConepxuMoe 6ydepHOro Kellla MOXKHO ITIOCMOTPETH C IIOMOIIBIO PACIIUPEHUS:

=> CREATE EXTENSION pg_buffercache;

CREATE EXTENSION

Co3pmanuM 115t yno6cTBa IpefcTaBiieHue, pacmudpoBrBapliee HEKOTOPEE CTOIOIIEL.

YcnoBue Ha 6a3y maHHBIX HEOOXOOUMO, TaK Kak B OypepHOM Kellle comepzKaTCs faHHbIEe BCEro KiacTtepa. PacmmbpoBath
MBI MOKEM TOJIbKO MH(pOopManuio u3 Toi B, K KOTOPO# IOOKIIOYeHEL. I'106anbHble 00BEKTH CYIUTAIOTCS IPUHAIeKAITUMU
Bl c mynessiM 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 0 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 Gy¢depHOM Kellle yKe HaXOAATCS CTPAHUILI TaGIULIbl; OHY MOSIBUIUCH IPH BBHIIOJTHEHUH BCTABKU:
=> SELECT * FROM pg_buffercache_v WHERE relname = 'test’;

bufferid | relname | relfork | relblocknumber | isdirty | usagecount

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

Komanpa EXPLAIN c yka3anueM analyze u buffers nokassiBaeT ncnonb3oBaHue 6ydhepHOTo Kellla IIpY BEIIIOIHEHUN
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

332 | 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 noaxoasiuero dycepa éyger npoxogmTtb Mo
cnncky cBo6oaHbIX 6ydrepoB, ecnv OH He MYyCT.

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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YTeHune B cBOOOAHbIN Oydpep Posgares

xeww-tabnmua

CcBO6OAHbIE | _
Gychepbl D T

crnegyowas
Xeprea
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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 Nb6oi 6ydep, npuaetcs ns atoro bydepa
BbITECHUTb CTpaHMLy, KOTOpas TaM Haxo4UTCA.

Bydhepbl Bo3BpalLaTca B CNNCOK CBOOOAHbLIX BythepoB TO/IbKO Npu
yaasieH N Uiy onycToweHnm Tabnnupbl, M Npu oTCeYEHNN YacTu
XBOCTOBbIX CTPaHuL, NPN O4NCTKE — TO €CTb B C/lyyasx, Korga ctpaHuua
B 6ydpepe He 3ameHsieTcs ApYyroi, a npocTo ucyesaer.



Yrenue B CBOOOTHBIN Oydep

Ilepe3arpy3um cepBep, YTOOE cOPOCUTE OyhepHBIH Kel.
student$ sudo pg_ctlcluster 13 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 IPOYUTaTh. BOT oHa:
=> SELECT * FROM pg_buffercache_v WHERE relname = 'test’;

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

182 | 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 .



o)) PROFESSIONAL

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 6ychep, y KOTOporo 3HavyeHue cyeTymka paBHo O 1 KOTOpbI B NpUHLUMNE
MOXET ObITb 3aHAT HOBOW CTpaHuUen. INo-aHINUIACKN 3TOT a/IropuUTM
Ha3blBaeTcA clock-sweep: aHasi0rMs ¢ 4acoBOW CTPesKOW, KoTopas
npo6eraet undpepbnar 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 Hawem nprumepe npouecc obpauwjaetca K bydepy no ykasarento. bydep
3aKpensieH (To ecTb UCMNO/b3YETCA KakKMM-TO MPOLLECCOM), U MO3TOMY
CTpaHuua He MOXET ObITb BbITECHEHA U3 HEro. TeM He MeHee Mbl
yMeHbLUaeM 3Ha4YeHne cyeTUmKa obpalleHnii Ha eauHULY 1 nepexoanm

K cnegytowemy oydoepy.



UTeHne c BbITECHEHUEM Pogga’?séc’%

xeww-tabnmua

cB0O6OAHbIE
6ychepbl D
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eLe paHo:
1cnonb3yetcst
aKTUBHO
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Cnepytowmii 6ydoep He 3akpensieH, O4HaKo ero CHeTYMK obpaLLeHuia
6onbLUe HyNS.

Mbl YMEeHbLlaeM CHETUMK Ha eaANHULY U AaeM eMYy LLaHC OCTaTbCA B Kelle.
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UTeHne c BbITECHEHUEM Posigres

xeww-tabnmua

cB0O6OAHbIE
6ychepbl D

cnegyowas
xepTBa

@ MOXHO
BbITECHUTb
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HakoHeL, Mbl NpUXo4MM K He3akpensieHHoMYy 6ydiepy C HyNeBbIM CHETUMKOM
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

xeww-tabnmua

cB0O6OAHbIE
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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 — 0.25 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/13/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, Kak IPeACTaBieHa B Kellle Ta UK WHAsI CTPAaHUIlA, MOXKHO, HAllpUMeD, IOCMOTPETh
pacnpenenenue 6yGhepoB M0 UX <IOMYISIPHOCTH»:

=> SELECT usagecount, count(*)
FROM pg_buffercache
GROUP BY usagecount
ORDER BY usagecount;

(6 rows)

MoxkHO IIOCMOTpPEeTh, KaKas OOJId KaKux TaﬁJ'II/ILI 3aKelInpoBaHa (I/I HACKOJIBKO aKTUBHO UCIIOJIB3YIOTCA 3THU ]Z[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 160;

relname | blocks | % of rel | % hot
--------------------------------- B ek L S
pg_attribute | 29 | 51 | 49
pg_class | 13 | 76 | 76
pg_proc | 12 | 14 | 2
pg_operator | 10 | 56 | 39
pg_proc_oid index | 9 | 82 | 27
pg attribute relid attnum index | 8 | 80 | 60
pg_proc_proname_args nsp_index | 7 | 23 | 3
pg_operator _oprname 1 r n_index | 5 | 83 | 33
pg_amop | 5 | 50 | 40
pg_amproc | 4 | 50 | 13
(10 rows)

ITomoGHEIE 3aIIPOCHI MOTYT IIOfICKA3aTh, HACKOJIBKO aKTUBHO MCIIOJIb3yeTcs OydhepHEIN Kelll ¥ [faTh MUILY AJIS Pa3MBIIUIEHUH
0 TOM, CTOUT JIX YBEJIMYMUBATh WJIM YMEHbIIATh €T0 Pa3Mep.

Hapno YYUTEIBATh, YTO TaKHeE 3alIPOCHI HaJO IIOBTOPATH HECKOJIBKO pPa3: ].II/I(i)pLI 6yJI[yT MEHSATHCA B OIIPEAEJIEHHEBIX IIpeaeiax.
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MaccoBoe BbITECHEHUE Posigres

bydepHoe KonbI[o

yacTh OydepHOro Kellia, BbiiesieHHast AJisi OfHOM orepariiu
TIpe/I0TBpaIljaeT BbITECHEHME Kellla «O[HOPa30BbIMU» JaHHBIMHU

KO/1-80

onepayus cmpaxuy epsizHble O6ygepbl
MOC/Iel0BaTeIbHOe UTeHUe 32 WCKJTFOUAKOTCS U3 KOJTbLIa
oumcTKa (VACUUM) 32 BBITECHSIIOTCS Ha JIUCK
MaccoBasi 3aruch (COPY, CTAS) <2048 BBITECHSIIOTCS Ha IUCK

15

Mpu onepayunsax, BbIMOAHAOLWNX MACCOBOE YTEHUE UK 3aNUCb AaHHbIX,
€CTb ONacHOCTb ObICTPOro BbITECHEHNA NOJE3HbIX CTPaHuL, U3 byddepHoro
Kella «04HOPa30BbIMU» AaHHbIMWU. UTOObLI 3TOr0 He npoucxoaunio, Ans
Taknx onepauunin UCrnosib3yrTcsa Tak HasbiBaeMble 6ydoepHble KonbLa — AN
KabK[0M onepaummn BblaensieTcsa Hebonblasa YacTb 6ydepHOoro Kewla.

[Mpy 3TOM BbITECHEHNE AENCTBYET TOMLKO B Npeaenax Konbua, NnoaTomy
ocTa/ibHble faHHble B Bypepe He cTpagatoT.

[Mpn nocnepoBaresibHOM YTeHUK (Sequential scan) 6o/bLWKX Tadnuy,
MCnosib3yeTcs KosbLo pasmepom 32 cTpaHulbl. Ecnv B npouecce
NOAB/IAKOTCA rpA3Hble Oydoepsb! (B pe3ynbtare NpocTaHOBKM OUTOB-NOACKA30K
N NpK BbiNosIHEHUM KoMaHabl UPDATE), OHM OTK/IHO4aloTCA OT KOMbLa,
BO3BpAaLLLAatOTCA B OCHOBHOW KeLl U BbITECHAIOTCA YXXe Ha 00LmX
OCHOBaHuAX. BMeCTo OTK/H04EeHHOro 6ydhepa B KO/bLO U3 Kella
noAkn4vaetca gpyron dydoep. Takasa cTparerns paccumMraHa Ha 1o, UTo
AaHHble B OCHOBHOM YMTAlOTCHA, & HE MEHSIOTCS.

Ecnu B npouecce YTeHus Tabnuupl ApyroMy npoLeccy Toxe noTpebytoTcs
3TN AaHHble, OH HEe HAYMHAET YynTaTb TabNuLy cHayana, a NoAK/IYaeTcs

K y)Xe nmMmetoLemMycsi 6ycpepHoMy KosbLly. Mocne oKoHYaHMs CKaHMPOBaHUS
OH [104UTbIBAET «MNPONYyLEHHOE» Hauyas10 TabmLbl.

[ns npouecca OYMCTKN TakkKe UCMosb3yeTcsl HE6OMbLIOE KOMbLO
(32 cTpaHuupl), TakK Kak 3amesieHme PoHOBOI 3a4a4n He CTO/b KPUTUYHO,
Kak 3aMefl/IeH1e Nnosib30BaTeIbCKMX NPOLIECCOB.

Haob6opoT, anst maccoBbix onepauuii 3anucu — COPY, CREATE TABLE
AS SELECT — KonbL0 nMeeT gocTaTto4yHO 60/bLUoi pa3mep (06bI4HO 2048
CTpaHuL, HO He 6onblle O4HON BOCbMOM BCero 6ydpepHoro kewa).



MaccoBoe BbITECHEHHUE

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(1,30000);
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 13 main restart
student$ psql wal_buffercache

IIpounTaem maHHBIE U3 TaOIUIBI:

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

QUERY PLAN
Seq Scan on test (actual rows=30001 loops=1)
Buffers: shared read=4286
Planning:
Buffers: shared hit=12 read=8 dirtied=1
(4 rows)

Brinu IPOYUTAHBI BC€ CTPAHULIBI C JaHHBIMHU, HO CKOJIBKO 6y(bep013 Kellla MU 3aHSATO?

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

Ho ecnu cTpanuiis 6yJ1yT U3MEHATHCSA U OTCOEOUHATHECA OT 6yd)epHor0 KOJIblla, OHHU MOT'YT 3aHsATH 3HAYUTEJIbHYIO 4aCThb
Kellla:

=> 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=68603 read=4257 dirtied=8574 written=4286

-> Seq Scan on test (actual rows=30001 loops=1)

Buffers: shared hit=32 read=4254

Planning:

Buffers: shared hit=3
(6 rows)

Ceifuac B Kellle HaXOMASITCSI BCe WJIM ITOYTH BCE CTPAHMUIIEI TAOIHITE], KOJTMYECTBO KOTOPHIX YABOUIIOCH U3-3a ITOSIBJIEHUS
HOBBIX BEPCUN CTPOK:



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

relfork | count

(2 rows)



o)) PROFESSIONAL

JToKanbHbIN KeLl Posj{gres

I17151 BpeMeHHBIX Tab/uI]

BU/IHBI TOJIBKO OfIHOMY CeaHCy — HeT CMbIC/Ia UCI0/Ib30BaTh OO Kelll
CYIL|eCTBYIOT B IpeZiesiaX CeaHCa — He >KaJIko MOTepsATh TpH cboe

OcobeHHOCTH

He TpeOyroTCst 6JIOKUPOBKH
MamsITh BBIJE/ISETCS TI0 He0OXOAMMOCTH B Tipefiesiax temp_buffers
OOBIUHBIN a7TOPUTM BBITECHEHUST
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ckntoueHue 13 obLuero npasuna npeactasnaoT cob0i BpeMeHHble
Tabnuypl. MocKoNbKY BPEMEHHbIE faHHble BUAHbI TO/IbKO O4HOMY MPOLLECCY,
MM Heyero genarb B 06uwem 6ydepHom Kewle. bonee T0ro, BpemeHHble
[aHHble CYLEeCTBYIOT TOMIbKO B paMKax OfHOro ceaHca, Tak YTO UX He HY)XHO
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.



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)



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.

HaunHana ¢ Bepcum PostgreSQL 11, paclumpeHune no3sonseT

B aBTOMaTN4yeCcKoOM pexumMme BOCCTaHOBUTL COAePXnMoe bydpepHoro kewla
nocne nepesarnycka cepsepa. 14 aT0ro Heo6xoAUMO NOAKNHUNTD
61MbnnoTeky paclumpeHns, nob6aBnB ee B napameTp
shared_preload_libraries.

https://postgrespro.ru/docs/postgresqgl/13/pgprewarm




IIporpes Keiia

TTocMoTpuM caMbIil TPOCTOM ClleHapUi MCIIOJIb30BaHUS pacUIMPEeHus OJi IporpeBa Kema.
=> CREATE EXTENSION pg_prewarm;

CREATE EXTENSION

B ouepenHol pa3 nepes3amycTUM cepBep, YTOOH! B Kellle He ObLIO TabIuIlk! test:

student$ sudo pg_ctlcluster 13 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

PEAKO HCIIOJ/Ib3yeMbI€ CTPAHULBI BBITECHAROTCH,
HaCTO HCII0J/Ib3yeMble — OCTdH0TCA

BydepHbiii Kelll cokpaiijaeT 06beM BBOJa-BbIBO/Ia,
HO TIPUBOAUT K He0OXOMMOCTH >KyPHA/IMPOBaHUS
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o)) PROFESSIONAL

[1pakTnKa Pos{gres

1. Co3paiiTe TabMITy ¥ BCTaBbTe B Hee HEKOTOPOE KOJIMUECTBO
cTpok. OnpesiesiiTe, CKOJILKO 3aHUMaeT Tabsuija
a) CTpaHUL] Ha JUCKe,
6) 6ydepos B kerire.

2. Y3HaliTe KOMUECTBO IPA3HBIX Oy(hepoB B Kellle Ha TeKYIUH
MOMEHT. BBINO/HUTE KOHTPOIBHYIO TOUKY KOMaH/I0M
CHECKPOINT. CKoJ/IbKO Tpsi3HbIX OydepoB 0CTanoch Ternepn?

3. TloakmtounTe OMOIMOTEKY paCIIMpeHUs pg_prewarm u
TIpOBepkTe, YTO TOC/Ie Tepe3amnycka cepBepa CofiepKUMoe
OydepHoro Keliia BOCCTaHaB/IMBAEeTCS.
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UTOoObI NPOBEPUTL COAEPXMMOE BYdIEpPHOro Kella, UCNoMb3ynTe
paclumpeHnune pg_buffercache:
https://postgrespro.ru/docs/postgresql/13/pgbuffercache.html




1. Ta0auna B KeIle

Co3mapuM TabnuIy:

=> 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(1,10000);
INSERT 0 10000

CKOJIBKO CTPAHUIl Ha JUCKe 3aHUMaeT Tabmua?

=> 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?

U kapTa cBOGOMHOTO MIPOCTPAHCTRA:
=> SELECT pg_relation_size('t','fsm') / 8192;

?column?

CkonpKO 6ydepoB B Kellle 3aHUMAaET Tabauia?
=> 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 | 2
main | 45

(2 rows)

2. I'psizubie Oydepsl B Kelne

=> SELECT count(*)
FROM  pg_buffercache b
WHERE isdirty;

BHIIOJTHUM KOHTPOJIBHYIO TOYKY:
=> CHECKPOINT;
CHECKPOINT

=> SELECT count(*)
FROM  pg_buffercache b
WHERE isdirty;

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

3. ABTOMaTH4YeCKHH IPOrpeB Kelia

IMopgkmroyuM 6uOINOTEKY P prewarm U nepe3anyCTHM CepBep.

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

student$ sudo pg ctlcluster 13 main restart

student$ psql wal_buffercache

Terneps OTHENbHEIN (HOHOBLIH Hporecc GymeT cOpackBaTh Ha QUCK CIIMCOK CTPAHUI[, HAXOOSALIUXCs B OydhepHOM Kelle, pa3 B
pg_prewarm.autoprewarm interval eguuul BpeMeHu.

postgres$ ps -o pid,command --ppid “head -n 1 /var/lib/postgresql/13/main/postmaster.pid™ | grep prewarm
158045 postgres: 13/main: autoprewarm master

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);

MoxkHo 1160 IOg0XKAATh, TU00 COPOCUTH CIUCOK CTPAHUI] BPYUYHYIO:

=> SELECT autoprewarm_dump_now();



autoprewarm_dump_now

B ¢aiin 3anuceBaoTCa uaeHTU(GUKATOPE! 6a3k JAHHEIX, TAOIMYHOTO MPOCTPAHCTBA U ¢alijia, HOMep CJI0s U HoMmep OjI0Ka:
postgres$ head -n 10 /var/lib/postgresql/13/main/autoprewarm.blocks

<<302>>
0,1664,1262,0,0
1,1663,1259,0,0
1,1663,1259,0,1
1,1663,1259,0,2
1,1663,1259,0,3
0,0
0,1
0,2
0,3

’
’

’

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

’
’
’

CHOBa IIepes3amnyCTHM CEPBEDP.

student$ sudo pg ctlcluster 13 main restart

student$ psql wal_buffercache

TTocne 3amycka ¢GOHOBHIN IPOIECC MPOYUTAET B Oy(PePHEIN Kelll BCe CTPAHUITH, YKa3aHHEIE B ¢aiie.

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



