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Mcnonb3oBaHue MaTepuasioB Kypca

HekoMmmepueckoe ncnosib3oBaHne Marepuanos Kypca (npeseHtauuu,
AeMOHCTpaummn) paspeluaeTtcs 6e3 orpaHnyeHnii. Kommepueckoe
MCNOMb30BaHNEe BO3MOXHO TOSIbKO C NMMCbMEHHOIO paspeLleHms KoMnaHum
Postgres Professional. 3anpeliaercs BHeECEHNE U3MEHEHWNI B MaTepuabl
Kypca.
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edu@postgrespro.ru

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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CnnH-6NOKMPOBKN ¥ Posggres

YcTaHaB/IMBalOTCS Ha OUeHb KOPOTKOe BpeMsi

HeCKOJIbKO MHCTPYKIUM Tpolieccopa
W cknrounTeTbHbIA PeXXKUM

EcTb MOHUTOPUHT
pg_stat_activity

HeT o6Hapy>keHMsI B3aiMOO/TIOKHPOBOK

]_[I/IKJ'I dKTHBHOI'O OKHW/JdHKA

WCTI0/IB3YIOTCS1 aTOMapHble MHCTPYKLIMU TpoLjeccopa

Mbl y)Ke paccMOTpenu Ao/roBpeMeHHble 6/10KMPOBKY, AeNCTBYOLME KakK
NpaBuMO A0 KOHLA TPpaH3aKumM1 1 NoAAepX1BaoLLME MHOXECTBO PEXMMOB.
[Ns 3aWmTbl CTPYKTYP B ONEepaTUBHON NaMaTu, pasaensieMoil HECKONbKUMUA
npoLieccamu, UCnonb3ykoTcs 60nee NpocTbie (U AelleBble B CMbIC/e
HaknagHbIX PacxoaoB) 6/10KUPOBKMU.

Camble NpoCTble N3 HUX — CMNUH-B/TOKMPOBKN UM CNMHAOKK (Spinlock).
OHUV NpeaHa3Ha4veHbl 415 3axBata Ha o4eHb KOPOTKOe Bpems (HECKO/IbKO
MHCTPYKLUMIA Npoueccopa) 1 3almatoT oTaesbHble Noas CTPYKTYP AaHHbIX
OT OHOBPEMEHHOIO U3MEHEHMS.

CnnH-610KNPOBKM peasi3ytoTcs Ha OCHOBE aTOMapHbIX MHCTPYKL M
npoteccopa, Hanpumep, compare-and-swap
(https://ru.wikipedia.org/wiki/CpaBHeHne_c_o6mMeHOoM).

OHM 3axBaTbIBAOTCS TOMbKO B UCK/TOUYMTENBHOM pexume. Ecnim 61oknpoBka
3aHATA, BbINOHAETCS LMK aKTUBHOIO OXMAAHUS — KOMaHAa NoBTopsieTcs
[10 TEX MOpP, NoKa He BbINOIHATCS YCNELIHO. 3TO MMEET CMbIC/1, MOCKO/bKY
CMUH-GTOKMPOBKN NMPUMEHSIIOTCS TO/IbKO B TEX CNy4YasnX, Koraa BepoOsiTHOCTb
KOH(DNIMKTA o4YeHb Mana. CyLecTBYeT Y MOHUTOPUHI OTC/IEXMNBAHMS
0XnaaHui, cBsI3aHHbIX CO CMUH-GI0KMPOBKaMM.

OpfHako cnuH-6/10KMPOBKK He obecnednBaroT 06HapPYXXeHUA
B3aMMOOG/1I0KMPOBOK — 3a 3TUM cnefaT paspadotyumku koga PostgreSQL.
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Jlerkne 6/10KMPOBKA & Posigres

YcTaHaB/IMBalOTCS HA KOPOTKOE BpeMst

0OBIUHO JJO/TK CEKYH/IbI
VcknrounTeTbHbIA U pa3zesisieMblid peXKUMBbI

EcTb MOHUTOPUHT
pg_stat_activity

HeT o6Hapy>keHMsI B3aiMOO/TIOKHPOBOK

«HeuecTHas» ouepenb

paszzesnsieMast 6;TOKUPOBKaA [TO3BOJISIET UUTAIOIINAM TTPOLieccam
TIPOXOJUTDL Oe3 ouepeau

Cnepom nayT Tak HasbiBaemble nerkne 6noknposkn (lightweight locks,
lwlocks).

X 3axBaTbIBalOT Ha KOPOTKOE BPEMSI, KOTOpOoe TpebyeTcs Ans paboThl
CO CTPYKTYPOW AaHHbIX (HAnpUMep, C XeLU-Tabnuuei am cnmckom
ykazatenei). Kak npaBuio, nerkas 6110KMpoBKa yaepXnBaeTcs Hegosro,
HO B NpoLecce ee yaepXXaHusi MOryT BbINO/THATLCS onepawuy BBoaa-
BbIBO/a, TaK YTO MHOIAA BPEMSI MOXET 0Ka3aTbCs U 3HAUNTE/bHbIM.

Mcnonb3yloTea ABa pexuvma 6/10KMpOoBaHUA: UCKIOUUTENbHBIN (419 3annucu)
N pasgensemMblin (19 YTEHUSA).

MoanepxmBaeTcs odepenb oxmaaHnsa. OgHako noka 6/10kMpoBKa
YAEPXKNBAETCA B pasfenieMoM pexvme, gpyrie yntaroLme npouecchl
NpoxogAT BHe odyepean. B cuctemax ¢ BbICOKOW CTENEHbIO0 napasiie/lbHOCTU
N 6ONbLLUOIN Harpy3Koi 3TO MOXET NMPMBOAUTL K HENpeacKasyemo [0TUM
OXMOAHUAM MPOLLECCOoB, KOTOPbIM TpebyeTca N3MEHATb AaHHble
(https://postgrespro.ru/list/thread-id/2400193).

MpoBepka B3aMOOGIOKMPOBOK HE BbINOTHAETCS, KaK U A1 CNUH-
6/10KMPOBOK. Jlerkne 6110KMPOBKM Takke MMEKT CpeacTBa A1l MOHUTOPUHrA.
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3akpenneHne bydepa 4 Pos{gres

YcraHaB/vMBaeTcst Ha BpeMst paboTel ¢ Oydepom

BO3MOXXHO, AJIMTE/IbHOE
Pa3nensieMblli pe>xum

EcTb MOHUTOPUHT

pg_stat_activity
pg_buffercache

HeT o6Hapy>keHMsI B3aIMOOIOKHPOBOK

[TaccuBHOE OXKUAHUE

HO 00BIYHO 3aKperuieHHbIN Oydep rpomnyckaeTcs

Ewe oguH Bua 6/10KMPOBKN, KOTOPLIA Mbl y)Xe paccmaTpuBasiv B TeEMe
«BbythepHbI Kel» moayns «XXKypHanmpoBaHue» — 3akpenneHme bydepa
(buffer pin).

[nsa kaxkaoro 6ychepa BefeTca CNMCOK padboTaroLlmx ¢ HUM NpPoLLeccoB.
Ecnn 6ydoep 3akpensieH, B HEM 3anpeLleHbl HEKOTopble AeACTBUSA.
Hanpumep, B CTpaHuLy MOXHO BCTaBUTb HOBYIO CTPOKY (KOTOPYHO
ocTaslbHble NpouecChl He YBUAAT 6r1arogapst MHOrOBEPCUOHHOCTH),

HO Hesb3S 3aMEHUTb OAHY CTPaHULy Ha ApYryto.

Kak npaBnno, npouecchl NponyckakT 3akpensieHHbI bydep 1 BblonparoT
[APYroi, 4To6bl He XAaTb CHATUS 3aKkpenneHus. Ho B HEKOTOPbIX Criyvasx,
korga TpebyeTtcs UMEeHHO 3TOT Bydoep, 3anpallunBaeTcs fierkas 6,10KMpoBkKa
B MCKIIOUMTENbHOM pexume. Mprn HeobXoAnMMOCTM NPOLLECC XAET, NokKa Bce
OCTaUlbHble MpoLecchl 3aKkoHYaT paboty ¢ bycepom. OxunaaHne npy aTom
MacCcuBHOE: cUCTeMa «ByauT» OXMUAAIOLLMIA NpoLecc, Korga 3akpensieHune
CH/MaeTCS.

B3anM0o6/10KMPOBKM HEBO3MOXHbI, 32 3TUM CIeaAT pa3paboTymku
PostgreSQL.

OXunagaHus, cBA3aHHbIe C 3aKpensieHneMm, A0CTYMHbI A/19 MOHUTOPUHIa
yepes npeacrtaBneHne pg_stat activity. Tekyulee KoMYECTBO 3aKpensieHni
6ychepa nokasblBaeT paclumpeHne pg_buffercache.
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[Mpumep: BydpepHbIn KeLl Posigres

xew-tabnuua

caobogie [ f buffer strategy lock 8

6ychepbl

cnepyowiasn [

*epTBa ! BufferMapping lock )
oo 2 x 128 a )

yBeNnyeHve
CYETUMKOB MUCMO/b3yeT
aToMapHble onepawum
npoueccopa

buffer header lock

3] | L | o) (73] | 1 | L

BufferContent lock e

ﬁa 10 in progress

BufferPin

UTo6bI NoNny4nTb HEKOTOPOE (HEMOIHOE) NpeAcTaB/ieHNe O TOM, Kak U rae
NCMOJb3YKTCA B/TOKMPOBKKN, paccMOTpuM npumep 6ydpepHoro kewua.

UT06bI 06paTnUThCA K Xelw-Tabnuue, cogepxatlein ccbinkn Ha 6ydepsl,
npouecc Ao/MKeH 3axBaTuTb nerkyro 6nokmuposky BufferMapping lock

B pasfgensemMoMm pexume, a ecsiv tabnuuy TpedyeTcs U3MeHATb —

TO B UCK/TIOUUTENIBHOM peXxnme. YTobbl yBENNUNTL rPaHyISspPHOCTb, 3Ta
6/10KMPOBKa YCTPOEHA Kak mpaHw, COCTOALLNIA 13 128 oTaAeNbHbIX
6N10OKMPOBOK, Kaxkaasi U3 KOTOPbIX 3alluLLiaeT CBOK YacTb Xel-Tabnmubl.

JlocTyn K 3aronoBky 6ychepa npouecc nosyyaeT ¢ NOMOLLbH CMWH-
6n0KnpoBKN. OTAENbHbIE ONepaunn (Takne, Kak yBeIMYEHNE CHETUMKA)
MOTYT BbINO/HATLCS U 6€3 SABHbIX 6/I0KMPOBOK, C MOMOLLIbIO aTOMapHbIX
MHCTPYKLUWIA npoLleccopa.

UToObl NpounTatb cogepxmnmoe oydepa, TpebyeTca 6/10KMpoBKa
BufferContent lock. O6bI4HO OHa 3axBaTbIBAETCH TO/IbKO A1 YTEHUSA
yKkasarenein Ha Bepcum CTPOK, a Aasiblie AOCTATOUYHO 3allnThl,
npefocTaBiseMon 3akpensieHmem bydepa. 419 n3sMeHeHUss CoAep>XUMOro
6ychepa ata 6/10KMPOBKaA 3axBaTblBAETCH B UCK/THOUNTENIbHOM peXnme.

[Mpn uTeHun bydoepa ¢ gmcka (Unn 3anncu Ha ANCK) B ero 3arosioBke
ycTaHaBnmBaeTcs npu3aHak |O in progress, KOTOPbIA CUrHan3npyeT apyrum
npoueccam, 4YTo CTpaHuLa YnTaeTcst — OHM MOTYT BCTaTb B ovepeb, ecriv
MM TOXE Hy)XXHa Ta e camas cTpaHuua.

YkazaTtenu Ha cBo6oHble Gydhepbl U Ha CNneayroLLyo XXepTBY 3allMLLEHbI
ofHOW cnuH-6nokupoBkoii buffer strategy lock.
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[Tpumep: 6ydoepbl XXypHana  Posigres

xew-tabnuua

# insert position lock WALBufMapping lock 8

nosunuysi
[N BCTaBKU

nocne
pe3epBUpOBaHNA MecTa
B bycbepe BcTaBka nget
napasnnesnbHo

A

8 X 8

A

8 } WALlInsert lock

Y

@8 WALWrite lock

Euwe oamH npumep: 6ydepbl XypHana.

[NA XXypHaU1bHOro Kella ToXe UCMosib3yeTcs xXew-Tabnmua, cogepxatias
oTOOpaxkeHne cTpaHul, B Bydpepsbl. B oTnimume ot xew-tabnnuybl 6ydpepHoro
Kella, 3Ta Xelw-Tabnuua salnileHa eMHCTBEHHOW NErkoin 6/10KMPOBKOM
WALBufMapping lock, nockonbky pasmep XXypHaslbHOro Kella MeHbLUe
(06bl4HO 1/32 oT ByhepHoro kewa) n obpawieHne K ero éydpepam 6onee
ynopsagoveHo.

3anncb cTpaHu, Ha AUCK 3aluumiieHa nerko 6nokunposkoit WALWrrite lock,
4yTOObI TO/IbKO OANH NPOLECC OAHOBPEMEHHO MOT BbINOHATL 3Ty onepauuio.

UT06bI CO34aTh XYPHaIbHYIO 3amnnchb, NPOLLECC AO/HKEH CHavYaa
3ape3epBupoBaTb MECTO B CTpaHuue. 19 3TOro OH 3axBaTbiBaeT CrWH-
6/10KMPOBKY insert position lock. NMocne Toro, kak MecTo 3ape3epBnpoBaHo,
npouecc KONUpyeT CoAepXXnMMoe CBOEN 3annucn B OTBEEHHOe MeCcTo. JTa
onepaumnsi MOXeT BbIMOTHATLCA HECKOTbKMMIW npoLeccaMmn 0AHOBPEMEHHO,
[OJ151 Yero 3anuchb 3awmueHa mpaHweM U3 BOCbMU Nerknx 6/10KMpPoOBOK
WALInsert lock.

3aechb npeacTaBneHbl He BCe G/I0KUPOBKM, MMEHOLLIME OTHOLLEHMWE K XypHaUly
npeasannucu, Ho aTa 1 Npeapblayuias UNaCcTpauumn Ao/MKHbI AaTb HEKOTOPOe
npeacTaBneHne 06 CNosb30BaHUM GIOKMPOBOK B ONepaTMBHON NamsiTL.
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Oxupanuvs B pg_stat_activity U ceMriMpoBaHue

TUIbI OXXKUJaHUN
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CemMmnnupoBaHne OXnaaHun  Posigres

Korga npotiecc oxkuziaet yero-mbo,
3TOT (haKT OTpakaeTcs B Mpe/[CTaB/IeHuM pg_stat_activity

wait_event_type — TUIT OX)KUAaHUA
wait_event — uMs KOHKPETHOI'O O>KHNJaHUA

VHdbopmaliyist MO>KeT OBbITH HETTO/THOM

OXBaueHbI He BCe MeCTa B KOJe, B KOTOPbIX MOTYT OBITD OXKUJaHWA

WHdopmaliys ToMbKO Ha TeKYLUA MOMEHT

eIMHCTBEHHBIH Crocob MoyunTh KapTUHY BO BpeMeHH — CeMIUTUPOBaHue
JOCTOBEpHasi KAPTHHA TOJBKO MPU OOJILIIIOM YKCie U3MepeHrH

10

[NA MOHUTOPUHIA OXUAAHWIA UCMOMb3yeTCA NpeacTas/ieHne
pg_stat_activity. Korga npouecc (CUCTEMHbIN UM 06CNYXUBAOLLNIA) He
MOXET BbINONIHATL CBOK PaboTy U XAET Yero-moo, 3To OXMAaHne MOXHO
yBUAETb B NpeacTaBneHnn. Ctonbdel, wait_event_type nokasbiBaeT Tu1nN
oXuaaHus, a ctonbel, wait_event — MM KOHKPETHOIO OXUOAHUS.

CnepyeT yunTbiBaTh, YTO NPeACTaBEHME NOKA3bIBAET TOMLKO TE OXUAAHMS,
KOTOPbI€ COOTBETCTBYOLUM 06pa3oM 06pabaThbiBalOTCS B UICXOAHOM KOJE.
Ecnv npeAcTaBneHne He NokasbiBaeT OXuaaHue, 3T0 BOO6LLE roBops He
o3HavaeT co 100-NpoLEHTHO BEPOSITHOCTLIO, YTO NPOLECC AENCTBUTENIbHO
HUYEro He XJeT.

K coxaneHuto, eAnHCTBEHHAsA AOCTyNHasA nHopmauus 06 oxmaaHuax —
NHpopMaUnsa Ha TEKYLLMIA MOMEHT. HMKaKoi HaKoMIEHHOW CTaTUCTUKM
He BefeTcs. EANHCTBEHHbIA CNOCO6 NOMYYNUTb KapPTUHY OXUAaHWI

BO BpPEMEHW — CEMMNIMPOBaHNE COCTOSIHUA NpeacTaBeHNns

C onpefenieHHbIM UHTepPBa/IOM. BCTPOEHHbIX CPeAcTB A/15 3TOr0 He
NpeAyCcMOTPEHO, HO MOXHO MCNOMb30BaTh pPaclUMpeHns, Hanpuvep,
pg_wait_sampling.

https://github.com/postgrespro/pg_wait_sampling

Mpy ceMnNnpPoBaHNM Hafl0 YUNTbIBATb €r0 BEPOSTHOCTHBIN XapakTep.
UTo6bI NONYyuYnNTL 6GOMIEE UM MEHEE [JOCTOBEPHYHO KApPTUHY, YAC/O
M3MEPEHUIA IOMKHO GbITb A0CTATOYHO BbICOKO. [03TOMY cemMnnpoBaHme
C HU3KOI1 YacTOTOI He AAacCT OCTOBEPHOW KaPTWHbI, @ NOBbILLIEHNE YaCTOTbl
NPUBOANT K YBE/TMYEHNIO HaKNaAHbIX pacxofoB. 1o Tol xe npuymHe
cemnMpoBaHue 6ecnosie3Ho A1 aHann3a KOPOTKOXMBYLLMX CEaHCOB.
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Tunbl OXnaaHNM Posigres

biiokupoBkU

O/TOKUPOBKH 0OBEKTOB Lock
nerkuve GJTIOKMPOBKHU LWLock
3aKperuieHue Oydepa BufferPin

[pyrue oxxugaHus

BBOJ-BEIBOJ, 10

T10JIy4yeHre JJaHHbIX OT ApPYroro rporiecca IPC

ToJIyYeHUe JaHHBIX OT K/IMeHTa Client

OXXUJaHWe B MOAy/ie pacllvpeHust Extension
«be3nenpe» Activity, Timeout

Bce ocTanbHOe — HeyuTeHHOe BpeMsI

11

Bce oxungaHust MOXHO pasfennTb Ha HECKO/IbKO TUNOoB. OXngaHus
PacCMOTPEHHbIX G/IOKMPOBOK COCTAB/IAKOT OO0/IbLUYI0 KATETOPUI: OXnaaHue
610KMPOBOK 06LEKTOB (3HaYeHne Lock B ctonbue wait_event_type),
oxunpaHue nerknx 6nokmpoBok (LWLock) n oxmngaHne 3akpensieHHoro
oydpepa (BufferPin).

Ho npouecchl MoryT oxuaatb 1 gpyrne cobbitnsa. OxngaHusi BBoga-BbiBoga
(10) BO3HMKAOT, KOrga npoueccy TpebyeTca 3anucarb UM npovnTarb
AaHHble. Tpouecc MOXET XAaTb AaHHble, HeobxoauMble Asisi paboThl,

ot knueHTta (Client) unu ot gpyroro npouecca (IPC).

PacLimpeHna MoryT permctpmpoBaTb CBOU crneyndmnyeckme oxXunaaHus
(Extension).

BbiBaloT cuTyauuu, Kkorga npoLecc npocTo He BbIMOTHAET Nosie3HoM paboThl.
K 31O Kateropun oTHOCUTCS OXuAaHne (POHOBLIX MPOLLECCOB B CBOEM
ocHoBHOM uukne (Activity), oxngaHmne tainmepa (Timeout). Kak npasuno,
Takne OXnaaHua «HOPMasibHbI» U HE TOBOPAT O Kaknx-nmbo npobnemax.

Tun oXugaHnsa conpoBoXaaeTcs UMeHeM KOHKPETHOro oXngaHus.

Etﬁ%s://postqrespro.ru/docs/postqresql/16/monitorinq—stats#WAIT—EVENT—TA

Ecnv nms oxunaaHus He onpeaeneHo, npoLecc He HaxoanuTcsl B COCTOSIHUM
oXuaaHusi. Takoe Bpemsl CneiyeT cuntatb HeyUTEHHbIM, Tak Kak Ha camMoMm
[lene HeM3BecCTHO, YTO UMEHHO NMPOUCXOAUT B 3TOT MOMEHT.

B cnepytoulein geMoHcTpauumn ansa saMme/ieHs BBoga-BbiBoga Mbl
ncnonblyem ainosyto cuctemy FUSE (https://github.com/libfuse/libfuse) un
npoekT slowfs, nocTpoeHHbI ¢ ee nomoulbto (https://github.com/nirs/slowfs).




MOHHMTOPHHI OXHITaHUKA

TekylIre 0XXUOaHUS MOXKHO IIOCMOTPETH B IIpefCcTaBiIeHuu pg stat activity, koTopoe nokasriBaeT uHpopMaIno o
paboraroiux npoieccax. Bei6epeM TOIBKO YacTh IOJIEH:

=> SELECT pid, backend_type, wait_event_type, wait_event
FROM pg_stat_activity;

pid | backend_type | wait_event_type | wait_event
------- R e e R R T
94420 | logical replication launcher | Activity | LogicallLauncherMain
94419 | autovacuum launcher | Activity | AutoVacuumMain
94461 | client backend | |
94416 | background writer | Activity | BgWriterMain
94415 | checkpointer | Activity | CheckpointerMain
94418 | walwriter | Activity | WalWriterMain
(6 rows)

YToO6kI HOJTy4YUTH O0JIee UM MeHee MIOJIHYI0 KapTUHY OXKHAAHUH IIporiecca, TpebyeTCs BHIIONHSATH CEMIIJINPOBaHUE C
HEKOTOPOH JacToTol. Bocnone3dyeMmcst pacmuperueM pg wait sampling.

Pacmmmpenue yke yCcTaHOBJIeHO u3 nakeTa B OC BUPTyaIbHOM MAITUHEL Kypca, HO HE0OXOOUMO BHECTHU B
KOHUrypauuoHHul napameTp shared preload libraries Ha3BaHue 3arpyxaemoi 6uOINOTEKH pacuiupenus. [IpuMeHeHue
3TOr0 IapaMeTpa TpebyeT Iepe3arpy3Ku cepeepa.

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

student$ sudo pg_ctlcluster 16 main restart

student$ psql

Tenepsb co3manuM paclIipeHye B 6a3e NaHHEX.

=> CREATE DATABASE locks_memory;

CREATE DATABASE

=> \c locks_memory

You are now connected to database "locks memory" as user "student".
=> CREATE EXTENSION pg_wait_sampling;

CREATE EXTENSION

Paciuupenue mo3BoJIsieT IPOCMOTPEeTh HEKOTOPYIO HCTOPHIO OXKUOAHUM, KOTOPasi XPAaHUTCST B KoJibLieBoM Oydepe. Ho
WHTEepeCHee YBUAETh MPOdUIb OXKUOAHUN — HAKOIJIEHHYI0 CTATUCTUKY 3a BCe BPeMsi pabOTHI.

TTomokmeM HEeCKOJIBKO CEKYHI U 3arjITHEM B IPO(UIIb...

=> SELECT * FROM pg_wait_sampling_profile ORDER BY 1;

pid | event_ type | event | queryid | count
------- B L St LTI R
94616 | Activity | CheckpointerMain | 0 | 582
94617 | Activity | BgWriterMain | 0 | 582
94619 | Activity | WalWriterMain | 0 | 579
94619 | IO | WALSync | 0 | 3
94620 | Activity | AutoVacuumMain | 0 | 582
94622 | Activity | LogicallLauncherMain | 0 | 582
94626 | | | 0 | 1
94626 | IO | DataFileRead | 0 | 1
94632 | Client | ClientRead | 0 | 1
94664 | I0 | VersionFileSync | 0 | 1
94664 | | | 0 | 81
94664 | Client | ClientRead | 0 | 6
94714 | | | 0 | 1
94714 | Client | ClientRead | 0 | 285
94714 | I0 | WALSync | 0 | 1
(15 rows)

ITocKonpKy 3a Ipolllefllee IOCIe 3alycka cepBepa BpeMs HU4ero He IPOKUCXOANIIO, OCHOBHEIE OXKUaHUSA OTHOCATCS K
tuny Activity (ciykeOHEIe IPOLIECCH KAYT, ITOKa osgBUTcsA pabdota) u Client (psql xkpeT, moka 1oIb30BaTENb IPUIIIIET



3ampoc).

CTpOKH C IyCTEIMU 3HAUYEHUSIMU event type u event GUKCUPYIOT CUTyaIlMH, KOTTa IPOIECC HUYEro He 0XUIaeT (HO
paboTaeT u 3aHMMaeT IIPoLieCCOPHOe BpeMsi). 3a oToOpaxkKeHHue TaKUX CTPOK OTBedYaeT IlapaMeTp
pg wait sampling.sample cpu:

=> SHOW pg_wait_sampling.sample_cpu;

pg wait sampling.sample cpu
on
(1 row)

C ycTaHOBKaMH II0 YMOJYaHHUIO YacToTa ceMiupoBanus — 100 pa3 B cekyHOy. I[103ToMy, YTOOH! OI[EHUTD AJIUTEIFHOCTD
0oXUOAaHUM B CEKYHOaX, 3HaueHue count Hamo genuThb Ha 100.

YTOGH! IIOHATH, K KAKOMY IIPOIIECCY OTHOCSTCS OXUIAHUs, 00OaBUM K 3alIpoCy IpefcTaBleHue pg stat activity:

=> SELECT p.pid, a.backend_type, a.application_name AS app, p.event_type, p.event, p.count
FROM pg_wait_sampling_profile p

LEFT JOIN pg_stat_activity a ON p.pid = a.pid
ORDER BY p.pid, p.count DESC;

pid | backend type | app | event type | event | count
------- B e s R e
94616 | checkpointer | | Activity | CheckpointerMain | 634
94617 | background writer | | Activity | BgWriterMain | 634
94619 | walwriter | | Activity | WalWriterMain | 631
94619 | walwriter | | IO | WALSync | 3
94620 | autovacuum launcher | | Activity | AutoVacuumMain | 634
94622 | logical replication launcher | | Activity | LogicallLauncherMain | 634
94626 | | | IO | DataFileRead | 1
94626 | | | | | 1
94632 | | | Client | ClientRead | 1
94664 | | | | | 81
94664 | | | Client | ClientRead | 6
94664 | | | IO | VersionFileSync | 1
94714 | client backend | psql | Client | ClientRead | 335
94714 | client backend | psql | | | 3
94714 | client backend | psql | IO | WALSync | 1
(15 rows)

T'oToBUMCS AaTh HAarpy3kKy C IIOMOIIIBIO pgbench u HaﬁJ’IIOJIaTL, KaK U3MEHUTCsI KapTHHAa.
student$ pgbench -i locks_memory

dropping old tables...

NOTICE: table "pgbench accounts" does not exist, skipping

NOTICE: table "pgbench branches" does not exist, skipping

NOTICE: table "pgbench history" does not exist, skipping

NOTICE: table "pgbench tellers" does not exist, skipping

creating tables...

generating data (client-side)...

100000 of 100000 tuples (100%) done (elapsed 0.31 s, remaining 0.00 s)
vacuuming...

creating primary keys...

done in 1.18 s (drop tables 0.00 s, create tables 0.02 s, client-side generate 0.42 s,
vacuum 0.32 s, primary keys 0.42 s).

COpaceiBaeM COOpaHHEIN IPOMUIIL B HOJIb U 3allycKaeM TecT Ha 30 CeKyHA B OTHOEIbHOM nporiecce. OMHOBpeMeEHHO GymeM
CMOTPETh, KaK U3MEHSIETCS IPOMUIIE.

=> SELECT pg_wait_sampling_reset_profile();

pg wait sampling reset profile

student$ pgbench -T 30 locks_memory

=> SELECT p.pid, a.backend_type, a.application_name AS app, p.event_type, p.event, p.count
FROM pg_wait_sampling_profile p
LEFT JOIN pg_stat_activity a ON p.pid = a.pid
WHERE a.application_name = 'pgbench’
ORDER BY p.pid, p.count DESC;



event type | event | count

I

------- L e i S s
95135 | client backend | pgbench | IO | WALSync | 110
95135 | client backend | pgbench | | | 60
95135 | client backend | pgbench | IO | WALWrite | 3
95135 | client backend | pgbench | Client | ClientRead | 2
(4 rows)
=> \g

pid | backend type | app | event type | event | count
------- R R S s T R
95135 | client backend | pgbench | IO | WALSync | 707
95135 | client backend | pgbench | | | 512
95135 | client backend | pgbench | IO | WALWrite | 13
95135 | client backend | pgbench | Client | ClientRead | 13
95135 | client backend | pgbench | LWLock | WALWrite | 1
(5 rows)
= \g

pid | backend type | app | event type | event | count
------- L I S ik I S e TR
95135 | client backend | pgbench | IO | WALSync | 1441
95135 | client backend | pgbench | | | 896
95135 | client backend | pgbench | IO | WALWrite | 20
95135 | client backend | pgbench | Client | ClientRead | 20
95135 | client backend | pgbench | IO | DataFileExtend | 1
95135 | client backend | pgbench | LWLock | WALWrite | 1
(6 rows)

OzxupgaHus npoiecca pgbench 6ymyT moay4aTscsi pa3HEIMU B 3aBUCHMOCTH OT KOHKPETHOM CUCTEMEHL. B HamieMm ciydae ¢
GOJIBIIION BEPOSITHOCTHIO OYIeT IPenCcTaBlIeHO OXXUOaHKe 3allucU U CUHXpoHu3anuu xypHana (IO/WALSync, IO/WALWrite).

pgbench (16.3 (Ubuntu 16.3-1.pgdg22.04+1))
starting vacuum...end.

transaction type: <builtin: TPC-B (sort of)>
scaling factor: 1

query mode: simple

number of clients: 1

number of threads: 1

maximum number of tries: 1

duration: 30 s

number of transactions actually processed: 7784
number of failed transactions: 0 (0.000%)
latency average = 3.852 ms

initial connection time = 21.072 ms

tps = 259.603746 (without initial connection time)

JIerkue 0JIOKMPOBKH

Bcerpma Hy?KHO ITOMHHUTB, YTO OTCYTCTBHE KaKOT0-TH00 0KUAaHUS [IPU CEMIUIMPOBAHUY HE TOBOPUT O TOM, YTO OKUAAHUS
He 0rp110. ECint 0HO GBIIO KOPOYe, YeM IIePHOJ] CEMIINPOBAHU (COTask YaCTh CEKYHAH! B HAIlleM IIPHMepPE), TO MOIJIO
IIPOCTO HE IOIIacTh B BEIOOPKY.

H03TOMy JIETKHue 6.TIOKI/IPOBKI/I CKOpee BCero He IMOsABUJIUCH B HpOCbI/IJ'[e — HO IIOABATCS, €ClIn COﬁI/IpaTI: OaHHBIE B TEYEHUHU
HAJINTEJIbBHOTO BPEMEHH.

YTo6bI rapaHTHPOBAHHO YBUAETH UX, IOAKIIIOUNMCS K KiacTepy slow ¢ 3aMenieHHOM (aiiyioBoM CUCTEMOM: B Hell mobas
omeparnus BBOAa-BrIBoma OynmeT 3aHuMaTh 1/10 ceKyHIHL.

student$ sudo pg_ctlcluster 16 main stop

student$ sudo pg_ctlcluster 16 slow start

Eme pa3 copocuM npodub U faguM Harpysky.

=> \c

You are now connected to database "locks memory" as user "student".
=> SELECT pg_wait_sampling_reset_profile();

pg wait sampling reset profile



student$ pgbench -T 30 locks_memory

=> SELECT p.pid, a.backend_type, a.application_name AS app, p.event_type, p.event, p.count
FROM pg_wait_sampling_profile p
LEFT JOIN pg_stat_activity a ON p.pid = a.pid
WHERE a.application_name = 'pgbench’
ORDER BY p.pid, p.count DESC;

pid | backend type | app | event type | event | count
------- R . e s T P IR
95544 | client backend | pgbench | LWLock | WALWrite | 171
95544 | client backend | pgbench | | | 5
(2 rows)
= \g

pid | backend type | app | event type | event | count
------- B L T T e L TR P
95588 | client backend | pgbench | IO | WALWrite | 919
95588 | client backend | pgbench | LWLock | WALWrite | 133
95588 | client backend | pgbench | IO | DataFileExtend | 20
95588 | client backend | pgbench | IO | WALSync | 6
95588 | client backend | pgbench | | | 4
(5 rows)
=> \g

pid | backend type | app | event type | event | count
------- R e S S T R
95588 | client backend | pgbench | IO | WALWrite | 2037
95588 | client backend | pgbench | LWLock | WALWrite | 153
95588 | client backend | pgbench | IO | DataFileExtend | 20
95588 | client backend | pgbench | IO | WALSync | 16
95588 | client backend | pgbench | | | 5

)

(5 rows

Teneps OCHOBHOE OXKHUIaHMe Ipoliecca pgbench cBs3aHO ¢ BBOOOM-BRIBOIOM, TOYHEE C 3AIIMCHIO XKypHasa, KOTopas
BBITIOJIHSIETCSI B CHHXPOHHOM peXuMe IIpU Kaxkao¥ ¢ukrcanuu. ITocKonbKy (BCIIOMHUM claif Ipe3eHTalll) 3aluCh
JKypHaJjla Ha QUCK 3alullleHa JIeTKod 61mokupoBkoir WALWriteLock, oHa Takke IPUCYTCTBYET B IIpodurie.

pgbench (16.3 (Ubuntu 16.3-1.pgdg22.04+1))
starting vacuum...end.

transaction type: <builtin: TPC-B (sort of)>
scaling factor: 1

query mode: simple

number of clients: 1

number of threads: 1

maximum number of tries: 1

duration: 30 s

number of transactions actually processed: 65
number of failed transactions: 0 (0.000%)
latency average = 466.281 ms

initial connection time = 14.711 ms

tps = 2.144630 (without initial connection time)



of] PROFESSIONAL

Toru Posigres

B/I0OKMPOBKM B OMepaTUBHOM MaMSITU Peau3yroTCs TT0-pa3HOMY

CrUH-O0KMPOBKH, Jlerkue OJI0KMPOBKH, 3aKkperieHue Oydepa
OTHOCHUTEbHO KOPOTKOe BpeMsi U o0sieryeHHasi UHGpacTpyKTypa

MOHUTOPUHT TEKYIIMX OXKUZAHUM C TIOMOLLBIO
rpejcTaB/ieHus pg_stat_activity

CeMIUIMpOBaHue A/ IT0/IyYeHHs KapTUHBI BO BpeMeHHU
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of] PROFESSIONAL

[1pakTnKa Pos{gres

1.  OTKpBITBIN KypCoOp y/iep)KuBaeT 3aKkperuieHue Oydepa, uToObl
yTeHue CIeAyIoLell CTPOKH BBINOJHSIOCH ObICTpee.
YbenuTech B 3TOM C MOMOLI[bI0 paciuvpenus pg_buffercache.

2. OrtkpoiiTe Kypcop 1o TabsuLie U, He 3aKpbIBasi €r0, BLITIOHUTE
OUUCTKY Tabmuibl (VACUUM). ByzieT v ouncTKa »X/aTh
ocB0OOX/IeHUs 3aKperieHusi Oydepa?

3. TloBTOpUTE KCTIEPUMEHT, BHIMOJHUB OUMCTKY C 3aMOPO3KOM
(VACUUM FREEZE). ¥Y6enuTech, UTo B MPOQU/Ib OXKUAAHUN
00C/TyKHBAFOIIIeTo Mpoliecca Torano OKUJaHue 3aKperyieH s

oydepa.
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1. PacwupeHune pg_buffercache 6bi10 paccmoTpeHo B Mmoayre
«KypHanupoBaHue», Tema «byepHblin Kewu.

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




1. 3akpenienue 0ydepa mpHu OTKPHITOM Kypcope

CHauaJsia BBIIIOJIHSIEM IIOATOTOBUTEJIbLHBIE JZ[efICTBHH.

YcranaBnuBaeM HEOOXOOUMEIE PACIITUPEHUS:

=> ALTER SYSTEM SET shared_preload_libraries = 'pg_wait_sampling’;
ALTER SYSTEM

student$ sudo pg_ctlcluster 16 main restart

student$ psql

=> CREATE DATABASE locks_memory;

CREATE DATABASE

=> \c locks_memory

You are now connected to database "locks memory" as user "student".
=> CREATE EXTENSION pg_wait_sampling;

CREATE EXTENSION

=> CREATE EXTENSION pg_buffercache;

CREATE EXTENSION

Tabnuila, Kak B IPEObIAYLIINX IPaKTHKaX:

=> CREATE TABLE accounts(acc_no integer, amount numeric);

CREATE TABLE

=> INSERT INTO accounts VALUES (1,1000.00),(2,2000.00),(3,3000.00);
INSERT 0 3

H3MeHUM OCTaTOK II0 CYEeTy 2 — B CTPaHUIIE MOSABUTCS MepPTBasi BePCUs CTPOKU:
=> UPDATE accounts SET amount = 2500 WHERE acc_no = 2;

UPDATE 1

HauwnHaeM TpaH3aKI[HI0, OTKPEIBAEM KypPCODP ¥ BHIOMPAEM OJHY CTPOKY.
=> BEGIN;

BEGIN

=> DECLARE ¢ CURSOR FOR SELECT * FROM accounts;

DECLARE CURSOR

=> FETCH c;

acc_no | amount
________ e

1 | 1000.00
(1 row)

[IpoBepuM, 3akperieH i oydep:

=> SELECT * FROM pg_buffercache
WHERE relfilenode = pg_relation_filenode('accounts') AND relforknumber = 0 \gx

-[ RECORD 1 J----+------
bufferid | 1849
relfilenode | 16416
reltablespace | 1663
reldatabase | 16390
relforknumber | 0
relblocknumber | ©
isdirty | t
usagecount | 5
pinning backends | 1

Ila, pinning backends = 1.



2. OuyncTKa 3aKpelieHHoro oydepa

BrimomHIM OYHUCTKY:
student$ psql locks_memory
| => VACUUM VERBOSE accounts;

INFO: vacuuming "locks memory.public.accounts"

INFO: finished vacuuming "locks memory.public.accounts": index scans: 0

pages: 0 removed, 1 remain, 1 scanned (100.00% of total)

tuples: 0 removed, 4 remain, 0 are dead but not yet removable

tuples missed: 1 dead from 1 pages not removed due to cleanup lock contention
removable cutoff: 749, which was 0@ XIDs old when operation ended

new relfrozenxid: 747, which is 1 XIDs ahead of previous value

frozen: 0 pages from table (0.00% of total) had 0 tuples frozen

index scan not needed: O pages from table (0.00% of total) had 0 dead item identifiers
removed

avg read rate: 0.000 MB/s, avg write rate: 50.621 MB/s

buffer usage: 22 hits, 0 misses, 3 dirtied

WAL usage: 4 records, 3 full page images, 24911 bytes

system usage: CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s

INFO: vacuuming "locks memory.pg toast.pg toast 16416"

INFO: finished vacuuming "locks memory.pg toast.pg toast 16416": index scans: 0
pages: 0 removed, 0@ remain, O scanned (100.00% of total)

tuples: 0 removed, O remain, 0 are dead but not yet removable

removable cutoff: 749, which was 0 XIDs old when operation ended

new relfrozenxid: 749, which is 3 XIDs ahead of previous value

frozen: 0 pages from table (100.00% of total) had 0 tuples frozen

index scan not needed: 0 pages from table (100.00% of total) had 0 dead item identifiers
removed

avg read rate: 69.137 MB/s, avg write rate: 0.000 MB/s

buffer usage: 24 hits, 1 misses, 0 dirtied

WAL usage: 1 records, 0 full page images, 188 bytes

system usage: CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s

VACUUM

Kaxk MBI BUOUM, MepTBasi CTPOKa He Oblia ouulleHa: ...tuples missed: 1 dead from 1 pages not removed due to cleanup lock
contention.

Ecnu Gydep 3aKperieH, U3 CTPaHHUIBl 3alpelleHo yaaisiTh Bepcur cTpoK. Ho ouncTka He XKaeT, moka 6ydbep 0CBOGOOUTCS
— cTpoka GyneT O4uIlieHa PU CJIeAYIOU[eM CeaHCe OUYUCTKU.

3. 3aMopo3Ka 3aKpeIIeHHOro oydepa

BrimonHsIEM OYHCTKY C 3aMOPO3KOM:
| => VACUUM FREEZE VERBOSE accounts;

OuncTKa 3aBUCAET [0 3aKPHITUSA Kypcopa. [Ipy sIBHO 3alpOIIEHHON 3aMOPO3Ke Hellb3s OCTaBUTh He0OpaboTaHHOM HU OOHY
CTPaHWUIly, He OTMEYEHHYIO B KapTe 3aMOPO3KH — WHade HeBO3MOXKHO YMEHBIIUTh MaKCHUMaIbHbIH BO3PacT
HEe3aMOPOXKEeHHBIX TPaH3aKUui B pg class.relfrozenxid.

=> SELECT age(relfrozenxid) FROM pg_class WHERE oid = 'accounts'::regclass;

=> COMMIT;

COMMIT



INFO: aggressively vacuuming "locks memory.public.accounts"

INFO: finished vacuuming "locks memory.public.accounts": index scans: 0

pages: 0 removed, 1 remain, 1 scanned (100.00% of total)

tuples: 1 removed, 3 remain, 0 are dead but not yet removable

removable cutoff: 749, which was 0@ XIDs old when operation ended

new relfrozenxid: 749, which is 2 XIDs ahead of previous value

frozen: 1 pages from table (100.00% of total) had 3 tuples frozen

index scan not needed: 0 pages from table (0.00% of total) had 0 dead item identifiers
removed

avg read rate: 0.000 MB/s, avg write rate: 0.002 MB/s

buffer usage: 9 hits, 0 misses, 1 dirtied

WAL usage: 4 records, 1 full page images, 8586 bytes

system usage: CPU: user: 0.00 s, system: 0.00 s, elapsed: 5.08 s

INFO: aggressively vacuuming "locks memory.pg toast.pg toast 16416"

INFO: finished vacuuming "locks memory.pg toast.pg toast 16416": index scans: 0
pages: 0 removed, 0@ remain, O scanned (100.00% of total)

tuples: 0 removed, 0 remain, 0 are dead but not yet removable

removable cutoff: 749, which was 0 XIDs old when operation ended

frozen: 0 pages from table (100.00% of total) had 0 tuples frozen

removed

avg read rate: 0.000 MB/s, avg write rate: 0.000 MB/s

buffer usage: 3 hits, 0 misses, 0 dirtied

WAL usage: 0 records, 0@ full page images, 0 bytes

system usage: CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s
VACUUM

=> SELECT age(relfrozenxid) FROM pg_class WHERE oid = 'accounts'::regclass;

IIpoduns oxXugaHUi:

=> SELECT p.pid, a.backend_type, a.application_name AS app, p.event_type, p.event, p.count
FROM pg_wait_sampling_profile p

LEFT JOIN pg_stat_activity a ON p.pid = a.pid
WHERE event_type = 'BufferPin’
ORDER BY p.pid, p.count DESC;

pid | backend type | app | event type | event | count
-------- T L L T L
124674 | client backend | psql | BufferPin | BufferPin | 482
(1 row)

Tun oxupanus BufferPin roBopuT 0 TOM, YTO OYKCTKA KAaja ocBoOoxkmeHus 6ydepa.

index scan not needed: 0 pages from table (100.00% of total) had 0 dead item identifiers



