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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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Tembl Posygres

B/I0OKUPOBKY B aMsTH
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CnnH-6NOKMPOBKN ¥ Posggres

YcTaHaB/IMBalOTCS Ha OUeHb KOPOTKOe BpeMsi

HeCKOJIbKO MHCTPYKI[MH Tpoljeccopa
W cknrounTeTbHbIA PeXXKUM
HeT BO3MO)XXHOCTH MOHUTOPUHTA
HeT oOHapy>keHMs B3aUIMOO/IOKHPOBOK

]_[I/IKJ'I dKTHBHOI'O OKHU/JdHKSA

WCTI0J/IB3YIOTCSl aTOMapHble MHCTPYKLIMU TpoLjeccopa

Mbl y)X& PACCMOTPENN «TSHKE/ble» G/I0KUPOBKU, AECTBYIOLIME KaK NPaBu/o
[10 KOHLA TpaH3akUMmn 1 noaaepxuBatoLie MHOXEeCTBO PeXMMoB. A5
3alMTbl CTPYKTYP B ONEpaTUBHOI NaMaTu, pa3aensiemMoil HECKONbKUMMA
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 nons ot
O[HOBPEMEHHOI0 U3MEHEHUS.

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

OHM 3axBaTbIBAKOTCSA TOMLKO B UCKNHOYUTENIbHOM pexume. Ecnm 6noknpoBka
3aHATA, BbINOMHAETCA LMK aKTUBHOIO OXMUAAHUA — KOMaHAa noBTopseTcs
[0 Tex nop, noka He BbIMNOJIHUTCSA YCNEeLWHOo. ITO MMEET CMbIC/1, MOCKOJ/IbKY
CMUH-B6/TOKMPOBKM MPUMEHSIOTCSA TOMbKO B TEX Crlyvasx, Korga BeposiTHOCTb
KOHJU/IMKTa O4YeHb Masa.

CnnH-610KNPOBKM He obecneynBaloT 0OHapyXeHNs B3anMo6/10KMPOBOK

(3a aTum cnegAat paspaboTtyunku PostgreSQL) n He npefoCcTaBNAOT HUKAKUX
CpeacTs MOHUTOPUHra. o 60/bLLIOMY CYETY, eAMHCTBEHHOE, YTO Mbl MOXEM
cAenarb cO CNH-6/10KMPOBKaMM — 3HaTb O UX CYLLLECTBOBaHMM.
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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 UTO BPEMS MOXET 0Ka3aTbCs U 3HAYMTENbHbIM.

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

MoanepxmBaeTcs odepenb oxuaaHusa. OgHako, noka 6/10KkMpoBKa
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 MPOLLEeCCOoB, KOTOPbIM TPebyeTcs MEHATb AaHHble
(https://postgrespro.ru/list/thread-id/2400193).

[MpoBepka B3aMOO6/TOKMPOBOK HE BbINOJTHAETCH, Kak 1 /15 CNnH-
G/1OKMPOBOK.

OfiHaKo nerkme 6/10KMPOBKM MMEKT CpeacTBa /151 MOHUTOPUHrA.
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3akpenneHune 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). Ona kaxgoro 6ydepa BeaeTca CNMcok pabotaroLmx ¢ HAM
NpoLeccos.

Ecnn 6ydoep 3akpensieH, B HEM 3anpeLleHbl HeKOTopble AeCTBUSI.
Hanpumep, B CTpaHuLy MOXHO BCTaBUTb HOBYIO CTPOKY (KOTOPYHO
ocTaslbHble NPOLEecCchl He YBUAAT 6narogaps MHOroBePCUOHHOCTMW),
HO Hesb3s1 3aMEHUTb OfIHY CTPaHULYY Ha ApYryio.

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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[pumep: 6ydpepHbIn KeLu Posigres

xew-tabnuua

caobogie [ f buffer strategy lock 8

6ychepbl

cnegytoLias I .
*epTBa ! buffer mapping lock

S / x 128 a

yBenuuexme
CUETUMKOB UCMOSb3YET
aTtomapHble onepaum
npoueccopa

buffer header lock

buffer pin

3] | 1 | 0] L | 1] | L

buffer content lock 10 in progress lock

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 AOo/MKeH 3axBaTuUTb Nerkyro 6n1okmpoBky buffer mapping 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.

UTtoO6bl NpounTatb coaepxmnmoe dycepa, Tpebyetca 6r1o0kmposka buffer
content lock. O6bI4HO OHa 3axBaTblBAETCA TO/ILKO AJ/151 YTEHUA yKa3aTenei
Ha BepCcun CTPOK, a fasiblie [OCTAaTOYHO 3aliuTbl, NMpefocTaB/iseMon
3aKkpenneHvem bydepa. Ana nsmeHeHnsa cogepXxXnumoro dydepa ata
6110KMPOBKa 3axBaTbIBAETCA B UCK/IOUUTE/IBHOM peXnme.

Mpu uTeHUn Bydepa ¢ amcka (MK 3annucK Ha AMCK) 3axXBaTbIBAETCS TaKKe
6nokuposka IO in progress, koTopasi CUTHaNIM3NPYET APYrMM NpoLieccam,
YTO CTpaHMLA YNTAETCA — OHM MOTYT BCTaTb B OUYEPE/lb, EC/IN UM TOXE
HY)XHa Ta e camasi cTpaHuLa.

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

xew-tabnuua

# insert position lock WAL BufMappingLock 8

nosunuysi
[N BCTaBKU

nocne
pe3epBUpOBaHNA MecTa
B bycbepe BcTaBka nget
napasnnesnbHo

A

8 X 8

A

8 } wal insert lock

Y

WALWriteLock
Iy ;

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
WALBufMappingLock, nockosibKy pasmep XypHasibHOro Kella MeHbLle
(06bl4HO 1/32 oT ByhepHoro kewa) n obpawieHne K ero éydpepam 6onee
ynopsagoveHo.

3anncb cTpaHu, Ha AUCK 3alumiieHa nerkon 6noknposkoin WALWriteLock,
4yTOObI TO/IbKO OANH NPOLECC OAHOBPEMEHHO MOT BbINOHATL 3Ty onepauuio.

UT06bI CO34aTh XYPHaIbHYIO 3amnnchb, NPOLLECC AO/HKEH CHavYaa
3apesepBupoBaTb MeCTO B CTpaHuLe. 1A 3Toro OH 3axBaTblBaeT CruH-
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 3aluuleHa mpadwem n3 8 nerkmux 6s10knposok wal insert
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 ceMIiMpoBaHue

TUIbI OXXKUJaHUN
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CemnnupoBaHne OXnaaHUn  Posggres

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

Wubopmaiiysi Mo>keT ObITh Herlo/iHa

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, eAUHCTBEHHAA AOCTYNHasA nHopmaunsa 06 oxXungaHmax —
NHpopMaUnA Ha TEKYLLIMIA MOMEHT. HMKaKoi HaKoNIeHHOW CTaTUCTUKN He
BeAeTcs. EAMHCTBEHHbI CNOCO6 NONYUYUTb KAPTUHY OXUAAHWIA BO
BPEMEHN — CeMMN/IMpoBaHne COCTOAHUS NpeacTaBeHns ¢ onpeaeneHHbIM
NHTEpBasIOM. BCTPOEHHbIX CpeACcTB AN 3TOr0 HE NPeAyCMOTPEHO, HO
MOXHO MCMNOJIb30BaTb pacluMpeHns, Hanpumep, pg_wait_sampling.

https://github.com/postgrespro/pg_wait_sampling

Mpy cemnanMpoBaHnn Ha[0 YYUTbIBATb €10 BEPOATHOCTHbIN XapakTep.
YT06bI NOAYy4nTb 60/1EE NN MEHEE AOCTOBEPHYIO KApPTUHY, YAC/IO
N3MEPEHNI AOMKHO BbITb AOCTATOYHO BbICOKO. [103TOMY cEMNAnMpoBaHmne
C HU3KOW YacTOTOW He AacT AOCTOBEPHOW KapTUHbI, a NOBbILLEHNE YacTOThI
NPMBOAUT K YBENMYEHMIO HAaKNAAHbIX pacxoaoB. 1o ToW e npuynHe
cemMnMpoBaHne 6ecrnonesHo Aas aHasmaa KOPOTKOXUBYLLMX CEAHCOB.
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Tunnbl OXnaaHNM Posigres

pg_stat_activity.wait_event_type
bokupoBKHU

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

[pyrue oxxugaHus

BBOJ-BEIBOJ, 10

T0/IyYeHKe JaHHBIX OT Pyroro Ipotiecca IPC

T0J/IyuyeHHe JaHHbIX OT K/IMeHTa Client
aKTUBHOCTHU B MOZyJle pacllIipeHus 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/13/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 gemMoHcTpauumn Mol ncnosibdyem dpainnosyto cuctemy FUSE
(https://github.com/libfuse/libfuse) n npoekT slowfs, NOCTPOEHHBIN C ee
nomouybto (https://github.com/nirs/slowfs).




MOHHUTOPHHI OXHUIaHUH

Tekyuire oXKUAAHUS MOXKHO IIOCMOTPETH B IIpeficTaBieHuu pg stat activity, KoTopoe nmoka3sriBaeT nHGOPMAIKIO 0 PaGOTAIOIINX
nporeccax. BeibepeM TOJIBKO YacCThb IIOJIEH:

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

pid | backend_ type | wait_event type | wait_event
------- R s e T
23350 | logical replication launcher | Activity | LogicalLauncherMain
23348 | autovacuum launcher | Activity | AutoVacuumMain

23385 | client backend | |

23346 | background writer | Activity | BgWriterMain

23345 | checkpointer | Activity | CheckpointerMain
23347 | walwriter | Activity | WalWriterMain
(6 rows)

IIycTele 3HAYEHUS TOBOPST O TOM, YTO IIPOLECC HUYET0 He KMAET U BEIIONHSIET IOJIE3HYI0 paboTy.

YT0G6E! MOJIy4YUTs O0JI€e WU MeHee IOJIHYIO0 KapTUHY OKUAaHUM Ipoliecca, TpebyeTcs BHIIOIHATH CEMIUITMPOBAHNE C HEKOTOPOH
9acToToH. Bocnonb3yeMcs pacmupeHueM pg wait sampling.

Pacimupenue yxke yCTaHOBIIEHO U3 nakeTa B OC BUPTyaIbHOM MAILIMHE Kypca, HO €r0 HeOOXOAMMO BHECTH B KOH(DUTYpaLMOHHBIN
napameTp shared preload libraries (4To TpebyeT nepe3arpy3ku cepsepa).

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

student$ sudo pg_ctlcluster 13 main restart

student$ psql

Tenepb YCTaHOBUM pacCIIUpPEHNe B Gase OaHHBIX.

=> 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

PaciupeHue I03BOIsIET IPOCMOTPETh HEKOTOPYIO HCTOPHIO OXKUAAHUH, KOTOPast XPaHUTCS B KOJbIleBoM Oydepe. Ho HauGonee
WHTEPECHO YBUAETH IPOGHIIb 0XKUNAHUN — HAKOMJIEHHYIO CTAaTHCTUKY 3@ BCE BpeMsi paGOTEL.

ITomoxkpeM HECKOIBKO CeKyHI...

=> SELECT * FROM pg_wait_sampling_profile;

pid | event type | event | queryid | count
------- L R R SR
23559 | IO | WALSync | 0 | 2
23559 | I0 | DataFileSync | 0 | 5
23562 | Activity | AutoVacuumMain | 0 | 698
23559 | IO | SLRUFlushSync | 0 | 4
23561 | Activity | WalWriterMain | 0 | 698
23559 | IO | ControlFileSyncUpdate | 0| 3
23559 | Activity | CheckpointerMain | 0 | 674
23600 | IO | CopyFileRead | 0 | 1
23651 | Client | ClientRead | 0| 292
23560 | Activity | BgWriterMain | 0 | 698
23565 | Activity | LogicallLauncherMain | 0| 698
23651 | IO | WALSync | 0 | 1
23600 | IPC | CheckpointDone | 0 | 24
23600 | Client | ClientRead | 0 | 10
(14 rows)

TToCcKOJIBbKY 3a IpOIIeAllee [OCyIe 3amyckKa cepBepa BpeMsi HU4ero He MPOHMCXOOUII0, OCHOBHEIE 0KUAaHUsI OTHOCSTCS K TUIY Activity
(cryxe0HbIe IPOLIECCHL XKAYT, IT0Ka MosABUTC paboTa) u Client (psql xkzmeT, 1oKa [I0Ib30BaTeIb IPHUIIIIET 3aIPOC).

C yCcTaHOBKaMH I10 YMOJIYQHHUIO YacTOoTa ceMiiupoBanuss — 100 pa3 B cekyHAy. [109TOMy, YTOGBI OLIEHUTH AJIUTEJILHOCTD OKUOAHUMN B
CeKyHax, 3HaueHUe count Hago genuThb Ha 100.

YTOOHI MOHATH, K KAKOMY IIPOLIECCY OTHOCSITCS OKHMOaHU, H0OABUM K 3alIpocy IpencTaBiieHue 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 L T L e ik i s T
23559 | checkpointer | | Activity | CheckpointerMain | 684
23559 | checkpointer | | IO | DataFileSync | 5
23559 | checkpointer | | I0 | SLRUFlushSync | 4
23559 | checkpointer | | I0 | ControlFileSyncUpdate | 3
23559 | checkpointer | | I0 | WALSync | 2
23560 | background writer | | Activity | BgWriterMain | 708
23561 | walwriter | | Activity | WalWriterMain | 705
23561 | walwriter | | I0 | WALSync | 3
23562 | autovacuum launcher | | Activity | AutoVacuumMain | 708
23565 | logical replication launcher | | Activity | LogicallLauncherMain | 708
23600 | | | IPC | CheckpointDone | 24
23600 | | | Client | ClientRead | 10
23600 | | | I0 | CopyFileRead | 1
23651 | client backend | psql | Client | ClientRead | 302
23651 | client backend | psql | IO | WALSync | 1
(15 rows)

IlapuM Harpysky c rnomoisio pghench u nocMoTpuM, Kak U3MeHUTCS KapTHHA.
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 0.24 s, remaining 0.00 s)
vacuuming. ..

creating primary keys...

done in 0.74 s (drop tables 0.00 s, create tables 0.03 s, client-side generate 0.34 s, vacuum 0.14 s, primary keys 0.23 s).

CGpacriBaeM COOpaHHBIN IPOGUIIL B HOJIb U 3amyckaeM TecT Ha 30 CEKyH[ B OTAEIbHOM Iporiecce. OMHOBPEMEHHO OyIeM CMOTPETh, Kak
U3MEHSETCS NTPODUIIb.

=> 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 I S
23974 | client backend | pgbench | IO | WALSync | 151
23974 | client backend | pgbench | IO | WALWrite | 1
(2 rows)
=> \g
pid | backend type | app | event_type | event | count
------- R e T e R
23974 | client backend | pgbench | IO | WALSync | 1156
23974 | client backend | pgbench | IO | WALWrite | 3
23974 | client backend | pgbench | Client | ClientRead | 1
(3 rows)
=> \g
pid | backend type | app | event type | event | count
------- B R S S s TP PSP
23974 | client backend | pgbench | IO | WALSync | 2158
23974 | client backend | pgbench | IO | WALWrite | 10
23974 | client backend | pgbench | Client | ClientRead | 4

(3 rows)

OzkupaHnus npomecca pgbhench 6ynyT nmomy4aTbCsi pa3HBIMH B 3aBUCHMOCTH OT KOHKPETHOH CHCTEMEI. B HarmeM cirydae ¢ 60JIbIIoNn
BEPOSITHOCTHIO OYAET IIPeCTaBIeHO OXKUAaHKe 3aliCH U CUHXpOHu3auuu xkKypHaina (IO/WALSync, IO/WALWrite).

starting vacuum...end.

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

query mode: simple

number of clients: 1

number of threads: 1



duration: 30 s

number of transactions actually processed: 4224
latency average = 7.104 ms

tps = 140.774550 (including connections establishing)
tps = 140.830502 (excluding connections establishing)

JIerkue 0JI0KHPOBKH

Bcerpa HY2KHO IIOMHHUTB, YTO OTCYTCTBHUE KaKOoro-1100 OXKHUOaHUs IIPU CEMIIJINPOBAHUU HE TOBOPUT O TOM, YTO OXKHUOAHUSA HE 65u10. ECin
OHO OBIJIO KOpo4de, 4eM IIepuoa CeEMIIJINPOBaHUA (corast yacTn CEKyH[HBI B HallleM anMepe), TO MOTJIO IIPOCTO HE IIOIacCTh B BLIﬁOpKy.

[ToaToMy Jierkue GIIOKUPOBKH CKOPEE BCET0 He MOSIBUIUCEH B IPOGUIe — HO MOSIBSITCS, €CIM COOMPATh JAaHHBIE B TEYEHUU JIUTEJILHOTO
BpPEMEHHU

YT06BI rapaHTUPOBAHHO IIOCMOTPETDH Ha HUX, TOAKIIIOYUMCS K KJIacTepy slow ¢ 3aMenieHHOH (baiioBOM CUCTEMOM: JIt00asi oIepaus
BBOOA-BhIBOA OymeT 3aHuMMarth 1/10 ceKyHAOHL.

student$ sudo pg_ctlcluster 13 main stop

student$ sudo pg_ctlcluster 13 slow start

Eme pa3 c6pocuM npoduis ¥ fafguM 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
------- B S T e
24276 | client backend | pgbench | LWLock | WALWrite | 167
24276 | client backend | pgbench | IO | DataFileRead | 1
(2 rows)
=> \g
pid | backend type | app | event_type | event | count
------- R T S
24314 | client backend pgbench LWLock WALWrite 626
24314 | client backend pgbench I0 WALWrite 405
24314

| | | | |

| | | | |

| client backend | pgbench | IO | DataFileExtend | 20
24314 | client backend | | | |

| | | | |

)

pgbench I0 WALSync 17
24314 | client backend pgbench I0 DataFileRead 2
(5 rows
=> \g
pid | backend type | app | event type | event | count
------- R e e e SR
24314 | client backend | pgbench | IO | WALWrite | 1142
24314 | client backend | pgbench | LWLock | WALWrite | 908
24314 | client backend | pgbench | IO | WALSync | 26
24314 | client backend | pgbench | IO | DataFileExtend | 20
24314 | client backend | pgbench | IO | DataFileRead | 2
(5 rows)

Temeprs OCHOBHOe OKHAaHUe IIpoliecca pghench cBsizaHO ¢ BBOLOM-BEIBOIOM, TOYHEE C 3allMChIO XKypHaJsa, KOTopas BHIIOJIHSETCS B
CUHXPOHHOM pPezKHUMe NPU Kaxkaol ¢ukcanuu. [T0CKoIbKy (BCIIOMHUM Claif Npe3eHTalllK) 3alliCh XXypHasa Ha AUCK 3allulleHa JIerKon
610kupoBKO WALWTriteLock, oHa Takke IPHUCYTCTBYET B Ipoduie.

starting vacuum...end.

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

query mode: simple

number of clients: 1

number of threads: 1

duration: 30 s

number of transactions actually processed: 17
latency average = 1788.184 ms

tps = 0.559227 (including connections establishing)
tps = 0.561565 (excluding connections establishing)






o)) PROFESSIONAL

Toru Posigres

B/I0OKMPOBKM B OMepaTUBHOM MaMSITU Peau3yroTCs TT0-pa3HOMY

CTIMH-0/IOKUPOBKH, JIeTKre OJIOKUPOBKH, 3aKkperuieHue Oydepa
OTHOCHTEJTEHO KOPOTKO€ BpeMsi U obsierueHHast HH(PacTPyKTypa

MOHUTOPHUHT TEKYIUX OXKUAAHUM C TIOMOLLBIO
rpeficTaB/ieHus pg_stat_activity

CEMIUVIMPOBAHUE OJId IT0TyUYE€HHA KADTHUHbBI BO BpEMEHU
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o)) PROFESSIONAL

[1pakTnKa Pos{gres

1.  OTKpBITBIN KypCoOp y/iep)KuBaeT 3aKkperuieHue Oydepa, uToObl
yTeHue CIeAyIoLell CTPOKH BBINOJHSIOCH ObICTpee.
Y6enuTech B 3TOM C NoMoIIbi0 pacimpenus pg_buffercache.

2. Ortkpoiite Kypcop 1o Tabsuiie U, He 3aKpbIBast €T0, BLITIOTHUTE
OUMCTKY Tab/uibl (VACUUM). ByzieT /i1 OurcTKa >KIaTh
0CBOOOKIeHUs 3aKperuieHus Oydepa?

3. IloBTOpHTE 3KCIIEPUMEHT, BBIMOJHUB OUHCTKY C 3aMOPO3KOU
(VACUUM FREEZE). Ybenurech, uTo B IPOQUIb OXKUJAHUIA
o6cy>K1Baro1Lero rnpolecca nomnauo 0KujaHue 3akpernieHus

Oydepa.
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1. PacwmnpeHune pg_buffercache 661710 paccmoTpeHo B Moayne «>XXKypHas»,
TeMma «bydiepHbIi KeLw».

https://www.postgrespro.ru/docs/postgresql/13/pgbuffercache.html

MpenctaBnenue pg_buffercache cogepxut ctonbel pinning_backends,
KOTOPbIA NOKa3blBaET KO/IMYECTBO NPOLECCOB, 3aKpenmBLUNX 3TOT bydiep.
Hy>Hbli1 6ychep MOXHO HaAlNTK MO YC/I0BUIO

relfilenode = pg_relation_filenode(umsi_mabnuysbl).

2. lns npoBepKun yA06HO BOCMNO/Nb30BaTLCSA BAPUAHTOM KOMaH/bl OUNCTKN
VACUUM VERBOSE.



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 13 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

HauwnHaeM TpaH3aKI[HI0, OTKPEIBAEM KypPCOpP ¥ 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----4------
bufferid | 400
relfilenode | 33609
reltablespace | 1663
reldatabase | 33585
relforknumber | 0
relblocknumber | ©
isdirty | t
usagecount | 4
pinning backends | 1

Ila, pinning backends = 1.

2. O4HCTKa 3aKpemieHHoro oydepa

BrinmonHuM OYHUCTKY:



student$ psql locks_memory
| => VACUUM VERBOSE accounts;

INFO: vacuuming "public.accounts"

INFO: "accounts": found 0 removable, 0 nonremovable row versions in 1 out of 1 pages
DETAIL: O dead row versions cannot be removed yet, oldest xmin: 159554

There were 0 unused item identifiers.

Skipped 1 page due to buffer pins, 0 frozen pages.

0 pages are entirely empty.

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

INFO: vacuuming "pg toast.pg toast 33609"

INFO: ‘"pg_toast 33609": found 0 removable, O nonremovable row versions in 0 out of 0 pages
DETAIL: O dead row versions cannot be removed yet, oldest xmin: 159554

There were 0 unused item identifiers.

Skipped 0 pages due to buffer pins, 0 frozen pages.

0 pages are entirely empty.

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

VACUUM

Kak muI BumuM, cTpanuna Ovuta npomnyiieHa: Skipped 1 page due to buffer pins.

OumncTka HEe MOXKeT o6paboTaTh cTpaHuly: eciu Oydep 3aKpenieH, U3 CTPAHULE 3alPeIleH0 yIausiTh Bepcuu CTpok. Ho

OYUCTKA He XKMeT, Toka 0ydep ocBobonuTcss — crpaHulia 6yner o6paboTaHa IIpU ClIeOyIOMIel 0YUCTKE.

3. 3aMopo3Ka 3aKpeIIeHHOro oydepa

BrinmonHsieM OYUCTKY C 3aMOPO3KOM:

| => VACUUM FREEZE VERBOSE accounts;

OuncTKa 3aBUCaeT OO0 3aKpHITUS Kypcopa. [Ipu sIBHO 3anpollleHHOM 3aMOPO3Ke Helb3sl IPOIyCTUTh HU OOHY CTPaHUIly, He

OTMEYEeHHYIO B KapTe 3aMOPO3KH — MHa4Ye HeBO3MOXKHO YMEHBIIUTh MaKCUMaJIbHbIH BO3PacT He3aMOPOXKEHHBIX
TpaH3akIiuil B pg class.relfrozenxid.

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

=> COMMIT;

COMMIT

INFO: aggressively vacuuming "public.accounts"

INFO: "accounts": found 0 removable, 3 nonremovable row versions in 1 out of 1 pages
DETAIL: O dead row versions cannot be removed yet, oldest xmin: 159554

There were 0 unused item identifiers.

Skipped 0 pages due to buffer pins, 0 frozen pages.

0 pages are entirely empty.

CPU: user: 0.00 s, system: 0.00 s, elapsed: 5.18 s.

INFO: aggressively vacuuming "pg toast.pg toast 33609"

INFO: "pg toast 33609": found 0@ removable, 0 nonremovable row versions in @ out of O pages
DETAIL: 0O dead row versions cannot be removed yet, oldest xmin: 159554

There were 0 unused item identifiers.

Skipped 0 pages due to buffer pins, 0 frozen pages.

0 pages are entirely empty.

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

VACUUM

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

TIpodune oxxumaHU:

=> 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
------- L e i e et T
48694 | checkpointer | | Activity | CheckpointerMain | 900
48694 | checkpointer | | IO | SLRUFlushSync | 4
48694 | checkpointer | | IO | DataFileSync | 3
48694 | checkpointer | | IO | ControlFileSyncUpdate | 2
48694 | checkpointer | | IO | WALSync | 2
48694 | checkpointer | | I0 | WALWrite | 1
48695 | background writer | | Activity | BgWriterMain | 919
48696 | walwriter | | Activity | WalWriterMain | 915
48696 | walwriter | | IO | WALSync | 4
48697 | autovacuum launcher | | Activity | AutoVacuumMain | 919
48700 | logical replication launcher | | Activity | LogicalLauncherMain | 919
48735 | | | IPC | CheckpointDone | 18
48735 | | | Client | ClientRead | 4
48735 | | | I0 | WALSync | 1
48783 | client backend | psql | Client | ClientRead | 535
48783 | client backend | psql | IO | WALSync | 4
48783 | client backend | psql | IO | DataFileImmediateSync | 1
49059 | client backend | psql | BufferPin | BufferPin | 485
49059 | client backend | psql | Client | ClientRead | 25
(19 rows)

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



