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CnnH-6NOKNPOBKN ¥ Posggres

YcTaHaB/IMBalOTCS Ha OUeHb KOPOTKOEe BpeMsi

HECKOJIKO MHCTPYKIIHUH Tpolieccopa
VckrounTe/TbHbINA PEXXUM

EcTb MOHUTOPUHT
pg_stat_activity

HeT oGHapy>keHUs1 B3aMOO/TIOKHPOBOK

]_[I/IKJ'I dKTHBHOI'O O’KWdHUA

WICTI0/IB3YIOTCSl aTOMapHble MHCTPYKL{MU TpoLieccopa

Mbl yXXe paccmMoTpenu fONroBpeMeHHble 6/10KMPOBKU, AECTBYIOLLME Kak
NpaBu/I0 0 KOHUA TPaH3akuum 1 noagepmsaroLLimne MHOXECTBO PEeXVMOB.
[NnA 3aWnTbl CTPYKTYP B ONepaTtuBHON NaMATH, pasgensaemMoin HeCKObKUMU
npoLieccamu, NCNoNb3yrTCcA 6onee NpocTbie (M AelleBble B CMbiIC/e
HaknaHbIX pacxonoB) G/10KMPOBKMU.

Camble NpoCTble N3 HUX — CMNH-GNOKMPOBKN UM CNINHOKN (Spinlock).
OHUV NpefHa3Ha4veHbl 4/15 3axBara Ha 04eHb KOPOTKoe BpeMs (HECKOJ/TbKO
NHCTPYKUWIA Npoueccopa) 1 3almuatoT oTaesbHble Nons CTPYKTYP AaHHbIX
OT OHOBPEMEHHOIO U3MEHEHMS.

CnnH-610KNPOBKN peasin3yroTcsl Ha OCHOBE aTOMapHbIX UHCTPYKL M
npoueccopa, Hanpumep, compare-and-swap
(https://ru.wikipedia.org/wiki/CpaBHeHne ¢ 0OMEHOM).

OHM 3axBaTbIBalOTCS TOMbKO B UCK/TOUYMTENBLHOM pexume. Ecniv 61oknpoBka
3aHATA, BbINOHAETCS LMK aKTUBHOTO OXWAAHNS — KOMaHAa NOBTOPSIETCS
[0 Tex nop, NoKa He BbINOIHUTCS YCNEeLIHO. DTO UMEET CMbIC/1, MOCKO/IbKY
CNUH-G/TOKMPOBKN MPUMEHSIIOTCS TOMIBKO B TEX CNyYasiX, KOraa BePOSiTHOCTb
KOH(p/IMKTa o4yeHb Mana. CyLlecTBYeT 1 MOHUTOPUHI OTC/IEXMBaHUS
0XMAaHui, CBA3aHHbIX CO CMUH-6/T0KMPOBKaMW.

OfHako cnuH-6/10KNPOBKN He obGecnevynBatoT 0OHapyXeHns
B3aMMOOG/I0KMPOBOK — 3a 3TUM cnegat paspabotunkn koga PostgreSQL.


https://ru.wikipedia.org/wiki/%D0%A1%D1%80%D0%B0%D0%B2%D0%BD%D0%B5%D0%BD%D0%B8%D0%B5_%D1%81_%D0%BE%D0%B1%D0%BC%D0%B5%D0%BD%D0%BE%D0%BC
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Jlerkne 6/10KMPOBKA & Posigres

YcTaHaB/IMBaKOTCS HA KOPOTKOE BpeMst

0OBIYHO ZI0/TA CEKYH/IbI
W ckmrounTeIbHbINA U paBAEHHEMBIﬁ PEXHNMbI

EcTb MOHUTOPUHT
pg_stat_activity

HeT oGHapy>keHUs1 B3aMOO/TIOKHPOBOK

«HeuecTHas» ouepenb

pasziesnsiemast 6;I0OKMPOBKa 03BOJISIET UUTAKOII[UM TIPOL[ECCaM
TIPOXOAUTD Oe3 ouepeau

Cnepom nayT Tak HasbiBaemble nerkme 6nokmposkn (lightweight locks,
lwlocks).

X 3axBaTblBalOT HA KOPOTKOE BPeEMS], KOTOpoe TpebyeTcs ansa paboTbl
CO CTPYKTYpOIi AaHHbIX (Hanpumep, ¢ Xel-Tabnuuei nam CnMckom
ykasarenei). Kak npaBuno, nerkas 6/10KMpoBKa yaepXxnBaeTcs Hefosro,
HO B NpoOLECCe ee yaepXXaHnsi MOTyT BbIMO/THATLCS onepauun BBoaa-
BbIBOAA, TaK YTO MHOrAa BPEMS MOXET OKa3aTbCA N 3HAYUTE/bHbIM.

icnonb3yloTcs ABa pexuma 6/10KMpoBaHUS: UCKTIOUUTENbHBIN (415 3anvcn)
N pasgensemMblii (o419 YTEHUSA).

MopaepxmBaeTca oyepedb oxungaHus. OgHako noka 610KMpoBKa
yAEPXMBAETCS B pasfendaeMoM pexume, apyrue umtaroume npoueccsl
NpoXoAaT BHE ovepeaun. B cuctemax ¢ BbICOKOW CTEMNEHbIO Napasl/ieNlbHOCTH
N 6OMbLUON HAarpy3Ko aTO MOXET NPUBOAUTbL K HENpeacKasyemMo A0/TUM
OXNaaHNAM NPoLECCOB, KOTOPbIM TpebyeTcst U3BMEHATb [aHHble
(https://postgrespro.ru/list/thread-id/2400193).

MpoBepkKa B3aMMOOGOKMPOBOK HE BbINOTHAETCS, KaK U A1 CNUH-
6/10KMPOBOK. Jlerkne G/I0KMPOBKM TakKe MMEKT CPeACcTBa A/ MOHUTOPUHTA.



https://postgrespro.ru/list/thread-id/2400193
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3akpensieHue bydepa 4 Posigres

YcraHaBMBaeTcsl Ha BpeMsi paboThI ¢ Oydepom

BO3MO>XHO, AJIMTe/IbHOEe
PaznensieMbiii pexxum

EcTb MOHUTOPUHT

pg_stat_activity
pg_buffercache

HeT oGHapy>keHHs] B3aMOOTIOKHPOBOK

[TaccuBHOE OXKUAHUE

HO 00BIYHO 3aKperieHHbI Oydep nporyckaeTcs

Ewe oguH Bua 610KMPOBKN, KOTOPbIA Mbl Y)Xe paccmaTpuBasiv B TEMe
«BbythepHbI Kel» moayns «XXypHanmpoBaHue» — 3akpenneHme bydepa
(buffer pin).

[ns kaxxaoro 6ydpepa Befercs CnnMcok padotaroLwmx ¢ HUM NPOLLECCOB.
Ecnn 6ydoep 3akpensieH, B HeM 3anpeLLeHbl HeKOTopble AeCTBUSA.
Hanpumep, B CTpaHuLy MOXHO BCTaBUTb HOBYIO CTPOKY (KOTOPYHO
oCTaslbHble NMPoLEeCcChl He YBUAAT 6narogaps MHOTOBEPCUOHHOCTH),

HO Heslb35 3aMeHUTb OAHY CTPaHULYY Ha APYryHo.

Kak npaBnno, npouecchl NponyckKaT 3aKpensieHHbI bydiep 1 BblonparoT
[PYroi, 4Tobbl He XAaTb CHATUA 3aKpensieHna. Ho B HEKOTOpPbIX cnyyasx,
korga TpebyeTcs UMEeHHO 3TOT Bydoep, 3anpalunBaeTcs fierkan 6/10KMpoBka
B MCK/IIOUUTE/IbHOM pexume. Mpn HeobXxoAnMMOCTH NPOLLECC XAET, NoKa BCe
OCTaUlbHble MpoLEecchl 3aKoHYaT paboty ¢ bydepom. OxuaaHne npu 3Tom
MaccuBHOE: cucTeMa «OyauT» OXMAAKLWNIA NpoLecc, Koraa 3akpenseHue
CH/MaeTCS.

B3anmMo6/10KMPOBKM HEBO3MOXHbI, 38 3TUM CNeAsaT paspaboTumnku
PostgreSQL.

OXungaHusi, cBA3aHHbIE C 3aKpensieHNeM, AOCTYMNHbI A1 MOHUTOPUHIa
yepes npeacrtassieHne pg_stat_activity. Tekylee KoM4yecTBO 3aKpenseHui
oyhepa nokasbiBaeT paclumpeHue pg_buffercache.
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[pumep: 6ydpepHbInN KeLu Posigres

xew-tabnuua

caotiprie ] f buffer strategy lock e
6ycbepbl | :

|
|
l
' cnepytowiasn I .
| XepTea ! BufferMapping lock

S Y x 128 a \:

yBenmyeHne
CHETUYMKOB MCMOMb3YeT
aromapHble onepauum
npoueccopa

buffer header lock

3] | L | o) (74 | 1| L

BufferContent lock e

ﬁa 10 in progress

BufferPin

YT06bI NONYYMTL HEKOTOPOE (HENOJTHOE) NpeAcTaBNeHne O TOM, Kak U rae
NCMOMb3YKTCA B/IOKMPOBKKU, paccMOTpuM npumep 6ydpepHoro kewua.

UT0ObI 06paTnUTLCA K Xel-Tabnuue, cogepxalleil ccbliku Ha bydepsl,
npouecc fo/MKeH 3axBaTuTb nerkyto 6noknposky BufferMapping lock

B pasfensemMom pexume, a ecniv tabnuuy TpedyeTcs U3MEeHATb —

TO B UCKHOUNTENBHOM pexnme. YTobbl yBENMUUTb FPaHYyNAPHOCTL, 3Ta
6G10KMPOBKa YCTPOEHA Kak mpaHW, COCTOALWMIA U3 128 oTae/bHbIX
610KMPOBOK, KaXaas U3 KOTOPbIX 3allMLLAET CBOK YacTb XeLl-Tabnumubl.

[ocTyn K 3aronosky 6ydyepa npouecc nosyyaeT ¢ NOMOLLbI CMNH-
6nokuposku. OTaenbHble onepauumu (Takue, Kak yBesinyeHne CYeTUMKa)
MOTYT BbIMNO/IHATLCA U 6€3 ABHbIX 6G/T0KMPOBOK, C MOMOLLbIO aTOMapPHbIX
MHCTPYKLUNIA npoueccopa.

UToObI NpounTatb cogepxmnmoe bydepa, Tpedyetcsa 6/10KMpoBKa
BufferContent lock. O6bIYHO OHa 3axBaTbIBAETCA TOIbKO AJ1 YTEHUA
yKasaresieil Ha Bepcumn CTPOK, a Aasiblue AOCTaTOuYHO 3aluThl,
npefocTaBisieMoil 3akpenseHnem oydepa. 415 U3MeHeHUs1 COAEPXNMOro
6ythepa ata 6/10KMPOBKA 3axBaTblBAETCSH B UCK/TIHOUNTENIbHOM peXnme.

[Mpn uTeHun Bydoepa ¢ gucka (Uam 3anucu Ha AMUCK) B ero 3aros1oBKe
ycTaHaBnmBaeTcs npusHak |0 in progress, KOTopbIii CUTHANTU3NPYET APYTNM
npoueccam, YTO CTpaHuLa YNTaeTcss — OHW MOTYyT BCTaTb B O4epeab, ecnu
MM TOXE HyXXHa Ta e camasi CTpaHuua.

Ykasaresiv Ha cBo6oAHble bydiepbl 1 Ha CrieAyHoLLYIO XXEePTBY 3alUMLLEHbI
ofHoWM cnuH-6nokuposkoii buffer strategy lock.
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[Tpumep: Bydpepbl XypHana - Posgares

xew-tabnuua

# insert position lock WALBufMapping lock 8

nosunuus
[Nt BCTaBKU

nocne
pesepBMpOBaHUsA MecTa
B Bychepe BcTaBka naet
napasnesibHo

WALInsert lock
X 8

A A
=l 3]
H_/

Y

@8 WALWrite lock

Ewe oanH npumep: 6ydepbl XXypHana.

[N XXypHanbHOro Kella ToXe MCnosib3yeTcs xew-tabnuua, cogepxatias
oTOOpaxkeHne cTpaHul, B 6ydepsbl. B oTnnume ot xew-tabnnuybl 6ydpepHoro
Kella, aTa Xew-tabnuua salmiieHa eMHCTBEHHON NTErko 6/10KMPOBKOIA
WALBufMapping lock, nockonbKy pasmep XypHasibHOro Kella MeHbLue
(06bI4HO 1/32 OT ByhepHoro kelwa) 1 obpatleHune K ero dycpepam 6onee
yrnopsgoveHo.

3anucbk CTpaHuL, Ha AMCK 3alluileHa nerkom 6nokmposkoin WALWrite lock,
YTOObI TO/IbKO OAMH NPOoLLEeCcC 04HOBPEMEHHO MOT BbINOMHATL 3Ty onepauymio.

UT0oObI CO34aTh XYPHa/IbHYHO 3anuncb, NPOLECC AO/HKEH CHavYaa
3ape3epBupoBaTb MECTO B CTpaHuUue. /1 3TOro OH 3axBaTbiBaeT CMuH-
6noKnpoBKy insert position lock. Mocne Toro, kak MecTo 3ape3epBnpoBaHo,
MpoLecc KoNUpyeT CoOAePXXMMOoe CBOEN 3annucu B oTBeeHHOEe MecTo. dTa
onepaunsa MOXET BbINOMHATLCA HECKOMbKMMM MpoLueccaMmy 0gHOBPEMEHHO,
ANA Yero 3anuncb 3allmeHa mpaHwemM U3 BOCbMU NIErKUX 6/10KMPOBOK
WALInsert lock.

3aeckb npeacTaBneHbl He BCe G/10KMPOBKU, MEHOLLIME OTHOLLEHMWE K XypHaUly
npeAsanucu, Ho aTa 1 nNpedplayLias unncTpaumm Ao/MKHbl AaTh HEKOTOpoe
npeacTasfieHne 06 NCNo/b30BaHUN GIOKMPOBOK B ONepaTMBHON NamsTy.



MOHMTOpMHr O)KM,U,aHI/lM <12 sssssssssssss

OxkygaHus B pg_stat_activity ¥ cemIiipoBaHue

TUIBI OXKUJAHUU



of] PROFESSIONAL

CemnnupoBaHne OXXngaHunm  Posigres

Koryia mipoiiecc oxku/jaeT uero-aoo,
3TOT (haKT OTpakaeTcsi B MpeJCcTaB/eHUU pg_stat_activity

wait_event_type — THUIT O)KWJaHUS
wait_event — 1UMsi KOHKPETHOTO OXKU/JaHUSI

VHdbopMaliyst MO>KeT ObITb HETIO/THOM

OXBaueHbI He BCe MeCTa B KOZe, B KOTOPBIX MOT'yT OBITE OXKUdaHHA

WHdopmaiiyisg To/IbKO Ha TeKYLUH MOMEHT

€TUHCTBEHHBIN CTI0CO06 MOMTyUnTh KapTUHY BO BpEMEHU — CeMIUTMPOBaHKe
JIOCTOBEpHAsi KApTUHA TOJIBKO TPU OOJILIIIOM UKCIe U3MEPEeHUH

10

[Ns MOHMTOPUHIa OXnAaHuii LCNOoNb3yeTcsa NpeAcTaBNeHne

pg_stat activity. Korga npouecc (CUCTEMHbI 1M 06CNYXMUBAIOLLNIA) He
MOXET BbINOMHATL CBOK PaboTy U XAET Yero-imbo, aTo OXngaHne MOXHO
yBUAETb B npeactaBneHnn. Ctonbeu, wait_event_type nokasbiBaeT T1n
oXuaaHus, a ctonbew, wait_event — MMsi KOHKPETHOIO OXKAaHWs.

CnepyeT yunTbiBaTb, YTO NPE/CTAB/IEHNE NOKA3bIBAET TOMILKO TE OXUAAHUS,
KOTOPbl€ COOTBETCTBYIOLUM 06pa3oM 06pabaThbiBalOTCS B UCXOAHOM KOJE.
Ecnv npeAcTaB/ieHne He NoKas3bIBAaeT OXuaaHue, 3To BOOOLLE roBops He
o3HavaeT co 100-NpoLEHTHO BEPOSITHOCTbLIO, UTO MPOLIECC AECTBUTE/BHO
HUYEro He XJeT.

K coxaneHuto, eanHCTBEHHAs A0CTYyNHasi MHopMaunsa 06 oXxXngaHmax —
NHpopMaLUA Ha TEKYLLIMIA MOMEHT. HUKaKO HaKOMEeHHO CTaTUCTUKN
He BefeTcs. EAMHCTBEHHbIN CNOCO6 NONAYUYNTb KapTUHY OXUOAHWUIA

BO BPeMeHW — CEMINIMPOBaHNE COCTOSAHUA NpeacTaBieHNns

C onpeAeneHHbIM MHTepBasiIoM. BCTPOEHHbIX CPeACTB AJ1s 3TOro He
NpeAycMOTPEHO, HO MOXHO MCNOJb30BaTh paclUMpeHus, Hanpumep,
pg_wait_sampling.

https://github.com/postgrespro/pg wait sampling

Mpy ceMNNNpPoBaHNM HAAO YUNTbIBATb €r0 BEPOSTHOCTHbI XapakTep.
UTo6bI NONYyunTL GOSIEE U MEHEE JOCTOBEPHYHO KapTUHY, YMC/IO
M3MEPEHUI 0/MKHO GbITb AOCTATOYHO BbICOKO. [03TOMY cemnMpoBaHue
C HM3KOIi YaCTOTOW He AACT JOCTOBEPHOWN KApTUHbI, a NOBbILLEHWE YaCTOTbl
NPUBOAUT K YBE/TMYEHUNIO HaKNaAHbIX pacxooB. [0 ToW xe npuumHe
cemnMpoBaHne 6ecnosie3Ho 4718 aHannsa KOpoTKOXMBYLLMX CEAHCOB.



https://github.com/postgrespro/pg_wait_sampling
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Tunbl OXnaaHUM Posigres

biiokupoBkU

O/TOKUPOBKH 00BHEKTOB Lock
nerkue OJIOKUPOBKU LWLock
3aKperuieHue Oydepa BufferPin

[pyrue oxxugaHus

BBO/[-BLIBOJ 10

MoJIyueHHe JJaHHbIX OT IPYroro npotecca IPC

roJiyueHHe JJaHHbIX OT K/IMeHTa Client

OXXUZlaHWe B MOAyJ/ie pacluypeHus Extension
«be3menbe» Activity, Timeout

Bce ocTasnibHOe — HeyuTeHHOe BpeMsI

11

Bce oxmngaHms MOXHO pasfaennTb Ha HECKO/IbKO TUMOB. OxuaaHus
pacCMOTPEHHbIX 6/TOKMPOBOK COCTABNAKT 60/1bLUYI0 KATErOpuIo: OXngaHue
6/10KNMPOBOK 06bEKTOB (3HaveHue Lock B ctonbue wait_event_type),
oxumpaHune nerknx 6nokmpoBok (LWLock) n oxmaaHvne 3akpensieHHOoro
oycbepa (BufferPin).

Ho npouecchl MoryT oxuaatb 1 gpyrue cobbitns. OxngaHusi BBoga-BbiBoaa
(10) BO3HMKaLOT, KOorga npoueccy Tpebyercsa 3anucarb v npovnTarb
AaHHble. Mpouecc MOXET XaaTb AaHHble, Heo6XoAMble ANs PaboThl,

oT knneHTa (Client) nnu ot gpyroro npouecca (IPC).

PacLimpeHns MoryT permctpmpoBaTb CBOU crieundomyeckmne oxunaaHus
(Extension).

BbiBaloT cuTyauumn, Korga npoLecc NpocTo He BbINOJTHAET Nosie3HOM paboThl.
K aToin KaTeropun oTHOCUTCS OXuAaaHne (POHOBbIX NPOLLECCOB B CBOEM
OoCHOBHOM UuKkne (Activity), oxxngaHue Tarimepa (Timeout). Kak npasuno,
Takne OXngaHus «HOPMaslbHbI» U HE TOBOPAT O Kaknx-nmbo npobnemax.

Tun oXngaHnsa conpoBoXgaeTcs NMEeHEM KOHKPETHOIo OXnaaHus:

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

Ecnv nMsa oxnaaHus He onpeaeneHo, npoLecc He HaxoamTcs B COCTOSIHUM
oXungaHus. Takoe BpeMsi CneayeTt cumTatb HEYUYTEHHbIM, Tak Kak Ha caMoM
[ene HeM3BeCTHO, YTO MMEHHO MPOUCXOANUT B 3TOT MOMEHT.

B cnepytoulen geMoHcTpauumn ansa saMmensieHns BBofa-BbiBo4a Mbl
ncnonbdyem paimnosyto cuctemy FUSE (https://github.com/libfuse/libfuse)
npoekT slowfs, NOCTpoeHHbIN ¢ ee nomoLbto (https://github.com/nirs/slowfs).



https://postgrespro.ru/docs/postgresql/16/monitoring-stats#WAIT-EVENT-TABLE
https://postgrespro.ru/docs/postgresql/16/monitoring-stats#WAIT-EVENT-TABLE
https://github.com/libfuse/libfuse
https://github.com/nirs/slowfs

MOHHTOPHHTI O)KHMIAHMH

Tekylihe O’KUAAHUSI MOKHO IIOCMOTPeTh B IIPeJicTaBJIeHUHN pg_stat_activity, KoTopoe mokassiBaeT HHQOPMAIIHIO O pab0oTaroImIxX
mpoIrieccax. BeibepeM TOJIBKO UacTh IT0JIe:

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

pid | backend type | wait _event type | wait_event
------- L L L r TR
28375 | autovacuum launcher | Activity | AutoVacuumMain
28376 | logical replication launcher | Activity | LogicallLauncherMain
28420 | client backend | |
28372 | background writer | Activity | BgWriterMain
28371 | checkpointer | Activity | CheckpointerMain
28374 | walwriter | Activity | WalWriterMain
(6 rows)

YT0oGHI IOIYYUTH GoJIee HMIH MeHee II0JTHYH KapTHHY 0KUIaHUH IIporiecca, TpeGyeTcs BEIIOTHITE CEMILIIPOBAHIE C HEKOTOPOH
YacToTo. Bocmosib3yeMcsi paciiupeHreM pg_wait_sampling.

PacmipeHute y)Ke yCTaHOBJIEHO 13 ITakeTa B OC BUPTyaIbHOM MalllMHbI Kypca, HO He06X0AMMO BHECTH B KOHOUTYPAITOHHBIHN
napaMeTp shared_preload_libraries HasBaHHe 3arpy»xaeMoi 6U6IMOTEKH paclIupeHus. [[puMeHeHte 3TOTo TapaMeTpa TpebyeT
TepesarpysKkHu cepBepa.

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

student$ sudo pg_ctlcluster 16 main restart

student$ psql

Temepsb CO3[aIUM paclIupeHue B 6a3e JaHHBIX.

=> 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

PacimmpeHue I103BOJIIeT IPOCMOTPETH HEKOTOPYIO HCTOPHIO OXKUIAHHH, KOTOPas XpaHHUTCS B KoJIbIleBoM 6ydepe. Ho mHTepecHee
VBUZETD IPOGIIIb 0)KULAHUH — HaKOIUIEHHYIO CTATHUCTHKY 3a BCe BpeMsI PaGOTEL

ITomoXx1eM HeCKOJIbKO CEeKyH/ U 3aIIiHeM B HpO(i)I/IJII:...

=> SELECT * FROM pg_wait_sampling_profile ORDER BY 1;

pid | event type | event | queryid | count
------- B L St LTI R
28577 | Activity | CheckpointerMain | 0 | 926
28578 | Activity | BgWriterMain | 0 | 926
28580 | IO | WALSync | 0 | 28
28580 | Activity | WalWriterMain | 0 | 898
28581 | Activity | AutoVacuumMain | 0 | 926
28583 | Activity | LogicallLauncherMain | 0 | 926
28628 | IO | WALSync | 0 | 1
28628 | IO | VersionFileSync | 0 | 1
28628 | IO | RelationMapReplace | 0 | 3
28628 | Client | ClientRead | 0 | 8
28628 | IO | DataFileRead | 0 | 1
28678 | Client | ClientRead | 6| 301
(12 rows)

IToCcKOJIBKY 3a IIpOoIIe/Iiee IoCIe 3aIlycKa cepBepa BpeMst HU4ero He IIPOKMCXO/IUI0, OCHOBHBIE O’KU/IAHUS OTHOCSTCS K TUITY
Activity (ciy>ke6HBIe IIPOIIeCCHI KAYT, IT0Ka IT0sIBUTCSA paboTta) U Client (psql »KzeT, IIoKa II01b30BaTe b IIPUIILJIET 3a1IPOC).

CTPOKH C IIyCTHIMK 3HAUeHHSIMH event_type U event QUKCHPYIOT CUTYaIlUH, KOT/a IIPoIecc HUYero He O)KHUAAeT (HO paboTaeT U
3aHHMaeT IIPOLIECCOPHOe BpeMsl). 3a 0TOGpakeHHe TaKHX CTPOK OTBeUaeT IIapaMeTp pg_wait_sampling.sample_cpu:



=> SHOW pg_wait_sampling.sample_cpu;
ERROR: unrecognized configuration parameter "pg wait sampling.sample cpu"

C ycTaHOBKaMH I10 YMOJIUYaHHIO YacTOTa CeMILIMpoBaHUsg — 100 pa3 B ceKyHAY. [109TOMy, UTOGHI OIleHUTH AJIUTeILHOCTD
0KHUJIaHUH B CeKyHlaX, SHaUeHHe count Hajo feauTsb Ha 100.

YT06HI IOHSTH, K KAKOMY IIPOIlecCy OTHOCSTCS OKUAAHUS, J06aBUM K 3aIIpoCy IIpe/icTaBIeHue 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
------- R i I e T
28577 | checkpointer | | Activity | CheckpointerMain | 940
28578 | background writer | | Activity | BgWriterMain | 940
28580 | walwriter | | Activity | WalWriterMain | 912
28580 | walwriter | | IO | WALSync | 28
28581 | autovacuum launcher | | Activity | AutoVacuumMain | 940
28583 | logical replication launcher | | Activity | LogicallLauncherMain | 940
28628 | | | Client | ClientRead | 8
28628 | | | I0 | RelationMapReplace | 3
28628 | | | I0 | WALSync | 1
28628 | | | IO | VersionFileSync | 1
28628 | | | IO | DataFileRead | 1
28678 | client backend | psql | Client | ClientRead | 315
(12 rows)

TOTOBUMCS [IATh HATPY3KY C IIOMOIIBI0 pghench 1 Ha6Ii01aTh, KAK N3MEHHUTCS 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 0.33 s, remaining 0.00 s)
vacuuming. ..

creating primary keys...

done in 0.63 s (drop tables 0.00 s, create tables 0.02 s, client-side generate 0.40 s,
vacuum 0.10 s, primary keys 0.11 s).

C6pacrIBaeM COOpaHHBIN TPOQMIIL B HOJIb U 3allyckaeM TecT Ha 30 CeKyHJ, B OT/[eJIbHOM ITporiecce. OTHOBpeMeHHO 6yzeM
CMOTPETB, KaK U3MeHsIeTCs IIPOQUIIE.

=> 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
------- L I e e L L Tr T
29064 | client backend | pgbench | IO | WALSync | 151
29064 | client backend | pgbench | Client | ClientRead | 23
(2 rows)

= \g



event type | event | count

I
------- L e L e
29064 | client backend | pgbench | IO | WALSync | 1060
29064 | client backend | pgbench | Client | ClientRead | 153
29064 | client backend | pgbench | IO | WALWrite | 3
29064 | client backend | pgbench | LWLock | WALWrite | 2
(4 rows)
=> \g
pid | backend type | app | event type | event | count
------- R R S s T R
29064 | client backend | pgbench | IO | WALSync | 1960
29064 | client backend | pgbench | Client | ClientRead | 283
29064 | client backend | pgbench | IO | WALWrite | 5
29064 | client backend | pgbench | LWLock | WALWrite | 3
)

O>xuplaHus IIporecca pghench 6yyT mosy4aThbCsd pasHEIMH B 3aBUCHMOCTH OT KOHKPETHOM CUCTeMEL. B Hallem ciaydae c
60JIBIIION BepOSITHOCTHIO OYZeT IIpefiCcTaBIeHO OKUAAHIe 3alliCH M CHHXpOHU3auu >KypHasta (I0/WALSync, IO/WALWrite).

pgbench (16.2 (Ubuntu 16.2-1ubuntu4))

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: 3870
number of failed transactions: 0 (0.000%)
latency average = 7.752 ms

initial connection time = 3.439 ms

tps = 128.997893 (without initial connection time)

Jlerkue 6JI0OKHPOBKHU

Bcerzia Hy>KHO IIOMHHTb, UTO OTCYTCTBHE KaKOT0-IM60 0XKUAAHUS IIPU CEMIUIMPOBAHUY He TOBOPUT O TOM, YTO OXKU/IaHUS He
65110. ECoTH OHO GBII0 KOpOUe, YeM IIePHO/], CEMILIMPOBAHMUS (COTasi YacTh CEKYH/IBI B HAIlleM IIPUMepe), TO MOIJIO IIPOCTO He
TIOIIACTh B BEIGOPKY.

HOSTOMY JIETKHe 6HOKI/Ip0BKI/I CKOpee BCero He IIOIBUJINCE B HpOCl)I/IJIe — HO IIOABATCS, €CIIU CO6I/IpaTB JMaHHBbIE B TEUEHUN
JJINTEJIbHOTO BpEMEHH.

UT0o65I rapaHTUPOBAaHHO YBUZETH UX, IIOAKIIIOUNMCS K KIacTepy slow ¢ 3aMe/jleHHOM QaiiyioBO cHcTeMOI: B Hell mro6ast
oIrepariysi BBOJa-BbIBOJa OyieT 3aHUMATh 1/10 CeKyH/BL.

student$ sudo pg_ctlcluster 16 main stop

student$ sudo pg_ctlcluster 16 slow start

E1rte pas c6pocum IIpoGIIb U AaJUM 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

------- L I S et e R S
29452 | client backend | pgbench | LWLock | WALWrite | 180
(1 row)
= \g

pid | backend type | app | event type | event | count
------- B L T T e L TR P
29491 | client backend | pgbench | IO | WALWrite | 819
29491 | client backend | pgbench | LWLock | WALWrite | 141
29491 | client backend | pgbench | IO | WALSync | 57
29491 | client backend | pgbench | IO | DataFileExtend | 20
29491 | client backend | pgbench | Client | ClientRead | 4
29491 | client backend | pgbench | IO | DataFileRead | 3
(6 rows)
=> \g

pid | backend type | app | event type | event | count
------- B T T I LT
29491 | client backend | pgbench | IO | WALWrite | 1908
29491 | client backend | pgbench | LWLock | WALWrite | 162
29491 | client backend | pgbench | IO | WALSync | 122
29491 | client backend | pgbench | IO | DataFileExtend | 20
29491 | client backend | pgbench | Client | ClientRead | 7
29491 | client backend | pgbench | IO | DataFileRead | 5
(6 rows)

Tereps OCHOBHOe OKHJaHHe IIpoIjecca pghench cBsg3aHO ¢ BBOZOM-BEIBOJIOM, TOUHEE C 3aIIMChI0 XKypHaJla, KOTOpasi BBIIIOJIHIETCS
B CHHXPOHHOM DPesKHMe IIPU KakKHok Gukcaruu. II0cKoIbKy (BCIIOMHHUM CJIakj IIpeseHTalllH) 3alIUCh JKypHaJla Ha JUCK
3alllMILeHa JerKoi 6,10KkupoBKo WALWTiteLock, 0Ha Tak»Ke IIPUCYTCTBYeT B IIPOQHIIe.

pgbench (16.2 (Ubuntu 16.2-lubuntu4))
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: 60
number of failed transactions: 0 (0.000%)
latency average = 504.396 ms

initial connection time = 43.501 ms

tps = 1.982567 (without initial connection time)
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[1pakTuka Pogga’?é%

1.  OTKpBITBIN Kypcop yAepXKUBaeT 3akperieHre Oydepa, yToObI
yTeHHe CeAyIolell CTPOKH BbINOJHSIOCH ObICTpee.
Ybenurech B 3TOM C TIOMOIL[bIO paciivpenus pg_buffercache.

2. OrtkpoiiTe Kypcop 110 Tabnulie U, He 3aKpbIBasi €r0, BLITIOHUTE
OUHCTKY Tabsuiel (VACUUM). ByzneT /i ounCTKa »K1aTh
0CBOOOXKIeHHS 3aKperuieHus Oydepa?

3. TloBTOpHTE 5KCIIEPUMEHT, BLITIOJHUB OUHUCTKY C 3aMOPO3KOM
(VACUUM FREEZE). Y6euTech, UTo B MMPO(U/Ib OXKUAAHUN
00CITy>KHBaroIIlero mporiecca Toraso oXKUaHue 3aKperyieH s

6ydepa.
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1. PacwupeHune pg_buffercache 661510 paccmMoTpeHo B Moayne
«KypHanupoBaHue», Tema «by(epHbIin KeL.

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



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

1. 3axpenieHue 6ydepa IpHu OTKPHITOM Kypcope

CHavaJia BBIIIOJTHSIEM IT0/ITOTOBUTEIbHBIE IeACTBUS.

VcTaHaBIMBaeM He06X0/JUMble PaCIIUPeHHUs:

=> 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

Tab6sniia, Kak B IPebIAYIINX 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

VI3MeHHM OCTaTOK II0 CUeTy 2 — B CTPaHUIIe IIOSBUTCS MEPTBAsI BEPCUS CTPOKH:
=> UPDATE accounts SET amount = 2500 WHERE acc_no = 2;

UPDATE 1

HaunHaeM TpaH3aKI[UIo, OTKphIBaeM Kypcop U BEIGHpPaeM OIHY CTPOKY.
=> BEGIN;

BEGIN

=> DECLARE ¢ CURSOR FOR SELECT * FROM accounts;

DECLARE CURSOR

=> FETCH c;

acc_no | amount
________ Fomm e e e e -

1 | 1000.00
(1 row)

IIpoBepuM, 3aKpeILieH Ju 6ydep:

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

-[ RECORD 1 ]----4------
bufferid | 1854
relfilenode | 16416
reltablespace | 1663
reldatabase | 16390
relforknumber | ©
relblocknumber | 0
isdirty | t
usagecount | 5
pinning backends | 1



Ja, pinning_backends = 1.

2. OuncTKa 3aKpeIlUIeHHOro 6ydepa

BEBIIIOJIHUM 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: 0 pages from table (0.00% of total) had 0 dead item identifiers
removed

avg read rate: 0.000 MB/s, avg write rate: 64.744 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: O removed, O remain, 0 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

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: 84.005 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

Kax MBI BUAMIM, MepTBas CTpoKa He ObLiIa ouuIlieHa: ...tuples missed: 1 dead from 1 pages not removed due to cleanup lock
contention.

Ecsu 6ydep 3aKpellIeH, U3 CTPaHUITHI 3alIpellleHo YAaIITh Bepcuu CTpoK. Ho ourcTKa He JK/IeT, IToKa 6ydep ocBo60oaUTCS —

CTPOKa GY,ELGT O4YHIIeHa IIPpY CJIeAyIoIeM CeaHCe OUNCTKH.

3. 3amopo3Ka 3aKpeIlUIeHHOro 6ydepa

BEIIIO/THSIEM OYMCTKY C 3aMOPO3KOM:
| => VACUUM FREEZE VERBOSE accounts;

OuncTKa 3aBHCaeT /10 3aKpHITHUS Kypcopa. IIpu SBHO 3aIlIpollleHHOM 3aMOp0o3Ke HeJlb3s 0CTaBUTh Heo6paboTaHHOM HU O[JHY
CTpaHHUILy, He OTMEUYEeHHYI0 B KapTe 3aMOpPO3KH — MHaue HeBO3MOKHO YMEeHBIIUTh MaKCHMaIbHEIN BO3pacT He3aMOPOKeHHBIX
TpaH3aKIWi 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: 5.09 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;

ITpodrIb 0XKHUJaHUMN:

=> 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
------- L e T e et e
59711 | client backend | psql | BufferPin | BufferPin | 499
(1 row)

Tun oxxuganus BufferPin roBOPUT 0 TOM, UTO OYHCTKA >K/IajIa 0CBOGOKeHUs 6ydepa.

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



