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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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BnoknpoBku Pos{gres

3ajjaua: ynopsijoueHrue KOHKypPeHTHOr0 Z0CTyTia
K pa3jiesisieMbIM pecypcam

MexaHusm
niepe/| oOpallieHreM K JIaHHBIM TIPOLIECC 3aXBaThIBaeT OIOKUPOBKY,
rocsie oOparrieH1st — 0CBOOOXKJaeT
O/7IOKMPOBKY TIPUBOJSAT K OUepe/siM

AlbTepHaTHBBI

MHOI'OBE€PpCHUOHHOCTb — HECKOJIbKO BepCI/Iﬁ AaHHBIX

OIITUMUCTHUYHBIE 6]IOKI/Ip0BKI/I — [IpoLecCChl He 6JIOKI/Ipy}0TCH,
HO MpU HEYAAUHOM CTE€UYEHHHU 00CTOATe/ILCTB BO3HUKAET OIIMOKA

BNOKUPOBKN UCMNOMb3YHOTCA, YTO6bI YNOPAA0UNTL KOHKYPEHTHBIN J0CTYN
K pasfensiemMbiM pecypcam.

Mo/, KOHKYPEHTHbLIM AOCTYMNOM NOHMMAETCS OAHOBPEMEHHbIN 10CTYnN
HECKO/IbKMX npoueccoB. Camu NPoLECChl MOTYT BbIMOMHATLCS Kak
napannenbHo (ecny NO3BOMISIET annaparypa), Tak 1 NocneaoBaTeNbHoO
B PEXUME pasfeneHuns BPEMEHN.

BNOKMPOBKN HE HYXHbI, €C/IM HET KOHKYPeHUUn (OAHOBPEMEHHO K AaHHbIM
ob6paLlaeTca TO/1IbKO O4UH NPOLECC) NN ec/iv HET pasfensemMoro pecypca
(Hanpumep, 06K BydrepHbIil Kell HYyXXaaeTca B G/IOKMPOBKaXx,

a NoKasIbHbI — HET).

Mepen Tem Kak 06paTnTbLCA K pecypcy, 3almueHHoOMY 6/10KMPOBKOIA,
npoLecc Ao/MKEeH 3axBaTuTb 3Ty 6/10KMPOBKY. Moc/ie Toro kak pecypc
60/bLLe He HYXEH npoLieccy, OH 0cBO6OXAaeT 6/10KMPOBKY, YTOObI
pecypcomM MOr/i1 BOCMNO/1b30BaTbCA APYrne npoLecchbl.

3axsar 6/10KMPOBKM BO3MOXEH He BCerga: pecypc MOXET OKa3aTbCs Yxe
3aHATbIM KeM-TO ApyruM. Torga npouecc iMbo BCTaeT B oHepeb OXugaHus,
60 NOBTOPSAET NOMbITKY 3axBata 6/10KMPOBKN Yepes onpeseneHHoe
Bpems. Tak unm nHade ato NPMBOAMUT K TOMY, YTO MPOLLECC BbIHYXAEH
npocTtamBatb B OXuAaHUM 0CBOOOXAEHNSA BNTOKMPOBKN.

NHorga yaaeTcsa NpUMeHNUTb Apyrue, Hebrokupyowme, ctpaTermu.,
Hanpumep, B 04HOMMEHHOM MOAYy/e Mbl 06CYXAaIM MEXaHN3M
MHOTOBEPCMOHHOCTU. ELLle oanH NprMep — ONTUMUCTUYHbIE G/TOKMPOBKN,
KOTOpble He GIOKMPYIOT NPOLIECC, HO B C/lyYae Heyaaum nNpuBoasaT K OLIMOKE.
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Pecypchbl Pos{gres

Pecypc

BCe, UTO MO>XHO I/I,ZLEHTI/ICDI/IL[I/IPOBEITB

[Ipumeps! pecypcoB
pea/ibHbI€ XpaHUMBbIe O0OBLEKThI: CTpaHULIbI, Ta6J'II/IL[bI, CTPOKH U T. II.

CTPYKTYPBI IaHHBIX B 0011eli maMsTH (Xel-Tabnuiipl, Oydepsi...)
abcTpakTHBIE pecypchl (UKC/IO)

Pecypcowm, 3almuaeMbimM 6/10KMPOBKOW, B MPUHLUMNE MOXET ObITb BCE, YTO
YyrogHo, Nmwb 6bl pecypc MOXHO ObI/10 OAHO3HAYHO UAEeHTUNLMPOBATb.

Hanpumep, pecypcom MOXeT ObITb 06bEKT, C KOTOpbIM paboTtaeT CYB/,
Takol Kak CTpaHuua AaHHbIX (MaeHTudmumpyeTca MeHem chainna u
nosuuunen BHyTpKn dpaiina), Tabnmua (oid B CUCTEMHOM Kartasiore), Bepcus
CTPOKK (CTpaHuLua 1 No3nums BHYTPU CTPaHuULbI).

Pecypcom MOXeT ObITb CTPYKTYpa B NaMATK, Takasa Kak xew-tabnuua,
oydoep 1 T. N. (MAEeHTUULMpPYETCA 3apaHee NPUCBOEHHLIM HOMEPOM).

Horaa 6biBaeT yao6HO MCNob30BaTh AaXKe abCcTpakTHbIe pecypcehl, He
NMeEIoLLME HUKAKOro oM3nMYecKoro cMblicia (MAEeHTUULMPYOTCS YMCIOM).
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dakTopbl 3PEKTUBHOCTH Posigres

['paHy/ipHOCTE G/TOKMPOBKH

CTereHb JleTaau3aluy, ypOBeHb B MepapXyu pecypcoB
Harpumep: Tabiuija — CTPaHWI]A — CTPOKH, XeIll-Tab/uIa — KOP3WHBI
BBIIIIe TPaHY/ISIPHOCTE — OO0JIbIIle BO3MOKHOCTeH /IJis apasuienyi3mMa

Pe>XrMbI O/TOKMPOBOK

COBMECTUMOCTh PEe)KMMOB OTpe/ie/isieTCsl MaTpuLiel

Oorbllle COBMECTHMBIX PeXXUMOB — OOJIbLIIe BO3MOXKHOCTEH ISt
riapasiesim3ma

Ha adpdoekTMBHOCTbL G/I0KMPOBOK OKa3blBaeT B/ANSAHME MHOIO pakTopos,
N3 KOTOPbIX Mbl Bbl4e/IMM BCEro HECKOJIbKO.

FpaHynapHOCTb (CTeneHb AeTtanmsaymm) BaxHa, ec/in pecypcbl 06pasyroT
nepapxuto. Hanpumep, Tabnuuya coOCTOUT U3 CTpaHuL, KOTOpble coaepxar
Tab/iMyHble CTPOKN. Bce 3T 06bEKTbI MOTYT BbICTYNaTb B KAYeCTBe
pecypcoB. Ecniv npouecc 3aMHTepecoBaH BCEro B HECKO/IbKMX CTPOKaXx,

a 6110KMpoBKa yCcTaHaBNMBAETCA Ha YPOBHe Tabnuupl, Apyrue npouecchl He
CMOryT paboTaTtb C OCTa/IbHbIMU CTPOKaMM.

[Mo3TOMY YeM Bbillie FPaHYNSAPHOCTbL — TeM 60/IbLLIE BO3MOXHOCTEN Ass
pacnapasifiefimBaHusl, Ho 3To NPUBOAUT K YBE/TMUYEHMIO Ymcia GN1OKMPOBOK
(MHchopMaLMO O KOTOPbIX HAZO rAe-TO XPaHUTb).

BNOKMPOBKM MOTYT 3aXBaTbIBATbCS B Pa3HbIX peXuUMax. imeHa pexnmosn
MOTYT ObITb aGCOOTHO NPOM3BO/IbHLIMUM, BaXKHA NULLIL MaTpuLa Ux
COBMECTUMOCTM AIPYT C APYrOM.

PeXnm, HECOBMECTUMbIA HN C KakKnM PEXMMOM, NPUHATO Ha3blBaTb
ucksmroyumesibHbIM (exclusive). Ecnun pexnmbl COBMeCTUMbI, 6/T0KMPOBKa
MOXET 3axBaTblBaTbCA HECKO/IbKMMU MpoLeccaMmn OAHOBPEMEHHO; Takme
pexumbl HasblBalOT pasoesisiembiMu (Shared).

B uenom, yem 601bLLE MOXHO HANTU PEXMMOB, COBMECTUMbIX APYT
C ApYyrom, Tem 60/ibLLE BO3MOXHOCTEN ANA napanienuima.
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BpemMsa Xn3Hu Posigres

,Z[O]IFOBPEMEHHBIE 6J'IOKI/IpOBKI/I
00OBIYHO 3aXBaTHIBAIOTCS [I0 KOHL|A TPAH3AKLUH
Y OTHOCSITCSI K XPAHUMbIM [JaHHBIM
O0BIII0e YMCIIO PEXKUMOB
pa3BUTast «TsHKe0BeCHas» MH(PACTPYKTypa, MOHUTOPUHT

KpatkocpouHbie G/IOKUPOBKU
O6bI‘—IHO 3dXBATHBIBAKOTCA Ha ,E[O]'II/I CeKYHAbI
1 OTHOCATCS K CTPYKTYpaM B OTlepaTUBHOM MaMsITH
MUHUMYM peXUMOB
«JIeTKoBeCHasi» UHPPaCTPYKTypa, MOHUTOPHHT MOXKET OTCYyTCTBOBaTh

Mo BpemMeHu NCnosib30BaHuA 6J'IOKI/IpOBKI/I MOXHO pa3feinTb Ha
ONNTENbHbIE N KOPOTKKNE.

[JonroBpemeHHble G/IOKUPOBKUN 3aXBaTbIiBAlOTCA Ha NOTEHLUMNA/IbHO
60/bLLoe BpeMs (0ObIYHO A0 KOHLA TpaH3aKLuMn) 1 Yalie BCero 0THOCATCA
K TakMm pecypcam, kak Tabnuupl (OTHOLEHWS) U CTPOKKU. Kak npasuno,
PostgreSQL ynpaBnseT Takumn 6/10KMpoBKamMmm aBToMaTuyecku, HO
nosb3oBaTesb, TEM HE MeHee, UMeeT onpeesieHHbIA KOHTPOb HaZ 3TUM
MpOoLEeCcCoM.

[ns AnuTenbHbIX G10KMPOBOK XapaKTepHO 60/IbLLOE YNC/IO PEXMMOB,
4TOObI AONYCKaTb Kak MOXHO 60/blle OAHOBPEMEHHbIX AeNCTBUIA HaA
JlaHHbIMW.

O6bI4HO ANA A0/TOBPEMEHHbIX 6/TOKMPOBOK UMEETCA pa3BuTas
NHppacTpyKTypa (Hanpumep, noagepxka odepeaen n obHapyxeHme
B3aMMOO/TIOKMPOBOK) U CpeacTBa MOHUTOPMHrA.

KpaTKkocpouHble G/I0KMPOBKU 3aXBaTbIBAOTCS HA HEOO/bLLOE BPEMS

(OT HECKONbKNX TAKTOB NpoLeccopa [0 Aoelt CeKyH 1) 1 06bIYHO OTHOCATCSA
K CTPYKTYpam AaHHbIX B 06Leli namsaTn. TakuMu 6/10KMpoBKamu
PostgreSQL ynpaBnsieT No/IHOCTbI0 aBTOMAaTUYeCKN — 06 Ux
CyLLEeCTBOBaHMMN HaZ0 NPOCTO 3HATb.

19 KOPOTKMX 6/TOKMPOBOK XapakTepPHbI MPOCTbIE PEXUMbI
(UCKNOUNTENBHbIA U pa3aensemslit), npoctas HGPacTpykTypa. B page
crlyyaeB cpeAcTBa MOHUTOPMHIA MOrYT OTCYTCTBOBAT.
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Buabl 6110KNpPOBOK Pos{gres

610KMPOBKM
Ha ypoBHe
06beKToB

npeavkaTHble
6/10KMPOBKY

610KMPOBKN
Ha ypoBHe
OTHOLLEHUIA

610KMPOBKMN
B OnepaTusHoOl
namsTm

610KNPOBKK
Ha ypoBHe
CTPOK

- DY - B

B PostgreSQL ncnonb3ytoTca pasHbie BUAbl 6/10KMPOBOK.

BNIOKUPOBKN Ha YPOBHE 06 bEKTOB OTHOCATCA K A/INTE/bHbIM,
«TSHKENOBECHbIM». B KayecTBe pecypcoB 34eCb BbICTYNalT OTHOLWEHUSA
N apyrme o6bLEKTHI.

Ewe oanH knacc 6/10KMpPOBOK (ONTUMUCTUUYECKNX) — NMpeauKaTHbIe.

NHdhopmanms 0 Bcex aTnx 6/10KMpoBKax XPaHUTCA OQHOTUMNHbIM 06pa3om
B ornepaTtMBHON NamMAaTW. STU BUAbl 6G/TIOKMPOBOK NOAPOOHO
paccmarpuBaloTcs fasiblle B JaHHON Teme.

Cpeaun anutenbHbIX 6/T0KMPOBOK OTAE/TbHO BbIAEATCA G/TOKUPOBKU Ha
YPOBHE CTPOK. /X peann3ayms OT/IM4aETCH OT OCTa/IbHbIX OJINTE/TbHbIX
GNOKMPOBOK U3-3a NOTEeHUMasIbHO OTPOMHOIO UX KosMyecTsa (NpeacTaBbTe
06HOBNEHME MUNI/INOHA CTPOK). Takne 6/10KMPOBKM ByayT pacCMOTPEHDI

B TeMe «Bb/TOKMPOBKN CTPOK».

K KOpOTKMM G/10KMPOBKaM OTHOCATCS pas/inyHble 6/I0KMPOBKN CTPYKTYP
oneparueHoi namsaTn. OHM paccmaTpmBaloTcsl B Teme «BNoKMpOBKU
B ONnepaTruBHOI NamMATU».



BENOKNPOBKN 0O6BLEKTOB
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6/10KMPOBKU
Ha ypoBHe
06beKToB

npeavkaTHble
6/10KMPOBKY

610KMPOBKN
Ha ypoBHe
OTHOLLEHUI

610KMPOBKMN
B OnepaTusHoOl
namsTm

610KNPOBKK
Ha ypoBHe
CTPOK
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yCTpOVICTBO Pos{gres

Wudopmaiius B 0011ieli mamMsT cepBepa

nipescraBiaeHue pg_locks:
locktype — Tun 610KMpyemMoro pecypca,
mode — pexuM O6JI0KUPOBKH

OFpaHI/ILIEHHOE KO/IN4yecCTBO

() max_locks_per_transaction x max_connections

WHudpactpykTypa

0YEepe/ib OXKUIAHHUS: JKAYIIHE TIPOLIeCChl He TIOTPeOISIOT pecypehl
oOHapy>xeHHe B3anMOOIOKMPOBOK
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HauHeMm paccmoTpeHne 610KMPOBOK C 6/10KMPOBOK YPOBHA 0OBHEKTOB, TaKMX
Kak Tabnuubl, UHAEKCHI, CTPaHULbI, HOMepa TpaH3akuuin n gp. Takue
6/10KMPOBKK 3aLlMLaloT 06beKTbl OT OAHOBPEMEHHOIO U3MEHEHUS NN
MCNONb30BaHUA B TO BPEMs, KOra 06bEeKT U3MEHSIETCS, a Takke AN Apyrux
HYX .

BNoknpoBKn 06BLEKTOB pacrosiaraloTca B 06LLei NnaMAT cepeepa.

X KONNMYecTBO OrpaHnYeHo Npon3BeaeHNeM 3Ha4YEHNn ABYX NapaMeTpoB:
max_locks_per_transaction v max_connections (no ymondanuto 64 x 100).
[Myn 610KMPOBOK — O6LWMIA ANS BCEX TpaH3akLUuMii, TO eCTb OAHAa TpaH3akKuus
MOXET 3axBaTuTb 60/bLUe 6/10KMPOBOK, YeM max_locks_per_transaction:
BaXXHO JIMLLb, YTOObI 06Llee YMCo 6/I0KMPOBOK B CUCTEME HE MPEBbLICUIO
YCTaHOB/EHHbIV Npeaen.

Bce 6/10KMPOBKM MOXHO NOCMOTPETL B NpeAcTas/ieHnn pg_locks.

Ecnun pecypc yxe 3ab10KMpoBaH B HECOBMECTUMOM pexnme, TpaH3akuus,
NnblTalLascsa 3axsaTuTb 3TOT PECYpC, CTaBUTCSA B ouepedb U oxugaet
0CBOOOXAEHNA 6NOKNPOBKN. OxugatoLme TpaH3akumm He NoTpeobnatoT
pecypchbl NpoLeccopa, OHU «3acbINarT» U NPOo6YXXAAKTCA TO/TbKO Npu
ocBobOXaeHUN pecypca. Pag komaHg SQL no3BOMAAOT yKaszaTb K/1l04eBOe
cnoso NOWAIT: B 3aTOM c/lyvae norbiTKa 3axXBaTuTb 3aHATbIN pecypc
NPUBOAMUT HEe K OXMAaHWIo, a K oLnobke.

Bo3mMoxHa cuTyaumsi B3aMMo610KMPOBKK (TYNKKa), NPy KOTOPOW ABe WUiun
6onee TpaH3akuuii XxayT apyr gpyra. PostgreSQL aBTomMaTUyecKku
onpeaensieT Takne cutyaunm n aBapuiiHo rnpepbiBaeT 6eCKOHeYHoe
oXupaHue.
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B/10KNPOBKM OTHOLLIEHNI Posigres

Tun pecypca: Relation

Pexxumbl
Access Share SELECT
Row Share SELECT FOR UPDATE/SHARE Aonyckaiot
napannensHoe

Row Exclusive UPDATE, DELETE, INSERT z;“:ﬁ:;we

Share Update Exclusive VACUUM, ALTER TABLE, B Tabmue
CREATE INDEX CONCURRENTLY

Share CREATE INDEX

Share Row Exclusive CREATE TRIGGER, ALTER TABLE

Exclusive REFRESH MAT. VIEW CONCURRENTLY

Access Exclusive DROP, TRUNCATE, VACUUM FULL,

LOCK TABLE, ALTER TABLE, REFRESH MAT. VIEW
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BaXHbIN YaCTHbIN cny4vain 6510KMPOBOK — GTOKMPOBKM OTHOLLEHWIA (Tabnuu,
NHOEKCOB, NocsiegoBaTe/lbHOCTEN U T. 1.). Takme 6/10KMPOBKN UMEIOT TUM
Relation B npeactasnexuu pg_locks.

[Ns HAX onpeAeneHo Uenbix 8 pa3IMyHbIX PEXUMOB, KOTOPbIEe NokasaHbl Ha
cnaige. MaTpuua CoOBMECTUMOCTU, KOTopas MoKa3bIBaET, Kakue G/10KMPOBKN
MOXHO 3axBaTblBaTb COBMECTHO, NPUBEAEHA B AOKYMEHTALN:

gttps://postqrespro.ru/docs/postqresql/13/explicit—Iockinq#LOCKI NG-TABLE

Takoe KOMMYEeCTBO PEXMMOB CYLLECTBYET 4151 TOro, YTO6bI KaK MOXHO
60/blUe KOMaH, Haf, OAHOI 1 TOWN Xe Tabnuuei Morfo BbINOMHATLCS
O[JHOBPEMEHHO.

Kak NoHATb, K YeMY MOXET NPMBECTU BbIMNO/IHEHNE KaKOW-TMb60
«aIMUHUCTPAaTUBHON» KOMaHAbl, Hanpumep CREATE INDEX? Haxogum

B AOKYMEHTauMu, 4To aTa KoMaHga yctaHaB/MBaeT 6/10KMPOBKY B pexume
Share. No matpuue onpeaensiem, 4To KoMaHga CoOBMecTuMa cama ¢ cobom
(MOXHO OHOBPEMEHHO co3aBaTb HECKO/IbKO MHAEKCOB) U C YnTaKLWLNMUN
KoMaHgamu. Takum obpasom, komaHabl SELECT npogomkat pabory,

a komaHabl UPDATE, DELETE, INSERT 6yayT 3a6nokupoBaHsbl. (Moatomy
cywectByeT BapmaHT KomaHabl — CREATE INDEX CONCURRENTLY —
paboTaloLmnii AonbLUe, HO A0oNyCKalLWmii 0O4HOBPEMEHHOE U3MEHEHME
AaHHbIX.)
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Ouepenb oXxnaaHus Pos{gres

TpaH3aKuus
3axsatuna

610KMPOBKY

Access Share

OTHOLUEeHne
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UTo6b! Nyylle NpeacTaBuTb, K YeMy NPUBOAUT NOSIBIEHNE HECOBMECTUMOW
G/10KMPOBKN, MOXHO NOCMOTPEThL HA NPUBEAEHHbI NpUMep.

BHauasie Ha Tabnuue BbinonHseTcsa komaHga SELECT, koTopas
3anpaiumsaeT 1 nosyyaeT 6/10KMPOBKY YPOBHA Access Share.
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Ouepenb oXxnaaHus Pos{gres

CoBMecTUMast Access Share
6noknpoBka

OTHOLUEeHne
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3arewm eule ogHa komaHga SELECT 3anpalunsaeTt 6/10KMPOBKY YPOBHSA
Access Share 1 nony4yaert ee, Tak Kak 3anpoLlueHHas 6/10KMpoBKa
COBMECTUMA C TEKYLLEN.
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Ouepenb oXxnaaHus Pos{gres

@

Access Exclusive

Access Share

HecoBMecTUMast
6M10KMpoBKa

OTHOLUEeHne
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3arem agMuHuUcTpatop BbinonHaeT komaHay VACUUM FULL, kotopoi
TpebyeTcs 6nokmMpoBka ypoBHA Access Exclusive, HecoBmecTmas
C Tekywmnmmn Access Share. TpaH3akumMs BCTaeT B o4epeapb.



Ouepenb oXxnaaHus Pos{gres

@

Access Exclusive
Access Share

=

Access Share

@ @

Access Share Access Share OTHOLWIeHune
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3aTeM B cucTemMe NoABMATCA ele Heckonbko komaHg SELECT. U, xota
Kakne-To U3 HUX TeEOpPEeTMYECKN MOrnun Bbl «NPoCKoUnTb», noka VACUUM

FULL »aeT cBoei ovyepean, BCe OHM YeCTHO 3aHumaroT mecto 3a VACUUM
FULL.
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Ouepenb oXxnaaHus Pos{gres

@a @

Access Share Access Exclusive

Access Share

=

Access Share

OTHOLUEeHne
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[Mocne Toro Kak nepebie ABe TpaH3akuun ¢ komaHgamm SELECT
3aBepLuarotcsa n ocsoboxaarot 6nokmposkm, VACUUM FULL HaunHaet
BbIMO/THATbLCA.

N Tonbko korga VACUUM FULL 3aBeplumT cBOK paboTy 1 CHUMET
6/10KMPOBKY, BCe HakonueLunecs B ouepeamn komaHabl SELECT cmoryT
3axBaTuTb 6/10kMPOBKY Access Share n HayaTb BbINOSTHATLCS.

Takvm 06pa3oM, HeakKypaTHO BbINO/IHEHHAS KOMaHAa MOXET napasim3oBarb
pPaboTy CUCTEMbI HA BPEMS, 3HAUMUTENIbHO NpPEBbILLIAKLLIEE BPEMS
BbIMO/IHEHME CaMOI KOMaHApb!.

O6partnte BHUMaHWE: UCKIYMTETbHAA B/T0OKMPOBKa MOXET noTpeboBaTbCs
TaKxe 06bI4YHOM OUMCTKE (M aBTOOUUCTKE), YTOObI B KOHLE CBOEWN paboThI
BbINO/IHUTL ycevyeHne TabnmLbl, TO eCTb «OTKYCUTb» NYyCTOM XBOCT (haina
[aHHbIX 1 BEPHYTb MECTO OonepauuoHHON cucteme. OuncTka He gonyckaet
cUTyauun OOJIro OXUaaHus, HO B crlydae npo6nem atan yceueHUs MOXHO
OTK/IOUNTBL NapamMeTpPoM XpaHeHusa vacuum_truncate Nnu Bbi3biBass OUNCTKY
¢ ykaszaHnem VACUUM (truncate off).
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BI'IOKI/IpOBKI/I APYTNX TUMOB Pos{,gres

Tunel pecypcos

Extend — mobaBnieHne cTpaHul] K a1y OTHOIIEHUS

Object — He-oTHOILIEHHWe: Oa3a JaHHBIX, CXeMa M T. TI.

Page — cTpanuiia (MCMO/Ib3yeTCsl HeKOTOPBIMU TUTIAaMU WH/IEKCOB)
Tuple — Bepcusi CTpOKHU

Advisory — pekomeHzaTesibHasi O10KHPOBKa

Transactionid — TpaH3aKLus

Virtualxid — BupTyasibHast TpaH3aKLUs

PexxuiMbl

WCK/TFOUMTE/IbHbIN
pasfiesisieMblii
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Kpome 6/10KMPOBOK OTHOLLEHWIA €CTb eLle HECKOMbKO TUMOB 6/TI0KMPOBOK.
Bce oHM 3axBaTbIBaOTCSA NM6G0 TOMBKO B UCK/OUUTENBHOM pexume, oo
B UCKNIHOUNTENBLHOM M pasaensieMoM. K HUM OTHOCATCS:

- Extend npu go6asneHnmn cTpaHuL K hainny Kakoro-im60o OTHOLLEHWS;

- Object ana 6nokupoBaHus 06bLEKTA, KOTOPbLIN HE SIBMSIETCS OTHOLWEHWEM
(Nnpumepbl Taknx 06bEKTOB: 6a3a AaHHbIX, CXema, noanucka u T. 1.);

- Page gns 6nokMpoBaHus cTpaHuubl (peakas 6/10KMpoBKa, UCMosb3yeTcs
HEKOTOPbIMW TUMaMN UHAEKCOB);

- Tuple ucnonb3yeTcs B HEKOTOPLIX C/yYasix 718 yCTaHOBKM NpuoputeTa
Cpeain HECKONbKMX TPaH3aKLMIA, OXNAALINX 6/T0KMPOBKY OfIHOW CTPOKM
(nogpo6Hee cM. TeMy «BIOKMPOBKA CTPOK» 3TOF0 MOJYNS);

- Advisory ons pekomeHAartenbHbIX 6/10KMPOBOK (O HUX YyTb MO3Xe).

Oco6bIi HTEpPEC NpeAcTaBNAT 610KMPoBKK TUNa Transactionid

n Virtualxid. Kaxxgasa TpaH3akuma cama yaepxmsaeT UCKIHUNTEbHYI0
G/10KMPOBKY CBOEro cCO6CTBEHHOro Homepa. Takme 610KMPOBKN YA06OHO
MCNONb30BaTh, KOraa Kakomn-1mbo TpaH3akuMm Hafo LOXAaTbCA OKOHYaHWSA
ApYyron TpaHsakumun. NMogpobHee 31O paccMmarprBaeTcs B TeMe
«BNOKNPOBKM CTPOK».



o)) PROFESSIONAL

Cpencrtesa MOHUTOPUHTa Pos{gres

BrIBog, cooOI1IeHM B )KypHasl cepBepa

napametp log_lock_waits:
BBIBOJMT CO00I[eHre 00 oxkuzaHuu posbiie deadlock_timeout

Tekyltire 6;I0KHPOBKH

ripeficTaBsieHue pg_locks
¢dynkuus pg_blocking_pids

18

Bo3Hukatouwme B cucteme 6/710KMPOBKM HEOBXOAUMbI ANA 06ecneyeHuns
LleNOCTHOCTU N N3015ALUMK, OAHAKO MOTYT NPUBOAUTL K HEXeaTe lbHbIM
oXuaaHuAM. Takne oXxuaaHna MOXHO OTC/ieXunsartb, YUTOObI pazobparbecs

B MX NPUYMHE 1 MO BO3MOXHOCTU YCTPaHUTb (Hanpumep, U3MEHUB a/iTrTopuTMm
paboTbl MPUOXEHNS).

OAnH cnocob coCcToUT B TOM, YTOObI BK/THOUMTL NapameTp log lock waits.
B aTom cnyyae B XypHas1 coobLieHnin cepBepa byaeT nonagarb
NHpopMauna, ecnu TpaH3akums xaana gonblle, yem deadlock _timeout
(HecmoTps Ha TO YTO UCNONb3YETCA NapaMeTp AN B3aMMo6/10KMPOBOK,
peyb naeT 06 00bIYHbIX OXNAAHNAX).

BTopoii cnoco6 cocTouT B TOM, YTOObI B MOMEHT BO3HUKHOBEHUSA [0/1TON
GNOKNPOBKKN (MNN HA NEPUOANYECKO OCHOBE) BbINOMHATL 3anpoc

K npencrtasneHunto pg_locks, cMoTpeTb Ha 6noknpyemMble 1 6nokupytoLLme
TpaH3akuun (pyHkuma pg_blocking_pids) n paclumdpoBbiBaTb X Npu
nomMmowim pg_stat_activity.



B/IOKHPOBKH OTHOILIEHHH U JPYTrUX 00bEKTOB

Co3pmanum Tabnuny «0aHKOBCKUX» CUETOB. B Hell XpaHUM HOMED cUeTa U CyMMY.
=> CREATE DATABASE locks_objects;

CREATE DATABASE

=> \c locks_objects

You are now connected to database "locks objects" as user "student".
=> 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

Bo BTOpOM ceaHce HayHeM TpaH3akuuio. Ham nmoHamo6uTCss HOMep 00CIyKUBAIOIIET0 [IpoIiecca.
| => \c locks_objects

| You are now connected to database "locks objects" as user "student".
| => SELECT pg_backend_pid();

pg_backend pid

| => BEGIN;
| BEGIN
Kakue 6JIOKMPOBKY yoEepPKUBAET TOJIBKO YTO HA4YaBIIASICS TPAH3AKIIUA?

=> SELECT locktype, relation::regclass, virtualxid AS virtxid, transactionid AS xid, mode, granted
FROM pg_locks WHERE pid = 135898;

locktype | relation | virtxid | xid | mode | granted
------------ L T e SR ek
virtualxid | | 3716 | | ExclusivelLock | t
(1 row)

TonpKO GJIOKHPOBKY COOCTBEHHOI'O BUPTYaJIbHOI'O HOMEpA.

Temeps 0GHOBUM CTPOKY TabnuIEl. Kak U3MeHHTCS CUTyanusa?
| => UPDATE accounts SET amount = amount + 100 WHERE acc_no = 1;
| UPDATE 1

=> SELECT locktype, relation::regclass, virtualxid AS virtxid, transactionid AS xid, mode, granted
FROM pg_locks WHERE pid = 135898;

locktype | relation | virtxid | xid | mode | granted
--------------- T e R EE EEERR
relation | accounts | | | RowExclusivelLock | t
virtualxid | | 3/16 | | Exclusivelock | t
transactionid | | | 1234815 | Exclusivelock | t
(3 rows)

[o6aBumach 6JIOKMUPOBKA OTHOIIEHUs B pexxuMe RowExclusiveLock (uto cootBeTcTByeT KoMaHne UPDATE) u
HCKJTIOUUTEIIbHAS OJIOKMPOBKa COOCTBEHHOI0 HOMepA (KOTOPHIH ITOSIBUJICS, KAaK TOJIPKO TPAH3aKIINS Hadala U3MEHSITh
OaHHbIE).

Temneps nmonpobyeM B ellle OOHOM CeaHCe CO37aTh MHAEKC 10 Tabulle.
| => \c locks_objects
| You are now connected to database "locks_objects" as user "student".

| => SELECT pg_backend_pid();



pg_backend pid

| => CREATE INDEX ON accounts(acc_no);
Komanpa He BHIIIOTHSIETCS — KIOET 0CBOOOXKOeHUs 6JI0KUPOBKYU. Kakoi?

=> SELECT locktype, relation::regclass, virtualxid AS virtxid, transactionid AS xid, mode, granted
FROM pg_locks WHERE pid = 136108;

locktype | relation | virtxid | xid | mode | granted
------------ L T e SR ek
virtualxid | | 4/6 | | Exclusivelock | t
relation | accounts | | | ShareLock | f
(2 rows)

BupuM, 4TO TpaH3aKIUs MBEITajlach IOIYyYUTh OJI0KUPOBKY Tabnuukl B pexume Sharel.ock, Ho He cmorna (granted = f).

MBI MOXKeM HaWTu HoMep GJIOKUPYIOIIEro mporiecca (B 0011eM Bue — HeCKOJIbKO HOMEDOB)...
=> SELECT pg_blocking_pids(136108);

pg blocking pids

{135898}
(1 row)

...A TIOCMOTPETH I/IHq)OpMaLII/IIO O CeaHCaX, K KOTOPBIM OHU OTHOCATCA:

=> SELECT * FROM pg_stat_activity
WHERE pid = ANY(pg_blocking_pids(136108)) \gx

S RECORD 1 J---mdmmmmmmmm s e oo oo i o oo oo oo i oo oo oo
datid 111535

datname locks _objects

pid 135898

leader pid

usesysid 16384

usename student

application_name | psql

client addr

client_port -1

2023-01-19 14:32:00.315001+03
2023-01-19 14:32:00.421727+03
2023-01-19 14:32:00.509815+03
2023-01-19 14:32:00.510655+03

backend_start
xact_start
query start
state change

wait_event_type Client

wait_event ClientRead

state idle in transaction
backend xid 1234815

backend xmin

query
backend type

UPDATE accounts SET amount = amount + 100 WHERE acc _no = 1;

+
I
|
|
|
|
I
|
|

client hostname |
|
I
|
|
|
|
I
|
|
|
|
| client backend

ITocne 3aBepIiIeHUs TPAaH3AKIMY GJIOKUPOBKY CHUMAIOTCS U UHOEKC CO3TaeTCs.
| => comMmIT;

COMMIT

| CREATE INDEX
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Advisory Locks Posigres

YCcTaHaB/IMBaOTCH MNpHUJI0KeHNneM

[Ipogo/IKUTE/IbHOCTD

JI0 KOHIIa CceaHca
J10 KOHIIA TPaH3aKLUU

Pexxum

WICK/TIOUUTE/TbHBIN
pasfiesisieMblii
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PekomeHzaresibHble 6/TOKMPOBKM MOXHO MCMOMb30BaTh, €C/IM HYXXHa J1orvkKa
610KMPOBaHNA, KOTOPYI HeyA06HO peasin30oBbiBaTb C MOMOLLBLIO APYTUX,
«0ObIYHbIX» 6OKMPOBOK. PekoMeHaaTesibHble 6/10KMPOBKU
yCTaHaB/INBAKTCA TONLKO NpuioxeHnem; PostgreSQL Hukorga He aenaet
3TOr0 aBTOMAaTUYECKN.

Bce (oyHKUMM, CBSA3aHHbIE C peKOMeHaTe lbHbIMU G/10KMPOBKaMU,
HauMHatoTca ¢ pg_advisory. VX nMeHa MoryT codepXaTb YTOYHSoWme
K/loueBble C/10Ba.

PekomeHgartenbHas 6/10KMpoBKa MOXET ObITb YCTaHOB/IEHA [0 KOHLA
ceaHca (pyHkumna pg_advisory_lock) nnn oo koHua TpaHsakumm
(pg_advisory xact_lock). O6bpatnte BHUMaHue, YTO CeaHCOBble G/TOKMPOBKU
He ocBOOOXAAalTCA aBTOMATUYECKN NO OKOHYaHUM TpaH3akuuun. MNpu aTom
6G/10KMPOBKN MOTYT ObITb IBHO OCBOOOXAEHbI B /TI0O0 MOMEHT YHKLMENR
pg_advisory_unlock.

Mo ymonyaHuto pekomeHaatesibHble 6/10KMPOBKM 3aXBaTblBaOTCS

B VCK/TIOUMTENIbHOM pexume. [19 NCrnosib30BaHUA pasfesnisieMoro pexmva
K MeHN oyHKUMK nobaBnsaercsa crioBo shared, Hanpumep,
pg_advisory lock shared n pg_advisory unlock shared.

rslttps://postqrespro.ru/docs/postqresql/lS/epricit-Iockinq#ADVISORY—LOCK




PexoMeHaaTe / IbHbIE DJIOKHPOBKH

HaunemM TpaH3akuuio.
| => BEGIN;
| BEGIN

ITony4yuM GJIOKMPOBKY HEKOI'O YCIIOBHOTO pecypca. B kauecTBe npeHTH(DHKATOPa UCIOIL3YETCS YUCIIO; €CIIN PeCcypc uMeeT
uMsI, yOOOHO ITOTyYHUTh YHUCIIO C IIOMOIIBI0 (QYHKIINY XEIIUPOBAHMUS:

| => SELECT hashtext('pecypcl');

hashtext

243773337
(1 row)

| => SELECT pg_advisory_lock(hashtext('pecypcl'));

pg_advisory lock

HUndopmanus o peKOMeHOaTeIbHEX 6JIOKUPOBKaxX HocTymHa B pg locks:

=> SELECT locktype, objid, virtualxid AS virtxid, mode, granted
FROM pg_locks WHERE pid = 135898;

locktype | objid | virtxid | mode | granted
------------ B S i
virtualxid | | 3/17 | ExclusivelLock | t
advisory | 243773337 | | Exclusivelock | t
(2 rows)

Ecnu gpyroi ceaHc nonpoOyeT 3aXBaTUTh TY Ke OJIOKMPOBKY, OH OYIeT XKIOaTb ee OCBOOOKIEHUS:

| => SELECT pg_advisory_lock(hashtext('pecypcl'));

B npuBeneHHOM IpuMepe GIOKHPOBKA [EHCTBYET [0 KOHIIA CeaHCa, a He TPAH3aKINH, KaK 0ObIYHO.
| => comMmIT;

| commIT

=> SELECT locktype, objid, virtualxid AS virtxid, mode, granted
FROM pg_locks WHERE pid = 135898;

locktype | objid | virtxid | mode | granted
---------- B e e R
advisory | 243773337 | | Exclusivelock | t

(1 row)

3axBaTUBLINY GJIOKMPOBKY CEAHC MOXKET IIOJIyYUTh €€ IIOBTOPHO, aXKe €CJIH €CTh OYepenb OXKUOAHUS.
| => SELECT pg_advisory_lock(hashtext('pecypcl'));

pg_advisory lock

BI0OKMPOBKY MO2KHO SIBHO OCBOOOIUTD:
| => SELECT pg_advisory_unlock(hashtext('pecypcl'));

pg_advisory unlock

Ho B Hamem opuMepe 6]'IOKI/IpOBKa ObLIa II0JIy4dY€Ha C€aHCOM [OBaXKOhblI, ITIO3TOMY IIPUAETCA OCB060HI/ITI) ee elle pas:



=> SELECT locktype, objid, virtualxid AS virtxid, mode, granted

FROM pg_locks WHERE pid = 135898;

locktype | objid | virtxid | mode | granted
---------- R e R S
advisory | 243773337 | | Exclusivelock | t

(1 row)

| => SELECT pg_advisory_unlock(hashtext('pecypcl'));

pg_advisory unlock

CylIecTBYIOT OpyTrye BapuaHThl GYHKIUY OJIS1 IOJIyYeHUsI peKOMeHIaTeIbHEIX OJIOKUPOBOK OO0 KOHIA TPaH3aKUINY, IJIs
TIONTy4YEeHUs Pa3feIsieMbIX OJIOKUPOBOK U T. II. BOT X MOJIHEBIN CIIUCOK:

=> \df pg_advisory*

List of functions

Schema | Name | Result data type | Argument data types | Type
------------ e e S s TR
pg catalog | pg_advisory lock | void | bigint | func
pg catalog | pg advisory lock | void | integer, integer | func
pg catalog | pg advisory lock shared | void | bigint | func
pg catalog | pg advisory lock shared | void | integer, integer | func
pg _catalog | pg advisory unlock | boolean | bigint | func
pg _catalog | pg_advisory unlock | boolean | integer, integer | func
pg catalog | pg advisory unlock all | void | | func
pg catalog | pg advisory unlock shared | boolean | bigint | func
pg catalog | pg advisory unlock shared | boolean | integer, integer | func
pg catalog | pg_advisory xact lock | void | bigint | func
pg catalog | pg_advisory xact lock | void | integer, integer | func
pg catalog | pg advisory xact lock shared | void | bigint | func
pg _catalog | pg advisory xact lock shared | void | integer, integer | func

(13 rows)



MpeankaTHbie 610KMPOBKM

o] PROFESSIONAL

610KMPOBKM
Ha ypoBHe
06beKToB

npeavkaTHble
6710KNPOBKY

-3
-
-§

610KMPOBKN
Ha ypoBHe
OTHOLLEHUIA

6/1I0KMPOBKM
B OnepaTusHoM
namsTm

610KNPOBKK
Ha ypoBHe
CTPOK
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o)) PROFESSIONAL

[MpeankaTHble 6/10KUPOBKU Pos{gres

3a/laua: peanu3aliys ypoBHs U30Js1uu Serializable

HCII0J/Ib3YIOTCA B [4OINOJ/THEHHE K 00BIYHOM N30/IA1MHU Ha CHUMKAX JdHHBIX
OIITUMUCTHUYHBIE 6]'[OKI/IpOBKI/I, Ha3BdHHE CJIOXKU/IOCh HCTOPHUYECKH

Wudopmaiius B 0011ieit mamMsTi cepBepa

nipescraBieHue pg_locks

OFpaHI/I‘—IEHHOE KO/INM4YeCTBO

() max_pred_locks_per_transaction x max_connections

23

TepMuH npedukamHas 6710kuposKa NOSABU/ICA AaBHO, eLle Nnpu nepsBbIxX
NnonbITKax peasim3oBarb NOHY n3onauunto (Serializable) Ha ocHoBe
610KkMpoBOK B paHHUX CYB/. aes coctosana B TOM, YTO 6/10KMpOBaTh Haa0
He TO/IbKO onpefeneHHble CTPOKKW, HO 1 NpeaukaTel. Hanpumep, npu
BbINOJIHEHUW 3anpoca c ycnosuem a > 10 Haao 3ab/1o0kMpoBaTh AuanasoH

a > 10, yTobbl n3dexarb NOABNEHNA PAHTOMHbIX CTPOK 1 APYTNX aHOMaJsINiA.

B PostgreSQL ypoBeHb Serializable peann3oBaH noBepx CyLeCTBYHLLENO
MexaHn3Ma CHUMKOB AaHHbIX, HO TEPMUH OoCcTasicA. PakTU4ecKn Takme
«BNOKNPOBKM» HUYETo He GI0KMPYIOT, @ MCNONb3YHOTCA 415 OTC/IEXMBaHUSA
3aBUCMMOCTEN TpaH3aKUMii N0 AaHHbIM.

Kak 1 /1 06bI4YHbIX G/TOKMPOBOK, MHhopMaums 0 npeanKaTHbIX
6110KMpoBKax oTobpaxaeTcs B npeacTasneHnn pg_locks co cneunanbHbIM
pexunmom SIReadLock.

Uncno npeankarHbiX 6/10KMPOBOK OrpaHnyeHo Npou3BeaeHnem napameTpoB
max_pred_locks_per_transaction n max_connections (= 64 x 100).

AIMEeHHO C ncnosnb3oBaHNeEM npeanKaTHbIX 6/TOKMPOBOK CBA3AHO
orpaHuyeHune, 4YTo ANna AOCTMKEHUS NOMHOM N30MAUNK BCE TpaH3akKuumn
NOMKHbI paboTaTb Ha YpoBHe Serializable. OTcnexmsaHne 3aBUCUMOCTEN
O6yaneTt paboTtarb TOMIbKO A1 TpaH3aKLUWiA, KOTopble yCTaHaBIMBaKOT
npegukaTrHole 6/10KMPOBKMN.

Etﬁ%s://postqrespro.ru/docs/postqresqI/13/transaction-iso#XACT—SERIALIZA

https://wiki.postgresqgl.org/wiki/SSI

https://github.com/postgres/postgres/blob/REL_13 STABLE/src/backend/sto
rage/Imgr/README-SSI
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[MpeankaTHble 6/10KUPOBKU Pos{gres

Tunel pecypcos

Relation — oTHoLIEHHE ~ .
) max_pred_locks_per_relation

Page — crpanuija p
) max_pred_locks_per_page
Tuple — Bepcus CTPOKM

nosbilWeHne
Pexxum

SIRead
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[NpepukaTHbie 6]'IOKI/IpOBKI/I 3axXBaTbiBalOTCA Ha TPEX YPOBHAX.

Mpn NONHOM CKaHMPoBaHWUK Tabnmubl 6/10KMPOBKA yCTaHaBNMBAETCS
Ha YpOBHe Bceil Tabnuubl.

MpW MHAEKCHOM CKaHMPOBaHUKM yCTaHaB/IMBAKOTCA G/IOKMPOBKM TEX CTPAHUL,
MHAEKca, KOTOpble COOTBETCTBYIOT YC/10BUIO focTyna (npegukaTty). Kpome
TOro, ycTaHaBNMBaloTCs 6/I0KMPOBKM HA YPOBHE OTAENbHbIX TaG/MNYHbIX
BEpPCUIA CTPOK (3TO He TO Xe caMoe, YTO B/1I0KUPOBKM CTPOK, KOTOPbIE
paccmMarpuBaloTCca B OAHOMMEHHOWN Teme).

Bce npegukatHble 6/10KMPOBKM yCTaHaBNNMBAKOTCA B O4HOM CneunasibHOM
pexume: SIRead (Serializable Isolation Read).

Mpy yBeNnUYeHnn KonnyecTBa NnpeanKaTHbIX 6/10KMPOBOK NPOUCXOANT
aBTOMaTMYeCcKoe MOBbILLEHVE YPOBHS (3ckanauus): BMECTO HECKO/IbKMX
MEJIKUX G/IOKMPOBOK 3aXBaTbIBAETCS 0flHA OOMEE BbICOKOIO YPOBHSI.

Ecnn uncno 610KMpoOBOK BEPCUIA CTPOK OAHOW CTPaHuLbl NPeBbILLIAET
3Ha4yeHue napametpa max_pred_locks_per_page (2 No ymon4aHuio),
BMECTO HUX 3axBaTbliBaeTcsi ogHa 6/10KMPOBKAa YPOBHSA CTpaHuLbI.

Ecnn uncno 6nokMpoBOK CTPaHUL, U BEPCUIA OAHON Tabnuubl (MHOEKCA)
npesbllaeT 3HayeHne napameTpa max_pred_locks_per_relation, BMecTo
HMX 3axBaTblBaeTCcsA ofHa 6/10KMPOBKa Ha BCe OTHOLWEHME. Mo yMonyaHuto
napameTp paBeH —2; AN oTpuyaTesibHbIX YNCen 3Ha4YeHNe BblYMCNAETCA
kKak max_pred_locks_per_transaction | abs(max_pred_locks_per_relation).

MoBbILLIEHNE YPOBHSI G/IOKMPOBOK NPUBOANUT K TOMY, YTO 60/1bLLIEE YNC/IO
TpaH3aKLUUiA TOXHO 3aBepLuaeTcs OLLIMOKON cepuanmsalmm 1 nponyckHas
CNOCOBHOCTb CUCTEMbI NaAAET.



IIpengukaTHbIE OJIOKHPOBKH

Haunem Tpan3akiuio ¢ ypoBHeM Serializable u npoynTaeM ofHy CTPOKY TabIUIEI TOCIEI0BATEIbHEIM CKaHUPOBaHUEM.
| => BEGIN ISOLATION LEVEL SERIALIZABLE;

| BEGIN

| => EXPLAIN (analyze,costs off,timing off) SELECT * FROM accounts LIMIT 1;

QUERY PLAN
Limit (actual rows=1 loops=1)
-> Seq Scan on accounts (actual rows=1 loops=1)
Planning Time: 0.146 ms
Execution Time: 0.037 ms
(4 rows)

HOCMOTPI/IM Ha GHOKI/IDOBKI/I:

=> SELECT locktype, relation::regclass, page, tuple, virtualxid AS virtxid, transactionid AS xid, mode, granted
FROM pg_locks WHERE pid = 135898;

locktype | relation | page | tuple | virtxid | xid | mode | granted
------------ T e e T e S T
relation | accounts acc no idx | | | | | AccessSharelLock | t
relation | accounts | | | | | AccessSharelLock | t
virtualxid | | | | 3/21 | | ExclusivelLock | t
relation | accounts | | | | | SIReadLock | t
(4 rows)

TTossBUIach MpeguKaTHast 6JIOKMPOBKA BCEM TabGJIMIIEI accounts (HECMOTPS Ha TO YTO YHUTAETCS OfHA CTPOKA).
| => comMmIT;

| commIT

Teneps npouyuTaeM OOHY CTPOKY TaOJIUITI, UCIIONIL3YSI UHIEKC:

| => BEGIN ISOLATION LEVEL SERIALIZABLE;

| BEGIN

| => SET enable_seqscan = off;

| SET

| => EXPLAIN (analyze,costs off,timing off) SELECT * FROM accounts WHERE acc_no = 1;

QUERY PLAN
Index Scan using accounts acc no _idx on accounts (actual rows=1 loops=1)
Index Cond: (acc_no = 1)
Planning Time: 0.067 ms
Execution Time: 0.070 ms
(4 rows)

Brnokuposku:

=> SELECT locktype, relation::regclass, page, tuple, virtualxid AS virtxid, transactionid AS xid, mode, granted
FROM pg_locks WHERE pid = 135898;

locktype | relation | page | tuple | virtxid | xid | mode | granted
------------ T e e T e S T
relation | accounts acc no idx | | | | | AccessSharelLock | t
relation | accounts | | | | | AccessSharelLock | t
virtualxid | | | | 3/22 | | ExclusivelLock | t

tuple | accounts | 0 | 4 | | | SIReadLock | t

page | accounts _acc no_idx | 1| | | | SIReadLock | t
(5 rows)

ITpu mHOEKCHOM CKaHUPOBaHUU YCTaHABJIUBAIOTCA MEJIKOTPAaHYJIsIpHBIE IIPEIUKATHEIE 6J'IOKI/IpOBKI/I:

e GJIOKMPOBKY IIPOYUTAHHEIX CTPAHUI] HHAEKCA;
e GJIOKMPOBKY IIPOYUTAHHEIX BEPCHUH CTPOK.



| => comMmIT;

| commIT
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Toru Posigres

B/1OKMPOBKYM OTHOIIEHUH U APyTuX 006beKToB B/] 1CIo/b3yroTcs
JJIsI OpraHU3al[ui KOHKYPEeHTHOT'O I0CTyTIa K 06IIuM pecypcam

MoA4ep>KUBAIOTCA ouepeau U O6H8py>K€HI/Ie BBaI/IMO6fIOKI/IpOBOK

PEKOMeH/JaTe/IbHbIE 6]'[OKI/Ip0BKI/I AJidd peCypCoB, He CBA3dHHbIX
C XpaHUMBIMH o0LeKTaMu

[TpeaukaTHbIe 6IOKMPOBKHM UCIIO/IB3YIOTCS /1JIs1 peanu3alun
YPOBHSA U30JILUM Serializable

HHU4Yero He 6]'IOKI/Ipy}OT, OTCJ/IEXKHMBAKOT 3dBMCUMOCTHU TpaHBaKL[I/Iﬁ 110 JaHHbIM

26



o)) PROFESSIONAL

[1pakTnKa Pos{gres

1. Kakwue 6510krpoBKM Ha ypoBHe u3ossiiuu Read Committed
yZAep>KBaeT TpaH3aKLusi, TPOUMTAaBIIIast OAHY CTPOKY TabIULIbI
o TepBUYHOMY K/touy? [IpoBepbTe Ha IpakTHKe.

2. Bocripour3BenyTe aBTOMatiyecKoe MOBbILLIEHNE YDOBHS
NpeJuKaTHbIX OJIOKMPOBOK MPH UT€HUHU CTPOK TabIMLIbI IO
uHeKcy. [lokakuTe, UTO TIpY 3TOM BO3MOXKHA JIO’KHAsI OIMOKa
cepuaau3alyu.

3. HactpoiiTe cepBep Tak, uTOOBI B )KypHasl COOOITIeHUIA
cOpacbiBasiach HHMOPMaIHs 0 OIOKMPOBKAX, yAepKUBaeMbIX
6onee 100 muwimrceKyHz. BocrpousBeauTe cUTyaluto, Ipx
KOTOPOM B )KypHaJie MOsIBSTCS TaKre COO0IIeHus.
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2. B KaxXgon n3 gByx TpaH3akuuii npounTtanTe aBe CTPOoKM Tabnuupl,
NCNOJIb3YyA MHAEKC, N U3MEHUTE OAHY M3 NMPOYMUTaAHHbIX CTPOK. Takne
TpaH3akumn cepmnanuaytorcs. 3agante max_pred_locks per_relation =2 u
MOBTOPUTE OMbIT.



0. IToaroroBKa

Co3gapuM Tabnauny Kak B [€MOHCTPAIMK; HOMED cueTa Oy[eT IEePBUYHBIM KITIOYOM.
=> CREATE DATABASE locks_objects;

CREATE DATABASE

=> \c locks_objects

You are now connected to database "locks_objects" as user "student".
=> CREATE TABLE accounts(acc_no integer PRIMARY KEY, amount numeric);
CREATE TABLE

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

Ham l'IOHaJJO6$ITC$I [ABa OOIIOJIHUTEJIbHBIX CeaHca.

| => \c locks_objects

| You are now connected to database "locks objects" as user "student".
| => \c locks_objects

| You are now connected to database "locks_objects" as user "student".

1. BIOKMPOBKH YHTamoIed Tpan3aknuu, Read Committed

Hauunaem TPaH3aKIUI0 U YUTaeM OOHY CTPOKY.
| => SELECT pg_backend_pid();

pg_backend_pid

| => BEGIN;
| BEGIN
| => SELECT * FROM accounts WHERE acc_no = 1;

acc_no | amount

1 | 1000.00
(1 row)

BrokupoBKu:

=> SELECT locktype, relation::regclass, virtualxid AS virtxid, transactionid AS xid, mode, granted
FROM pg_locks WHERE pid = 162251;

locktype | relation | virtxid | xid | mode | granted
------------ L e S T e s TR
relation | accounts_pkey | | | AccessShareLock | t
relation | accounts | | | AccessShareLock | t
virtualxid | | 3/17 | | Exclusivelock | t
(3 rows)

3mech MBI BUOUM:

e BiokupoBKy Tabmuis! accounts B pexume AccessShareLock;
. BHOKHpOBKy HHOEeKCa accountsykey, CO30aHHOTIO AJisd IEPBUYHOTO KJII04Ya, B TOM XK€ PEeXHUMeE;
e VICKITIOYUTEIIFHYIO GJIOKUPOBKY COOCTBEHHOTO HOMEepa BUPTyaIbHOW TPAH3aKILINHU.

Ecnu cMoTpeTh GJIOKMPOBKY B CaMO¥ TPaH3aKIUH, K HUM J00aBUTCs GJI0KMPOBKa Ha Tabnuiy pg locks:

=> SELECT locktype, relation::regclass, virtualxid AS virtxid, transactionid AS xid, mode, granted
FROM pg_locks WHERE pid = 162251;

locktype | relation | virtxid | xid | mode | granted
------------ B e R T e
relation | pg_locks | | | AccessShareLock | t
relation | accounts_pkey | | | AccessShareLock | t
relation | accounts | | | AccessShareLock | t
virtualxid | | 3/17 | | ExclusivelLock | t
(4 rows)

| => commMIT;

| commIT

2. IloBBINIEHHE YPOBHSI NIPEeJHKATHBIX OJIOKHPOBOK

B mByX ceaHCax HAUMHAEM TPaH3aKLUU C ypoBHeM Serializable.
| => BEGIN ISOLATION LEVEL SERIALIZABLE;

| BEGIN

” => BEGIN ISOLATION LEVEL SERIALIZABLE;

| BEGIN

B mepBo# yuTaeM CTPOKM CUeTOB 1 u 3, BO BTOPOH - CTPOKH CHETOB 2 U 3.



| => SELECT * FROM accounts WHERE acc_no IN (1,3);

acc_no | amount

........ [P
1 | 1000.00
3 | 3000.00
(2 rows)

| => SELECT * FROM accounts WHERE acc_no IN (2,3);

acc_no | amount

________ J
2 | 2000.00
3 | 3000.00
(2 rows)

BIIOKMPYIOTCSI CTPAHUIA HHAEKCA U OTHEJIbHEIE BEPCUU CTPOK:

=> SELECT pid, locktype, relation::regclass, page, tuple, mode, granted
FROM pg_locks

WHERE mode = 'SIReadLock’

ORDER BY 1,2,3,4,5;

pid | locktype | relation | page | tuple | mode | granted
-------- B T ek e e Rk
162251 | page | accounts_pkey | 1 | SIReadLock | t
162251 | tuple | accounts | 0| 1 | SIReadLock | t
162251 | tuple | accounts | 0 | 3 | SIReadLock | t
162290 | page | accounts_pkey | 1] | SIReadLock | t
162290 | tuple | accounts | 0 | 2 | SIReadlLock | t
162290 | tuple | accounts | 0 | 3 | SIReadLock | t
(6 rows)

H3menum B IIEPBOM CeaHCe OCTAaTOK IIepPBOI'o c4YeTa, BO BTOPOM - BTOPOTO.

| => UPDATE accounts SET amount = amount + 10 WHERE acc_no = 1;

| uPDATE 1

| => UPDATE accounts SET amount = amount + 10 WHERE acc_no = 2;
| uPDATE 1

TpaH3aKIUU CepUaTU3YIOTCS:

| => commIT;

| commIT

| => commiT;

| commT

Temnepb HACTPOUM IOBHIIIEHNE YPOBHS TaK, YTOOH IIPH GIIOKMPOBKE ABYX BEPCUil CTPOK GJIOKMPOBAJIACh BCSI TAOIHIIA.
=> ALTER SYSTEM SET max_pred_locks_per_relation = 1;

ALTER SYSTEM

student$ sudo pg_ctlcluster 13 main reload

TToBTOpSIEM OIHIT.

| => BEGIN ISOLATION LEVEL SERIALIZABLE;

| BEGIN

” => BEGIN ISOLATION LEVEL SERIALIZABLE;

| BEGIN

| => SELECT * FROM accounts WHERE acc_no IN (1,3);

acc_no | amount

________ [P
1| 1010.00
3 | 3000.00
(2 rows)

| => SELECT * FROM accounts WHERE acc_no IN (2,3);

acc_no | amount

........ e
2 | 2010.00
3 | 3000.00
(2 rows)

Tenepsb Kaxkpaas TPaH3aKIKs GI0KUPYET BCIO TAOIIUILY:

=> SELECT pid, locktype, relation::regclass, page, tuple, mode, granted
FROM pg_locks

WHERE mode = 'SIReadLock'’

ORDER BY 1,2,3,4,5;

pid | locktype | relation | page | tuple | mode | granted
LR B Fommmea
162251 | page accounts_pkey | 1] | SIReadlLock | t
|
|
I

162251 | relation | accounts | | SIReadlLock | t
162290 | page accounts_pkey | 1 | SIReadlLock | t
162290 | relation | accounts | | SIReadLock | t
(4 rows)

H3MeHsIEM OCTATKH...

| => UPDATE accounts SET amount = amount + 10 WHERE acc_no = 1;



| UPDATE 1

| => UPDATE accounts SET amount = amount + 10 WHERE acc_no = 2;
| uppATE 1

... GUKCUPYEM TPAH3aKLUU.

| => comMIT;

| commMIT

| => commIT;

ERROR: could not serialize access due to read/write dependencies among transactions
DETAIL: Reason code: Canceled on identification as a pivot, during commit attempt.
HINT: The transaction might succeed if retried.

W3-3a nOBHIIIEHUST YPOBHA 6HOKHpOBOK cepuanu3anus HeBO3MOXKHa.

3. BrIBOJ B XKypHa nHGOpPManuu 0 6JIOKHPOBKax

TpebyeTcst H3MEHHUTD IIapaMeTPhL:

=> ALTER SYSTEM SET log_lock_waits = on;

ALTER SYSTEM

=> ALTER SYSTEM SET deadlock_timeout = '100ms';
ALTER SYSTEM

=> SELECT pg_reload_conf();

pg_reload conf

BocnpousseneM GIIOKHPOBKY.

=> BEGIN;

BEGIN

=> UPDATE accounts SET amount = 10.00 WHERE acc_no = 1;

UPDATE 1

| => BEGIN;

| BEGIN

| => UPDATE accounts SET amount = 100.00 WHERE acc_no = 1;

B IIEPBOM Ce€aHCe BBHIIIOJIHUM 3a[eP2KKY U II0CJIe 3TOr0 3aBePIINM TPAaH3aKIHUI0.
=> SELECT pg_sleep(l);

pg_sleep

=> COMMIT;

COMMIT

| UPDATE 1

| => commMIT;

| commIT

Bort 4TO momasno B XKypHa:

postgres$ tail -n 7 /var/log/postgresql/postgresql-13-main.log

2023-01-19 14:45:09.021 MSK [162251] student@locks objects LOG: process 162251 still waiting for ShareLock on transaction 1456919 after 102.486
2023-01-19 14:45:09.021 MSK [162251] student@locks objects DETAIL: Process holding the lock: 162171. Wait queue: 162251.

2023-01-19 14:45:09.021 MSK [162251] student@locks_objects CONTEXT: while updating tuple (0,6) in relation "accounts"
2023-01-19 14:45:09.021 MSK [162251] student@locks objects STATEMENT: UPDATE accounts SET amount = 100.00 WHERE acc_no ;
2023-01-19 14:45:09.997 MSK [162251] student@locks_objects LOG: process 162251 acquired ShareLock on transaction 1456919 after 1078.986 ms
2023-01-19 14:45:09.997 MSK [162251] student@locks objects CONTEXT: while updating tuple (0,6) in relation "accounts"
2023-01-19 14:45:09.997 MSK [162251] student@locks objects STATEMENT: UPDATE accounts SET amount = 100.00 WHERE acc_no



