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Tembl Posygres

Oo611jas nHOpMaLys 0 6JI0KHPOBKaxX
BIOKMPOBKY OTHOIIIEHUM U APYTHUX 0OBEKTOB

[TpeaukaTHbIe OI0KHPOBKU



O6Lwas nHgopmaums

3a/ilaua ¥ MexaHu3M UCII0/Ib30BaHuUs OJI0KMPOBOK
Bnokupyemble pecypcel
®dakKTOpkI, BAUSIOL[ME Ha SPPEKTUBHOCTb

Bpemst >kr3HU OJIOKMPOBOK
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BAoKnpoBKkM Posigres

3ajjaua: ynopsijoueHrue KOHKypPeHTHOr O 0CTyTa
K pa3Zie/issieMbIM pecypcam

MexaHusm
niepe/; oOpalieHreM K pecypcy TpOLeCC 3aXBaThiBaeT O/I0KUPOBKY,
rocsie obparrieHust — 0CBOOOXKaeT
OIOKMPOBKY TIPUBOJSAT K 0UepeisiM U OXKUZAHUSIM

AJbTepHaTHBBI

MHOT'OBEPCHMOHHOCTb — HECKOJIBKO BepCI/Iﬁ JAaHHBIX

ONITUMUCTHUECKHe OJIOKUPOBKH — TPOLIeCChI He OJIOKUPYIOTCS,
HO TIpY Hey/lJauHOM CTeueHUH 00CTOosITe/TbCTB BO3HUKAET OIMbKa

B/10KMPOBKM MCNOSb3YHOTCS, YTOObI YNOPSAA0UNTb KOHKYPEHTHbIV A0CTYN
K pasgensieMbiM pecypcam.

Mof KOHKYPEHTHbIM 0CTYNOM NMOHMMAETCsl OAHOBPEMEHHbIN AOCTYM
HeCKO/bKMX npoueccoB. CaMu NPoLEeCChl MOTyT BbINOHATLCS Kak
napannensHo (ecnm NO3BOMISIET annapartypa), Tak U NocnefoBaTe/bHO
B peXume pasfaeneHns BpeMeHMU.

BNOKMPOBKN HE HYXHbI, €CNTU HET KOHKYPEHLMN (OAHOBPEMEHHO K AaHHbIM
ob6paLyaeTcs To/IbKO O4MH NPOLECC) UM eC/IK HET pasfensemMoro pecypca
(Hanpumep, ob6LWKI BydoepHbIn Kell HyXXaaeTca B G/IOKMPOBKaXx,

a /I0Kas1bHbIN — HET).

Mepen TemM Kak 06paTnTbCA K pecypcy, 3aliueHHoMY 6/10KMPOBKOWA,
npoLecc A0/HKEeH 3axBaTuTb 3Ty 6/10KMPOBKY. Koraa npouecc 60sbLie He
Hy)XX[aeTcsa B pecypce, OH 0CcBO6GOXAaeT 6/10KMPOBKY, YTOObI pecypcom
MOI/I1 BOCMNO/1b30BaTbLCA ApYyrue npoueccsol.

3axsar 6/10KMPOBKM BO3MOXEH He BCerga: pecypc MOXeT oKasaTbCH yXxe
3aHATbIM KeM-TO gpyrum. Torga npouecc Moo BCTaeT B ovepeb OXULaHWS,
60 NOBTOPSET NONbITKY 3axBata 6/10KMPOBKN Yepes onpeneneHHoe
Bpems. Tak Uam nHade ato NPMBOAMT K TOMY, YTO NPOLLECC BbIHY>XAEH
npoctamBaTb B OXuAaHUM 0CBOOOXAEHNSA BTOKMPOBKN.

MHoraa yaaeTcs NPUMEHUTb Apyrue, HebrokupyoLLme, cTpaTeruu.
Hanpumep, B 04HOMMEHHOM MOoAy/e Mbl 06CYXAaIN MEXaHU3M
MHOroBepCHMOHHOCTK. ElLle oguH NpuMep — ONTUMMUCTUYECKNE B/TOKUPOBKMY,
KOTOpPble He GIOKMPYHOT NPOLIECC, HO B ClyYae Heyaaun NpuBoasT K OLLNOKe.
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Pecypchbl Posggres

Pecypc

BCe, UTO MOXXHO I/I,HEHTI/I(I)I/IL[I/IPOBHTL

[Iprimepsl peCcypcoB
pe€a/ibHbI€ XpaHUMbIE O00BLEeKTHI: CTPaHUILIbI, Ta6]'II/IL[bI, CTPOKHU U T. II.

CTPYKTYPBI JaHHBIX B 0011]eii maMsATH (Xem-Tabmuiibl, Oydepsr...)
abcTpakTHBIE PecypChl (UMC/I0)

Pecypcowm, 3almuiaemMbiM 6/10KMPOBKOW, B MPUHLUNE MOXET ObITb BCE, YTO
YyrogHo, nmwb 6bl pecypc MOXXHO 6b1/10 04HO3HAYHO NAEHTUdMUMPOBATb.

Hanpumep, pecypcom MOXeT 6bITb 0O6BEKT, C KOTOpPbIM paboTtaeT CYB/,
TakoW Kak cTpaHuua AaHHbIX (MAeHTudunumpyeTca uMmeHem caiina u
nosuuuen BHyTpn dpainna), Tabnmua (oid B CUCTEMHOM Kartasore), Bepcus
CTPOKK (CTpaHuLa 1 no3nums BHYTPU CTpaHULbI).

PecypcomM MOXeT ObITb CTPYKTYpa B NamsATK, Takas Kak xell-tabnvua,
oycbep 1 T. N. (MaeHTUPULMPYETCA 3apaHee NPUCBOEHHbIM HOMEPOM).

NHorga gake 6biBaeT yao6HO 1CMNoNb30BaTh abCTpakTHbIE Pecypchbl, He
NMeEoLLIME HUKAKOTo oM3nMYeCcKoro cMblicsia (MAEHTUULMPYOTCH YUCIOM).
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dakTopbl 3PPEKTUBHOCTU Posigres

['paHypHOCTE G/IOKMPOBKH

CTereHb JieTan3aliiu, YPOBeHb B HepapXyuu PeCypCcoB
HarpuMep: Tabnuija — CTpaHUI]a — CTPOKHU, Xell-Tab/nila — KOP3UHbI
BBILlIe IPaHY/ISIPHOCTb — OOJIbIIle BO3MOXKHOCTeH /15 Iapasiienn3mMa

Pe>xrMbI O/TOKMPOBOK

COBMECTUMOCTb PEeXXUMOB OIpeie/sieTCsl MaTpuLei

OosbIlle COBMECTUMBIX PEXKUMOB — OOJIbIIIe BO3MOXKHOCTEH 1S
niapasuiesi3ma

Ha adoheKTMBHOCTbL 6/10KMPOBOK OKa3bIBAET BAIMSIHNE MHOMO (haKTOpPOB,
3 KOTOPbIX Mbl BblENM BCETO HECKOSIbKO.

MpaHynApHOCTL (CTeNeHb AeTann3aLnmn) BaxHa, ecnv pecypcbl 06pasyoT
nepapxuio. Hanpumep, Tabnuiia cOCTOUT U3 CTPAHULL, KOTOpbIe cofiepxat
TabnnuHble CTPOKW. Bce 3T 06bEKTbI MOTYT BbICTYNAaTh B KAYECTBE
pecypcoB. Ecnin npouecc 3auHTepecoBaH BCET0 B HECKOJIbKMX CTPOKaXx,

a 6110KMPOBKA YCTaHaB/IMBAETCS HA YPOBHE Tab/vLbl, Apyrie NpoLecchl
HE CMOryT paboTaTb C OCTasIbHbIMU CTPOKAMU.

[Mo3TOMY UYeM Bbillie rPaHyNSAPHOCTbL — TeM 60/IbLIe BO3MOXHOCTEN N5
pacnapannenMBaHunsl, Ho 3TO NPUBOAMNT K YBEMUEHUIO Yncia 6/10KMPOBOK,
MHCOPMALIMIO O KOTOPbIX HAAO rAe-TO XpPaHUTb.

B1OKMPOBKM MOTYT 3aXBaTbiBaTbCS B Pa3HbIX PeXumax. ViMeHa pexmmMmoB
MOTYT ObITb a6COMOTHO NPOU3BO/IbHLIMU, BaXKHA NALLL MaTpuLa nx
COBMECTUMOCTM ApYT C APYTOM.

PeXnM, HECOBMECTUMbIA HN C KaKUM PEXMMOM, NPUHATO Ha3blBaTb
ucksmroyumesibHbIM (exclusive). ECn pexxmmbl COBMECTMMbI, 6/10KMpPOBKa
MOXET 3axBaTblBaTbCA HECKO/IbKMMM NnpoLeccaMmy OAHOBPEMEHHO; Takue
pexnmbl HasblBaKOT pasdesisembimu (shared).

B uenom, yem 60/blle MOXHO HaliTU PEXMMOB, COBMECTUMbIX APYr
C Apyrom, TeM 60/ibLLie BO3MOXHOCTE Ans napanneni3ma.
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BpemMsa Xn3Hu Posigres

IlonroBpemMeHHbIe OJIOKUPOBKH

00BIUHO 3aXBaTLIBAIOTCS [0 KOHILId TPaH3aKIINH
M OTHOCATCA K XPAHUMbIM [JdHHBIM

OOJIbIIIOe YHCIIO PEXXUMOB
pasBUTast «TsDKeOBeCHas» UH(PaCTPyKTypa, MOHUTOPHHT

KpaTtkocpouHble 6/10KUPOBKU

00BIUHO 3aXBaTHIBAIOTCS Ha O/ CEKYH/[bI
Y OTHOCATCS K CTPYKTYpaM B OllepaTWBHOM MaMsTH

MUHUMYM peXUMOB
«JIeTKOBeCHas» UH(PaCTPyKTypa, MOHUTOPUHT MOXKET OTCYTCTBOBaTh

Mo BpemMeHu Ncnosib30BaHuA 6]'IOKI/IpOBKI/I MOXHO pa3feinTb Ha
ONTENTbHbIE N KOPOTKKNE.

AonroBpemMeHHble GJIOKMPOBKM 3aXBaTblBAOTCA HA NOTEHLMaIbHO
60/bLLOe BpeMs (0ObIYHO A0 KOHLA TpaH3akumMn) 1 Yalle BCero OTHOCATCS
K TaKMM pecypcam, Kak Tabnvubl (OTHOLEHMS) U CTPOKN. Kak npaBuno,
PostgreSQL ynpaBnaet Takummn 6/10KMpoBKamMmy aBTomaTuyecku, Ho
nosnb3oBaTesb, TeM He MeHee, UMEET onpeesieHHbIn KOHTPO/Tb Ha4 3TUM
npoueccom.

ANs AnMTeNbHbIX 6/TOKMPOBOK XapakTepHO 60/1bLLIOE YMC/I0 PEXNMOB,
YTOObI AONYCKaTb Kak MOXHO 60/blle OAHOBPEMEHHbIX AeNCTBUIA HaA
NaHHbIMMW.

O6bI4HO AN1A AONTOBPEMEHHBIX 6/1I0KMPOBOK NPeayCMOTPEHbI pa3BuTas
NHppacTPyKTypa (Hanpumep, noaaepxka ovepeaen n o6HapyxeHme
B3aMOO/TIOKMPOBOK) U CpeacTBa MOHUTOPMHrA.

KpaTKkocpo4uHble 6NOKMPOBKN 3axBaTblBalOTCA Ha HE60/bLIOE BPeEMS

(OT HECKOMNBKMX TAKTOB NpoLueccopa A0 A0/el CeKyH) U 00bIYHO OTHOCATCA
K CTPYKTYypaM AaHHbIX B 06LLein namsaTn. Taknmu 6noknposkamm PostgreSQL
ynpasnseT No/IHOCTb aBTOMaTU4Yeckn — 06 KX CyLeCTBOBaHUM HaAo0
MNPOCTO 3HaTb.

[lNs KOPOTKMX BNOKMPOBOK XapakTepHbl OrpaHnYeHHbIii Habop NPOCTbIX
PEXMMOB (4aCTO BCErO NNLLb UCK/THOUYMTENbHBIN 1 pasaensemslii) 1 npocTas
nHpacTpykTypa. Cpeactsa MOHUTOPUHIA MOTYT OTCYTCTBOBATb.
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Buabl 6110KMPOBOK Pos{gres

610KNPOBKN
Ha ypoBHe
06BLEKTOB

npeaykaTHble
6/10KMPOBKU

6/10KNPOBKU
B OMnepaTuBHON
namsTn

6/10KNPOBKU
Ha ypoBHe
CTPOK

- DY - B

B PostgreSQL 1cnonb3yoTcs pasHble BUabl 6/10KMPOBOK.

BNIOKMPOBKM Ha YPOBHE 0GHLEKTOB OTHOCATCA K 40/ITOBPEMEHHbIM,
«TSHKENOBECHbIM». B KauecTBe pecypcoB 3[eCb BbICTYNnat0T OTHOLLIEHUA
N gpyrme oobLekTbl (HanpumMep, CXembl).

Ewe oanH knacc 6510kMpoBoK (ONTUMUCTUYECKNX) — NpeAuKaTHbIe.

Hpopmaumss 060 Bcex aTUX G/TIOKMPOBKaX XPaHUTCA OAHOTUMHBIM 06pa3om
B onepatuBHON NamsTu. MNMepeuncneHHble Buabl 610KMPOBOK NOAPO6GHO
paccMaTtpuBaloTCa Jasiblle B faHHON TeMe.

Cpefn [onroBpemMeHHbIX 6/10KMPOBOK 0COO0 BbIAENAOTCHA G/IOKUPOBKU

Ha YpOBHe CTPOK. VX peasinzaums OT/iM4yaeTcs OT OCTasIbHbIX BULOB
AONTOBPEMEHHBIX 6/TOKMPOBOK U3-3a NOTEHUNA/IbHO OFPOMHOI0 MX
KonunyecTsa (NpeacTaBbTe 0O6HOBMIEHNE MUIIMOHA CTPOK). DTN B/TOKNPOBKK
6yayT pacCMOTPEHbI B TEME «B/TOKMPOBKN CTPOK.

K KpaTKOCpPOUHbIM G/10KMPOBKAM OTHOCSITCS pa3/inyHble 6/TI0KMPOBKY
CTPYKTYp onepaTtuBHoi namaTn. OHM paccMaTpuBatoTCA B TeMe
«BNOKMPOBKU B onepaTUBHOW NamMsTU>.



B10KMPOBKN 0O6BHEKTOB
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610KNPOBKN
Ha ypOoBHe
06BLEKTOB

npeaukaTHble
6/10KMPOBKU

o
-
-§

6/10KNPOBKM
Ha ypoBHe
OTHOLLIEHUIA

6/10KNPOBKU
B OMnepaTuBHON
namsTn

6/10KNPOBKU
Ha ypoBHe
CTPOK
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YCTPOUCTBO Posggres

Wudbopmaliys B 00111eii maMsiTi cepBepa

nipefcTabyieHue pg_locks:
locktype — Tun 6/0kupyemMoro pecypca,
mode — peKuM O6JI0KHUPOBKH

OrpaHuyeHHOe KOJIMYeCTBO

() max_locks_per_transaction x max_connections

WHdpacTpykTypa

ouepe/ib OKUJAHUSL: JKAYIIHe TPOLeCChl He MOTPeOIsIOT PeCypChl
oOHapy>keHHe B3aUMOOIOKHPOBOK

10

HauyHem paccmoTpeHne 610KMPOBOK C 6/T0KMPOBOK YPOBHA OOBHEKTOB,
Taknx Kak Tabnmupl, MHAEKCbI, CTpaHuLbl, HOMepa TpaH3akLuuii 1 ap.
Takne 6/10KMPOBKM 3almMLLalT 00 bEKTbI OT 04HOBPEMEHHOIO U3MEHEHUS
NN UCMOJb30BaHMsA B TO BPEMS, KOrga 00bEeKT N3MEHSETCS, a Takke ANns
psga Apyrux Hyxma,.

NHdopmaums 0 610KMpoBKax 06bEKTOB pacnosniaraeTcs B ooulen

namaTy cepBepa. VX KonmyecTBo OrpaHMyYeHo NpousBefeHneM 3Ha4YeHn
[ABYX napameTpoB: max_locks_per_transaction n max_connections

(no ymonuaHuto 64 x 100). 3TOT nyn 6/10KMPOBOK — OOLMIA A9 BCEX
TpaH3akuUuin, TO eCTb OfHa TpaH3aKLMs BNOSIHE MOXET 3axBaTuTb 60/bLUe
GNOKMPOBOK, YeM max_locks_per_transaction, BaXXHO N1Lb, YTOObLI ObLLEee
4ync1o0 6/I0KMPOBOK B CUCTEME HE MPEBbLICU/I0 YCTAaHOB/IEHHbIN Npeaern.

Bce 6n0KMPOBKM MOXHO YBUAETL B NpeacTaBneHun pg_locks.

Ecnn pecypc yxxe 3ab/10kMpoBaH, 1 TpaH3akUusa NbiTaeTcAa 3axBaTnTb
6G/10KMPOBKY B HECOBMECTMMOM pPeXuMe, TO OHa CTaHOBUTCA B o4epeb

N OXnNpaeT 0CBOOOXAEHNA B/10KMPOBKU. Oxnparolme TpaH3akunum He
NOTPe6AT pecypcbl NpoLeccopa, OHM «3acbinarT» U NPobyXaarTCs
TO/IbKO MPKU 0CBOGOXAEeHNN pecypca. Pag komaHg SQL no3BONA0T ykasaTb
kntovyeBoe csioBo NOWAIT: B 3TOM c/lydae nonbITKa 3axXBaTUTb 3aHATbLIN
pecypc NpMBOAUT HE K OXnAaHuio, a K oLnoke.

Bo3mMoOXHa cuTyaumsi B3aMMo6/1OKMPOBKM (TyNMKa), NPy KOTOPOW ABe
nnu 6onee TpaH3akUMi XAyT Apyr gpyra. PostgreSQL aBToOMaTUyeCcKu
onpegensier Takne cutyaunmn n aBapuinHo npepbiBaeT 6eCKoHeYHoe
oXugaHue.
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B10KNPOBKM OTHOLLIEHWNN Posigres

Tun pecypca: Relation

Pexxumbl
Access Share SELECT
Row Share SELECT FOR UPDATE/SHARE Aonyckaior
napannenbHoe

Row Exclusive UPDATE, DELETE, INSERT, MERGE 2;“:;9:&“”6

Share Update Exclusive =~ VACUUM, ANALYZE, ALTER TABLE, B Tabnmue
CREATE INDEX CONCURRENTLY

Share CREATE INDEX

Share Row Exclusive CREATE TRIGGER, ALTER TABLE

Exclusive REFRESH MATERIALIZED VIEW
CONCURRENTLY

Access Exclusive DROP, TRUNCATE, REINDEX, VACUUM FULL,

LOCK TABLE, ALTER TABLE,
REFRESH MATERIALIZED VIEW

11

BaXHbIin YaCTHbIN cyvyail 6510KMPOBOK — 6/10KMPOBKM OTHOLLEHUI (Tabnuu,
NHOEKCOB, NOC/eA0BaTE/IbHOCTEN U T. N.). Takne 6/10KUPOBKM UMEKOT TUM
relation B npeactasneHnn pg_locks.

ONA HUX onpefeneHo Lenbix 8 pas/INyHbIX PeXrUmMoB, KOTOpble NoKasaHbl
Ha cnange BMecTe c npumMmepammn komaHa SQL, ncnonb3yrumx atun
pexunmMbl. MaTpuua COBMECTUMOCTHN, KOTOpas nokasbiBaeT, Kakme
G1OKMPOBKN MOXHO 3axBaTbiBaTb COBMECTHO, NpuUBeAeHa B IOKYMEHTaLNN.

Takoe KO/IMYEeCTBO PEXMMOB CYLLECTBYET AN18 TOro, YTOoObI NO3BO/INTL
BbINONIHATL O4HOBPEMEHHO KaK MOXHO 60/1bLLEee KONMYECTBO KOMaHL,
OTHOCALLMXCSA K O4HON Tabnuue (MHAEeKCY U T. Nn.).

CawmbIli cnabblin pexxum — Access Share, OH 3axBaTblBaeTCA KOMaHA0M
SELECT u coBMeCcTM C /1100bIM PeXUMOM, KpOMe CamMOoro CUIbHOMo —
Access Exclusive. 3T0 03HauvaeT, 4To 3anpoc He MeLLaeT HU ApYrm
3anpocam, H/M N3MEHEHMIO AaHHbIX B Tabnuue, H1 Yemy-1m6o Apyromy,
HO He faeT, Hanpumep, yaanuTb Tabnvuy B TO BpeEMS, Koraa n3 Hee
ynTalTCA AaHHbIe.

[pyroi npumep: pexunm Share (kak 1 gpyrme 6onee CubHblE PEXUMbI)
He COBMECTMM C U3MEHEHMEM [aHHbIX B Tabnvue. Hanpumep, komaHga
CREATE INDEX 3a6nokupyet komaHabl INSERT, UPDATE n DELETE
(n Hao6opoT). MNoatomy cyulectByeT komaHaa CREATE INDEX
CONCURRENTLY, ncrnonb3ytouasn pexum Share Update Exclusive,
KOTOPbIA COBMECTUM C TaKMMN N3MEHEHUAMU (3a CYET 3TOro KomaHaa
BbIMOJIHAETCA [O0/IbLUe).

gttps://postqrespro.ru/docs/postqresqI/16/explicit-|ockinq#LOCKING-TABLE



https://postgrespro.ru/docs/postgresql/16/explicit-locking#LOCKING-TABLES
https://postgrespro.ru/docs/postgresql/16/explicit-locking#LOCKING-TABLES
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Ouepenb oXxnaaHus Pos{gres

TpaH3aKLus
3axsaTuna

610KNPOBKY

Access Share

OTHOLUEeHne

12

UTo6bI Nydllie NPeAcTaBUTb, K YeMy NPUBOAUT NOSIBNIEHNE HECOBMECTUMOWA
G/10KMPOBKN, MOXHO NOCMOTPETL HA NPUBE/EHHbI NpUMeEp.

BHauasie Ha Tabnuue BbinonHaeTcs komaHga SELECT, koTopas
3anpatlumsaet 1 nosyyaet 6/10KMpPOBKY YPOBHA Access Share.
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Ouepenb oXxnaaHus Pos{gres

coBMecTUMas Access Share
6nokupoBka

OTHOLUEeHne

13

3arem ewe ogHa kKomaHga SELECT 3anpatunsaeTt 6/10KMPOBKY YPOBHSA
Access Share 1 nonyyaet ee, Tak Kak 3anpolleHHas 6/10KMpoBKa
COBMECTMMA C TeKyLLEN.
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Ouepenb oXxnaaHus Pos{gres

@

Access Exclusive

Access Share

HecoBmecTumas
6r1oKVpoBKa

OTHOLUEeHne

14

3arem agMmuHucTparop BbinonHseT komaHagy VACUUM FULL, KoTopoi
TpebyeTcs 61okMpoBKa YpoBHA Access Exclusive, HecoBmecTnmas
C Tekywmmmn Access Share. TpaH3akuua BCTaeT B ovepesb.



Ouepenb oXxnaaHus Pos{gres

@

Access Exclusive
Access Share

=

Access Share

@ @

Access Share Access Share OoTHoLwleHne

15

3aTeM B cucTeMe NnosABMATCA elle HeckonbkKo KomaHg SELECT.

M, XOTA Kakne-1o U3 HUX TEOPETUYECKN MOI/IN Obl «NPOCKOYNTL Briepea,
noka VACUUM FULL xaet cBoel ovyepeaun, BCe OHN YECTHO 3aHUMatoT
mMecTto 3a VACUUM FULL.
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Ouepenb oXxnaaHus Pos{gres

@a @

Access Share Access Exclusive

Access Share

=

Access Share

OTHOLUEeHne

16

[Mocne TOro, Kak Age nepBble TpaH3akuun ¢ komaHaamm SELECT
3aBepLuaroTcs n ocsoboxaarot 6noknposkm, VACUUM FULL HaunHaet
BbIMNO/IHATLCA.

Tenepb ToMbKO Korga VACUUM FULL 3aBepLlunT cBo paboTy N CHUMET
(MCKNUNTENBHYHO) B/TOKMPOBKY, BCE HAKOMMBLUMECH B 04epean KoMmaHab!
SELECT cmoryT 3axBaTuUTb 6/10KMpOBKK YpoBHSA Access Share 1 Hayatb
BbIMOJTHATLCA.

TakvM 06pa3oM, He BOBPEMSI BbINO/IHEHHAS! KOMaH4a MOXET napasin3oBaTb
PaboTy CUCTEMbI HA BPEMS!, 3HAUMTENBLHO NMpPEBbLILIAloLLEE BpeMst
BbINO/IHEHMS CAMOW KOMaHApbI.

O6paTuTe BHUMaHUe: nckunTenbHas 610KMpoBka MOXeT notpeboBaTbCs
Takxe 00bI4YHOWN OUYNCTKE (M aBTOOUNCTKE), YTOObI B KOHLIE CBOEWN paboThl
BbIMO/THUTb yCeUYeHne Tabnuubl, TO ECTb «OTKYCUTb» MNYCTOM XBOCT chainna
[AaHHbIX 1 BEPHYTb MECTO onepauMoHHON cucTteme. OUNCTKa He JOKHA
Aonyckatb CUTyaumnii 0Aroro oXxuaaHus, No3ToMy B criydae npobnem artan
yceyeHNs MOXHO OTK/IIUYNTbL NapamMeTpoM XpaHeHusa vacuum_truncate wnm
BbI3blBasA 04nNCTKY ¢ ykasaHnem VACUUM (truncate off).
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B1OKNPOBKM ApYyrux TUMOB Posggres

Turiel pecypcoB

Extend — mo6aBnieHre cTpaHuI] K (aiiy OTHOLLIEHUs

Object — He-oTHOIIEHHe: Oa3a JAHHBIX, CXeMa M T. II.

Page — crpanuiia (MCrosib3yeTcss HEKOTOPbIMU TUIIAMU UH/EKCOB)
Tuple — Bepcusi cTpoku

Advisory — pekoMeHziaTeibHasi OJI0KUPOBKa

Transactionid — TpaH3aKLus

Virtualxid — BupTyasbHasi TpaH3aKLus

PexxuiMBbl

WCKJTIOUNTE/TbHBIH
pasziesisieMblit
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Kpome OTHOLLEHWIA eCcTb elie HeCKOJ/1IbKO TUMNoB 6]'IOKI/IpyeMbIX pecypcos.
Nx 6]'IOKl/IpOBKI/I 3axBaTbIBaOTCA /IGO0 TOSIbKO B UCK/THOUYNTENTbHOM pexnme,
Nn60 B UCKNKOUYUTENBHOM U pasgenaemom. K HUM OTHOCATCA:

* Extend npu go6asneHnn cTpaHuu, K dpainy Kakoro-nmoo OTHOLLEHUS;

* Object ansa 6nokMpoBaHnst 06bEKTA, KOTOPLI HE ABMASIETCS OTHOLLIEHNEM
(Npumepbl TakMx 06bEKTOB: 6a3a AaHHbIX, CXxema, NoAnucka u T. m.);

* Page ansa 6nokMpoBaHus cTpaHuubl (peakas 6/10KMpoBKa, UCNoMb3yeTcA
HEKOTOpPbIMU TUMaMN MHAEKCOB);

* Tuple ncnonb3yeTcsa B HEKOTOPbIX C/lyyasx A9 yCTaHOBKM NpUopuTeTa
cpean HEeCKObKMX TPaH3aKUui, oXuaaroLwmx 6:10KMpPOBKY OAHOM CTPOKK
(mnogpobHee cM. TeMy «B/TIOKMpPOBKA CTPOK» 3TOI0 MOAYNSA);

* Advisory ana pekomeHgaresibHbIX 6/10KMPOBOK (0 HUX YYyTb MO3Xe).

Ocob6bIii MHTEpEC nNpeacTaBNAT 6/10kMpoBKK TUna Transactionid

n Virtualxid. Kaxpas TpaH3akuna yaepxmsaet UCKNHUYNTE/bHYIO
6G10KMPOBKY CBOMX HOMEPOB: U BUPTYasIbHOIO, U HACTOSALLLErO, €C/IN OH eCThb.
D70 AaeT NPOCTOoi CNOco6 AoXAATbLCS OKOHYAHWST KaKon-mbo TpaH3aKUuui:
Ha/Zo 3anpocuTtb 6/10KMPOBKY ee HoMepa. [NogpobHee 31O
paccmMaTtpuBaeTcs B TeMe «b/TIoKMPOBKM CTPOK.
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Cpencrtesa MOHUTOPUHra Posigres

BbIBO/T COOOITIEHMI B )KypHa/l cepBepa

napametp log_lock_waits:
BBIBOAUT Co0011[eHre 06 oykuganuu gosbiie deadlock_timeout

Teky11ie 6/I0KUPOBKU

nipegcTapyieHre pg_locks
dynkuus pg_blocking_pids
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Bo3HuKatowme B cucteme 6/10KMPOBKM HEOOBXOANMbBI 419 06ecneyeHus
LleNOCTHOCTM U N30NAUUK, OAHAKO MOTYT NPUBOAUTbL K HEXenaTe lbHbIM
oXnaaHnam. Takme oXxXuaaHuUst MOXHO OTCNIeXnBaTh, YTOObI pa3obparbeca

B MX NPUYNHE M MO BO3MOXHOCTW YCTPAHUTbL (Hanpumep, N3MeHUB alfopuUTM
pPaboTbl NPUTIOXKEHNS).

OAnH cnoco6 MOHUTOPKWHIa COCTOMT B TOM, YTOObI BK/IKOUNTL NapamMeTp
log_lock_waits. B aToM cnyyae B XypHasi coobLieHnin cepeepa byaet
nonagarb MHOpMauus, ecnm TpaHsakunsa xaana gosnblie, Yem
deadlock_timeout (HeCMOTPA Ha TO, YTO UCMNOJIb3YyeTCA NapameTp 414
B3aMMOOIOKMPOBOK, 34eCb peydb NAaeT 06 00bIYHbIX OXNAAHNAX).

BTopoit cnoco6 cocTomT B TOM, YTOObI B MOMEHT BO3HUKHOBEHWNS [0/1TON
610KNPOBKM (MNN HA NEPUOLNYECKOIN OCHOBE) BbINOIHATL 3anpoc

K npeacrtasrnieHunto pg_locks, cmoTpeTb Ha 6r10kMpyemble 1 6/10KMpyoLLne
TpaH3akuunn (chyHkuma pg_blocking_pids) n pacumdgpoBbiBaTb UX NpU
nomMoLun pg_stat_activity.



BJIOKHPOBKH OTHOLIIEHHH H APYTUX 00HEKTOB

Co3amguM TabIHIly «6aHKOBCKHX» CUETOB. B Hel GyZeM XpaHUTb 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 HaUHeM TpaH3aKIHI0. HaM IToHa/[06HUTCT HoMep 06CIIy>KHBAIOIIETo IIpoIiecca.
| => \c locks_objects

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

pg_backend pid

| => BEGIN;
| BEGIN
Kakwue 6JIOKI/IpOBKI/I yAep’>KuBaeT TOJIBKO UYTO HadaBIIIasiCsa TpaH3aKI_(I/IH?

=> SELECT locktype, relation::regclass, virtualxid AS virtxid, transactionid AS xid, mode, granted
FROM pg_locks WHERE pid = 23987;

locktype | relation | virtxid | xid | mode | granted
------------ L T e SR ek
virtualxid | | 3713 | | ExclusivelLock | t
(1 row)

ToJIbKO GJIOKHPOBKY COGCTBEHHOTO BUPTYaJIBHOIO HOMEpa.

Tenepb 06HOBHUM CTPOKY Tab HIbl. Kak M3SMEHUTCS CUTyalusa?
| => 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 = 23987;

locktype | relation | virtxid | xid | mode | granted
--------------- B s e S i S
relation | accounts | | | RowExclusivelLock | t
virtualxid | | 3/13 | | Exclusivelock | t
transactionid | | | 746 | Exclusivelock | t
(3 rows)

Jlo6aBuach 6JI0KMPOBKa OTHOIIIEHUS B peskuMe RowExclusiveLock (uto cooTBeTcTByeT KoMaHie UPDATE) 1 UCKITIOUNUTeTbHAS
6JIOKPOBKa CO6CTBEHHOI0 HOMepa (KOTOPBIN ITOSIBHJICS, KaK TOJIBKO TPaH3aKIHsI Hadajla U3SMeHITh JaHHbIe).

Tereps nonpo6yeM B elrje OHOM CeaHCe CO3IaTh HHJEKC II0 TabJInIe.
| => \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);
KoMaHzia He BBIIIOJTHSIETCS — >KeT 0CBOO0KIeHUS 6JI0KMPOBKY. Kakoii?

=> SELECT locktype, relation::regclass, virtualxid AS virtxid, transactionid AS xid, mode, granted,
to_char(waitstart, 'HH24:MI:SS') AS waitstart FROM pg_locks WHERE pid = 24222;

locktype | relation | virtxid | xid | mode | granted | waitstart
------------ T s T L.
virtualxid | | 4/6 | | Exclusivelock | t

relation | accounts | | | ShareLock | f | 23:46:56
(2 rows)

BuauM, 94TO TpaH3aKIUs IIBITANIACh OJYYUTh 6JIOKHPOBKY TabIUIIEI B peskuMe ShareLock, Ho He cmoraa (granted = f). CTosibers,
waitstart B 3ToM ciIydae II0Ka3bIBaeT BpeMsi, KOI7ja 06CIy>KUBAIOIIHEH IIpoIiecc Havasl 0>KU/IaTh OJIOKHPOBKY.

MBI MOYKEM HaUTH HOMep GJIOKHPYIOIIETro Imporiecca (B 0611eM BHie — HeCKOJIbKO HOMEPOB)...
=> SELECT pg_blocking_pids(24222);

pg _blocking pids

{23987}
(1 row)

... IIOCMOTPETH I/IH(l)OpMaL[I/IIO 0 CeaHCax, K KOTOPBIM OHHU OTHOCATCA:

=> SELECT * FROM pg_stat_activity
WHERE pid = ANY(pg_blocking_pids(24222)) \gx

<[ RECORD 1 J---odmmmmm o s s o e o e e e eooo o
datid 16390

datname locks objects

pid 23987

leader pid

usesysid 16384

usename student

application name | psql

client addr

client_hostname

backend start 2025-06-23 23:46:55.67936+03
xact _start 2025-06-23 23:46:55.776661+03

2025-06-23 23:46:55.868022+03
2025-06-23 23:46:55.868728+03

query_start
state change

wait event type Client

wait_event ClientRead

state idle in transaction
backend xid 746

backend_xmin
query_id
query
backend type

UPDATE accounts SET amount = amount + 100 WHERE acc no = 1;

+
|
|
|
|
I
|
|
|
|

client port | -1
|
|
|
|
I
|
|
|
|
I
|
| client backend

ITocue 3aBeplieHusa TpaH3aKIUU 6JIOKI/Ip0BKI/I CHHUMAaITCA U HHJEKC CO31aeTCd.
| => comMmIT;

COMMIT

| CREATE INDEX
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Advisory Locks Posigres

YcraHaB/IMBAKOTCA MIPUJIOKEHUEM

HpO,I[OJ'I)KI/ITEJ'ILHO CTb

10 KOHIIa ceaHca
10 KOHIIA TPaH3aKIUU

PexxuiMBbl

WCKJTFOUMTE/IbHBIN
pasziesisieMblii
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PekomeHzaresibHble 6/T0KUPOBKM MOXHO MCMNOJIb30BaTh, €C/IM HYXXHa Norvka
6G10KMPOBaHUA, KOTOPYI HeYyL0OHO peasin30oBbiBaTb C NOMOLLBLIO APYTUX,
«0ObIYHbIX» 6/10KMPOBOK. PekomeHaartebHble 6/10KMPOBKU
yCTaHaB/MBAaKTCA TOILKO npunoxeHnewm; PostgreSQL Hukoraa He aenaet
3TOr0 aBTOMaTnYeCKu.

IMeHa oyHKLMIA, CBA3AHHbLIX C peKOMeHAaTelbHbIMU G/10KMPOBKaMN,
HauMHatoTCca ¢ pg_advisory 1 MOryT coAepXaTb YTOYHSIOLLME K/THUEBbIE
cnosa.

PekomeHaatenbHas 6/10KMpoBKa MOXET ObITb YCTaHOB/MEHA A0 KOHLA
ceaHca (thyHkuusa pg_advisory lock) nnmn oo koHua TpaH3akumm
(pg_advisory xact_lock).

BNOKMPOBKN YPOBHS ceaHca, B OT/INYME OT B/IOKMPOBOK YPOBHSA TpaH3akumu,
He 0CcBOOOXAAKTCA aBTOMATUYECKN NO OKOHYaHMUM TPaH3aKUUKU, UX HYXXHO
SIBHO ocBOOOXaAaTh (pyHKUMen pg_advisory unlock. Takum obpasom,
ceaHcoBble pekoMeHAaTe IbHble 6/TOKMPOBKM HapyLUatT 06bIYHYO NOTUKY
TpaH3aKuuini — B/10KMPOBKa, NOSTyYEHHAs B TPaH3aKUMK, Aaxe ec/n
NPON30NAET OTKAT 3TOM TpaH3akumu, 6yaeT COXPaHATbLCS B CEAHCE;
aHas/10rM4yHo, ocBob6OXaeHe GTOKMPOBKN OCTAETCA B CU/ie, faxe ecnu
TpaH3aKuus, B KOTOPOW OHO ObI/1I0 BbIMNOIHEHO, NO3XE NPepbIBAETCA.

Mo ymonyaHuio pekomeHaartesibHble 6/10KMPOBKN 3aXBaTblBatOTCA

B MCK/IIOUMUTE/IbHOM pexume. 19 UCrnosib30BaHns pasfensaemMoro pexmma
K MMeHun thyHKUuKn gobasnsaetcsa cnoBo shared, Hanpumep,
pg_advisory lock shared n pg_advisory unlock shared.

gttps://postqrespro.ru/docs/postqresqI/lG/epricit-Iockinq#ADVISORY—LOCK



https://postgrespro.ru/docs/postgresql/16/explicit-locking#ADVISORY-LOCKS
https://postgrespro.ru/docs/postgresql/16/explicit-locking#ADVISORY-LOCKS

PexoMeH/iaTeTbHBIE GJIOKHPOBKH

HauneMm TPaH3aKIUI0.
| => BEGIN;
| BEGIN

IMoJtyuuM GJI0KHPOBKY HEKOTO YCIIOBHOTO pecypca. B kauecTBe HieHTHGHUKATOPA UCITOIb3YeT sl YHUCIO; CJIH PECYPC UMEeT UM,
Y06HO IOTYYUTH 3TO YUCIIO C IIOMOIIBI0 GYHKITHH XeITHPOBAHIS:

| => SELECT hashtext('pecypcl');

hashtext

243773337
(1 row)

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

pg_advisory lock

HHpopMaIys o peKoMeH/jaTeJIbHBIX 6JIOKMPOBKax AoCTyIlHa B pg_locks:

=> SELECT locktype, objid, virtualxid AS virtxid, mode, granted
FROM pg_locks WHERE pid = 23987;

locktype | objid | virtxid | mode | granted
------------ B T e
virtualxid | | 3/14 | Exclusivelock | t
advisory | 243773337 | | Exclusivelock | t
(2 rows)

ECJIH IPYTO¥ CeaHc MOMpoGyeT 3aXBaTUTh TY ’Ke 6JIOKHPOBKY, OH 6YIET )KIATh €€ 0CBOGOKIEHISL:

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

B IIpUBeeHHOM IIpHMepe 6JIOKI/IPOBKa ﬂeﬁCTByeT [0 KOHIIa CeaHCa, a He TPaH3aKIINUH, KaK 0OBIYHO.
| => comMmIT;

| commIT

=> SELECT locktype, objid, virtualxid AS virtxid, mode, granted
FROM pg_locks WHERE pid = 23987;

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

(1 row)

3axBaTHBIIME 6JJOKHPOBKY CeaHC MOKeT IIOJIYYHTh ee TIOBTOPHO, IaXke eC/IH eCTh Ouepe/b OKUAHHS.
| => SELECT pg_advisory_lock(hashtext('pecypcl®));

pg_advisory lock

BJIOKMPOBKY MO>KHO SIBHO OCBOGO/IUTE:
| => SELECT pg_advisory_unlock(hashtext('pecypcl'));

pg_advisory unlock

Ho B Hallem IIpuMepe 6JIOKI/IpOBKa B3nct II0OJIy4€eHa CeaHCOM ABa’KAbI, II0O3TOMY IIPUAETCA OCBO60I[I/ITB ee e1e pas:



=> SELECT locktype, objid, virtualxid AS virtxid, mode, granted
FROM pg_locks WHERE pid = 23987;

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

(1 row)

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

pg_advisory unlock

CyIIeCTBYIOT APYTHe BapUaHThI GYHKITU [JIS IT0JIyIeHUs peKOMEeH/IaTeIbHBIX GII0KMPOBOK JI0 KOHIIA TPAaH3aKIUH, /IS
TIOJTyYeHUS Pa3/e/IsIeMbIX GJIOKMPOBOK U T. IT. BOT UX ITOJIHBIH CITHCOK:

=> \df pg_advisory*

List of functions

Schema | Name | Result data type | Argument data types |

Type

------------ R i i Rt
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)
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[MpeankaTHble GT0KUPOBKK Pos{gres

3a/laua: peanu3aliys ypoBHs u3osiuu Serializable

HCITOJIB3YIOTCA B JOIIO/IHEHHE K 00bIUHOI H30/IA10MHY Ha CHUMKAX JdHHBIX
OINITUMHUCTHUYECKHEe 6J'IOKI/IPOBKI/I, Hd3BdHHE CJIOXKWUJ/IOCh HCTOPpHUYECKH

Wudbopmaiiys B 06111eit maMsiTi cepBepa

ripesictaByieHue pg_locks

OI‘paHI/I‘—IEHHOE KO/IM4eCTBO

() max_pred_locks_per_transaction x max_connections

23

TepMuH npedukamHasi 6/710kupoBKa NOABUICA AABHO, eLle npu nepsBbixX
NnonbITKax peanrMsoBaTb NOHY n3onauuto (Serializable) Ha ocHoBe
6n10kMpoBOK B paHHUX CYB/. Naesa coctosna B TOM, 4To 6/10KMpoBarb Haa0
He TO/IbKO onpefesieHHble CTPOKK, HO 1 npegukartbl. Hanpumep, npu
BbIMOJIHEHUN 3anpoca ¢ ycrosnem a > 10 Hafo 3abn10kMpoBaThb gManasoH

a > 10, yTobbl N36exaTb NOABNEHUA DAHTOMHbIX CTPOK N APYTNX aHOMaJsINiA.

B PostgreSQL ypoBeHb Serializable peann3sosaH noBepx CyLeCTBYIOLLEro
MexaHn3mMa CHUMKOB AaHHbIX, HO TEPMUH OCTasicA. PakTUYeckn Takme
«BNOKNPOBKM» HUYEro He B/IOKMPYIOT, & UCMO/b3YIOTCA 419 OTCNEXMBaHNSA
3aBUCMMOCTEN TpaH3aKLMii N0 AaHHbIM.

Kak 1 gnsa 06bI4HbIX 6/10KMPOBOK, MHpopMaLmMa 0 npeaukaTHbIX
6G10KMpOoBKax oTobpaxkaeTcAa B npeacTtaBsieHnn pg_locks, Bce oHu
yCTaHaB/NMBalOTCA B O4AHOM crneuynasibHom pexnme SIRead (Serializable
Isolation Read).

Uncno npegmkatHbIX 6/I0KMPOBOK OrpaHMyYeHOo Npon3BeAeHnemM napamMmeTpos
max_pred_locks_per_transaction n max_connections (= 64 x 100).

AMEHHO C 1Cnosib30BaHNEM MNpeauKaTHbIX 6/10KMPOBOK CBA3AHO
orpaHuMyeHune, YTo ANs AOCTUXKEHUSA NOMHON M30MSUNN BCE TPaH3aKLnn
AO/MKHbI paboTtaTtb Ha ypoBHe Serializable. OTcnexusaHne 3aBMCUMOCTEN
oypet pabotarb TO/IbKO A5 TpaH3akumMid, KOTopble yCTaHaB/IMBaKOT
npeankaTHble 6/10KMPOBKMU.

BtﬁpEs:llpostqresnro.ru/docs/loostqresqI/16/transaction-iso#XACT—SERIALIZA

https://wiki.postgresqgl.org/wiki/SSI
https://github.com/postgres/postgres/blob/REL 16 STABLE/src/backend/sto

rage/Imgr/README-SSI



https://postgrespro.ru/docs/postgresql/16/transaction-iso#XACT-SERIALIZABLE
https://postgrespro.ru/docs/postgresql/16/transaction-iso#XACT-SERIALIZABLE
https://wiki.postgresql.org/wiki/SSI
https://github.com/postgres/postgres/blob/REL_16_STABLE/src/backend/storage/lmgr/README-SSI
https://github.com/postgres/postgres/blob/REL_16_STABLE/src/backend/storage/lmgr/README-SSI
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[MpeankaTHble G10KUPOBKU Pos{gres

Turiel pecypcoB

Relation — oTHOIlIeHUE « .
) max_pred_locks_per_relation

Page — crpanura ~
) max_pred_locks_per_page
Tuple — Bepcust CTPOKK

noBbliWeHne
Pexxum

SIRead
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[MpegukaTHbie 6]'IOKI/IpOBKI/I 3axBaTblBalOTCA Ha TPeX YPOBHAX.

Mpn NONHOM CKaHMPoBaHWUK Tabnmubl 6/T0KMPOBKA yCTaHABIMBAETCS
Ha YpOBHe BCceil Tabnuubl.

Mpy MHAEKCHOM CKaHMPOBaHUW yCTaHaBNIMBAOTCS G/IOKMPOBKM TEX CTPAHUL,
WHAEKCa, KOTopble COOTBETCTBYIOT YC/I0BUIO A0CTyna (npeaukary). Kpome
TOro, ycTaHaBNMBalOTCS G/IOKMPOBKM Ha YPOBHE OTAE/MbHbIX TAaGMNUHBbIX
Bepcuii CTPOK (3T0 He TO e caMoe, YTO G/I0KMPOBKMN CTPOK, KOTOpbIe
paccMaTpuBaloTCsi B OHOMMEHHO Teme).

Mpv yBENMYEHNM KONIMYecTBa NpeankaTHbIX 6/10KMPOBOK NPOMCXOANT
aBTOMAaTMYeckoe NoBblLEHNE YPOBHS (3cKanalms): BMECTO HECKObKNX
Menknx 6/10KMPOBOK 3axBaTblBaeTcsl 0fHa 6osiee BbICOKOTO YPOBHSI.

Ecnn uncno 61oKMpoBOK BEPCUIA CTPOK OAHOW CTpaHuLbl NPEBbILLAET
3HayeHue napametpa max_pred_locks_per_page (2 no ymonyaHuio),
BMECTO HUX 3axBaTbiBaeTcs ogHa 6/10KMPOBKa YPOBHSI CTPaHULbI.

Ecnn uncno 6n10KMpPoOBOK CTpaHUL, UM BEPCUiA 04HOMN Tabnuupbl (MHAEKCA)
npesblllaeT 3HayeHne napameTpa max_pred_locks_per _relation, BMecTo
HUX 3axBaTbiBaeTCs ogHa 6/1I0KMPOBKA Ha BCe OTHOLLEHME. 10 yMOon4aHuio
napameTp paBeH —2; ANa oTpulaTefibHbIX YNCEN 3HAYEHME BbIYMCNAETCS
Kak max_pred_locks_per_transaction | abs(max_pred_Ilocks_per_relation).

MoBbIilLEHNE YPOBHS G/T0KMPOBOK MOXET MPUBOANTbL K TOXKHbLIM OLUMGKaM
cepvanusauunn, n3-3a Yero CHKaeTCcsa NponyckHas CNOCOBHOCTb CUCTEMBI.



IIpeguKaTHBIE GJIOKHMPOBKH

HauHeM TpaH3aKIIHIO ¢ YpoBHeM Serializable v mpounTaeM 0JHY CTPOKY TaGJIMIIHI ITOCIE0BATEILHBIM 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: 0.145 ms
Execution Time: 0.023 ms
(4 rows)

IIoCMOTPHM Ha GJIOKUPOBKH:

=> SELECT locktype, relation::regclass, page, tuple, virtualxid AS vxid, transactionid AS xid, mode, granted
FROM pg_locks WHERE pid = 23987;

locktype | relation | page | tuple | vxid | xid | mode | granted
------------ e S et e S R RS
relation | accounts acc no_idx | | | | | AccessShareLock | t
relation | accounts | | | | | AccessSharelLock | t
virtualxid | | | | 3/18 | | ExclusiveLock | t
relation | accounts | | | | | SIReadLock | t
(4 rows)

IosBHJIACH TIpeiKaTHAs GIOKMPOBKA BCeH TaG/IMITBI accounts (HecMOTPs Ha TO YTO YUTAeTCs O/fHA CTPOKA).
| => comMmIT;

| commIT

Telepb IPOYUTAEM OJHY CTPOKY TG IHIIBL, HCIIOIb3YsI HHAEKC:

| => 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: 0.062 ms
Execution Time: 0.061 ms
(4 rows)

BJIOKMPOBKH:

=> SELECT locktype, relation::regclass, page, tuple, virtualxid AS vxid, transactionid AS xid, mode, granted
FROM pg_locks WHERE pid = 23987;

locktype | relation | page | tuple | vxid | xid | mode | granted
------------ R e R e e R S ek S
relation | accounts acc no_idx | | | | | AccessShareLock | t
relation | accounts | | | | | AccessShareLock | t
virtualxid | | | | 3/19 | | ExclusiveLock | t

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

page | accounts acc no idx | 1] | | | SIReadLock | t
(5 rows)

HpI/I HHJAEKCHOM CKaHHPOBAaHUHU YCTaHAB/JIHNBAKTCA MeJIKOIPaHYyJ/IIPHEBIE ITPeJUKATHBIE 6JIOKI/Ip0BKI/II

® GJIOKMPOBKH IIPOUYUTAHHBIX CTPAHHUIT MHAEKCA;
® (JIOKHPOBKHU IIPOYUTAHHBIX BEPCUI CTPOK.



| => comMmIT;

| commIT



of] PROFESSIONAL

Toru Posygres

BOKUPOBKY OTHOLLIEHUM U APyryuX 06bekToB B/l ncronb3yroTcst
[JIs OpraHu3alui KOHKYPeHTHOT0 JOCTYTIa K 00IIMM pecypcam

TMOZ/lep>KUBalOTCS ouepesii U 0OHapy>KeHHe B3auMOOI0KHPOBOK

peKkoMeH/jaTe/TbHbIe OJIOKUPOBKH /151 PeCYPCOB, He CBSI3aHHBIX
C XpaHUMBIMU 00BEKTaMHU

[MpeaukaTHbIe GIOKMPOBKY UCIIO/B3YIOTCS [I/IS1 pear3aljuu
YPOBHSA U30JiL[UU Serializable

HHU4yero He 6J'IOKI/Ipy}OT, OTCJ/IEXKHMBAIOT 3dBCHMMOCTH TpaHBaKLII/Iﬁ 110 JdHHBIM
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of] PROFESSIONAL

[1pakTnka Posigres

1. Kakwue 610krpoBKH Ha ypoBHe u3ossitur Read Committed
yZep>KrBaeT TpaH3aKLusi, TPOUMTaBIIasi OAHY CTPOKY TabIULIbI
10 TIepBUUHOMY K/touy? [IpoBepbTe Ha MpaKTHKe.

2. BocnpoussenuTte aBTomarruecKoe IMOBBILLIEHWE YPOBHS
TIpeJUKaTHBIX OJIOKMPOBOK MPU UTEHUU CTPOK Tab/IULIbI 1O
uHzeKcy. [Toka)kuTe, UTO TIPU TOM BO3MOyKHA JIOXKHAsT OIIMOKa
cepuau3aLyu.

3. HactpoiiTe cepBep Tak, uToObI B KypHas COOOITIeHUA
cOpackIBaiach nHbopMalus o goarux (6osee 100 MUTUCEKYH/T)
OXKUIaHUSIX OJTOKMPOBOK. BocmpousBeauTe cutyariyio, rpu
KOTODPOM B JKypHaJie TIOSIBSTCS TaKHe COOOITeHUs.
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2. B kakgou 13 gByx TpaH3akumii npounTainTe ABe CTPOKU Tabnmubl,
MCNONb3YA NHAEKC, U U3MEHUTE OfHY 13 NPOYUTaHHbLIX CTPOK. Takune
TpaH3akuun cepmnanmaytotcsa. 3agarite max_pred_locks per_relation = 2
1N NOBTOPUTE OMbIT.



0. IToaroTOoBKa

Co3afguM TabIHITy KaK B IEMOHCTPAITHUM; HOMEP CUeTa GYAET IEPBUUHBIM KIIOUOM.
=> 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 noHa/[065TCs /{Ba JJOIIOTHUTEIbHBIX 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 UYnTaroIei Tpansakiyuy, Read Committed

HauuHaeMm TPaH3aKIIUI0 U YUTaeM OJHY CTPOKY.
| => SELECT pg_backend_pid();

pg_backend pid

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

acc_no | amount
________ Fomm e e a

1 | 1000.00
(1 row)

BJIOKUPOBKU:

=> SELECT locktype, relation::regclass, virtualxid AS virtxid, transactionid AS xid, mode, granted
FROM pg_locks WHERE pid = 56019;

locktype | relation | virtxid | xid | mode | granted
------------ B e e S e S
relation | accounts pkey | | | AccessShareLock | t
relation | accounts | | | AccessShareLock | t
virtualxid | | 3/14 | | Exclusivelock | t
(3 rows)

3/ech MbI BUIUM:

e BJIOKHPOBKY TabuIHIlEI accounts B peskume AccessShareLock;
e BJIOKMPOBKY HMHjleKca accounts_pkey, co3JaHHOTO /7Is1 IEPBUYHOTIO KJII04a, B TOM JKe perKHUMe;
o CKIIOYNTEIbHYI0 6JI0KUPOBKY COGCTBEHHOTO HOMepa BUPTYaJIbHON TPaH3aKI[UH.

Ecaiy cMOTpeTh 6JI0KMPOBKU B CaMOM TpaH3aKIIMHU, K HUM 06aBUTCA 6JI0KHPOBKA Ha IIpejicTaBIeHue pg_locks:

=> SELECT locktype, relation::regclass, virtualxid AS virtxid, transactionid AS xid, mode, granted
FROM pg_locks WHERE pid = 56019;



locktype | relation | virtxid | xid | mode | granted
------------ B e ik a e e

relation | pg_locks | | | AccessShareLock | t
relation | accounts pkey | | | AccessSharelLock | t
relation | accounts | | | AccessSharelLock | t
virtualxid | | 3/14 | | Exclusivelock | t
(4 rows)

| => commIT;

| commIT

2. IloBHIIIIEHNE YPOBHS MPEeINKATHHIX GJIOKHPOBOK

B 1ByX ceaHcaX HauMHaeM TpaH3aKI[UU C ypoBHeM Serializable.

| => BEGIN ISOLATION LEVEL SERIALIZABLE;

| BEGIN

| => BEGIN ISOLATION LEVEL SERIALIZABLE;

|  BEGIN

B 11epBO# UMTaeM CTPOKH CUETOB 1 U 3, BO BTOPOM — CTPOKHU CYeTOB 2 U 3.
| => SELECT * FROM accounts WHERE acc_no IN (1,3);

acc_no | amount

________ Fo- oo oo
1 | 1000.00
3 | 3000.00
(2 rows)

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

acc_no | amount

________ oo - -
2 | 2000.00
3 | 3000.00
(2 rows)

BJIOKI/Ipy}OTCFI CTpaHUIla UH/IEKCa U OTZe/JIbHbI€ BEPCUHU 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 s e I R ek SRR
56019 | page | accounts pkey | 1] | SIReadLock | t
56019 | tuple | accounts | 0 | 1 | SIReadLock | t
56019 | tuple | accounts | 0 | 3 | SIReadlLock | t
56059 | page | accounts pkey | 1| | SIReadLock | t
56059 | tuple | accounts | 0 | 2 | SIReadLock | t
56059 | tuple | accounts | 0 | 3 | SIReadlLock | t
(6 rows)

H3sMeHUM B IIepBOM CeaHCe OCTaTOK IIePBOI0 cueTa, 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

TpaH3aKU;I/II/I CepUaIU3YITCA:

| => coMMIT;

| commIT

|  => commIT;

| commIT

Temeps HACTPOUM IIOBLIIIIEHKE YPOBHS TaK, UTOGHI IIPH GIIOKUPOBKE IBYX BEPCHH CTPOK GJI0KHPOBAJIach BCS TaGIHITA.



=> ALTER SYSTEM SET max_pred_locks_per_relation = 1;
ALTER SYSTEM

student$ sudo pg_ctlcluster 16 main reload
IIOBTOpPSIEM OIIBIT.

| => BEGIN ISOLATION LEVEL SERIALIZABLE;

| BEGIN

” => BEGIN ISOLATION LEVEL SERIALIZABLE;

|  BEGIN

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

acc_no | amount

________ e
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)

Temeps KaXkzasi TPaH3aKIWs GJI0KUPYET BCIO TaGJINITY:

=> 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
------- R s S S ek te T S
56019 | page | accounts pkey | 1| | SIReadLock | t
56019 | relation | accounts | | | SIReadLock | t
56059 | page | accounts pkey | 1| | SIReadLock | t
56059 | relation | accounts | | | SIReadLock | t
(4 rows)

HM3MeHs1eM OCTaTKH...

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

| UPDATE 1

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

... QUKCHpyeM TpaH3aKI[UHU.

| => commIT;

| commIT

| = 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.

U3-3a IOBBIIIEHUS YPOBHS GIOKMPOBOK CEPHATHU3AIIHI HEBO3MOXKHA.

3. BBIBO/I B )KypHaJI HHGOPMAIIHHU 0 GJIOKHPOBKaX

Tpe6yeTcst U3MEeHUTD ITapaMeTphL:

=> ALTER SYSTEM SET log_lock_waits = on;

ALTER SYSTEM

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

ALTER SYSTEM



=> SELECT pg_reload_conf();

pg reload conf

BocmpoussezieM 6JI0KUPOBKY.

=> 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 CeaHCe BBIIIOJIHHUM 3aJeP>KKY U II0CJIe 3TOTr'0 3aBEPIIKUM TPaH3aKIHUIO.

=> SELECT pg_sleep(1l);

pg_sleep

=> COMMIT;

COMMIT

| UPDATE 1
| => comMmIT;
| commIT

BoT uToO 1momnaso B JKypHaJI:

student$ tail -n 7 /var/log/postgresql/postgresql-16-main.

2025-06-24 00:14:11.400 MSK [56019] student@locks objects
waiting for ShareLock on transaction 750 after 100.115 ms
2025-06-24 00:14:11.400 MSK [56019] student@locks objects
lock: 55933. Wait queue: 56019.

2025-06-24 00:14:11.400 MSK [56019] student@locks objects
(0,6) in relation "accounts"

2025-06-24 00:14:11.400 MSK [56019] student@locks objects
amount = 100.00 WHERE acc no = 1;

2025-06-24 00:14:12.421 MSK [56019] student@locks objects
SharelLock on transaction 750 after 1121.229 ms

2025-06-24 00:14:12.421 MSK [56019] student@locks objects
(0,6) in relation "accounts"

2025-06-24 00:14:12.421 MSK [56019] student@locks objects
amount = 100.00 WHERE acc no = 1;

log

LOG: process 56019 still

DETAIL: Process holding the
CONTEXT: while updating tuple
STATEMENT: UPDATE accounts SET
LOG: process 56019 acquired
CONTEXT: while updating tuple

STATEMENT: UPDATE accounts SET



