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Oo611jas nHdopMarys o 6JIOKMPOBKax
BIOKMPOBKY OTHOILLIEHUM U APYTUX 0ObEKTOB

B/I0OKMPOBKU Ha YPOBHE CTPOK
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BnoknpoBku Pos{gres

3ajjaua: ynopsijoueHrue KOHKypPeHTHOr0 Z0CTyTia
K pa3jiesisieMbIM pecypcam

MexaHu3sm

riepe/; oOpaitieHreM K JaHHBIM TIPOLIeCC 3aXBaThIBaeT BI0KUPOBKY
riocsie obpairieHns — 0CBOOOXKaeT (0OBIYHO B KOHIIE TPAH3AKIIK)
HEeCOBMeCTHMbIe O/IOKMPOBKY MPUBOJSAT K OuepesisiM

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 /ToKasIbHbIN — HeT).

Mepen Tem, Kak 06paTUTLCA K pecypcy, 3awmueHHoOMY 6/10KMPOBKOIA,
npoLecc Ao/HKeH 3axBaTuTb 3Ty 6/10KMPOBKY. Korga npouecc nepecraer
HYy)XXAaTbCA B pecypce, OH 0CBO6OXAaeT 6/10KMPOBKY, UTOObI pecypcom
MOI/I1 BOCMO/1b30BaTbLCA ApYyrie npoueccsol.

3axsar 6/10KMPOBKM BO3MOXEH He BCerga: pecypc MOXET OKa3aTbCs Yxe
3aHATbIM KEM-TO APYrMM B HECOBMECTMMOM pexunme. B npoctom cnyyae
MCNONb3YIOT ABa PeXnma: UCKIUYNTENbHbI (HECOBMECTUM HU C YEM)

N pasgensiemMbii (COBMECTUM caM C Co601). Ho MX MOXeT ObITb 1 6osibLIE,
B 3TOM C/ly4yae COBMECTMMOCTb onpeaensiercs Mmarpuuen.

Ecnu pecypc 3aHAT, Npouecc OO/MKEH BCTaTb B OUEpPeSb OXUAAHUS.

3T0, KOHEYHO, YMEHbLUAET NPOM3BOAMTENbHOCTL CUCTEMBI. [103TOMY A5
CcO3/jaHunsi BbICOKO3(PPEKTMBHbBIX NPUMOXEHUI BaXXHO NOHMMATb, Kak
paboTaeT MmexaHn3mMm G6/10KMPOBOK.



B/I0KMPOBKM 06LEKTOB Wres

Bb/10KMpOBKM HOMepa TpaH3aKLIUU
B/TIOKUPOBKM OTHOLIIEHUH

Ouepenb OXKUAAHUS

3 Bcero MHoroobpasunsi 6510KMPoOBOK HA YPOBHE 0OBLEKTOB Mbl PACCMOTPUM
TOMIbKO G/10KMPOBKN HOMEpPa TPaH3aKLUUn U 6/10KUPOBKN OTHOLLIEHWIA.

Ewe oguH Bua 6710KMPOBOK 3TOTO Xe TUMna — pekoMeHaatesibHble
610KMPOBKN — yNnomuHasics B TeMe «O6paboTka owmnbok» Kypca DEV1.
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Homep TpaH3aKuuu Pos{gres

Turnbl pecypcoB B pg_locks

virtualxid — BUpTya/sibHbI}i HOMep TpaH3aKL[UH
transactionid — HacToAIMII HOMep TpaH3aKL[U1

PexxuiMbl

VICK/TFOUUTE/TbHBIN
pasfensieMbli

TpaHBaKI_H/IH yAepKUBAET NCK/TFOUYHUTE/IbHYHO 6J'IOKI/IPOBKy
CcOOCTBEHHOIO HOMepa

Cr1ocob 0XK/JaThCs 3aBeplleHus TPaH3aKIU1

PaccmoTpeHune 6/10KMPOBOK Ha YPOBHE 0OBHEKTOB («0ObIYHbIEY, «TAXE bIe»
G10KNPOBKN) Mbl HA4YHEM C 6/10KMPOBOK HOMepa TpaH3akLuun.

BNoKMpoBKN 06BHEKTOB XpaHATCA B 06LLEN NaMATN cepBepa, No3ToMy

NX KONIMYECTBO OorpaHnyeHo. Bce Takme 610KMPOBKM MOXHO MOCMOTPETb
B npeacTtasneHnn pg_locks: oHM yCTPOEHbI OANHAKOBO M OT/INYAKOTCA
TO/IbKO TUNaMun PecypcoB 1N pexnmamm 61okmpoBaHusa. Homepam
TpaH3aKLUMini COOTBETCTBYIOT TUMbI pecypcoB Transactionid n Virtualxid.

Kaxkon TpaH3akumm Npu cTapTe HazHayaeTcs cHavasna BUPTyasibHbIl
HOMep, KOTOPbI MCMO/b3yeTCA, NoKa TpaH3aKUmMs TONbKO YNTAET AaHHbIE.
9T0 caenaHo AN 3KOHOMUM HACTOALMX HOMEPOB — BUPTYasibHbIiA HOMEp
HWKaK He y4MTbIBaeTCA B NpaBuiax BUAMMOCTU. Ero MOXHO BblgaTb OGbICTPO,
6e3 o6pauleHns K obLuein namsTu (TpebyeTcs NUb YHUKa/IbHOCTb HOMEPOB
BCEX aKTUBHbIX TPaH3aKLu1I).

YHUKa/bHbI HACTOALWLMIA HOMEpP BblgaeTcs cyeTynkom XID B TOT MOMEHT,
Korga TpaH3akums U3MeHseT Kakne-nmbo gaHHble. OH HY)XeH, YTOObI
oTCreXxusarb cTaTtyc NULWYLEen TpaH3akunn (akTuBHa, 3adomkcnpoBaHa
nnu o6opsBaHa); Tako HOMEP MOXHO 3anncbiBaTb B MOAS XMiN 1 XmMax
3aro/floBKa BEPCUin CTPOK.

Kakgan TpaH3akunsa yaepXxmBaeT UCKHUNTESbHYO 6/10KMPOBKY CBOMX
HOMEpPOB: N BUPTYasIbHOro, U HACTOALLEro, eC/IN OH eCTb. JTO AaeT NPOCTOW
Crnoco6 AoXAaTbCs OKOHYaHUSA Kakon-nimbo TpaH3akummn: Hafo 3anpocuTb
6G/10KNPOBKY ee Homepa. Ecniv 6noKMpoBKY cpasy NoslyyunTb He yaacTcA,

TO 3anpalumBaroLmii NPoLUEecC 3aCHET N ByaeT pa3dyXeH TOMbKO Mo
3aBepLUeHnn TpaH3akunnm — korga 6/10KkMpoBKa 0CBOGOANTCS.



b1oKMpoOBKa HOMepa TPaH3aKITUH

=> CREATE DATABASE arch_locks;

CREATE DATABASE

=> \c arch_locks

You are now connected to database "arch locks" as user "student".
HavneM B IpyroM ceaHce HOBYIO TPaH3aKIIHIO.

| => \c arch_locks

| You are now connected to database "arch_locks" as user "student".
| => BEGIN;

| BEGIN

Ham norago6uTcst HoMep 00CITy2KHBAIOIEero MpoIiecca:

| => SELECT pg_backend_pid();

pg_backend pid

Bce «0OBIYHEIE» GIIOKMPOBKY BUAHE B IpefcTaBneHnu pg locks. Kakve 6I0KMPOBKY yIepKUBAET TOJIBKO YTO HaYaTas
TpaH3aKIusa?

=> SELECT locktype, virtualxid AS virtxid, transactionid AS xid,
mode, granted

FROM pg_locks

WHERE pid = 73071;

locktype | virtxid | xid | mode | granted
------------ B T T I S
virtualxid | 3/12 | | Exclusivelock | t
(1 row)

e locktype — Tun pecypca,
e mode — pexuUM GJIIOKUPOBKH,
e granted — y#anoch JI¥ MOJyYUTH OJIOKUPOBKY.

Kaxxmolt TpaH3aKIuU cpa3y BHOAETCS BUPTYaJIbHEIN HOMED, ¥ TPAH3aKIUs YOEePKUBaeT ero UCKIIIOYUTEIbHYIO 0JIOKUPOBKY.

Kak Tonbko TPaH3aKIUgd Ha4YWHAeT MEHSTh Kakue-Imubo OaHHEBIE, en BBIJAEeTCA HaCTOHH.(I/Iﬁ HOMED, KOTOpLIfI YYUTEIBAETCA B
IIpaBUIaX BUOUMOCTH. HOMep MO2KHO IIOJIYYHUTb U SABHO:

| => SELECT pg_current_xact_id();

pg_current_xact_id

=> SELECT locktype, virtualxid AS virtxid, transactionid AS xid,
mode, granted

FROM pg_locks

WHERE pid = 73071;

locktype | virtxid | xid | mode | granted
--------------- R S S I
virtualxid | 3/12 | | Exclusivelock | t
transactionid | | 816 | Exclusivelock | t
(2 rows)

Teneps TpaH3aKIUs yoePXKUBaeT UCKIIOUUTEIbHYI0 OJIOKUPOBKY 000HUX HOMEPOB.
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B/10KNPOBKM OTHOLLIEHNI Posigres

Tun pecypca B pg_locks
relation — Tab/IULIbI, UHEKCHI U T. T1.
Pexxumbl
Access Share SELECT
ponyckarot
Row Share SELECT FOR UPDATE/SHARE HapannenbHoe
Row Exclusive UPDATE, DELETE, INSERT, MERGE zgﬂﬁ::j(“”e
Share Update Exclusive VACUUM, ALTER TABLE, B Tabnvue
CREATE INDEX CONCURRENTLY
Share CREATE INDEX
Share Row Exclusive CREATE TRIGGER, ALTER TABLE
Exclusive REFRESH MAT. VIEW CONCURRENTLY
Access Exclusive DROP, TRUNCATE, REINDEX, VACUUM FULL,

LOCK TABLE, ALTER TABLE, REFRESH MAT. VIEW
7

BTOpoil BaxHbIin criydain 6/10KMPOBOK 06 bEKTOB — G/TOKMPOBKN OTHOLLIEHWA
(Tabnuu, MHAEKCOB, NocnegoBaTenibHOCTEN U T. N.). Takne 6/10KMPOBKK
nmetot Tvn relation B pg_locks.

[Na HUX onpeAeneHo Uenbix 8 pas3/IMyHbIX PEXUMOB, KOTOPbIE NoKasaHbl

Ha cnalige BMecTe ¢ npumepamu komaHa SQL, NCnonb3yoLmX 3Th PEXUMBI.
MaTtpuua COBMECTMMOCTU 3[1ECh HE NMOKa3aHa M3-3a ee 60/bLLIOro pasmMepa,
HO OHa NpuBeAeHa B JOKYMeHTaLNUN:

https://postgrespro.ru/docs/postgresqgl/16/explicit-locking#LOCKING-TABLES

Takoe KOMMYECTBO PEXNMOB CYLLECTBYET AJ1s1 TOro, YTO6bI NO3BOSUTL
BbIMO/IHATbL OAAHOBPEMEHHO Kak MOXXHO 60/1bLIEee KONIMYECTBO KOMaHA,
OTHOCSILLMXCS K OAHOW Tabnuue (MHAEKCY W T. n.).

Cawmblii cnabblin pexxum — Access Share, OH 3axBaTbiBaeTCs KOMaHA0M
SELECT 1 coBMeCcTuUM C /1106bIM PEXUMOM, KpOME CamMoro CUIbHONo —
Access Exclusive. 910 03Ha4yaeT, 4To 3anpoc He MeLlaeT HU ApYyrnm
3anpocam, H1 N3MEHEHWNI0 AaHHbIX B Tabnvue, HU YeMy-nmbo apyromy,

HO He JaeT, HanpuMmep, yoasiuTb Tabnuuy B TO BPEMS, KakK U3 Hee yMTaroTca
AaHHbIe.

[pyroii npumep: pexnm Share (kak u apyrue 6onee CUMbHbIE PEXNMbI)

He COBMECTMM C U3MEHEHNEM [aHHbIX B Tabnuuye. Hanpumep, kKomaHga
CREATE INDEX 3a6nokupyet komaHabl INSERT, UPDATE, DELETE n
MERGE (1 Hao6oporT). lNMoatomy cyuiectsyeT komaHga CREATE INDEX
CONCURRENTLY, ncnons3aytouiasa pexumm Share Update Exclusive, KoTopblit
COBMECTUM C TakKMMK N3MEHEHUSAMMU (3a CHET ITOro KOMaHAa BbINOJTHAETCS
JonbLie).




o)) PROFESSIONAL

Ouepenb oXxnaaHus Pos{gres

|
L

CREATE INDEX UPDATE
Row Exclusive

HecoBmecTuMas

Share
@

VACUUM FULL
Access Exclusive

SELECT
Access Share

OTHOLUEeHne

B/10KMPOBKM 0GBHEKTOB UCMOMb3YIOT «HECTHYHO» oUepeib OXUAaHUS.
3TO 03HAYaET, YTO 3anpPochkl 6/T0KMPOBOK 06CNYXMBAKOTCSA OANH 3a APYTrM
B NOPSiAKE UX MNOCTYN/IEHUS.

[MyCTb, Kak Ha pucyHke, TpaH3akuma T100 BbinonHaeT komaHay UPDATE,
NPy 3TOM Ha OTHOLIEeHWe ByaeT ycTaHOB/IeHa G/10KMPOBKA C PEXMMOM
Row Exclusive.

TpaH3akuua T110, seinonHawwasa CREATE INDEX, BcTaeT B ouepeab

3a T100, nocKonbKy 3anpalumBaeT pexum Share, He COBMECTUMbIN ¢ Row
Exclusive. Ecnu cnegom npuaet TpaH3akuusa T120 ¢ komaHgo VACUUM
FULL (ein HyXeH pexum Access Exclusive, He COBMECTUMBbIA HX C KakKUM
Apyrnm), oHa BcTtaHet B odepeab 3a CREATE INDEX.

A elle ofHa TpaH3akuma ¢ 06bI4HbIM 3anpocom SELECT (TpebyeT Access
Share, coBMeCcTUMbII C BbINONHAKOLWENCA ceitvac komaHaon UPDATE) Toxe
4yeCTHO 3anmeT ovepeapb 3a VACUUM FULL.
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Ouepenb oXxnaaHus Pos{gres

|
@a

VACUUM FULL CREATE INDEX
Access Exclusive Share

SELECT
Access Share

OTHOLUEeHne

Mocne Toro Kak nepBas TPpaH3aKUMsA 3aBepLuaeTcs, 6/1I0KMPOBKY
3axBaTbIiBAET CMeayloLllas TpaH3akLUusl, CTosilLas B ouepeau.



B/IOKHpPOBKa OTHOLIEHHH

Co3panum Tabnuiy 6aHKOBCKUX CYETOB C TPEMsI CTPOKaMU:

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

CREATE TABLE

=> INSERT INTO accounts VALUES (1,100.00), (2,200.00), (3,300.00);

INSERT 0 3

Bropas TpaH3aKIus, KOTOPYIO MBI He 3aBepllany, IpofoikaeT paboTy. BEIIOTHIM B Hel 3aIpoc K Tabiule:
| => SELECT * FROM accounts;

acc_no | amount

________ Fomm =
1 | 100.00
2 | 200.00
3 | 300.00

(3 rows)

Kak u3aMeHATCsT GIIOKUPOBKHU?

=> SELECT locktype, relation::regclass, virtualxid AS virtxid,
transactionid AS xid, mode, granted

FROM pg_locks

WHERE pid = 73071;

locktype | relation | virtxid | xid | mode | granted
--------------- L s e S e L LT T
relation | accounts | | | AccessSharelLock | t
virtualxid | | 3/12 | | ExclusivelLock | t
transactionid | | | 816 | Exclusivelock | t
(3 rows)

IoGaBunack 6JI0KHPOBKa TabGmuIilbl B pezxkuMe Access Share. OHa coBMecTrMa C GJIOKMPOBKO¥ JTI060T0 pexkuMa, KpoMe
Access Exclusive, mosToMy He MelllaeT NPaKTUYECKH HUKAKUM OllepalusiM, HO He JaeT, HallpUMep, YOaIUTh TabIully.
ITompo6yem.

|  => \c arch_locks

| You are now connected to database "arch_locks" as user "student".
|  => BEGIN;

|  BEGIN

| => SELECT pg_backend_pid();

pg_backend pid

| => DROP TABLE accounts;
KomaHga He BHIIOIHSETCS — KIEeT 0CBOOOXKOeHUsT 6JIOKUPOBKU. Kakoit?

=> SELECT locktype, relation::regclass, virtualxid AS virtxid,
transactionid AS xid, mode, granted

FROM pg_locks

WHERE pid = 73459;

locktype | relation | virtxid | xid | mode | granted
--------------- B T S S e IS PRI
virtualxid | | 4/5 | | Exclusivelock | t
relation | accounts | | | AccessExclusivelock | f
transactionid | | | 819 | Exclusivelock | t
(3 rows)

TpaH3akUus OLITANIACch MOJIYYUTh OJIOKUPOBKY Tabnuilkl B pexxuMme Access Exclusive, Ho He cmorna (granted = f).

HH(bOpMaL[I/IIO O TOM, 4TO TPaH3aKIUuAg OKUOAET Yero-To OJid IMPOOOJIZKEHU A pa60TI:I, MOXKHO ITIOJIYYUTH U TaK:



=> SELECT state, wait_event_type, wait_event
FROM pg_stat_activity
WHERE pid = 73459;

state | wait event type | wait event
________ S
active | Lock | relation

(1 row)

e state — cocTosiHHME: aKTUBHAS TPAH3aKI[Usl, BHIIOJHSIONIAsE KOMaHLy;
e wait event type — Tum oxupmauus: 6;I0KMPOBKa (OLIBAIOT U APYTUe, HAIIPUMED, OXKUOaHue BBOLA-BEIBOMA);
e wait event — KOHKpeTHOe OXKUJAHUE: OXKULaHHEe GJIOKUPOBKY OTHOIIEHUS.

MBI MOZKeM HalTH HOMeP GJIOKMPYIOIIEro Ipolecca (B 00IIeM ciaydae — HECKOJIBKO HOMEDPOB)...
=> SELECT pg_blocking_pids(73459);

pg_blocking pids

{73071}
(1 row)

...A IIOCMOTPETH I/IH(I)OpMaLII/IIO O CeaHcCaX, K KOTOPBIM OHHU OTHOCATCA:

=> SELECT * FROM pg_stat_activity
WHERE pid = ANY(pg_blocking_pids(73459)) \gx

[ RECORD 1 J----d---mmmmmmmmmmmmiami e a o
datid 16564

datname arch_locks

pid 73071

leader pid

usesysid 16384

usename student

application name | psql

client addr

client_hostname

backend start 2025-02-05 23:32:34.288881+03
xact start 2025-02-05 23:32:34.342511+03

2025-02-05 23:32:34.83072+03
2025-02-05 23:32:34.841326+03

query_start
state change

wait event type Client

wait event ClientRead

state idle in transaction
backend xid 816

backend_xmin
query_id
query
backend type

SELECT * FROM accounts;
client backend

+
|
|
|
|
I
|
|
|
|
client port | -1

|

|

|

|

I

|

|

|

|

I

|
ITocye 3aBepIEeHNs TPAH3aKIUK BCce GJIOKMPOBKYU CHUMAIOTCS U Tabnulla ynansieTcs:

| => commIT;

COMMIT

| DROP TABLE
| == commIT;

| commIT



BNOKNPOBKN CTPOK

PEB,E[EJ'IHEMBIE N UCK/TIOUHUTE/IbHbIE 6JIOKI/IpOBKI/I

«HeuecTHast» ouepe/ib O)KWIaHUS
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BNOKNPOBKN CTPOK Pos{gres

I/ICHOJIB3YIOTCH COBMECTHO C MHOIOBEPCHMOHHOCTEIO,
AJId UTeHUsA NdHHBIX He Tp66y}OTCH

WHudopmalys mosnbko B CTpaHULax JaHHBIX

B OHepaTI/IBHOI‘/JI IMaMATH HUYEro He XPAaHUTCA

HEOFpaHI/I‘-IEHHOE KO/IM4eCTBO

OOJIBIIIOe YKC/IO He BAUSeT Ha IMMPON3BOAUTE/IbBHOCTb

WHudpactpykrypa

ouepeib OXKWaHWA OPraHr30BaHa C ITOMOIIBIO 6]IOKI/IpOBOK 00BLEKTOB

12

Bnarogapst MHOroBepPCUOHHOCTU, G/TOKUPOBKM YPOBHSI CTPOK HYXXHbI TO/TbKO
NPU N3MEHEHUN AaHHbIX (UMW ANS TOTO, YTOObI HE 0NYCTUTL U3MEHEHUS)
N HE HYXHbI NPV 06bIYHOM UTEHUMN.

Ecnu B cniyyae 6110KMPOBOK 06 LEKTOB KaX/blii pecypc npeactas/ieH
COGCTBEHHOW 6/10KMPOBKOIA B ONepaTuBHON NaMsaT, TO CO CTPOKaMM Tak
He nony4JaeTtcs: oTaenbHas 6/T0KMPOBKA [/15 KaXA0W Tab/IMYHOWN CTPOKM
(KOTOPbIX MOTYT ObITb MU/I/TIMOHLI U MUNNAPAbI) NOTPEOYET HEMOMEPHbIX
HaKNaHbIX PacxoA0B N OTPOMHOI0 06bemMa onepaTMBHON NamsATK.

OfMH 13 BapnaHTOB peLleHns — MoBbIWEeHNE YPOBHS (acKanaums): ecnm
yxe 3abnoknposaHo N CTPOK Tabnuubl, TO NPy 6/10KMPOBKE eLle OAHOWA
6nokupyeTcs BCcA Tabnuua Lemkom, a 6/10KMPOBKN HA YPOBHE CTPOK
cHUMatoTcA. Ho B aToM ciiyvae cTpagaeT nponyckHas CnocOBHOCTb.

Moatomy B PostgreSQL caenaHo nHadve. VIHhopmaumsa o TOM, YTO CTpoKa
3a6/10kMpoBaHa, XpaHUTCA UCKIYNTENBHO B 3aro/1I0BKE BEPCUM CTPOKU
BHYTPU CTpaHuLbl AaHHbIX. TaM OHa npeacras/ieHa HoMepoM 6/10KMpyoLLen
TpaH3akumm (xmax) n AoNnosIHNTENbHBIMU NHGPOPMaLVOHHbIMU BUTamu.

3a cyeT 3TOro MOXHO YCTAHOBUTb HEOTPaHNYEHHOE KOIMYECTBO GIOKMPOBOK
YPOBHS1 CTPOKM, 1 3TO He TPeOyeT AONO/THUTENbHbIX PECYPCOB U HE CHUXAET
NPON3BOANTENIbHOCTL CUCTEMBI.

O6paTHasa CTopoHa Takoro nNoAxofa — CNOXHOCTb OpraHu3auum ovyepeaun
oXuaaHus. [lna aToro Bce-Takm NPUXoANTCA UCNOMNb30BaTb G/1I0KMPOBKU
YPOBHSA 06BLEKTOB, HO yAaeTCcsA 060MTUCb O4EHb HEBO/BLLMM UX
KO/IM4ecTBOM (NPONOPLUNOHa/IbHBIM YMACY MPOLLECCOB, & He YnC/y
3a6/10KMPOBaHHbIX CTPOK).
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BNOKNPOBKN CTPOK Pos{gres

PexxuiMbl

Update — yzianieHre CTPOKU UM M3MeHeHUe BCeX MoJiei

No Key Update — n3meHeHue /it00OBIX 10Iel, KpOMe K/TF0UeBbIX
Share — 3amnpeT u3MeHeHus1 TFOOBIX TI0/IeH CTPOKU

Key Share — 3anpeT r3MeHeHUs1 K/THOUeBbIX 110Jiel CTPOKU

Key No Key
Share =~ Share Update Update
Key Share X
pasgensiemMbie
Share X X
No Key Update X X X }
UCKNoYUTEbHbIE
Update X X X X

13

CyLyecTByeT 4 pexuma, B KOTOPbIX MOXHO 3a6/10KMpOoBaThb CTPOKY
(B BEPCUUN CTPOKM PEXMM YKa3bIBAETCA C MOMOLLbIO AOMO/THUTENbHbIX
NH(POPMAaLIMOHHLIX BUTOB).

[lBa pexuma npeacTasnsaoT UCKOUMTENIbHbIe (exclusive) 610KMPOBKMY,
KOTOpble OAHOBPEMEHHO MOXET yAepXMBaTb TO/IbKO OfiHA TpaH3akuma.
Pexxum UPDATE npeanonaraet nosiHoe nameHeHue (Unn yaasieHne) CTPokKu,
a pexum NO KEY UPDATE — n3MeHeHune TO/bKO TeX Mosein, KoTopble He
BXO4AT B YHUKa/1bHble UHAEKCHI (MHBbIMM C/I0BaMU, NPU TAKOM U3MEHEHUN
BCE BHELLHME K/10UN ocTaroTcs 6e3 nameHeHuin). KomaHga UPDATE cama
BblOpaeT MMHUMaJTIbHbINA NOAXOAALNIA PEXMM B/TOKUPOBKM; OObIYHO CTPOKM
onokmpytotca B pexnume NO KEY UPDATE.

Ewe aBa pexnma npencrasnsaioT pasgensemole (shared) 6/10kMpoBKu,
KOTOpbIe MOTyT yAepXnBaTbCA HECKO/TbKUMW TPaH3aKUMSAMN.

Pexxum SHARE npumeHsaeTcs, Korga Hy>KHO npoyntarb CTPOKY, HO NMpu 3TOM
HeNnb3a A0NyCTUTb, YTOObI OHa Kak-IMB0 n3MeHunachb Apyron TpaH3sakumen.
Pexxum KEY SHARE gonyckaeT nsameHeHue CTPOKWU, HO TOJIbKO HEK/1HOUYEBLIX
nonen. 3ToT PeXxnMm, B HaCTHOCTU, aBTOMATMUUYECKM NCNOMb3yeTCs caMuM
PostgreSQL npu npoBepke BHELUHUX K/HOYEN.

HanomHumMm, 4To 06bI4HOE YTeHne (SELECT) Boo6LLe He 61OKMPYeT CTPOKMW.

Marpuua CoOBMECTUMOCTU PEXNMOB NpuBeaeHa BHU3Y cnanja.

3 Hee BNOHO, 4TO pasgensemblin pexum KEY SHARE coBmecTuMm

C ucknrouuntesnbHbiM pexumom NO KEY UPDATE (To eCTb MOXHO OBGHOB/IATh
Hek/1lo4eBble Noss U 6bITb YBEPEHHbLIM B TOM, YTO K/1H0Y HE N3MEHUTCS).

https://postgrespro.ru/docs/postgresgl/16/explicit-locking#L OCKING-ROWS




Bbi1oOKupOBKa CTPOK

CHoBa co3manuM TabIHUIly CYETOB, HO TeIleph CAejlaeM HOMep cueTa IIePBUYHEIM KITI0UOM:
=> CREATE TABLE accounts(acc_no integer PRIMARY KEY, amount numeric);
CREATE TABLE

=> INSERT INTO accounts VALUES (1,100.00), (2,200.00), (3,300.00);
INSERT 0 3

B HOBOM TpaH3aKIUK OOHOBUM CyMMY IIEPBOTO cueTa (IPK 9TOM KIII0Y He MEHSIETCS):
| => BEGIN;

| BEGIN

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

| UPDATE 1

| => SELECT pg_current_xact_id();

pg current xact id

Kak npaBuio, mpu3HakoM 6JIOKMPOBKH CTPOKH CIIy2KUT HOMep OJIOKUPYIOIel TpaH3aKIUK, 3allMCaHHbIH B II0JIe Xmax (1
elle psag “HGOPMAITMOHHBIX OUTOB, OIPENESISIONINX PEKUM OJIOKUPOBKH):

=> SELECT xmax, * FROM accounts;

xmax | acc_no | amount

______ e Ty,
822 | 1 | 100.00
0 | 2 | 200.00
0 | 3 | 300.00

(3 rows)

Ho B ciiy4ae pa3pesisieMbIX GJIOKHPOBOK TaKOM CIIOCO0 He TOJUTCS, IIOCKOJIBKY B Xmax HeJb3s 3alHicaTh HECKOJIBKO
HOMEDPOB TpaHSaKL{I/II;I. B TakoMm Clly4dae HOMepa TpaH3aKL{HI:I XPaHATCA B OTHGHBHOﬁ CTPYKTYype, Ha3bIBAeMOM
MyHLTHTpaH3aKHHefI, a B XImMaX IoMeIiaeTcda CChIJIKa Ha Hee. Ho MbI HE 6y11eM BOABATLHCA B Oe€TaJIk peajin3alluu
6JI0KMPOBOK CTPOK, & IIPOCTO BOCIIONIb3yeMCs pacuuperueM pgrowlocks:

=> CREATE EXTENSION pgrowlocks;
CREATE EXTENSION

=> SELECT locked_row, xids, modes, pids FROM pgrowlocks('accounts');

locked row | xids | modes | pids
------------ B e e
(0,1) | {822} | {"No Key Update"} | {73071}
(1 row)

YToO6bI TOKa3aTh OJIOKMPOBKY, PacCIIMpeHNe YuTaeT TabIuyHble CTPaHULH (B oTIMYMe OT obpareHus K pg locks, KoTopoe
YUTaeT JaHHBIE U3 ONePATUBHOMN IIaMSITH).

Teneps U3MeHUM HOMED BTOPOIO cHeTa (IPH 3TOM MEHSEeTCs KII04):
| => UPDATE accounts SET acc_no = 20 WHERE acc_no = 2;
| UPDATE 1

=> SELECT locked_row, xids, modes, pids FROM pgrowlocks('accounts');

locked row | xids | modes | pids
------------ B e e
(0,1) | {822} | {"No Key Update"} | {73071}
(0,2) | {822} | {Update} | {73071}
(2 rows)

YTo6HI IPOJIEMOHCTPHUPOBATh pa3fessgeMble 6JIOKMPOBKH, HAYHEM ellle OOHY TPaH3aKIWo. Bce 3anpamuBaeMbie
GJIOKMPOBKY OYIYT COBMECTUMEL IPYT C IPYIOM.

|  => BEGIN;



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

acc_no | amount

|  => SELECT * FROM accounts WHERE acc_no = 3 FOR SHARE;

acc_no | amount

|  => SELECT pg_current_xact_id();

pg_current_xact_id

=> SELECT locked_row, xids, modes, pids FROM pgrowlocks('accounts');

locked row | xids | modes | pids
------------ B e e e
(0,1) | {822,824} | {"No Key Update","Key Share"} | {73071,73459}
(0,2) | {822} | {Update} | {73071}
(0,3) | {824} | {"For Share"} | {73459}

(3 rows)

| => ROLLBACK;

|  ROLLBACK

|  => ROLLBACK;

| ROLLBACK

Kak He XKIaTh OJIOKHPOBKY?

HHorga ynoGHO He XXaaTh 0CBOGOXKOEHUS OJIOKMPOBKHY, a CPA3y IOJIYYUTh OMIKUOKY, €CIIH HeOOXOOUMEIH PECYPC 3aHST.
[IpunoxkeHVe MOXKET IePEeXBATUTh U 00paboTaTh TaKyI0 OMIMOKY.

s aToro psapm komanp SQL (takue, kak SELECT u HekoTtoprle BapuaHThl ALTER) m03BoISI0T yKa3aTh KJII0UEBO€E CJIOBO
NOWAIT. 3a6mokupyeM Tabnuily, OOHOBUB IIEPBYIO CTPOKY:

=> BEGIN;

BEGIN

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

| => BEGIN;

| BEGIN

| => LOCK TABLE accounts NOWAIT; -- IN ACCESS EXCLUSIVE MODE
| ERROR: could not obtain lock on relation "accounts”
TpaH3akIusa cpasy e IIoJydaeT OMKGKY.

| => ROLLBACK;

|  ROLLBACK

Komanpgst UPDATE u DELETE He no3BonsioT yka3aTb NOWAIT. Ho MOKHO CHa4aJsa BHIIIOJIHUTh KOMaHAY
SELECT ... FOR UPDATE NOWAIT; -- unu FOR NO KEY UPDATE NOWAIT

a 3aTeM, eCJIM CTPOKH YCIIeIIHO 3a0JIOKUPOBaHbl, U3MEHUTh UJIK YHaJIUTh UxX. Hanpumep:

| => BEGIN;

| BEGIN

| => SELECT * FROM accounts WHERE acc_no = 1 FOR UPDATE NOWAIT;



| ERROR: could not obtain lock on row in relation "accounts”

CHOBa TyT Ke IIoIy4aeM OIMOKY - CTpoKa yKe 3abimokuposaHa. Ho npu ycnexe SELECT ... FOR UPDATE B aTo#t
TpaH3aKIMKU MOXKHO OBLIO OBl lajiee U3MeHSTh 3a0JI0OKUPOBAHHYIO CTPOKY.

| => ROLLBACK;
| ROLLBACK

Ipyro# monxon K GIIOKMPOBKE CTPOK npenocTasisieT npennoxenue SKIP LOCKED. 3anpocuM GJI0KHPOBKY OOHOMN CTPOKH,
He yKa3bIiBasi KOHKPETHHIM HOMEpP cYeTa:

| => BEGIN;
| BEGIN

=> SELECT * FROM accounts ORDER BY acc_no
FOR UPDATE SKIP LOCKED LIMIT 1;

acc_no | amount

B aToM cnygae KOMaHAa MIPOIMyCKaeT yKe 3a6JI0KMPOBAHHYIO IIEPBYIO CTPOKY U MBI HEMEJIEHHO IT0oJIy4yaeM GJIOKUPOBKY
BTOPOM CTPOKHU. DTOT IIPUEM yKe HCIIOIH30BaJICS B IPAKTUKE TeMbI « OUNCTKa» MPHU BEIOOPE ITaKeTa CTPOK OISt
obrnoBneHus. Ee ogHO IpuMeHeHNe — B OPraHU3aluH odepeniell — Oy[eT pacCMOTPEHO B TeMe «ACUHXPOHHAasS
o6paboTKa».

| => ROLLBACK;

|  ROLLBACK

I71s1 KOMaH[I, He CBSI3aHHHEIX C OJIOKMPOBKOM CTPOK, MCcIonb30BaTh NOWAIT He monyduTcsi. B 3TOM ciiydae MOXHO
YCTAHOBUTHL HEOOJIBIIION TaWMayT OKHUAAHUs (II0 YMOJTYAHUIO OH He 3a[laH U OXugaHue O0ymeT 6€CKOHEUHBIM):

| => SET lock_timeout = 'ls';

| SET

| => ALTER TABLE accounts DROP COLUMN amount;

| ERROR: canceling statement due to lock timeout

TNonmyyaeM omubKy 6e3 IIUTENTBHOTO OXKHUAaHNUS 0CBOOOKIEHHUS pecypca.
| => RESET lock_timeout;

| RESET

=> ROLLBACK;

ROLLBACK



«Ouepenb» oXxXnagaHus Pos{gres

:
xid 101

Share

Xmin xmax

(0,1) | 100 | 101

yAepxuBaeT
pasgensiemyto
6noKNpOBKY
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Ana adodpekTMBHOM opraHm3saLmm odepenm OXnagaHusa Ucnosib3yeTca
MexaHn3M 6/10KMPOBOK 06LEKTOB, NPU 3TOM MHJIOPMaLNA XpaHUTCA
B onepaTuBHOM NamATn 1 BugHa B pg_locks.

Jonyctum, TpaH3akuun ¢ Homepom 101 yaanocb 3ab10KMpoBaTb CTPOKY
B pasgensemMom pexume Share. ViHthopmaums 0 6/10KMpPOBKe 3anncbiBaeTcs

B 3aro/i0BOK BEPCUN CTPOKN — B NoJsie Xmax nodaBndeTrcd HOMep 3TOM
TpaH3aKynn.



o)) PROFESSIONAL

«Ouepenb» oXxXnagaHus Pos{gres

@ A
tuple 0,1 xid 101

Share

Xmin xmax

xaet
3aBepLUEeHNs]
T101

(0,1) | 100 | 101
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Apyras TpaH3akuma 102, xenaa nonyynTb 6/10KMPOBKY, obpatlaeTcs

K CTPOKE 1 BUAWT, YTO CTPOKa Y>Xe 3abnokuposaHa. Ecnv pexvmel
610KMPOBOK KOHD/IMKTYIOT, TpaH3akuma 102 fosmkHa BCTaTb B ovepesb,
4yTOObI CUCTEMA «pa3dyanna» ee, korga 6/10KMpoBka ocBo60aMTCS.

[MOCKONbKY Kaxkaas TpaH3akunsa yaepXnsaeT NUCKITIOUMTENbHYI0 G/10KMPOBKY
CBOEro Homepa, TpaH3akuua 102 3anpawmnsaeT 6/10KMPOBKY HOMepa
TpaH3akymn 101, 4Tobbl A0XKAATLCA ee 3aBepLUeHuns.

Kpome Toro, oxugarowasa TpaH3akumnsa yaepxmnsaet 6/10KMPOBKY YC/TOBHOMO
pecypca Tuna tuple (Bepcua cTpokun), nokasbiBas, YTO OHa nepsas
B «o4epeam».



o)) PROFESSIONAL

«Ouepenb» oXxXnagaHus Pos{gres

nepBblii
B O4epean CTouT
B TamGype

® |

Update a a
@ tuple 0,1 xid 101
Update Update Share
Xmin - xmax

Update
(0,1) | 100 | 101
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Ecnn nosaBnsoTca gpyrne TpaH3akumm, KOHANKTYIOWKWeE € TeKyLel
G/10KMPOBKOI BEPCUN CTPOKM (B Hawlem npumepe — 112, 122, 132), nepsBbIM
[ENOM OHU NbITAOTCA 3axXBaTUTb 6/10KMPOBKY TuMa tuple ansa aton Bepcumn.

[MockonbKy 6/10KMpOBKa tuple yxe yaepxmnsaetca TpaH3lakumen 102, apyrue
TpaH3aKUMn XAyT 0CBOOOXAEHNA 3TO 6/10KMPOBKKU. MoyyaeTcs
cBoeobpasHas «ouepenb», B KOTOPOW ecTb rnepsbil U BCe ocma/ibHbIE.

Ecnn 6bl BCe npubbiBaroLLmMe TpaH3akumMm 3aHMMasin odepeb
HenocpeACcTBEHHO 3a TpaH3akuueil 101, npn ocBO60XAEHNN GTOKUPOBKK
BO3HMKasa Obl cUTyauuns roHku. MNpu Heyaa4yHoOM cTedeHUn 06CTOATENLCTB
TpaH3akuma 102 morna 6bl xaaTb 6/10KMPOBKY BEYHO. [1ByXypoBHEBas
cxema 6/10KMpoBaHUA HEMHOTO yrnopsAo4YmBaeT Nnogo6HYH KOHKYPEHUMIO.

CTouT n3beratb NPOEKTHbIX PELUEHNIA, KOTOpblE NpeanoaarakT MaccoBble
N3MEHEHNS OHOWN 1 TOW Xe CTPOKN. B 3TOM cnyyae BO3HMKaET «ropsiyas
TOUYKa», KOTopas Ha BbICOKMX Harpy3kax MOXET NPUBECTU K CH/KEHUIO
NpOn3BOAUTENBHOCTMN.



o)) PROFESSIONAL

«Ouepenb» oXxXnagaHus Pos{gres

«MHe TO/IbKO
CNpoCnUTL»

@ .

d
Update a a Share
tuple 0,1 xid 101
Update Update Share > 101 Share
, / 133 Share
Xmin xmax

Update
P ©1) 100 | ..
|
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B Hawem npumepe TpaH3akuma 101 3abnoknpoBana CTPOKY B pasneniemMom
(Share) pexume. MNoka TpaH3akumna 102 oxmaaeT 3aBeplUeHns TpaH3akLnm
101, MmoXeT NosABUTbLCA eLle TpaH3akuma 133, xenarwLas nonyynTb
G10KMPOBKY CTPOKM B pa3oe/iieMoOM pexnme, COBMECTUMOM C TeKyLel
610KMpOBKOW TpaH3akuun 101.

Takasi TpaH3akUMsa He CTOUT B o4epeam, OHa cpasy nosyyaet 6/10KMPOBKY.

B aTOM c/lydae Cnmcok HOMEPOB G/10KMPYIOLLIMX TpaH3aKLuiA OyaeT BbIHECEH
B My/IbmumpaH3akyuro, a B Nnosie Xmax CTPOKU 3anuiieTcst HoMep 3Tol
MYNbTUTPaH3aKLUN.



o)) PROFESSIONAL

«Ouepenb» oXxXnagaHus Pos{gres

Update a a
@ tuple 0,1 @ xid 133 @

Share

Xmin xmax

Tenepb XaeT
3aBepLUeHNs
T 133

(0,1) | 100 | 133
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Korpga TpaH3akumsa 101 3aBepwumntcs, TpaH3akums 102 oyaet pa3byxeHa,
HO He CMOXET 3axBaTuTb BTOKMPOBKY CTPOKM, MOCKOSbKY CTPOKa BCe eLle
3abnoknpoBaHa TpaH3akumeit 133. TpaH3akuua 102 6yaeT BbIHYXAeHa
CHOBA «3aCHYTb».

PostgreSQL ucnonb3yeT pasgensieMble 6/10KMPOBKM A1 BHYTPEHHUX HYXA,
B YaCTHOCTM, NPX NPOBEPKE BHELLHUX K/oYei. B npuknagHoM Kofe MOXHO
SIBHO 3aMpocuTb pasaensieMyto 6/10KMPOBKY C MOMOLLbIO KOMaHpb!

SELECT ... FOR SHARE nnn SELECT ... FOR KEY SHARE.

OpfHako criefyeT NOMHUTb, YTO NPKU NOCTOSAHHOM MOTOKE pa3aenseMbIx
6/10KMPOBOK NULLYLLIAA TPaH3akUmMs B XyALeM cyvyae MOXET XAaTb CBOEN
oyepean 6eCKOHeYHOo. dTa cUTyaunsa HasbiBaeTcAa Nno-aHrninckn locker
starvation.

3ameTumM, YTO Takoi NPo6NEMbI B MPUHLMME HE BO3HMKAET Npu G10KMPOBKax
0O6BLEKTOB (TakuX, Kak OTHOLLUEHMS). B 3TOM cryyae Kaxapblil pecypc
npeacTaBfieH COOCTBEHHOWN B/TOKMPOBKOM B ONepaTnBHON NaMATU N BCe
XAYLIME NPOLECCHI BbICTPanMBaKOTCSA B «4ECTHYHO» OUYepeb.

https://qit.postgresql.org/gitweb/?p=postgresql.git;a=blob;f=src/backend/acc
ess/heap/README .tuplock;hb=HEAD




o)) PROFESSIONAL

«Ouepenb» oXxXnagaHus Pos{gres

Update a a
@ tuple 0,1 xid 102

Update Update
Update P

Xmin xmax

(0,1) | 100 | 102

yAepxuBaeT
UCKNIOUNTENTbHYIO
610KNPOBKY
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Korga TpaH3akuma 133 3aBepumntca, TpaHsakumsa 102 noayymuTt BO3SMOXHOCTb
NnepBoi 3anncaTb CBOW HOMepP B Nosie xmax, Noc/ie Yero oHa ocso6oanT
6n0oKnpoBKY tuple. Torga ogHa cnyvanHas TpaH3akumsa U3 8CeX 0CmaslbHbIX
yCreeT 3axBaTuTb G/1IOKMPOBKY tuple n cTtaHeT nepsol B «ouepeans.



«Ouepeab» OKHIAHUSA

HaumHaeM TpaH3aKIIUIO U OOHOBIISIEM CTPOKY.

=> BEGIN;

BEGIN

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

UPDATE 1

Bynem cMOTpeTh TOJIBKO Ha OJIOKUPOBKYU, CBSI3aHHBIE C HOMEepPaMU TPaH3aKUIUY U BePCUSIMU CTPOK:

=> SELECT pid, locktype, page, tuple, transactionid AS xid,
mode, granted

FROM pg_locks WHERE locktype IN ('transactionid','tuple')

ORDER BY pid, granted DESC, locktype;

pid | locktype | page | tuple | xid | mode | granted
------- T L r TR e LT
73027 | transactionid | | | 829 | ExclusivelLock | t
(1 row)

[Ipyrast TpaH3aKIUs [IEITAETCS OOHOBUTH TY K€ CTPOKY:

| => BEGIN;

| BEGIN

| => UPDATE accounts SET amount = amount + 100.00 WHERE acc_no = 1;
Kaxkue IIPHU 3TOM BO3HUKAIOT 6J'IOKI/Ip0BKI/I?

=> SELECT pid, locktype, page, tuple, transactionid AS xid,
mode, granted

FROM pg_locks WHERE locktype IN ('transactionid', 'tuple')

ORDER BY pid, granted DESC, locktype;

pid | locktype | page | tuple | xid | mode | granted
------- B e S S e L SR
73027 | transactionid | | | 829 | Exclusivelock | t
73071 | transactionid | | | 830 | Exclusivelock | t
73071 | tuple | 0 | 1 | Exclusivelock | t
73071 | transactionid | | | 829 | ShareLock | f
(4 rows)

TpaH3akuusa 3axBaTuia OJIOKMPOBKY, CBI3aHHYIO C Bepcuel CTpoku 1 Ha cTpanuile 0, ¥ XKOET 3aBepILIeHUs IePBOH
TPaH3aKIUHU:

=> SELECT pid, pg_blocking_pids(pid) FROM pg_stat_activity
WHERE pid IN (73027,73071) ORDER BY pid;

pid | pg_blocking pids

73027 | {}
73071 | {73027}
(2 rows)

Temneps crepyrolast TpaH3aKIus IHITAETCSI 0OOHOBUTE Ty K€ CTPOKY:

| => BEGIN;

|  BEGIN

| => UPDATE accounts SET amount = amount + 100.00 WHERE acc_no = 1;
Yro yBupuM B pg locks Ha aToT pas?

=> SELECT pid, locktype, page, tuple, transactionid AS xid,
mode, granted

FROM pg_locks WHERE locktype IN ('transactionid', 'tuple')

ORDER BY pid, granted DESC, locktype;



pid | locktype | page | tuple | xid | mode | granted
------- B e S S e L SR
73027 | transactionid | | | 829 | Exclusivelock | t
73071 | transactionid | | | 830 | Exclusivelock | t
73071 | tuple | | 1 | Exclusivelock | t
73071 | transactionid | | | 829 | ShareLock | f
73459 | transactionid | | | 831 | Exclusivelock | t
73459 | tuple | 0 | 1| | Exclusivelock | f
(6 rows)

TpaH3akIius BCTajla B 0Yepenb 3a 6JI0KUPOBKOM BEPCUU CTPOKH, 0Yepenb BhIPOCIIa:

=> SELECT pid, pg_blocking_pids(pid) FROM pg_stat_activity
WHERE pid IN (73027,73071,73459) ORDER BY pid;

| pg_blocking pids

73027 | {}
73071 | {73027}
73459 | {73071}
(3 rows)

Ecnu Teneps nepBas TPaH3aKIMs yCIEIIHO 3aBeplIaeTcsl.. .
=> COMMIT;

COMMIT

| UPDATE 1
...eenoniHszeTcss UPDATE u nepBasi BepcUsl CTAHOBUTCSI HeaKTyaJlbHOM.

=> SELECT pid, locktype, page, tuple, transactionid AS xid,
mode, granted

FROM pg_locks WHERE locktype IN ('transactionid', 'tuple')

ORDER BY pid, granted DESC, locktype;

locktype | page | tuple | xid | mode | granted
------- B e S S e L SR
73071 | transactionid | | | 830 | Exclusivelock | t

73459 | transactionid | | | 831 | Exclusivelock | t

73459 | transactionid | | | 830 | ShareLock | f

(3 rows)

Bce TPaH3aKI¥uX, KOTOPBIE CTOAIU B o4epenu, 6yJIyT Telnepb O2KUJaTh 3aBEPIIEHUA BTOpOﬁ TPaH3aKIuu — U 6yﬂyT
OGpaﬁaTBIBaTLCH B IIPOXU3BOJIBHOM IIOpPAOKE. BoT Kak BEITISOUT o4yepenb B HallleM Cliy4dae:

=> SELECT pid, pg_blocking_pids(pid) FROM pg_stat_activity
WHERE pid IN (73071,73459) ORDER BY pid;

| pg blocking pids

73071 | {}
73459 | {73071}
(2 rows)

| => coMMIT;

COMMIT

| UPDATE 1
| => commIT;

| commIT



ITormn Pogga’??é

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

XPaHATCA B paBAEHHEMOﬁ MaMATHU CePBEPA
HMeeTCd MeXaHHU3M O‘—IEPE,Z[Eﬁ

BJ/IOKMPOBKM CTPOK peasii30BaHbl MHAUe
XPaHSTCSl B CTPAHMUIIAX JJaHHBIX U3-3a MOTeHLMaIbHO OO/BIIOTO KOMMYecTBa
WCTIO/NB3YIOT B/IOKMPOBKY YPOBHSI 00bEKTOB /IJIs1 OpPraHK3al[U «Ouepein»
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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. TlocmoTtpuTe, Kak B ripeficTaBieHun pg_locks oToOparkaroTcst
peKoMeH 1aTe/IbHbIe OJIOKUPOBKHU.

3. Yb6emuTech Ha MPaKTHKe, UTO IMPOBEPKA BHEIITHETO K/THoua
1 0OHOBJIEHHE CTPOKU MOTYT BBITIOJTHATHCSI OTHOBPEMEHHO.
V3yurTe BO3HUKAFOII[ME TIPH 3TOM OJIOKMPOBKH YPOBHS CTPOKHU.

4. Bocrnpou3sBeanTe CUTYALUIO 83aUMOO/10KUPOBKU IBYX
TpaH3aKIIMii ¥ TIPOBEPLTe, Kak OHa 00pabaThIBaeTCst CEPBEPOM.

23

2. PekomeHpaTenbHble 6/10KMPOBKN YNOMUHaINCL B TeMe «O6paboTka
own60ok» Kypca DEV1.

https://postgrespro.ru/docs/postgresql/16/functions-admin#FUNCTIONS-AD
VISORY-LOCKS

MocmoTpuTe BCe CTONOUbI NpeacTasneHus pg_locks, 4to6bl onpeaennTb,
B KAKOM 13 HUX OTObpaxaeTcs ngeHTndukarop pecypca.

3. NS aToro noTpebyeTcs co3aaTth ABe Tabnulbl, CBS3aHHbIE
OrpaHMyYeHneM BHELLHErO K/oua.

[na aHannsa 6/10KMPOBOK MCMNOMb3YiTe paclumpeHne pgrowlocks.

4. Bzanmo6/10K1MpoBKa ABYyX TpaH3aKLUMii BO3HMKAET, Korga

* nepBasl TpaH3aKUUS yaepXuBaeT 6/10KMPOBKY 0OBEKTOB, HEOOXOANMbIX
BTOPOI TpaH3aKUMn A1 NpoAo/IHKEHUS paboThl,

* BTOpasl TpaH3aKUUS yaepXnBaeT 6/10KMPOBKY 0O0bEKTOB, HEOOXOANMbIX
NepBoii TpaH3aKUUN A5 NPOAC/IKEHMS PaboThI.

B 06wem cnyyae MOXeET Npon3onTn B3auMoO/10KMpoBKa 60/1ee Yyem AByX
TpaH3aKLnia.



1. BIOKMPOBKH IIPH YTE€HHUH CTPOKH 110 NIEPBUYHOMY KITIOUY

=> CREATE DATABASE arch_locks;

CREATE DATABASE

=> \c arch_locks

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

pg_backend pid

Co3panguM TabIuly Kak B JEMOHCTPALIUH:

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

=> INSERT INTO accounts VALUES (1,100.600), (2,200.00), (3,300.00);
INSERT 0 3

TIpouynTaem CTPOKy, Ha4yaB TPaH3aKIUIO:

| => \c arch_locks

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

| => SELECT pg_backend_pid();

pg_backend pid

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

acc_no | amount
________ L S,

1 | 100.00
(1 row)

BIOKMPOBKY BKJIIOYAIOT OJIOKUPOBKY MHEKCA, TOANEePKUBAIOLIET0 OTPAaHUYEHNE IEPBUYHOTO K/II04a, B peXXuUMe AcCCess
Share:

=> SELECT locktype, relation::REGCLASS, virtualxid AS virtxid,
transactionid AS xid, mode, granted

FROM pg_locks

WHERE pid = 113603;

locktype | relation | virtxid | xid | mode | granted
------------ B S et e S
relation | accounts pkey | | | AccessSharelLock | t
relation | accounts | | | AccessSharelLock | t
virtualxid | | 3/15 | | Exclusivelock | t
(3 rows)
| => comMmIT;
| commIT

2. PekoMeHOaTeIbHbIE OJIOKHPOBKH

3axBaTUM PeKOMeHOaTeNIbHyI0 OJIOKMPOBKY YPOBHS ceaHca:
| => BEGIN;

| BEGIN



| => SELECT pg_advisory_lock(42);

pg_advisory lock

Brnokuposka:

=> SELECT locktype, virtualxid AS virtxid, objid, mode, granted
FROM pg_locks
WHERE pid = 113603;

locktype | virtxid |
------------ R e e R
virtualxid | 3/16 | | Exclusivelock | t
advisory | | 42 | Exclusivelock | t
(2 rows)

Upentudukatop pecypca s 6JI0KHpoBKH Tumia advisory oto6pazxaetcst B cTonbue objid.
| => commIT;

| commIT
3. IIpoBepKa BHEUTHEr 0 KJI4da

HaMm norago6uTCst pacmupeHue Ay aHanu3a 6JI0KIPOBOK Ha YPOBHE CTPOK:
=> CREATE EXTENSION pgrowlocks;

CREATE EXTENSION

Co3panuM TabIuIly KJIMEeHTOB:

=> CREATE TABLE clients(
client_id integer PRIMARY KEY,
name text

)i

CREATE TABLE

=> INSERT INTO clients VALUES (10, 'alice'), (20,'bob');

INSERT 0 2

B Tabmuily cueToB moOAaBUM CTOJIGEI] Ay HAeHTU(DUKATOpa KIIUEeHTa U BHEITHUH KITI0Y:

=> ALTER TABLE accounts
ADD client_id integer REFERENCES clients(client_id);

ALTER TABLE

BHyTpH TpaH3aKINy BHIIOITHIM KaKoe-HUOYAb OelCTBHUE C TaOIuIeld CIeTOB, BEI3HIBAIOIIEE IIPOBEPKY BHEIIIHETO KITI0YA.
Hamnpumep, BCTaBuUM CTPOKY:

| => BEGIN;
| BEGIN

=> INSERT INTO accounts(acc_no, amount, client_id)
VALUES (4,400.00,20);

| INSERT 0 1
IIpoBepKa BHEIIHET0 KjIlo4a IPUBOIUT K IIOSIBJIEHUI0 OIIOKUPOBKY CTPOKYU B Tabnulle KIUeHTOB B pexuMe KeyShare:

=> SELECT * FROM pgrowlocks('clients') \gx

-[ RECORD 1 J-----------------
locked row | (0,2)

locker | 822

multi | f

xids | {822}

modes | {"For Key Share"}
pids | {113603}

9TO He MeIaeT U3MEHATh HEK/TIOUEBEIe CTOIOIIE 9TOH CTPOKHU:
=> UPDATE clients SET name = 'brian' WHERE client_id = 20;

UPDATE 1



| => comMmIT;

| commIT

4. B3auMo00/I0KHPOBKA IBYX TPaH3aKIUHA

OOBIYHAS IIPUYHWHA BOSHUKHOBEHUA BSaI/IMOGHOKI/IpOBOK — paSHBIfI IIOPAOOK 6J'IOKI/Ip0BaHI/I5{ CTPOK TE16J'II/I].I B IIPUJIOZKEHUH.

[TepBas TpaH3aknus HaMepeHa nepeHectu 100 py6ieil c mepBoro cyeTa Ha BTOPOH. [IJIs1 9TOTO OHA CHadasla YMeHbIIaeT
TIIePBHIM CYET:

=> BEGIN;

BEGIN

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

B aT0 xe BpeMs BTOpasl TpaH3aKIKs HaMepeHa nepeHectu 10 py6iei co BToporo cyeta Ha nepBhlii. OHa HAYMHAET C TOTO,
YTO yMEeHbIIaeT BTOPOU CYET:

| => BEGIN;
| BEGIN

| => UPDATE accounts SET amount = amount - 10.00 WHERE acc_no

n
N

| UPDATE 1

Teneps nepBas TpaH3aKLUUs NBITAETCS YBEIMUYUTL BTOPOU CYET...

=> UPDATE accounts SET amount = amount + 100.00 WHERE acc_no = 2;
...HO 00HapyKHUBaeT, 4YTO CTPOKa 3a6I0KUpOBaHa.

3aTreM BTOpPas TPAH3aKIUsA IIBITAETCA YBEJIUYUTH HepBLIfI cHer...

| => UPDATE accounts SET amount = amount + 10.00 WHERE acc_no

n
=

...HO ToXe GJIOKUPYETCS.

BO3HUKAET IUKINYEeCKOoe 0KUJaHKe, KOTOPOoe HUKOTHA He 3aBepUIUTCs caMo 110 cebe. [ToaToMy eciiu Kakasi-mu6o
GJIOKMPOBKA He IIOJIydeHa 3a BpeMs, yKa3aHHoe B mapameTpe deadlock timeout (1o ymonuanuio — 1 cekyHOa), cepBep
TIPOBepsieT HaJIMYHe [IUKIIOB 0XKuAaHusi. OOHAPyKUB TAaKOH IIMKJI, OH IPEPHIBAET OOHY U3 TPAH3AKIMH, YTOOB OCTAIbHEIE
MOTJIY IPOOOJIKUTE PaboTy.

ERROR: deadlock detected

DETAIL: Process 113603 waits for ShareLock on transaction 824; blocked by process 113470.
Process 113470 waits for ShareLock on transaction 825; blocked by process 113603.

HINT: See server log for query details.

CONTEXT: while updating tuple (0,1) in relation "accounts"

UPDATE 1
=> COMMIT;
COMMIT

| => comMmIT;
|  ROLLBACK

B3auM06I0KUPOBKY OOLIYHO 03HAYAIOT, YTO IIPUJIOKEHNE CIIPOEKTUPOBAHO HellpaBUIbHO. [IpaBUIBHEIN c10CO0
BBIIIOJIHEHUS TaKUX OIlepalnii — GJIOKMPOBaHUE PECYPCOB B OMHOM M TOM Ke Iopsinke. Hanmpumep, B faHHOM Cliydae
MOKHO GJIOKMPOBATh CYETa B MOPSIAKE BO3PACTAHUS UX HOMEPOB.

TeMm He MeHee B3aMMOOJIOKMPOBKYM MOTYT BO3HHUKATh U ITPU HOPMaJIbHOU paboTe (HampuMep, MOTYT
B3auMo03a0J10KupoBaThecs ABe KoMauasl UPDATE omHO# u TO¥ ke Tabmuibl). Ho 93TO OUYeHb peiKue CUTYalllu.



