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Tembl Posigres

Oo61jas nHdopMarys o 6/I0KMPOBKax
BIOKMPOBKY OTHOILLIEHUH U JPYTUX 0ObEKTOB

B/I0KMPOBKU Ha YPOBHE CTPOK
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BnoknpoBku Pos{gres

3ajjaua: ynopsijoueHrue KOHKYPeHTHOTrO JOCTyTia
K pa3jesisieMbIM pecypcam

MexaHu3sm

riepei 0OpallieHreM K JaHHBIM TPOLIeCC 3aXBaThIBaeT GI0KUPOBKY
riocsie obparrieHns — 0CBOOOKaeT (0OBIYHO B KOHI[E TPAH3AKLIH)
HEeCOBMeCTHUMbIe OJIOKMPOBKH TIPUBO/SAT K OUepe/isiMm

BNOKMPOBKN UCMOMb3YHTCA, UTOBbI YNOPAA0UNTL KOHKYPEHTHBIN J0CTYN
K pasaensiemMmbiM pecypcam.

Mo, KOHKYPEHTHbIM AOCTYNOM NOHMMAETCS OHOBPEMEHHbIN AOCTY
HEeCKO/IbKMX npoueccoB. Camu NPOLECChl MOTYT BbINOMHATLCS Kak
napannenbHo (ecnu NO3BOMISIET annaparypa), Tak 1 NocneaoBaTeNbHo
B PeX1Me pasfeneHnsi BPEMEHW.

BNOKMPOBKN HE HYXHbI, €C/IM HET KOHKYpeHUun (OAHOBPEMEHHO K AaHHbIM
ob6palyaeTca TO/IbKO O4UH NPOLECC) UM ec/iv HET pasfensemMoro pecypca
(Hanpumep, o06LWKiA BydoepHbIl Kell HYXaaeTca B G/TOKMPOBKaXx,

a NNoKaJsIbHbI — HET).

Mepen Tem, Kak 06paTUTLCA K pecypcy, 3aumueHHOMY 6/10KMPOBKOIA,
npoLecc AOo/MKeH 3axBaTuTb 3Ty 6/10KMPOBKY. ocie Toro, Kak pecypc
G0/bLLE He HYXEH npoLieccy, OH 0CBOO6OXAaeT 6/10KMPOBKY, YTOObI
pecypcomM MOr/I1 BOCMNO/b30BaTbLCA APYrne npoLecchl.

3axBaT 6/10KMPOBKN BO3MOXEH HE BCEr[a: pecypc MOXeT oKa3aTbCsl yXe
3aHATbIM KEM-TO PYrM B HECOBMECTMMOM pexunme. B npoctom cnyydae
MCNOMb3YIOT ABa pPexmma: UCKNHYNTENbHbIA (HECOBMECTUM HU C YEeM) U

pasgensembii (COBMECTUM cam € co601). HO nx MOXeT ObITb 1 60/bLUE,
B 3TOM C/ly4ae COBMECTMMOCTb Onpeaensercsa MaTpuLei.

Ecnu pecypc 3aHAT, NpoLecc AO/DKEH BCTaTb B oyepenb oXxugaHua. 310,
KOHEYHO, YMEeHbLUAEeT NPonU3BOAUTENIBHOCTL CUCTEMBI. [To3aTOMYy A4
CO3/1aHns BbICOKO3(PMPEKTMBHbBIX NPUMTOXEHUIA BaXKHO MOHMMATb MeXaHu3M
G/TOKNPOBOK.



B/I0KMPOBK/ 06BEKTOB Wres

B/10KMpOBKM HOMepa TpaH3aKLUuU
B/IOKMUPOBKM OTHOLIIEHUH

Ouepenb OKUAAHUS

N3 Bcero MHoroo6pasusi 6510KMPOBOK HA YPOBHE 0OBLEKTOB Mbl PACCMOTPUM
TO/IbKO G/TI0KMPOBKN HOMEepPa TPaH3aKUun 1 GI0KMPOBKN OTHOLLEHMWIA.

Ewe ognH Bua 610KMPOBOK TOTO Xe Tuna — pekoMeHaartesibHble
G/10KNPOBKN — paccmarpusaeTcs B kypce DEV1.
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Homep TpaH3aKuuu Pos{gres

Tumnel pecypcoB B pg_locks

virtualxid — BUpTya/ibHbIIi HOMEp TpaH3aKLH
transactionid — Homep TpaH3aKLWH

PexxuiMbl

VICK/TFOUMTE/TbHBIN
pasziesisieMbli

TpaHBaKL[I/II/I YAEPKUBAOT UCK/TFOUHUTEJIbHYHO 6J'IOKI/IpOBKy
CcOOCTBEHHOTO HOMepa

Cr1ocob /0K/JaThCs 3aBepILeHus TPaH3aKIU1

PaccmoTpeHune 6/10KMPOBOK Ha YPOBHE OOBEKTOB («OObIYHbIEY, «TAXKESbIE»
G/TOKNPOBKN) Mbl HA4YHEM C 6/10KMPOBOK HOMepa TpaH3aKLUun.

BNoKMPOBKM 06BLEKTOB pacrosiaraloTcsa B 06LLEN NaMATn cepBepa, No3ToMy
Nx obLee KoNMYeCcTBO OrpaHnyeHo. Bece Takme 6/10KMPOBKM MOXHO
MOCMOTPETL B NpeacTaBieHnn pg_locks: OHW yCTPOEeHbl 04MHaKOBO U
OT/INYAOTCA TOMBLKO TUMOM pecypca U pexmMmamn 6/10KMpoBaHus.
BNoknMpoBKN HOMepa TpaH3akumMm oTobpaxatoTcs B pg_locks ¢ Tunamm
pecypca Transactionid n Virtualxid.

Kaokgoii TpaH3akuumn npu ctapTe HasHavyaeTcsa cHavyana BUPTYasibHbIi
HOMep, KOTOPbIA NCNOMb3YEeTCs, NoKa TpaH3akuusa ToMbKO YATAEeT AaHHbIe.
9T0 caenaHo Ana ontTumMmsauun. BuptyasbHblil HOMEpP HUKaK He
y4nTbIBAETCA B Npasuiax BUANMOCTU. Kpome Toro, BUPTyasibHbI HOMEpP He
00653aH 6bITb MNO/THOCTbLIO YHUKa/TbHbIM (aHa10TMYHO HOMEPY npolecca

B UniX) 1 ero MoXHo BblaTb ObICTPO, 6€3 0b6palleHns K 06Lein namaTu.

HacToAwmin Homep npuceavBaeTCcs B TOT MOMEHT, KOrga TpaH3akuus
N3MEHSIET Kakme-mbo AaHHble. PeanbHblil YHUKa/IbHbIA HOMEP HY)XXEH,
4yTOObI OTC/MIEXMNBaTb CTaTyc TpaH3akuumn (3admnkcnposaHa nnm obopeaHa);
Takoi HOMep MOXHO 3anncbiBaTb Ha AUCK B NOIAX 3arosloBKka BEPCUiA CTPOK.

Kaxxgasn TpaH3akunsa Bcerga cama yaepXnBaeT UCKIIUMTENIbHYIO
6G10KMPOBKY CBOEro COGCTBEHHOIO HoMepa (M BUPTYaslbHOTO, U — ecnu
€CTb — peasibHOro). 3To AaeT NPOCTOM CNOco6 A0XKAATbLCS OKOHYaHWS
Kakon-nnmobo TpaH3akuuun: Haao 3anpocuTb G/1I0KMPOBKY ee HoMepa.
BNOKMPOBKY MOMYy4YnUTb HE yaacTcs, U npouecc byaet pasby)eH TONbKO
Korga 6/10KMpoBka 0cBo60AMTCS, a NPON30MAET 3TO NPU 3aBEPLLEHUN
TpaH3akuuun.



b1oKHMpoOBKa HOMepa TPaH3aKITUH

=> CREATE DATABASE arch_locks;

CREATE DATABASE

=> \c arch_locks

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

| => \c arch_locks

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

| BEGIN

Ham norago6uTcst HoMep 00CITy2KMBAIOIEero MpoIiecca:

| => SELECT pg_backend_pid();

pg_backend pid

Bce «0OBIYHEIE» GIIOKMPOBKY BUAHE B IpefcTaBneHnu pg locks. Kakve 6I0KMPOBKY yIepKUBAET TOJIBKO YTO HaYaTas
TpaH3aKIusg?

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

FROM pg_locks

WHERE pid = 9312;

locktype | virtxid | xid | mode | granted
------------ B i B S s R
virtualxid | 3/26 | | Exclusivelock | t
(1 row)

e locktype — Tun pecypca,
e mode — pexUM OJIIOKUPOBKH,
e granted — y#anoch JIM MOTyYUTH OJIOKUPOBKY.

Kaxxmolt TpaH3aKIIUU BhIAAETCS BUPTYaIbHEIM HOMED, ¥ TPAH3aKIUs YOEePKUBAET er0 NCKIIIOYUTEILHYIO OJIOKUPOBKY.

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 txid_current();

txid_current

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

FROM pg_locks

WHERE pid = 9312;

locktype | virtxid | xid | mode | granted
--------------- L R R e S
virtualxid | 3/26 | | Exclusivelock | t
transactionid | | 540 | Exclusivelock | t
(2 rows)

Teneps TpaH3aKIUs yoePXKUBaeT UCKIIOUUTEIbHYI0 OJIOKUPOBKY 000HUX HOMEDOB.
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B10KNPOBKM OTHOLLIEHNI Posigres

Tun pecypca B pg_locks
relation — Tab/IULIbI, UHIEKCHI U T. 11.
Pexxumbl
Access Share SELECT
ponyckarot
Row Share SELECT FOR UPDATE/SHARE HapannenbHoe
Row Exclusive UPDATE, DELETE, INSERT zgﬂﬁ::j(“”e
Share Update Exclusive VACUUM, ALTER TABLE, B Tabnmue
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
7

BTOpoii BaxHbIi criyvain 6/10KMPOBOK O6bEKTOB — B/TOKMPOBKN OTHOLLIEHWI
(Tabnuu, MHAEKCOB, nocnegoBaTeibHOCTEN U T. N.). Takne 6/10KMPOBKU
nmetot Tmn Relation B pg_locks.

[Na HUX onpedeneHo Lenbix 8 pasIMyHbIX PEXUMOB, KOTOPbIE NoKasaHbl Ha
cnaiige BMecTe ¢ npuMmepamm kKomaHa SQL, KoTopble UCNO/b3YT 3TU
pexumbl. MaTpuLa COBMECTUMOCTM 3eCb He NoKasaHa 13-3a ee 60/bLLIOro
pasmMepa, HO OHa NpuBeAeHa B AOKYMEHTaLNN:

https://postgrespro.ru/docs/postgresqgl/12/explicit-locking#LOCKING-TABLES

Takoe KONMMYECTBO PEXMMOB CYLLECTBYHOT AN TOro, YTo6bl NO3BOMNTb
BbIMO/IHATbL OAHOBPEMEHHO Kak MOXXHO 60/1bLIEE KONIMYECTBO KOMaHA,
OTHOCSILLMXCS K OAHOW Tabnuue (MHAEKCY 1 T. n.).

CawmbIli cnabblin pexum — Access Share, oH 3axBaTbiBaeTCs KOMaHAOM
SELECT 1 coBMecTuUM C /1106bIM PEXMMOM, KPOME CamMoro CUIbHOro —
Access Exclusive. 9T0 03Ha4yaeT, 4To 3anpoc He MeLlaeT HU ApYyrum
3anpocam, H1M N3MEHEHWNI0 AaHHbIX B Tab/vue, HU YeMy-nnmbo Apyromy, HO He
[aeT, Hanpumep, yaanuTb Tabnvuy B TO BPEMS, Kak U3 Hee YnTatoTc
AaHHbIe.

[pyroii npumep: pexnm Share (kak 1 gpyrne 6onee CUbHbIE PEXNMbI) HE
COBMECTUMbI C U3BMEHEHNEM [aHHbIX B Tabnuue. Hanpumep, kKomaHga
CREATE INDEX 3a6nokupyet komaHabl INSERT, UPDATE v DELETE

(v Hao6opoT). MNoatomy ectb KomaHaa CREATE INDEX CONCURRENTLY,
ncnonb3yowasa pexmm Share Update Exclusive, KOTOpbIn COBMECTUM

C TakMMUN U3MEHEHMAMN (3a CYET 3TOro0 KOMaHa BbINOIHAETCA A0/bLUe).
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Ouepenb oXxnaaHus Pos{gres

YecTHas ouepenb 411 HECOBMECTHUMbIX PeXXHMMOB

Access Share  Access Exclusive Share Row Exclusive
SELECT VACUUM FULL CREATE INDEX UPDATE

B/10KMPOBKM 0GBLEKTOB MPEAoCTaBNSAT «HECTHYHO» oUyepeib OXUaaHus. 3T
03HauaeT, UTo onepauun ¢ HECOBMECTUMbIMI PEXMMaMUN BbiCTPanBatoTCS
B OYepe/lb 1 BHE ouepeamn HUKTO He NPOXOAMUT.

Hanpumep, Ha pucyHke BbinonHaetca komaHaa UPDATE. Onepauyus
CREATE INDEX BcTaeT B o4epefpb, NOCKO/IbKY UCMO/Ib3yeT HECOBMECTUMbIN
pexum. Ecnun cnegom npunget komaHga VACUUM FULL (ncnonb3yowas
CaMblil CUNbHBIN PEXMM, HE COBMECTUMbIA HU C YEM), OHA BCTaHET

B oyepeab 3a CREATE INDEX.

OG6bl4uHbIN 3anpoc SELECT, XO0Tb 1 COBMECTUM C BbIMOJHAKOLLENCA cenvac
komaHgon UPDATE, Toxe yecTHO BcTaHeT B odyepeab 3a VACUUM FULL.

Ha pucyHke TpaH3aKLmu nokasaHbl Kpy>XKamu, CMIOLLIHbIE CTPESKM
0603HaYalT 3axXBaYeHHY GNTOKMPOBKY, a NYHKTUPHbIE CTPE/KN — MOMbITKM
3axBaTuUTb G/IOKMPOBKY, Y)XXe 3aHATYI0 B HECOBMECTMMOM PEXUME.
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Ouepenb oXxnaaHus Pos{gres

YecTHas ouepenb 411 HECOBMECTHUMbIX PeXXHMMOB

Access Share  Access Exclusive Share
SELECT VACUUM FULL CREATE INDEX

Mocne Toro, Kak nepsasi TpaH3akUus 3aBepLuaeTcsi, G/I0OKUPOBKY
3axBaTbiBaET CieayloLllas TpaH3akLusl, CTosilLas B ouepeau.



B/IOKHpPOBKa OTHOLIEHHH

Co3pagum Tabnuny

=> 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 3aBeplltany, IpofoikaeT paboTy. BEIIOTHUM B Hel 3apoc 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 = 9312;

locktype | relation | virtxid | xid | mode | granted
--------------- L s e S e L LT T
relation | accounts | | | AccessSharelLock | t
virtualxid | | 3/26 | | ExclusiveLock | t
transactionid | | | 540 | Exclusivelock | t
(3 rows)

IoGaBunack 6JI0KHPOBKa TabuIlbl B pezxkuMe Access Share. OHa coBMecTrMa C GJIOKMPOBKO¥ JTI060T0 pexkuMa, KpoMme
Access Exclusive, mo3ToMy 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;
KomaHma He BHIIOIHSETCS — KIeT 0CBOOOXKOeHUsT 6IOKUPOBKU. Kakoit?

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

FROM pg_locks

WHERE pid = 9643;

locktype | relation | virtxid | xid | mode | granted
--------------- B T S S e IS PRI
virtualxid | | 4/9 | | Exclusivelock | t
transactionid | | | 543 | Exclusivelock | t
relation | accounts | | | AccessExclusivelock | f
(3 rows)

TpaH3akUus ObITANIach MOJIYyYUTh 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 = 9643;

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

(1 row)

e state — cocTosiHHME: aKTUBHAS TPAH3aKI[Usl, BHIIOJIHSIONIAst KOMaHLy;
e wait event type — Tum oxupaxus: 6;I0KMPOBKa (OLIBAIOT U APYTYe, HAIIPUMED, OXKUOaHUe BBOLA-BEIBOMA);
e wait event — KOHKpeTHOe OXKUJAHUE: OXKUNAHHEe GJIOKUPOBKY OTHOIIEHUS.

MBI MOKeM HaWTu HOMep GJIOKMPYIOIIEro mpoiecca (B 00I1eM Bue — HEeCKOJIbKO HOMEPOB):
=> SELECT pg_blocking_pids(9643);

pg_blocking pids

{9312}
(1 row)

14! IIOCMOTpPETh I/IH(i)OpMaLII/IIO O CeaHcCaX, K KOTOPBIM OHH OTHOCATCA:

=> SELECT * FROM pg_stat_activity
WHERE pid = ANY(pg_blocking_pids(9643)) \gx

[ RECORD 1 J---odmmmmmmmmmm e
datid 16466

datname arch_locks

pid 9312

usesysid 16384

usename student

application name | psql

client addr

client hostname

backend_start 2022-12-09 23:37:11.968141+03
xact_start 2022-12-09 23:37:12.034459+03

2022-12-09 23:37:12.279233+03
2022-12-09 23:37:12.279467+03

query start
state change

wait_event_type Client

wait_event ClientRead

state idle in transaction
backend xid 540

backend xmin

query
backend type

SELECT * FROM accounts;
client backend

+

|

|

|

|

I

|

|

|
client port | -1

I

|

|

|

|

I

|

|

|

I
ITocne 3aBepIIeHUs TPAH3AKIUY BCe OJIOKUPOBKY CHUMAIOTCS U TabIulla ymansieTcs:

| => comMmIT;

COMMIT

[ DROP TABLE
[ => COMMIT;

[ COMMIT



BnOKl/l pOBKM CTpOK (AEPROFESSONAL

P&3,E[€J'IH€MBIE N UCK/TIOUHUTE/IbHbIE 6J'IOKI/IPOBKI/I

«HeuecTHasi» ouepe/ib O)KU/JaHUSI
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BNOKNPOBKN CTPOK Pos{gres

MCHOJI]':BYIOTCH COBMECTHO C MHOIOBEpCHMOHHOCTEIO,
AJId UTeHUA JdHHbIX He Tp66y}OTCH

WHudopmariyst monbko B CTpaHULax JaHHBIX

B OHepaTI/IBHOI‘/JI MMaMATH HUYETro He XPAHUTCA

HEOFpaHI/I‘-IEHHOE KOJ/IM4YEeCTBO

O0J/IBIIIOe YKC/IO He BAUgeT Ha IMMPON3BOAUTE/IbBHOCTDb

WHudpacTpykTypa

ouepeib OXKWaHKWA OPraHr30BaHa C IIOMOIIBIO 6J'IOKI/IpOBOK 00BLEeKTOB

12

Bnarogapsi MHOroBepPCUOHHOCTU, G/TOKMPOBKM YPOBHSI CTPOK HY)XXHbI TO/bKO
NpY N3MEHEHUN AaHHbIX (MM ANs TOro, YTo6bl He AONYCTUTb U3MEHEHMS),
HO HE HYXXHbl NPV 06bIYHOM YTEHUMN.

Ecnu B cnyyae 6/10KMPOBOK 06 LEKTOB KaX/blii pecypc npeactasieH
COGCTBEHHOW G/T0KMPOBKOI B ONepaTuBHON NaMsaT, TO CO CTPOKaMu Tak He
noslyyaeTcs: oTaeNnbHasi 6/I0KMPOBKa A5 KaK Aol TabMYHOM CTPOKK
(KOTOPbIX MOTYT ObITb MU/I/IMOHBLI U MUNIMAPAbI) NOTPEOYET HEMOMEPHbIX
HaKNaHbIX PacxoA0B U OrPOMHOI0 06bema ornepaTMBHON NamsATK.

OAMH M3BECTHbIN BapyaHT peLLeHnst COCTOUT B MOBbILLEHUN YPOBHS: €C/Nn
yxe 3abnoknposaHo N cTpok Tabnuubl, To Npy 6/10KMPOBKE eLle OfHOM
61oKMpyeTca BcA Tabnuua Lenmkom, a 6/10KMPOBKN Ha YPOBHE CTPOK
CHUMatoTcA. Ho B aTOM cniyyae cTpagaeTt nponyckHas CnocOOHOCTb.

Moatomy B PostgreSQL caenaHo nHadve. VIHhopmaumus o ToM, YTO CTpoKa
3ab/10kMpoBaHa, XpaHUTCs TONbKO U UCKNHUNTENBHO B BEPCUM CTPOKK
BHYTPM CTpaHuLbl AaHHbIX. TaM OHa npeacras/ieHa HoOMepoM 6/10KMpyoLLen
TpaH3akumMn (Xxmax) u 4oNoSIHNTENbHLIMU MHPOPMaLVOHHBbIMY BUTaMW.

3a cyeT 3Toro MoXeT 6bITb HEOrPaHNYEHHOE KONMMYECTBO G/T0KMPOBOK
YPOBHSI CTPOKM. DTO HE NPUBOAUT K NOTPEBIEHNIO KaKNX-/TMB0 PECYPCOB
N HE CHXAET NPOU3BOANTENBHOCTL CUCTEMBI.

O6paTtHas CTopoHa Takoro noAxoAa — C/I0XHOCTb OpraHm3aLmy odepeau
oXuaaHus. [1na aToro Bce-Takum NPUXoAnTCa UCNob30BaTb G/10KMPOBKU
YPOBHS 06BLEKTOB, HO yAaeTcs 060MTUCb O4EHb HEOBOILLLMM UX
KO/IM4ecTBOM (NPONOPLUNOHasIbHBIM YNC/TY NMPOLLECCOB, a He yucny
3a6/10KMPOBaHHbLIX CTPOK).
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BNOKNPOBKN CTPOK Pos{gres

PexxuiMbl

Update — yzianeHre CTPOKU WM U3MeHeHMe BceX IoJiei

No Key Update — n3meHeHue /It00BIX 10JIeH, KpOMe K/TFOUeBbIX
Share — 3ampeT u3MeHeHus1 JIFOOBIX TIO/IeH CTPOKU

Key Share — 3anpeT v3MeHeHUs1 K/THOUeBBIX 110Jiell CTPOKU

Key No Key
Share =~ Share Update Update
Key Share X
pasgensieMble
Share X X
No Key Update X X X }
UCKMOYUTENTbHbIE
Update X X X X
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Bcero cyulecTtsyeT 4 pexuma, B KOTOPbIX MOXHO 3a6/10KMpoBaTb CTPOKY
(B BEPCUUN CTPOKM PEXMM MPOCTAB/AETCA C MOMOLLbIO A0MO/THUTENbHbIX
NHPOPMaLNOHHLIX BUTOB).

[lBa pexuma npefcTaB/isgloT UCKOUUTENIbHbIE (exclusive) 610KMPOBKY,
KOTOpble OAHOBPEMEHHO MOXET yAepXnBaTb TO/IbKO OfHA TpaH3aKLUuA.
Pexxum UPDATE npegnonaraet nosiHoe nsMmeHeHue (Mnuv ygasneHune) CTPOKMU,
a pexum NO KEY UPDATE — n3MeHeHune TO/bKO TeX Mosiein, KoTopble He
BXOOAT B YHUKaJ/IbHblE UHAEKCHI (MHbIMW C/I0OBaMU, NMPU TaKOM U3MEHEHUN
BCE BHELLHWE KU ocTaroTca 6e3 nameHeHunil). Komanga UPDATE cama
BblOMpaeT MMHUMaUTbHbI NOAXOAALNIA PEXNM B/TOKUPOBKU; OObIYHO CTPOKM
o6nokmpytotca B pexume NO KEY UPDATE.

Ewe aBa pexnma npencrasnaioT pasgensemole (shared) 610KMpoBKN,
KOTOpbIe MOTYT yAEePXNBATLCA HECKO/TbKUMU TPaH3aKUMSaAMN.

Pexxum SHARE npumeHseTcs, Korga HYy>HO npoymTaTb CTPOKY, HO Npu 3TOM
HeNnb3a A0NyCTUTb, YTOObI OHa Kak-Mb0 n3MeHunachb Apyron TpaHsakumen.
Pexxum KEY SHARE pgonyckaeT nsmeHeHue CTPOKW, HO TO/IbKO HEKJ/THOUYEBBIX
nonen. IToT PEXMM, B YaCTHOCTU, aBTOMAaTMUYECKN NUCMNOMb3yeTCs
PostgreSQL npu npoBepke BHELUHUX K/HOYEN.

HanomHuMm, 4To 06bI4HOE YTeHue (SELECT) BoobLe He 61OKMPYET CTPOKM.

O6uwasa maTpumua COBMECTMMOCTU PeXMMOB NpuBeaeHa BHU3Y cranga.

3 Hee BUOHO, 4TO pa3gensemblin pexum KEY SHARE coBmecTuM

C uckntoumntesnbHbiM pexxumom NO KEY UPDATE (To eCTb MOXHO OBGHOB/IATb
Hek/1to4yeBble NoA U ObiTb YBEPEHHBIM B TOM, YTO K/IHOY HE U3MEHUTCSA).

https://postgrespro.ru/docs/postgresgl/12/explicit-locking#L OCKING-ROWS




Bbi1oOKupOBKa CTPOK

CHoBa co3ganuM TabIuIly CYeTOB, U CIejlaeM HOMepP cYeTa IIEePBUYHEIM KITI0OUOM:
=> 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 txid_current();

txid current

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

=> SELECT xmax, * FROM accounts;

xmax | acc_no | amount

______ e Ty,
546 | 1 | 100.00
0 | 2 | 200.00
0 | 3 | 300.00

(3 rows)

Ho B criyuae pa3pensieMBIX GJIOKMPOBOK TaKOU CIIOCO0 He TOOUTCS, IIOCKOIBKY B Xmax HeJb3s 3allicaTh HECKOJIBKO
HOMEPOB TpaH3akIui. YToOL He BOaBaThCS B JeTaId BHYTPEHHETO YCTPOMCTBA, BOCIIONL3yeMcsl paciupeHueM pgrowlocks:

=> CREATE EXTENSION pgrowlocks;
CREATE EXTENSION

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

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

locker | 546

multi | f

xids | {546}

modes | {"No Key Update"}
pids | {9312}

YToOH MOKA3aTh OJIOKUPOBKY, PACIIUPEHNE YUTAET TaOIUYHbIEe CTPAHUIIH (B OTIHYue OT obpameHus K pg locks, koTopoe
YUTAET JaHHLIE U3 ONEPATUBHOM [TaMSsITH).

Temneps U3MEHUM HOMEDP BTOPOI0 cYeTa (IIPU 3TOM MEHSIETCS KITI0Y):
| => UPDATE accounts SET acc_no = 20 WHERE acc_no = 2;
| UPDATE 1

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



-[ RECORD 1 J--------mmmmmmnnn
locked_row | (0,1)

locker | 546

multi | f

xids | {546}

modes | {"No Key Update"}
pids | {9312}

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

locker | 546

multi | f

xids | {546}

modes | {Update}

pids | {9312}

YT06HI TPOJIEMOHCTPHUPOBATh pa3fessgeMble 6JIOKIPOBKH, HAYHEM ellle OOHY TPaH3aKIWo. Bce 3anpammnBaeMbie
GJIOKUPOBKY OYIYT COBMECTUMEL IPYT C IPYIOM.

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

acc_no | amount
________ L

1 | 100.00
(1 row)

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

acc_no | amount

[ => SELECT txid_current();

txid_current

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

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

locker | 1

multi | t

xids | {546,548}

modes | {"No Key Update","Key Share"}
pids | {9312,9643}

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

locker | 546

multi | f

xids | {546}

modes | {Update}

pids | {9312}

<[ RECORD 3 J-----cmmmmmmm i o
locked row | (0,3)

locker | 548

multi | f

xids | {548}

modes | {"For Share"}

pids | {9643}

| => ROLLBACK;
|  ROLLBACK
[ => ROLLBACK;

[ ROLLBACK

Kak He XKIaTh OJIOKHPOBKY?



Wnorpa yono6HO He XOaTh 0CBOOOXKIEHNUs OJIOKMPOBKY, a Cpa3dy IOIy4YUTh OIINOKY, eCIU He0OXOOUMEIM pecypc 3aHST.
[IpunoxkeHne MOXKET IIEPEXBATUTh U 06pab0TaTh TAKyIO OIINUOKY.

g storo psan komaHp SQL (takue, kak SELECT u HekoTopile BapuaHThl ALTER) mo3BonIgI0T yKa3aTh K/II0UeBOe CII0BO
NOWAIT. 3a6m0KupyeM Tabauily, OOHOBUB MIEPBYIO 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"
TpaH3aKIHsA cpa3y ke MONIydaeT OLINOKY.

| => ROLLBACK;

| ROLLBACK

Komanpgst UPDATE u DELETE He no3sonsioT yka3aTb NOWAIT. Ho MO2kKHO CHa4arsa BHIIOJIHUTh KOMaHAY
SELECT ... FOR UPDATE NOWAIT; -- unu FOR NO KEY UPDATE NOWAIT

a 3aTeM, eCJIi CTPOKH yCIIEITHO 3a0I0KMPOBAaHEl, U3MEHUTh WIX YOAIUTh uxXx. 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 K€ II0JIy4aeM OLIUOKY.

| => ROLLBACK;

| ROLLBACK

Ipyro# cioco6 6JI0KUPOBKYU CTPOK IpenocTtasisieT npennoxenue SKIP LOCKED. 3a6i1okupyeM OgHY CTPOKY, HO 6e3
yKa3aHWsI KOHKPETHOTO HOMepa cueTa:

| => BEGIN;
| BEGIN

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

acc_no | amount

B aTOM Cily4ae KOMaHIa MPOMYCKAaeT yKe 3a6I0OKMPOBAHHYIO [IEPBYIO CTPOKY U Mbl HEMEIEHHO IoTy4aeM GIIOKHPOBKY
BTOPO# CTPOKH. DTOT IIPHEM YK€ UCIIOIb30BaJICs B IPaKTHKe TeMbl «OUKrCTKa» MpU BHIGOpe IMakeTa CTPOK MAJIst
o6GHoBIeHus. Elle oIHO IpHMEHeHHe — B OpraHu3auuu odepeneit — GyaeT pacCMOTPEHO B TeMe «ACHHXPOHHAST
o6paboTka».

| => ROLLBACK;

|  ROLLBACK

I71s1 KOMaH[, He CBSI3aHHHEIX C GJIOKMPOBKOM CTPOK, MCcIonb30BaTh NOWAIT He moyduTcsi. B 3TOM ciiydae MOXHO
YCTAHOBUTHL HEOOJIBIIION TaWM-ayT OKUAAHUS (KOTOPHIHM IO YMOJTYAHHUIO He 3a/aH):

| => SET lock_timeout = 'l1s';

| SET

| => ALTER TABLE accounts DROP COLUMN amount;

| ERROR: canceling statement due to lock timeout

TNonmyyaeM omubKy 6e3 AIUTENIBHOTO OXKHUAaHNUS OCBOOOKIEHHUS pecypca.

| => RESET lock_timeout;



| RESET
=> ROLLBACK;

ROLLBACK



o)) PROFESSIONAL

Ouepenb oXxnaaHus Pos{gres

[TopsiioK AerCcTBUM

1. 3aXBaTUTh UCKITIOUNTE/bHYIO OIOKMPOBKY THIIa tuple
HY>KHOM BePCHUU CTPOKHU

2. eC/ BepCHsi CTPOKHM 3aHSATA, JOXK/AAThCS ee 0CBOOOXKIeHHsT

3. 3anucath HOMep CBOei TpaH3aKI[MK B Xmax

4. ocBoOOAUTL OIOKMPOBKY THIIa tuple
xmin xmax AaHHble
100 ,,| 101
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UTo6bI 3a6/10KMPOBaTh CTPOKY, TPAH3aKLWS BbINOMHAET cAeayoLuine
nencTeus:

1. 3axBaTblBaeT UCKNHOUMTENBHYIO 6/10KMPOBKY Tuna tuple ans
NHTepecyloLleil BEpCUN CTPOKN.

2. Ecnm xmax n nHdhopMaumnoHHbIe 61Tkl TOBOPSIT O TOM, YTO CTPOKa
3ab10kmpoBaHa B KOHMO/IMKTYHOLLEM peXumMe, To XAET 0OCBOOOXAEHNSA
CTPOKMW.

3. MponucbIBaeT CBOM Xmax U HeobxoanMble NHOPMALNOHHbIE BUTLI
B BEPCUIO CTPOKU, Taknm obpasom 6/10Knpys ee.

4. OcBoboXaaeT 610KMPOBKY tuple Bepcun CTpPoKW.
Pa3bepem 3TOT npouecc.

B npumepe, npuBefeHHOM Ha cnaige, TpaH3akums 101 3axsaTuia
610KMPOBKY tuple, 3aTem nponuncana cBOM HOMeP B BEPCUN CTPOKU U TYT Xe
ocBob6oanna 6nokMpoBKy tuple.
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Ouepenb oXxnaaHus Pos{gres

Xmin Xmax OaHHble

100 ,,| 101

16

TpaH3akumna 102 3axsartmna 6/10KMPOBKY tuple ANns nepBon BEpCUM CTPOKK
(n. 1), Ho 3aTem (N. 2) 06Hapyxuna, YTo BEPCUA CTPOKN Yyxe 3ab/1oKMpoBaHa
TpaH3akunen 101.

Tenepb el HaOo A0XAAaTbCS, MOKa CTPOKa 0CBOOOANTCS, HO Kak 3To
caenatb? [1nAa aToro UCNosb3yeTcsd CBOEero poda TpHoK. Kak Mbl yxe
roBOpWU/IN, Kaxaas TpaH3akunsa yaepXxXmsaet UCKNUMTETbHYH 610KMPOBKY
cBoero Homepa. Nockonbky TpaH3akumns 102 hakTnyeckn Ao/mKHa
[oxaartbcs 3aBeplueHmns TpaH3akumm 101 (Beab 610KMPOBKa CTPOKM
0CBO6OXAaeTCA TO/IbKO MPY 3aBepLLUEHNN TpaH3akLMn), OHa 3anpalimnsaeT
6110kMpoBKy HoMepa 101.

O6paTtnTe BHUMaHWe, YTo 6/10KMPOBKA tuple Npu 3ToM OocTaeTcs, Tak Kak
CHUMAETCS TO/MbKO B M. 3, 10 KOTOPOrO [IeN0 eLle He A0LO.
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Ouepenb oXxnaaHus Pos{gres

Xmin Xmax OaHHble
100 ,,| 101
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Ecnv nosiBNSAOTCA Apyrne TpaH3akumm, KOHNKTYOLWME C TEKYLLEe
G/10KMPOBKOW CTPOKM, NEPBbIM AE/1I0M OHM MbITAKTCS 3aXBaTUTb G/I0KMPOBKY
Tuna tuple ans 310l CTPOKM — 1 BbICTPAUBAIOTCS B OUEPEp.

B Hawwem npumepe, NOCKosbKY 6/10KMpOoBKa tuple yxe yaepxmBaetcs
TpaH3akumen 102, TpaHsakumm 103, 104 xayT 0oCBOOGOXAEHNSA 3TOW
G/TOKNPOBKN.

(3ameTnM, YTo TpaH3akLUMK, Xenatwme nosyunTb CTPOKY B COBMECTVMMOM
pexume, npoxoant 6e3 ouepean. OB6bIYHO 3TO He NPeACcTaBSET NPOG/IEMBI,
NOCKO/IbKY pasaensieMble 6/10KUPOBKU CTPOK MCNO/b3YTCS N0 YMOMYaHUIO
TO/bKO NPU NMPOBEPKE BHELLHUX K/OUENA.)
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Ouepenb oXxnaaHus Pos{gres

. ’ \Q
| /

Xmin Xmax OaHHble
100 ,,| 101
101 | 102
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[Monyyaetca AByXypoBHeBasi ovepeab. OgHa n3 TpaH3akuuii (102
B MpUMepe) — «KparHss», U 3a Hell — BCe OCTaslbHble.

Koraa TpaH3akuma 101 3aBeplinTca, MUMeHHO TpaH3akuua 102 nonyunt
BO3MOXHOCTb NepBOi1 3anucarb CBO HOMEP B MNoJie Xmax, Nocsie Yero oHa
ocBo6oANT B/TIOKMPOBKY tuple.

Ho geno B ToMm, 4To nNpu pukcaymm TpaHsakuum 101 6noknposka tuple
NMepBoi BEpCUM HE NPOCTO 0CBOOOXAAeTCA — OHa CTaHOBUTCHA HEHYXXHOM,
Be/lb Tenepb akTyas/lbHOW ABNAETCA Y)Ke BTopas BEPCUsi CTPOKM,

(Mpwn 0bpbiBe TpaH3akuum 101 37O He Tak, HO 0OPbIBbI NPOUCXOAAT
3HauYUTE/IbHO pexe.)

[MoaTOoMy BCe TpaH3aKkLuKn, CTOABLUNE paHee B oyepenun, npespaLiaroTca
B «TOJINY» W BbICTPanBarTCA HENnocpeacTBEHHO 3a TpaH3akumein 102.
Korga TpaH3akuma 102 ocBo604MT BEPCUIO CTPOKKU, CPean OXnaatoLmnx
TpaH3aKUMin BO3HUKAET rOHKa 3a npaBo 3axBaTuTb G/10KMPOBKY.

Ecnu 6bl He ABYXYypOBHeBasi cxema 6/10KMpPOBaHusl, TO Takas FoHKa co
c/yvaiHbiM nobeanTenem Bo3HUKana 6bl Bceraa. 910 MOIo 6bl NPUBOANTL
K CUTyaLMn BEYHOTO OXUAAHUS «HeBe3yueli» TpaH3akuui. Hanuume
610KMPOBKM TUNa tuple pelaet — x0T 6bl OTYHACTN — 3Ty NPoO6EMmy.

CTouT nsberatb NPOEKTHbIX PELLUEHW, KOTOPbIE NpeAnonaralnT MaccoBble
N3MEHEHMS OAHOW 1 TOI e CTPOKW. B 3TOM crlydae BO3HUKAET «ropsiyas
TOUKa», KOTOPasi Ha BbICOKMX Harpy3kax MOXET NMPUBECTU K CHUXKEHWIO
NPOn3BOAUTENBHOCTMW.



Ouepenpb OKHUTAHHUS

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 HOMEePaMU 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;

9275 | transactionid
(1 row)

| | 553 | Exclusivelock | t

[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 R R L
9275 | transactionid | | | 553 | Exclusivelock | t

9312 | transactionid | | | 554 | Exclusivelock | t

9312 | tuple | 0 | 1| | Exclusivelock | t

9312 | transactionid | | | 553 | ShareLock | f

(4 rows)

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

=> SELECT pid, pg_blocking_pids(pid) FROM pg_stat_activity
WHERE pid IN (9275,9312) ORDER BY pid;

pid | pg_blocking pids
______ i
9275 | {}

9312 | {9275}

(2 rows)

Temneps crepyroiast TpaH3aKIus ILITAETCSI 0OHOBUTE Ty 2K€e 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 R R L
9275 | transactionid | | | 553 | Exclusivelock | t

9312 | transactionid | | | 554 | Exclusivelock | t

9312 | tuple | 0 | 1| | Exclusivelock | t

9312 | transactionid | | | 553 | ShareLock | f

9643 | transactionid | | | 556 | Exclusivelock | t

9643 | tuple | 0 | 1| | ExclusivelLock | f

(6 rows)

TpaH3akius BCTala B 0Yepenb 3a 6JI0KUPOBKOM BEPCUU CTPOKH, 0Yepenb BhIPOCIIa:

=> SELECT pid, pg_blocking_pids(pid) FROM pg_stat_activity
WHERE pid IN (9275,9312,9643) ORDER BY pid;

pid | pg blocking pids
______ g
9275 | {}

9312 | {9275}

9643 | {9312}

(3 rows)

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

COMMIT

...TO IlepBasi BePCUsl CTAHOBUTCS He aKTyallbHOM.

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

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

ORDER BY pid, granted DESC, locktype;

9312 | transactionid
9643 | transactionid
9643 | transactionid
(3 rows)

| 554 | Exclusivelock | t
| 556 | Exclusivelock | t
| 554 | ShareLock | f

Bce TpaH3akIuy, KOTOPLlE CTOSUIU B oduepenu, OyoyT Tellephb OXKUIaTh 3aBepPIIeHus] BTOPOM TpaH3akIuu — u OyoyT
06pabaTHBaTHCS B IPOM3BOJILHOM MOPSIOKE. BOT Kak BHITJIIOUT OUYepenb B HAIIEM CIIydae:

=> SELECT pid, pg_blocking_pids(pid) FROM pg_stat_activity
WHERE pid IN (9312,9643) ORDER BY pid;

pid | pg blocking pids
______ o m e e e e e oooo -
9312 | {}

9643 | {9312}

(2 rows)

| => commIT;

UPDATE 1
COMMIT

[ => COMMIT;

UPDATE 1
COMMIT



ITormn Pogga’??é

B1OKMPOBKY OTHOIIEHUH U APyTrux 066eKToB B/1 HCIosb3yoTcs
JJIsI OpraHu3al[ii KOHKYPEeHTHOT'O I0CTYyTIa K 06II[uM pecypcam

XPaHATCA B paBAEHHEMOﬁ MaMATHU CEPBEPA
HnMeeTCd MeXaHHU3M O‘—IEPE,ELEﬁ

BI0OKMPOBKM CTPOK peasiM30BaHbl MHAUe
XPaHATCA B CTPAHWLAX JdHHBIX M3-3d ITOTeHLUA/IbHO OOJILIIIOTO KOJTMYeCTBa
HCII0/Ib3YHOT 6]'IOKI/IPOBKI/I YPOBHA 00LEeKTOB AJId OpraHr3aljiy ouepeau
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o)) PROFESSIONAL

[1pakTuka Pos{gres

1. Kakwue 6510k1poBKM Ha ypoBHe u3ossiiu Read Committed
yZAep>KBaeT TpaH3aKLusi, TPOUMTAaBIIas OAHY CTPOKY TabIULIbI
Mo nepBUYHOMY K/touy? [TpoBepbTe Ha MpakTHKe.

2. TlocmoTpuTe, Kak B ripeficTaBieHuu pg_locks oToOparkaroTcst
peKoMeH 1aTe/TIbHbIe OJIOKUPOBKHU.

3. ¥Yb6emuTech Ha MPaKTHKe, UTO IMPOBEpPKA BHEIITHETO K/THoua
1 0OHOBJIEHHE CTPOKU MOTYT BBITIOJTHSATHCSI OAHOBPEMEHHO.
V3yurTe BO3HUKAOII[ME TIPH 3TOM OJIOKMPOBKH YPOBHS CTPOKHU.

4. Bocmnpou3sBeauTe CUTYALUIO 83aUMOO/10KUPOBKU IBYX
TPaH3aKL1ii ¥ MPOBepPLTe, Kak OHa 0O6pabaThIBaeTCs CEPBEPOM.

21

2. PekomeHpaTenbHble 6/10KMPOBKN paccmarpuatoTcs B kypce DEVL.
https://postgrespro.ru/docs/postgresqgl/12/functions-admin#ZFUNCTIONS-AD

VISORY-LOCKS

[MocmoTpuTe BCce cToNbubl NpeacTasneHns pg_locks 4tobbl onpegennTs,
B KAKOM M3 HUX OTOBpaxaeTcsa naeHTugukaTop pecypca.

3. [ins aToro noTpebyeTcs co3aaTh [Be TabnuLbl, CBS3aHHbIE
orpaHnyeHnem BHELLHEro Koua.

[N aHanm3a G6/10KMPOBOK UCMO/b3YliTe paclunpeHme pgrowlocks.

4. B3anmo6/10KMpOBKa ABYX TpaH3aKLUNii BO3HUKAET, Koraa

- NepBas TpaH3aKkUuna yaepxmBaeT 6/10KMPOBKY 0ObEKTOB, HEOOXOANMbIX
BTOPOW TpaH3akuuu Ans npoaos/mKeHns padoThl,

- a BTOpasi TpaH3akUus yaepXnBaeT 6/I0KMPOBKY 06bEKTOB, HEOOGXOANMbIX
NepBoit TpaH3aKUMK A1 NPOAOC/IHKEHUS PabOThI.

B obuiem cnyyae MOXeT Npon30inTn B3aMMoO10K1MpoBKa 6osee AByX
TpaH3aKUuia.



1. BIOKMPOBKH IIPH YTE€HHUH CTPOKH 110 NIEPBUYHOMY KITIOUY

=> CREATE DATABASE locks_overview;

CREATE DATABASE

=> \c locks_overview

You are now connected to database "locks overview" as user "student".
Co3gapuM Tabnuny Kak B JEMOHCTPAIUH:

=> 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

IIpouyuTaeM CTPOKyY, HauaB TPaH3aKIUIO:

| => \c locks_overview

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

| BEGIN

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

acc_no | amount

BIOKMPOBKY BKIIIOYAIOT OJIOKUPOBKY MHAEKCA, MOAOePKUBAOIIEr0 OrPpaHUYEHNe MePBUYHOTO KIII04a, B pexkuMe Access
Share:

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

FROM pg_locks

WHERE pid = 42687;

locktype | relation | virtxid | xid | mode | granted

------------ B e e S e S
relation | accounts pkey | | | AccessShareLock | t
relation | accounts | | | AccessSharelLock | t
virtualxid | | 3/21 | | Exclusivelock | t

(3 rows)

| => commIT;

| commIT

2. PekoMeHOaTeIbHbIE OJIOKHPOBKH

3axBaTUM PEKOMEHAATENIbHYIO OJIOKUPOBKY 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 = 42687;



locktype | virtxid | objid | mode | granted

virtualxid | 3/22 | | Exclusivelock | t
advisory | | 42 | Exclusivelock | t
(2 rows)

UpenTtudukaTtop pecypca s 6JI0KUPOBKU Tula advisory oto6paxaeTcs: B cTonbue objid.
| => coMMIT;

| commIT

3. I[IpoBepKa BHEIIHEI' O KII04a

Ham norapo6uTcst paciiupeHye [ aHanau3a 6JI0KMPOBOK Ha YPOBHE CTPOK:
=> CREATE EXTENSION pgrowlocks;

CREATE EXTENSION

Co3pmapuM TabIully KIHeHTOB:

=> 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 Tabnuiy cyetoB foGaBuM CTOIGEL IJist UAeHTUGUKATOPA KIIMEeHTa U BHEIIHHI KITI0U:

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

ALTER TABLE

BHyTpHM TpaH3aKIMY BHIIOITHUM KaKoe-HUOYAb OeHCTBYE C TaOIuIlel CYeTOB, BEI3HIBAIOIIEE IIPOBEPKY BHEIIIHETO KITIOYA.
HanprmMep, BCTaBUM CTPOKY:

| => BEGIN;
| BEGIN

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

| INSERT 0 1
IIpoBepka BHEIIHETO K/I04Ya IPUBOOUT K IIOSBIIEHUIO OJIOKMPOBKK CTPOKHU B Tabiulle KIIMeHToB B pexkxume KeyShare:

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

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

locker | 83757

multi | f

xids | {83757}

modes | {"For Key Share"}
pids | {42687}

9TO He MellaeT U3MEHSTh HEKIIIOUEBEIe CTONIOIE 3TOH CTPOKHU:

=> UPDATE clients SET name = 'brian' WHERE client_id = 20;
UPDATE 1

| => commIT;

| commIT
4. B3auMO0O/IOKHPOBKA IBYX TPAaH3aKIIHH

OO6bIyHas IPUYNHA BOSHUKHOBEHHS B3aNMOOJIOKMPOBOK — Pa3HBIN NMOPSAOK GJIOKMPOBAHUS CTPOK TabJINI] B IPUIIOKEHUH.

IlepBas TpaH3akIus HaMepeHa nepeHectu 100 py6iielt ¢ mepBoro cyeTa Ha BTOPO#. [IJIs1 9TOr0 OHa CHayasa yMeHbIIaeT
TIepBHIM CYET:

=> BEGIN;



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

B 9T0 Xe BpeMs BTopasi TpaH3aKIKs HaMepeHa IepeHectu 10 py0Oelt co BTOPOro cyeTa Ha IepBuli. OHa HaYMHAET C TOTO,
YTO yMeHbIIaeT BTOPOU CUeT:

| => BEGIN;

| BEGIN

| => UPDATE accounts SET amount = amount - 10.00 WHERE acc_no = 2;
| UPDATE 1

Teneps nepBasi TPAaH3AKLUA IILITAETCS YBETIMYUTL BTOPOH CYeT...

=> UPDATE accounts SET amount = amount + 100.00 WHERE acc_no = 2;
...HO 00Hapy»KMBaET, YTO CTPOKa 3a06JI0OKMPOBaHA.

3areM BTOpasi TPAH3AKILU IILITAETCS YBEJTMYUTD IIEPBhIH CUET...

| => UPDATE accounts SET amount = amount + 10.00 WHERE acc_no = 1;
...HO ToXe GJIOKHpyeTCs.

Bo3HHKaeT NIMKINYECKOe OXKUOaHNe, KOTOPOe HUKOTTIa He 3aBEPIIUTCS caMo 1o cebe. [ToaToMy ecnu Kakas-mu6o
6JI0KMPOBKa He IOoJTy4YeHa 3a BpeMs, yKa3aHHoe B mapamerpe deadlock timeout (mo ymonganuio — 1 cekyHna), cepBep
IPOBePseT HaJIM4YKe UUKIIOB OKuAaHusa. OOHApPYKUB TAKOH IIWKJI, OH IIPEPHIBAET ONHY M3 TPAH3aKIIUH, YTOOL OCTaIbHEIE
MOTJIY IPONOJIZKUTE PaboTy.

UPDATE 1
=> COMMIT;

COMMIT

ERROR: deadlock detected

DETAIL: Process 42687 waits for ShareLock on transaction 83759; blocked by process 42609.
Process 42609 waits for SharelLock on transaction 83760; blocked by process 42687.

HINT: See server log for query details.

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

| => comMmIT;
| ROLLBACK

B3auM06I0KHPOBKY OOLIYHO 03HAYAIOT, YTO IPUJIOKEHNE CIIPOEKTUPOBAHO HEIIPABUILHO. [IpaBUIIBHEIN CIOCO0
BBIIIOJIHEHUSI TAKUX ollepaluil — GJI0KMPOBaHNE PECYPCOB B OJHOM U TOM Ke nopsigke. Hanpumep, B TaHHOM clly4dae
MOXKHO GJIOKMPOBATH CYETa B IOPSAIKE BO3PACTAHUS UX HOMEPOB.

TeM He MeHee B3aUMOOJIOKMPOBKY MOTYT BO3HUKATh U IIPH HOPMaJIbHOM paboTe (HampuMep, MOTYT
B3auMo3abnokupoBaThcs ABe KoMaHasl UPDATE opuo#M u To# ke Tabinunsl). Ho 3T0 04eHs pefgKue cuTyanud.



