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Tembl Posygres

VickrounTe/ibHbIE U pa3/ensiemMblie OIOKUPOBKH CTPOK
MynbTUTpaH3aKLIMK U 3aMOPO3Ka
Peanusarys ouepeu oyKugaHus

B3anmMo06/10KMpOBKU
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HecMoTpst Ha TO, YTO MHpopMaLINst O BNOKNPOBKAX CTPOK XPaHUTCS
B BEPCUSX CTPOK Ha ANCKe, ouepeb OXUAaHUS AN UCKTUNTEbHbIX
G/10KMPOBOK CTPOK OpraHnM3oBaHa ¢ NOMOLLIbH 6/10KMPOBOK 06bLEKTOB tuple.
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YCTPOUCTBO Posggres

WHdbopmalyis moabko B CTpaHULaX JaHHBIX

110JIe XMax 3arojioBKa BepCUU CTPOKU + I/IHq)OpMaL[I/IOHHbIE OUTEI
B OHepaTHBHOﬁ MamMATHU HUYEro He XpaHUTCA

HeorpannuenHoe KommueCcTBO

0O0JIBIIIOe YKCJIO He BAUAeT Ha MpoOM3BOAUTE/IbHOCTDb

WHudpactpykTrypa

«ouepeab» OX)KMAdHWSA OPraHK30BdHA C TTIOMOIBIO 6]'IOKI/IpOBOK 00LeKTOB

Bnarogaps MHOroBePCUOHHOCTU, G/TOKMPOBKM YPOBHSI CTPOK HYXXHbl TO/IbKO
MPY U3MEHEHUN AaHHbIX (UKW ANS TOTO, YTOObI HE AONYCTUTb N3MEHEHUS)
N HE HY)XXHbl NPV 06bIYHOM YTEHWMN.

Ecnu B cnyyae 6/10KMPOBOK 06EKTOB KaXAblli pecypc npeacTaB/ieH
COGCTBEHHOW 6/10KMPOBKOI B ONEepaTUBHON NaMaTK, TO CO CTPOKaMu Tak
He nony4yaeTtcs: oTaenbHas 6NIOKMPOBKA [N1S KaX40i Tab/IMUYHON CTPOKM
(KOTOPbIX MOTYT ObITb MUI/TIMOHBLI U MUNNAPAbI) NOTPEOYET HEMOMEPHbIX
HaKNaiHbIX PAcXoA0B 1 OTPOMHOr0 06beMa onepaTMBHON NamsATK.

OAMH 13 BapnaHTOB peLleHns — MoBbILWeHNE YPOBHS (3ckanaums): ecnv
yxxe 3ab6noknpoBaHo N CTpok Tabnumupl, TO Npu 6/10KMPOBKE eLle OAHOW
6nokupyeTcs BcA Tabnuua Lenmkom, a 6/10KMPOBKN HA YPOBHE CTPOK
cHMMatoTcA. Ho B aTOM criydae cTpagaet nponyckHas CnocoOHOCTb.

Moatomy B PostgreSQL caenaHo nHave. NHopmaymsi 0 TOM, YTO CTPOKa
3a6/10KkMpoBaHa, XpaHUTCA UCK/THOUYMUTENIbHO B 3aro/IOBKE BEPCUN CTPOKM
BHYTPW CTpPaHULbl AaHHbIX. TaM OHa npeacTaB/ieHa HoMepoM 6/10KMpyoLLel
TpaH3akumm (xmax) u AoNoSIHNTENbHLIMW MHOOPMaLMOHHBIMU GUTaMMU.

3a cYeT 3TOro MOXHO YCTAHOBUTb HEOrPaAHUYEHHOE KO/TIMYECTBO G/10KMPOBOK
YPOBHS! CTPOKM, U 3TO HEe TPeOByeT A0MNO/THUTENbHbIX PECYPCOB U HE CHUXKAET
NPON3BOANTENBLHOCTL CUCTEMBI.

O6partHasa CTopoHa Takoro noaxoAa — CI0XHOCTb OpraHM3aumn ovyepean
oxuaaHusa. [1na aToro Bce-Takm NPUXoANTCS UCMNOMb30BaTb 6/1I0KMPOBKM
YPOBHSI 0ObEKTOB, HO yAaeTcA 060NTUCL OYEHb HEGO/LLLNM UX
KONM4ecTBoM (NPONopUMOHasIbHbIM YXCTY NPOLECCOB, a HE YUCIY
3a6/10KMPOBaHHbIX CTPOK).
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ICKNKOUNTENbHbIE PEXUMbI Posggres

Update No Key Update
yAaeHue CTPOKU M3MeHeHHe T0bIX TIo/el,
WU M3MeHeHUe BCex Tosiei KpOMe K/THOueBbIX
SELECT FOR UPDATE SELECT FOR NO KEY UPDATE
UPDATE UPDATE
(c U3MeHeHWeM K/THOUeBbIX MOJIei) (6e3 u3MeHeHUsT K/TFOUEBBIX TI0/IeH)

DELETE

Bcero cyuwiectyeT 4 pexuma, B KOTOPbIX MOXXHO 3a6/10KMpoBaTb CTPOKY
(B BEPCUN CTPOKM PEXUM MPOCTABNAETCA C MOMOLLbIO AOMO/THUTE TbHbIX
NHJOOPMAaLIMOHHBLIX BUTOB).

[Ba pexunma npeacTtasnigoT UCKNKUUTENbHbIE (exclusive) 6/10KMPOBKH,
KOTOpble OAHOBPEMEHHO MOXET YyAepXMBaTb TONIbKO OfHA TpaH3akuus.
Pexxum Update npegnonaraeT nosiHoe nameHeHue (Unn yaaseHne) CTPoKu,
a pexum No Key Update — nameHeHune ToNbKO TeX Nosien, KoTopble He
BXO4AT B YHUKaJ1bHblEe UHAEKCHI (MHBbIMW Cl0BaMu, NMpuY TakoM N3MEHEeHUN
BCE BHELLHME K/1oUM OCTatoTca 6e3 U3MeHeHUN).

KomaHga UPDATE cama BblIGMpaeT MUHUMasIbHbIA NOAXOAALLNA PEXMM
6G10KMPOBKKN; 0ObIYHO CTPOKN GnokupytoTcsa B pexxume No Key Update.

https://postgrespro.ru/docs/postagresagl/16/explicit-locking#LOCKING-ROWS
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ICKNKOUNTENbHbIE PEXUMbI Posigres

Xmin committed

Xmin aborted
Xxmax committed

xmax aborted
xmax lock only
keys updated

ctatyc Xmin  xmax AaHHble

42, FOO

(0,1) normal » 100 | 101

—

Homep
6nokupytoLeit
TpaH3akuum

SELECT
FOR ...
UPDATE

N3MEHNNNCb
3HAYEHNS KNKOUEBbIX
noneii?

Mpy U3MEHEHUM NN yaaNeHUM CTPOKM B MOMe XmMax akTyaslbHO Bepcum
3anuncbiBaeTcst HOMep TekyLLeit TpaH3akLUMW. YCTaHOBNEHHOE 3HAaYeHne

Xmax, COOTBETCTBYIOLLEE aKTMBHOW TpaH3akLUuK, BbICTyNaeT B KayecTBe
GTOKMPOBKN.

To e camoe NPoncxXoauT 1 Npu ABHOM G/10KMPOBaHNN CTPOKM KOMaHA0M
SELECT FOR UPDATE, Ho eLle npocTaBnsieTcs A0MNO/HUTENbHbIN
NHPOPMaLNOHHbI 6UT (xmax lock only), KOTOpbIA TOBOPUT O TOM, YTO
BEPCUSA CTPOKU MO-NMPeXHeMy akTyasibHa, XOTb U 3ab/10KMpoBaHa.

Pexunm 6/10KMPOBKN onpeaensieTcs ewe ogHUM NHPOpMaLNOHHbIM BUTOM
(keys updated).

(Ha camom gene ncnosib3yetcsa 60sbllee Kom4yecTso 6UToB ¢ 6onee
CNOXHbIMW YCNTOBUSIMW U NPOBEPKaMU, YTO CBA3AHO C NoAAEPXKKOA
COBMECTUMOCTU C NpeaplayLwmMmmn Bepcnsammn. Ho ato He NpUHUMNNaNbLHO.)

Ecnu gpyras TpaH3akums HamepeHa 06HOBUTbL UK YAANUTb
3a610KMPOBaHHYH CTPOKY B HECOBMECTMMOM PeEXMME, OHa byaeT
BbIHYX/EHa A0XAaTbCA 3aBepLUeHNst TpPaH3aKLUMM C HOMEePOM XMmax.
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Pasgensiemble pexxnmbl Pos{gres

Share Key Share
3dripeT U3MeHeHUsAd 3drpeT U3MeHeHUd
/M0OBIX TI0/1et CTPOKHU K/TFOUEeBBIX TT0/1eH CTPOKU
SELECT FOR SHARE SELECT FOR KEY SHARE

Y IPOBepKa BHEIIHUX K/IIo4Yer

ManI/ILIa COBMECTHMOCTH PEXHNMOB

Key No Key

Share Share Update Update
Key Share X
Share X X
No Key Update X X X
Update X X X X

Ewe aBa pexunma npencrasngaoT pasgendemole (shared) 610knpoBku,
KOTOpPbIE MOTYT yAEePXNBATbCSA HECKO/TbKUMU TPaH3aKUMUSIMN.

Pexxnm Share npumeHsieTcs1, Koraa Hy>HO Npo4YnTaTb CTPOKY, HO NPV 3TOM
HeNb3s AoNYCTUTb, YTOObI OHA KaK-NM60 N3MEHUNACH APYroi TpaH3aKUUEN.

Pexum Key Share gonyckaet nameHeHne CTPOKU, HO TOJTbKO HEK/THOUYEBbIX
nosiein. ATOT pexmm, B HaCTHOCTWN, aBTOMATUYECKM UCMNOSb3yeTCs
PostgreSQL npun NnpoBepKe BHELUHUX KHOYEN.

O6Lwas maTpu1ua COBMECTMMOCTU PEXUMOB NpMBEAEHa BHU3Y cranga.
13 Hee BNAHO, 4TO:

* WCKNIOUNTE/bHbIE PEXUMbI KOHD/IMKTYIOT Mexay coboii;
* pasgensiemMble PeXMMbl COBMECTUMbI MeX1y COOOiA;

* pasgensgemblin pexnm Key Share COBMECTUM C UCKNHUNTENbHbBIM
pexvmom No Key Update (To eCTb MOXHO OOHOBNATbL HEK/KOYEBbIE NOMA
N ObITb YBEPEHHbLIM B TOM, UYTO K/1HOY HE U3MEHUTCS).

https://postgrespro.ru/docs/postgresagl/16/explicit-locking#LOCKING-ROWS
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Pasgensiemble pexxnmbl Pos{gres

32
= b= =
EEELS
Ess8t
g8 ocow.
S E3Ia
ctatyc Xmin Xmax E ; E E E AaHHble
(0,1) normal » 100 1 |t t 42,FOO
Homep
My/IETUTPaH3aKLMN
(multixact)
PGDATA/pg_multixact/
101 Key Share 102 No Key Update

Mbl FOBOPUNN O TOM, YTO G/I0KMPOBKA NpeAcTaBNseTcss HOMEPOM
G/10KUPYIOLLEN TPpaH3aKLMKN B Nnosie Xmax. PasgensieMble 6/10KMPOBKM MOTYT

vaep>xxmnsBartbCAa HECKOJIbKUMU TPaH3akundamMun, HO B 04HO NnoJsie Xmax HeJib3A
3anncartb HeECKOJIbKO HOMEPOB.

[MoaTomy Ana pasgensemMblx 6/10KMPOBOK NPUMEHAIOTCA Tak Ha3blBaeMble
My/ismumpad3akyuu (MultiXact). Im BbloensawTcs oTAeNibHble HoMepa,
KOTOpble COOTBETCTBYHOT HE OAHOW TpaH3aKuuMu, a uenon rpynne. Ytoobl
OT/INYUTb MYNBTUTPAH3AKLMIO OT 0ObIYHO, NCNOMNb3YEeTCA eLle OAMH
NHPOPMaLNOHHbI 6UT (xmax is multi), a geTanbHaa nHgopmaymsi 06
ydyacCTHMKax Takon rpynnbl U pexmnmax 6/10KMPOBKM HaxXoAuTCs B Katasiore
PGDATA/pg_multixact/. EcTecTBeHHO, nocnegHne Ucnosib30BaHHble AaHHble
XpaHATcA B 6yhepax B 00LLeN NnaMATH cepBepa A/19 YCKOPeHnsa AocTyna.



of] PROFESSIONAL

HacTporka 3aMOpOo3KM Posigres

[TapameTpsI /11 MyJIbTUTPaH3aKL[AH

vacuum_multixact_freeze_min_age = 5000 000
vacuum_multixact_freeze_table_age = 150000 000
() autovacuum_multixact_freeze_max_age = 400 000 000
vacuum_multixact_failsafe_age =1 600 000 000

[TapaMeTpbl XpaHeHUsI TaOJIHI]

autovacuum_multixact_freeze_min_age
toast.autovacuum_multixact_freeze_min_age

autovacuum_multixact_freeze_table_age
toast.autovacuum_multixact_freeze_table_age

autovacuum_multixact_freeze_max_age
toast.autovacuum_multixact_freeze_max_age

MocKoMbKY AN MyNbTUTPaH3akUMii BblAeNsoTcs oTAeNbHble HOMepPa,
KOTOPbIe 3anncbIiBalOTCS B NOsie Xmax Bepculi CTPOK, 13-3a OrpaHnyeHus
Pa3psiIHOCTN CYETUMKA C HAMU BO3HUKAIOT TaKMNe XEe C/TIOKHOCTHU, Kak U

C 06bIYHLIM HOMEPOM TPaH3aKUUK. Peub UeT 0 NepenonHEHUN CHETYMKA
TpaH3aKUuiA, KOTOpoe paccMaTprBasiocb B TeMe «3amMopo3Ka» Moy/s
«MHOroBepCUOHHOCTb».

[MoaTomy A/19 HOMEPOB MY/ILTUTPAaH3aKUMIA TOXe He0BXOANMO BbINOJTHATb
aHasor 3aMopo3kn — cTapble HoMmepa multixact id 3ameHs0TCA Ha HOBble
(M Ha 0ObIYHbINA HOMEP, eCNN B TEKYLLMIA MOMEHT B/IOKMPOBKA YXe
yAEPXMBAETCS TO/IbKO OAHOWN TPaH3aKumen).

3ameTum, 4To 0b6blYHAsA 3aMOpPO3Ka BEPCUil CTPOK BbIMOHAETCA A/15 MO
Xmin (ecnn y BEpCun CTPOKU HEMycToe nosie Xxmax, To b0 37O yxe
HeakTyasibHas Bepcusa n oHa byaert ouvileHa, Moo TpaH3akuma xmax
OTMEHEeHa 1 ee HOMep Hac He NHTepecyeT). A ANa MyNbTUTPaH3aKUMiA pedb
NOET 0 Nosie Xmax akTyasibHOM BEpPCUM CTPOKN, KOTopas MOXET OcTaBaTbCA
aKTyasibHOWM, HO NPV 3TOM NOCTOSIHHO G/10KMPOBATLCS Pa3HbIMM
TpaH3aKkUuMAMM B pasfeIieMoM pexmmve.

3a 3aMOpO3KYy My/IbTUTPaH3aKLUNn OTBEYalOT napameTpbl, aHasI0rnMYHbIe
napameTpam 00bI4YHOWN 3aMOPO3KMU.



B/JIOKHPOBKH CTPOK

Haw6oJsiee 4acThIH crydai 6I0KHPOBOK — GJIOKHPOBKH, BOSHUKAIOIIHE Ha YPOBHE CTPOK.
Cosgazum TabJIHIly CUeTOB, KaK B IIPOIIION TeMe.

=> CREATE DATABASE locks_rows;

CREATE DATABASE

=> \c locks_rows

You are now connected to database "locks rows" as user "student".

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

=> INSERT INTO accounts VALUES (1,1000.600),(2,2000.00),(3,3000.00);
INSERT 0 3

IockoJIbKy HHGOPMAITHs 0 GJI0OKUPOBKE CTPOK XPAHUTCS TOBKO B CAMHX BEPCHSIX CTPOK, BOCIIOIb3YeMCsI 3HAKOMBIM
pacimmpeHueM pageinspect.

=> CREATE EXTENSION pageinspect;

CREATE EXTENSION

JlJ1 yEo6CTBa CO3aIUM IIpe/icTaBIeHIe, PaciIuQpOBHIBAIOIIEe HHTEPECYIOIIHe HaC MHPOPMAITHOHHBIE GUTHI B IIEPBBIX TPEX
BepCHSX CTPOK.

=> CREATE VIEW accounts_v AS

SELECT '(0,"'[|lp]|]|')" AS ctid,
t_xmax as xmax,
CASE WHEN (t_infomask & 1024) > 06 THEN 't' END AS committed,
CASE WHEN (t_infomask & 2048) > 0 THEN 't' END AS aborted,
CASE WHEN (t_infomask & 128) > 6 THEN 't' END AS lock_only,
CASE WHEN (t_infomask & 4096) > 0 THEN 't' END AS is_multi,
CASE WHEN (t_infomask2 & 8192) > 0 THEN 't' END AS keys_upd

FROM heap_page_items(get_raw_page('accounts',0))

WHERE 1p <= 3

ORDER BY 1p;

CREATE VIEW

O6HOBJIsIEM CYMMY IIepBOTI0 cyeTa (K/II04 He MeHseTcs) M HOMep BTOPOTo cyeTa (KJII0U MeHseTcs):
| => \c locks_rows

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

| => BEGIN;

| BEGIN

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

| UPDATE 1

| => UPDATE accounts SET acc_no = 20 WHERE acc_no = 2;

| UPDATE 1

3aryisHeM B IIpe/icTaB/IeHHe. HalloMHHMM, YTO OHO II0KasbIBaeT TOJILKO IIepBble TPH (TO eCTh UCXO/HbIE) BEPCUHU CTPOK.

=> SELECT * FROM accounts_v;

ctid | xmax | committed | aborted | lock only | is multi | keys_ upd
------- R et TR
(0,1) | 748 | | | | |

(0,2) | 748 | I I I | t

(6,3) | 0 | | t I I

(3 rows)

CTPOKH, COOTBETCTBYIOIIFE IIEPBOMY ¥ BTOPOMY CUETY, 3a6I0KHPOBAaHbBI — B IT10JIe XMaXx 3aIliCaH HOMeP GIIOKHUpPYIoei
TpaH3aKIHuu. BUTEH B cToJI61Ie keys_upd ITOKa3bIBAIOT, YTO CTPOKHU 36 I0KMPOBAHEI B PAa3HBIX PESKIMAX.

Tenepb B IPYyTOM CeaHCe 3aIIpOCHM pasjesisieMble 6JIOKI/Ip0BKI/I IIEPBOI'0 X TPETHETO CUETOB:



| => \c locks_rows

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

| BEGIN

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

acc_no | amount

1 | 1000.00

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

acc_no | amount

3 | 3000.00

Bce 3amporeHHbIe GI0KHPOBKY COBMECTHMEI IPYT C IPYTOM. B BepCHSX CTPOK BUAUM:

=> SELECT * FROM accounts_v;

ctid | xmax | committed | aborted | lock only | is multi | keys upd
------- B e e et Y PR
(0,1) | 1] I | | t |

(0,2) | 748 | | | | | t

(0,3) | 749 | I | t I

(3 rows)

Crosi6ers lock_only 1103BoJIsIeT OTJIMYUTE IIPOCTO GIOKUPOBKY OT 0OHOBJIEHH HUJIH YAaleHUs. BUIMM TakKe, UTO B IIePBOI CTPOKe
OOGBIYHBIM HOMED B CTOJIOIE Xmax 3aMeHeH Ha HOMep MyJIbTUTPaH3aKIMK — 06 3TOM TOBOPHUT CTOsI0e1] is_multi.

YToOBI He BHUKATh B AeTaan HHq)OpMElHPIOHHLIX OUTOB U peaarsaniuio MyJII:TI/ITpaH3aKLII/Ifl, MO>KHO BOCITIOJIB30BaThCs eIe
OTHUM pacCHIMpeHreM, KOTOpOoe II03B0JIAeT YBHUIETH BCIO I/IHQ)OpMaU;I/IIO (0] 6JIOKI/Ip0BKaX CTPOK B YI[06HOM BH]IE.

=> CREATE EXTENSION pgrowlocks;
CREATE EXTENSION

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

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

locker | 1

multi | t

xids | {748,749}

modes | {"No Key Update","Key Share"}
pids | {25962,26137}

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

locker | 748

multi | f

xids | {748}

modes | {Update}

pids | {25962}

[ RECORD 3 J---------mmmmmmmmemieme oo
locked row | (0,3)

locker | 749

multi | f

xids | {749}

modes | {"For Share"}

pids | {26137}

PacmipeHue gaeT HHGOPMAITHIO 0 HOMepaxX TpaH3aKI[WUi, MyJIbTUTPaH3aKIIUY U pe)kKUMax BceX 6JI0KUPOBOK.
| => ROLLBACK;

| ROLLBACK

| => ROLLBACK;

| ROLLBACK



«Oyepenb» oXXnaaHus Pos{gres

E
xid 101

Share

Xmin Xmax

(,1) 100 | 101

yaepxusaeT
pasgensiemyio
610KNPOBKY

11

[na opraHM3aunn odepenn OXnpaHus AOMNONHUTENbHO UCMNOb3YyeTCA
MexaHn3M 6/10KMPOBOK 06BbEKTOB, NPY 3TOM MHJIOPMaLNA XpaHUTCSA
B orneparnBHO NamMsaTu 1 BugHa B pg_locks.

JonycTtum, TpaHsakuum ¢ Homepom 101 (npumep Ha cnange) yaanoch
3a6/10kMpoBaThb CTPOKY B pasgensemom pexume Share. VIHpopmauus

0 6/10KMPOBKE 3anncbiBaeTCA B 3arofIoBOK BEPCUU CTPOKN — B NoJ1e Xmax
NOSABNSAETCA HOMEpP 3TON TpaH3aKunn.



of] PROFESSIONAL

«Oyepenb» oXXnaaHus Pos{gres

S.@ A
tuple 0,1 xid 101

Share

Xmin Xmax

(0,1) 100 | 101

xaer
3aBepLueHNst
T101

12

Apyrasa TpaH3akuma 102, xxenasa nonyyunTtb 6/10KMPOBKY, 0ObpaliaeTcs

K CTPOKE 1 BUAWT, YTO CTpPOKa 3abnoknpoBaHa. Ecnu pexummbl 6510KMPOBOK
KOH(P/IMKTYIOT, OHa [0/IKHA KakKMM-TO 06pa3om BCTaTb B o4epeb, YTOoObI
cuctema «pasdyanna» ee, korga 6510kmposka ocso6oamTcs. Ho 6/10KMPOBKU
Ha ypOBHE CTPOK He NpeAoCcTaBNAT Takon BO3MOXHOCTM — OHU HUKaK He
npeacTtas/ieHbl B OrnepaTtuBHOM NamMAaTH, 3TO NPOCTO 6anTbl BHYTPU
CTpaHuLbl AaHHbIX.

Kak Mbl Bugenun B teme «bnoknpoBKn 00 bEKTOB», KaAaa TpaH3aKL s
yAepXnBaeT UCKTUMTENbHY 610KMPOBKY CBOEro Homepa. Mockonbky
TpaH3akuma 102 dpakTnyeckn Ao/mKHa LOXAATHCA 3aBEPLUEHNA TpaH3aKUmn
101 (Begb 6/10KMPOBKa CTPOKM OCBOOOXAAETCA TOMLKO NPY 3aBepLUeHnn
TpaH3akumn), oHa 3anpawimBaeT 6/10KMpoBKy Homepa 101.

Korga TpaH3akums 101 3aBepLluntcs, 3ab/10KMpoBaHHbIA pecypc
ocBoboanTcs (nNpu ukcaymm — NPOCTO UCYE3HET), TpaH3akuua 102 6yaet
pasbyxeHa 1n cama CMOXeT 3ab/10knpoBaTb CTPOKY (YCTaHOBUTb Xmax = 102
B COOTBETCTBYIOLLLEN BEPCUN CTPOKN).

Kpome Toro, oxngaroLian TpaH3akums yaepxusaeT 6/10KMPOBKY pecypca
Tvna tuple (Bepcusa cTpoku), NoKasblBad, YTO OHa repsasi 8 «o4epeou.
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Update @ Update Share
Xmin xmax
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(0,1) 100 | 101
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Ecnn nossnsTca gpyrne TpaH3akumm, KOHANKTYIOLWME C TEKYLLEen
610KMPOBKOW BEPCUN CTPOKK (B Hawwem npumepe — 112, 122, 132), nepBbiM
[1e/10M OHW MNbITAOTCA 3aXBaTUTb B/IOKMPOBKY TUNa tuple Ana aToi Bepcun.

[MockonbKy 6/10kMpoBKa tuple yxxe yaepxmBaetcs TpaHsakuuei 102, gpyrue
TpaH3aKUMn XAyT 0CBOOOXAEHNA 3TON 6/10KMPOBKU. MoyyaeTcs
cBoeobpa3Hasa «oyepeb», B KOTOPOWN ecTb rnepsbil N Bce 0CMasibHbIE.

Ecnn 6bl Bce npubbiBaloLMe TpaH3akuum 3aHMMann oyepeib
HenocpeACcTBEHHO 3a TpaH3akumein 101, npn ocBO60XAEHNN B/TOKMPOBKU
BO3HMKaa 6bl cUTyaumnsa roHkn. MNpun HeyagayHoOM CTeYeHUn 06CTOATENLCTB
TpaH3akumnsa 102 morna 6bl xaaTb 6/10KMPOBKY BEYHO. [1ByxXypOoBHEBas
cxema 610KMpoBaHUs HEMHOIO YNopsaA0YMBaeT NOAOOHY0 KOHKYPEHLMIO.

CTouT n3beratb NPOEKTHLIX PELUEHMIA, KOTOPbIE NpeanonaratT MaccoBble
N3MEHEHNSA OHOI 1 TOW Xe CTPOKN. B 3TOM cnyyae BO3HUKAET «ropsiyas
TOUYKa», KOTOpas Ha BbICOKMX Harpy3kax MOXeT NPUBECTU K CHUXXEHMIO
NPOM3BOANTENBHOCTMW.



«Ouepeanb» OKUAAHUS

JlIs1 yoo6eTBa CO3afuM IIpe/icTaBIeHue Hafl pg_locks, «CBEpHYB» B OJJHO I10JI€ UA€HTHGUKATOPHI PA3HBIX TUIIOB GJI0KUPOBOK:

=> CREATE VIEW locks AS
SELECT pid,
locktype,
CASE locktype
WHEN ‘'relation' THEN relation::regclass::text
WHEN ‘'virtualxid' THEN virtualxid::text
WHEN ‘transactionid' THEN transactionid::text

WHEN ‘tuple’' THEN relation::regclass::text||':'||page::text]||","'||tuple::text
END AS lockid,
mode,
granted

FROM pg_locks;

CREATE VIEW

IIyCTh O/fHA TPAH3aKIIHA 3a0JIOKUPYET CTPOKY B Pa3/eIsIeMOM PEXKUME...
S1=> BEGIN;

BEGIN

S1=> SELECT pg_current_xact_id(), pg_backend_pid();

pg_current xact id | pg_backend pid

S1=> SELECT * FROM accounts WHERE acc_no = 1 FOR SHARE;

acc_no | amount
________ e

1 | 1000.00
(1 row)

...a IpyTasi IOIIPOGYET BHIIIOJHUTH 0GHOBJIEHHUE:

| ul=> BEGIN;

| BEGIN

| Ul=> SELECT pg_current_xact_id(), pg_backend_pid();

pg_current xact_id | pg_backend pid

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

B npezcTaBiieHnH pg_locks MOXKHO YBH/IETh, YTO BTOPasi TpaH3aKIIMs O’KH/IaeT 3aBepIlleHus I1epBoii (granted = f), yiep>kuBas
IpU 3TOM GJIOKHPOBKY Bepcuu cTpokH (locktype = tuple):

=> SELECT * FROM locks WHERE pid = 25962; -- Ul

pid | locktype | lockid | mode | granted
------- B e S e e E R
25962 | relation | accounts pkey | RowExclusivelLock | t

25962 | relation | accounts | RowExclusivelLock | t

25962 | virtualxid | 3/13 | Exclusivelock | t

25962 | transactionid | 752 | ShareLock | f

25962 | tuple | accounts:0,1 | Exclusivelock | t

25962 | transactionid | 753 | ExclusivelLock | t
(6 rows)

YTo65I He pasbupaThbcsl, KTO KOTo 6JIOKHPYET, 10 IIpeficTaBaeHU0 pg_locks, MOXKHO y3HaTh HoMep (I HOMepa) IIporiecca
6JIOKHPYIOIIIETO CeaHca C IIOMOIIbI0 GYHKITHH:

=> SELECT pg_blocking_pids(25962); -- Ul



pg _blocking pids

{25811}
(1 row)

Teleph IOABJIAETCS TPAH3AKITHS, *KeJTafoIast OTyIUTh HeCOBMECTHMYIO GIOKHPOBKY.
| u2=> BEGIN;

|  BEGIN

|  u2=> SELECT pg_current_xact_id(), pg_backend_pid();

pg_current xact id | pg backend pid

754 | 26137

| u2=> UPDATE accounts SET amount = amount - 100.00 WHERE acc_no = 1;
OHa BCTaeT B 04epe/Ib 3a TpaH3aKIHel, yJep KuBalolleli 6JI0KUpoBKy BepcuH cTpokH (locktype = tuple, granted = f):

=> SELECT * FROM locks WHERE pid = 26137; -- U2

pid | locktype | lockid | mode | granted
------- R e S s e R
26137 | relation | accounts pkey | RowExclusivelLock | t
26137 | relation | accounts | RowExclusivelLock | t
26137 | virtualxid | 4/6 | ExclusivelLock | t
26137 | tuple | accounts:0,1 | Exclusivelock | f
26137 | transactionid | 754 | Exclusivelock | t
(5 rows)

=> SELECT pg_blocking_pids(26137); -- U2

pg blocking pids

{25962}
(1 row)
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B Hawem npumepe TpaH3akuma 101 3abnokmposana CTPOKY B pasaensieMom
(Share) pexume. MNoka TpaH3akuma 102 oxuaaeT 3aBepLUeHNs TpaH3akumm
101, moXeT nosABUTLCA eLle TpaH3akuma 133, enarowlasa nonyymTb
G10KMPOBKY CTPOKW B pa3fesiieMoM pexume, COBMECTMMOM C TeKyLLen
610KMpoBKOWM TpaH3akumn 101.

Takas TpaH3akuus He CTOUT B o4epean, oHa cpasy nosy4vaet 6/10KMPOBKY.
B aTOM c/iyyae 13 cnucka HOMepPOoB G6/1I0KMPYOLLNX TpaH3akuunii 101 n 133
dhopmMmupyeTcst MynbTUTPAH3aKUMA 2, HOMepP KOTOPOii 3anuLLIEeTCs B none
Xmax CTPOKM.
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Korpga TpaH3akumsa 101 3aBeplumntcs, TpaH3akums 102 oyaeT pa3byxeHa,
HO He CMOXET 3axBaTuTb 6/10KMPOBKY CTPOKU, MOCKO/IbKY CTPOKa BCe eLlle
3abnokMpoBaHa TpaH3akymen 133. TpaH3akums 102 6yaeT BblHY)XAeHa
CHOBA «3aCHYTb».

[Mpy NOCTOAHHOM NOTOKE pasfensieMbiX 6/TOKMPOBOK NULLIYLLLAA TPpaH3aKUMA
MOXET XAaTb CBOEeW ouepeamn 6eCKOHeUHO. DTO CUTyalmsi Ha3blBaeTCs
no-aHrnuninckn locker starvation.

3ameTuMm, 4YTO Takon NpobaieMbl B MPUHLMUNE HE BO3HUKAET Npu 6/10KMpOBKax
06BLEKTOB (TakuX, Kak OTHOLLIEHWST). B aTOM criyvae Kaxabli pecypc
npeacrtaB/fieH COOCTBEHHOWN G/TOKMPOBKOM B onepaTnBHON NamMsiTh, N BCe
XAOyLime npouecchl BbICTPaMBaKTCA B «HECTHYIO» ovepep.

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



https://git.postgresql.org/gitweb/?p=postgresql.git;a=blob;f=src/backend/access/heap/README.tuplock;hb=HEAD
https://git.postgresql.org/gitweb/?p=postgresql.git;a=blob;f=src/backend/access/heap/README.tuplock;hb=HEAD
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Korga tpaH3akuma 133 3aBeplumntca, TpaHsakumsa 102 noayynuT BO3MOXHOCTb
NepBoOil 3anncaTb CBOW HOMeEP B NoJie Xmax, Nocsie Yero oHa ocBoGoanT
6noknpoBky tuple. Toraa ogHa criydyaiiHaa TpaH3akuusa 13 scex ocmasibHbIX
ycrieeT 3axBaTuTb 6/10KMPOBKY tuple n cTaHeT nepsol 8 «oHepeou.



TpaH3aKIIHs, >KeJarolas 3a6/;I0KUpOBaThL CTPOKY B pasfie/IieMOM pesKHMe, ITPOXOAUT B HallleM IIpuMepe 6e3 ouepefii.
I S2=> \c locks_rows

I You are now connected to database "locks_rows" as user "student".

I S2=> BEGIN;

I BEGIN

|H S2=> SELECT pg_current_xact_id(), pg_backend_pid();

pg_current xact id | pg_backend pid

I S2=> SELECT * FROM accounts WHERE acc_no = 1 FOR SHARE;

acc_no | amount
1 | 1000.00

(1 row)

B BepCHH CTPOKH Tellepb MyJIbTUTPaH3aKIHs:

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

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

locker | 2

multi | t

xids | {752,755}
modes | {Share,Share}
pids | {25811,26978}

Ilocse TOTO KaK OJHA U3 TPaH3aKIIHUH, yIeP>KUBAIOIUX CTPOKY B pasfiesisieMOM Pe>KUMe, 3aBEPIITUTCS, APYTast IPOJLOJDKHUT
yAep>KUBaTh GJI0OKHPOBKY.

S1=> COMMIT;
COMMIT

TpaHSaKHI/IH, CTodIIas l'IEpBOfI B ouepenu, Teliepb KAeT 3aBEePIIeHUsT OCTaBIIIEMCS TPaH3aKIUH.

=> SELECT * FROM locks WHERE pid = 25962; -- Ul

pid | locktype | lockid | mode | granted
------- e S L
25962 | relation | accounts pkey | RowExclusivelLock | t

25962 | relation | accounts | RowExclusivelLock | t

25962 | virtualxid | 3/13 | Exclusivelock | t

25962 | tuple | accounts:0,1 | Exclusivelock | t

25962 | transactionid | 755 | SharelLock | f

25962 | transactionid | 753 | ExclusivelLock | t
(6 rows)

O6paTHTe CHIMaHUe, YTO B I10JIe XMaxX 0CTaJICI HOMep MyJIbTUTPaH3aKIMH, XOTSI OflHA U3 BXOJSIIUX B Hee TPaH3aKILIHH yKe
3aBepIIMIACh. ITOT HOMeP MOJKeT 6BITh 3aMeHeH Ha Apyroi (HOBOM My/IbTUTPaH3aKIIMU WM 00BIYHOM TpaH3aKIMK) IIPU
OUMCTKe.

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

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

locker | 2

multi | t

xids | {752,755}
modes | {Share,Share}
pids | {6,26978}

Temeph 3aBepIIaeTcs U BTOpasi TpaH3aKIMs, yep KUBaBIIast pasfessieMylo 6JI0KHPOBKY.
I $2=> COMMIT;

I COMMIT



TpaH3aKU;I/IH, CTOABIIIAsA HepBOfI B ouepeny, 1ojiydaeT JOCTYII K BepCHUU CTPOKHU:
|  UPDATE 1

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

-] RECORD 1 J---v--mmmmmmman--
locked_row | (0,1)

locker | 753

multi | f

xids | {753}

modes | {"No Key Update"}
pids | {25962}

OcTrasB1ascsa TPaH3aKI Ui 3aXBaTbIBaeT 6JIOKI/IpOBKy tuple BepCHHU CTPOKU U CTAaHOBUTCA HepBOfI B ouepenu:

=> SELECT * FROM locks WHERE pid = 26137; -- U2
pid | locktype | lockid | mode | granted
------- B S T S s
26137 | relation | accounts pkey | RowExclusivelLock | t
26137 | relation | accounts | RowExclusivelLock | t
26137 | virtualxid | 4/6 | Exclusivelock | t
26137 | tuple | accounts:0,1 | Exclusivelock | t
26137 | transactionid | 754 | Exclusivelock | t
26137 | transactionid | 753 | ShareLock | f
(6 rows)

OTMeHHUM U3MeHEeHUs.
| Ul=> ROLLBACK;

ROLLBACK

| uPDATE 1
| u2=> ROLLBACK;

| ROLLBACK

Kak He >KIaTh OJIOKHPOBKY?
WHorza yno6HO He »KIaTh 0CBO60K/[eHMs 6JI0KUPOBKH, a Cpasy IOJyUYHUTh OIIUOKY, eCIM HeOOXOAMMBIN pecypc 3aHAT.
IIpuao>KeHHe MOKET IIepeXBaTUTh U 06paboTaTh TaKyIo OIIHUOKY.

Jura aToro psp komaHz SQL (Takue, kak SELECT 1 HekoTopble BapraHTEI ALTER) IT03BOJISIOT yKas3aTh KiIo4eBoe cJ10BO NOWAIT.
3abJiokupyeM TabJIHIly, 06HOBUB IIEPBYI0 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"
TpaH3aKIXs cpasy JKe I0IyJaeT OUIUGKY.

| => ROLLBACK;

|  ROLLBACK

A 111 peKOMeH/[aTeIbHBIX GJI0KHPOBOK €CTh QYHKITHH, II03BOJISIONIHE JIUG0 Cpa3y 3aXBaTUTh GJIOKUPOBKY, JTU60 BePHYTH false B
ciIyJae Heyadu:

=> \df pg_try_advisory*



List of functions

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

Type

------------ e e e e
pg catalog | pg try advisory lock | boolean | bigint

func

pg catalog | pg try advisory lock | boolean | integer, integer
func

pg catalog | pg _try advisory lock shared | boolean | bigint

func

pg catalog | pg try advisory lock shared | boolean | integer, integer
func

pg catalog | pg try advisory xact lock | boolean | bigint

func

pg catalog | pg try advisory xact lock | boolean | integer, integer
func

pg catalog | pg try advisory xact lock shared | boolean | bigint

func

pg catalog | pg_try advisory xact lock shared | boolean | integer, integer
func

(8 rows)

Komanzer UPDATE u DELETE He mo3Bosisar0T yKasaTh NOWAIT. Ho MO’KHO CHayaJjia BEIIIOJTHUTHL KOMaHy
SELECT ... FOR UPDATE NOWAIT; -- unun FOR NO KEY UPDATE NOWAIT

a 3aTeM, eI CTPOKH YCIIeITHO 3a6I0KMPOBaHbl, H3MEHUTD WX YJaIUTh UX. HalipuMep:

| => BEGIN;

| BEGIN

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

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

TyT ke II0JIy4aeM OIIMOKY U He IbITaeMcs BbI3bIBaTh DELETE mu UPDATE.

| => ROLLBACK;

|  ROLLBACK

Jpyroii crioco6 He KIaTh CHATHS 6JIOKUPOBKY CTPOK IIpefiocTaBJsieT mperokeHne SKIP LOCKED. 3a610KupyeM OHY CTPOKY, HO
6e3 ykasaHHsg KOHKPETHOTO HOMepa cueTa:

| => BEGIN;
| BEGIN

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

acc_no | amount

B 3ToM ciIyyae KOMaH/ja IIPoIIycKaeT 3a6I0KUPOBAaHHYIO0 IIEPBYI0 CTPOKY U MBI HeMeIJIEHHO I10JIy4daeM GJI0KMPOBKY y>Ke BTOPOH
CTPOKH.

| => ROLLBACK;

| ROLLBACK

JlJ11 KoMaH]I, He CBSI3aHHBIX C 6JI0KUPOBKOM CTPOK, UCII0JIb30BaTh NOWAIT He IIOJIy4HUTCS. B 3TOM ciIydae MOKHO yCTaHOBUTh
He6OJILIIoN TakM-ayT oKHugaHus. (ITo yMo/IYaHUIO ero SHaueHHe HyJIeBoe, UTO 03HadaeT 6eCKOHeuHoe 0XKH/laHue):

| => SET lock_timeout = '1s';

| SET

| => ALTER TABLE accounts DROP COLUMN amount;

| ERROR: canceling statement due to lock timeout
IosrygaeM oImMGKY 6e3 TUTeIbHOT0 0KU/JAHNS 0CBOGOXKIEHHS pecypca.
| => RESET lock_timeout;

| RESET



A TIpY BHITIOJTHEHHUH OUHMCTKU MOYKHO YKa3aTh, UTO OHA J[0JDKHA IIPOIYCKAaTh 00paboTKy TabJIUITB, eCIU ee 6JI0KHPOBKY He
YaJI0Ch TIOJIYYNUTh HeMeJIEHHO. ITO MOXKeT 0Ka3aThCsl 0COGEHHO aKTyaIbHBIM, KOI7a BBIIIOTHIETCS OYHCTKA BCeH 6aspl:

| => VACUUM (skip_locked);
| vAcuum
=> ROLLBACK;

ROLLBACK
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Bo3moxHa cuTyauus B3aMMo6/10KMPOBKM, KOrAa ofHa TpaH3akums nbiTaeTca
3axBaTuUTb PECYPC, YXXEe 3aXBayeHHbIN APpYro TpaH3akumMen, B TO BPEMS Kak
Apyrasi TpaH3akuus nbiTaeTcs 3axBaTnTb Pecypc, 3axXBayeHHbIi NepPBOWA.
B3anmMo610KMpoBKa BO3MOXHA U MPU HECKO/IbKUX TpaH3aKumsax: Ha cnange
nokasaH npumMep Takon cuTyauun st Tpex TpaH3akumi.

BusyanbHO B3anMO6/10KMPOBKY YA0OHO npeacTaB/isaTh, MOCTPOUB rpad
oXxuaaHuii. [1na atoro Mol yérpaem KOHKPETHbIE PeCYpPCbl N OCTaB/IsIEM
TONbKO TpaH3akLMu, OTMeYas, Kakasi TpaH3akuus Kakyro oxuaaet. Ecnu
B rpape ecTb KOHTYpP (M3 HEKOTOPO BEPLLMHBI MOXHO MO CTpesikam
[06paTbCs A0 HEE Xe caMOoii) — 3TO B3anMOOG/TOKMPOBKA.

OTMEeTUM, 4TO 3a6/10KMPOBAHHBIMU pecypcamMm MOryT oKa3aTbCsl HE TOJTbKO
CTPOKW; ANS pa3peLlleHnss B3aMMoO6/10KMPOBKN BaXKEH HE TUM
3a6/10KMPOBaHHbIX PECYPCOB, a B3aM03aBUCUMOCTb OXUAAKLLNX UX
0CBOGOXAEHNS TPAH3aKLNIA.

Ecnn B3anmMo6/10KMpOBKa BO3HUK/IA, YH4aCTBYOLLME TPaH3aKLUMN YXXe He
MOFYT HAYEro C 3TUM cAenartb — OHW ByayT XaaTtb 6eCcKoHeYvHOo. NoaTomy
PostgreSQL aBTOoMaTnyeckn oTcnexmsaeT B3anMob6/10kMpoBku. Mposepka
BbIMO/IHAETCA, ecnu Kakas-nmbo TpaH3akums oxuaaeT 0CBOO6OXAEHNS
pecypca fonblue, Yem ykasaHo B napametpe deadlock_timeout. Ecnun
BbIsiB/ieHa B3aMOOG/TOKMPOBKA, 0AHAa U3 TpaH3aKUMin NPUHYANTENBHO
npepbiBaeTcs, YTOObl OCTa/IbHblE MOV NPOAOC/DKUTL PaboTy.

B3anMo06/10KMPOBKM 0ObIYHO O3HAYatoT, YTO NPUSIOXKEHNE CNPOEKTUPOBAHO
HenpaBuibHO. Co06LLEHNSA B XXypHane cepBepa univ yBennunparoLLeecs
3HayeHue pg_stat database.deadlocks — noBopg 3agymarbca 0 NpUYMHaXx.

g[g)lig/postqrespro.ru/docs/postqresqI/16/exp|icit—|ockinq#LOCKING—DEADL



https://postgrespro.ru/docs/postgresql/16/explicit-locking#LOCKING-DEADLOCKS
https://postgrespro.ru/docs/postgresql/16/explicit-locking#LOCKING-DEADLOCKS

B3anMo00JI0KHPOBKa

OG6BIYHAS IPUYKHA BO3HUKHOBEHHS B3aUMOGIOKHMPOBOK — Pa3HEIH IOPs/I0K GJIOKUPOBAHUS CTPOK TaGJIHIL,

IlepBas TpaH3aKI[Wsg HamMepeHa IepeHecTy 100 py6Jieli ¢ IIepBOro cyeTa Ha BTOPOM. /lJIg 3TOT0 OHA CHavyaJla yMeHbIIlaeT IIePBbIA
CYerT:

| => BEGIN;

| BEGIN

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

B 3T0 >ke BpeMsI BTOpast TPaH3aKITHsI HaMepeHa ItepeHecTH 10 py6JIeit co BTOPOTo cueTa Ha IepBEIH. OHa HAYHHAET C TOTO, YTO
yMeHbIIaeT BTOPOI CUeT:

|  => BEGIN;

|  BEGIN

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

| uPDATE 1

Tenephb HepBasi TPaH3aKIHs IIBITAETCS. YBETHUUTE BTOPOH C4eT, Ho 06Hapy»KUBAeT, 4T0 CTPOKA 3a67I0KHPOBaHa.
| => UPDATE accounts SET amount = amount + 100.00 WHERE acc_no = 2;

3aTeM BTOpast TPAH3aKI[Hs [IBITAETCS YBETHUHUTD TIePBLIH CUeT, HO TOYKe 6JI0KHPYeTCs.

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

Bo3HHKaeT I[UK/IHYECKOe O’KHUIaHKe, KOTOPOe HUKOI/[A He 3aBePIIIUTCS caMo II0 ce6e. [10aToMy cepBep, 06HAPY>KUB TaKOH ITHKIL,
IIpepHIBaeT OfHY U3 TPaH3aKIUH.

ERROR: deadlock detected

DETAIL: Process 25962 waits for ShareLock on transaction 761; blocked by process 26137.
Process 26137 waits for SharelLock on transaction 760; blocked by process 25962.

HINT: See server log for query details.

CONTEXT: while updating tuple (0,2) in relation "accounts"

| uPDATE 1

| => commIT;

|  ROLLBACK

| == commIT;
| commIT

IIpaBUJIBHBIH CII0COG BHIITOTHEHHUS TAaKUX OIIEPAliUi — GJIOKHPOBAaHIE PECYPCOB B ONHOM M TOM >Ke IIopsifike. Hampumep, B
TAHHOM CJIydae MOKHO GJIOKMPOBATh cyeTa B IIOPsi/IKe BO3pacTaHUSA UX HOMEPOB.
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[1pakTnka Posigres

1. CwmopenupyiiTe CUTyarjr0 0OHOB/IEHUST OJJHOU U TOM >Ke CTPOKH
TpeMsa KoMaHzaMu UPDATE B pa3HBIX ceaHCax.
M3yunte BO3HUKIIME OIOKUPOBKH B TipejcTaBieHnn pg_locks
1 ybeTech, UTO BCe OHU TIOHSATHBI.

2. Bocrpou3BeuTe B3aMMOOIOKMPOBKY TPeX TpaH3aKIIUM.
MoskHO /11 pa300paThCs B CUTYalK MOCT(AKTYM, U3yuast
)KypHasl cooO1rieHuni?

3. MoryTt /i1 Be TpaH3aKLWH, BLITIOJHAIOLe eJUHCTBEHHYIO
koMaHZy UPDATE ofHOM U TOM e Tabiuiibl, 3a06/I0KMpOBaTh
apyr apyra? [TornpoOyiiTe BOCTIPOM3BECTH TaKyH CUTYaLIHUIO.
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1. BJIOKHMpPOBKH IIPHA HECKOJIBKUX 00HOBJIEHHUAX CTPOKH

JLJIs1 TIPOCTOTEI CO3/[aIUM Ta6JINITy 6e3 IIEPBUUHOTO KII0Ya.

=> CREATE DATABASE locks_rows;

CREATE DATABASE

=> \c locks_rows

You are now connected to database "locks rows" 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

CosgazuMm mpeficTaBieHue HaJl pg_locks Kak B leMOHCTPaIUH:

=> CREATE VIEW locks AS
SELECT pid,
locktype,
CASE locktype
WHEN ‘'relation' THEN relation::REGCLASS::text
WHEN ‘virtualxid' THEN virtualxid::text
WHEN ‘transactionid' THEN transactionid::text

WHEN 'tuple' THEN relation::REGCLASS::text||':'||page::text||",'||tuple::text

END AS lockid,
mode,
granted

FROM pg_locks;

CREATE VIEW

IlepBasi TpaH3aKIKsI 0GHOBJISIET U, COOTBETCTBEHHO, GIIOKHPYET CTPOKY:
=> BEGIN;

BEGIN

=> SELECT pg_current_xact_id(), pg_backend_pid();

pg_current xact id | pg_backend pid

747 | 57603

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

Bropasi TpaH3aKIMs JieJlaeT TO >Ke caMoe:

| => \c locks_rows

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

| BEGIN

| => SELECT pg_current_xact_id(), pg_backend_pid();

pg_current xact id | pg_backend pid

748 | 57791

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

| => \c locks_rows

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

|  => BEGIN;



| BEGIN
[ => SELECT pg_current_xact_id(), pg_backend_pid();

pg _current xact id | pg backend pid

| => UPDATE accounts SET amount = amount + 100.00 WHERE acc_no = 1;
BJIOKHPOBKH J1JIs1 [IePBOi TPaH3aKI[HH:

=> SELECT * FROM locks WHERE pid = 57603;

pid | locktype |  lockid | mode | granted
------- e R s SRR
57603 | relation | pg_locks | AccessShareLock | t
57603 | relation | locks | AccessShareLock | t
57603 | relation | accounts | RowExclusivelock | t
57603 | virtualxid | 6/6 | ExclusivelLock | t
57603 | transactionid | 747 | Exclusivelock | t

(5 rows)

e Tum relation mia pg_locks u locks B pesxrme AccessShareLock — ycTaHaB/IMBaKOTCA Ha YATaeMble OTHOLLIEHHUS.
e Tum relation mia accounts B pesxuuMe RowExclusiveLock — ycTaHaBIHBaeTCs Ha H3MeHsIeMOe OTHOIIIEHHe.
e Tumml virtualxid u transactionid B pexkuMe ExclusiveLock — yeprkuBaroTcsa TpaH3aKIHeH 11 caMoU ce6s.

BJIOKMPOBKH /IJI51 BTOPOH TPaH3aKI[HUH:

=> SELECT * FROM locks WHERE pid = 57791;

pid | locktype | lockid | mode | granted
------- et e it e T
57791 | relation | accounts | RowExclusivelLock | t
57791 | virtualxid | 3/12 | Exclusivelock | t
57791 | transactionid | 747 | ShareLock | f
57791 | transactionid | 748 | ExclusivelLock | t
57791 | tuple | accounts:0,1 | Exclusivelock | t
(5 rows)

ITo cpaBHEHHIO C IIEPBOM TPaH3aKIIHeH:

o BiroxupoBKH 1t pg_locks 1 locks OTCYTCTBYIOT, TaK KaK BTOpPasi TPAaH3aKIHS He 06palanach K STUM OTHOLIEHHSIM.
o TpaH3aKIMs 0>KHUZAET IoJIydeHHe GI0KMPOBKH THIIA transactionid B pe>kuMe ShareLock i1t IepBo# TpaH3aKITHH.
e ViepKHBaeTcd 6JI0KMPOBKaA THIIA tuple 111 06HOBJISIEMO CTPOKHU.

BJIOKHPOBKY /I TPETHEH TPaH3aKITHH:

=> SELECT * FROM locks WHERE pid = 57904;

pid | locktype | lockid | mode | granted
------- L e e e
57904 | relation | accounts | RowExclusivelLock | t

57904 | virtualxid | 4/5 | Exclusivelock | t

57904 | tuple | accounts:0,1 | Exclusivelock | f

57904 | transactionid | 749 | Exclusivelock | t
(4 rows)

e TpaH3aKIUs 0’KHUAAET I0JIydeHHe GI0KUPOBKH THIIA tuple 111 0GHOBJIIEMO CTPOKH.

O6111yI0 KapTUHY TEeKYIINX 0>KUTaHUM MO>KHO YBHU/IETH B IIpe/[CTaBIeHUM pg_stat_activity. /i yo6cTBa MOYKHO J06aBUTH U
UHPOPMAITHIO 0 6JIOKUPYIOIIMX IIPOIieccax:

=> SELECT pid, wait_event_type, wait_event, pg_blocking_pids(pid)
FROM pg_stat_activity
WHERE backend_type = 'client backend';

pid | wait event type | wait event | pg blocking pids
------- e e S
57791 | Lock | transactionid | {57603}

57904 | Lock | tuple | {57791}

57603 | I | {}
(3 rows)

=> ROLLBACK;



ROLLBACK

| UPDATE 1
| => ROLLBACK;

ROLLBACK

| uPDATE 1
| => ROLLBACK;

| ROLLBACK

2. B3auM0GJIOKHPOBKA TPEX TPaH3aKI[Hit

Bocmpou3BeieM B3aUMOGJIOKHPOBKY TPeX TpaH3aKITHH.

=> BEGIN;

BEGIN

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

| => BEGIN;

| BEGIN

| => UPDATE accounts SET amount = amount - 100.00 WHERE acc_no = 2;
| UPDATE 1

| => BEGIN;

|  BEGIN

| => UPDATE accounts SET amount = amount - 100.00 WHERE acc_no

n
w
-~

| UPDATE 1
=> UPDATE accounts SET amount = amount + 100.00 WHERE acc_no = 2;

| => UPDATE accounts SET amount = amount + 100.00 WHERE acc_no = 3;

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

ERROR: deadlock detected

DETAIL: Process 57603 waits for ShareLock on transaction 751; blocked by process 57791.
Process 57791 waits for ShareLock on transaction 752; blocked by process 57904.

Process 57904 waits for ShareLock on transaction 750; blocked by process 57603.

HINT: See server log for query details.

CONTEXT: while updating tuple (0,2) in relation "accounts"

| uPDATE 1
| => commMIT;

H COMMIT

| UPDATE 1

| => commIT;

| commIT

=> COMMIT;

ROLLBACK

BoT KaKy HHOOPMAITHIO 0 B3aUMOGJI0KHIPOBKE MOKHO ITOJTYUUTD U3 JKypHaJIa:
student$ tail -n 10 /var/log/postgresql/postgresql-16-main.log

2025-06-24 00:14:29.362 MSK [57603] student@locks rows ERROR: deadlock detected
2025-06-24 00:14:29.362 MSK [57603] student@locks rows DETAIL: Process 57603 waits for
ShareLock on transaction 751; blocked by process 57791.
Process 57791 waits for ShareLock on transaction 752; blocked by process 57904.
Process 57904 waits for ShareLock on transaction 750; blocked by process 57603.
Process 57603: UPDATE accounts SET amount = amount + 100.00 WHERE acc _no = 2;
Process 57791: UPDATE accounts SET amount = amount + 100.00 WHERE acc_no = 3;
Process 57904: UPDATE accounts SET amount = amount + 100.00 WHERE acc no = 1;



2025-06-24 00:14:29.362 MSK [57603] student@locks rows HINT: See server log for query
details.

2025-06-24 00:14:29.362 MSK [57603] student@locks rows CONTEXT: while updating tuple
(0,2) in relation "accounts"

2025-06-24 00:14:29.362 MSK [57603] student@locks rows STATEMENT: UPDATE accounts SET
amount = amount + 100.00 WHERE acc no = 2;

3. B3anuMo006JI0KMpOBKa ABYX onepanuii UPDATE

KomaHnja UPDATE 6JI0KMPYeT CTPOKH II0 Mepe X 06HOBJIEHHUS. ITO IPOUCXOAUT He OTHOMOMEHTHO.

IIoaTOMY ecyIH OfHa KOMaH/a GyZeT 0GHOBJISTE CTPOKH B OJHOM IIOPSIZIKe, a APyrasi — B APYTOM, OHU MOTYT
B3aKMMO03a6JI0KHPOBATELCSL. ITO MOXKET IIPOU30HTH, eCJIU /11 KOMaH/ GYAYT IIOCTPOEHEI Pa3Hble IJIAHBI BRIITOJHEHHUS, HAIIpUMeD,
offHa GY/IeT YUTATh TAGIHITY IIOC/Ie0BATEILHO, a IpyTast — I10 UH/EKCY.

HOJIY‘II/ITB TaKyI0 CUTyaIllI0 HEIIPOCTO Ja’Ke CIIeIThaJJIbHO, B pEaJIBHOfI pa60Te OHa MaJIOBepPOsATHA. HpOI/IJIJI}OCTpI/IpOBaTB ee
IIpoIIe BCero C IIOMOIBI0 KypCOPOB, IIOCKOJIBKY 3TO JaeT BO3SMO’KHOCTD YIIPABJIATE IIOPAAKOM UTE€HMs.

| => BEGIN;
| BEGIN

=> DECLARE cl CURSOR FOR
SELECT * FROM accounts ORDER BY acc_no
FOR UPDATE;

| DECLARE CURSOR
|  => BEGIN;
|  BEGIN

=> DECLARE c2 CURSOR FOR
SELECT * FROM accounts ORDER BY acc_no DESC
FOR UPDATE;

|  DECLARE CURSOR
| => FETCH c1;

acc_no | amount
________ e

1| 1100.00
(1 row)

|  => FETCH c2;

acc_no | amount

3 | 3000.00
(1 row)

| => FETCH c1;

acc_no | amount
________ Fo- oo oo

2 | 1900.00
(1 row)

| => FETCH c2;

BTopasi KoMaH/[a OKHfiaeT 6JIOKHPOBKY...

| => FETCH c1;

[Tpousornuia B3auMO06JIOKUPOBKa. U uepe3 HEKOTOPOe BpeMs

ERROR: deadlock detected

DETAIL: Process 57904 waits for ShareLock on transaction 753; blocked by process 57791.
Process 57791 waits for SharelLock on transaction 754; blocked by process 57904.

HINT: See server log for query details.

CONTEXT: while locking tuple (0,8) in relation "accounts"

acc_no | amount
________ Fo- oo oo

3 | 3000.00
(1 row)

| => commIT;



| commIT
| => commMIT;

| ROLLBACK



