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OTKa3 OT OTBETCTBEHHOCTHU

KomnaHus Postgres Professional He HeCceT HMKaKo OTBETCTBEHHOCTM 3a
N06ble NOBPEXAEHUA N YObITKA, BKKOYAA NOTEPI0 40X04a, HAHECEHHbIEe
NPSAMbIM UM HENPAMBIM, CleunasibHbIM UK CyvYaiHbiM UCMO/Ib30BaHWEM
mMaTepuanos kypca. KomnaHusa Postgres Professional He npegoctasnsaet
Kakux-nnbo rapaHTuii Ha matepuasbl Kypca. MaTepuasbl Kypca
NPeAoCTaBNSTCS Ha OCHOBE NMpuHLUMNa «Kak ecTb» U KoMmnaHusa Postgres
Professional He 06s13aHa NpefoCcTaBNATb CONPOBOXAEHME, NOALEPXKKY,
OGHOB/EHNSA, PaCLUNPEHNS N N3MEHEHNS.
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Tembl Posigres

W cknounTesibHbIe U pa3jensemMbie 6JI0KUPOBKH CTPOK
MynbTATpaH3aKLUKM U 3aMOPO3Ka
Peanu3anys ouepeit OXXujaHuUs

B3anMo06/10KMpOBKU



Bﬂ OKN po BKI CTpO K QPROFESSONAL

610KNPOBKM
Ha ypoBHe
06beKToB

npeavkaTtHble
6/10KMPOBKM

6/10KMPOBKU
B OnepaTuBHO
namsTm

6/10KMPOBKN
Ha ypoBHe
CTPOK

- DY - B

HecmoTps Ha TO, YTO MHhopMaunsa 0 6G10KMPOBKaxX CTPOK XpaHUTCA
B BEPCUSX CTPOK Ha AUCKe, ouepeib OXUOAHUA OJ159 UCKHUYMTENbHbIX
G/10KMPOBOK CTPOK OpraHmn3oBaHa C NOMOLL b0 6/10KMPOBOK 0OBLEKTOB tuple.
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yCTpOVICTBO Pos{gres

WHdbopmatiyist moabko B CTpaHULaX JaHHBIX

I10J1e XmMax 3aro/ioBKa BepCHUu CTPOKH + I/IHCl)OpMaL[I/IOHHbIe OUTEI
B OHepaTHBHOﬁ MaMATH HUYEro He XpaHUTCA

HeorpannueHHoe KOJIMYECTBO

OO0JIBIIIOe YKC/IO He BAUSeT Ha MMPON3BOAUTE/IbBHOCTb

WHudpactpykTypa

«ouepe/ib» 0)KHUJJaHUsI OpraHU30BaHa C MOMOILbI0 6/IOKUPOBOK 00BEKTOB

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 Npu 6710KMPOBKE eLle 0fHOM
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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ICKNKOUUTENbHbIE PEXUMbI  Posggres

Update No Key Update
yAa/eHue CTPOKU v3MeHeHHe JII00BIX TI0IeH,
WU MU3MeHeHUe BCex Tosieit KpOMe KJ/THOueBbIX
SELECT FOR UPDATE SELECT FOR NO KEY UPDATE
UPDATE UPDATE
(C U3MeHeHWeM K/THOUeBbIX T0J1ei) (6e3 M3MeHeHUsT KITFOUEBbIX T10JI€H)

DELETE

Bcero cyuiecTtByeT 4 pexuma, B KOTOPbIX MOXHO 3a6/10KMpOBaTb CTPOKY
(B BEPCUUN CTPOKM PEXMM MPOCTAB/AETCA C MOMOLLbIO AO0MO/THUTENbHbIX
NH(POPMAaLIMOHHLIX BUTOB).

[Ba pexunma npeacTaBsoT UCKNKUNTENbHbIE (exclusive) 6/10KMPOBKH,
KOTOpble OAHOBPEMEHHO MOXET yAepXnBaTb TONIbKO O4HA TpaH3akuus.
Pexxum Update npegnonaraet nosiHoe n3meHeHne (A yaasneHune) CTPOoKM,
a pexum No Key Update — n3meHeHue To/bKO TEX NOJENR, KOTOPbIE He
BXO4AT B YHUKa/1bHble UHAEKCHI (MHBbIMM C/I0BaMU, NPU TAKOM U3MEHEHUN
BCEe BHELUHME K/1oUM OcTarTca 6e3 N3MeHeHun).

KomaHga UPDATE cama BblbupaeT MUHUMasIbHbIA NOAXOAALMNIA PEXNM
610KNPOBKN; 06bIYHO CTPOKK 6nokupytoTca B pexume No Key Update.

https://postgrespro.ru/docs/postgresqgl/16/explicit-locking#LOCKING-ROWS
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ICKNKOUUTENbHbIE PEXUMbI  Posggres

Xmin committed
xmin aborted
Xxmax committed
xmax aborted
xmax lock only
keys updated

ctatyc Xmin  xmax

(0,1) normal » 100 | 101

OaHHble

42, FOO

—

Homep
6nokupytoLeit
TpaH3akuum1

SELECT
FOR ...
UPDATE

NU3MEHNNUCb
3HAYEHMS K/OYEBbIX
noneii?

Mpy U3MEHEHUM UM yAaNIEHUM CTPOKM B MOJIE XMax akTyaslbHO Bepcum
3anuncbiBaeTCst HOMep TeKyLLe TpaH3akUMK. YCTaHOBNEHHOE 3HAYEeHNe

Xmax, COOTBETCTBYHOLLEE aKTUBHOWN TpaH3aKLMW, BbICTYNAET B Ka4ecTBe
G1OKNPOBKN.

To xe camoe nNpoucxoguT 1 Npu ABHOM 6/10KMPOBaHNN CTPOKM KOMaHA0M
SELECT FOR UPDATE, Ho eulle npocTaBnseTcsa AOno/HUTENbHbIN
NHPOPMaUNOHHbIN 6UT (xmax lock only), KOTOpPbI TOBOPUT O TOM, YTO
BEPCUA CTPOKM MO-NMPexXHeMy akTyaslbHa, XOTb 1 3ab/10kMpoBaHa.

Pexunm 6510KMpOoBKM onpeaensieTcs ewe ogHUM MHGOPMaLMOHHbIM BUTOM
(keys updated).

(Ha camom gene ncnosb3yeTtca 60/1bliee KomyecTso 6UToB ¢ 6onee
CNOXHbIMW YCNTOBUSIMA U NPOBEPKaMN, YTO CBA3AaHO C NOAAEPXKKOWA
COBMECTUMOCTHU C NpeablayLmmmn Bepcnsammn. Ho ato He NpUHUUNNAIBLHO.)

Ecnv gpyras TpaH3akums HamepeHa 06HOBUTbL UMW YAAUTb
3a6/10KMPOBAHHY0 CTPOKY B HECOBMECTUMOM PeXxnmMe, oHa GyaeT
BbIHY)X/leHa [0XAAaTbCs 3aBepLUEHNs] TpaH3aKL M1 C HOMEPOM Xmax.
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Pasgensembie pexxnmbl Posigres

Share Key Share
3arnpeT U3MeHeHHsI 3amnpeT U3MeHeHHs]
JIFOOBIX TT0JIEN CTPOKU KJ/TFOUEBbIX T10JIel CTPOKU
SELECT FOR SHARE SELECT FOR KEY SHARE

Y IPOBEepKa BHEIIHUX KJ/II0uer

ManI/IL[a COBMECTHUMOCTH 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 pexuma npencrasnsoT pasgendemole (shared) 6/10knMpoBku,
KOTOpPbIE MOTYT yAepPXNBATbCA HECKO/IbKUMW TPaH3aKUMUSIMN.

Pexum Share npyMeHsieTcsi, Koraa Hy>XHO NpPoYnTaTb CTPOKY, HO NMPU 3TOM
HeNb3s 10NyCTUTb, YTOObI OHA Kak-N1Mbo N3MeHUNach ApYyroi TpaH3akUumei.

Pexnm Key Share gonyckaet nameHeHne CTPOKU, HO TOTbKO HEKJ/THOUEBbIX
nosein. AToT pexum, B HaCTHOCTU, aBTOMaTMUYeCK NCNOosb3yeTCs
PostgreSQL npu npoBepke BHELUHUX K/HOYEN.

O6ulasa maTpuua COBMECTMMOCTU PEXUMOB NpUBEAEHa BHU3Y cranja.
3 Hee BNAHO, YTO:

*  WCKNIOUNTENbHbIE PEXNMbI KOH/IMKTYIOT Mexy coboii;
* pasgensiemMble PeXxrMbl COBMECTUMbI MeXay CO60I;

* pasgensemblin pexum Key Share COBMECTUM C UCKNHOUNTENBHbLIM
pexumom No Key Update (ToO eCTb MOXHO 0OHOBNATbL HEK/KOYEBbIE MO
N ObITb YBEPEHHbLIM B TOM, YTO K/1HOY HE N3MEHUTCS).

https://postarespro.ru/docs/postaresal/16/explicit-locking#LOCKING-ROWS
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Pasgensembie pexxnmbl Posigres

Xmin committed
xmin aborted
Xxmax committed

xmax aborted
xmax is multi

ctatyc Xmin  xmax OaHHble

42,FOO

(0,1) normal » 100 1

—
—

Homep
My/IBTUTPaH3aKL{MM
(multixact)

PGDATA/pg_multixact/

101 Key Share 102 No Key Update

Mbl FOBOPUNN O TOM, YTO G/IOKMPOBKA NpeAcTaBnsieTcss HOMEPOM
G10KUPYIOLLEN TPpaH3aKUMKn B Nosie xmax. PasgensieMble 6/10KMPOBKM MOTYT

yaepXnBartbCA HECKO/IbKUMU TPpaH3akKUuMAaAMN, HO B OAHO NoJsie Xmax HeJ1b3A
3anncarb HeECKOJ/IbKO HOMEPOB.

[MoaTomy Ana pasgensemMbix 6/10KMPOBOK NPUMEHAIOTCA TaK Ha3blBaeMble
My/ibmumpaH3akyuu (MultiXact). Im BblgensawTca oTAebHble HoMepa,
KOTOpble COOTBETCTBYHOT HE OAHOWN TpaH3akuun, a uesnon rpynne. Ytoobsbl
OT/INYNTb MYNILTUTPAH3AKLMIO OT 0ObIYHON, UCMO/b3YETCA eLle OAMH
MHpOopMaUMOHHbIN 61T (xmax is multi), a geTanbHaa nHdopmayms 06
ydyacTHMKax Takoi rpynnbl 1 pexxmmax 6/10KMPOBKM HAXOAUTCA B KaTtasiore
PGDATA/pg_multixact/. EctecTBeHHO, NocfieaHne NCnosb30BaHHble AaHHble
XpaHATCs B 6ychepax B 06LLEN NaMATH cepBepa A1 YCKOPeHUs AocTyna.
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HacTporka 3aMOopo3KM Posigres

[TapameTphbl /11 My/IBTUTPaH3aKL[UH

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 TaOJIHIL]

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 MyNbTUTPaH3aKLUNiA BblAENS0TCA OTAe/bHbIE HOMEpPA,
KOTOPbIE 3annCbiBAlOTCS B NOSIE XMax Bepcuii CTPOK, 13-3a OrpaHnyYeHmns
Pa3psAHOCTM CUYETUMKA C HUMW BO3HMKAIOT TaKME XKE CNOXHOCTU, Kak U

C 06bIYHbIM HOMEPOM TPaH3aKUUK. Peub naeT o nepenonHEHUN CYETUMKA
TpaH3aKUuiA, KOTOpoe paccMaTprBasiocb B TeMe «3amMop0o3Ka» Moay/is
«MHOroBepCUOHHOCTb.

[MoaTomy AN HOMEPOB MYNbTUTPAaH3aKLUMIA TOXEe HEOOXOANMO BbINOSTHATL
aHanor 3aMopo3ku — cTapble HoMepa multixact id 3aMeHAITCS Ha HOBbIe
(M Ha 0ObIYHbI HOMEP, eC/iY B TEKYLLNMI MOMEHT G/10KMPOBKa YyXXe
yAEePXBAETCS TO/IbKO OAHOW TpaH3akumen).

3ameTum, 4YTo 0b6blYHAsA 3aMOpPO3Ka BEPCUiA CTPOK BbINOHAETCA A9 NOoNA
Xmin (ecnun y Bepcun CTPOKM HenycToe nosie xmax, To /NGO 3TOo yxe
HeakTyasibHas BEpCcusa 1 oHa byaeT ounileHa, iMbo TpaH3akumMsa xmax
OTMEHEHa 1 ee HOMep Hac He UHTepecyeT). A AN My/IbTUTPaH3aKUUin peyb
NOET 0 Nosie Xmax akTyaslbHOM BEepCuUmM CTPOKKU, KOTopas MOXET OCcTaBaTbCs
aKTyasiIbHOWM, HO NPW 3TOM MOCTOSAHHO 6/10KMPOBAaTLCA PasHbIMU
TpaH3aKUMAMKM B pa3feniiemMoM pexume.

3a 3aMOpPO3Ky My/IbTUTPAH3aKLUWii 0TBEeYatoT napameTpbl, aHa/I0rM4YHble
napameTpam 006bI4YHOM 3aMOPO3KMU.



BJ/IOKHPOBKM CTPOK

Haubornee wacTe¥ cimydyali 6710KMPOBOK — GJIOKMPOBKY, BO3HUKAIOIYE Ha YPOBHE CTPOK.
Co3paguM Tabnuily cYeTOB, KaK B IIPOLLIONH 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 (1,1000.00),(2,2000.00),(3,3000.00);

INSERT 0 3

ITockonbKy HHpOPMAUUs 0 OIIOKUPOBKE CTPOK XPAHUTCS TOJIBKO B CAMUX BEPCHUSIX CTPOK, BOCIIOJIb3yEMCSI 3HAKOMBIM
pacuimpenueM pageinspect.

=> CREATE EXTENSION pageinspect;
CREATE EXTENSION

s yJIO6CTBa Cco3maguM IIpencTaBlieHue, pacum(prBHBanmee HWHTepecylIlnne Hac I/IH(t)OpMaL[I/IOHHLIe OUTEHL B IIE€PBBIX
TpeX BepCusix CTPOK.

=> CREATE VIEW accounts_v AS

SELECT '(0,'||lp]||"')" AS ctid,
t_xmax as xmax,
CASE WHEN (t_infomask & 1024) > 0 THEN 't' END AS committed,
CASE WHEN (t_infomask & 2048) > 0 THEN 't' END AS aborted,
CASE WHEN (t_infomask & 128) > 06 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

OOGHOBIISIEM CYMMY IIE€PBOTO CUeTa (KJII0Y HEe MEHSIeTCsI) M HOMED BTOPOTo cyeTa (K/II0Y MEHSIeTCs):
| => \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

3arnsHeM B IIpeacTaBlIEeHue. HamoMmHuM, 94TO OHO MOKa3bIBaeT TOJIBKO IIepBbBI€ TPU (TO €CThb I/ICXOI[HHG) BEPCHHU CTPOK.

=> SELECT * FROM accounts_v;

ctid | xmax | committed | aborted | lock only | is multi | keys_ upd
------- R et TR
(6,1) | 748 | | ! ! |

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

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

(3 rows)

CTpOKHU, COOTBETCTBYIOLIUE [IEPBOMY ¥ BTOPOMY CUeTy, 3a0JIOKMPOBaHE — B II0JIe XMax 3alnucaH HoMep 6JI0KUpyomei
TpaH3aknuu. Butke B cTonbue keys upd moKasbBalOT, YTO CTPOKYU 3a6JIOKMPOBAHEL B Pa3HBIX PEXKUMax.

Temepb B APYroM CeaHCe 3allPOCUM pa3fesisieMble GJIOKUPOBKHY [IEPBOT'0 U TPETHET'0 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

(1 row)
| => SELECT * FROM accounts WHERE acc_no = 3 FOR SHARE;

acc_no | amount

3 | 3000.00
(1 row)

Bce 3anpomreHHbIe GIIOKHPOBKY COBMECTHMEI APYT C APYroM. B BepCHsAX CTPOK BUOUM:

=> SELECT * FROM accounts_v;

ctid | xmax | committed | aborted | lock_only | is _multi | keys_upd
------- B L T e L L L LT R
(6,1) | 1] I I | t I

(6,2) | 748 | I I I | t

(6,3) | 749 | I | t I I

(3 rows)

Cronben lock only mo3BosseT OTIMYUTH MPOCTO GJIOKUPOBKY OT OOHOBJIEHUS WIIM yAaleHusl. BUIuM TakXke, 9YTO B IE€PBOH
CTPOKe OOBIYHEI HOMED B CTOIOIle XmaXxX 3aMeHeH Ha HOMep MyJIbTUTPaH3aKIuu — 00 3TOM roBopuT cTonbern is multi.

YtoOBl He BHUKATH B geTanunu I/IH(i)OpMaLII/IOHHbIX OUTOB U peanusanuo MyJ'IbTI/ITpaH?,aKLH/II;I, MO2KHO BOCIIOJIb30OBAThCs €ellle
OOHHUM pacCIlI¥peHneM, KOTOpoe II03BOJIAEeT YBUOETH BCIO I/IH(I)OpMaL[I/IIO (0) 6HOKI/IPOBK3X CTPOK B yJIO6HOM BUpOe.

=> CREATE EXTENSION pgrowlocks;
CREATE EXTENSION

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

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

locker | 1

multi | t

xids | {748,749}

modes | {"No Key Update","Key Share"}
pids | {92007,92182}

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

locker | 748

multi | f

xids | {748}

modes | {Update}

pids | {92007}

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

locker | 749

multi | f

xids | {749}

modes | {"For Share"}

pids | {92182}

Pacmupenue maeT nH(pOpMaIuo o HoMepax TPaH3aKIui, MyJIbTUTPAH3aKIUNA U PeKUMaX BCeX GJIOKMPOBOK.
| => ROLLBACK;

| ROLLBACK

| => ROLLBACK;

| ROLLBACK
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«Ouepenb» oXxXnagaHus Pos{gres

:
xid 101

Share

Xmin Xmax

(0,1) 100 | 101

yAepxuBaeT
pasgensiemyto
610KMpPOBKY

11

[na opraHvM3aumy oyepeaun oXxuaaHus A0MoSIHUTENbHO NCNOMb3YeTCH
MexaHn3M 6/10KMPOBOK 06bEKTOB, NPU 3TOM MHJIOPMAaLIMA XpPaHUTCA
B onepaTuBHOM NamATn 1 BugHa B pg_locks.

[onycTum, TpaH3sakumm ¢ Homepom 101 (npumep Ha cnange) yaanocb
3a6/10kMpoBaTb CTPOKY B pasgensiemoM pexume Share. NHdopmayms

0 6/10KMPOBKE 3anuncbiBaeTCA B 3aro/ioBOK BEPCUMN CTPOKN — B MOJIe Xmax
NOSAB/ISIETCS HOMEP 3TOW TPaH3aKUMWW.
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«Ouepenb» oXxXnagaHus Pos{gres

@ A
tuple 0,1 xid 101

Share

Xmin Xmax

(0,1) 100 | 101

xaet
3aBepLUEeHNs]
T101

12

Apyrasa TpaH3akuma 102, xxenas noayyunTb 6/10KMPOBKY, 0ObpallaeTcs

K CTPOKe 1 BUAUT, YTO CTPOKa 3abnokupoBaHa. Eciin pexxumbl 6/10KMPOBOK
KOHQO/IVKTYIOT, OHa A0/IKHA KakMM-TOo 06pa3omM BCTaTb B 0Yepesb, YTOObI
cuctema «pasdyanna» ee, korga 6510kmposka ocsoboaunTcs. Ho 610KMPOBKU
Ha ypOBHE CTPOK He NpeaoCTaBNAT Tako BO3MOXHOCTU — OHWU HUKaK He
npeacTaB/ieHbl B ONepaTuBHOM NamAT, 3TO NPOCTO 6alTbl BHYTPU
CTpaHULbl AaHHbIX.

Kak Mbl Bugenn B teme «bnoknpoBkn 06 bEKTOB», Kaxkaasa TpaH3aKums
yAepXnBaeT UCKNHUNTENBHYHO 6/10KMPOBKY CBOEro Homepa. MocKosbKy
TpaH3akuma 102 ¢hakTnyeckn fo/mKHa LOXAATLCA 3aBepLUeHns TpaH3akuum
101 (Begb 6/10KMpOBKa CTPOKM OCBOOOXAAETCA TONLKO NPY 3aBepLleHnin
TpaH3akumn), oHa 3anpawmnBaeT 6/10kMpoBky Homepa 101.

Korpga TpaH3akuma 101 3aBeplumnTcs, 3a6/10KMpPOBaHHbIN pecypc
ocBoboanTcsa (Npu pukcaymm — NPOCTO UCYE3HET), TpaH3akuua 102 éyaet
pasbyxeHa n cama CMOXeT 3ab/10KnpoBaTtb CTPOKY (yCTaHOBUTbL xmax = 102
B COOTBETCTBYHLLEN BEPCUN CTPOKN).

Kpome Toro, oxungarowiasn TpaH3akums yaepxusaeT 6/10KMPOBKY pecypca
Tvna tuple (Bepcus CTPOKK), NOKasblBas, YTO OHa repsasi 8 «o4epeou.



o)) PROFESSIONAL

«Ouepenb» oXxXnagaHus Pos{gres

nepBblii
B O4epean CTouT
B TamGype

® |

Update a a
@ tuple 0,1 xid 101
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 6/10KMpPOBKY 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.



«Ouepeab» OKHIAHUSA

s yoo6cTBa co3manuM npencraBnenue Han pg locks, «cBepHYB» B OOHO I1oJle UNEeHTU(GUKATOPH PA3HEIX TUIIOB
GIIOKHUPOBOK:

=> 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

ITycTb opHa TpaH3akys 3a6I0KUPYeT CTPOKY B PA3HeENIsieMOM PEKUME...
S1=> BEGIN;

BEGIN

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

pg_current xact id | pg backend pid

752 | 91856

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

acc_no | amount
________ B -

1 | 1000.00
(1 row)

...a opyras noupo6yeT BHIIOIHUTL 0OHOBIIEHUE:

| 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 nmpencrasnenun pg locks MOKHO yBUAETH, YTO BTOPasi TpaH3aKIMs OXKUAAET 3aBepIIeHus nepsoi (granted = f),
yIoepskuBas IIpu 9ToM 6710KUpPOBKY Bepcuu cTpoku (locktype = tuple):

=> SELECT * FROM locks WHERE pid = 92007; -- Ul

pid | locktype | lockid | mode | granted
------- B e S e e E R
92007 | relation | accounts pkey | RowExclusivelLock | t

92007 | relation | accounts | RowExclusivelLock | t

92007 | virtualxid | 3/13 | Exclusivelock | t

92007 | transactionid | 752 | ShareLock | f

92007 | tuple | accounts:0,1 | Exclusivelock | t

92007 | transactionid | 753 | Exclusivelock | t
(6 rows)

YToO®I HEe pa3bupaThCs, KTO KOTO OJIOKUPYET, I10 mpencTaBiieHuio pg locks, MokHO y3HATh HOMED (MIM HOMepA) mpoIecca
6JIOKMPYIOLIEro ceaHca C IIOMOITLI0 QYHKIIUN:

=> SELECT pg_blocking_pids(92007); -- Ul



pg _blocking pids

{91856}
(1 row)

Tenepb IIOSABJISIETCA TPaH3aKIUs, XKeJlallllasi IIOJIYy4YUTh HECOBMECTUMYIO 6J'IOKI/Ip0BKy.
| u2=> BEGIN;
|  BEGIN

” U2=> SELECT pg_current_xact_id(), pg_backend_pid();

pg_current xact _id | pg_backend pid

” U2=> UPDATE accounts SET amount = amount - 100.00 WHERE acc_no = 1;

OHa BCTaeT B oUuepenb 3a TPaH3aKIMel, yaepKuBawinel 6;10KkupoBKy Bepcun cTpoku (locktype = tuple, granted = f):

=> SELECT * FROM locks WHERE pid = 92182; -- U2
pid | locktype | lockid | mode | granted

------- B S T S s
92182 | relation | accounts pkey | RowExclusivelLock | t

92182 | relation | accounts | RowExclusivelLock | t

92182 | virtualxid | 4/6 | Exclusivelock | t

92182 | tuple | accounts:0,1 | Exclusivelock | f

92182 | transactionid | 754 | Exclusivelock | t

(5 rows)
=> SELECT pg_blocking_pids(92182); -- U2

pg_blocking pids

{92007}
(1 row)



o)) PROFESSIONAL

«Ouepenb» oXxXnagaHus Pos{gres

«MHe TO/IbKO
CNpoCnUTL»

@ .

Update
Share
tuple 0,1 xid 101
Update @ Update Share
Xmin Xmax

Update
(0,1) 100 | 2

My/IETUTPaH3aKLMS
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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
G/10KMPOBKY CTPOKM B pasfesIseMoM pexrme, COBMECTUMOM C TEKYLLEeN
610KMpOBKOW TpaH3akuun 101.

Takaa TpaH3akums He CTOUT B oyepean, oHa cpasy nony4vyaet 6/10KMPOBKY.
B aTOM c/iyyae 13 crnvcka HoMepoB 6/10KMpyoLWmx TpaHsakumin 101 n 133
dopmMmupyeTca MynbTUTPAH3aKUMA 2, HOMEepP KOTOPOiK 3anuLLIETCA B None
Xmax CTPOKW.



o)) PROFESSIONAL

«Ouepenb» oXxXnagaHus Pos{gres

® |

Update a a
@ tuple 0,1 xid 133 @
@ Update Share
Update
Xmin xmax

Update
(0,1) 100 | 2

Tenepb XaeT
3aBepLUeHNs
T 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».

[Mpy NOCTOAHHOM NOTOKE pasfenisieMblX 6/IOKMPOBOK NULLYLLIAA TPpaH3aKUMS
MOXET XAaTb CBOEei ouepenmn 6eCKoHeUYHOo. ITO cUTyalmst Ha3blBaeTCs
no-aHrnnickn locker starvation.

3ameTum, 4YTO Takon NpobaemMbl B MPUHLMUNE HE BO3HMKAET npu 6/10KMpoBKax
06bEKTOB (TakuX, Kak OTHOLIEHWS). B 3TOM crlyyae Kaxkablil pecypc
npeacTaBnieH COGCTBEHHOIN G/TOKMPOBKOIM B OnepaTtuBHOM NamMsTh, U BCe
XAOyLme npouecchl BbICTPaMBatOTCA B «4ECTHYIO» ouepenb.

https://qit.postgresql.org/gitweb/?p=postgresql.git;a=blob;f=src/backend/acc
ess/heap/README.tuplock:hb=HEAD
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Update a a
@ tuple 0,1 xid 102

Update Update
Update P

Xmin Xmax

(0,1) 100 | 102

yAepxuBaeT
VCK/IOUNTENTbHYI0
610KMpPOBKY
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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/TIOKMPOBKY tuple n cTtaHeT nepsol 8 «o4epeou .



TpaH3akIms, XKenamnlas 3a6I0KKPOBaTh CTPOKY B Pa3IelisieMOM peXuMe, IPOXONUT B HallleM IpuMepe 6e3 oYepemn.
I $2=> \c locks_rows

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

I S2=> BEGIN;

I BEGIN

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

pg _current xact id | pg backend pid

I $2=> SELECT * FROM accounts WHERE acc_no = 1 FOR SHARE;

acc_no | amount
1 | 1000.00

(1 row)

B BEPCHU CTPOKU Tellepb MYJIbTUTPAH3AKIINUA:

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

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

locker | 2

multi | t

xids | {752,755}
modes | {Share,Share}
pids | {91856,93023}

ITocne Toro Kak ogHa M3 TpaH3aKUIUM, YOePKUBAIOUIUX CTPOKY B pa3feisseMOM peXuMe, 3aBePIIUTCS, OPyrasi IPOJOJIXKUT
yOepXKuBaTb GJIOKUPOBKY.

S1=> COMMIT;
COMMIT

Tpau3zaknus, cTosias HepBOfI B o4Uepenu, Tereps KOeT 3aBEPIIEeHU A OCTaBIIENCS TPaH3aKIuHn.

=> SELECT * FROM locks WHERE pid = 92007; -- Ul
pid | locktype | lockid | mode | granted
------- e S L
92007 | relation | accounts pkey | RowExclusivelLock | t
92007 | relation | accounts | RowExclusivelLock | t
92007 | virtualxid | 3/13 | Exclusivelock | t
92007 | tuple | accounts:0,1 | Exclusivelock | t
92007 | transactionid | 755 | ShareLock | f
92007 | transactionid | 753 | ExclusivelLock | t
(6 rows)

OOpaTuTe CHUMaHUe, YTO B II0JIE XMaX OCTAJICS HOMEP MYJIbTUTPAH3aKIIUY, XOTSI OOHA M3 BXOOSIIINX B Hee TPaH3aKIUU yiKe
3aBepIInIach. JTOT HOMEDP MOXKET OBITh 3aMEHEH Ha APYrod (HOBOU MyJIbTUTPAH3aKIUK MM OOBIYHON TPAH3aKIWHU) IPU
OYHCTKE.

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

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

locker | 2

multi | t

xids | {752,755}
modes | {Share,Share}
pids | {6,93023}

Teneps 3aBepILIaETCS U BTOPAsi TPAH3AKIUS, YAEPKUBABIIAsI Pa3esieMylo OJIOKUPOBKY.
I $2=> COMMIT;

I COMMIT



Tpan3akuus, CTOSIBIIas II€PBOM B OYepeny, olydaeT AOCTYI K BePCUU CTPOKU:
| UPDATE 1

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

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

locker | 753

multi | f

xids | {753}

modes | {"No Key Update"}
pids | {92007}

Ocrasimasics TPaH3aKI U 3aXBaThIBA€T 6]'[OKI/Ip0BKy tuple BEepPCHUU CTPOKU U CTAHOBUTCA HepBOfI B ouepenu:

=> SELECT * FROM locks WHERE pid = 92182; -- U2
pid | locktype | lockid | mode | granted
------- R T S s
92182 | relation | accounts pkey | RowExclusivelock | t
92182 | relation | accounts | RowExclusivelLock | t
92182 | virtualxid | 4/6 | Exclusivelock | t
92182 | tuple | accounts:0,1 | Exclusivelock | t
92182 | transactionid | 754 | ExclusivelLock | t
92182 | transactionid | 753 | ShareLock | f
(6 rows)

OTMEeHUM U3MEHEHUS.
| Ul=> ROLLBACK;

ROLLBACK

| uPDATE 1
|  u2=> ROLLBACK;

| ROLLBACK

Kak He KJaTh OJIOKHPOBKY?

WHorpa yno6HO He XKOAaTh 0CBOO0KIEHNUS GIIOKMPOBKY, a Cpa3y MOIyUYHUTh OMKUOKY, eClI HEOOXOOUMEIN Pecypc 3aHsT.
[IpunoxeHre MOXKET MePeXBaTUTh U 06paboTaTh TAKyIO OIIKUOKY.

s atoro psap komaHp SQL (takue, kak SELECT u HekoTopbsle BapuaHTH ALTER) 03BONSAIOT yKa3aTh KJIIOYEBOE CIIOBO
NOWAIT. 3a6imokupyeM TabauIly, 0OHOBUB 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"
TpaH3akuus cpasy ke IoIydaeT OMUOKY.

| => ROLLBACK;

|  ROLLBACK

A nns peKoMeHOaTeNbHEIX O6JIOKUPOBOK eCTh (PYHKITUY, IT03BOJISIIONIMe U060 cpa3y 3aXBaTUTh OJIOKUPOBKY, TU00 BEPHYTh
false B criyuae Heymauu:

=> \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)

Komanpgst UPDATE u DELETE He no3BonsioT yka3aTb NOWAIT. Ho MO2kHO CHa4arsa BHIIOJIHUTh KOMaHAY
SELECT ... FOR UPDATE NOWAIT; -- waum FOR NO KEY UPDATE NOWAIT

a 3aTeM, eCJIM CTPOKH YCIIeIIHO 3a6JI0OKUPOBaHbl, U3MEHUTh WU yHaNuTh ux. Hanpumep

| => BEGIN;

| BEGIN

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

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

Tyt ke nonmy4yaeMm omubky u He neiTaeMcs Be3beiBaTh DELETE unu UPDATE.

| => ROLLBACK;

| ROLLBACK

IIpyro# criocob He XXAaTh CHATUS OJIOKUPOBKHU CTPOK IpepocTtasisieT npemyoxenue SKIP LOCKED. 3a6nokupyeM ogHYy
CTPOKY, HO 6e3 yKa3aHusI KOHKPeTHOr0 HoMepa c4eTa:

| => BEGIN;
| BEGIN

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

acc_no | amount
________ E

2 | 2000.00
(1 row)

B aToM ciiyyae KOMaHfa MPoIycKaeT 3a6I0OKUPOBAHHYIO IIEPBYIO CTPOKY ¥ MBI HEME[JIEHHO M10JIy4aeM OJIOKUPOBKY yKe
BTOPOM CTPOKMU.

| => ROLLBACK;

| ROLLBACK

Il KOMaH7, He CBI3aHHBIX C OJIOKHPOBKOM CTPOK, ucronb30BaTh NOWAIT He nony4dutcs. B aToM cirygae MOKHO
YCTaHOBUTH HEOOJIBIION TaliM-ayT oxunanus. (ITo ymonryaHuio ero 3HaueHue HyJIeBOE, YTO O3HadYaeT OECKOHEeYHOoe
oXHgaHue):

| => SET lock_timeout = '1s';

| SET

| => ALTER TABLE accounts DROP COLUMN amount;

| ERROR: canceling statement due to lock timeout

ITony4yaeM omubKy 6e3 OJIUTEILHOTO 0XKUIaHUSI 0CBOOOXKIEHUS pecypca.
| => RESET lock_timeout;

| RESET



A TIpu BHITTOJTHEHUY OYMCTKM MOXKHO yKa3aTh, YTO OHA [OJIXKHA IPOIycKaTh 00paboTKy TabIuIlkl, eciiu ee OJIOKUPOBKY He
yOanoch MOTYyYUTh HEMENJIEHHO. TO MOXKET 0Ka3aThCsI 0COOEHHO aKTyalbHEIM, KOTIa BEIIIOIHSIETCSI OYUCTKA BCel 6a3bl:

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

ROLLBACK



o)) PROFESSIONAL

B3anmMo6/10KMpoBKu Posigres

OO6Hapy>XKMBalOTCS TIOMCKOM KOHTYPOB B rpade oyKuZaHui

TPOBepKa BbITNOJIHSAETCS Tocie oxkuganus deadlock_timeout

OpiHa U3 TpaH3aKIi 00pBbIBaeTCsA, OCTa/IbHbIE TTPOZO/IKAIOT

06bI4HO —
HenpasubHoe
npoekTNpoBaHe
NPUNOXKEHNs!
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Bo3moxHa cuTyauus B3aMmo6/10KMPOBKK, KOraa oAHa TpaH3akuuMs MblTaeTcs
3axBaTuUTb PECYPC, Y)XKe 3aXBayeHHbIii Apyroi TpaH3akunen, B TO BpeMS Kak
Apyras TpaH3akums nbiTaeTcs 3axBaTUTb PECYPC, 3aXBAYEHHbI NEPBOIA.
B3anMo6/10kMpoBKa BO3MOXHA M NPU HECKO/bKNX TPaH3aKuuMsaX: Ha cnaige
NnokasaH NpuMep Takoi cUTyauum Ansa Tpex TpaH3akLuuii.

BusyanbHO B3anMO610KMPOBKY YA0OHO NpeacTaB/isaATh, MOCTPOUB rpad
oXuaaHuin. [1na atoro Mbl yérpaem KOHKPETHbIE PECYPCbI U OCTaBIAEM
TO/IbKO TpaH3akLmMu, 0TMeYas, Kakast TpaH3akumsa Kakyto oxungaet. Ecniu
B rpadpe ecTb KOHTYP (M3 HEKOTOPOW BEPLUMHBI MOXHO MO CTpesikam
[obéparbcsa A0 Hee e caMoi) — 3TO B3aMMOO/10KMPOBKa.

OTMEeTUM, 4TO 3a6/10KMPOBAHHbIMK pecypcaMm MOryT OKa3aTbCsi HE TO/IbKO
CTPOKW; ANSA paspeLleHns B3aMmMo6/10KMPOBKM BaXKEH HE TUM
3a6/10KMPOBaHHbIX PECYPCOB, a B3aUMO0O3aBMCUMOCTb OXMUAAKLMX UX
0CBOGOXAEHNS TPAH3aKLMWIA.

Ecnn B3anmMo6/10KkMpOBKa BO3HMKNA, Y4aCTBYOLLME TPaH3aKLMK YXXe He
MOFYT HAYEro C 3TUM cAenatb — OHU ByayT XAaTb 6eCKoHeYHo. MNMoaTtomy
PostgreSQL aBTOMatn4yecku oTcriexusaeT B3anmMob6/10KMpoBKY. MNMpoBepka
BbIMO/IHAETCH, eCnun Kakasa-nmbo TpaH3akums oxXuaaeTr 0CBOOOXAEHNS
pecypca fgonblue, YemM ykaszaHo B napametpe deadlock_timeout. Ecnu
BbIsiB/leHa B3aMMOOG/IOKMPOBKA, OAHAa U3 TpaH3aKUnin NPUHYANTENBHO
npepbliBaeTcs, YToObl OCTa/IbHble MOIN NPOAO/IHKUTL PaboTy.

B3anMo6/10KMPOBKM 06LIYHO O3HAYatoT, YTO MPUIOXKEHNE CIPOEKTUPOBAHO
HenpaBubHO. Co0OLLEHNS B XXypHaNe cepBepa uiv yBennmunBaroLLeecs
3HayeHue pg_stat database.deadlocks — nosoa 3agymarbCcs O NpUYMHaXx.

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

OCKS



B3auMO00;I0KHPOBKa

OOGbIYHAsI MPUYWHA BO3HUKHOBEHHUST B3aMMOOIOKUPOBOK — Pa3HBIM MMOPSIA0K GJIOKMPOBAHUS CTPOK TaOIHIL.

ITepBas TpaH3aKUus HaMepeHa IepeHectu 100 py6ell ¢ mepBOro cuera Ha BTOPOU. [I71s1 9TOTO OHA CHavasa yMeHbIIaeT
TIePBBIM CYET:

| => BEGIN;

| BEGIN

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

B 3TO XKe BpeMsi BTopasi TPaH3aKILKs HamepeHa nepeHectu 10 py6Greil co BTOPOro cyeTa Ha mepBeiii. OHa HAYWHAET C TOTO,
YTO YMEHBIIaeT BTOPOH CUYET:

|  => BEGIN;

| BEGIN

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

| uPDATE 1

Temeps mepBasi TPAH3aAKIUS MEITAETCS YBEIMYUTh BTOPO CYET, HO 0OHApy2KUBAET, YTO CTPOKa 3abJI0KUpOBaHa.
| => UPDATE accounts SET amount = amount + 100.00 WHERE acc_no = 2;

3aTeMm BTOpPas TPAH3aKIUsA IIBITAETCA YBEJIUYUTH HepBLIfI CYeT, HO TOXKe 6HOKI/IpyeTCH.

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

Bo3HuKaeT HUKINYECKOE OXKHUAaHUE, KOTOPO€ HUKOT'Ia He 3aBEePIIUTCA CaMO I10 cebe. HOSTOMy cepsep, 06Hapy}KI/IB TakoMu
LOUKIJI, IIPEePhIBAeT OOHY U3 TpaH3aKHHﬁ.

ERROR: deadlock detected

DETAIL: Process 92007 waits for ShareLock on transaction 761; blocked by process 92182.
Process 92182 waits for ShareLock on transaction 760; blocked by process 92007.

HINT: See server log for query details.

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

| uPDATE 1

| => coMMIT;

|  ROLLBACK

|  => commIT;
| commIT

HpaBHJ’IbHLIﬁ CcI10Cc00 BHITIOTHEHUS TaKUX onepaunﬁ — 6J'IOKI/IpOBaHI/Ie pecypCcoB B OHHOM U TOM 2Ke IIOpAOKe. HaanMep, B
HAaHHOM CJIy4ae MOXKHO 6J'IOKI/IpOBaTI:> Cc4yeTa B IIOPsAAKe BO3paCTaHUA UX HOMEPOB.



o)) PROFESSIONAL

Toru Posigres

B/I0OKMPOBKM CTPOK XPAHATCS B CTPAHULIAX JAHHBIX

H3-3d [NIOTeHLIMAJ/IBHO 00JILIIIOT0 KOJTMYeCTBa

Ouepeny 1 0OHapy’KeHHe B3aMMOOIOKMPOBOK 00eCITeunBarOTCs
6710KMpOBKaMH 00bEKTOB

MpUXOAUTCA HPI/IGGFHTB K C/JIO)KHBIM CXeMaM 6]'IOKI/IpOBaHI/IH
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o)) PROFESSIONAL

[1pakTnKa Pos{gres

1. CmogenmupyiiTe CUTyaryi0 0OHOB/IEHHUS OZJHOM U TOH >Ke CTPOKU
TpeMsa KoMaHaMu UPDATE B pa3HbIX CceaHCaX.
W3yuurte Bo3HUKIIIME OJIOKUPOBKY B TIpeJcTaBieHn pg_locks
1 yOeIuTeCh, UTO BCe OHM ITOHSITHBI.

2. BocnpousBequTe B3anMOOIOKUPOBKY TPeX TPAH3AKIIHA.
Mo>KHO /11 pa300paThCsl B CUTYALUK MOCT(PAKTYM, U3ydasi
JKypHas cOoOIeHUit?

3. MoryT 1 ABe TpaH3aKLUK, BBITIOJTHAOLME eIUHCTBEHHYO
koMaHZy UPDATE ofHOM 1 TOM >Xe TaOJHI[bI, 3a0/I0KHPOBATh
apyr apyra? [TornpoOyiiTe BOCTIPOM3BECTH TaKyH CUTYaLIHIO.

22



1. BJIOKHPOBKH IIPH HECKOJIBKHX 00OHOBJ/IEHHSIX CTPOKH

[yt IPOCTOTH! co3panuM Tabnuiy 6e3 MepBUYHOrO KIII0Ya.

=> 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

Co3mapuM mpencrasnenue Hag pg locks Kak B IEMOHCTPAIUY:

=> 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
END AS lockid,
mode,
granted

FROM pg_locks;

CREATE VIEW

TlepBasi TpaH3aKIUs OGHOBISET ¥, COOTBETCTBEHHO, OJIOKUPYET CTPOKY:
=> BEGIN;

BEGIN

=> SELECT pg_current_xact_id(), pg_backend_pid();

pg_current xact id | pg_backend pid

747 | 122581

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

BTopas TpaH3aKI¥s OejlaeT 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
____________________ g

748 | 122769
(1 row)

| => 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;

:text



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

pg _current xact id | pg backend pid

749 | 122882

| => UPDATE accounts SET amount = amount + 100.00 WHERE acc_no = 1;
BIOKHMPOBKY [JIs1 IEPBOM TPAH3aKIUU:

=> SELECT * FROM locks WHERE pid = 122581;

pid | locktype |  lockid | mode | granted
-------- B e L R S
122581 | relation | pg_locks | AccessShareLock | t
122581 | relation | locks | AccessShareLock | t
122581 | relation | accounts | RowExclusivelock | t
122581 | virtualxid | 6/6 | Exclusivelock | t
122581 | transactionid | 747 | Exclusivelock | t
(5 rows)

e Tum relation nns pg locks u locks B pexknume AccessSharel.ock — ycTaHaBIWBaloOTCS Ha YUTaeMble OTHOIIEHUS.
e Tum relation ans accounts B pexkume RowExclusiveLock — ycTaHaBnuBaeTcsl Ha H3MeHsieMoOe OTHOIIEHUe.
e Tunsl virtualxid u transactionid B pezxume ExclusiveLock — ygepxuBaloTCcs TpaH3aKIMel Oy caMou cels.

EJ'IOKI/I])OBKI/I OISt BTOpOﬁ TPaH3aKIIUuU:

=> SELECT * FROM locks WHERE pid = 122769;

pid | locktype | lockid | mode | granted
-------- R et e e T
122769 | relation | accounts | RowExclusivelLock | t
122769 | virtualxid | 3/12 | Exclusivelock | t
122769 | transactionid | 747 | ShareLock | f
122769 | transactionid | 748 | Exclusivelock | t
122769 | tuple | accounts:0,1 | Exclusivelock | t
(5 rows)

Tlo cpaBHEHUIO C IEPBOM TPaH3aKIINEN:

e Bnokuposku st pg locks u locks oTCyTCTBYIOT, TaK Kak BTOpas TPAaH3aKIMs He o0pallanach K 9TUM OTHOIIEHUSIM.
e TpaH3akIWs OXKHUIaeT IoNlydeHue OJIOKUPOBKYU THIla transactionid B pexxume Sharelock nist mepBo¥ TpaH3aKIUU.
e VmepxkuBaeTcs GJIOKMPOBKA TuMa tuple st 0OHOBISIEMOM CTPOKH.

BrokupoBKY A1 TpeThel TpaH3aKIIUU:

=> SELECT * FROM locks WHERE pid = 122882;

pid | locktype | lockid | mode | granted
-------- B e R
122882 | relation | accounts | RowExclusivelLock | t
122882 | virtualxid | 4/5 | ExclusivelLock | t
122882 | tuple | accounts:0,1 | Exclusivelock | f
122882 | transactionid | 749 | Exclusivelock | t
(4 rows)

e TpaH3aKIHUs OXKHUAAET MoIyYyeHrne GIIOKUPOBKY THIa tuple At 0GHOBISIEMOHN CTPOKH.

OO6u1yi0 KapTUHY TEKYIIUX 0XKUAAHUYM MOXKHO YBUIEThH B IIpefCcTaBiIeHuu pg stat activity. [Insa ymo6cTBa MOXKHO o6aBUThH U
uHGOpManuo o 6JIOKUPYIOLUIUX Ipolieccax:

=> 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
-------- B T
122769 | Lock | transactionid | {122581}

122882 | Lock | tuple | {122769}

122581 | | [ {}
(3 rows)
=> ROLLBACK;

ROLLBACK



| UPDATE 1
| => ROLLBACK;

ROLLBACK

| uPDATE 1
| => ROLLBACK;

| ROLLBACK

2. B3auM00/I0KHMPOBKA TpeX TPaH3aKIHH

BocnpounsseneM B3auMOOGJIOKMPOBKY TPEX TPaH3aKIHUH.

=> 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 122581 waits for ShareLock on transaction 751; blocked by process 122769.
Process 122769 waits for ShareLock on transaction 752; blocked by process 122882.

Process 122882 waits for ShareLock on transaction 750; blocked by process 122581.

HINT: See server log for query details.

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

| uPDATE 1
| => commIT;

H COMMIT

| UPDATE 1

| => commIT;

| commIT

=> COMMIT;

ROLLBACK

BoT Kaky:o HHGOPMAIUIO 0 B3aUMOOIOKHPOBKE MOKHO IIOJTyYUTh U3 XKypHasa:
student$ tail -n 10 /var/log/postgresql/postgresql-16-main.log

2025-03-06 18:20:56.030 MSK [122581] student@locks rows ERROR: deadlock detected
2025-03-06 18:20:56.030 MSK [122581] student@locks rows DETAIL: Process 122581 waits for
ShareLock on transaction 751; blocked by process 122769.
Process 122769 waits for ShareLock on transaction 752; blocked by process 122882.
Process 122882 waits for ShareLock on transaction 750; blocked by process 122581.
Process 122581: UPDATE accounts SET amount = amount + 100.00 WHERE acc_no = 2;
Process 122769: UPDATE accounts SET amount = amount + 100.00 WHERE acc no = 3;
Process 122882: UPDATE accounts SET amount = amount + 100.00 WHERE acc_no = 1;
2025-03-06 18:20:56.030 MSK [122581] student@locks rows HINT: See server log for query
details.
2025-03-06 18:20:56.030 MSK [122581] student@locks rows CONTEXT: while updating tuple



(0,2) in relation "accounts"
2025-03-06 18:20:56.030 MSK [122581] student@locks rows STATEMENT: UPDATE accounts SET
amount = amount + 100.00 WHERE acc_no = 2;

3. B3auMo00 10KHpOBKa ABYyX onepanuii UPDATE

Komanpna UPDATE 6710KHpyeT CTPOKH 10 Mepe UX 0OHOBJIEHUSI. TO IPOUCXONUT HE OMHOMOMEHTHO.

IToaToMy ecnu ogHa KoMaHfa 6ymeT oOHOBIISITH CTPOKY B OIMHOM IIOPSIOKE, a APyras — B APYTrOM, OHU MOTYT
B3anMO03a0I0KUPOBATHCSA. DTO MOKET IIPOU3OUTH, ECIIH AJIST KOMAHA OynyT IOCTPOEHE! Pa3HLIE IIJTaHbl BEIIIOJIHEHUS,
HampuMmep, ogHa 6ymeT YuTaTh TaGIKIly IOCIefoBaTeIbHO, @ APyTras — M0 HHOEKCY.

TMony4uTh TAKYIO CUTYALMIO HEIIPOCTO flaXke CIIeLUAbHO, B peajibHOM paGoTe OHA MAIoBepOsiTHA. IIPOUIIIIIOCTPUPOBATE ee
IIpoiie BCero C IOMOIIBI0 KYPCOPOB, IIOCKOJIBKY 93TO Ha€T BO3MOZKHOCTE YIIPABJIATE IIOPAOKOM YTEHHUS.

| => 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 -- B obpaTHyl CTOpOHY
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;

BTOpaH KOMaHOa OKHuJaeT 6HOKI/Ip0BKy...

| => FETCH c1;

TTpou3soria B3auMOOGIOKUPOBKa. Y 4uepe3 HEKOTOpOe BpeMsi:

ERROR: deadlock detected

DETAIL: Process 122882 waits for ShareLock on transaction 753; blocked by process 122769.
Process 122769 waits for ShareLock on transaction 754; blocked by process 122882.

HINT: See server log for query details.

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

acc_no | amount
________ E

3 | 3000.00
(1 row)

| => comMmIT;
| commIT

| => commIT;



ROLLBACK



