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TpaH3akumMm N X CBOUCTBaA  Posggres

TpaH3akK11si — MHO>KeCTBO OrepaLyHu,

KOTOpHIe TiepeBoAST 0a3y JaHHBIX U3 OZHOTO

KOPPEKTHOTO COCTOSIHUS B IpDyroe KOPPeKTHOe

IIpHU YC/JI0BHH, YTO TPdAH3dKIIMA BBIIIOJIHEHA ITOJTHOCTBIO

1 6e3 1oMex CO CTOPOHBI APYTUX TPaH3aKLIAH

dTOMAapHOCTb: TPAaH3aKI WA JTM0O0 BBITIOJTHAETCS I10/THOCTBIO,
100 He OCTaB/IsIeT HUKAKUX c1e10B

COIVIaCOBAHHOCTD OIIpeedaeTCsa OorpaHnuYeHruAMEA Le/I0OCTHOCTH
Y1 CEMaHTUKOH MPpUJIOKEHU A

HeroJTHast U30/ISILMs TIPUBOAUT K HapyILIeHUI0 KOPPeKTHOCTH (aHOMaHsIM)
TIpY KOHKYPEHTHOM BbITIOJIHEHUW TPaH3aKLUii

TpaH3akumnein HasblBaeTCs MHOXECTBO onepauuii, BbINOSHAEMOE
NPUNOXEHNEM, KOTOPOE NepeBOANT 6a3y AaHHbIX N3 OHOIN0 KOPPEKTHOro
COCTOSIHMA B AApYroe KOPpPeKkTHOe COCTosAHNe (coa2/1acoBaHHOCMb)

MNpu yCNOBWM, YTO TPaH3aKLUMUA BbIMNO/IHEHA NOMTHOCTLIO (amomMapHOCMeb)
N 6e3 NOMEX CO CTOPOHbI APYrux TpaH3akuuii (U30/154us).

KoppekTHoe (coriacoBaHHOE) COCTOsIHME OMNpeaenseTcs Kak
OrpaHUYeHNs MM LeNnoCTHOCTH, 3aaHHbIMU Ha YPOBHE 6a3bl faHHbIX, TakK U1
CEeMaHTUKOW NPUNOXKEHUS.

NpaeanbHas n3onauust TpaH3akuuii rapaHTUpyeT, 4To Ha paboTy
MPUNOXEHNSA HE OKaXKYT BISIHUSI HUKAKNE ApPYrne KOHKYPEeHTHO
BbINO/IHAOLWMECS TPaH3akuun. OaHako ecnm ocnabutb TpeboBaHms

K M3071ALMN, TO TPaH3aKLuMs, KOTopas KOPPEKTHO BbIMNO/HANAChL B 6a3e
[laHHbIX B OANHOYECTBE, MOXET BblAaBaTb HEKOPPEKTHbIE pe3y/bTaThl Npu
Ha/IMuMM Apyrux TpaH3akumii — 13-3a Toro, YTo NP BbINO/THEHUN
onepaTopbl pasHbIX TPaH3akUuiAi MOryT YepefoBaTbcsl. Takme HEKOPPEKTHbIE
CUTyalUuMmn Ha3bIBAOTCS aHOMa/IUSIMU.

Peanvzauus nonHoi n3onsuumn — cnoxdHas 3agava, ConpspkeHHas

C YMEHbLLUEHNEM NPOMYCKHOW CNOCOBHOCTU CUCTEMbI. Ha NpakTuke Kak
NpaBuI0 NPUMEHSIETCA UMEHHO ocnabneHHas U3oNALUNs, U NO3TOMY BaXKHO
MOHMMaTb, Kakune 3To B/IeYeT NocneacTBus.

YetBepToe cBoincTBo ACID — 00/1208€4HHOCMb — Mbl PACCMOTPUM MO3XeE,
B Teme «O630p XypHa/IMpoBaHUSI».
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Read Uncommitted Posigres

lo/mKeH ripeoTBpalllaTh aHOMaTU1

TIOTepsIHHbIE U3MEeHeHUS:
MpaH3aKyusi Mo}cem nepe3anucams UsmMeHeHusl Opy2ux mpaH3akyutl,
3a¢huKcupoB8aHHbIX nocsae ee HA4aAa

He peanu3osaH B PostgreSQL

pabotaet kKak Read Committed

CraHgapTt SQL gonyckaeT YeTblpe YPOBHA U30M14UUN, KOTOpble
onpeaensitoTcs B TepMMHaxX aHOMasniA, KOTopble A0oMycKakTcs npu
KOHKYPEHTHOM BbINO/IHEHMM TPaH3aKLUUii Ha 3TOM YPOBHeE.

Camblit cnabeblin ypoBeHb — Read Uncommitted, KoTopsblii (Kak crnenyeTt u3
Ha3BaHWA) NO3BOMSIET YBUAETb Aaxe He3ahMKCUPOBaHHbIE aHHbIE.

CornacHo cTaHaapTy Ha 3TOM YPOBHe Ao/KHa nNpeaoTBpallaTbcs
e/INHCTBEHHAas aHOMa/us:;

* MMoTtepsiHHble nsmeHeHusn (lost updates). Ecnu nocne Havyana
TpaH3akumn T1 gpyraa TpaH3akuma T2 nameHuna v sagukcmposana
CTPOKU, TpaH3akuma T1 MoXeT nepesanucartb 3TU U3MEHEHUS.

DTOT ypOBEHb BBOAWUIICA KakK TPeOyoLWmMiA HaMMEHbLUNX HakNnagHbIX
pacxofoB, HO PostgreSQL moxeTt 6e3 notepn apdpekTMBHOCTN paboTatb Ha
6onee cTporom ypoBHe. Noatomy B PostgreSQL Takon ypOBEHb He
peasin3oBaH 1 roBOPUTbL O HEM Mbl 60/bLLE He byaem.



Read Committed Posigres

lo/mKeH ripeoTBpalllaTh aHOMaTU1

MoTepAHHbIE N3MEHEHUS

TPSI3HOE UTEHHE:
3anpoc euoum He3ahuKCupoOBaHHble UsMeHeHUsl Opy2uX mpaH3akyuil

Peanusanus B PostgreSQL

HCI10J/Ib3yeTCAd M0 YMOJ/TUdHHIO

Kaxablii cneayowmii ypoBeHb U30N5LMM CTPOXE, YEM NpeablayLnii.
Moatomy ypoBeHb Read Committed gosmkeH npegorBpawatb He TOSIbKO
NOTEPSAHHbIE N3MEHEHUS, HO U eLle OAHY aHOMaJIUIO:

* «[psasHoe» uteHune (dirty read). TpaH3akymsa T1 MOXET UnTaTb CTPOKM,
N3MEHEHHbIE, HO elle He 3athnKcMpoBaHHble, TpaH3akuuein T2. OTMeHa
nameHeHnin (ROLLBACK) B T2 npusefeT K TOMy, 4To T1 npounTtaet
[aHHble, KOTOPbIX HUKOr4a He CyLecTBOBaslo.

CyLlecTByeT MHOIO ApYyrux aHoOMaslnii, KOTOpPble A0MYCKAKTCA Ha YPOBHE
Read Committed. Pa3paboTuunk A0/MKEH BCerga NoOMHUTbL O BO3MOXHbIX
npob6nemax 1 npu Heo6XoA4MMOCTU BPYUHYHO NCNO/b30BaTh 6/10KMPOBKMN.

B PostgreSQL (kak n B0 MHOrux gpyrmx CYbB/l) NUMeHHO 3TOT YpOBEHb
N30MALMN UCNOSMb3YETCA NO YMO/THAHUIO — KakK KOMNPOMUCC Mexay
CTPOroCTbi0 U301AUNN N SPPEKTUBHOCTLIO.

3ameTtunm, 4to B PostgreSQL Ha ypoBHe Read Committed MOXHO NoTepATb
N3MEHEHNA — Takoi Npumep GyaeT nokasaH B AeMOHCTpaunn.



YupaBieHue ypoOBHEM H30/ISIIUHA

[I7s1 meMoHCTpaluy MBI OyIeM HCIIOIb30BaTh OTHENIbHYI0 0a3y HaHHBIX OIS KaXKIOMW TeMEI.

=> CREATE DATABASE arch_isolation;

CREATE DATABASE

=> \c arch_isolation

You are now connected to database "arch isolation" as user "student".

YpoBHU U30IALIMY IOCMOTPUM Ha IIpuMepe ¢ TabIuIel, IpeacTaBasIoNell COCTOsTHUe cBeTodopa:

=> CREATE TABLE lights(
id integer GENERATED ALWAYS AS IDENTITY,
lamp text,
state text

)i

CREATE TABLE
OT10 OymeT nemexonHbi CBETOMOP C AByMs JTaMIIOYKaMHU:

=> INSERT INTO lights(lamp,state) VALUES
(‘red', 'on'), ('green', 'off');

INSERT 0 2

=> SELECT * FROM lights ORDER BY id;

id | lamp | state
T, B
1| red | on
2 | green | off
(2 rows)

OpuH croco® yCTaHOBUTH ypoBeHb usonsanuu — komanna SET TRANSACTION, BeIIONHEHHAs B Hayajle TPaH3aKINU:
=> BEGIN;

BEGIN

=> SET TRANSACTION ISOLATION LEVEL READ COMMITTED;

SET

TIpoBEPUTH TEKYILIUH YPOBEHb MOKHO, IOCMOTPEB 3HAUYEHUE ITapaMeTpa:

=> SHOW transaction_isolation;

transaction isolation

read committed
(1 row)

=> COMMIT;

COMMIT

A MOKHO yKa3aTb yPOBeHb IPIMO B KoMaHAe BEGIN:

=> BEGIN ISOLATION LEVEL READ COMMITTED;

BEGIN

=> COMMIT;

COMMIT

ITo ymonyaHuIO HCHONb3yeTcs: ypoBeHb Read Committed:
=> SHOW default_transaction_isolation;

default_transaction isolation

read committed
(1 row)

Tak 4TO eciu 3TOT IIapaMeTp He MEeHAJICA, MOZKHO He YKa3bIBaTh YPOBEHb sAIBHO.



=> BEGIN;
BEGIN
=> SHOW transaction_isolation;

transaction isolation

read committed
(1 row)

=> COMMIT;

COMMIT

Read Committed u rpsizHoe ureHue

ITonmpo6yeM IpPOYUTATh «I'PSI3HEIE» JaHHEIE. B IepBo#l TpaH3aKIWHU I'aCUM KpPaCHBIA CBET:
=> BEGIN;

BEGIN

=> UPDATE lights SET state = 'off' WHERE lamp = 'red';

UPDATE 1

HauneM BTOpOM ceaHc.

student$ psql arch_isolation

B HeM OTKpoOeM ellle OFHY TPaH3aKLIUIo ¢ TeM ke ypoBHeM Read Committed.

| => BEGIN;

| BEGIN

| => SELECT * FROM lights ORDER BY id;

id | lamp | state
i e
1| red | on
2 | green | off
(2 rows)

BTOpaﬂ TPaH3aKIud HEe BUOUT He3a(1)I/IKCI/IpOBaHHI)IX U3MEHEHUH.
OTMeHUM U3MeHeHUe.

=> ROLLBACK;

ROLLBACK

| => ROLLBACK;

| ROLLBACK

Read Committed 1 yTenne 3aPUKCHUPOBAHHBIX H3MEHEHHH

MEI IpOBEepUIIN, YTO TPaH3aKIWs He BUAUT He3apUKCUPOBaHHBIX H3MeHeHu|. IlocMoTpuM, 4To OyAeT npu GUKCauny.
=> BEGIN;

BEGIN

=> UPDATE lights SET state = 'off' WHERE lamp = 'red’;

UPDATE 1

| => BEGIN;

| BEGIN

| => SELECT * FROM lights ORDER BY id;

id | lamp | state
I, B
1| red | on
2 | green | off

(2 rows)



IToka He BUOHO.
=> COMMIT;
COMMIT

A Tenepn?

| => SELECT * FROM lights ORDER BY id;

id | lamp | state
L T, e,
1| red | off
2 | green | off
(2 rows)
| => comMmIT;
| commIT

Utak, B pexxuMme Read Committed onepaTops! ofHOM TpaH3aKIUY BUOAT 3adHUKCUPOBAaHHLIE U3MEHEHUS OPYTUX
TpaH3aKIUH.

3aMeThTe, 4TO IIPpX 3TOM OOMWH M TOT 2Ke 3aIllpoC B OIOHOM U TOM XKe TPaH3aKIWHU MO2KET BblIaBaTh PAa3HbI€ PE3yJIbTATEhI.

MoKHO ¥ YBUOETH U3MeHeHUs, 3abUKCUPOBaHHEIE B IIPOLleCCe BBHIIIOJIHEHUSI OOHOTO onepaTopa? [IpoBepum.
Celiuac Bce TaMIIOYKHU IIOralleHsl. 3allyCTUM OOJITUYN 3alIpoc U, II0Ka OH paboTaeT, BKJIIOYUM CBET BO BTOPOM CeaHce:
=> SELECT *, pg_sleep(2) FROM lights ORDER BY id;

| => UPDATE lights SET state = 'on';

UPDATE 2
id | lamp | state | pg sleep
B B B
1| red | off |
2 | green | off |
(2 rows)

Hrak, ecnu BO BpeMsi BBHIIIOJIHEHHU S OllepaTopa APyrasi TPaH3aKIus ycliela 3aq)I/IKCI/Ip0BaTB HU3MEHEeHUd, TO OHU He 6y11yT
BUOHBEIL. OHepaTop BUOUT HaHHBIE€ B TAKOM COCTOAHHUHU, B KOTOPOM OHH HaXOOUJIMCh HAa MOMEHT Ha4daJjia €r0 BBEIIIOJTHEHUA.

OpHaKo ecyiy B 3aIIpoce BBHI3BIBAETCS (PYHKIMS C KaTeropruel N3MeHYHBOCTH volatile, BEIMOTHSIOMAass COOCTBEHHBIHN 3a1rpoc,
TO TAKOW 3aIpoc BHYTpU GyHKIMHU OyneT Bo3BpallaTh JaHHBE, He COrJIaCOBAHHEIE C JAHHBIMEM OCHOBHOTO 3aIIpoca.

=> CREATE FUNCTION get_state(lamp text) RETURNS text AS $$
BEGIN
RETURN (SELECT l.state FROM lights 1 WHERE 1l.lamp = get_state.lamp);
END;
$$ LANGUAGE plpgsql VOLATILE;

CREATE FUNCTION
TToBTOpPUM 9KCIIEPUMEHT, HO TEIeph 3alpoc OyAeT UCIIOIL30BaTh (QYHKIIHIO:
=> SELECT *, get_state(lamp), pg_sleep(2) FROM lights ORDER BY id;

| => UPDATE lights SET state = 'off’;

UPDATE 2
id | lamp | state | get state | pg sleep
R R B B
1| red | on | on |
2 | green | on | off |
(2 rows)

IIpaBunbHLIM BapuaHT — OOBSIBUTE GYHKIHIO C KaTeropuei u3aMeHYuBoCTH stable.
=> ALTER FUNCTION get_state STABLE;

ALTER FUNCTION

=> SELECT *, get_state(lamp), pg_sleep(2) FROM lights ORDER BY id;

| => UPDATE lights SET state = 'on';



UPDATE 2

id | lamp | state | get state | pg sleep

s ST Fommmmm- R e
1| red | off | off |
2 | green | off | off |

(2 rows)

BrIBOZ: BHUMATENIBHO CIIENUTE 3a KaTeropueil n3aMeHYUBOCTU GYHKIUM Ha ypoBHe usonsuuu Read Committed. Co
3HAYEHUSIMHU «II0 YMOJTYaHUI0» JIETKO MOJIYYUTh HECOTIaCOBAHHEIE TaHHEIE.

Read Committed u norepsiHHLIE U3MEHEHHUSI

Yo IIPOUCXOOUT IIPHU IIOIIBITKE U3MEHEHUA O]Z[HOI;I U TOU XKe CTPOKHU OByMSA TpaHSaKHI/IHMI/I? Ceniyac Bce ITaMIIOYKHU
BKJIFOYEHBI.

=> BEGIN;

BEGIN

=> UPDATE lights SET state = 'off' WHERE lamp = 'red’;
UPDATE 1

| => BEGIN;

| BEGIN

=> UPDATE lights
SET state = CASE WHEN state = 'on' THEN 'off' ELSE 'on' END
WHERE lamp = 'red';

BTopas TpaH3aKIus XKIOET 3aBEPIIEHUS IIEPBOU.
=> COMMIT;

COMMIT

| UPDATE 1
| => commIT;
| commIT

Ho xaxko# GyneT pe3ynbTar? Bropas TpaH3aKIus «IeJIKaeT IepekodaTesieM», U Pe3y1bTaT 3aBUCUT OT 3HAUEHHs, OT
KOTOPOTO OHa GyJeT OTTaJKUBATHCH.

=> SELECT * FROM lights ORDER BY id;

id | lamp | state

e [
1| red | on
2 | green | on

(2 rows)

C omHO¥M CTOPOHEI, KOMaHa BO BTOPOM TPAH3aKI[UK He NOJI’KHA BUETh U3MEHEHUH, COeTaHHBIX II0C/Ie Havyara ee
BRIIOIHEeHUs. Ho ¢ Opyroi — oHa He HOJIKHA IOTEPSTh U3MEHEHUsI, 3a(pUKCUPOBAHHLIE OPYTUMH TPaH3aKIUsIMuU. [loaToMy
ocJie CHATUS OJIOKUPOBKY OHA IIEPEYUTHIBAET CTPOKY, KOTOPYIO IIEITAETCS OOHOBUTE.

B utore, nmepBasd TPaH3aKIUs BEIKJIIIOYAEeT CBET, a BTOPasd CHOBa BKJIIOYAET €ero.

Takou pe3ybTaT UHTYUTUBHO KaKeTCsl IIPAaBUJIBHEIM, HO JOCTUTIa€TCA OH 3a CYET TOr'0, UYTO TPaH3aKIUuA MOXKET YBUOEThb
HecorjlaCcoBaHHbIE NaHHBIE: YaCTh — Ha OOWH MOMEHT BPEeM€eHH, 4aCTh — Ha npyroﬁ.

Ho ecnu n3mMeHeHue BHIIOHIETCS He B OMHOM KoMaHAae SQL, To o0HOBNIeHHEe GyaeT MOTepsiHO. [IOBTOPUM TOT Ke IPUMED.
=> BEGIN;

BEGIN

=> UPDATE lights SET state = 'off' WHERE lamp = 'red';

UPDATE 1

| => BEGIN;

| BEGIN

CHavasa yuTaeM 3HaYeHMe U 3allOMHHAEM ero Ha KJIMeHTe:

| => SELECT state AS old_state FROM lights WHERE lamp = 'red' \gset



| => \echo :old_state
| on
A 3aTeM OOHOBIIsIEM Ha CepBepe:

=> UPDATE lights
SET state = CASE WHEN :'old_state' = 'on' THEN 'off' ELSE 'on' END
WHERE lamp = 'red’';

Bropas TpaH3aKIus X/AeT 3aBepIlIeHUs IePBO.
=> COMMIT;

COMMIT

|  UPDATE 1

| => commIT;

| commIT

Kaxkoii pe3ynbsTaT 6ymer Ha 3TOT pa3?

=> SELECT * FROM lights ORDER BY id;

id | lamp | state

e [
1| red | off
2 | green | on

(2 rows)

B aTom Cllydae BTOpPpasdA TpaH3aKIHuig I1epe3alircajila CBOU U3SMEHEHHUSA «<II0Bepx» N3MEeHEeHUN nepBoﬁ TPaH3aKIIUHU. Ha YpOBHE
Read Committed cepBep He MOKeT 3TO IPeAOTBPATHUTh, TOCKONBbKY KoMaHfa UPDATE dakTtruecku cogepxKuUT
npenornpenenenHylo KOHCTaHTY.
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Repeatable Read Posigres

lo/mKeH ripeoTBpalllaTh aHOMaTU1

MoTepAHHbIE N3MEHEHUS
I'psA3HOE YTeHue

HETOBTOPSIOIIeeCs UTeHUe:
Nnos8mMopHoe UmeHue CMpoKuU 8epHem Opy20e 3HaueHue,
ecau oHo bbL10 U3MeHeHO U 3apuKCupo8aHo Opyzoll mpaH3akyueli

Peanuszanus B PostgreSQL

TaK>Xe He ZIONycKaeT (haHTOMHOe UTeHHUe:

NOBMOPHbIL 3anpoc N0 0OHOMY U MOMY e YCA08UI0 8epHem UHYI0 8blIO0PKY,
ecau Opyaas mpaH3akyus 0obasuaa u 3apukcuposana Hogble Cmpoku,
yoognemeopsitoujue 3momy ycaoeuro

151 TIpeIOTBPAILleHHsT aHOMaJIii TPaH3aKLWK MOTYT 00PbIBAThCS

CornacHo ctaHgapTy, B 40MO/IHEHME K NOTEPSHHLIM U3MEHEHUNSAM U
rPA3HBLIM YTEHUAM YPOBEHb N301aunn Repeatable Read gomkeH
npefoTBpallarb aHomanio, KOTOPY Mbl BUAENN, KOraa paccMmarpmsasin
ypoBeHb Read Committed:

 HenoBTtopswweecsa uteHue (non-repeatable read). Nocne Toro, Kak
TpaH3akuua T1 npountana CTPoKy, TpaH3akuua T2 nsmeHuna nnm
ypanuna aty CTpoky 1 3adukcuposana nameHeHna (COMMIT). Mpwu
MOBTOPHOM YTEHUWN 3TOW Xe CTPOKM TpaH3akums T1 BMAUT, YTO CTpoKa
N3MeHeHa uniu yganeHa.

Peanusauyusa PostgreSQL 6onee cTporas, 4em Toro TpedyeT ctaHaapT,
N NnpegoTBpallaeT aHoManuio

* daHTOMHOe uTteHue (phantom read). TpaH3akuma T1 npounTtana Habop
CTPOK NO HEKOTOPOMY yC/ioBMi0. 3ateM TpaH3akums T2 gobasnna
CTPOKW, Takke yaoBneTBopsAtoLLne 3TOMY ycnosuto. Ecniv TpaHsakumna T1
MOBTOPUT 3anpoc, OHa MOYYUT APYTYH0 BbIOOPKY CTPOK.

Ha camom fene cywecTByOT 1 Apyrne aHoMasium (He OTPaXKeHHble
B CTaH4apTe), KoTopble gonyckatoTca B PostgreSQL Ha ypoBHe Repeatable
Read.

OT ypoBHA Read Committed 3TOT ypOBEHb U30NALUNN OT/IMHAETCA U TEM,
4YTO Ha HEM TpaH3aKUmMa MOXeT ObITb 060pBaHa, YToObl He A0MNYCTUTb
aHoMasmio (Takyto TpaH3akuMio HaZo NoBTOpATL). Ha yposHe Read
Committed aToro He NPOMCXOAUT HUKOrAAa — €C/IN CTOUT BbIGOP Mexay
KOPPEKTHOCTbLIO N 3(PPeKTUBHOCTLIO, NpeAnoyYTeHMEe BCeraa otaaeTcs
apdpekTMBHOCTN.



Repeatable Read 1 HemoBTOpSIOIIIEECsI YTEHHE

Y6enumMcst B OTCyTCTBUM aHOMAaJIMK HEIIOBTOPSIEMOTO YTEHHUS.
=> BEGIN ISOLATION LEVEL REPEATABLE READ;

BEGIN

=> SELECT * FROM lights WHERE lamp = 'red’;

id | lamp | state
1| red | off
(1 row)
| => UPDATE lights SET state = 'on' WHERE lamp = 'red’' RETURNING *;

id | lamp | state
I, B,
1| red | on

(1 row)

UPDATE 1
Kakoe 3HaueHUe IOJIy4YUT ITepBast TPAH3aAKIUA?
=> SELECT * FROM lights WHERE lamp = 'red’;

id | lamp | state
1| red | off
(1 row)
HOBTOpHOG YTeHHe U3MEHEHHOH! CTPOKH BO3Bpallla€T II€ePBOHAYAJIbHOE 3HAYEHHUe.
=> COMMIT;

COMMIT

Repeatable Read u panTOMHOEe uTEeHHE

DaHTOMHEBIE 3allUCU TaKXKe He JOJIXKHEI OBITh BUAHEL. IIpoBEpUM 3TO.
=> BEGIN ISOLATION LEVEL REPEATABLE READ;

BEGIN

=> SELECT * FROM lights WHERE state = 'off’;

id | lamp | state
(0 rows)

=> INSERT INTO lights(lamp,state) VALUES ('yellow', 'off')
RETURNING *;

id | lamp | state

3 | yellow | off
(1 row)

INSERT 0 1
=> SELECT * FROM lights WHERE state = 'off';

id | lamp | state

eliCTBUTEIPHO, TPAH3AKIUS HE BUOUT NOOABJIEHHOM 3aIlMCH, YIOBJIETBOPSIONIE! TEPBOHAYAILHOMY YCJIOBUIO. YDOBEHD
u3onanun Repeatable Read B PostgreSQL 6oree ctporuii, yem Toro Tpebyet cranmapTt SQL.

=> COMMIT;

COMMIT



YV6epeM kenTyio 1aMIOYKY.
=> DELETE FROM lights WHERE lamp = 'yellow';

DELETE 1

Repeatable Read u nmorepsiHHbI€e HU3MEHEHHUST

Heo6xonuMoCTh BCce BPeEMs BUAETh POBHO Te Ke JaHHBIE, YTO U B CaMOM Hayasle, He II03BOJIsIET IePEeYUThBAaTh U3MEHEHHYIO
CTPOKY B ClIydae OOHOBJIEHUS.

BocmpousBeneM TOT 3Ke IpUMep, KOTOPBIM MBI BUAeu Ha ypoBHe u3onsanuu Read Committed. Cefiuac Bce naMmoyku
BKJTIOUEHHL.

=> BEGIN ISOLATION LEVEL REPEATABLE READ;

BEGIN

=> UPDATE lights SET state = 'off' WHERE lamp = 'red';

UPDATE 1

| => BEGIN ISOLATION LEVEL REPEATABLE READ;

| BEGIN

| => SELECT state AS old_state FROM lights WHERE lamp = 'red' \gset
| => \echo :old_state

| on

=> UPDATE lights
SET state = CASE WHEN :'old_state' = 'on' THEN 'off' ELSE 'on' END
WHERE lamp = 'red’;

BTopas TpaH3akuus XOeT 3aBepIIeHUs IePBOM.
=> COMMIT;

COMMIT

| ERROR: could not serialize access due to concurrent update

Bo BTOpOIi TpaH3aKIuu nojly4aeM omuoKy. CTpoka Obllla H3MeHeHa; 0OHOBUTH HEAKTYaIbHYIO BEPCUIO0 HEBO3MOXKHO (3TO
OymeT mOoTepsSHHBIM U3MeHeHHWeM, YTO HEeJOMyCTHUMO), a YBUOETh aKTyaIbHYI0 BEPCHUIO TOXKE HEeBO3MOZKHO (3TO HAPYIIUIO
OBl U30JISIIIHIO).

| => ROLLBACK;
|  ROLLBACK

TakuMm o6pa3oM, HOTePSIHHOE 00HOBNIEHNE Ha ypoBHe Repeatable Read He momyckaetcs.

Repeatable Read u gpyrue anomajiuu

MozkHO 11 OBITH YBEPEHHEIM B TOM, YTO CJIEAYOIast KOMaHa BKJIIOYUT BCE JIAMIIOYKU?
UPDATE lights SET state = 'on' WHERE state = 'off';

Mo2KHO 11 OBITH YBEPEHHEIM B TOM, YTO CJIEAYIOIIas KOMaHa BEIKIIIOUYUT BCE JIaMIIOYKU?
UPDATE lights SET state = 'off' WHERE state = 'on';

Ecnu ogHa TPaH3aKIUs BKIIIOYaAET JIAMIIOYKH, a APyTrasad — BBIKJIIOYA€eT, B KAKOM COCTOAHUU OCTAaHETCA Ta6J'II/H.Ia Imocne
OOHOBPEMEHHOI'O BHIIIOJIHEHUA OBYX 3TUX TpaHBHKHHﬁ?

IIpoBepumMm. HayanbrHOE COCTOSTHUE:
=> SELECT * FROM lights ORDER BY id;

id | lamp | state

T, B
1| red | off
2 | green | on

(2 rows)

=> BEGIN ISOLATION LEVEL REPEATABLE READ;
BEGIN

=> UPDATE lights SET state = 'on' WHERE state = 'off';



UPDATE 1
ITepBas TpaH3aKUUs BKIIIOYUIIa KPACHYIO JTaMIIOUKY, ¥ Tellepb BCe OTHU rOpST.
=> SELECT * FROM lights ORDER BY id;

id | lamp | state

T, B
1| red | on
2 | green | on

(2 rows)

| => BEGIN ISOLATION LEVEL REPEATABLE READ;
| BEGIN

BTopas TpaH3akKIusg HE BUOUT 3TUX, ellle He 3aPUKCUPOBAHHLIX, U3MEHEHUN U CYUTAET, YTO KPACHBIN CBET BHIKITIOUEH.
ITosToMy OHa BHIKJIIOUAET 3eJIeHHIN U I Hee BCe OTHU IIoralleHHl.

| => UPDATE lights SET state = 'off' WHERE state = 'on';
| UPDATE 1
| => SELECT * FROM lights ORDER BY id;

id | lamp | state

mmmede e e aas L
1| red | off
2 | green | off

(2 rows)

Temneps 06e TpaH3akKuuu GUKCUPYIOT CBOU U3MEHEHUSI. ..
=> COMMIT;

COMMIT

| => commIT;

| commIT

W okasrsIBaeTcs, 4ToO...

=> SELECT * FROM lights ORDER BY id;

id | lamp | state

mmmeem e e e B ——
1| red | on
2 | green | off

(2 rows)

...0OJHa JIaMIIO4YKa BKJII0OYE€HAa, a Apyrasi — BEIKJIIOYEHa.

9T0 IIpUMeEP aHOMaAJIn¥ KOHKYPEHTHOI'O JOCTYyIla — HeCOr'JlaCOBaHHAas 3alluChb (write skew), — KOTOpasd BO3MOZKHa, Jaxe
€CJIX HET I'PSA3BHOI'0, HEITIOBTOPAIOIIETI0CA U CbaHTOMHOl"O YTEeHUH.



o)) PROFESSIONAL

Serializable Posygres

IomkeH npefoTBpallaTh TH00ble aHOMaIUU

pe3y/ibTaT KOHKYDPEHTHOI'O BbITIOJIHEHHSA COBIIdId€T C PE3Y/IbTATOM
BBITIO/IHEHUSA TpaHBaKL[I/Iﬁ B KaKOH-/1100 1ocjieg0BaTe/IbHOCTHU

Peanuzauums B PostgreSQL

JJ1s1 TIPeZIOTBPALLleHHsT aHOMaJTUH TPaH3aKLUM MOTYT OOpPBIBAaTHCS

JUTsI TIPaBWIBHOM paboThl ypoBeHb Serializable momkeH ncmonb3oBaThCst
BCEMU TPaH3aKLUSIMHU

ypPOBeHb He paboTaeT Ha perviuKax

MonHoe oTCyTCTBUE KaKMX Gbl TO HM GbI/I0 aHOMaNUIA O0CTUTAETCS, eCc/u
KOMaH/ibl, BbINO/IHAEMbIE B KOHKYPEHTHO paboTatoLLMX TpaH3aKLMsIX,
NPUBOAAT K TAKOMY Xe pe3y/ibTaTy, kKakol Nony4yuncs 6bl B criyyvae
nocriefoBaTeNlbHOro — ofHa 3aBepLuniach, CneaytLlas Hayanacb —
BbINO/IHEHUS 3TUX TPaH3aKUMiA (NpY KAKOM-HMOY/Ab NOPSAKE BbINOHEHNS).

B PostgreSQL 3TOT ypoBeHb peann3oBaH 1 paboTaert, ecnv Bce TpaH3akumm
B CUCTEME MCMNO/b3YIT YpoBeHb Serializable.

CnepyeT yunTbiBaTb, YTO peann3auns UMeeT onpeaeneHHbIe orpaHNYeHns:
* 10 Bepcun 12 3anpochl He pacnapanieMBasiuch;
* 3anpocChl HE MOTYT BbIMNOHATLCS HA pensvKax;

* TpaH3aKuuy MOryT 06pbiBaTbCS Yalle, YeM 3TO AeCTBUTENbHO
Heobxoaumo (TakuMm 06pas3om, cTpagaeT aPPEKTUBHOCTb, NOCKO/bKY
060pBaHHblE TPaH3aKLUMN NPUXOANTCS BbINOMHATL NOBTOPHO).



Serializable

Ha sTtom YPOBHE TPaH3aKIUU MOTYT IIOJIO2KUTHCA Ha TO, YTO Ha UX pa60Ty HHKTO He IIOBJIHUSAET.
=> BEGIN ISOLATION LEVEL SERIALIZABLE;

BEGIN

=> UPDATE lights SET state = 'on' WHERE state = 'off';

UPDATE 1

HepBaﬂ TPaH3aKIHUsA BKIIIOYHJIA 3€JIEHYIO JIaMIIO4YKY, BCE€ OTHU I'OPAT.

=> SELECT * FROM lights ORDER BY id;

id | lamp | state

T, B
1| red | on
2 | green | on

(2 rows)

BTopas TpaH3akKIusg He BUOUT 3apUKCUPOBAHHBIX U3MEHEHUM: [JIsI Hee KPaCHHIN CBET ellle TOPUT, ¥ OHA BHIKJTIOYAET €ro.
| => BEGIN ISOLATION LEVEL SERIALIZABLE;

| BEGIN

| => UPDATE lights SET state = 'off' WHERE state = 'on';

| UPDATE 1

| => SELECT * FROM lights ORDER BY id;

id | lamp | state

e .
1| red | off
2 | green | off

(2 rows)

Teneps 06e TpaH3aKIUU GUKCUPYIOT CBOU U3MEHEHUSI. ..
=> COMMIT;

COMMIT

| => comMMIT;

ERROR: could not serialize access due to read/write dependencies among transactions
DETAIL: Reason code: Canceled on identification as a pivot, during commit attempt.
HINT: The transaction might succeed if retried.

U BTOpas TpaH3aKUUs II0JTy4YaeT OIINOKY.

HeﬁCTBHTeHBHO, IIPHU IIOCJIeJOBATE/IbHOM BBIIIOJITHEHUN TpaH3aKL[I/Iﬁ AOIIyCTHMO [OBa pe3yJibTaTa:

e €CJIM CHa4dalla BBEIIIOJTHAETCS IIepBasi TPaH3aKIuA, a IOTOM BTOpPas, TO BCe JIaMIIO4YKH 6y11yT IIOralleHsI;
e €CJIM CHa4dalla BBEIIIOJIHAETCS BTOPas TPAaH3aKIWsA, a IIOTOM IIepBas, TO BCe JIaMIIOYKHU 6y]:[yT BKJIFOYE€HHBEI.

<<Hp0Me}KyTO‘-IHLI171>> BapHUaAHT IIOJIy4YUTH HEBO3MO2KHO, II0O3TOMY BBHIIIOJTHEHHE OIOHOM U3 TpaH3aKHI/Iﬁ 3aBeplraeTca OITHOKOM.

BakHEINE MOMEHT: 4TOOBI ypoBeHb Serializable pa6oTan KOPpPeKTHO, Ha 9TOM YPOBHE HOJIKHEI pab0oTaTh BCE TPaH3aKUUHU.
Ecnu cmemnBaTh TpaH3aKIMK Pa3HEIX YPOBHEH, akTuuecku Serializable 6ymeT Bectu cebs1, kak Repeatable Read.



o)) PROFESSIONAL

NTorun: ctaHgapT SQL Posjgres

HETI0BTOPSI-
MOTEepsAHHBIE |  TPSI3HOE ToLIeecs (haHTOMHOE ZpyTHe
OOHOBJIEHHSI |  UTEHHe Lu YTeHHe aHOMaJTUH
YTeHHe
Read Uncommitted — za za za Ja
Read Committed — — Ja za za
Repeatable Read — — — Ja Ja
Serializable — — — — —
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[MoAabITOXMM MHpopMaLMIo.

B ctaHgapte SQL onpeaeneHbl YeTbipe YPOBHA U30NALMU TPaH3aKUWIA:
Read Uncommitted, Read Committed, Repeatable Read, Serializable
(Mo ymonyanuio).

Ta6n1/|u,a MnokKasbiBaeT COOTBETCTBNE MEXAY YPOBHAMU N301ALNN N TEMU
aHOMas/InAMIN, KOTOPblE OHWN MOTYT A0MNYyCKaTb.

OTMeTUM, UYTo A1 obecnevyeHns ypoBHS nsondauum Serializable
HeOoCTaTOYHO VUCK/TIOUYUTL TPU aHOMasIuK, onpeaeseHHble B cTaHaapTe.



Torn: PostgreSQL Posigres

HETI0BTOPSI-
MOTEepsAHHBIE |  TPSI3HOE HOLIEECS (haHTOMHOE ZpyrHe
OOHOBJIEHUSI |  UTEHHe Lu YTeHHe aHOMaJTUH
YyTeHHe
Read Uncommitted
Read Committed & — Ja Ja za
Repeatable Read — — — — za
Serializable — — — — —

* TIpe/IOTBpALLaeTCs He Bcerja
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PeanbHble CYB/, n PostgreSQL B TOM yuncrie, He peasim3yroT TpeboBaHnSA
cTaHgapTta 6ykBasibHO (KOTopble 6bl1M CROPMYIMPOBaHbI B Te BpEMEHA,
Korza BOMpPOChl U30/1ALMN eLLe He Obl/In n3yyeHbl TeopeTukamn). HassaHns
YPOBHEW U30M1ALMMN COXPAHAKTCA, HO peanim3alms nx CTpoXxe, Yem 3TO
TpebyeT cTaHAapT.

B PostgreSQL ncnonb3yetcs u30/1894usi Ha 0CHOBE CHUMKOB 0aHHbIX
(Snapshot Isolation) B couyetaHnn ¢ MHO208€PCUOHHOCMbIO. DTO
onpefenseT cnepyowme CBOMCTBa:

[pPA3HOE YTeHne He gonyckaeTcs Boobule, npuyem 6e3 yulepba o
NPON3BOANTENBHOCTM.

YpoBeHb Read Committed ncrnonb3yeTcs no ymosiyaHuo U NpuMeHsaeTcs
B 60/IbLUIMHCTBE CUCTEM. 3a4acTyl0 OH TpebyeT pyyYHOWN YCTaHOBKA
6G10KMPOBOK, YTOObLI 06ECcneYnTb KOPPEKTHOCTD.

YpoBeHb Repeatable Read He gonyckaeT He TONIbKO HEMOBTOPAEMOe
YyTeHue, HO 1 (haHTOMHOE YTeHue (XOTA U He obecrneymBaeT MosIHYyH0
N30M1AUMI0). DTOT YPOBEHb YA0OEH /19 OTYETOB, NOCKO/IbKY MO3BOMSAET
HeCKO/IbKMM 3anpocamM BUAETb COr/lacoBaHHble AaHHble, a TOMbKO
yuTaloLlmne TpaH3akuMm HUKorga He obpbiBatoTCA.

YpoBeHb Serializable Takke No/IHOCTbIO peann3oBaH, HO UMeeT
onpeaesnieHHble orpaHNYeHns.

https://postgrespro.ru/docs/postgresgl/12/transaction-iso




[1pakTuka POQSFEE

1. TlIpoepste, uto Ha ypoBHe u3oasuu Read Committed
He TpeJj0TBpalljaeTcsi aHoMasusi (PaHTOMHOT'O UTeHUsl.

2. B TpaH3akumu ¢ ypoBHeM usonsiiud Read Committed
HECKOJIbKO pa3 BbI3bIBaeTCs (PyHKLMS, Orpe/iesieHre KOTOpPO
M3MEHSIeTCS B 3TO BPeMs B [IPYTOM TpaH3aKLUHU.

Yro nipousoiifet? [IpoBepbTe 1 06BSICHUTE pe3y/bTaT.

3. CospaiiTe MycTyto TabIUILY.
OTKpo¥Te TpaH3aKL|1Io C ypoBHeM H3ossLmu Repeatable Read
(4 TOKa He BBITIO/IHSWTE B Hell HUKAKKUX KOMaH[).
B apyrom ceaHce f06aBbTe B TaOJUITy CTPOKY.
BuHa i mo0aBieHHast CTPOKA B OTKPBITOM TPaH3aKIUK?
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1. [leiicTByiiTe TakK Xe, Kak 6bl/10 NOKa3aHo B AeMOHCTpaLmK.

2. Ana NnpocTOTbl OYHKUNA MOXET HE MMETb NapaMeTpoB 1 BO3BpaLlarb
KOHCTaHTY. PYHKUMIO MOXHO c03AaTb (M U3MEHSITb) HA OCHOBE TaKoro
wabnoHa;

CREATE OR REPLACE FUNCTION f() RETURNS integer AS $$
SELECT 1;
$$ LANGUAGE sql;



1. ®anToMHOe uTeHHEe Ha ypoBHe Read Committed

=> CREATE DATABASE mvcc_isolation;
CREATE DATABASE
=> \c mvcc_isolation
You are now connected to database "mvcc isolation" as user "student".
IlycTas Tabnuia:
=> CREATE TABLE t(id integer);
CREATE TABLE
Bo BTOpOM ceaHCe HayHeM TpaH3akIuio Read Committed 1 BEIIOJIHUM 3aImpoc.
| => \c mvcc_isolation
| You are now connected to database "mvcc_isolation" as user "student".
| => BEGIN;
| BEGIN
| => SELECT * FROM t;
id

(0 rows)

BcTaBUM HOBYIO CTPOKY B Tabnuily (M3MeHeHUsT GUKCUPYIOTCS).
=> INSERT INTO t VALUES (1);
INSERT 0 1
| => SELECT * FROM t;
id

1
(1 row)

Tpanzakuus Read Committed BuguT no6aBrIeHHY0 CTPOKY.

OTnuyne OT aHOMAaIUU HEIIOBTOPSAIOIIETr0CsAa YTEHUA (HpH KOTOpOfI TPaH3aKIUsid BUOUT 3a(1)I/IKCI/Ip0BaHHI:Ie HU3MEHEHU B YXKe
CyIIeCTBOBABIINX CTpOKaX) COCTOMUT B TOM, 4YTO 3[4€Chb BUOHBI CTPOKH, KOTOPLIX HE OBLITO PaHkbIIe.

| => coMMIT;

| commIT

2. U30onsanus u CHCTEeMHBIH KaTajior

Co3nmaeM (QYHKILNIO, BO3BPAIIAOIIYIO € QUHULLY:

=> CREATE FUNCTION f() RETURNS integer AS $$
SELECT 1;
$$ LANGUAGE sql;

CREATE FUNCTION

Haunnaem tpanlakuuio Read Committed Bo BTopoMm ceasce:
| => BEGIN ISOLATION LEVEL READ COMMITTED;

| BEGIN

| => SELECT f();

£

1
(1 row)

B 9T0 BpeMs uaMeHsieM QYHKITHIO:



=> CREATE OR REPLACE FUNCTION f() RETURNS integer AS $$
SELECT 2;
$$ LANGUAGE sql;

CREATE FUNCTION
=> SELECT f();

£

2
(1 row)

| => SELECT f();

£

1
(1 row)

| => comMmMIT;
| commIT

MHoroBepcuoHHOCTE B PostgreSQL pacrpocTpaHsieTcss ¥ Ha TaGJIUILl CUCTEMHOI0 KaTajora. B ToM 4ncie u Ha pg proc,
TTle XpaHUTCS UCXOOHEIN Kop GyHKIMN. I[T03TOMy pa3Hble TpaH3aKIUK MOT'YT BUMIETh U BEI3EIBATh Pa3Hble 9K3eMILISIPhI
OOHOM U TOM XKe QyHKIUU.

Ho npu aToMm maxe Ha ypoBHe Read Committed He BO3HMKaeT HETIOBTOPSIEMOT'O YTEHUS — 3TUM TaOJIUIEI CHCTEMHOTIO
KaTasiora OTJINYaTCsS OT OOBIYHEIX.

Bnaro;:[aps{ 3TOMY MO2KHO MEHATH BEPCUI0O KOJa CEPBEPHEIX IIOAIIPOrpaMM, He OIlaCadACh, YTO BHYTPHU O]Z[HOI;I U TOH XKe
tpan3akiuu Read Committed 6ymeT BEI3BaHA CHadasa crapas Bepcust QyHKIuY, a 3aTeM — HoBasi. KoHewHo, 06HOBIIEeHUE
KOJla «Ha JIeTy» BCe PaBHO OCTaeTCsI CJII0KHOU 3amadei.

3. Ha KaKO¥M MOMEHT BpeMeHH BHIHLI TaHHbIe?

OTKpeIBaeM TpaH3akiuio Repeatable Read:

| => BEGIN ISOLATION LEVEL REPEATABLE READ;

| BEGIN

[ob6aBnsieM CTPOKY B Tabnuily (M3MeHeHUsI PUKCUPYIOTCS):
=> INSERT INTO t VALUES (2);

INSERT 0 1

TIpoBepsieM cogepzKUMO€e TaOIUIIEI B OTKPLITOM TPaH3aKIUU:
| => SELECT * FROM t;

id

(2 rows)

ITouemy BunHEL 00e cTpoku?. [Iesio B ToM, 4To TpaH3akuuu Repeatable Read (u Serializable) BugaT maHHbBIE Ha MOMEHT
HayaJia IepBO¥ KOMaH/b, a He Ha MOMEHT BhrinosiHeHuss BEGIN.

Ecnu ceiiyac JIOGaBI/ITB B Ta61muy elne CTPOK, pe3yJbTaT HOBTOpHOﬁ BBI60pKI/I YXe He USMEHUTCS.
=> INSERT INTO t VALUES (3);

INSERT 0 1

| => SELECT * FROM t;

id

(2 rows)

| => commIT;

| commIT






