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TpaH3akumMm N X CBONCTBa  Posggres

TpaH3akiusi — T0C/e0BaTe/IbHOCTb OTepalfui,

KOTOpbIe TIepeBoAAT 0a3y AaHHBIX U3 OJJHOTO

KOPPEKTHOT'0 COCTOSIHUS B JIPyroe KOpPeKTHOe

IIpH yCJIOBHWH, UTO TPaH3dKLHWA BbIIIO/IHEHA ITOJIHOCTBIO

1 6e3 1oMex CO CTOPOHBI APYTUX TPaH3aKLIAH

dTOMAPHOCTL: TPaH3aKIUA JIM0O0 BBIMNOJIHAETCS ITO/THOCTBIO,
100 He 0CTaB/IseT HUKAKUX c/1e10B

COIVIaCOBAHHOCTE OripeeideTcsa OorpaHuueHUsAMU Lie/IOCTHOCTHU
U CeMaHTUKOMU IMPU/I0’KeHHA

HeTI0J/THast M30JISILUS TIPUBOAUT K HapyILIeHUI0 KOPPEKTHOCTU (aHOMAJIHSIM)
TpY KOHKYPEHTHOM BBINO/THEHHUH TPaH3aKLWH

TpaH3akumein Ha3biBaeTCA NocnieaoBarTe/ibHOCTb onepaunii, BoINnosiHAeMas
NpuoXeHnem, Kotopas nepesoguTt 6a3y gaHHbIX U3 O4HOr0 KOPPEKTHOrO
COCTOSAHUA B Apyroe KOpPpeKkTHoe COCTosAHne (coa/1acoBaHHOCMb)

Npwn YCNOBUK, YTO TPaH3aKLUMUsA BbINOSIHEHA MOIHOCTLIO (amomMapHOCMb)

N 6€3 Nomex co CTOPOHbI APYrux TpaH3akuuin (U3o1s1yus).

KoppekTHOe (CornacoBaHHOE) COCTOSIHME ONpeaensieTcs Kak
orpaHUYeHnsIMU LeNOCTHOCTH, 3a[aHHbIMM Ha YPOBHE 6a3bl AaHHbIX,
Tak ¥ CEMaHTUKOV NPUIOXKEHNS.

NpaeanbHas n3onsaumsa TpaH3akuuin rapaHTUpYeT, YTo Ha paboTy
MPUNOXEHNA HE OKaXKYT B/IUSIHUSI HUKAKNe ApYyrne KOHKYPeHTHO
BbINOMHAOLWMECS TpaH3akuun. OgHako ecnv 0cnabuTb TpeboBaHusA

K N30M19UMK, TO TPaH3aKLmMsl, KOTopasi KOPPEKTHO BbINO/HSANACh B 6a3e
[aHHbIX B OJIMHOYECTBE, MOXET BblflaBaTb HEKOPPEKTHbIE Pe3y/bTaThbl

NpY HAMUUW APYTUX TPaH3aKLUUA — 13-3a TOro, UTO NPY BbINOSIHEHUN
onepaTtopbl pa3Hbix TPaH3aKLUMIA MOTyT YepeaoBaTbCsl. Takme HEKOPPEKTHbIE
CUTyauun HasbIBalOTCA aHOMa/IUSIMU.

Peanu3auust NoNHOM M30M15UUMN — COXHAasA 3a7a4a, ConpsiKeHHas

C YMEHbLLUEHMEM MPOMNYCKHOW CMOCOBHOCTN CUCTEMbI. Ha NpakTuke Kak
NpaBu/I0 NPUMEHSIETCS UMEHHO Oc/1abneHHas 30NsUMs, U MO3TOMY BaXXHO
MOHMMATb, Kakne 3TO BNeYEeT NOCAeACTBuS.

UeTBepToe cBoicTBO ACID — 00/1208€4HOCMb — Mbl PACCMOTPUM MO3XeE,
B TeMe «)KypHa/impoBaHue».



Read Uncommitted Posigres

Jlo/mKeH 1ipefoTBpalliaTh aHOMaIuK

IMOTepsAHHbIE U3MEHEHMA:
MpdaH3aKyuAa mMooicem nepe3anucamb U3MeHeHUs apyeux mpClHS’GKL[Lle,
3a(l)UKCUp06(1HHle nocse ee Hauana

He peanuzoBaH B PostgreSQL

pabortaet kak Read Committed

CtaHaapT SQL gonyckaeT YeTbipe YPOBHS 13015UMK, onpeaensieMble
B TEPMMHAX aHOMasINIA, KOTOPbIE A0MNYCKAOTCA NPU KOHKYPEHTHOM
BbIMO/IHEHMM TPAH3aKLMIi HA 3TOM YPOBHE.

Camblin cnabsblin ypoBeHb — Read Uncommitted, koTopsblin (Kak cneayet
N3 Ha3BaHWSA) NO3BOISIET YBUAETb AaXe He3ahKCMPOBaHHbIE AAHHbIE.

Cor/lacHO CTaHAAapTy Ha 3TOM YPOBHE [I0/KHA NPeaoTBpallaThCs
e[IMHCTBEHHas aHOMa/usi:

* ToTtepsiHHble nameHeHus (lost updates). Ecniv nocne Havana
TpaH3akumn T1 gpyraa TpaH3akuma T2 nameHuna v sadpukcuposana
CTPOKMU, TpaH3akuua T1 MoxXeT nepesanncatb 3T NU3SMEHEHUS.

DTOT YypOBEHb BBOAW/ICA KakK TpebyoLwmii HaMeHbLINX HaknagHbIX
pacxofoB, HO PostgreSQL moxeT 6e3 notepu adhpekTMBHOCTM paboTaTb
Ha 6onee cTporom yposHe. NMoatomy B PostgreSQL Takoih ypoBeHb He
peasin3oBaH 1 rOBOPUTb O HEM Mbl O0/bLLE He Byaem.
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Read Committed Posigres

Jlo/mKeH 1ipefoTBpalliaTh aHOMaIuK

MOoTepsAHHbIE N3MEHEHHA

IPSI3HOE UTEHHE:
3anpoc eudum He3aguKCUpOB8aHHble U3MeHeHUsl Opy2uXx mpaH3axkyuil

Peanusanus B PostgreSQL

HCITOJIB3YETCHA 110 YMO/TYAHUTIO

KaxkabIi cnefyowmin ypoBeHb U30MALUN CTPOXE, YeM NpeablayLmi.
Moatomy ypoBeHb Read Committed gonmkeH npegorepawiarb He TOSIbKO
noTepsiHHbIe N3MEHEHNS, HO U elle OA4HY aHOMaJTIIO:

* «[pssHOe» uteHune (dirty read). TpaH3akumsa T1 MOXET ynTaTb CTPOKN,
N3MEHEHHbIE, HO eLle He 3adoUKCMpPOBaHHble, TpaH3akumen T2, OTMeHa
n3meHeHnn (ROLLBACK) B T2 npuBegeT K TOMy, 4To T1 npountaet
[aHHble, KOTOPbIX HUKOT4a He CyLLecTBOBaslo.

CyLlecTByeT MHOIO ApYyrnx aHoMasinin, KOTopble AOMYCKatTCs Ha YPOBHE
Read Committed. Pa3paboTunk A0/MKEH BCerga NoOMHUTb O BO3MOXHbIX
npo6siemax n npn Heob6XxoAMMOCTU BPYUHYO UCMNO/b30BaTb G/TOKMPOBKM.

B PostgreSQL (kak 1 BO MHOrmx apyrnx CYB/[) UMEeHHO 3TOT YPOBEHb
N30/1ALNN UCNOMb3YETCA NO YMONYAHUIO — KakK KOMNPOMUCC Mexay
CTPOroCTbo N301AUNKN N 3PPEKTUBHOCTLIO.

3ameTtunm, 4to B PostgreSQL Ha ypoBHe Read Committed MOXHO NoTepsATb
N3MEHEHNA — TakoW NnpumMep OyaeT nokasaH B AeMOHCTpaLmu.



VipaBjieHHe yPOBHEM HU30JIIIHH

JLIs1 TeMOHCTPAIIMH MBI 6Y/[EM HCII0/Ib30BaTh OT/AEIbHYIO0 6a3y JaHHBIX I KaXKI0M TeMEL.

=> CREATE DATABASE arch_isolation;

CREATE DATABASE

=> \c arch_isolation

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

VPOBHHU H30JIALIMH IIOCMOTPHUM Ha IIpPUMepe ¢ TabJIUIleH, IIpe/iCTaBJIAI0Iel COCTOsIHHE cBeTodopa:

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

)i

CREATE TABLE
9T0 Gy/eT IelIeX0HBIH CBeTOGOP C ABYMSI JIAMIIOUKaMH:

=> 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 cr1ocob yCTaHOBUTDH YPOBEHb M30/IIMH — KoMaH/ja SET TRANSACTION, BEITIOTHEHHAsI B Hadasle TpaH3aKIMU:
=> BEGIN;

BEGIN

=> SET TRANSACTION ISOLATION LEVEL READ COMMITTED;

SET

IIpoBEepUTH TEKYIIUH YPOBEHb MOYKHO, IOCMOTPEB 3HaUeHHe ITapaMeTpa:

=> SHOW transaction_isolation;

transaction isolation

read committed
(1 row)

=> COMMIT;

COMMIT

A MO’KHO yKa3aTb YPOBeHb IIPSAMO B KoMaH/ie BEGIN:

=> BEGIN ISOLATION LEVEL READ COMMITTED;

BEGIN

=> COMMIT;

COMMIT

ITo yMOJTIaHHIO UCIIONIL3yeTCs ypoBeHb Read Committed:
=> SHOW default_transaction_isolation;

default transaction isolation

read committed
(1 row)



Tak uTOo eC/I¥ 3TOT IIApaMETP He MEHSLICSI, MOXKHO He YKa3bIBaTh YPOBEHD SIBHO.
=> BEGIN;

BEGIN

=> SHOW transaction_isolation;

transaction_isolation

read committed
(1 row)

=> COMMIT;

COMMIT

Read Committed u rpsi3HOe YTeHHE

[lommpo6yeM IIPOYNTATE «IPsI3HBIEe» TaHHEIE. B ITepBoI TpaH3aKITMHU raCUM KpacHBIH CBET:
=> BEGIN;

BEGIN

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

UPDATE 1

HauHeM BTOpPOH ceaHC.

student$ psql arch_isolation

B HeM OTKpOeM ellle OFHY TPaH3aKIIHIO C TeM >Ke ypoBHeM Read Committed.
| => BEGIN;

| BEGIN

| => SELECT * FROM lights ORDER BY id;

id | lamp | state

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

(2 rows)

BTOpaﬂ TpaH3aKIVsg HEe BUOJUT HeSa(i)I/IKCI/IpOBaHHLIX H3MeHeHUH.
OTMeHHUM HU3MeHeHHe.

=> ROLLBACK;

ROLLBACK

| => ROLLBACK;

| ROLLBACK

Read Committed i uTeHue 3apUKCHPOBAHHBIX H3MEHEHHI

MBI IIPOBEPIIIH, UTO TPaH3aKIMSI He BUIUT He3aQHUKCHUPOBAaHHBIX M3MeHeHUN. [IocMoTpUM, 4YTO 6YZeT IIpy GUKCAITHIH.
=> BEGIN;

BEGIN

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

UPDATE 1

| => BEGIN;

| BEGIN

| => SELECT * FROM lights ORDER BY id;



id | lamp | state

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

(2 rows)

IToxa He BUJHO.

=> COMMIT;

COMMIT

A Tertepn?

| => SELECT * FROM lights ORDER BY id;

id | lamp | state

mmmede e e aas L
1| red | off
2 | green | off
(2 rows)
| => commIT;
| commIT

Urtak, B pexuMe Read Committed orrepaTops! 0fHOM TpaH3aKIIMK BUAAT 3aGHUKCUPOBaHHbIe H3MEHEHUs APYTUX TPaH3aKI[UE.

3aMeThTe, YTO IIPH 3TOM OZHH U TOT >Ke 3aIIpoC B OHOM U TOM ’Ke TpaH3aKIIMK MOKeT BhIJlJaBaTh pa3Hble pe3yIbTaThl.

MosKHO JI YBHUETH USMEHEeHU, Saq)I/IKCI/IpoBaHHI)Ie B ITpo1iecce BBIIIOJIHEHUA OTHOT'O onepaTopa? HpOBepI/IM.
Celfuac Bce JIJaMIIOYKH IIOTallleHbl. 3aIlyCTHUM [OJITHH 3aIIpoC U, II0Ka OH paboTaeT, BKIIIOYHUM 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

R tomm - Fomm e
1| red | off |
2 | green | off |

(2 rows)

HTaxk, eciu BO BpeMsi BBIIIOJIHEHUA OIlepaTopa Apyrasi TpaH3aKIHs yCIiejaa 3aq)I/IKCI/Ip0BaTb HU3MEHEHUs, TO OHU He 6y,uyT BHU/IHBI.
OnepaTop BUIUT JaHHBIE B TAKOM COCTOSHHH, B KOTOPOM OHH HaXOJWJIMNCh Ha MOMEHT HaydaJ/la €ro BBIIIOJIHEHMs.

OJHAKO ecJId B 3alIpoce BBISbIBAETCA (byHKLII/IH C KaTeTOpI/IefI M3MEeHYUBOCTH Volatile, BBIIIOJTHAROIIast CO6CTBEHHBIN 3aIrpoc, To
TaKoOH 3allpoC BHYTPHU ll)yHKI_II/II/I 6y;1eT BO3BpalaTh JaHHEBIE, HE COIJIaCOBaHHBIE C JaHHBIMY OCHOBHOTO 3aIIpoca.

=> CREATE FUNCTION get_state(lamp text) RETURNS text
LANGUAGE sql VOLATILE
RETURN (SELECT l.state FROM lights 1 WHERE 1l.lamp = get_state.lamp);

CREATE FUNCTION

[IOBTOPUM 3KCIIEPUMEHT, HO TeIlephb 3aIIpoc GY/IeT UCII0Ib30BaTh 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 RE R tommmm- Fommme e Fommm e
1| red | on | on |
2 | green | on | off |

(2 rows)

IIpaBUWILHBIH BapHAHT 37leCh — 00BSIBUTH QYHKITHIO C KaTeTopHel M3MeHYUBOCTH 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)

BBIBOZ: BHUMATEJILHO CJIEJIUTE 33 KaTerOpHel H3MeHIHBOCTH GYHKITHH Ha YpoBHe n3oJsiriuu Read Committed. Co sSHaUeHHSIME
«TI0 YMOJTYaHHIO» JIETKO IIOJIyYUTh HecorJlacOBaHHBIe TaHHBIE.

Read Committed u moTepssHHbIE N3MEHEHUS

Yro IIPOUCXOMUT IIPU IIOIIBITKE NU3SMEHEHUS OI[HOﬁ U TOM >Ke CTPOKH ABYMSL TpaH3aKU;I/I91MI/I? Ceifuac o6e JIJaMIIOUKH BKJIIOUEHEBI.
HEpBaH TpaH3aKI¥sA BEIKJIIOYAaeT KPaCHYI0 JIAMIIOUKY, HO IIOKa He 3aBepIiaeTcCsd.

=> BEGIN;

BEGIN

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

UPDATE 1

BTOpaH TpaH3aKIUsg BUJUT, UTO o0e JIaMIIOUKH TopArT...

| => BEGIN;

| BEGIN

| => SELECT * FROM lights;

id | lamp | state

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

(2 rows)

... MEHSIET COCTOSTHUE KaXKI0M JIAMIIOYKH. ..

=> UPDATE lights
SET state = CASE WHEN state = 'on' THEN 'off' ELSE ‘on' END;

... HO 3aBHCAeT, 0’KHU/Iasl 3aBepIIeHNs [1IepPBOM.
=> COMMIT;

COMMIT

| UPDATE 2

ITo OKOHUaHUH IIepBOI TPAH3AKIIMH BTOPasi CMOIJIa U3MEHHTD JJaHHbIe, ¥ MBI 0’KHZIaeM, YTO BO BTOPOM CeaHCe 06e JIaMIIOUKH
GYAYT BHIKIIOUEHEL. [[poBepHM.

| => coMMIT;
| commIT
| => SELECT * FROM lights;

id | lamp | state

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

(2 rows)

IToueMy TaK IIOJYYHIOCH?

Komanzma UPDATE Bo BTOpOM TpaH3aKIWU 6JI0KUPYeT CTPOKH TA6JIHIIBI 110 ouepequ. CHauasia 6JI0KUpyeTCs 3ejleHas JIaMIIouKa U
HU3MeHseTCs ee COCTOSIHUE, a 3aTeM KOMaH/[a >K7ieT CHATHS 6JI0KMPOBKH KpaCHOM JIaMITOYKH ITIepBOM TpaH3aKIIHek.

IIpu 3TOM KOMaHZIa BO BTOPO¥ TpaH3aKIIMH He I0JDKHA BH/IETh U3MEHEeHUH, C/le/IAaHHBIX IT0CJIe HavaJla ee BHIIOIHeHUs. C Ipyroi
CTOPOHEIL, OHA He JI0JDKHA ITOTEPSTH U3MEHEeHNs, 3aQUKCHPOBaHHbIEe IPYTUMHU TPaH3aKIUIMHE. [[03TOMY I10CJIe CHITHS
GJIOKHPOBKH OHA IIEPEYUTHIBAET CTPOKY, KOTOPYIO IIBITAeTCSI OGHOBHUTE.



B utore, IIepBas TPaH3aKIUs BEIKJIIOYAET KPAaCHYIO JIAMIIOYKY, a BTOpasi CHOBa BKJIIOUAET €ee.

B pes3ysibTaTe BTOpasi TpaH3aKIUuA 0Tpa60TaJIa YCIIEIIIHO 3a CYeT TOI0, UYTO OHAa BH/leJia HeCOIJIaCOBaHHbIe JaHHbIE: YaCTh — Ha
OOWH MOMEHT BPpEMEHH, 4aCTh — Ha /:prroﬁ.

Ho ecii n3MeHeHMe BBIIIOJIHAETCSI He B OHOM KoMaHzie SQL, To 06HOBIeHHe Oy/[eT II0TePsIHO.

=> BEGIN;

BEGIN

IlepBas TpaH3aKI[Us IePeBOLUT KPaCHYI0 JIAMIIOUKY B MUTAIOLUI peskKUM. CTpOKa IIPH 3TOM 6JIOKHPYeTCsL:
=> UPDATE lights SET state = 'blink' WHERE lamp = 'red';

UPDATE 1

Bo BTOpOH TpaH3aKIMH KIMEHT BUAUT, UTO KpacHasi JIaMII0YKa TOPHUT...

| => BEGIN;

| BEGIN

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

old_state

on
(1 row)

... 1 BEIKJIFOYAET ee:

=> -- npuBsi3Ka 3HaYeHUs napameTpa
\bind 'off’

=> UPDATE lights SET state = $1 WHERE lamp = 'red’;
BTOpasi TpaH3aKIIKs XK/ET 3aBepIIeHs TIEPBOA.
=> COMMIT;

COMMIT

| UPDATE 1

| => comMmIT;

| commIT

HepBLIfI CeaHC O’KHJaeT YBUIETh, UTO KpaCHas JlaMIIOYKa MUraeT. HpOBepI/IMZ
=> SELECT * FROM lights WHERE lamp = 'red’;

id | lamp | state

1| red | off
(1 row)

B 3TOM cirydae BTOpast TpaH3aKIIKS 3aIIkcajia CBOM U3MeHeHUs «II0BepX» U3MeHeHU I1epBoii TpaH3akuy. Ha ypoBHe Read
Committed cepBep He MOXKET 3TO IIPEIOTBPATHTH, IIOCKOJILKY KoMaH/ia UPDATE paKTHUIECKH COZEPIKUT IIPeLOIIpe e IEHHYI0
KOHCTaHTY.
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Repeatable Read Posigres

Jlo/mKeH 1ipefoTBpalliaTh aHOMaIuK

MOoTepsAHHbIE N3MEHEHHA
rpsA3HOe YTeHHe

HEIOBTOPSIIOIIEeCs UTeHHe:
Nno8MOPHOe UmeHue CMpOKU 8epHem Opy20e 3Ha4eHue,
ecau OHO ObLI0 U3MEHEeHO U 3a(UKCUPOBAHO Opy20l mpaH3akyueli

Peanusanus B PostgreSQL

TaK>Xe He Z0MycKaeT (haHTOMHOe UTeHHUe:

NOBMOPHbIil 3anpoc N0 0OHOMY U MOMY Jice YCA08UI0 8epHem UHYH0 8blOODKY,
ecau Opyaas mpau3akyus 0obasuaa u 3agpukcuposand Hoeble CMpoKU,
yoognemeopsitoujue 3momy ycaoeuro

JUIs1 TIpe/IOTBPAIIieHHs] aHOMaJi TPaH3aKLWK MOTYT 00pBIBaThCs

CornacHo ctaHAapTy, B AOMO/IHEHNE K NOTEPAHHBIM MU3MEHEHUAM

N TPA3HBLIM YTEHUAM YpoBeHb n3onauun Repeatable Read pgonxeH
npefoTBpallars aHoMasnio, KOTOPYHO Mbl BUAENN, Korga paccMmarpusasin
yposeHb Read Committed:

* HenoBTtopstouweecst UuteHne (non-repeatable read). Nocne Toro kak
TpaH3akuua T1 npoynTana CTPOKY, TpaH3akuma T2 nsmeHuna nnm
yaanuna aty CTpoky u 3adukcuposasia nameHeHmsa (COMMIT).

[Mpy NOBTOPHOM UYTEHWUWN 3TOM Xe CTPOKM TpaH3akuusa T1 BuauT, 4To
CTpOKa U3MeHeHa unu yganeHa.

Peanusauusa PostgreSQL 6onee cTporasi, Yem Toro TpebyeT cTaHaapT,
1 NpeaoTBpaLlaeT aHOMasInIo

* daHTOMHOe uTeHue (phantom read). TpaH3akumsa T1 npounTtana Habop
CTPOK N0 HEKOTOPOMY YCNOBMIO. 3aTeM TpaH3akuna T2 gobasuna
CTPOKUN, TaKke yaoBneTsopsAtowme aTomy ycnosuo. Ecnm TpaHsakuma Tl
MOBTOPUT 3arnpoc, OHa NosyyYuT APYryto BbIBOPKY CTPOK.

Ha camom fene cywecTByloT 1 gpyrme aHoManum (He oTpaXeHHble
B CTaH4apTe), KoTopble gonyckatoTca B PostgreSQL Ha ypoBHe Repeatable
Read.

Ot ypoBHA Read Committed 3TOT ypOBEHb U30NAUNK OTIMHAETCS U TEM,
YTO Ha HEM TpaH3aKUuMa MOXeT ObITb 060pBaHa, YToObLI He AOMYCTUTb
aHoMasmio (Takyt TpaH3akLmMio HaZo NoBTOpAThL). Ha ypoBHe Read
Committed 3TOro He NPOMCXOAUT HUKOrAa — €C/IM CTOUT BbIOOP Mexay
KOPPEKTHOCTLIO 1 3DDEKTMBHOCTLIO, NpeanoyTeHNe BCerga otgaeTcs
apdpekTMBHOCTN.



Repeatable Read u HemoBTOpsAIOIIEECS UTEHHE

Vbepumcs B OTCYTCTBUH aHOMAJIMH HeIIOBTOPSIOIIErocsl YTeHHsI.
=> 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 e,
1| red | on

(1 row)

UPDATE 1
Kakoe 3HaUeHHe ITOJYUUT Telleph IepBast TPaH3aKITHs?
=> SELECT * FROM lights WHERE lamp = 'red’;

id | lamp | state

IToBTOpHOE YTeHHe H3MEeHEeHHOM CTPOKH BO3BpalllaeT IepBOHavYaJIbHOe SHaUeHHe.
=> COMMIT;

COMMIT

Repeatable Read u paHTOMHOE UTEeHHE

DaHTOMHEBIE 3aIIHCH TAKKe He JIOJDKHBI OBITH BUHEL IIpOBEPUM 3TO.
=> BEGIN ISOLATION LEVEL REPEATABLE READ;

BEGIN

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

id | lamp | state
mmmeem e e e B ——
2 | green | off

(1 row)

=> 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
mmmeem e e e B ——
2 | green | off

(1 row)

JeficTBUTEILHO, TPAH3aKIMA He BUJUT f06aBIeHHON 3aIIKCH, Y/[0BJIeTBOPSIOIIel lepBOHaUYaJIbHOMY YCI0BHI0. YPOBEHb
usossruu Repeatable Read B PostgreSQL 6oJiee cTporuit, ueM Toro TpebyeT craHaapT SQL.



=> COMMIT;

COMMIT

V6epeM KeITyI0 TaMIIOUKY.

=> DELETE FROM lights WHERE lamp = 'yellow';

DELETE 1

Repeatable Read u moTepsiHHbIE H3MEHEHUA

Heo6X0:MOCTh BCe BpeMsI BH/IETH POBHO Te >Ke JJaHHBIe, UTO ¥ B CAMOM HadaJle, He II03BOJISIET IIePeYUTHIBATH H3MEHEHHYI0
CTPOKY B CJIy4ae 0GHOBJIEHUS.

Bocnpown3BeieM TOT >Ke IIpUMep, KOTOPBIE MBI BUZIEIH Ha ypoBHe u3osiuy Read Committed. Ceifuac Bce JTaMITOUKH BKIIOYEHBL.
=> BEGIN;

BEGIN

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

UPDATE 1

| => BEGIN ISOLATION LEVEL REPEATABLE READ;

| BEGIN

KJIHeHT 3aIpalIiuBaeT COCTOSIHIE KPaCHOM JIAMIIOUKH...

| => SELECT state AS current_state FROM lights WHERE lamp = 'red’;

current_state

on
(1 row)

...d 3aTeéM MEHsIET ero Ha cepBepe:

=> -- npuBsi3Ka 3HaYeHUs napameTpa
\bind 'off’

=> UPDATE lights SET state = $1 WHERE lamp = 'red’;
BTOpasi TpaH3aKIIKs XK/ET 3aBepIIeHs TIEPBOA.
=> COMMIT;

COMMIT

| ERROR: could not serialize access due to concurrent update

Bo BTOpO¥ TpaH3aKIMH IToJIy4aeM OITHOKy. CTpoKa 6blya M3MeHeHa; 06HOBUTH HeaKTyaIbHYI0 BEpCHI0 HEBO3MOYKHO (3T0 6yzeT
TOTePsIHHBIM U3MeHeHHEeM, UTO HeJ[OIIYCTHUMO), a YBHU/IETh aKTyaJIbHYI0 BEPCUI0 TOXKe HEBO3MOJKHO (3TO HapYIIHIIO GBI
HM30JIIITUI0).

| => ROLLBACK;
| ROLLBACK

Taxum o6pas3oM, IOTepsIHHOe 06HOBJIEHHe Ha ypoBHe Repeatable Read He foIryckaeTcs.

Repeatable Read u gpyrue anomajanu

MO>KHO JIX 6BITH YBEPEHHBIM B TOM, UTO CJIe/lyrolas KOMaH/ja BKIYHUT BCe JIAMIIOUKH?
UPDATE lights SET state = 'on' WHERE state != 'on‘;

MO>KHO JI1 GBITH YBepEHHBIM B TOM, UTO CJIe/IyIOIasi KOMaH/la BEIKJIIOUUT BCe JIAMIIOUKH?
UPDATE lights SET state = 'off' WHERE state != 'off';

Ecyz offHa TpaH3aKIUs BKI0YaeT JaMIIOYKH, a [pyras — BBIKJII0UaeT, B KAKOM COCTOSSHUM OCTaHeTCs TabsInIia mocie
O/THOBPEMEHHOT0 BHITIOJTHEHUS IBYX 3THUX TPaH3aKIIHH?

BKJTIOUMM KpacHYI0 JIAMIIOYKY U IIPOBEPUM.
=> UPDATE lights SET state = 'on' WHERE lamp = 'red';

UPDATE 1



HauasibHOe COCTOsIHHE:
=> SELECT * FROM lights ORDER BY id;

id | lamp | state

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

(2 rows)

=> BEGIN ISOLATION LEVEL REPEATABLE READ;

BEGIN

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

UPDATE 1

IlepBasl TpaH3aKIUs BKJIIOYNJIA 3eJIEHYI0 JIJaMIIOUKY, ¥ Telleph JIJIs Hee BCe OTHH TOpSIT.
=> SELECT * FROM lights ORDER BY id;

id | lamp | state

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

(2 rows)

| => BEGIN ISOLATION LEVEL REPEATABLE READ;
| BEGIN

BTOpaﬂ TpaH3aKIUsd He BUJUT 3THUX, €Ille He Saq)I/IKCI/IPOBaHHI)IX, H3MeHeHUU U CUHUTAeT, UTO 3eJIeHbIH CBET BHIK/IIOUEH. HOSTOMY
OHa BBIKJIIOYUAaeT KpaCHI:IfI U JIJIsI Hee BCe OTHH ITIOTallleHbl.

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

id | lamp | state

i e
1| red | off
2 | green | off

(2 rows)

Tenepb 06e TpaH3aKINK GUKCUPYIOT CBOK H3MEHEHUS...
=> COMMIT;

COMMIT

| => commIT;

| commIT

U okaswiBaeTcd, 4YTo...

=> SELECT * FROM lights ORDER BY id;

id | lamp | state

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

(2 rows)

...0JHa JIaMIIOYKa BKJ/IIOY€HA, a pyTasd — BBIKJIIOUEHa.

Jto IIPUMEP aHOMaJIM KOHKYPEHTHOI'O JOCTYIIa — HeCOoIJIaCOBaHHAas 3allkuCh (write skew), — KOTOpas BO3MOKHaA, AaKe eC/JIK HeT
TPSISHOTO0, HEIIOBTOPAIOIIEToCsa 1 (l)aHTOMHOI‘O YTeHUU.
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Serializable Pos}gres

HomkeH npefoTBpalliaTh H00ble aHOMaIUN

Pe3y/1bTaT KOHKYPEHTHOI'O BBIIIOJIHEHUA COBIIadeT C Pe3y/IbTdTOM
BBITIO/IHEHMA TpaHBaKL[I/II‘/JI B KaKOH-11b0o rnocnaenoBare/JIbHOCTH

Peanusaijus B PostgreSQL

JUTS TIpeIOTBPAIIeHHs] aHOMa/TIMH TPaH3aKIUK MOTYT 00pPBIBaThCS

LTSI TIPABHJIbHOM paboThI ypoBeHb Serializable mo/mkeH vcnonb3oBaThCst
BCeMHU TPaH3aKLUSIMU

yPOBeHb He paboTaeT Ha peruiMKax

MonHoe OTCYTCTBUE KaknX 6bl TO HM Gbl/I0 aHOMa/INIA AOCTUraeTCs, ecnu
KOMaH/ibl, BbINO/IHAEMbIE€ B KOHKYPEHTHO paboTatoLLmMX TPaH3aKLUUSIX,
NPUBOAST K TAKOMY Xe pe3y/ibTaTy, Kakoli nosyunncs 6bl B cnyyae
nocneaoBaTe/ibHOr0 — oHa 3aBepLuniach, cneaytollas Hayanach —
BbINO/IHEHUSI 3TUX TPaH3aKLMIA (NPY KAKOM-HUBY/1b NOPSIAKE BbINOHEHUS).

B PostgreSQL 3T0T ypoBeHb peasin3oBaH 1 paboTaeT, ec/in Bce TpaH3aKkLuun
B CUCTEME UCMNO/b3YHOT YpoBeHb Serializable.

Cnep,yeT Y4nTbiBaTb, YTO peasindaund UMeET onpenesieHHblie orpaHn4yeHns:
¢ 3alpocCbl HE MOTYT BbINMOJ/IHATLCA Ha CbI/IBI/I‘—IeCKI/IX pennnkax;,

* TpaH3aKuuy MoryT o6pbIiBaTbCs Yallle, YeM 3TO AENCTBUTE/NBHO
Heobxoaumo (Takum 06pas3om, cTpagaeT aPPEKTUBHOCTb, MOCKOSbKY
060pBaHHblE TPaH3aKLMN NPUXOANTCS BbINO/HATbL NOBTOPHO).



Serializable

Ha 3ToM ypoBHe TpaH3aKIIMK MOTYT IIOJIOXKUTHCS Ha TO, UTO Ha UX paG0Ty HUKTO He IIOBJIHSeT.
=> BEGIN ISOLATION LEVEL SERIALIZABLE;

BEGIN

=> UPDATE lights SET state = 'on' WHERE state != ‘on';

UPDATE 1

[TepBast TpaH3aKIHs BKIOYMIA KPAaCHYI0 JIAMIIOUKY, /IJI1 Hee BCe OTHU TOPST.

=> SELECT * FROM lights ORDER BY id;

id | lamp | state

T I +----- -
1| red | on
2 | green | on

(2 rows)

BTopas TpaH3aKIUsg He BUAUT He3aQUKCHUPOBAHHBIX U3MeHEHUH: [IJI1 Hee KPaCHBIM CBeT ellle BRIKJIIOUEH, ¥ 0Ha BEIKJIIOUAaeT
3eJIeHbIH.

| => BEGIN ISOLATION LEVEL SERIALIZABLE;

| BEGIN

| => UPDATE lights SET state = 'off' WHERE state != 'off';
| UPDATE 1

Jl11 BTOPO¥ TpaH3aKIMHK 06e JIaMIIOUKH BBIK/IFOYEHBI:

| => SELECT * FROM lights ORDER BY id;

id | lamp | state

I, B ——
1| red | off
2 | green | off
(2 rows)

Tenephb 06e TpaH3aKINK GUKCUPYIOT CBOM U3MEHEHUS...
=> 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 BTOpAst TPaH3aKI[Us IT0JIyYaeT OIIKOKY.

Z[eI‘/IICTBI/ITeJII)HO, IIpH I10cjie0BaTeJIbHOM BBITIOJIHEHHUHU TpaH3aKL{I/II‘/II JOIIYCTUMO [Ba pe3yJjbTaTa:

® eCJIM CHayvaJjia BBIIIOJIHAETCA IIepBasd TpaH3aKIIHA, a II0OTOM BTOpasd, TO BCe JIaMIIOYKH 6y,t[yT IIoralaeHsI;
® eCJIF CHavaJia BBITIOJIHAETCSd BTOpasd TPpaH3aKIHd, a II0TOM I1epBasd, TO BCe JIaMIIOYKHU 6yJIyT BKJIIOYE€HBI.

«HpOMe)KyTO‘IHBIfI» BapHUaHT IIOJIYyYUTh HEBO3MO’KHO, II03TOMY BBIIIOTHEHHE O,Z[HOfl us TpaH3aKHI/Iﬁ 3aBeplIaeTcsa OIITUOKOM.

Ba’KHBIM MOMEHT: 4T00BI YpoBeHb Serializable pa6oTasr KoppeKTHO, Ha 3TOM YPOBHE JI0JDKHEI paboTaTh BCe TpaH3aKIIUH. Eciu
CMeIllMBaTh TPaH3aKIIMH pasHBIX YPOBHeH, akTudecku Serializable 6yzeT BecTH ce6s, kak Repeatable Read.
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NTorun: ctaHgapT SQL Posjgres

HETIOBTOPsI-
TIOTEpSAHHBIE |  TPSI3HOE oLeecs (haHTOMHOE IpyrHe
OOHOBJIEHUSI |  UTEHHe HJ; YyTeHHe aHOMaJTUH
yTeHue
Read Uncommitted — Ja za za Ja
Read Committed — — Ja za Ja
Repeatable Read — — — za Ja
Serializable — — — — —
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MoabITOXMM MHOPMAaLMIO.

B ctaHgapte SQL onpeaeneHbl YeTbipe YPOBHA N301ALMU TPaH3aKLNiA:
Read Uncommitted, Read Committed, Repeatable Read, Serializable
(Mo ymosnyaHuio).

Ta6n|/|u,a nokKa3biBaeT COOTBETCTBNE MEXAY YPOBHAMU N3014AUNN N TEMIA
aHOMaUTMAMMU, KOTOPbIE OHWN MOTYT O0MNyCKaTb.

OTMeTUM, YTo Anst obecneveHnsa ypoBHA nsonauum Serializable
HeoCTaTOUYHO UCK/TIOUYMUTL TPU aHOMaInKM, onpeaesieHHble B CTaHAapTe.



NTorn: PostgreSQL Pos{gres

HETIOBTOPSI-
TOTEepsAHHBIE |  TPSI3HOE ToLIeeCs (haHTOMHOE ZpyTue
OOHOB/IEHUSI |  UTEHHE i YyTeHHe aHOMa/IuH
YTeHHe
Read Uncommitted
Read Committed & — Ja na Ja
Repeatable Read — — — — za
Serializable — — — — —

* Mpe/IOTBPALLAeTCS He BCerja

12

PeanbHble CYB/, n PostgreSQL B TOM uncne, He pea/in3ytoT TpeboBaHUsA
cTaHgapTta 6ykBasibHO (KOTopble 6bl1 COPMY/IMPOBaHbI B Te BPEMEHA,
Korga BOMpOoChl N30/1ALUMN eLle He ObI/IN N3yyeHbl TeopeTrukamn). HassaHns
YPOBHEN M30MSLMN COXPAHSATCS, HO peanim3auns nx CTpoxe, Yem 310
TpebyeT cTaHAapr.

B PostgreSQL ncnonb3yetcsa u30/154usi Ha OCHOBE CHUMKOB 0aHHbIX
(Snapshot Isolation) B couetaHun ¢ MHO208ePCUOHHOCMbH. DTO
onpegenset cnepyowme CBOMCTBa:

[PA3HOE YTeHne He gonyckaetcs Booblle, npuyem 6e3 yulepba ans
NPON3BOAUTENBHOCTM.

YpoBeHb Read Committed ncnosib3yeTcs no yMmon4aHuio 1 npuMeHsaeTca
B 60/1bLUIMHCTBE CUCTEM. 3a4acTyo OH TpebyeT pyYHO YCTaHOBKU
GNOKMPOBOK, YUTOObLI 06ECNeYnTb KOPPEKTHOCTD.

YpoBeHb Repeatable Read He gonyckaeT He TO/IbKO HEMOBTOPSEMOE
4yTeHue, HO U daHTOMHOE YTeHue (XOTA KU He obecneyunBaeT MosHyH
N30M15UM0). DTOT YPOBEHb YA06€EH AN1A OTYETOB, MNOCKO/IbKY NO3BONSAET
HEeCKOJ/IbKUM 3anpocam BUAETb COr/lacoBaHHble AaHHble, a TObKO
yMTaloLlmne TpaH3akuMmn HUKorga He obpbiBatoTCA.

YposeHb Serializable Takke No/HOCTBLIO peasin3oBaH, HO UMeeT
onpepaeneHHble orpaHNYeHus.

https://postgrespro.ru/docs/postgresgl/16/transaction-iso



https://postgrespro.ru/docs/postgresql/16/transaction-iso
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[1pakTuka Pos{gres

1. Co3patite mycTyro Tabmmiy.
[TpoBepkTe, uTo Ha ypoBHe usosduu Read Committed
He Mpe/I0TBpaIllaeTCsi aHOMasusl (PAaHTOMHOTO UTEHHUS.

2. OrtkpoliTe TpaH3aKI1IO C ypoBHeM u3oJisitiuu Repeatable Read
(4 TOKa He BBITIOJIHAWTE B HEW HUKaKUX KOMaH[I).
B Apyrom ceaHce yzanure CTPOKY U3 TaO/IHLBL.
BuiHa nu yziasieHHasi CTpOKa B OTKPBITOM TpaH3aKLIUU?
ByneT v BUiHA yaneHHasi CTPOKA, eCJId TOC/ie OTKPBITUS
TPaH3aKILMU BBITTOJIHUTE 3arpoc K 0a3e JaHHBIX, He 00palasch
K Tabmuiam?

3. Yb6emutecsh, uro kKoMaHa DROP TABLE TpaH3aKIMOHHA.
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1. ®anTOoOMHOe YTeHHe Ha ypoBHe Read Committed

=> CREATE DATABASE mvcc_isolation;
CREATE DATABASE
=> \c mvcc_isolation
You are now connected to database "mvcc isolation" as user "student".
ITycras Tabauna:
=> CREATE TABLE foo(id integer);
CREATE TABLE
Bo BTOpoM ceaHce HauHeM TpaH3aKIHio Read Committed ¥ BEIIIOJIHHM 3aIIpoc.
| => \c mvcc_isolation
| You are now connected to database "mvcc isolation" as user "student".
| => BEGIN;
| BEGIN
| => SELECT * FROM foo;
id

(0 rows)

BcTaBUM HOBYIO CTPOKY B Ta6IUITy (M3MeHeHUsI QUKCHUPYIOTCS).
=> INSERT INTO foo VALUES (1);
INSERT 0 1
| => SELECT * FROM foo;
id

1
(1 row)

Tpansakuusg Read Committed BUZUT fo6aBJIeHHYIO CTPOKY.

OTyiM4yye 0T aHOMAaJIUK HEIIOBTOPAIOIIErocs YTeHUs (HpI/I KOTOpOﬁ TPaH3aKIIUdad BUAUT 3a(l)I/IKCI/Ip0BaHHLIe U3MEHEeHUs B yoKe
CyII[eCTBOBaBIIUX CTpOKaX) COCTOHUT B TOM, YTO 3/1eCh BUJHBI CTPOKH, KOTOPHIX HE 6BLT10 PaHBIIIE.

| => commIT;

| commIT

2. MOMEHT, Ha KOTOPBIii BHAHBI JaHHbIE

OTKpBIBaeM TpaH3aKIuio Repeatable Read:
=> BEGIN ISOLATION LEVEL REPEATABLE READ;
BEGIN
B IpyroM ceaHce yjajisieM CTPOKY (M3MeHeHHe QUKCHUPYETCs):
| => DELETE FROM foo;
| DELETE 1
IIpoBepsieM coflep>KHUMOe Tab/IUIIbl B OTKPHITOM TPaH3aKIIHH:
=> SELECT * FROM foo;
id

(0 rows)

ITouemy cTpoKa He BHUHA? /lesio B TOM, UTO B TpaH3aKIuU Repeatable Read (i Serializable) maHHbIe BUZHBI HAa MOMEHT Hadasa
IIepBOM KOMaH/bl, 8 He Ha MOMEHT BBIIIOJIHEeHUs olepaTopa BEGIN.



3aBepIINM TPaH3aKI[HUI0, BepHEM CTPOUKY U IIOBTOPUM 3KCIIEPUMEHT.

=> COMMIT;

COMMIT

=> INSERT INTO foo VALUES (1);

INSERT 0 1

Emrte pa3 HauHeM TpaH3aKIuio Repeatable Read 1 BEITTOZTHHM B Hel 3aIIpOC, KOTOPBIM He o6paliaeTcs K TabJIuIiaM.
=> BEGIN ISOLATION LEVEL REPEATABLE READ;

BEGIN

=> SELECT 2%*2;

?column?

B gpyroM ceaHce yaJaIuM CTPOKY.
| => DELETE FROM foo;
| DELETE 1
Ha sToT pa3 CTpOKa B IIePpBOM CeaHCe BHHA:
=> SELECT * FROM foo;
id

1
(1 row)

TaxuM 06pa3oM, MOMEHT, Ha KOTOPHIH BUIHEI JaHHBIE, OIIpe/esIsgeT IIepBasi KOMaH/Ia, Iake eCIM OHa He 00pamfaeTcs K
TabIHIAM.

=> COMMIT;

COMMIT

3. TpansakuuoHHOCTH DDL

OTKpoeM TpaH3aKI[HIo, yAaJIUM Tabiniy foo, IIociie 4ero TpaH3aKIIUI0 OTKaTUM.
=> BEGIN;
BEGIN
=> DROP TABLE foo;
DROP TABLE
=> ROLLBACK;
ROLLBACK
Tab6Jniia 1o-npe>kHeMy CyIleCTBYeT:
=> SELECT * FROM foo;
id

(0 rows)



