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TpaH3akumMm N X CBOUCTBa  Posggres

TpaH3ak1usi — MHOKeCTBO Orepalui,

KOTOpEIe TiepeBoAsT 6a3y JaHHBIX U3 OJHOTO

KOPPEKTHOTO COCTOSIHUS B IpDyroe KOPPeKTHOe

IIpHU YC/JI0BHH, YTO TPAH3dKIIKMA BBIIIO/IHEHA ITOJTHOCTBIO

1 6e3 1oMex CO CTOPOHBI APYTUX TPaH3aKLIAH

dTOMapHOCTb: TPaH3aKI WA JINOO BBLITIOTHAETCS ITOJIHOCTBHO,
/100 He OCTaB/IsAeT HUKAKUX c1e10B

COIVIaCOBAHHOCTH OIpeAeiieTCsa OrpaHn4YeHrusAMHA LeJI0CTHOCTHU
Y CEMaHTHUKOM MPUJIOKEHUA

HeroJTHast U30JISILYs IPUBOAUT K HapyILIeHUI0 KOPPeKTHOCTH (aHOMaJIHsIM)
TIpYU KOHKYPEHTHOM BBITIO/IHEHWH TPaH3aKLui

TpaH3akuunen Ha3blBaeTCAa MHOXECTBO ornepawumii, BbINOHAEMOe
NPUI0XKeHNeM, KOTOpOoe NepeBoauT 6asy AaHHbIX N3 OAHOr0 KOPPEKTHOIO
COCTOSIHVSA B PYrOoe KOPPEKTHOE COCTOAHNE (coa/1acoB8aHHOCMb)

Mpv YC/I0BMU, YTO TPaH3aKUMA BbINOSIHEHA NOIHOCTBLIO (amomMapHOCMb)
N 6e3 NOMeX CO CTOPOHbI APYrux TpaH3akumii (U3o/154us).

KoppekTHoe (corniacoBaHHOE) COCTOSIHUE OnpeensieTcs Kak
orpaHuuYeHnsIMA LeTOCTHOCTH, 3a[laHHbIMY Ha YPOBHE 6a3bl AaHHbIX,
Tak M CEMaHTUKOW NPUIOXEHNS.

NaeanbHas n3onaums TpaH3akuuii rapaHTMpYeT, 4To Ha paboTy
MPUNOXEHNA HE OKadXKYT B/IMSIHUSI HUKaKNE Apyrne KOHKYPEHTHO
BbINO/IHAOLWMECS TPaH3akuun. OaHaKo ecnn 0cnabutb TpeboBaHms

K M30/1ALMN, TO TPaH3aKLUmMsl, KOTopasi KOPPEKTHO BbINO/HSANACh B 6a3e
[laHHbIX B OANHOYECTBE, MOXET BblaBaTb HEKOPPEKTHbIE Pe3y/bTaTbl

NpY HAMUUKU APYrMX TPaH3aKLUUiA — 13-3a TOro, YTO NPU BbIMNOSIHEHMN
onepaTopbl pasHbIX TPaH3akUuii MOryT YepefoBaTbCsi. Takme HEKOPPEKTHbIE
CUTyalUuMn Ha3bIBAKOTCS aHOMa/TUSIMU.

Peanu3aums nosiHoi n3onsuum — cnoxdas 3agada, ConpshkeHHas

C YMEHbLLUEHNEM NPOMYCKHON CNOCOBHOCTM CUCTEMbI. Ha npakTuke Kak
NpaBuIo NPUMEHSIETCA UMEHHO ocnabneHHas U3oMALUNS, U NO3TOMY BaXKHO
MOHMMAaTb, Kakune 3To B/IeYeT NocneacTBus.

YetBepToe cBoincTBo ACID — 00s1208€4HOCMb — Mbl PACCMOTPUM MO3XeE,
B Teme «O0630p XypHa/IMpoBaHUSI».
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Read Uncommitted Posigres

lo/mKeH rpeloTBpalliaTh aHOMaTUU

TIOTepsiHHbIe U3MeHeHUsT:
MpaH3aKyusi Mo}cem nepe3anucamb UsMeHeHUsl Opy2ux mpaH3akyut,
3apuKcupoB8aHHbIX nociae ee HA4YAAA

He peanu3osaH B PostgreSQL

paboTtaet Kak Read Committed

CraHgapTt SQL gonyckaeT YeTblpe YPOBHA U30M14AUUN, KOTOPble
onpeaensoTcs B TepMMHax aHoMasMiA, KOTopble AoMyCcKakTcs npu
KOHKYPEHTHOM BbINO/IHEHMM TPaH3aKLUWii Ha 3TOM YPOBHeE.

Camblin cnabblin ypoBeHb — Read Uncommitted, KoTopblii (Kak cnenyet
N3 Ha3BaHUA) NO3BOMSIET YBUAETb AaXe He3ahnKCMpPOBaHHbIE AAHHbIE,

CornacHo cTaHaapTy Ha 3TOM YPOBHe Ao/hkHa npeaoTBpallaTbes
e[INHCTBEeHHas aHoOMasus:;

* MMoTtepsiHHble nsmeHeHusn (lost updates). Ecnu nocne Hayana
TpaH3akumn T1 gpyraa TpaH3akuma T2 nameHuna u saukcmposana
CTPOKU, TpaH3akuma T1 MoXeT nepesanucarb 3TU U3MEHEHUS.

DTOT ypOBEHb BBOAWUIICA KakK TPeOyoLWMIA HaMEHbLUNX HakNnagHbIX
pacxofoB, Ho PostgreSQL moxeTt 6e3 notepu apdrekTMBHOCTU paboTaTtb
Ha 6onee cTporom yposHe. NMoatomy B PostgreSQL Takoil ypOBEHb HE
peasin3oBaH 1 roBOPUTbL O HEM Mbl 60/bLLE He byaem.



Read Committed Posigres

lo/mKeH rpeloTBpalliaTh aHOMaTUU

MoTepAHHbIE U3MEHEHHS

IpsI3HOE UTEHUE:
3anpoc euoum He3ahuKCupoOBaHHble U3MeHeHUs1 Opy2uX mpaH3akyuil

Peanusauus B PostgreSQL

HCI10J/Ib3yeTCAd M0 YMOJ/TUdHHIO

Kaxabii cneayowmii ypoBeHb U30N5LMK CTPOXE, YEM NpeablayLLnii.
Moatomy ypoBeHb Read Committed go/mkeH npegoTBpallaTb HE TO/IbKO
NOTEPSAHHbIE N3MEHEHNS, HO U eLle OAHY aHOMaJINIO:

* «[pssHoe» uteHue (dirty read). TpaH3akuma T1 MOXET UnTaTb CTPOKM,
N3MEHEHHbIE, HO eLlle He 3athnKcMpoBaHHble, TpaH3akuuein T2. OTMeHa
nameHeHnin (ROLLBACK) B T2 npusefeT K ToMy, 4To T1 npountaet
[aHHble, KOTOPbIX HUKOr4a He CyLecTBOBaslo.

CyLlecTByeT MHOIO Apyrux aHoMasnii, KOTopble A0MNYyCKalTCA Ha YPOBHE
Read Committed. Pa3paboTuunk Ao/mKeH Bceraa NoOMHUTbL O BO3MOXHbIX
npob6nemax 1 npu He06XoAMMOCTU BPYUHYHO MCNO/b30BaTh 6/10KMPOBKMN.

B PostgreSQL (kak n Bo MHOrux gpyrmx CYb/l) NUMeHHO 3TOT YPOBEHb
N30M1ALMN UCNOMb3YETCA NO YMO/THAHUIO — KakK KOMNPOMUCC Mexay
CTPOroCTbI0 M301AUNN N 3PPEKTUBHOCTLIO.

3ameTtunm, 4to B PostgreSQL Ha yposHe Read Committed MOXHO noTepATb
N3MEHEHNA — TakKoi NpumMmep 6yaeT nokasaH B AeMOHCTpauun.



YupaBineHue ypoBHEM H3O0ISIIUHA

[7s1 meMoHCTpaluy MBI OyIeM HCIIOIL30BaTh 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 U30ALIMY IOCMOTPUM Ha IIpuMepe ¢ TabnIuIel, IpeacTaBasoNel COCTOsIHIe cBeTodopa:

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

)i

CREATE TABLE
OT10 OymeT nemexonHbi CBETOMOP C AByMs JIaMIIOYKaMHU:

=> 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

TIpOoBEPUTH TEKYILIUH YPOBEHb MOKHO, IOCMOTPEB 3HAUYEHUE ITapaMeTpa:

=> SHOW transaction_isolation;

transaction isolation

read committed
(1 row)

=> COMMIT;

COMMIT

A MOKHO yKa3aTb yPOBeHb IPSIMO 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, MO2KHO He YKa3bIBaTh YPOBEHbB sAIBHO.



=> BEGIN;
BEGIN
=> SHOW transaction_isolation;

transaction isolation

read committed
(1 row)

=> COMMIT;

COMMIT

Read Committed u rpsizHoe ureHue

ITonmpo6yeM IpPOYUTATh «TPSI3HEIE» 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 TPaH3aKLIUIoO ¢ 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 u yTenne 3aPUKCHUPOBAHHBIX H3MEHEHHH

MEI IpOBEepUIIN, YTO TPaH3aKIWs He BUAUT He3apUKCUPOBaHHBIX N3MeHeHu|. IlocMoTpuM, 4To OyAeT npu GpuUKCcauny.
=> 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 3adUKCUPOBAaHHLIE U3MEHEHUS OPYTUX
TpaH3aKIUH.

3aMeThTe, 4TO IIPpX 3TOM OJHWH M TOT 2Ke 3aIllpoC B OIOHOM U TOM XKe TPAaH3aKIWH MO2KET BblIaBaTh Pa3HbI€ PE3yJIbTATEhI.

MOKHO JI¥ YBUOETb U3MeHeHNUs, 3aUKCUPOBaHHEIE B IIPOLiecCce BHIIOJIHEHUS OMHOIO oneparopa? [IpoBepum.
Celiuac Bce TaMIIOYKHU IIOralleHsl. 3allyCTUM OOJITUY 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 OollepaTopa 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 BEIIIOJTHEHUA.

OpHaKo ecyiy B 3aIIpoce BBHI3BIBAETCS (PYHKIMS C KaTeropruel N3MeHYHBOCTH volatile, BEIOTHSIOMAass COOCTBEHHBIHN 3a1rpoc,
TO TAKOW 3amIpoc BHYTpU GyHKIMHU OyneT Bo3BpallaTh JaHHBE, He COIIaCOBAHHEIE C JAHHBIMEM 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

TToBTOpKM 3KCIIEPUMEHT, HO Tellepb 3ampoc OyAeT UCIOIb30BaTh QYHKIIMIO:
=> 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 tomm - Fomm o Fomm e
1| red | on | on |
2 | green | on | off |

(2 rows)

[IpaBUNIbHEIY BapUaHT — OOBSIBUTH QYHKIWIO C KATErOpHed H3MeHYNBOCTH 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

T ST - TR R R
1| red | off | off |
2 | green | off | off |

(2 rows)

BrIBOZ: BHUMATEIIBFHO CIIENUTE 3a KaTeropuei n3aMeHYnBOCTU GYHKIUY Ha ypoBHe ulonsuuu Read Committed. Co
3HAYEHUSIMU «II0 YMOJTYaHUI0» JIETKO IIOJIyYUTh HeCorlacoOBaHHEIE TaHHEIE.

Read Committed u noTepsiHHLIE U3MEHEHUST

Yro IIPOUCXOOUT IIPHU IIOIIBITKE U3MEHEHUA OHHOﬁ U TOU XKe CTPOKHU OByMS TpaH3aKHI/IHMI/I? Ceiliyac Bce ITaMIIOYKHU
BKJIIOYEHBEI.

HepBaH TPAH3aKIUA BEIKJIIOYAET 3€JIEHYIO JIaMIIO4YKY, HO II0OKa He 3aBepPIlIaeTCd.
=> BEGIN;

BEGIN

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

UPDATE 1

BTOpaﬂ TPaH3aKIUAg BUOUT, YTO o0e JTaMITIOYKK Trop4rT...

| => BEGIN;

| BEGIN

| => SELECT * FROM lights;

id | lamp | state

i e
2 | green | on
1| red | on

(2 rows)

... MEHSIET COCTOSTHUE KaXK[0M JIaMIIOYKH...

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

... HO 3aBUCAET, OXKUasi 3aBEPIICHUs IIePBOM.
=> COMMIT;

COMMIT

| UPDATE 2

TTo oKOHYaHUY IIEePBO¥ TPAH3aKIIMK BTOPAsi CMOrJla U3MEHUTh HaHHbIE, U MBI OKHAAaeM, YTO BO BTOPOM CeaHce o6e
JIaMIIOYKY OyOyT BHIKIJIIOUEHHL. [IpoBEepuM.

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

id | lamp | state

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

(2 rows)

TToyeMy TaK IIOJIy4UIIOCH?

Komanga UPDATE Bo BTOpPOi#i TpaH3aKIuK GJIOKUPYET CTPOKHU TaONHITE 110 ouepenu. CHavana GI0KUPyeTCs KpacHast
JTaMIIOYKa ¥ U3MEHSIEeTCS ee COCTOsIHUE, a 3aTeM KOMaH/a XKOeT CHATHS OJIOKUPOBKY 3€JIeHOH JIaMIIOYKH IIePBOH
TpaH3akKIuen.

IIpu 3TOM KOMaHfa BO BTOPOY TPaH3aKI[MX He NOJI’KHA BUIETh U3MEHEeHUH, CeJIaHHbIX II0CJIe Hadasa ee BHIIoIHeHus. C
IPyTro¥ CTOPOHEI, OHA He [OJIZKHa IOTEPSTh U3MEeHeHUs, 3apuKcupoBaHHble APYTUMH TpaH3akuusaMu. [ToaTomy mocine
CHAATHUSA GJIOKMPOBKY OHA I1€PEeYUTHIBAET CTPOKY, KOTOPYIO IBITAeTCS OOHOBUTD.

B utore, IIepBasd TPaH3aKIHUA BEIKJIIIOYAET 3€JIEHYIO JIaMIIO4YKY, a BTOpasi CHOBa BKJIIOYAET €e.

B pe3yiibTaTe BTOPasi TPAaH3aKIUuA 0Tpa60Tana YCIIELIIHO 3a CYeT TOro, 4YTO OHa BHUOEJla HeCOr'JlaCOBaHHbIE NJaHHBIE: YaCTb —
Ha OJUH MOMEHT BpE€MEeHH, 4aCTb — Ha ]:[pyl"OI;I.



Ho ecnu n3MeHeHUe BHIIONHAETCS He B ogHOM KoMaHIe SQL, To o6HOBNeHue OyneT roTepsiHo. IlepBast TpaH3aKIUs
6JI0KMPYET KPACHYIO JIAMIIOYKY, BKIIIOYas €e:

=> BEGIN;

BEGIN

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

UPDATE 1

| => BEGIN;

| BEGIN

Bo BTOpOIf TpaH3aKIUK KIMEHT YATAaeT 3HAUeHNe U 3allOMHHAET ero:

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

old state

A 3aTeM KJIMEeHTCKUM KO MeHsIeT COCTOSSHUE JIaMIIOYKU Ha cepsepe:

=> \bind on

=> UPDATE lights SET state = $1 WHERE lamp = 'red';
BTopas TpaH3akuus XIOeT 3aBepIIeHUs IepPBOM.
=> COMMIT;

COMMIT

| UPDATE 1

| => commIT;

| commIT

Kakum GymeT pe3ynbTaT?

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

id | lamp | state

1| red | on
(1 row)

B 9TOM ciydae BTOpas TpaH3aKIIUs 3alrcalia CBOM U3MeHEHUs «II0Bepx» M3MeHeHuM nepBoi Tpan3aknuu. Ha ypoBae Read
Committed cepBep He MOXKeT 3TO IPENOTBPATUTh, TOCKONBKY KoMaHnia UPDATE ¢dakTuuecku conepXKuT
IpenonpeneeHHyI0 KOHCTaHTYy.
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Repeatable Read Posigres

lo/mKeH rpeloTBpalliaTh aHOMaTUU

MoTepAHHbIE U3MEHEHHS
I'psA3HOE YTeHue

HETOBTOPSIIOIIeeCs UTeHue:
Nnos8mMopHoe UmeHue CMpoKu eepHem Opy20e 3HaueHue,
ec/u oHO bbL10 U3MeHeHO U 3apuKCupo8aHo Opy2oll mpaHsakyueli

Peanusaums B PostgreSQL

TaK)xe He ZloNycKaeT () aHTOMHOe UTeHHe:

NOBMOPHbIL 3anpoc No 0OHOMY U MOMY Jice YCA08UI0 8epHem UHYIO 8blIOOPKY,
ecau Opyaas mpaH3akyus 0obasuaa u 3aukcuposanda Hoeble CmpoKu,
yoog/nemeopsitoujue 3momy ycaoeuro

7151 TIpeIOTBPAIIeHUsT aHOMa/Iii TPaH3aKLUK MOTYT 0OPBIBAThCS

CornacHo ctaHgapTy, B A0MNO/THEHME K NOTEPSHHLIM U3MEHEHNSAM

N rPA3HbIM YTEHMAM YPOoBeHb n3onaummn Repeatable Read gonmkeH
npefoTBpallarbs aHomMasImio, KOTOPY Mbl BUAENN, KOrga paccMmarpusasin
ypoBeHb Read Committed:

 HenoBTtopswLweecsa uteHue (non-repeatable read). Nocne Toro kak
TpaH3akuua T1 npountana CTPoKy, TpaH3akuma T2 nsmeHuna nnm
ypanuna aty CTpoky u 3adpukcmnposana nameHeHnsa (COMMIT).
Mpy NOBTOPHOM YTEHUU 3TOI XXe CTPOKM TpaH3akuma T1 BuauT, uto
CTPOKa N3MEHeHa U yganeHa.

Peanunsauyusa PostgreSQL 6onee cTporas, 4em Toro TpebyeT ctaHAapT,
N NpefoTepallaeT aHoMasnio

* daHTOMHOe uTteHue (phantom read). TpaH3akumna T1 npounTtana Habop
CTPOK N0 HEKOTOPOMY YC/1I0BMIO. 3aTeM TpaH3akuus T2 gobasvna
CTPOKN, TaKke yaoB/ieTBopAoLMe 3TOMY ycnoBuo. Ecnm TpaH3sakuma T1
MOBTOPUT 3anpoc, OHa MONYyYnUT APYTryH0 BbIOOPKY CTPOK.

Ha camom gene cywecTByOT 1 gpyrne aHoMasimm (He OTpaXKeHHble
B CTaHgapTe), KoTopble gonyckatoTca B PostgreSQL Ha ypoBHe Repeatable
Read.

OT1 ypoBHA Read Committed 3TOT ypOBEHb U30MALNN OT/IMHAETCA U TEM,
4YTO Ha HEM TpaH3aKUMa MOXeT ObITb 060pBaHa, YToObl He AOMNYCTUTb
aHoMasmio (Takyto TpaH3akumMio HaZdo NoBTopsATh). Ha yposHe Read
Committed 3TOro He NPOMCXOAUT HUKOrAAa — €C/IN CTOUT BbIGOP Mexay
KOPPEKTHOCTbLIO N 3PhEKTUBHOCTLIO, NMPeAnoyYTeEHNE BCerga otaaeTcs
apdpekTMBHOCTI.



Repeatable Read 1 HemoBTOpSIIOIIIEECsI YTEHHE

Y6enumMcs B OTCyTCTBUM @aHOMAaJIMK HEIIOBTOPSIONIETOCS YTEHUS.
=> BEGIN ISOLATION LEVEL REPEATABLE READ;

BEGIN

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

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

COMMIT

Repeatable Read u panTOMHOE uTEeHHE

DaHTOMHEBIE 3alIUCU 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

[leliCTBUTEIPHO, TPAH3AKIUS HEe BUOUT NOOABJIEHHOMN 3aIlMCH, YIOBJIETBOPSIONIE! TEPBOHAYAILHOMY YCJIOBUIO. YDOBEHD
u3onanun Repeatable Read B PostgreSQL 6oree ctporuii, yem Toro Tpebyet crangapTt SQL.

=> COMMIT;

COMMIT



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

DELETE 1

Repeatable Read u nmorepsiHHbI€e H3MEHEHHUST

Heo6xonuMoCTh Bce BPeEMs BUAETh POBHO Te Ke JaHHBIE, YTO U B CaMOM Hadasle, He II03BOJIsIeT IePeYUThBAaTh U3MEHEHHYIO
CTPOKY B ClIydae OOHOBJIEHUS.

BocmpousBeneM TOT ke IpUMep, KOTOPBIM MBI BULeu Ha ypoBHe usonsanuu Read Committed. Cefiuac Bce naMmoyku
BKJTIOUEHHL.

=> BEGIN;

BEGIN

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

UPDATE 1

| => BEGIN ISOLATION LEVEL REPEATABLE READ;

| BEGIN

KrnueHT 3ampaluBaeT COCTOSHUE KPACHOM JIaMIIOYKH...

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

old_state

on
(1 row)

...a 3aTeM MEHdAET ero Ha cepBepe:

=> \bind off

=> UPDATE lights SET state = $1 WHERE lamp = 'red’;
Bropas TpaH3akKIus XKIOeT 3aBepIIeHUs IIePBOK.
=> COMMIT;

COMMIT

| ERROR: could not serialize access due to concurrent update

Bo BTOpOI# TpaH3aKnuu noirydyaeM omubKy. CTpoka Oblyia M3MeHeHa; 0OHOBUTH HEAKTyaJIbHYIO BEPCUI0 HEBO3MOXKHO (3TO
OymeT HOTEePSTHHBIM U3MEeHEeHHUEM, YTO HEJOMyCTHUMO), & YBUOETh aKTYaIbHYIO0 BEPCUIO TOXKEe HEBO3MOXKHO (3TO HAPYIIUIO
OBI U30JISILIUIO).

| => ROLLBACK;
| ROLLBACK

TakuMm o6pa3oM, HoTepssHHOe 00HOBNIeHUE Ha YypoBHe Repeatable Read He momyckaetcs.

Repeatable Read u npyrue aHomMajuu

MozH0 1 OBITh YBEPEHHBIM B TOM, YTO CJIEAYOIas KOMaHa BKJIIOYUT BCE JIAMIIOYKHU?
UPDATE lights SET state = 'on' WHERE state = 'off';

MozHO 1 OBITh YBEPEHHBIM B TOM, YTO CJIEAYIOIas KOMaHa BEIKIIIOUHUT BCE JIAMIIOYKH?
UPDATE lights SET state = 'off' WHERE state = 'on';

Ecnm ogHa TpaH3aKIus BKIIIOYAET JIAMIIOYKY, @ OPyTras — BEIKIII0YAET, B KAKOM COCTOSTHUM OCTaHeTCs Tabula mocie
OOHOBPEMEHHOI'0 BHIIIOJTHEHUS OBYX 3TUX TPaH3AKIUN?

TIpoBepum. HayanbHOE COCTOsIHUE:
=> SELECT * FROM lights ORDER BY id;

id | lamp | state

1| red | off
2 | green | on
(2 rows)



=> BEGIN ISOLATION LEVEL REPEATABLE READ;

BEGIN

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

UPDATE 1

TlepBasi TpaH3aKLUMUs BKJIIOYMUIIa KPACHYIO JIaMIIOYKY, U Telleph 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, €llle He 3aUKCUPOBAHHLIX, U3MEHEHUHN U CYUTAET, YTO KPACHBIN CBET BHIKITIOUEH.
ITosToMy OHa BHIKJIIOUAET 3eJIeHHIN U I Hee BCe OTHU IIorallleHHl.

| => 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 TpaH3akuuu GUKCUPYIOT CBOU U3MEHEHUS. ..
=> 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)

...0JHa JIaMIIO4YKa BKJII0OYE€HAa, a Apyrasi — BEIKJIIOYEeHa.

9T0 IIpUMeEepP aHOMaAJIM¥ KOHKYPEHTHOI'O JOCTYyIla — HeCOorJlaCOBaHHAas 3alluCh (write skew), — KOTOpasd BO3MOZKHa, Jaxe
€CJIX HET I'PSA3HOI'0, HEITIOBTOPAIOIIIETI 0CA U (baHTOMHOl"O YTEeHUH.
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Serializable Posj{gres

IomkeH npefoTBpalliaTh H00bie aHOMaIuu

pe3y/ibTaT KOHKYDEHTHOI'O BbITIOJIHEHHSA COBIIdA€T C PE3Yy/IbTATOM
BBITIO/IHEHHA TpaHBaKL]I/Iﬁ B KaKou-1bo rnocienoBare/IbHOCTH

Peanuzauus B PostgreSQL

11 TIPeZIOTBPALIeHHsT aHOMaJTUH TPaH3aKLUKA MOTYT OOpPBIBAaTHCS

JUTs1 TIpPaBUWIbHOM paboThl ypoBeHb Serializable momkeH ncnonb3oBaThCst
BCEMU TPaH3aKLUSIMU

ypPOBeHb He paboTaeT Ha peruivKax

MonHoe OTCYTCTBUE KaKMX Gbl TO HM GbI/I0 aHOMaUIA IOCTUFAETCS, eC/u
KOMaH/ibl, BbINO/IHAEMbIE B KOHKYPEHTHO paboTatoLLMX TpaH3aKLMsIX,
NPUBOAAT K TAKOMY Xe pe3ynbTarTy, Kakoli nony4yuncs 6bl B criyyae
nocriefoBaTeNlbHOro — ofHa 3aBepLuniach, cieaytllas Hayanacb —
BbINO/IHEHUS 3TUX TPaH3aKLUMiA (NpY KAKOM-HUBY/1b NOPSIAKE BbINO/THEHNUS).

B PostgreSQL 3TOT ypoBeHb peann3oBaH 1 paboTaeT, ecnn Bce TpaH3akuuu
B CUCTEMe MCNO/b3YyT YpoBeHb Serializable.

Cnep,yeT Y4nTbiBaTb, 4TO peasindaund NMeET ornpegesneHHble orpaHnvyeHns:
* 3alpocCbl HE MOTYT BbIMNO/IHATLCA Ha C*)I/I3I/I‘—IeCKI/IX pennnkax;,

* TpaH3akumm Moryt obpbiBaTbCA Yalle, Yem 3TO AeACTBUTE/TbHO
Heobxoaumo (Takum o6pasom, cTpagaet adPeEKTUBHOCTb, NOCKOSbKY
060pBaHHbIe TpaH3aKLMW NPUXOAUTCS BbINOHATE NOBTOPHO).



Serializable

Ha sTtom YPOBHE TPaH3aKIUU MOTYT IIOJIO2KUTHECA 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 JIaMIIOYKY, BCE€ OTHU I'OPAT.

=> SELECT * FROM lights ORDER BY id;

id | lamp | state

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

(2 rows)

BTopas TpaH3akIiusg He BUOUT 3apUKCUPOBAHHBIX U3MEHEHUM: [JIsT Hee KPaCHHIN CBET eIlle TOPUT, ¥ OHA BHIKITIOYAET €Tro.
| => 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 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 BTOpas TpaH3aKUUs II0JTyYaeT OIINOKY.

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

e €CJIM CHa4dalla BBEIIIOJTHAETCS IIepBasi TPaH3aKIuA, a IOTOM BTOpPas, TO BCe JIaMIIOYKHU 6y11yT IIOralleHsI;
e €CJIM CHa4dalla BBEIIIOJIHAETCS BTOPas TPAH3aKIWs, a IIOTOM IIepBas, TO BCe JIaMIIOYKHU 6y]:[yT BKJIFOYE€HHBEI.

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

BakHEINE MOMEHT: 4TOOBI ypoBeHb Serializable pa6oTan KOPpPeKTHO, Ha 9TOM YPOBHE HNOJIKHEI pab0TaTh BCE TPAH3aKLUHU.
Ecnu cmemnBaTh TpaH3aKIMK Pa3HEIX YPOBHEH, akTuuecku Serializable 6ymeT Bectu cebs1, kak Repeatable Read.



Torn: ctaHgapt SQL
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Posygres

MIOTePSIHHbBIE
00HOB/IEHUA

rps3Hoe
UTeHue

HETIOBTOPSI-
roleecst
YTeHHe

(hanTOMHOE
yTeHue

Apyrue
dHOMaJ/TMH

Read Uncommitted

Aa

Aa

Aa

aa

Read Committed

Aa

Aa

Aa

Repeatable Read

Aa

Aa

Serializable

[MoAbITOXMM MHpopMaLMIO.

B ctaHgapte SQL onpeaeneHbl YeTbipe YPOBHA U30N1ALMU TPaH3aKUWIA:
Read Uncommitted, Read Committed, Repeatable Read, Serializable

(Mo ymon4yaHwuto).

11

Ta6m/|u,a nokKa3biBaeT COOTBETCTBNE MeEXAY YPOBHAMU N301ALNN N TEMU
aHOMa/IMAMU, KOTOPbIE OHWN MOTYT A0MNYyCKaTb.

OTmeTnM, YTo ANA obecneyveHus ypoBHA nsonaumm Serializable
He[0CTaToO4YHO UCKIIOYNTL TPY aHOMasuK, OnpefesieHHble B cTaHaapTe.



Torn: PostgreSQL Posigres

HETI0OBTOPSI-
MOTepsAHHBIE |  TPSI3HOE HOLIEECS (haHTOMHOE ZpyTHe
OOHOBJIEHUSI |  UTEHHe Lu YyTeHHe aHOMaJTUH
yTeHHe
Read Uncommitted
Read Committed & — Ja Ja za
Repeatable Read — — — — za
Serializable — — — — —

* TIpe/IOTBpALLAeTCs He Bcerja

12

PeanbHble CYB/, n PostgreSQL B TOM uncne, He peanu3yloT TpeboBaHUA
cTaHgapTta 6ykBasibHO (KOTopble 6bl1M COPMYIMPOBaHbI B Te BpEMEHaA,
Korga BOMpOoChl N30NALMK eLLe He Bbl/IN N3yyYeHbl TeopeTukamm). HassaHus
YPOBHEW U30MALUN COXPaHAIOTCA, HO peanun3aumsa nx CTpoXxe, Yem 3T0
TpebyeT cTaHAaprT.

B PostgreSQL ncnonb3yetcs u30/1894usi Ha 0CHOBE CHUMKOB OaHHbIX
(Snapshot Isolation) B couetaHnn ¢ MHO208€PCUOHHOCMbIO. ITO
onpegenseT cnegyowume cBoOMCTBa:

[pPA3HOE YTeHne He gonyckaetcs Boobule, npuyem 6e3 yulepba o
NPON3BOANTENIBHOCTM.

YpoBeHb Read Committed ncnonb3yeTcs no ymosyaHuo U NnpuMeHseTcA
B 60/IbLUIMHCTBE CUCTEM. 3a4acTyl0 OH TpebyeT pyyYHOW YCTaHOBKU
6G10KMPOBOK, YTOOLI 06ecneynTb KOPPEKTHOCTD.

YpoBeHb Repeatable Read He gonyckaeT He TONIbKO HEMOBTOPAEMOe
4yTeHue, HO U (haHTOMHOe YTeHue (XOTA U He obecrneymBaeT MosIHYyH0
N30NALM0). DTOT YPOBEHb YA0OEH /19 OTYETOB, NOCKO/IbKY MO3BONAET
HeCKO/IbKMM 3anpocamM BUAETb CorflacoBaHHble AaHHble, a TOMbKO
yuTaloLlmne TpaH3akuMm HUKorga He obpbiBatoTCA.

YpoBeHb Serializable Takke NosIHOCTLIO peann3oBaH, HO UMeEeT
onpeaeneHHble orpaHNYeHns.

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

1. TlIpoepste, uto Ha ypoBHe uzonsuu Read Committed
He TpeJj0TBpalljaeTcsi aHoMasust (PaHTOMHOT'O UTeHUsI.

2. CospgaiiTe MyCTyIO TaOJHILY.
OTKpoiTe TpaH3aKLUIO C ypoBHeM u3ossiuu Repeatable Read
(v moKa He BBITIO/IHSIMTe B HEM HUKAaKUX KOMaH[I).
B apyrom ceaHce f106aBbTe B TabIMIy CTPOKY.
BuaHa i sobaByieHHast CTPOKa B OTKPLITOM TPaH3aKI[UH?

3. Komanza COMMIT B koge Ha PL/pgSQL HaunHaeT HOBYO
TpaH3akuto. Kakum OyzieT ee ypoBeHb U30JISILIUU U €CThb JIU
criocob ero n3MeHuTh? Viccrieyiite aHOHUMHBIE OJIOKU

Y TIpOLIeyPhI.

13

1. [leiicTByiiTe TakK Xe, Kak 6bl/10 NOKa3aHo B AeMOHCTpaLK.



1. ®anToMHOe uTeHHEe Ha ypoBHe Read Committed

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

(0 rows)

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

1
(1 row)

Tpanzaknus Read Committed BuguT no6aBrieHHy0 CTPOKY.

OTnuyne OT aHOMAaIUU HEIIOBTOPSAIOIIETr0CsA YTEHUA (HpH KOTOpOfI TPaH3aKIUsid BUOUT 3a(1)I/IKCI/Ip0BaHHI:Ie HU3MEHEHU B YXKe
CyIIeCTBOBABIINX CTpOKaX) COCTOMUT B TOM, 4YTO 3[€Chb BUOHEI CTPOKH, KOTOPLIX HE OBLITO PaHbIIe.

| => coMMIT;

| commIT

2. Ha KakKoi MOMEHT BpeMeHH BHIHbI JaHHbIE?

OTkpeIBaeM TpaH3akiuio Repeatable Read:

| => BEGIN ISOLATION LEVEL REPEATABLE READ;

| BEGIN

Io6aBisieM CTPOKY B Tabnuny (M3MeHeHUsT GUKCUPYIOTCS):
=> INSERT INTO t VALUES (2);

INSERT 0 1

TIpoBepsieM COomepKUMOe TaOIUIIE! B OTKPEITON TPaH3aKIIUU:
| => SELECT * FROM t;

id

(2 rows)

ITouemy BUAHEL 00e cTpoku?. [lenio B TOM, 4TO TpaH3aknuu Repeatable Read (u Serializable) BumsiT maHHbIE HA MOMEHT



HayvaJlia IepBO¥ KOMaH/k, a He Ha MOMEHT BrinoiHeHuss BEGIN.
Ecnm cetiuac 0o6aBuTh B TaOIUIy elle CTPOK, pe3yabTaT IIOBTOPHOM BEIOOPKM yKe He U3MEHUTCS.
=> INSERT INTO t VALUES (3);
INSERT 0 1
| => SELECT * FROM t;
id

1
2
(2 rows)

| => comMmIT;

| commIT

3. YpoBens usoasinuu B PL/pgSQL-xkoae

=> DO $$
BEGIN
COMMIT;
RAISE NOTICE '%', current_setting('transaction_isolation');
END;
$$;

NOTICE: read committed
DO

YpoBeHb N30AIMM HOBOM TpPaH3aKIMU Ha3Ha4yaeTCs B COOTBETCTBUHU C napaMeTrpoM default transaction isolation:
=> SHOW default_transaction_isolation;

default_transaction isolation
read committed
(1 row)

CmenuTs ypoBeHb MOKHO KoMaHAou SET TRANSACTION:

=> DO $$
BEGIN
COMMIT;
SET TRANSACTION ISOLATION LEVEL REPEATABLE READ;
RAISE NOTICE '%', current_setting('transaction_isolation');
END;
$$;

NOTICE: repeatable read
DO

B nporenype Takol Kop Toxe cpaboTaeT, HO 3aaTh YPOBEHL TIePBOHAYAIPHON TPAH3aKIIUKU He MIOJIYYUTCS:

=> CREATE OR REPLACE PROCEDURE test() LANGUAGE plpgsql AS $$
BEGIN

SET TRANSACTION ISOLATION LEVEL REPEATABLE READ;

RAISE NOTICE '%', current_setting('transaction_isolation');
END;
$$;

CREATE PROCEDURE
=> CALL test();

ERROR: SET TRANSACTION ISOLATION LEVEL must be called before any query
CONTEXT: SQL statement "SET TRANSACTION ISOLATION LEVEL REPEATABLE READ"
PL/pgSQL function test() line 3 at SQL statement

MoxkHo B Hauasne 6j10ka mo6aButb COMMIT u TeM caMbIM HadaTh HOBYIO TPAH3aKIIHUIO:

BEGIN
COMMIT;
SET TRANSACTION ISOLATION LEVEL REPEATABLE READ;

Ho 6omee mpaBubHEIN BapraHT — 3amgaTh nmapaMmetp default transaction isolation:



=> CREATE OR REPLACE PROCEDURE test() LANGUAGE plpgsql AS $$
BEGIN

RAISE NOTICE '%', current_setting('transaction_isolation');
END;
$$;

CREATE PROCEDURE

=> SET default_transaction_isolation = 'serializable';
SET

=> CALL test();

NOTICE: serializable
CALL



