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CHUMOK Posygres

JlaeT coracoBaHHYH KapTUHY JaHHbIX HA MOMEHT BPEMEeHH!

BHIHBI TOJIBKO Ba(bl/IKCI/IpOBaHHBIe Ha 5TOT MOMEHT JidHHbIe

Cosnaercs:

Read Committed —
B HauaJie KaX/Ioro orieparopa

Repeatable Read, Serializable —
B HayaJjie MepBOro orepaTropa TPaH3aKLUU

» xid

B Teme «CTpaHuLbl 1 BEPCUM CTPOK» Mbl BUAENN, YTO B CTPaAHMLAX AAHHbIX
doM3NUYECKM MOXET HAXOANUTLCA HECKO/IbKO BEPCUiIA OAHOWN N TOW Xe CTPOKMU.

TpaH3akumn pabotaloT CO CHUMKOM OaHHbIX, KOTOPbIN ONpeaensieT, Kakme
BEpCUn AO/MKHbI ObITb BUAHBI, & Kakne — HeT, YToObl 06ecneynTb
COrnacoBaHHYH KapTUHY AaHHbIX Ha onpeaeneHHbIi MOMEHT BPEMEHM
(Ha MOMEHT cO31aHNA CHMUMKa — NokKa3aH Ha PUCYHKE CUHUM LIBETOM).

CornacoBaHHOCTb 371eCb NOHMMAaETCS B 06bIYHOM ACID-CMbIC/e: AaHHbIe
[O/MKHbI ObITb KOPPEKTHbI, YTO, MO CYTU, O3HAYAET, YTO BUAETb HYXXHO
TO/IbKO Te AlaHHble, KOTOPble ObI/IN 3atOMKCMPOBaHblI HA MOMEHT CO3aHus
CHUMKa. DTO MOJIHOCTbLIO UCK/THOYAET aHOMasTUIO TPA3HOIO YTEHUA Ha Nt060M
YPOBHE N30naumun.

Ha ypoBHe nsonsuun Read Committed cHMMOK co3gaeTcst B Havane
KaXx[10ro oneparopa TpaH3akuum. CHUMOK aKTUBEH, MOKa BbIMNOJIHSETCS
onepatop. Takum 06pa3oM Kax/ablii onepaTop BUAUT COrNacoBaHHbIe
[laHHbIE, HO ec/IM MeXy AByMs orepaTtopamu Apyrue TpaH3akumm
3aOUKCHPYIOT CBOM U3MEHEHMS1, BO3MOXHbI HENOBTOPSIEMOE 1 (PAHTOMHOE
YTEHUS.

Ha ypoBHe Repeatable Read (1 Serializable) cHnmok co3gaetcs oguH pas
B Ha4yasie NepBoro oneparopa TpaH3akuun. Takol CHUMOK OCTaeTcs
aKTMBHbIM [0 CAMOro KOHLa TpaH3akuuu. B aTom criyyae HeNoBTOpAeEMOe
N PpaHTOMHOE YTEHUS NCK/THOHAOTCA.
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BunanmocTb Bepcuii CTPOK Pos{gres

BuanmocTes Bepcuy CTPOKM OTpaHWuUeHa Xmin ¥ Xmax

BepCI/IH IIoragdeT B CHUMOK, KOIr'id

HN3MeHeHUA TPpaH3aKLUH Xmin BH/HBI 1/ CHUMKa,
HN3MEHEHHA TPaH3dKIWHN XINdX He BUAHBI /191 CHUMKd

N3MmeHeHUs1 TPpdH3dKIIMHX BUJHbI, KOT'/ld

6o 3TO Ta )Ke camasi TpaH3aKLUsl, YTO CO3/ja/ia CHUMOK,
mibo oHa 3aBepILWIach (hrKcalyelt o MOMeHTa CO3/laHusi CHUMKA

OT,JE]'ILHBIE IIpaBWiad A4Jjid BUOAUMOCTHU COOCTBEHHBIX U3MEHEeHUN

YUMTBIBaeTCs MOPSKOBBIM HOMep OrepaLyy B TpaH3aKLMu (cmin/cmax)

CHUMOK flaHHbIX He ABMsieTCA PU3NYECKOM KONUen BEPCUin CTPOK,
NPUHAANEXHOCTb BEPCUN CTPOKM K CHUMKY ONpeaensoT npasusia
Buoumocmu.

Byaet nnmn HeT gaHHas Bepcus CTPOKM BUAHA B CHUMKe, onpeaensietcs
ABYMS MOMSIMW €€ 3aro/ioBKa — Xmin 1 Xxmax, — TO eCTb HoMepamu
co3faBLUen 1 yaanuslLein TpaH3akumi. VIHTepBasibl A/151 pasHbIX BEPCUi
OHOW CTPOKM He nepecekarTcs, N03TOMY CTpoka Tabnuubl npeacTaBneHa
B /IIOGOM CHMMKE MaKCMMYM OfHOW CBOEW BEpPCUEN.

TouyHble npaBuia BUAUMOCTI [OBOSIbHO CNIOXHbI U YUUTbIBAKOT pas/inyHble
«KpaiHue» criydyan. YyTb ynpoLyas, MOXHO cKasaTb, YUTO BEPCUSA CTPOKM
BMUHA, KOrga B CHUMKE BUOHbI U3MEHEHWSA, CAe/aHHble TpaH3akuuen xmin,
N He BUOHbI U3MEHEHWS, cAeNaHHble TpaH3akumen xmax. VIHbIMu cnosamu,
co3aHvie Bepcuu CTPOKM A0/MKHO ObITb BUAHO, a yaaneHue (ecsiv oHO
Obl/10) — HeT.

B cBO ouepefb, MU3MEHEHUS TPAH3aKLUUN BUAHbI B CHUMKE, €C/I1 JIMGO 3T0
Ta )Xe camas TpaH3akuus, 4To co3gasia CHUMOK (OHa cama BUAUT CBOU Xe
N3MeHeHus1), NM60 TpaH3akUms Oblna 3ahkcpoBaHa 10 Co3/1aHns CHUMKA.

HecKoNbKOo YCNOXHAET KapTUHY Cyyald onpeaeneHns BuanmMocTu
COBGCTBEHHbIX N3MEHEHNI TpaH3akunn. 34ecb MOXeT NoTpeboBaTbCs BUAETb
TOJIbKO YacTb Takux N3MeHeHWin. Hanpumep, Kypcop, OTKPbITbINA

B OnpeAesieHHbI MOMEHT, HU NMPu KakoM YPOBHE U30/1SLMN HE A0/DKEH
YBUOETb N3MEHEHWI, CAENaHHbIX MOC/ie 3TOro MOMeHTa. [nsa aToro

B 3aro/10BKe BEPCUN CTPOKN eCTb creymanbHoe nosne (nceBaocTonoubl cmin
1N cmax), nokasblBalolLlee HoMep onepauymm BHYTPU TpaH3akummn, n aToT
HOMEp TOXe NPUHMMAaeTCA BO BHUMAaHME.
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BunanmocTb Bepcuii CTPOK Pos{gres

» Bpemsi

PaccmMoTpuM, Kak 3To paboTaeT, Ha NPOCTOM NpUMepe.

Ha pycyHKe CMHMM LBETOM OTMEYeH MOMEHT CO3aHnsA CHUMKA. YepHble
JIMHUKM NOKa3bIBalOT TpaH3akuMn 0T MOMEHTa Havasia 40 MOMeHTa
domkcaumn (06opBaHHbIE TPaH3aKLMN HUKOr4a He nonagakT B CHAMOK).

B JaHHOM c/iyyae B CHUMKE [IO/HKHbI ObITh BUAHbI TO/IbKO U3MEHEHMS,
cAenaHHble TpaH3akuueli T2, NOCKO/bKY OHa 3adiKcupoBaHa Ao Toro,
Kak co3faH CHUMOK.

3meHeHusa TpaH3akunm T1 He AO/DKHbI ObITb BUAHbI, MOCKO/IbKY HA MOMEHT
CO34aH1A CHUMKa OHa elle He bblna 3adpukcnposaHa. A NsMeHeHus
TpaH3akumm T3 He AO/MKHbI ObITb BUAHbI, MOCKO/IbKY OHA elle He Havanacb B
MOMEHT CO3JaHnNsA CHUMKA.



BuauMOCTH BepCHH CTPOK

BocItpon3BefieM CUTYAI[HI0, TI0Ka3aHHYI0 Ha ciIatifie. Kakzast M3 Tpex TpaH3aKIHi GyZeT J06aBIATh HOBYIO CTPOKY B TG IHITY.
=> CREATE DATABASE mvcc_snapshots;

CREATE DATABASE

=> \c mvcc_snapshots

You are now connected to database "mvcc snapshots" as user "student".
=> CREATE TABLE t(s text);

CREATE TABLE

ITepBast TpaH3aKIs (He 3aBEPIIUTCS [0 CO3aHUsA CHUMKA):

| => \c mvcc_snapshots

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

| BEGIN

| T1=> INSERT INTO t VALUES ('first');

| INSERT 0 1

| Tl=> SELECT pg_current_xact_id();

pg_current_xact_id

BTopas TpaH3aKIus (3aBeplIaeTcs cpasy):

| => \c mvcc_snapshots

| You are now connected to database "mvcc_snapshots" as user "student".
| T2=> BEGIN;

|  BEGIN

| T2=> INSERT INTO t VALUES ('second');

| INSERT 0 1

” T2=> SELECT pg_current_xact_id();

pg_current xact id

| T2=> commMIT;

| commIT

Tenepb Co3gaeM CHUMOK B TPaH3aKIIHUU B OTA€JIbHOM CeaHCe.
=> BEGIN ISOLATION LEVEL REPEATABLE READ;

BEGIN

=> SELECT 1;

?column?

U 3aBepIltaeM IIepBYI0 TPaH3aKIIUIO II0C/Ie TOT0, KaK CO3JjJaH CHUMOK:
| Ti=> comMIT;

| commIT



TpeThs TPaH3aKIIKs HAYMHAETCS II0CTIe CO3JaHUsI CHUMKA:

I => \c mvcc_snapshots

I You are now connected to database "mvcc_snapshots" as user "student".
I T3=> BEGIN;

I BEGIN

I T3=> INSERT INTO t VALUES ('third');

I INSERT 0 1

I T3=> SELECT pg_current_xact_id();

pg_current_xact_id

I T3=> COMMIT;
I COMMIT
O‘IeBI/I].'[HO, YTO B HallleM CHUMKe BH/IHA OJHA CTPOKa:

=> SELECT *, xmin, xmax FROM t;

s | xmin | xmax
________ B e
second | 746 | 0
(1 row)

Bompoc B TOM, KakK 3TO IIOHUMaeT PostgreSQL.
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BunanmocTb Bepcuii CTPOK Pos{gres

MOMEHT OKOHYaHWsi
TpaH3aKL1W HEM3BECTEH —
3HaeM N1Lb TeKyLWmii cTaTyc
npv co34aHnn CHUMKa

&

» Bpemsi

Kak oTmnumnTh T'1 ot T2 moc/ie TOro, Kak CHUMOK CO37laH"?

C/IOXHOCTb peanunsaunm CoOCTOUT B TOM, YTO HaM U3BECTEH TOJSbKO
MOMEHT Hayasia TpaH3akunn. OH onpenensaerca HOMepoM TpaH3akumm
(xid), C KOTOPbIM MOXHO CPaBHUTbL HOMEP XMINn UK XMax BEPCUN CTPOKM.
Ho MOMEHT 3aBepweHus TpaH3akuMu HUr4e He 3anucbiBaeTcs. Bee, yuTo
Mbl MOXEM y3HaTb — 3TO mekKywul cTaTyc TpaH3aKLUu.

To ecTb nocrie Toro, Kak TpaHsakuusa T1 3aBepluntcsa domkcauuei, oHa
HU4yem He ByaeT oTImMYaTbCAa OT TpaH3akumm T2: HeT cnocoba BbIACHATD,
4yTO oAHa 13 HMX Bblna 3adukcnpoBaHa 0o co3fgaHNA CHUMKA, a gpyras —
rnocre.

MocKonbKy nctopuyeckas nHgopmaums 06 akTMBHOCTU TpaH3aKLWin HArae
He XPaHWUTCS, CHUMOK MOXHO CO3[aTb TO/IbKO B TEKYLLMIA MOMEHT. Henb3as,
Hanpumep, co34aTb CHUMOK, MOKa3bIBAOLMIA COrNacoBaHHbIe JaHHbIE MO
COCTOSIHMIO Ha NATb MUHYT Hasag, AaXe ec/v Bce HeobXoaNMbIe BEPCUM
CTPOK CYLLECTBYHT B Tab/IMUHbIX CTPaHNLLAX.
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CHMMOK AaHHbIX Posigres

Xmin — HOMep CaMOM paHHel aKTUBHOW TpaH3aKLUU
Xmax — HOMep, C/IeIyIOIIUM 3a Moc/eiHel 3aMKCMPOBAaHHOM TpaH3aKIuei
xip_list — cryCcoK akKTUBHBIX TPaH3aKLUA

» xid

J J \

Y Y Y
N3MeHeHNs BUAMMOCTb M3MEHEeHUI U3MEHEHMNSI
6€3yC/I0BHO BUAHbI NpOBepsieTCs N0 CNUCKY 6€3yC/I0BHO He BUAHbI

B MOMEHT CO3/1aHNsi CHUMKA [JaHHbIX B /IOKa/IbHON NamsTu
06CyXMBAIOLLErO NPOLEecca 3anoOMUHAITCS HECKO/TbKO 3HAUYEHUIA, KOTOpbIe
 onpeaensitoT CHUMOK:

XMin — HWXHASA rpaHnLa CHUMKa, B Ka4eCTBe KOTOPOi BbICTynaeT HoMep
camoil paHHeil akTUBHOW TpaH3aKuuu.,

Bce TpaH3akyun ¢ MeHbLUMMN HOMepamMu nméo 3aCbI/IKCI/IpOBaHbI, nTorga
nxX N"SMEHEHUA 6e3yCJ'IOBHO BUAHbl B CHUMKE, Nn60 OTMEHEHbI, 1 Torga
N3MeHEHNA UTHOPUPYIOTCA.

Xmax — BEPXHSIS TpaHuL,a CHUMKA, B KauecTBe KOTOpoi 6epeTcss HoOMep,
crnepnyoLmii 3a HoMmepoM nocneaHelt 3aKCMpoBaHHOM TPaH3aKLMN.
BepxHsas rpaHuua onpeaensieT MOMEHT, B KOTOPbIA 6bln caenaH CHUMOK.
O6partuTe BHUMAHWE, YTO MOMEHT 3aJaeTcs He BpeMeHeM (Kak 6bln10
YC/I0BHO MOKa3aHo Ha npeablaylinx cnaigax), a yennunpatowmmmncs
HOMepaMu TPaH3aKLNiA.

Bce TpaH3akuun ¢ Homepamu, 60/bLLIMMKN UAN PaBHbIMK XMax, B MOMEHT
CO34aHNA CHUMKA 3aBefjoMO He Obl/In 3addMKCMPOBaHbl — OHU NGO
ObININ aKTUBHbI, INGO OTMEHEHBI, NNO0 eLlle He HayYa/InUCh.

xip_list (xid-in-progress list) — cn1cok akTUBHbIX TPaH3aKLNN.

JTOT CMUCOK ncnosb3yeTca AanA T1oro, 4YTOObI He yynTbiBarb B CHUMKE
N3MEHEHUA TpaHBaKLIII/II‘/JI, KOTOpPbIE YyXe 3aBepun/incb, HO B MOMEHT
co3gaHnA CHNMMKa eLlle ObININ aKTUBHbI.

HdhopmaLumio 0 CHAMKE MOXHO NOJYyYNTb C NOMOLLIbH (PYHKLMM
pg_current_snapshot() n HECKOMbKUX APYruX, CM.
https://postgrespro.ru/docs/postgresql/16/functions-info



https://postgrespro.ru/docs/postgresql/16/functions-info

CHHMMOK JJaHHBIX

BUIMMOCTD BePCUI CTPOK OIIpefiessieTcss CHUMKOM. [IoCMOTpUM Ha HeTo:
=> SELECT pg_current_snapshot();

pg_current _snapshot

745:747:745
(1 row)

CHUMOK orpenesAeTCd B MOMEHT CO3AaHUA TpeMsi OCHOBHBIMHU 3HAYE€HUSIMU, KOTOPbIe (l)yHKLII/ISI BBIBOJUT Y€pe3 NBOETOYUMA:

e Xmin — HOMep caMOM paHHel aKTHBHOM TpaH3aKIUH;
® Xmax — HOMeD, CJIeLYIOIUH 3a IToc/ieHel 3adUKCHPOBaHHOM TpaH3aKIiueH (oIpesiessseT MOMEHT CO3/[aHUsI CHUMKA);
e Xip_list — CcIIMCOK HOMEpPOB aKTHUBHEIX TPaH3aKIMY (B JaHHOM CJIydae OHA OJHA).

B CHHUMKe [I0JDKHBI OBITH BH/IHBI H3MEHEHHA TpaHBaKHHfI C HOMEepaMu:

e xid < xmin;
e xmin <= xid < Xmax, 3a HCKJII0YeHHeM TpaH3aKIuY U3 xip_list.

B HaleM ciyd4ae:

e xid < 745;
® 745 <=xid < 747, 3a UCK/IIOUEeHHEM 745.

s | xmin | xmax
________ B
first | 745 | 0
second | 746 | 0
third | 747 | 0
(3 rows)

ITepBasi CTpOKa He BU/{Ha — OHAa CO3flaHa TpaH3aKI[Hel 745, KoTopas BXOJUT B CIIMCOK aKTUBHBIX.
BTopas cTpoka BH/iHA — OHa CO3/iaHa TpaH3aKIyel 746, KoTopas II0IIalaeT B AUala30H CHUMKA.

TpeTLS{ CTpPOKa He BUJHAa — OHa COo3/1aHa TpaH3aKL{I/IEI71 747, KOTOpasda He BXOAUT B JHAIla30H CHUMKa.
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BupTyasibHble TpaH3akLuuu Posigres

Tosbko UHUTaroIasa TPaH3aKWA HUKAK He BJ/IUAET Hd BUAUMOCTDb

00C/TyKUBAIOIIUI TIPOLIECC BhIZIENISIeT BUPTYasIbHbIA HOMep
BHPTYa/IbHbI HOMEp He YUWThIBAeTCsl B CHUMKaX

BUPTYya/IbHbIM HOMEP HUKOI/IA He M0Ma/aeT B CTPAaHULIbI
HaCTOSILLIMI HOMep Bbl/le/IsieTCsl TIPY TIepBOM M3MeHeHUU JJaHHbIX

10

Ha npaktnke PostgreSQL ncnosb3yeTt onTumMusaunio, No3BOAOLLYHO
«3KOHOMUTb» HOMEpa TPaH3aKLWiA.

Ecnv TpaH3akuusi TO/IbKO YNTAET [laHHble, TO OHa HMKaK He B/IMSIET Ha
BUAMMOCTb BEPCUIi CTPOK 1 ee HOMEP He Haf0 yYMTbiBaTb B CHUMKAX
[NaHHbIX.

MoaToMy BHayvasie 06C/y>KMBatOLLMIA MPOLLECC BblAAET TpaH3akLuum
supmya/ibHbIl Homep (virtual xid). Homep cocTonT U3 BHYTPEHHEro
naeHTUdUKaTopa npolecca 1 nocsefoBaTesibHoOro ymicna.

Bblgaya 3Toro Homepa He TpebyeT CUHXPOHU3aLMn Mexay BCeMU
npoueccamMn 1 NO3TOMY BbINOJSTHAETCA O4eHb O6bICTPO. C ApYyron NPUYNHONA
MCNOJIb30BaHUA BUPTYyasibHbIX HOMEPOB Mbl MO3HAKOMUMCSH B TEME
«3amopo3Ka» 3Toro Moayns.

Takoi BUPTYyasibHbI HOMEP HE/Mb3A 3anucbiBaTb B CTPaHWULbI AAaHHbIX,
NOTOMY 4TO Npu crieayrouem obpalleHnn K CTpaHuLEe OH MOXET NOTepsThb
BCAKNIA CMbIC/.

Kak To/bKO TpaH3akums HaunHaeT U3MEHSATb faHHble, el cpasy Xxe
BblAaeTcsa HacToAWmin Homep (xid), KOTOPbIA MOXET NOABNSATHLCA
B CTpaHuuax AaHHbIX — B NOIAX XMin 1 Xmax BEPCUA CTPOK.



BupTyajabHbIe TpaH3aKIuI

ToIbKO YHuTarIue TPaH3aKIIUW HUKaK He BJIUAI0T Ha BUTUMOCTb Bepcuﬁ CTPOK U HE YUUTHIBAIOTCA B CHUMKAaX JaHHBIX. OHU He
HMEIT HaCTOodIlero HoMepa:

=> SELECT pg_current_xact_id_if_assigned();

pg _current xact id if assigned

Hacrosimuii HoMep IIpHCBauBaeTCs IIPY IIEPBOM M3MEHEeHUH, BEITIOJTHEHHOM TPaH3aKIIHelH, a TAK)Ke IIPH BRI30Be GYHKITUH
pg_current_xact_id().
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[[OPU30OHT CHMUMKa Posigres

HeakTya/lbHble
BEPCUM CTPOK
HE HYXHbI CHUMKY

. )
°

T L CLT T T T T

» xid

12

Homep camoli paHHeli U3 akTUBHbIX TPaH3aKLUmMii (Xmin CHUMKa) nmeet
BaXKHbI CMbIC/T — OH OnpeaensieT 20pU30HM CHUMKA.

[OPU30HT COOLITUIA B aCTPOPU3nKe — 3TO rpaHnLa, 3a KOTopou
Habnaaresib He MOXEeT YBUAETb HUKakme cobbITUS. A B HalleM ciyyae
FOPU30HT CHMMKa — 3TO rpaHunLa, 3a KOTopoil onepatop, UCNOJb3YHOLLINIA
CHMMOK, HE MOXeT YBUAETb HeakTyaslbHble BEPCUN CTPOK.

[leicTBUTENbHO, NPV NOCTPOEHMM CHUMKA eMy TpebyeTcst BUAETb
HeaKTyaslbHY0 BEPCUIO TO/IbKO €C/1M OHA yaasieHa (3aMeHeHa) elle He
3aBepLUMBLLENCS TpaH3aKUMeld, NMO3TOMY CHUMOK 3TOTO M3MEHEHUS He
BUANT. HO 3@ TOPM30HTOM BCE TPaH3aKLMKN YXKe rapaHTUPOBaHHO
3aBepLUNINC.
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[[OPU30OHT TPaH3aKUnn Posigres

Repeatable Read, Serializable

HeakTya/lbHble
BEPCUM HE HYXHbI |
TpaH3aKuum

° o——=e0 o—o o e > xid
BEGIN SELECT i UPDATE INSERT
BMpTyéanbM HacToALMIA
HoMep Homep

13

Ha pasHbIX YPOBHSX NU30/15LMN TPaH3aKL MK NO-pa3HOMY UCMO/b3YHOT CHUMKM
[aHHbIX.

[ns yposHei Repeatable Read n Serializable TpaH3akuns cTpoUT CHUMOK
Npyv NepBoM obpalleHnn K cepBepy U UCMNOMb3YyeT ero A0 CBOEro OKOHYaHWS.

JleBad rpaHuLa CHMMKa (Havasio ropu3oHTa/IbHOIO OTpe3Ka Ha cnange)

onpegensoLLas 20pU3oHmM mpaH3akyuu, paBHa HOMepy caMoil paHHeN
aKTUBHOW TpaH3akumun. NMOoCKO/bKY Tekylan TpaH3akunsa caMa siBnseTca
aKTUBHO, TOPM30HT HUKOr4a He MOXET OKa3aTbCA NnpaBee HacTOsILLEero

HOMepa AaHHOW TpaH3aKLUuMu.
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[[OPU30OHT TPaH3aKUnn Posigres

Read Committed

HeaKTya/lbHble
BEPCUN HE HYXHbI |
TpaH3akuun

» xid

® {——
BEGIN SELECT

BleTyéanblVl
HomMep 14

B cnyuyae ypoBHA nzonsauum Read Committed CHUMKOB MOXET ObITb
HECKO/1bKO.

CHavana TpaH3akuus rnosyyaet BUpTyasbHblii Homep. [Npu nepsom
obpalleHnn K 6asze AaHHbIX CTPOUTCA CHUMOK.
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[[OPU30OHT TPaH3aKUnn Posigres

Read Committed

® *———o » xid
BEGIN SELECT

BMpTyéanblﬁ
Homep 15

Mo oKOHYaHUM 3anpoca CHUMOK 0CBoboXaaeTcs. MOCKOMbKY B HALLEM
Nnpumepe NepBblii onepaTop TpaH3akUMM He MeHsINT laHHble, TPaH3aKLUUS
MoKa He noslyynna HacTosiLLMiA HOMep U He BYaEeT yaepXnBaTb TOPU30OHT
[0 Hayana cneayoLlero onepatopa.
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[[OPU30OHT TPaH3aKUnn Posigres

Read Committed

HeakTyasibHble
BEPCUM HE HYXHbI
TpaH3aKumn

® *——eo 00— » Xid
BEGIN SELECT UPDATE
BUPTYauIbHbIl HaCTdﬂmmVl
Homep Homep 16

Ecnv TpaH3akuusi HAYMHAET MEHSTb flaHHble, eil BblAAeTC HaCTOSLL WA
HOMep. B 3TOT K& MOMEHT CTPOUTCS HOBbI CHUMOK, TOPU3OHT KOTOPOTO
(Xxmin), Kak 1 Bcerga, HaXoAMTCs Ha YPOBHE CaMOil paHHeW akTUBHOW
TpaH3aKUuu.

[MoCKO/IbKY TekyLlasa TpaH3akuua cama aBnseTca aKTUBHOWN, rOPU30HT
HMUKOrga He MOXET OKa3aTbCd NnpaBee HoMepa ,D,aHHOVI TpaH3akuynn.
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[[OPU30OHT TPaH3aKUnn Posigres

Read Committed

HeakTyaslbHble
BEpPCUU CTPOK
HE HY>XHbI TPaH3aKLWn

® *— 4—& —e » Xid
BEGIN SELECT UPDATE
BUPTYau1bHbIl HaCTdﬂmmVl
Homep Homep 17

Korga onepatop 3aBepLuaeT pa6oTy, CHUMOK 0CBOGOX/AAETCS, a TPaH3aKLus
[IEPXNT rOPU3OHT Ha YPOBHE CBOEr0 HOMepa Ha Cyyaii otkara.

Ecnn TpaH3akuua 6yaeTt Aoro HaXoAUTbLCA B TaKOM COCTOAHUN (OHO
Ha3blBaeTcs idle in transaction), He BbINO/HAA HUKAKNX KOMaH, TOpU30HT
OyLeTt ocTaBaTbCsA Ha MecTe.
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[[OPU30OHT TPaH3aKUnn Posigres

Read Committed

HeakTya/lbHble
BEPCUM CTPOK
HE HYXHbl TPAH3aKLWN

° ——o o—o o > xid
BEGIN SELECT ' UPDATE INSERT
BUPTYauIbHbIl HaCTdﬂmmVl
Homep Homep 18

Cnepytoumii onepaTop UCNosib3yeT HOBbI CHUMOK, TOPU30HT KOTOPOro
YyUuTbIBAET HOMEpPA APYrMX akTUBHbIX TpaH3akuuii. Tekywaa TpaH3akuns
NO-NpexHemMy akTUBHa, NO3TOMY FOPU30HT CHUMKA (Xmin) He MOXET ObITb
6o/blUe ee HoMepa.
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[[OPU30OHT TPaH3aKUnn Posigres

Read Committed

HeakTya/lbHble
BEPCUM CTPOK
HEe HY)XXHbl TPaH3aKLyK

® — H —eo——© e X
BEGIN SELECT ' UPDATE INSERT
BUPTYauIbHbIl HaCTdﬂmmVl
HoMep HOMep 19

Mexay onepatopamu, Korga HET akTUBHOINO CHUMKa, rOPU30HT OMsiTb
CMeLlaeTcs K HOMepy TpaH3akuun. Ecnv TpaH3akumusa Tak n He nony4vmna
HaCTOALLNIA HOMepP (He Hayania U3MEHATb laHHbIE), OHA BOO6LLE He ByaeT

nepXaTb FOPU30HT.
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[OPU30HT 6asbl AaHHbIX Posjigres

HeakTyasibHble HeakTyaslbHble
BEPCUM MOXHO BEPCUM CTPOK
BblUMLLATb eLle HyXXHbl CHAMKaMm
—e *—e T3
*-—e T2
——o0 T1
: UPDATE
; » xid
HacToAwwMiA
Homep T1 20

Takxe MOXHO onpeaennTb U FOpU30oHT 6a3bl AaHHbIX KaK MUHUMAa/IbHBI
3 FOPU3OHTOB BCEX TPAH3aKLMIA 1 CHUMKOB. [py 0CBOGOXAEHUN CHUMKA
FOPV30HT 6a3bl JaHHbIX CMEeLLIAeTCs BNPABO K TOPM30HTY CrieayoLero
aKTUBHOIO CHMMKa. OBpaTHOro ABUXEHUS ObITb HE MOXET, MOCKO/IbKY Xmin
BHOBb BO3HMKAIOLLNX CHUMKOB — MUHUMasIbHbIA HOMEP aKTUBHO
TpaH3aKUu1 — CABUraeTcs TONbKO BNPaBso.

HeakTya/ibHble Bepcun CTPOK 3a rOpU30HTOM 6a3bl AaHHbIX Y)Xe HUKoraa
He 6yAyT HY)XXHbl H/ OAHOW TpaH3akumn. Takme Bepcun CTPOK MOTyT ObITb
6e30MnacHO BbIYMLLEHbI.

Ha cnaige nokasaH npumep Tpex TpaH3akuuii ¢ ypoBHeM m3onsaunn Read
Committed. Ana onepatopa UPDATE TpaH3akuum T1 6bl/1 NOCTPOeH
CHMMOK. Korga oneparop otpabarbiBaeT, CHAMOK YAIAETCA U nepecTaeT
yaepXneatb ropnsoHT. OgHako TpaH3akuma T1 no-npexHemy akTnBHa, U
NO3TOMY rOPU30HTbI CHUMKOB TpaH3akunini T2 n T3 He cABUHYTCA NpaBee
HoMepa TpaH3akuum T1. TeMm camMmbiM akTUBHaA TpaH3akuusa, ecfim y Hee
€CTb HaCTOSALLNIA HOMEP, YAepPXNBaET rOPU30HT caMuUM (pakToOM CBOEro
CyLLlecTBOBaHMA.

A 3T0 03HA4YaEeT, YTO HeakTyaslbHble BEPCUU CTPOK B 3TOM B/J] He MOryT 6bITb
ounweHsbl. [Mpn aToM «gonrovrpatoLas» TpaH3akumMsa MOXET HUKaK He
nepecekaTbCcs Mo AaHHbIM C APYTMMU TPaH3aKUNAMN — 3TO COBEPLUEHHO
He Ba)XKHO, ropu30HT 6a3bl AaHHbIX OANH Ha BCEX.

DT0 0Ha M3 NMPUYKMH, MO KOTOPbLIM TpaH3akuMn He cnenyeT genarb A/IMHHEE,
4yeM abCoIOTHO HEOBX0AMMO.
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[OPU30HT 6asbl AaHHbIX Posjigres

HeaKTya/lbHbl€ HeaKTya/lbHble
BEpPCUN MOXHO Bepcun CTpok
BblYMLLATH eLe HY)XHbl CHAMKaMm
A
C—=0) *—e T3
[ S—Y T2
UPDATE
» xid
' . idle_in_transaction_session_timeout
HacToALMIA
Homep T1 21

Ecnn onncaHHasa cutyauus AencTBMTENIbHO CO34aeT NPo6emMbl N HET
crnocoba nsbexatb ee Ha YPOBHE MPUNOXEHNS, MOXET MOMOYb NapameTp
idle_in_transaction_session_timeout. OH onpeAenseT MakCumMmasibHoe BpemMs
6e31encTBMNA akTUBHOW TpaH3akuuun. MNocne aToro BpeMeHu ceaHc
npepbiBaeTcs.



TopHU30HT TpaH3aKIUM U 6a3bl JaHHBIX

CBoit TOPU30HT TPaH3aKIIHA MOKET YBU/IETH B IIPEACTaB/I€EHUH:

=> SELECT backend_xmin FROM pg_stat_activity
WHERE pid = pg_backend_pid();

backend xmin

XoTs Hallla TPaH3aKI[Us SIBJIsIeTCI BUPTYaJIbHOM U He BJIMsAeT Ha BUAMMOCTD JPYTUX TPaH3aKI[UH, 0Ha o6palaeTcs K JaHHBIM,
HCII0JIb3Ysl CHUMOK, 1 II09TOMY Y/lepsKHBaeT TOPHU30HT 6asbl JaHHBIX.

ITocste 3aBepIlleHUs] TPAH3aKIIMK TOPU3OHT MMPO/IBUTAeTCs BIIePe, ITI03B0JIAA OUHIaThL HeaKTyalbHble BEPCHUH CTPOK:
=> COMMIT;
COMMIT

=> SELECT backend_xmin FROM pg_stat_activity
WHERE pid = pg_backend_pid();

backend xmin
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DKCNOPT CHUMKa Pos{gres

3amaua

pacripeieuTh paboTy MeXXy HeCKOJTBbKUMU OJHOBPEMEHHO PabOoTaroIuMU
TPaH3aKLUsIMU TakK, YTOObI OHU BUJIE/TU OJJHU U Te >Ke JaHHbIe

npuMep: pg_dump --jobs=N

MOXHO
MCMO/b30BaTh, NoKa
aKTVBHA 3KCNOPTVPOBABLLAS
TpaH3akuus

BEGIN ISOLATION LEVEL REPEATABLE READ;

éI'EIl_ECT pg_export_snapshot(); i

upeHTupuKaTop
CHUMKa

BEGIN ISOLATION LEVEL REPEATABLE READ;
SET TRANSACTION SNAPSHOT ugeHTugukatop;

BEGIN ISULATION LEVEL REPEATABLE READ;

SET TRANSACTION SNAPSHOT wugeHTugukatop;

MMEEeT CMbICA ANns
Repeatable Read
nnu Serializable

23

BbIBalOT cUTyaL MK, Koraa HEeCKO/IbKO TPpaH3aKUUA A0/KHbI rapaHTMPOBaHHO
BUAETb OAHY M Ty Xe KapTUHY AaHHbIX. PasymeeTcs, HeNb3s nonaratbCcs Ha
TO, YUTO KapTWHbI COBNAAYT NPOCTO M3-3a TOro, YTO TPaH3aKL MK 3anyLleHbl

«OfJHOBPEMEHHO». [1N151 3TOr0 €CTb MEXaHN3M 3KCNOopTa U UMMNopPTa CHUMKA.

®dyHKUMA pg_export_snapshot coxpaHseT nHgopmaLmio 0 CHAMKE B BUAe
dhaiina B katanore PGDATA/pg_snapshots n Bo3Bpallaet ngeHtmgumkarop
CHUMKa, KOTOPbIA MOXET ObITb NepefaH (BHELWHUMN N0 OTHoLweHuo K CYB/],
cpeAcTBamn) B APYryto TpaH3akuuio.

https://postgrespro.ru/docs/postgresql/16/functions-admin#FUNCTIONS-SN
APSHOT-SYNCHRONIZATION

DKCNOPTUPOBAHHbI CHUMOK CYLLEeCTBYET 0 OKOHYaHUA 3KCNOPTUPOBaBLUEA
ero TpaH3sakuun. B aTo Bpema gpyras TpaH3akuma MOXeT MMMNopTUPOBaTh
CHUMOK ¢ nomouubio komaHabl SET TRANSACTION SNAPSHOT go
BbINO/IHEHUA NEPBOro 3anpoca B Heil. MpeaBapuTenbHO HaA0 YCTaHOBUTb

N ypoBeHb n3ongaunm Repeatable Read nnun Serializable, notomy uto Ha
ypoBHe Read Committed onepatopsbl 6yayT Ucnonib3oBaTb COOCTBEHHbIE
CHUMKW.

https://postgrespro.ru/docs/postgresal/16/sql-set-transaction

DKCMNOPT CHUMKA NPUMEHSIETCA, Hanpumep, yTuanToin pg_dump npu
napannensHoM pexnme paboTbl UK N0TMYECKOW pennukaumen gns
NOJTyYEeHUA HaYasIbHOT0 COCTOAHUSA TabnnL, BXOAALMX B NMOAMUCKY
(noapobHee cm. kypc DBAS3 «Pe3epBHOE KonMpoBaHue 1 peninkaumnsa»).



https://postgrespro.ru/docs/postgresql/16/functions-admin#FUNCTIONS-SNAPSHOT-SYNCHRONIZATION
https://postgrespro.ru/docs/postgresql/16/functions-admin#FUNCTIONS-SNAPSHOT-SYNCHRONIZATION
https://postgrespro.ru/docs/postgresql/16/sql-set-transaction
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Toru Posygres

CHUMOK COJIep>XXUT UHGOPMalHIo,
HeoOXOAMMYIO ZIJis OTIpe/ie/IeHHs] BUIUMOCTU BEPCUM CTPOK

BPEMH CO3dHKA CHHMMKa OIpeaesseTCd YpOBHEM HU30JISLMN

CHMMOK orpenesaeT ropu30HT TPaH3dKLNH, BJ'II/IHI-OH_[I/II\;I
Ha BO3MOXHOCTH Y/ida/IeHHsA HedKTYyaJ/IbHbIX BepCI/Iﬁ

24
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[1pakTnka Posigres

1. BocrnpousBeauTte cuTyaluio, Py KOTOPOM OJjHA TPaH3aKLUs
ellle BUJUT y[a/leHHYI0 CTPOKY, a pyrasi — y>Ke HeT.
[TocMOTpUTE CHUMKM [J@HHBIX 3TUX TPaH3aKL[UM U 3HAYEHUsT
T0JIel XMin ¥ Xmax yZja7leHHOW CTPOKHU.

OObsiCHUTE BUIUMOCTb HAa OCHOBAHWH 3THX JJAHHBIX.

2. Ecu B 3arpoce BbI3biBaeTCsi PyHKLIUS, COJieprKalliasi Ipyroi
3a1poc, Kakol CHUMOK JIaHHBIX Oy/IeT UCIT0/Ib30BaThCs /ISt
«BJIOXKEHHOTO» 3aripoca?

[TpoBeprTe ypoBHM u3osnsiun Read Committed u Repeatable
Read u kareropun usmenumBocTy GyHKUMH volatile u stable.

3. B ofHOI TpaH3aKLUU SKCIIOPTUPYITE CHUMOK, 3aTeM B JIpyTroi
TpaH3aKLMM U3MeHUTe JaHHble. VIMIOPTUPYIiTe CHUMOK 1
MpOBepLTe, UTO B HEM BHU/IHHI ellle He M3MeHeHHbIe JJaHHbIe.
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2. MOXHO BOCMO/1b30BaTbCS CNEAYIOLLNM LLIABTOHOM (RYHKLINN,
B NPeANosIoKEHUN, YTO co3gaHa Tabnuua t:

CREATE FUNCTION test() RETURNS bigint
VOLATILE -- wunm STABLE
LANGUAGE sql
BEGIN ATOMIC
SELECT count(*) FROM t;
END;

Takke MOXeT npurognTbea pyHKUMs pg_sleep(n), Bbi3biBaloLLLAS 3a4EPXKKY
Ha N CeKyHA,.



1. CHUMKH JaHHBIX IBYX TPaH3aKIWil

Tabsu1ia ¢ OHOM CTPOKOM:

=> CREATE DATABASE mvcc_snapshots;
CREATE DATABASE

=> \c mvcc_snapshots

You are now connected to database "mvcc snapshots" as user "student".
=> CREATE TABLE t(n integer);
CREATE TABLE

=> BEGIN;

BEGIN

=> INSERT INTO t(n) VALUES (1);
INSERT 0 1

=> SELECT pg_current_xact_id();

pg_current xact id

=> COMMIT;

COMMIT

IlepBast TPaH3AKIHS BUIUT CTPOKY:

=> BEGIN ISOLATION LEVEL REPEATABLE READ;
BEGIN

=> SELECT * FROM t;

n

1
(1 row)

=> SELECT pg_current_xact_id();

pg _current xact id

=> SELECT pg_current_snapshot();

pg_current _snapshot

746:746:
(1 row)

BTopasi TpaH3aKIMs B IPYTOM CeaHCe y/ajsieT CTPOKY:

| => \c mvcc_snapshots

| You are now connected to database "mvcc_snapshots" as user "student".
| => BEGIN ISOLATION LEVEL REPEATABLE READ;

| BEGIN

| => DELETE FROM t;

| DELETE 1

| => SELECT * FROM t;



n

(0 rows)

| => SELECT pg_current_xact_id();

pg_current_xact_id

| => SELECT pg_current_snapshot();

pg_current snapshot

746:746:
(1 row)

I[lepBast TpaH3aKI[Us IPO/IO/DKAET BUAETE CTPOKY:
=> SELECT xmin, xmax, * FROM t;
xmin | xmax | n

745 | 747 | 1
(1 row)

CHUMKH 06eUxX TpaH3aKHHfI OJHWHAKOBBEI, 1 II0 ITpaBUJIaM BUJUMOCTH OHHU obe JTOJI>KHBI O6BLIHN ObL BHUIETH CTPOKY, TaK KaK

® U3MeHeHUs TpaH3aKI[UM Xmin = 745 BUAHEI B CHUMKe (745 < 746),
® U3MeHeHHUs TPaH3aKI[UM Xmax = 746 He BUJHBI B CHUMKe (746 > 746).

O]IHBKO BTOpasd TpaH3aKI U BCe-TaKU He BUUT CTPOKY, IIOCKOJIBKY OHa CaMa €€ yaasIniia, a 3T0 — UCKJ/II0UeHNe U3 0OBIYHBIX
IIpaBUJI BUIUMOCTH.

=> COMMIT;
COMMIT
| => coMMIT;

| commIT

2. CHUMOK BJIOJKE€HHOT'0 3ampoca

BHYTpH QYHKITUH, IOACUNTHIBAIONEH YUCIIO CTPOK TaGIHITEI, BCTABHUM OTHOCEKYHIHYIO 3a/I€PIKKY /IS YA0GCTBA TeCTHPOBAHUSL:

=> CREATE FUNCTION test() RETURNS bigint
VOLATILE LANGUAGE sql
BEGIN ATOMIC
SELECT pg_sleep(l);
SELECT count(*) FROM t;
END;

CREATE FUNCTION

Terneps HAUMHAEM TPAH3aKIHIO ¢ ypoBHEeM H3o0JsiuH Read Committed 1 B 3arpoce HECKOJIBKO pa3 BhI3BIBAeM QYHKIIHIO,
OJTHOBPEMEHHO IIO/[CUUTHIBAsI KOJTMYECTBO CTPOK II0/I3aIIPOCOM.

=> BEGIN ISOLATION LEVEL READ COMMITTED;
BEGIN

=> SELECT (SELECT count(*) FROM t) AS cnt, test()
FROM generate_series(1,5);

HapaJIJIeJIBHO BBITIOJIHAEM APYTYIO TPAaH3aKIHI0, KOTOpasi yBeJIMYHUBAET YHCJIO CTPOK B Ta6HHHe. Ecyi 0CHOBHOM 3arpoc u
BJIOKEHHBIN 3aIIpoC HUCIIOJIB3YIOT pa3sHble CHUMKH, MBI 06Hapy)KI/IM 9TO II0 pasHUIle B pe3yJIbTaTe.

| => INSERT INTO t VALUES (1);

INSERT 0 1



cnt | test

_____ [ Y —_—
0 | 0
0 | 0
0 | 1
0 | 1
0 | 1

(5 rows)

=> END;

COMMIT

3HaueHUe IIepBoOro CTOJI6L[a He€ U3MEHsETCA — 3aIIPOoC HUCII0JIb3yeT CHUMOK, COB,I[aHHLIfI B HayaJie BBIIIOJIHEHUS. OTHaKO
3Ha4YeHHe BO BTOPOM CTOH6H€ H3MEHSEeTCS — 3alIpOoChl BHYTPU VOlatﬂe-(l)yHKL[I/II/I HCIIOJIB3YIOT OTAe/JIbHbIE€ CHUMKU.

IToBTOPHM 9KCIIEPHMEHT /ISl yPOBHSI H30s1LMU Repeatable Read:
=> TRUNCATE t;

TRUNCATE TABLE

=> BEGIN ISOLATION LEVEL REPEATABLE READ;

BEGIN

=> SELECT (SELECT count(*) FROM t) AS cnt, test()
FROM generate_series(1,5);

| => INSERT INTO t VALUES (1);

INSERT 0 1
cnt | test
_____ [ Y —_—

0 | 0
0 | 0
0 | 0
0 | 0
0 | 0
(5 rows)
=> END;
COMMIT

Temeps elre pas To ke caMmoe i1 QYHKITUHU C KaTeropHel N3MeHUHUBOCTH stable.
=> ALTER FUNCTION test STABLE;

ALTER FUNCTION

VpoBeHb Read Committed:

=> TRUNCATE t;

TRUNCATE TABLE

=> BEGIN ISOLATION LEVEL READ COMMITTED;

BEGIN

=> SELECT (SELECT count(*) FROM t) AS cnt, test()
FROM generate_series(1,5);

| => INSERT INTO t VALUES (1);

INSERT 0 1

cnt | test

=> END;

COMMIT



VpoBeHb Repeatable Read:

=> TRUNCATE t;

TRUNCATE TABLE

=> BEGIN ISOLATION LEVEL REPEATABLE READ;
BEGIN

=> SELECT (SELECT count(*) FROM t) AS cnt, test()
FROM generate_series(1,5);

| => INSERT INTO t VALUES (1);

INSERT 0 1

cnt | test

(5 rows)

=> END;
COMMIT

BBIBOZBI:

e 3ampock B volatile-pyHKITHsIX Ha ypoBHe u3ossauy Read Committed UCIIOIB3YIOT COGCTBEHHBIE CHUMKH U MOTYT BH/IETh
HU3MeHeHUs B IIporiecce paGoThl orreparopa. Takas BO3MOKHOCTB CKOpee OIIacHa, YeM II0JIe3Ha.

e IIpw JIIOGHIX JPYTHX KOMOMHAIIHSX KaTeTOPHH H3MEeHUYHNBOCTH U YPOBHS M30JIAIIUH BI0>KeHHBIE 3aIIPOCHI UCII0JIb3YIOT
CHHMOK OCHOBHOTO 3aIIpoca.

3. IKCIOpPT CHUMKA

OyHKIIHA pg_export_snapshot BosBpalaeT HAeHTHGHUKATOP CHUMKA, KOTOPBIH MOYKHO Ilepe/iaTh B IPYIYI0 TPaH3aKIIUIO
(BHEIITHUMU I10 OTHOIIIeHUI0 K CYB/] cpeficTBaMu):

=> BEGIN ISOLATION LEVEL REPEATABLE READ;

BEGIN

=> SELECT count(*) FROM t;

=> SELECT pg_export_snapshot();

pg_export_snapshot

00000005-00000010-1
(1 row)

B IpyroM ceaHce yzjayisieM BCce CTPOKH U3 TabJIHITBI:

| => DELETE FROM t;

| DELETE 1

3aTeM TpaH3aKI g UMIIOPTHUPYET CHUMOK ¥ BUJUT B HEM Te Ke JaHHEBIe, UYTO ¥ IKCIIOPTUPOBaBIIas 3TOT CHUMOK TPaH3aKITHs:
| => BEGIN ISOLATION LEVEL REPEATABLE READ;

| BEGIN

| => SET TRANSACTION SNAPSHOT '00000005-00000010-1";

| SET

| => SELECT count(*) FROM t;



| => comMmIT;
| commIT
=> COMMIT;

COMMIT



