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OTKa3 OT OTBETCTBEHHOCTHU

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

JlaeT cornacoBaHHYIO KapTUHY JaHHBIX HA MOMEHT BpeMeHU

BHHBI TOJIBKO BB(bHKCI/IpOBaHHI:Ie Had 5TOT MOMEHT /[laHHbIe

Cospgaercs:

Read Committed —
B Hauasle Ka)k/IoTro orepaTropa

Repeatable Read, Serializable —
B HayaJie MepBOro oreparopa TpaH3aKIux

» Xid

B Teme «CTpaHuLbl 1 BEPCUN CTPOK» Mbl BUAENN, YTO B CTPAHMLIAX AaHHbIX
don3NYECKM MOXET HAaXOAUTLCS HECKOIbKO BEPCUIA OAHOWN M TOW Xe CTPOKMN.

TpaH3akunmn paboTaloT CO CHUMKOM OaHHbIX, KOTOPbI onpeaensiet, Kakue
BEpCUN AO/DKHbI ObITb BUAHbI, & Kakne — HeT, 4Tobbl o6ecneunTb
COrNacoBaHHY KapTUHY AaHHbIX Ha onpeAesiEHHbI MOMEHT BPEMEHN
(Ha MOMEHT CO31aHNA CHUMKA — MoKa3aH Ha PUCYHKe CUHUM LBETOM).

CornacoBaHHOCTb 3f1eCb NOHMMaeTcs B 06blYHOM ACID-cMbIcne: AaHHble
OO/IKHbI ObITb KOPPEKTHbI, YTO, MO CYTWU, O3HAYAET, YTO BUAETL HY>KHO
TO/IbKO Te AlaHHble, KOTOpble Obl/IN 3adOMKCUPOBaHbl HA MOMEHT CO3aHus
CHMMKa. DTO MNOSIHOCTLIO UCK/HOYAET aHOMasIMIO TPSA3HOIO YTEHUS Ha N60M
YPOBHE M30NALUN.

Ha ypoBHe nsonsuun Read Committed cHUMOK co3aaeTcsi B Havane
KaXx0ro oneparopa TpaH3akumm. CHUMOK aKTUBEH, NoKa BbIMNOJHSAETCS
onepatop. Takum 06pas3oM Kax/blii onepaTop BUANUT COrNacoBaHHbIe
[laHHblE, HO eCN MeXAay ABYMS onepaTopamun Apyrme TpaH3akumm
3aOUKCHPYHOT CBOU M3MEHEHNS, BO3MOXHbI HEMOBTOPSIEMOE U (DaHTOMHOE
YTEHWS.

Ha ypoBHe Repeatable Read (1 Serializable) cHumok co3gaetcs oguH pas
B Ha4yasie NepBoro oneparopa TpaH3akumn. Takol CHUMOK OCTaeTcs
aKTVBHbIM [0 CaMOro KoHuUa TpaH3akuun. B aToM cnydyae HenoBTopsiemoe
N PpaHTOMHOE YTEHUS UCK/THOHAKOTCS.
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BnanmocTb Bepcuit CTPOK Pos{gres

BuMoCTh BepcuM CTPOKU OrpaHrWyeHa Xmin U xmax

BepCI/IH ImoriagdeT B CHUMOK, KOI'ld

HW3MeHeHUA TPpaH3dKLWuN Xmin BU/HBI [1/11 CHUMKa,
HW3MEHEeHUS TPaH3dKIIMHU XINaX He BUAHBI /11 CHUMKd

N3MmeHeHUs1 TPdH3dKIIMX BUAHbI, KOI'/Id

/1100 3TO Ta Ke camas TPpaH3dKIHsA, UTO CO3[d/la CHUMOK,
/1160 oHa 3dBepIIn/IdCb (1)I/IKCEII_II/IEI‘/JI A0 MOMEHTA CO3/1aHHA CHHUMKd

OTxenbHBIE TTpaBU/Ia /11 BUUMOCTH COOCTBEHHBIX N3MEeHEeHHH

YUUTBIBAeTCS MOPSAKOBBIN HOMEp orepalyi B TPaH3aKLMK (cmin/cmax)

CHUMOK AlaHHbIX He sBsieTca dnM3nYecKom Konnei Bepcuin CTpok,
NPUHAANEXHOCTb BEPCUN CTPOKM K CHUMKY ONpeaensoT rnpasusia
BUoUMOCMU.

Byaet nnn HeT gaHHasa Bepcus CTPOKM BUAHA B CHUMKeE, onpeaenseTcs
ABYMS MOMSIMU €€ 3aro/ioBka — Xmin U Xmax, — T0 eCTb HoMepamm
co3faBsLUen 1 yaanuslLein TpaH3akumii. VIHTepBasbl 415 pa3HbIX BEPCUid
O[HOW CTPOKM HEe NepecekaroTcs, N03TOMY CTpoka Tabnumubl NnpeacTaBneHa
B /IIOGOM CHUMKE MaKCUMYM OAHOW CBOEWN BEPCUEN.

TouyHble npaBuna BUANMOCTW JOBOJIbHO CNIOXHbI U YYUTbIBAKOT pas/inyHble
«KpanHue» cniydyan. YyTb ynpouiasi, MOXHO cKasaTb, YTO BEPCUSA CTPOKMU
BUAHA, KOrga B CHUMKE BUOHbLI U3MEHEHWSA, CAeNaHHble TpaH3akumein xmin,
N He BUOHbI U3MEHEHWS, CAeNaHHble TpaH3akumen xmax. MHbIMK cnoBamu,
co3faHve Bepcun CTPOKM A0/MKHO ObITb BUAHO, @ yaasieHue (ec/m OHO
Obl/10) — HET.

B cBolO oyepeb, U3MEHEHMS TpaH3akunn BUAHbI B CHUMKE, ec/ii b0 3To
Ta XXe camas TpaH3akuus, YTo co3fasia CHMMOK (OHa cama BUAMUT CBOW Xe
N3MeHeHUs1), NMMB0o TpaH3akuusa 6blna 3adukcnpoBaHa 40 CO34aHUsA CHUMKA.

HecKoNbKo YCNOXHAET KapTUHY ciydain onpeneneHns BUANMOCTH
COBGCTBEHHbIX U3MEHEHMI TpaH3aKuuKn. 34ecb MOXET NoTpeboBaTbCs
BUAETb TO/IbKO YacCTb TakMx U3MEHEeHUn. Hanpumep, Kypcop, OTKPbITbIN

B OnpeAeneHHbli MOMEHT, HU MPU KakoM YPOBHE N30/1SLMN HEe O0/DKEH
yBUAETb N3MEHEHWIA, CAENaHHbIX NOC/1e 3TOro MOMeHTa. [na aToro

B 3aro/10BKe BEPCUN CTPOKU €CTb crneyuasibHoe none (ncesgocTonoubl cmin
N cmax), nokasblBatolllee HoMep onepauuy BHYTPU TpaH3akuumn, n aTot
HOMeEp TOXe NPUHUMAETCHA BO BHUMAaHMe.
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BnanmocTb Bepcuit CTPOK Pos{gres

» Bpemsi

PaccMoTpuM, Kak 3T0 paboTaeT, Ha MPOCTOM NpuMepe.

Ha pucyHKe CMHUM LBETOM OTMEYEH MOMEHT CO34aHusA CHUMKA. UepHble
JINHUW NOKa3blBaloT TpaH3akLMmM OT MOMEHTa Havyasa 40 MOMeHTa
domkcaummn (06opBaHHbIE TPaH3aKLUMN HUKOrAa He rnonagarT B CHUMOK).

B JaHHOM C/lyyae B CHUMKE [0/MKHbI ObITb BUHbI TO/IbKO U3MEHEHNS,
cAenaHHble TpaH3akuueli T2, NOCKosIbKY OHa 3addMKCMpoBaHa [0 Toro,
Kak co3aaH CHUMOK.

N3meHeHns TpaH3akuumn T1 He JO/MKHbI ObITb BUAHBI, MOCKO/IbKY HA MOMEHT
C0O3[aHMA CHUMKa OHa elle He bbliia 3adomkcupoBaHa. A N3MeHeHus
TpaH3akumn T3 He JO/DKHbI ObITb BUAHbI, MOCKO/IbKY OHAa €llle He Havaacb
B MOMEHT CO3aHnNsA CHUMKA.



BHUOuMOCTH BEpCHH CTPOK

BocmpousBeneM cutyarnuio, Ioka3aHHyo Ha ciaaine. Kaxkpas u3 Tpex TpaH3aknui OyneT mo6aBIsiTh HOBYIO CTPOKY B
TabnuIy.

=> 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

TlepBas TpaH3aKIus (He 3aBEPIIUTCS N0 CO3TaHUs CHUMKA):

| => \c mvcc_snapshots

| You are now connected to database "mvcc_snapshots" as user "student".
| T1=> BEGIN;

| BEGIN

| T1l=> INSERT INTO t VALUES ('first');

| INSERT 0 1

| Tl=> SELECT pg_current_xact_id();

pg _current xact id

Bropas 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=> commIT;

| commIT

Tenepb CcOo3MaeM CHHUMOK B TPaH3aKIUU B OTOEJIbBHOM CeaHcCe.
=> BEGIN ISOLATION LEVEL REPEATABLE READ;

BEGIN

=> SELECT * FROM t;

second
(1 row)

nu 3aBepliaeM IIePBYIO TPaH3aKIHUIO II0CJIe TOTr0, KaK CO3[JaH CHUMOK:

T1l=> COMMIT;



COMMIT

TpeTbH TpaH3aKIHugd HaYWHAaeTCs II0CJie CO3JaHusd CHUMKa:

=> \c mvcc_snapshots

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

BEGIN

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

INSERT 0 1

T3=> SELECT pg_current_xact_id();

pg _current xact id

T3=> COMMIT;

COMMIT

O4eBHOHO, YTO B HAIlleM CHUMKE IIO-IIPEKHEMY BUAHA OOHA CTPOKA:

=> SELECT *, xmin, xmax FROM t;

| xmin | xmax

second | 746 | 0

(1 row)

Bompoc B ToM, Kak 3T0 noHuMaeT PostgreSQL.
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MOMEHT OKOHYaHUs
TPaH3aKLU1N HEN3BECTEH —
3HaeM N1LLIb TeKYLWMIi cTaTyc
npy CO3AaHNN CHUMKA

&

» Bpemsi

Kak ommumuThb T1 oT T2 mocJsie TOro, Kak CHUMOK CO3/]aH?

CNOXHOCTb peasin3aumm COCTOUT B TOM, YTO HAM U3BECTEH TOJIbKO
MOMEHT Hayasia TpaH3akuuun. OH onpeaensaeTcd HOMepoM TpaH3aKL MK
(xid), ¢ KOTOPbIM MOXHO CPaBHUTL HOMEP XMIN UM XMax BEPCUN CTPOKN.
Ho MOMeHT 3aBepweHusi TpaH3akunn HUrae He 3anvcbiBaetcs. Bee, uto
Mbl MOXEM y3HaTb — 3TO mMeKywjuli CTatyc TpaH3akKuuia.

To ecTb nocre Toro, Kak TpaH3sakumsa T1 3aBepwuntcs omkcaumen, oHa
HU4yem He ByaeT oTnmyaTbCA OT TpaH3akumu T2: HET cnocoba BbISICHUTD,
4yTO ofHa 13 HMX 6blna 3adpukcnpoBaHa Ao CO34aHus CHUMKaA, a gpyrasa —
rnoce.

MocKoMbKY ncTopuyeckas nHgopmalms 06 akTMBHOCTU TpaH3aKLUuWii HUrae
He XPaHUTCSl, CHAMOK MOXHO C03[aTb TO/IbKO B TEKYLLMIA MOMEHT. Henb3s,
Hanpumep, co3AaTb CHUMOK, NOKa3blBaKOLLMIA COrfacoBaHHbIe AaHHbIe Mo
COCTOSIHMIO Ha MATb MUHYT Ha3af, JaXe ecnn Bce Heobxoanmble BEPCUM
CTPOK CYLLLECTBYIOT B TAB/IMYHbIX CTpaHMLAX.
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CHMMOK AaHHbIX Pos{gres

Xmin — HOMep CaMOM paHHeU aKTMBHOW TpaH3aKLUU
Xmax — HOMep, CJeyIOLIUi 3a moc/iefAHel 3adMKCHPOBaHHOM TpaH3aKLen
xip_list — CrMCOK aKTUBHBIX TPaH3aKLMI

B
:

» xid

J J \

Y Y Y
N3MeHeHNs BUOMMOCTb M3MEHeHU U3MEeHeHnst
6€3yC/I0BHO BUAHbI NpOBepPsiETCS N0 CNUCKY 6€3yC/I0BHO He BUAHbI

B MOMEHT CO3/aHNsi CHMKA [aHHbIX B /IOKaNIbHOV NamsTy
06CNyXMBaIOLLErO NpoLecca 3anoMUHAOTCS HECKO/IbKO 3HAYEHWIA, KOTopble
1 ONpeaensoT CHUMOK:

XMmin — HWXHSASA rpaHnLa CHUMKa, B Ka4ecTBe KOTOPOW BbICTynaeT HOMep
camoil paHHeil akTUBHOW TpaH3aKLuun.

Bce TpaH3akuum ¢ MEHbLUMMU HOMepamMu 60 3admKCMpoBaHbI, U Toraa
NX N3MEHEeHNs1 6e3yCNOBHO BUAHbI B CHUMKE, M60 OTMEHEHbI, U Tor4a
N3MEHEHNST UTHOPUPYHOTCS.

Xmax — BepxHss rpaHmLUa CHUMKa, B KauecTBe KOTOpOit 6epeTtcs Homep,
crnepnyoLmii 3a HoMmepoM nocneaHel 3arMKkcMpoBaHHO TPaH3aKLMN.
BepxHsis rpaHuLa onpeaensieT MOMEHT, B KOTOPbIA 6bln caenaH CHUMOK.
O6partute BHUMaHME, YTO MOMEHT 3a4aeTcs He BpemeHeM (Kak 6bIn10
YC/IOBHO NOKa3aHo Ha npedplayux cnaiaax), a yBenmuymparoLmmMmmcs
HOMepamMu TpaH3aKLWiA.

Bce TpaH3akuun ¢ Homepamu, 601bLWNMU UN PaBHBIMU XMax, B MOMEHT
CO3[aHnA CHMUMKa 3aBefloMO He Oblnn 3addMKCUPOBaHbl — OHU NGO
ObI/IN aKTVBHbI, IM60 OTMEHEHbI, /IN60 eLle He HavyasInCh.

xip_list (xid-in-progress list) — cnncok akTMBHbIX TPaH3aKLUNA.

JTOT CNUCOK ncnosb3dyeTca anAa T1oro, YTOObI HE yynTbiBarb B CHUMKE
N3MEHEHUA TpaH3aKLIII/II7I, KOTOpPbIE YXXe 3aBepuin/inCb, HO B MOMEHT
co3aaHnA CHMMKa eLwle ObI/IN aKTUBHbI.

MHdhopmaLmio 0 CHAMKE MOXHO MOMYUNTb C MOMOLLbIO OYHKLMN
pg_current_snapshot() n HeckonbkMUX Apyrunx, cMm.
https://postgrespro.ru/docs/postgresqgl/16/functions-info




CHHMOK OaHHBIX

BupumocTs Bepcuil CTPOK onpenenseTcss CHUMKOM. [TocMOTpuM Ha Hero:
=> SELECT pg_current_snapshot();

pg_current snapshot

745:747:745
(1 row)

CHUMOK ompenendeTCcsa B MOMEHT CO30aHusl TpeMsi OCHOBHBIMU 3HAYEHUSAMHU, KOTOPEIE (l)yHKL[I/IH BBIBOOUT 4Yepe3 NBOETOYUA:

xmin — HOMep caMOl paHHel aKTUBHOU TpaH3aKIINuH;
Xmax — HOMED, CJIeOYIOMNH 3a MocIenHel 3abUKCUPOBAHHON TpaH3aKIueH (OnpenessieT MOMEHT CO3IaHus
CHUMKA);

e xip list — cnrcok HOMepOB aKTUBHEIX TPaH3aKIIKUH (B JaHHOM cJlydae OHa OfHA).

B cHUMKe DOmIXKHBI OBITH BUOHBI U3MEHEHHUSA TpaH3aKL[I/Iﬁ C HOMéepaMu:

e xid < xmin;
e xmin <= xid < xmax, 3a UCKJII0UYeHUeM TpaH3aKuui u3 xip list.

B namreMm cnyuae:

e xid < 745;
e 745 <= xid < 747, 3a uckmodyenueM 745.

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

TlepBasi cTpOKa He BUHA — OHa CO3[aHa TpaH3aklue# 745, KoTopas BXOOUT B CIIMCOK aKTUBHEBIX.
Bropas cTpoKa BUHa — OHa CO37laHa TpaH3akluel 746, KoTopas nonafaeT B fUala30H CHUMKAa.

TpeTLH CTPOKa HE BUHA — OHa CO3[aaHa TpaH3aKL{Heﬁ 747, KOTOpPasd He BXOOUT B JUAIlIa30H CHUMKaA.



o)) PROFESSIONAL

BupTtyasibHble TpaH3aKLuun Pos{gres

Tonbko UHUTarollasa TPaH3aKHA HUKAK He B/IUSeT Hd BUAWMMOCTDb

00C/TyKMBAFOLIHIA TIPOLIeCC Bbie/sieT BUPTYalbHbIN HOMEp
BUPTYasbHbI HOMep He YUUTHIBAeTCsI B CHUMKaX

BUPTYya/IbHbIM HOMEP HUKOTI/ia He TI0TaZiaeT B CTPaHULIbI
HaCTOSIILIMM HOMeP Bbl/Ie/ISIeTCsl TIPU ITePBOM U3MeHEeHUH J1aHHbIX

10

Ha npaktuke PostgreSQL ncnonb3yet onTtuMusaunto, no3BoAaoLLYyH
«3KOHOMUTb» HOMEpa TpaH3aKLWiA.

Ecnv TpaH3akuUusi TONbKO YMTAET faHHble, TO OHA HMKAaK He BMSIET Ha
BUAMMOCTb BEPCUIi CTPOK 1 ee HOMEP He Hafl0 yUnUTbIBaTb B CHUMKaX
[laHHbIX.

[Mo3ToMy BHauvasnie 06CNyX1MBatLLNA NpoLUecc BblAaeT TpaH3akuum
supmyasibHbIl Homep (virtual xid). Homep coOCTOUT N3 BHYTPEHHETO
naeHTudmkaropa npouecca u nocnegoBaTesibHOro Ynicna.

Bblgava aToro Homepa He TpebyeT CUHXPOHU3aLUN Mexay BcemMu
npoueccamMy 1 NO3TOMY BbINOJTHAETCH O4YeHb 6bICTPO. C Apyro NPUYNHOR
NCNo/1b30BaHUA BUPTYasibHbIX HOMEPOB Mbl MO3HAKOMUMCA B TEME
«3amMopo3Ka» 3Toro Mmoayns.

Takon BUPTYasibHbIi HOMEP Hesb3s 3anucbliBaTb B CTPAHWULbI AaHHbIX,
NOTOMY YTO Npu crieayrouem obpalleHnn K CTpaHnLEe OH MOXET NOTEPSIThb
BCAKNIA CMbICH.

Kak To/IbKO TpaH3akums HaunHaeT U3MEHATb JaHHble, eil cpasy Xe
BblAaeTcsa HacTosAWwmii Homep (Xid), KOTOPbIn MOXET NOSAB/MATLCA
B CTpaHuuax AaHHbIX — B MOJISX XMin 1 Xmax BePCUii CTPOK.



BupryanbHble TPAaH3aKIUH

TonbKo YuTaloIue TpaH3aKIU¥U HUKaK He BIIUAIT Ha BUOIUMOCTb BepCI/Iﬁ CTPOK U HE YYUTEIBAKOTCA B CHUMKaX NJaHHBIX. Onu
He MMEIT HacCTOosAIlIero HoMepa:

=> SELECT pg_current_xact_id_if_assigned();

pg_current xact id if assigned

HacTosmuii HoMep NprCBauBaeTCs IPU II€PBOM H3MEHEHUY, BEIIIOJTHEHHOM TPaH3aKLKeH, a TaKKe IIPU BE30Be QYHKINUU
pg current xact id().
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[[OPU30OHT CHMUMKa Posigres

HeakKTyaslbHble
BEPCUM CTPOK
HE HYXHbI CHUMKY

-9
°

DL, T ELL T ET

» xid

12

Homep camoli paHHel U3 akTUBHbIX TpaH3akUuii (Xmin CHUMKA) nveet
BaXKHbIA CMbIC/T — OH ONpeaensieT 20pU30HM CHUMKA.

FOPU3OHT COBLITUI B acTPOn3nKe — 3TO rpaHuLa, 3a KOTOpOoW
HabnoaaTesib He MOXET YBUAETb HUKaKMe cobbITUSA. A B HaLleM criyvae
FOPU30HT CHYMKa — 3TO rpaHuLLa, 3a KOTOpOoi onepartop, NUCMNO/b3YHLLNIA
CHMMOK, HE MOXET YBUAETb HeakTyaslbHble BEPCUN CTPOK.

[ecTBUTENbHO, NPU NOCTPOEHUN CHUMKA eMy TpebyeTcsa BUAETh
HeaKkTya/lbHYH0 BEPCUIO TOIbKO €C/IN OHa yAasieHa (3aMeHeHa) elle He
3aBepLUMBLUENCA TpaH3aKunein, No3TOMy CHUMOK 3TOro M3MEHEHUS He
BUAUT. HO 3a ropM30HTOM BCe TpaH3akuuKn yxe rapaHTUpoBaHHO
3aBepLUNIINCS.
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[[OPU30HT TpaH3aKunm Posggres

Repeatable Read, Serializable

HeakKTyaslbHble
BEPCUM HE HYXHbI
TpaH3aKLumm

° ———o o—o o e > xd
BEGIN  SELECT { UPDATE INSERT
BMpTyé_anblVl HacToALLMIA
Homep HoMep 13

Ha pasHbIX YPOBHSAX N30/15LMN TPAH3aKLMKN NO-Pa3HOMY UCMOMb3YOT CHUMKM
[laHHbIX.

[nsa ypoBHel Repeatable Read u Serializable TpaH3akumsi CTPOUT CHMMOK
Npv nepBoM obpaLleHnmn K cepBepy 1 UCNOsb3YET ero A0 CBOEro OKOHYaHus.

JleBas rpaHunua cHMMKa (Ha4yano ropu3oHTasIbHOro oTpeska Ha cnaige)

onpegensioLias 20puU30HM mpaH3akyuu, paBHa HoMepy caMon paHHew

aKTUBHOWM TpaH3akLmu. NOCKO/bKY TekyLlas TpaH3akuusa cama sBsieTcs
aKTWBHO, FOPM30HT HUKOTA4Aa He MOXET OKa3aTbCs NnpaBee HacTOSALLEro

HOMepa AaHHOW TpaH3aKuuu.
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[[OPU30HT TpaH3aKunm Posggres

Read Committed

HeakTyaslbHble
BEPCUM HE HYXHbI
TpaH3aKumm

» xid

® {——
BEGIN SELECT

BleTyéanblﬁ
HoMep 14

B cnyyae ypoBHs nzonsuum Read Committed CHUMKOB MOXET ObITb
HEeCKO/bKO.

CHavana TpaH3akuusa nosyyaeT BUPTyasibHbIA HOMep. pn nepBom
obpalleHnn K 6ase AaHHbIX CTPOUTCA CHUMOK.
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[[OPU30HT TpaH3aKunm Posggres

Read Committed

® *———o » Xid
BEGIN SELECT

BMpTyé_anblVl
HOomMep 15

o oKOHYaHUK 3anpoca CHUMOK 0CBOBOXAaeTCs. [MOCKONbKY B HALLEM
NnpuMepe NepBbIii onepaTop TpaH3aKUMn He MeHsT AaHHble, TpaH3aKUUs
MoKa He Moslyymna HacTosILLMI HOMEpP U He BYIeT yaepXnBaTb FOPU30OHT
[10 Hauasna cneayoLlero oneparopa.
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[[OPU30HT TpaH3aKunm Posggres

Read Committed

HeakTyaslbHble
BEPCUMN HE HYXKHbI
TpaH3aKuum

® *——eo 00— » Xid
BEGIN SELECT UPDATE
BUPTYau1bHbIl HaCTdﬂmMVl
Homep HoMep 16

Ecnn TpaH3akums HaunHaeT MEHATb AaHHble, el BblAaeTCA HaCTOALLNIA
HOMep. B 3TOT )& MOMEHT CTPOUTCHA HOBbI CHAUMOK, FOPU30OHT KOTOPOro
(Xmin), KaK 1 Bceraa, HaxoAUTCSA Ha YPOBHE caMoil paHHEN aKTUBHOW
TpaH3akuuu.

MockonbKy Tekylas TpaH3akUns cama ABNSETCS aKTUBHOM, TOPU30HT
HUKOTa HE MOXET OKa3aTbCsl NpaBee HoMepa AaHHOl TpaH3aKLUuK.



o)) PROFESSIONAL

[[OPU30HT TpaH3aKunm Posggres

Read Committed

HeakTya/lbHble
BEpPCUM CTPOK
HEe HY)XHbl TPAH3aKLMN

® *— 4—& —e » Xid
BEGIN SELECT UPDATE
BUPTYa1bHbIl HaCTdﬂmMVl
Homep HoMep 17

Korga onepatop 3aBepLuaeT paboTy, CHUMOK OCBOBOXAAETCS, a TpaH3aKL s
JIEPXUT FOPU3OHT Ha YPOBHE CBOEro HOMepa Ha c/lyvaii oTkara.

Ecnu TpaH3akuusa 6yaet [oNro HaxoguTbCA B TaKOM COCTOSAHUM (OHO
Ha3blBaeTcs idle in transaction), He BbINOHASA HUKAKUX KOMaHA, rOPU30HT
OyLeT ocTaBaTbCA Ha MecTe.
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[[OPU30HT TpaH3aKunm Posggres

Read Committed

HeakTya/lbHble
BEPCUM CTPOK
He HY)XXHbl TPaH3aKLum

° — —e  o———o o » Xid
BEGIN SELECT | UPDATE INSERT
BUPTYa/lbHbIli H&CTO;HLLI,I/IVI
Homep Homep 18

Cnepytowmii onepatop UCNosb3yeT HOBbIA CHUMOK, TOPU30HT KOTOPOTO
yunTbIBaeT HOMepa APYrUX akTUBHbIX TPaH3akKuuin. Tekylas TpaH3akLumsa
NO-NpexHemMy akTUBHA, MO3TOMY FOPU30OHT CHUMKA (XMIn) HE MOXET ObITb
6osblle ee HoMepa.



o)) PROFESSIONAL

[[OPU30HT TpaH3aKunm Posggres

Read Committed

HeakTyaslbHble
BEpPCUM CTPOK
He HY)XXHbl TPaH3aKLym

® *— H —e ¢ e > xid
BEGIN SELECT | UPDATE INSERT
BUPTYa/lbHbIli H&CTO;HLLI,I/IVI
Homep HoMep 19

Mexay onepaTtopamu, Korga HeT akTUBHOIO CHUMKa, FOPU30HT ONATb
CMeLLaeTcs K HoMepy TpaH3akuun. Ecnv TpaHsakums Tak 1 He nosaydnna
HacToswWwMmMi Homep (He Havasia N3MEeHsTb laHHble), OHa BOOOLEe He byaeT

flepXaTb FOPU30HT.



o)) PROFESSIONAL

[OpPU30HT 6a3bl AaHHbIX Posggres

HeakTyasibHble HeakTyasibHble
BEpPCUM MOXHO BEPCUM CTPOK
BblUMLLATH eLle HyXHbl CHAMKaM
*—e *—e T3
*r—e T2
———o T1
i UPDATE
; » xid
HacToALWwMiA
Homep T1 20

Takxe MOXHO OnpeaenuTb U rOpU3oHT 6a3bl AAHHbIX KaK MUHUMASIbHbI
3 FOPU3OHTOB BCEX TPaH3aKLUMii 1 CHUMKOB. Mpu 0CBOGOXAEHNM CHUMKA
rOPU30HT 6a3bl laHHbIX CMELLLAeTCA BNPaBO K FOPU30HTY C/IeAyHoLLLEro
aKTUBHOrO CHUMKa. O6PaTHOrO ABUXEHUSI ObITb HE MOXET, MOCKObKY Xmin
BHOBb BO3HMKAKLLMX CHUMKOB — MUHUMaSIbHbIA HOMEP aKTUBHOIA
TpaH3akuum — caBuraeTcsl ToNbKO BNpaBso.

HeakTyanbHble BEPCUN CTPOK 3a FOPM3OHTOM 6a3sbl AaHHbIX Y)Xe HUKOoraa
He ByayT HY>Hbl H/ OA4HOI TpaH3akuun. Takne BEPCUN CTPOK MOTYT ObITb
6e30MacHO BblYULLEHBI.

Ha cnange nokasaH npumep Tpex TpaH3akuui ¢ ypoBHeM m3onsumm Read
Committed. Ansa onepatopa UPDATE TpaH3akuun T1 6b1s1 NOCTPOEH
cHMMOK. Korga onepatop oTpabarbiBaeT, CHAMOK yaanseTca 1 nepecrtaet
yaepXxvBaTb ropn3oHT. OgHako TpaH3akums T1 no-npexHemy akTneHa, u
MO3TOMY rOPU30HTbI CHUMKOB TpaH3akuuin T2 n T3 He cABUHYTCA npasee
HoMepa TpaH3akuum T1. Tem camMmbiM akTUBHasA TpaH3akLUus, ec/in y Hee
€CTb HaCTOALMIN HOMEP, YAEPXUBAET rOPU3OHT caMM DakTOM CBOEro
CyLLleCTBOBaHUA.

A 3TO 03Ha4vaeT, YTO HeaKTyaslbHble BEPCUN CTPOK B 3TOWN B/l HE MOryT ObITb
ounLleHsbl. [Mpn aToM «gonrovrparoLas» TpaH3akumsa MOXET HUKaK He
nepecekarbCca No AaHHbIM C APYTMMU TPaH3aKUNAMN — 3TO COBEPLLEHHO
He BaXKHO, ropu30HT 6a3bl AaHHbIX OANH HA BCEX.

DTO 0fHa M3 MPUYKMH, MO KOTOPbLIM TPaH3aKuMn He cnenyeT Aenartb A/IMHHEE,
4yeM abCcoNTHO HeOb6XoaMMO.
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[OpPN30HT Oasbl AaHHbIX Posggres

HeakTya/lbHble HeakTya/lbHble
BEPCUN MOXHO BEpPCUN CTPOK
BbluMLLaTb elle HYXHbl CHUMKam
A
=0 *—e T3
*—e T2
——o T1
UPDATE
I » xid
: . idle_in_transaction_session_timeout
HacTosILLMiA
Homep T1 21

Ecnn onncaHHasa cutyaums AencTBMTeNIbHO CO34aeT NPo6emMbl N HET
crnocoba nsbexarb ee Ha YpOBHe NPUIOXKeEHWs, MOXET NOMOYb NapameTp
idle_in_transaction_session_timeout. OH onpeaenser MakCuMasibHoe BpeMs
6e30encTBMA akTUBHOW TpaH3akuuu. MNocne aToro BpeMeHu ceaHc
npepbIiBaeTcs.



T'opHu30HT TPaH3aKIUH M 0a3bI TAaHHBIX

CBOM rOPHU30HT TPAH3AKIUS MOXKET YBUAETH B IPECTaBIIeHUN:

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

backend xmin

XoTs Hallla TPaH3aKIUs SBISEeTCS BUPTYaJbHOM U He BIUSET Ha BUOUMOCTL OPYTUX TpaH3aKINl, oHa obpalmaeTcs K
IaHHBIM, UCIIOJIb3YsI CHUMOK, U II03TOMY yIePKUBAET FTOPU3OHT O6a3bl JaHHEIX.

TTocne 3aBepiieHNs TpaH3aKIUKU TOPU30HT IIPOABUTAETCS BIIEpe], IT03BOJISAS OUUIIATh HeaKTyalbHble BEPCUU 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

3ajjaua

pacripezieUTh paboTy MeXy HeCKOJIbKUMU OJHOBPEMEeHHO paboTaroIymMu
TPaH3aKLUSIMU TaK, YTOObI OHU BU/IE/TN OfIHU U Te Ke JaHHbIe

npumep: pg_dump --jobs=N

MOXHO
CMOJIb30BaTh, NOKa
aKTWBHa 3KCropTMpoBasLUas
TpaH3akums

BEGIN ISOLATION LEVEL REPEATABLE READ;

ééLECT pg_export_snapshot(); i

ugeHTupukaTop
CHUMKa

BEGIN ISOLATION LEVEL REPEATABLE READ;
SET TRANSACTION SNAPSHOT ugeHTu@ukatop;

BEGIN ISOLATION LEVEL REPEATABLE READ;
SET TRANSACTION SNAPSHOT wugeHTudukatop;

MMEET CMbIC/ Ansi
Repeatable Read
nnu Serializable
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BbIBalOT CUTYyaL MK, Korga HECKOMbKO TPaH3aKLU Wil AoMKHbI rapaHTUPOBaHHO
BUAETb OAHY U Ty Xe KapTUHY AaHHbIX. PasyMeeTcs, HeMb3si nonaraTbcsa Ha
TO, YUTO KapTWHbI COBNaAyT NPOCTO M13-3a TOr0, YTO TPAH3aKLMK 3anyLeHbl

«O[JHOBPEMEHHO». [11151 3TOr0 €CTb MEXaHN3M 3KCMopTa U UMMNOPTa CHUMKA.

®dyHKUMA pg_export_snapshot coxpaHaeT nHpopmaunio 0 CHUMKE B BUAE
dhaiina B katanore PGDATA/pg_snapshots 1 Bo3Bpallaet naeHtudukarop
CHUMKa, KOTOPbIA MOXET ObITb NepefaH (BHELHMMN NO OTHoWeHuto K CYB/]
cpeacTBamin) B APYryro TpaH3akumio.

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

SKCMOPTUPOBAHHbIN CHUMOK CYLLLECTBYET [0 OKOHYaHUSA 3KCNOPTUPOBAaBLUEN
ero TpaH3sakuun. B aTo Bpems gpyrasd TpaH3akums MOXeT UMMOPTUPOBaTh
CHUMOK ¢ nomouusio komaHabl SET TRANSACTION SNAPSHOT go
BbINOJ/IHEHNA NEPBOro 3anpoca B Heil. MpeaBapuTenbHO Ha[0 YCTaHOBUTb

N ypoBeHb nsonaumn Repeatable Read nnu Serializable, notomy 4To Ha
ypoBHe Read Committed onepartopbl 6yayT NCnosib3oBaTb COOCTBEHHbIE
CHUMKW.

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

DKCMNOPT CHUMKA NPUMEHSETCA, Hanpumep, yTuanTon pg_dump npu
napannenbHoOM pexnme paboTbl UK TIOTUYECKO pennnkaumein ons
NO/IyYEeHUA HaYasIbHOro COCTOSAHMSA Tabnuy, BXOAALWMX B NOAMUCKY
(nogpobHee cMm. kypc DBA3 «Pe3epBHOe KOonNnpoBaHue U penankauus»).
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Toru Posigres

CHHMOK COZIep>XKUT UH(OPMaIHIO,
HeoOXOAMMYTO 1Sl OTIpeZie/ieHuUs] BUAUMOCTH BepCHii CTPOK

Bpewmsi co3maHusi CHUMKA OTpe/ie/isieTcs ypOBHEM U30JISILAN

CHMMOK oripeneisieT ropyu30HT TPAH3dKINH, BJ'[I/IHI-OH_[I/Iﬁ
Ha BO3MOXHOCTH y/Jia/IeHHA HedKTya/IbHbIX BepCI/Iﬁ
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[1pakTnKa Pos{gres

1. BocnpousBegure CUTyaLMIO, IPA KOTOPOW OZiHA TPaH3aKLUs
elLle BUAUT y[aJIeHHYI0 CTPOKY, a Aipyras — y’Ke HeT.
[TocmoTpUTe CHUMKHM [JaHHBIX 3THUX TPaH3aKLUK U 3HaUeHUsI
T0JIer Xmin ¥ Xmax yZlaJleHHOW CTPOKHU.

OOBbsicCHUTE BUIUMOCTb HAa OCHOBAHUU 3TUX JAHHBIX.

2. Ecuu B 3arnpoce Bbi3biBaeTcsi GyHKILIUS, COJieprKaliasi pyroi
3ampoc, Kakol CHUMOK JJaHHBIX Oy/leT UCI0/1b30BaThCs /ISt
«BJIOYKEHHOT0» 3arpoca?

[TpoBeprTe ypoBHM u3onsiuu Read Committed v Repeatable
Read u kareropuu n3mMeHumBOCTU (PyHKIMI volatile u stable.

3. B ogHOV TpaH3aKLUM SKCIIOPTUPYWUTe CHUMOK, 3aTeM B JPYyrou
TpaH3aKLUU U3MeHUTe JlaHHble. VIMIIOPTUPYUTE CHUMOK U
TIPOBEPLTE, UTO B HEM BU/HBI €1lle He U3MEeHEeHHbIe TaHHbIE.
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2. MOXHO BOCMO/Mb30BaTbCA Crieayowmm wabdnoHoOM PyHKLMN,
B NpenanosioxXeHnn, 4To co3gaHa Tabnuua t:

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

Takke MOXeT npuroanTbes pyHKUMS pg_sleep(n), Bbi3biBaloLLLAS 3a0EPXKKY
Ha N CeKyHA,



1. CHUMKH JAaHHBIX IBYX TPAH3aKIIHH

Tabmuila ¢ OMHOM CTPOKOI:

=> 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

IlepBas TpaH3aKIUs BUAUT 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)

Bropast TpaH3aKIusA B OPYTOM CeaHCe ylasseT 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)

IlepBas TpaH3aKIUs IPOAOJIKAET BUNETh CTPOKY:
=> SELECT xmin, xmax, * FROM t;
xmin | xmax | n

745 | 747 | 1
(1 row)

CHUMKY 00eux TpaH3aKIU¥ OOMHAKOBEI, U I10 IIpaBUIaM BUIUMOCTH OHU 00€ IOJKHEI ObLIN OBl BULETh CTPOKY, TaK Kak

e HN3MEHEHUS TpaH3aKuuu xmin = 745 BUAHEI B CHUMKe (745 < 746),
e W3MEHEHHUS TPaH3aKIuu Xmax = 746 He BUOHHI B CHUMKe (746 > 746).

OnHako BTOpPasdA TPaH3aKIUs BCe-TaKU HEe BUOUT CTPOKY, IIOCKOJIBKY OHa CaMa €e yhaliijla, a 3TO — UCKJII0OYEeHHUe u3
OOBIYHBIX IIpaBUJI BUOUMOCTH.

=> COMMIT;
COMMIT
| => comMmIT;

| commIT

2. CHHMOK BJIOK€HHOTI' 0 3alpoca
BHyTpHu QyHKINH, TOACUYUTHIBAIONIEH YHUCIIO CTPOK TAOIHUIIBI, BCTABUM OOHOCEKYHIHYIO 3afIePKKYy [/ yIoOCTBa
TeCTUPOBAHUA:

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

CREATE FUNCTION

Tenepb HaAYMHAEM TPAH3AKIHUIO ¢ ypoBHeM u3oysinnu Read Committed u B 3armpoce HECKOJIBKO Pa3 BEI3bIBAEM (PYHKIIHIO,
OJHOBPEMEHHO IIOICYUTEIBASI KOJIMYECTBO CTPOK [IOA3AIIPOCOM.

=> BEGIN ISOLATION LEVEL READ COMMITTED;
BEGIN

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

Hapam‘lenLHo BBITIOJIHSIEM OPYT'YIO TPAH3aKIWIO, KOTOpasi yBeJIM4YuBaeT YHUCJIO CTPOK B Ta61mue. Ecnu oCHOBHOM 3amnpoc u
BJIOKEHHBIN 3alpoC UCIIOJIB3YIOT Pa3Hbie CHUMKH, MBI O6Hapy}KI/IM 9TO II0 pa3HHUIIE B pe3ybTaTe.

| => INSERT INTO t VALUES (1);

INSERT 0 1



cnt | test

(5 rows)

=> END;
COMMIT

3HaudeHue nepBoro cronba He U3MEHSIeTCSI — 3allPoC UCIIONIb3yeT CHUMOK, CO3[JaHHBIN B Hayasle BHIIONHeHUs. OJHaKo
3Ha4YeHUe BO BTOPOM CTOJIOIle H3MEeHsIeTCs — 3allPOCHl BHYTPH volatile-pyHKIMYM MCIIONB3YIOT OTHAEIbHBIE CHUMKH.

IToBTOPMM 3KCIIEPUMEHT AJIsI YPOBHS n3onsaiuu 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

=> END;

COMMIT

Temneps emme pas To xKe caMmoe A GYHKIUK C KaTeropuel n3MeH4YuBOCTH stable.
=> ALTER FUNCTION test STABLE;

ALTER FUNCTION

Vposers 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



Yposenn 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

BrIBOIBI:

e 3ampocs! B volatile-byuknusx Ha ypoBHe udonsanun Read Committed mcnonp3yoT coOGCTBEHHBIE CHUMKY U MOT'YT
BUIETh U3MEHEHHUs B polriecce paboTel oneparopa. Takasi BO3MOXKHOCTh CKOpee OIacHa, 4YeM I0JIe3Ha.

o Tlpu mOOBIX APYTUX KOMOMHAIUSX KaTETOPUY U3MEHYUBOCTH U YPOBHS M30JISLMY BIOKEHHBIE 3allPOCH HCIIOIb3YIOT
CHUMOK OCHOBHOTO 3aIlpoca.

3. 9KCHopT CHHMKa

Oyukuus pg export snapshot Bo3BpamaeTr uneHTU(PUKATOP CHUMKA, KOTOPHY MOXKHO IIePefaTh B OPYTyI0 TPAH3AKIUIO
(BHEIIHUMHU 110 OTHOIIEeHUI0 K CYB]l cpefcTBaMu):

=> BEGIN ISOLATION LEVEL REPEATABLE READ;
BEGIN

=> SELECT count(*) FROM t;

=> SELECT pg_export_snapshot();

pg_export_snapshot

00000005-00000010-1
(1 row)

B APyroMm ceaHcCe ymajiieM BCe CTPOKHU U3 Taﬁ)‘II/II.IbI:
| => DELETE FROM t;
| DELETE 1

3aTeM TpaH3aKIMs UMIIOPTUPYET CHUMOK U BUAUT B HEM Te JKe JaHHbIe, YTO U SKCIOPTHPOBABIIAS 3TOT CHUMOK
TpaH3aKIus:

| => BEGIN ISOLATION LEVEL REPEATABLE READ;

| BEGIN

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

| => SELECT count(*) FROM t;



| => comMmIT;
| commIT
=> COMMIT;

COMMIT



