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AeMOHCTpaummn) paspeluaeTtcs 6e3 orpaHnyeHnii. Kommepueckoe
MCNOMb30BaHNEe BO3MOXHO TOSIbKO C NMMCbMEHHOIO paspeLleHms KoMnaHum
Postgres Professional. 3anpeliaercs BHeECEHNE U3MEHEHWNI B MaTepuabl
Kypca.

OGpaTtHaA cBsi3b
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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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Pa3smep cTpaHuLbl cocTaBnsaeT 8 Kb6anT. ITo 3HAYEHNE MOXHO YBETNYNTb
(Bnn1oTb Ao 32 K6aliT), HO TO/bKO npu coopke. V1 Tabnuubl, U MHOEKCHI,

N BOMBLUMHCTBO APYrnx 06bLEKTOB, KOTOpble B PostgreSQL o6o3HavaroTcs
TEPMWHOM relation, NCNob3yT OANHAKOBYH CTPYKTYPY CTpaHuL,, YToObI
Nnosib30BaTbCs 06 MM ByhbepHbIM Kewem. B Havane ctpaHuubl naet
3arosioBOK (24 6aiita), cogepxalinin obLine ceefeHnsa o cTpaHuue

N pasMmep ee obnacTeir: ykasaresien, CBO604AHOro NpocTpaHCcTBa, Bepcuii
CTPOK 1 cneumasibHOM 06n1acTu.

Bepcuu CTPOK cofepxar Te camble AaHHble, KOTOPbIe Mbl XpaHUM

B Tabnumuax n gpyrmx obvekrtax B, nntoc 3aroNoBok. «Bepcnsa cTpoku»
No-aHIrNINCKU Ha3biBaeTcs tuple; nHorga Mol 6yaem roBOpuTb MPOCTO
«CTPOKa.

YkasaTtenu nmeloT UKCMpoBaHHbI pasmep (4 6ainta) u coctaBnsaloT
MaccuB, NO3MLUNA B KOTOPOM ornpeaenseT ngeHtndukarop ctpoku (tuple id,
tid). Ykasarenu ccolnarotca Ha Bepcum CTpok (tuple), pacrnonoxeHHole

B KOHLe 6/510ka. Takast KocBeHHas agpecauus ygqobHa TemM, YTo BO-NepBbIX,
MO3BOJISIET HAWUTU HYXXHYIO CTPOKY, HEe nepebupas Bce cogepxmnmoe 6r10ka
(CTPOKM MMEIT pasHyto A/IMHY), a BO-BTOPbLIX, MO3BOJISET NepemMeLLarb
CTPOKY BHYTpW 6/10Ka, He /ioMasi CCbI/TIKA N3 NHAEKCOB.

Mexay ykasatensiMm n BepcusiMn CTPOK HaxXoaMTcs CBOGOAHOE MEeCTO.

NS HEKOTOPbIX TUMNOB UHAEKCOB HYXXHO XPaHWUTb CNY>Xe6HY HGOPMAaLWIO;
[1Ns1 3TOr0 MOXET UCMNO/Ib30BaTbCS Hy/1eBasi CTpaHuLa, a Takke
cneyuyanbHasa 06/1acTb B KOHLE KXol CTpaHuULpbl.

https://postgrespro.ru/docs/postgresqal/16/storage-page-layout
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CTpaHMLIbl YUTAKOTCSI B OMIEPATUBHYIO MaMATh «KaK eCTh»

AdHHbIE He TTEPEHOCHUMbI MEXXy Pa3HBIMH I'IJ'IaTCl)OpMaMI/I
MeXAY IMOJJIAMH JaHHBIX BO3MOXXHBI TTPOITYCKHU M3-3d BEIDaBHUBAHHWSA

—

dopmart gaHHbIX Ha ANCKe NOSTHOCTbLIO COBNagaeT ¢ NpeacTaBeHnem
[aHHbIX B orepaTuBHoin namatn. CTpaHuua ymtaetcsa B 6yepHbIi kel
«KaK ecTb», 6e3 npeobpasoBaHui.

MoaTomy dhaiinibl AaHHbIX Ha ogHOM nnatopme (pa3psaHOCTb, NOPSAOK
6ainToB U T. N.) OKa3blBAOTCA HECOBMECTUMbIMW C APYrMU NaatopmamMu.

Kpome Toro, MHOrve apxmuTekTypbl NnpegycMaTpusaloT BblpaBHUBaHNE
[AHHbIX MO rpaHnLam MallrHHbIX cnoB. Hanpumep, Ha 32-6UTHOW cucTeme
Xx86 uesnble uncna (Tun integer, 3aHMMaeT 4 6aiita) 6yayT BbIPOBHEHbI MO
rpaHuue 4-6anTHbIX C/I0B, KaK 1 Yicia c nnasaloLlei TOUKo ABONHOM
TouyHocTu (Trn double precision, 8 6aiT). A B 64-6UTHOIN cUCTEME 3HAYEHUS
double precision 6yayT BbIpOBHEHbI N0 rpaHunue 8-6aMTHbLIX CNOB.

N3-3a 3TOro pasmep 1ab/IM4HON CTPOKM 3aBUCUT OT NOpALKA PaCrosiOXeHUS
nonen. O6bIYHO 3TOT 3PPEKT HE CUBHO 3aMETEH, HO B HEKOTOPLIX CyYasix
OH MOXET NPUBECTU K CyLLLeCTBEHHOMY YBENYEHNIO pa3mepa. Hanpumep,
ecnv pacnonaratb nonsg Tmnos char(1l) v integer BnepemeLlky, Mexxay HUMMU,
Kak npasuno, éyaet nponagarb 3 6aiTa.

https://pgconf.ru/media/2016/05/13/tuple-internals-ru.pdf




ITogroroBkKa

=> CREATE DATABASE arch_mvcc;
CREATE DATABASE
=> \c arch_mvcc
You are now connected to database "arch mvcc" as user "student".
Co3pgapuM TabNuLy U HHAEKC 10 OGHOMY U3 IIOJIeH.
=> CREATE TABLE t(
id integer,

s text
)i

CREATE TABLE

=> CREATE INDEX t_s on t(s);

CREATE INDEX

=> INSERT INTO t(id, s) VALUES (42, 'F00');

INSERT 0 1

CTpyKTypa CTPaHHIIBI

YToObI M3YUHUTEH CTPYKTYPY CTPAHUILEI M BEPCHUU CTPOK, BOCIIOJIb3yEMCS PacIInpeHreM pageinspect.
=> CREATE EXTENSION pageinspect;

CREATE EXTENSION

TTocMOTpHM Ha IIOJIA 3ar0JI0OBKa CTPAHHUIIH, OIIPefeIsiolue I'PaHuLbl ee 001acTel.

=> SELECT lower, upper, special, pagesize
FROM page_header(get_raw_page('t',0));

lower | upper | special | pagesize

28 | 8160 | 8192 | 8192
(1 row)

O6macTu 3aHUMAIOT clenymwinue nualna3oHbl agpecoB:

0 — HayaJo 3arojI0BKa CTPAHUIB U yKa3aTell Ha BePCHUU CTPOK,
lower — Hayano cBOGOOHOTO MeCTa,

upper — Had4aJlo JaHHBIX (BepCUU CTPOK),

special — Havao cren. JaHHLIX (TOJILKO AJIsI UHOEKCOB),
pagesize — KOHeI] CTPaHUIIEL.



Bepcun cTpokK

CTpyKTypa BepCUM CTPOK
Kak paboraroT ornepaljuu HaJj JaHHbIMU

HOT-o0HOB/IeHNS
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CLOG
committed
aborted

100

HOMEp TpaH3akLum,
yAanslUeil Bepcuio

HOMEp TpaH3aKLum,
co3/jaslueit Bepcuio

Xxmin xmax AaHHble

100 0 gy 42F00

3HaueHns nosnei
Tab/IMYHOM CTPOKN

BEpCUs CTPOKU
B Tabnuue

PaccmoTpuM, Kak YCTPOeHbI Bepcuu cmpok (tuples) n Kak BbINOSTHAKOTCA
onepauum co CTpoKkaMm Ha HU3KOM YpOBHe. HayHeM CO BCTaBKMW.

B Hawem npumepe — Tabnuuya ¢ ABymMs ctonbuamm (4MCrio 1 TEKCT).
[Mpn BCTaBKe CTPOKN B mabsiuyHol cmpaHuye (heap page) nosasBuTcs
yKkasaTesib C HOMepoM 1, cCbllaloWmincs Ha NepByo U eANHCTBEHHYIO
BEPCUIO CTPOKN. Kaxxapbli Takoi ykasare/lb MOMUMO CCbIIKN COAEPXUT
OIHY BEPCUU CTPOKM U HECKOJTLKO OUT, onpeaensiowmx ee craryc.

Bepcun CTpoOK KpoMe COBCTBEHHO AaHHbIX MMEIOT TakXe 3aro/10BOK,
3aHnMarowmm MMHUMyM 23 6ainTa. NMomMMMO NpoYero OH CoAePXUT:

* Xmin 1 xmax — noss, onpeaensioume BUAMMOCTb AaHHOW Bepcum
CTPOKM B TEPMUHAX HAaYa/IbHOTO Y KOHEYHOr0 HOMEPOB TPaH3aKLWiA;

* KapTy HeonpeaeneHHbIX 3HaYeHWiA (B HEW OTMeYeHbl NoJIs CO 3HAYEHMEM

NULL);

* psif NPU3HAKOB, NOKa3bIBAMOLLMX, HAMPUMEP, CTaTYC TPaH3aKLMiA Xmin
M Xmax, eC/1 OH yXe n3BecTeH (3adduKCnpoBaHbl U 060PBaHbI).

B Hawlei Bepcun CTPOKM Mosie Xxmin 3anosIHEHO HOMEPOM TeKyLLEN
TpaH3akymn (100). NockonbKy n3MeHeHns elle He OMKCUPOBasIUCH
N TpaH3aKumMsi akTUBHA, TO B XypHasie cmamyca mpaH3akyuli (CLOG)

COOTBETCTBYIOLWasa 3anick 3anosiHeHa Hynamu. CLOG MOXHO npeAcTaBUTb

cebe Kak MaccuB, B KOTOPOM /151 KaXKA0W TpaH3akuun (HaunHas
C HEKOTOPOI1) 0TBOAUTCS POBHO ABa buTa.

Mone xmax 3anosiHeHOo (PUKTUBHbIM HOMepoM 0. TpaH3akuun He ByayT
ob6pallatb BHUMaHMe Ha 3TOT HOMep, NOCKOJIbKY YCTaHOB/EH NPU3HaK,
4TO 3Ta TpaH3akuus obopBaHa.



of] PROFESSIONAL

BcTaBka Posigres

ctid K104 32

20

= R (0,2) FOO ® =

o i (@) e 5

g < 3HA4YEHUs Knven b O Q

) % NHAEeKCupoBaHusa O o ('5

g6

= s 100

=

x

oo

E. =

T .

=S Xxmin Xxmax JaHHble

o

Q m

Q 100 0 5 42 FOO

HWHAEKC He COAEP>XUT I/IHCbOPMaI_[I/II/I 0 BEDCHUOHHOCTHU

MycTb Takke nMmeeTcs nHaekc B-aepeBo, co3faHHbIi Mo TEKCTOBOMY MOS0,

NHhbopMaLusi B UHAEKCHOI CTPaHMLE CUMbHO 3aBMCUT OT TUNa MHAEKca.

N paxke y oHOro TMna nHaekca 6bIBatoT pasHble BUAbl CTpaHul,. Hanpumep,
y B-gepeBa ecTb cTpaHuua ¢ MeTagaHHbIMW, CTPaHWULbI 415 IMCTOBbIX

1 NPOMEXYTOUHbIX Y3/10B.

Tem He MeHee, 00bI4HO B CTpPaHULLE NMEETCS MacCuB yKkasartesnen un
NHOEKCHbIE 3annucy (aHa1o0rMyYHble BEPCUAM CTPOK B TAO/IMUHON CTpaHULE).

NHAEKCHbIE 3anncuy TOXe MOTyT UMETb O4YEHb Pa3Hy CTPYKTYpPY

B 3aBMCUMOCTM OT TUna nHgekca. Hanpumep, ansa B-gepesa 3anvcu

B JIMCTOBbIX CTpaHuuax cogepxar 3Ha4yeHune K/toya MHAEKCMPOBaHUS

N cCbifIKy (ctid) Ha COOTBETCTBYIOLLYIO CTPOKY Tabnnubl (CTPyKTypa
B-nepeBa pa3bupaetca B TeMe «Knaccbl oneparopos» 1 B y4ebHOM Kypce
QPT «OntnmMmsayms 3anpocoB»).

B obuiem cnyyae MHAEKC MOXET ObITb YCTPOEH COBCEM APYrnM 06pas3omMm,
HO Kak npaBun/i0 OH BCe paBHO ByAeT coaepXaTb CCbIIKU HA BEPCUN CTPOK.

B HalueM npumepe B MHAEKCHOW CTPaHULE Takke Co3AaeTcs ykasaTeslb

C HOMEpPOM 1, KOTOPbIl CCbINTAETCS HA MHAEKCHYH0 3anuchb, KOTopasi, B CBOO
oyepesb, CCbiNIaeTcsl Ha NepPBYH CTPOKY B Tab/IMUHOI cTpaHuue. UTo6bl He
3arpoMoXaaTtb PUCYHOK, YKasaTeslb U CTpoKa Tabnuubl 06begUHEHbI.

BaXHblli MOMEHT COCTOUT B TOM, UTO HUKAKOI UHAEKC HE COAEPXUT
MHAOPMALIMIO O BEPCMOHHOCTM (HET noneit xmin n xmax). MNMpouynTas
VHAEKCHYIO 3anncb, HEBO3MOXHO ONpeaenvTb ee BUANMOCTb, He 3arfsiHyB
B TAG/IMYHYIO CTPaHULY (A0S ONTUMU3ALUN CNYXUT KapTa BUAUMOCTN).
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ctid KoY

I
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g
8 R
100 |t
xmin Xmax AaHHble
0,1) 100 7 0 % 42,FOO

npu nNepeom
06paLLeHnm K CTPoke
[pyroii TpaH3akuuei
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Korga TpaH3akuus cdomkcupyetcs, B CLOG a/1s aToi TpaH3akumm
BbICTaB/IAETCA NpuU3HaK committed. 310, N0 CyTH, eA4MHCTBEHHAsA onepauns
(He cuuTas XypHana npeasanunciu), Kotopas Heobxoauma.

Korpa kakasi-nnmbo apyras TpaH3akums ob6paTuTcs K BepCUM CTPOKK, el
NpUAEeTCa OTBETUTbL HA BOMNPOCHI:

1) 3aBeplunnach v TpaHsakuma 100 (Ha4o NPOBEPUTL CMMCOK aKTUBHbIX
MPOLLECCOB 1 X TPaH3aKLWi; Takas CTPYKTypa B 06LLeil namaTn nmeet
Ha3BaHue ProcArray),

2) a ecnu 3aBepluimnach, To gomkcaumen nnn otMmeHom (ceeputbest ¢ CLOG).

MoCcKoNbKy BbINONHATL NpoBepky No CLOG Kaxabli pas HaknagHo,
BbISICHEHHbIN OfHaXAbl CTATyC TpaH3akuumn 3anmcbiBaeTcs B MHhopmaum-
OHHble BUTbI-NOACKA3KN 3arofioBKa CTPOKN. Ecnu ognH 13 atux 6UToB
yCTaHOB/IEH, TO COCTOSAHME TPaH3aKLMN XMin CYNTAETCHA U3BECTHbLIM

N cnegyroLllen TpaHsakumm yxe He npuaetca obpawarbcsa K CLOG.

[MoyemMy 3T GUTLI HE YCTaHaB/MMBAKTCA TOM TpaH3akuuen, kotopas
BbINOJIHANA BCTaBKy? B MOMEHT, Korga TpaH3akumsa qukcupyeTcsa uim
OTMEHSIETCH, Y)XXe HEMNOHATHO, KakMe MMEHHO CTPOKM B KaKUX UMEHHO
CTpaHuuax TpaH3akuna ycrnena noMmeHsTb. Kpome Toro, 4acTb 3TUX CTPaHuy,
MOXET ObITb BbITECHEHA U3 Oy(hepHOro Kella Ha AUCK; unTaTb UX 3aHOBO,
4yTOOblI N3MEHUTb BUTbLI, 03HAYaU10 Obl CYLLLECTBEHHO 3amMen/NTb (hrKcaLmio.

O6paTtHasa CTopoHa COCTOUT B TOM, YTO Nt06as TpaH3akumsa (gaxe
BbINoNHAKOLWAA npocToe YteHne — SELECT) MOXET 3arpA3HuTb JaHHble
B OydoepHOM Kelle 1 NopoaMTb HOBbIE XXYPHasIbHbIE 3aruncu.



Ypanexune Pos{gres

ctid K/TH0M 32
©0,1) | FOO £%
g
S8R
100 |t
101
Xmin Xmax AaHHble
0,1) 100 | 101 42,FO0

BbICTynaet
Kak 6/10kMpoBKa
CTPOKM

11

Mpwn yaaneHun cTpokn B No/1e xmax TekyLleli Bepcum 3anncbiBaeTcs HoMep
TekyLlen yaansawLlen TpaH3akumm, a npuHak 060pBaHHON TpaH3aKuum
cbpacbiBaeTcs. bonblle HNYEro He NPONCXOANT.

3aMeTuM, YTO yCTaHOB/IEHHOE 3HaYeHne Xxmax, COOTBETCTBYOLLee
aKTUBHOW TpaH3akuun (YTo onpeaenseTca gpyrumMm TpaH3akuusamMm no
ProcArray), BbICTynaeT B kadyecTse 6/10KMpOBKU. Ecniv gpyraa TpaH3akums
HamepeHa 06HOBUTb WK yAaNIUTb 3TY CTPOKY, OHa ByAeT BbIHYXXAeHa
[0XOATbCA 3aBepLUEeHMsA TpaH3aKLnMn xmax.

MoapobHee 6/10KMPOBKM paccMaTpuBaroTca B TeMe «Bb/1oKMPOBKM» 3TOro
mMoayns. Noka 0OTMETUM TOMbKO, YTO YMNC/I0 B/TIOKMPOBOK CTPOK HUYEM He
orpaHunyeHo. OHM He 3aHMMaloT MecTo B OnepaTnuBHON NamMsTH,
NPOV3BOAUTENIBHOCTL CUCTEMbI HE CTPadaeT OT MUX Ko/inyecTBa
(pasymeeTcs, 3a UCK/IHYEHMEM TOr0, YTO NepBbIn Npouecc, obpaTtnBLLMiAcA
K BEPCUN CTPOKKU, AO/MKEH ByAeT NpoCcTaBUTb GUTLI-NOACKA3KN).



OTmMeHa U3MeHeHun Pos{gres

ctid K/TH0M 32
©01) | FOO £%
£3
S8R
100 |t
101 | |t
Xmin Xmax AaHHble
©0,1) 100 | 101 |  42,FO0

npu Nepeom
06paLLeHnm K CTpoke
APYroii TpaHsakumein

12

OTmMeHa U3MeHeHuin pabotaeT aHanorM4yHo dpukcaumm, Tonbko B CLOG
AN TpaH3akumMn BbICTaBNAeTCA 6UT 060pBaHHON TpaH3akumn. OTmeHa

BbIMOJTHAETCH TakK Xe ObICTPO, Kak 1 doukcaunsa — He TpebyeTca BbINO/HATb
OTKaT BbIMO/IHEHHbIX AENCTBUIA.

Homep npepBaHHOIi TpaH3akUMu ocTaeTcsl B nose xmax. Korga apyras
TpaH3aKUusi 06paTUTCA K BEPCUMU CTPOKM, OHa NPOBEPUT CTaTyC TpaH3aKLmMm
101 » yCTAHOBUT B BEPCUIO CTPOKN NPU3HAK-MOACKA3KY, UTO TPaH3aKLSs

ob6opBaHa. IT0 GyAeT 03Ha4YaTb, YTO Ha 3HAYEHKEe B NoJsie Xmax CMOTPETb
HE HYXHO.
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ctid KoY

8
(0,2) | BAR =
3
(0,1) | FOO S8
100 |t
AT 101 t
CTpOK®
102
nepesanucaH .
HOMep OTMeHEeHHOU
TpaH3akuun
Xmin Xmax AaHHble
(0,1) 100 | 102 42,FOO
(0,2) 102 0 & 42 BAR

pr J11060M 0OHOB/IEHUU CTPOKHU HAZl0 U3MEHATH BCE MHAEKCHI Hd Ta6]'II/II_[E
B MHEKCE HaKAIlVIMBAKOTCA CCbIVIKM Hd HEAKTYyaJ/IbHbIE BEDCUN
13

O6HoBNeHNe paboTaeT Tak, Kak 6yATO CHavasia BbINO/IHAETCA yaasieHme
CTapon Bepcum CTPOKKU, a 3aTeM — BCTaBKa HOBOIA.

Crtapas Bepcus nomevyaeTcsi HOMEPOM TeKyLein TpaH3akLun B rnosie xmax.
O6paTuTe BHUMaHne, 4To HOBOe 3HayeHne 102 3anucasiocb NOBEpPX CTaporo
101, Tak Kkak TpaH3akums 101 6bi1a oTMeHeHa. Kpome Toro, 6uTbl-noackasku
CcOpOLLEHbI, Tak Kak cTaTyc TeKyLlein TpaH3akuun eLle He N3BECTEH.

B MHAEKCHOW CTpaHuLe NOSIB/SIETCA BTOPO yKka3aTesb 1 BTopas 3anichb,
CCblnaloLLascsa Ha BTOPYH BEPCUI0 B TaGNMYHO CTpaHULIEe.

Tak e, Kak 1 Npu yaaneHnuy, 3HaueHne xmax B NepBoli BEPCUN CTPOKM
CNYXXWUT NPU3HAKOM TOT0, YTO CTPOKa 3ab10KMpoBaHa.

UeMm nsioxo Takoe 06HOBMEHNE?

Bo-nepBbIX, Npy 1l060M U3MEHEHMN CTPOKN NPUXOANTCS OGHOBMATL BCE
NHAEKCbI, CO3[aHHble ANs Tabnuupbl (Aaxe ecnv N3MeHeHHbIe Noss He
BXOAAT B MHAEKC). OUeBUHO, 3TO CHMKAET NMPON3BOANTENBHOCT.

Bo-BTOpLIX, B MHAEKCAX HaKanmBalTCA CCbIJIKN HA NCTOPUYECKME BEpPCUN
CTPOKKM, KOTOpPbIE MOTOM NPUXOoANTCA OHNLLIATDb.

Bonee ToOro, ectb 0C06EHHOCTL peannsaunn B-gepesa B PostgreSQL. Ecnn
Ha WHAEKCHOI CTpaHuLe HegoCcTaToOuYHO MecTa A1 BCTaBKM HOBOW 3anuncu,
CTpaHuua AenuTcsa Ha [Be M BCe faHHble nepepacnpeaenstorca Mexay
HuMK. OgHaKo Npu yaaneHun (UM oYNCTKE) 3annucein ABe NHAEKCHbIE
CTpaHuLbl He «CKlenBaroTcA» B 04HY. [13-3a 3TOro pasmep MHAEKCa MOXET
He YMEHbLUMUTLCA AaXe Npu yaasieHUN CyLeCTBEHHON YaCcTu AaHHbIX.



Bepcuu cTpok

HauneM ¢ 4uCTOrO IHCTA.

=> TRUNCATE TABLE t;

TRUNCATE TABLE

BcraBuM OOHY CTPOKY, IPEBAapPUTENIbHO HauyaB TPAH3aKIIHUIO.
=> BEGIN;

BEGIN

=> INSERT INTO t(id, s) VALUES (42, 'F00');

INSERT 0 1

Howmep Halllel Tekylllel TpaH3aKIuU:

=> SELECT pg_current_xact_id();

pg _current xact id

ITocmoTpuM Ha Tabnuny, fo6aBUB CHCTEMHEBIE CTOJIOLB:

=> SELECT ctid, xmin, xmax, * FROM t;

ctid | xmin | xmax | id | s

------- R s EEEEE R
(0,1) | 821 | 0 | 42 | FOO
(1 row)

Xmin COBIIajaeT C HOMepoOM Hamen TPAH3aKIUH1, a XmMaX paBeH q)HKTHBHOMy 3HaueHuio 0.

YTOOH 3arJISTHYyTh B UHAEKC, BOCIIOIB3YEMCs paciiupenreM pageinspect. HynmeBast cTpaHHIIa MHOEKCA COOEPKUT
MeTanH(GOpManuio, T03TOMYy CMOTPUM B IIEPBYIO.

=> SELECT itemoffset, ctid, data FROM bt_page_ items('t_s',1);

itemoffset | ctid | data

1] (6,1) | 09 46 4f 4f 00 00 00 00

BupguM oguH yKasaTellb Ha eQUHCTBEHHYIO CTPOKy Tabnunsl. (B mone data moxHo yragats ASCII-kopmsr 6ykB FOO.)

Pageinspect o3BoJisieT yBUAETH U IOJIHYIO UHGOPMAIIMIO O TOM, YTO HAaXOOAUTCS B TaOIMYHON CTPAHHUIIE, HO B 3TOM TEMEe MHI
He OyaeM yriyOnsThCsl B 3TH AeTalld.

3adukcupyeM u3MeHEHUe.

=> COMMIT;

COMMIT

Temneps npoBepuM, Kak paboTtaeTr 0OHOBIEHHE.

HauHeM BTOPO¥ ceaHC.

student$ psql arch_mvcc

B HeM mpouuTaem Tabnuny Ha ypoBHe Repeatable Read:
| => BEGIN ISOLATION LEVEL REPEATABLE READ;

| BEGIN

| => SELECT ctid, xmin, xmax, * FROM t;

ctid | xmin | xmax | id | s

------- el DR
(0,1) | 821 | 0 | 42 | FOO
(1 row)

Teneps 06HOBIISIEM CTPOKY.



=> BEGIN;
BEGIN
=> SELECT pg_current_xact_id();

pg _current xact id

=> UPDATE t SET s = 'BAR';
UPDATE 1
3amnpoc B IepBOM CeaHCe BhIAAeT OOHY CTPOKY (HOBYIO BEPCHIO):

=> SELECT ctid, xmin, xmax, * FROM t;

ctid | xmin | xmax | id | s

------- R s EEEEE R
(0,2) | 822 | 0 | 42 | BAR
(1 row)

Ho B cTpaHulle npucyTCTBYIOT 00e Bepcuu. [IpegriayInyo IpogosiKaeT BULETh BTOPOH CeaHc:

| => SELECT ctid, xmin, xmax, * FROM t;

ctid | xmin | xmax | id | s

------- s TR R R
(6,1) | 821 | 822 | 42 | FOO
(1 row)

Howmep TpaH3aKLuH, yoaluBIIeH IepPBYI0 BEPCUIO0 CTPOKH, 3aMKCaJICS B Xmax.
TIpu aTOM B MHOEKCHOM CTpaHulle 00HApPyKUBaeM yKa3aTesin Ha 06e BepCuu:

=> SELECT itemoffset, ctid, data FROM bt_page_ items('t_s',1);

itemoffset | ctid | data

____________ o e e e e e e e e e e oo
1| (6,2) | 09 42 41 52 00 00 00 00
2| (6,1) | 09 46 4f 4f 00 00 00 00

(2 rows)

VHeKCHbIE 3alIMCH BHYTPY CTPAHUIEI YIIOPSIAOYEeHH. [109TOMyY epBoi uaeT 3anuch ¢ Kimo4oM BAR (cchinaeTcss Ha Bepcuio
(0,2)), a BTOpO# — 3anuck c kimouyoM FOO (ccrimaercsa Ha Bepcuto (0,1)).

3aBepuIM TpaH3aKIWHU.

=> COMMIT;

COMMIT

| => coMMIT;

| commIT
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HOT-o6HOBNEHne Posigres

ctid KoY

01)

42

committed
aborted

100
101 t
102

—

CCbl/IKa
TO/bKO Ha ronosy
ueno4kun

Bepcun
CTPOK 06BbEVHEHbI
B CMIUCOK

xmin Xmax OaHHble
0,1) 100 ;| 102 42,FOO
0,2) 102 0 y  42BAR 4

00HOB/IIEMEIE CTOJ'[6LU:I He OO/IKHBI BXOAWTh HHU B OJWH MHIEKC

L[eTI0uKa 0OHOB/IEHUH — TOJIBKO B TIpeZiesiaX OJHOM CTPaHHIbI
15

OfHako ecninm MHAEKC co3AaH Mo nosto, 3HayeHne KOToporo He N3MeHUI0Chb
B pe3ynbrare 06HOBMEHUA CTPOKN, TO HET CMbIC/1a CO34aBarb
AONOSTHNTENLHYIO 3anUchb B B-AepeBe, coaepXalllyto To Xe caMmoe 3HayeHue
Kntoya. imeHHO Tak pabotaet onTuMmmusauns, HasbiBaemasd HOT-
obHoBneHnem — Heap-Only Tuple Update.

Mpy TakoM 06HOBNEHUN B MHAEKCHON CTpaHWLIE HAXOAUTCA NULLIL OfHa
3anuncb, CCbiNaloWasncsa Ha NepByl0 BEPCU0 CTPOKU TabNIMYHOW CTPaHULbI.
A BHYTPU Tab/IMYHOI CTpaHWLbl OPraHn3yeTcs Liernoyka u3 Bepcuii, Ha
KOTOpble rapaHTMPOBaHHO HET BHeLWHMX ccbinok (heap-only tuples).

Ecnn npu ckaHnposaHun nHaekca PostgreSQL nonagaet B TabnnyHyro
CTpaHuLy 1 o6HapyXXMBaeT BEPCUI0, HAUMHAIOLLYIO LIEeMOYKY, OH MPOXOAMT Mo
BCEW Lenoyke o6HOB/IEHUIA (O/151 BCEX NOTyYEHHbIX TaknM 06pa3om BepCcuia
CTPOK NMpOBepPSETCHA BUANMOCTb, Npexae 4em oHu 6yayT BO3BpalleHbl).

MoauepkHeM, uTo HOT-06HOB/EHUS paboTaloT B C/lyyae, ecnu
06HOBNSAEMblE NOJISA HE BXOAAT HU B OOUH UHOEKC — MHa4ye B KaKoM-1nbo
NHAEKCe oKa3asacbh Obl CCbl/IKa HEMocCpeaCcTBEHHO Ha HOBYHO BEPCUIO
CTPOKM, YTO NPOTMBOPEUNT naee atoi ontummnsaumm. B yactHoctu, HOT-
06HOBNEHME UCMNONb3YeTCH, ecnu y Tabnuubl BOObLWE HET NHAEKCOB.

OnTumMu3saums AencTByeT TOIbKO B Npeaesniax 04HOW CTpaHuLbl, NO3TOMY
[OMNOTHUTENbHBIN 06X0A LIENOYKM He TpebyeT obpalleHns K apyrum
CTpaHuuam 1 He yxyawaeTt npon3BoanTenbHOCTb. OgHAaKo ecnm Ha
CTpaHuLe He XBaTUT CBOOOAHOro MecTa, YToObl pa3MeCcTUTb HOBYHO BEPCUIO
CTPOKMU, Lenoyka npepseTcs. Ha Bepcuio CTPOKN, pasMeLLLEHHYHO Ha ApYyrom
cTpaHuue, byaeTt caenaHa HoBas CCblika U3 NHAEKca.



HOT-o0HOB/ICHHE

CHoOBa omycTomuM Tabmuiy.

=> TRUNCATE TABLE t;

TRUNCATE TABLE

Ho nycTh Teneps uHOeKC 6yoeT MOCTpoeH 110 cTonobiy id:
=> DROP INDEX t_s;

DROP INDEX

=> CREATE INDEX t_id on t(id);

CREATE INDEX

=> INSERT INTO t(id, s) VALUES (42, 'F00');
INSERT 0 1

HaunemM TpaH3akIuio ¢ ypoBHeM usonsuuu Repeatable Read.
| => BEGIN ISOLATION LEVEL REPEATABLE READ;

| BEGIN

| => SELECT ctid, xmin, xmax, * FROM t;

ctid | xmin | xmax | id | s

------- R i LR
(0,1) | 826 | 0 | 42 | FOO
(1 row)

ITo 3TOro MBI OOHOBJISIIIM MIPOUHAEKCUPOBAHHEIN CTOI0EL, a Teeph CTOJIO 1] S He BXOOUT HU B OOUH WHIEKC.
=> BEGIN;

BEGIN

=> UPDATE t SET s = 'BAR';

UPDATE 1

ITosBiseTCsA BTOPasi BEPCUSI CTPOKH.

=> SELECT ctid, xmin, xmax, * FROM t;

ctid | xmin | xmax | id | s

------- R s EEEEE R
(0,2) | 827 | 0 | 42 | BAR
(1 row)

Ho ,upyrofl CeaHC IIpPoaoJIZKaeT BUOETh CaMyIO IIePBYIO BE€PCHUIO:

| => SELECT ctid, xmin, xmax, * FROM t;

ctid | xmin | xmax | id | s

------- s TR R R
(6,1) | 826 | 827 | 42 | FOO
(1 row)

YTo Ke 0OHAPYKUTCS B HHAEKCE?
=> SELECT itemoffset, ctid, data FROM bt_page_items('t_id',1);

itemoffset | ctid

MBI BUAMM, YTO B MHAEKCe He fobaBuiIach HOBas 3anuch. MHAEKC IPOMOIKaeT CCHIIAThCS Ha IIEPBYIO BePCHIO, a yKe
BHYTPH TaGJIWYHOM CTPAHUIIL IEPBAsi BEPCHUS CBsI3aHa CO BTOPOM B IIEMOYKY.

Emre omuH criocob y6eguThCss B TOM, UTO BHITOIHUIOCh HOT-00HOBIEHNE — 3aTJITHYTh B CTaTUCTUKY TEKYIeH TpaH3aKIUHu:



=> SELECT n_tup_upd, n_tup_hot_upd
FROM pg_stat_xact_all_tables
WHERE relid = 't'::regclass;

n_tup upd | n_tup hot upd

3mechk MBI BUAUM, YTO BCET0 TPaH3aKIMs 00HOBUJIA OFHY CTPOKY (n_tup upd), mpuuem c nomoursio HOT (n tup hot upd).
=> ROLLBACK;

ROLLBACK

| => ROLLBACK;

| ROLLBACK



CHUMKN AaHHbIX

CHHMOK JJaHHBIX
BuanmocTs Bepculi CTPOK
['opu30HT CHUMKa
['OpU30HT TpaH3aKLuu

T'opu30HT 6a3bl AAHHBIX

17
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CHMUMOK AaHHbIX Pos{gres

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

18

Mbl BUAENWN, YTO B CTPaHMLAX AaHHbLIX (PU3NYECKM MOTYT HAXOANUTbLCS
HECKO/IbKO BEPCUIA OQHOM U TOW XKe CTPOKN.

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
3aOUKCUPYHOT U3MEHEHNS, 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.

CHUMOK AaHHbIX He SBMsieTCsl (hU3NYECKON Konueil BEPCUn CTPOK,
MPUHAA/IEXHOCTb BEPCUM CTPOKUN K CHUMKY ONpeaensieTcsi C MOMOLbIO
npasu/ suouMmocmu.
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BnanmocTb BepCcuit 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

V3MeHeHUs1 TpaH3aKLUU BUHbI, KOT/ia

b0 3TO Ta >Ke caMasi TpaH3aKLus, UTO Co3/iana CHUMOK,
6o oHa 3aBepllniach puKkcaryelt 0 MOMeHTa CO3/laHuUsT CHUMKA

OTaenbHBIE TTpaBU/Ia /1J1sk BUUMOCTH COOCTBEHHBIX M3MeHeHHUH

YUWTBIBAeTCS MOPSIKOBBINA HOMEp Olepaliy B TpaH3akKLyKY (cmin/cmax)

19

Bynet nnu HeT AaHHasa Bepcusi CTPOKU BUAHA B CHUMKe, onpeaensieTcs
ABYMS NOMISIMU ee 3arofioBka — Xmin 1 xmax, — TO eCTb HoMepamu
co3faslueil N yaanveLlein TpaH3akunii. Takne NHTepsasibl He
nepecekarTcs, N03TOMYy OfiHa CTPOKa npeactas/fieHa B NH0O60M CHUMKE
MakCHUMyM OfIHOW CBOEI BEpPCUEN.

TouyHble npaBuna BUANMOCTW JOBOJIBHO CNIOXHbI U YYUTBIBAKOT pas/inyHble
«KpanHue» cniydan. YyTb ynpouiasi, MOXHO CKasaTb, YTO BEPCUSA CTPOKU
BUAHA, KOrga B CHAMKE BUOHbLI UBMEHEHWS, CAeNaHHble TpaH3akumen xmin,
N He BUOHbI U3MEHEHUS, caenaHHble TpaH3akuueir xmax. VIHbimu cnosamu,
co3faHvie Bepcun CTPOKM AO0/MKHO ObiTb BUAHO, @ yaasieHue (ec/m OHO
Obl/10) — HET.

B cBot ouepefb, U3MEHEHUA TpaH3akKunn BUAHbI B CHUMKE, ec/iv IGO0 3TO
Ta )Xe camas TpaH3akLuus, YTo co3fasia CHUMOK (TpaH3akuus BUAUT CBOU Xe
N3MeHeHUs1), NMMBO0 TpaH3akuusa 6blna 3aukcnpoBaHa 40 CO34aHUsA CHUMKA.

HecKo/bKO YCNOXHSIET KApTUHY C/ly4yaii onpeaeneHns BUANMoCTHy
COGCTBEHHbIX U3MEHEHUIA TpaH3aKLUUN. 30eCb MOXET NOTPe6oBaThC
BUAETb TO/IbKO YaCTb TaKUX U3MeHeHWd. Hanpumep, Kypcop, OTKPbITbIi
B OnpefeneHHblli MOMEHT, HU NPY KAKOM YPOBHE M30M5LUMN He JO/KEH
YBUAETb N3MEHEHWIA, CAeMaHHbIX NOC/ie 3TOro MOMeHTa. 18 3T0oro

B 3ar0/1I0BKE€ BEPCMU CTPOKM eCTb crneuunasnibHoe none (NceBaocTonoLbl
cmin n cmax), NokasblBatoLLee NopsAKOBbIi HOMEP onepaLun BHYTpPU
TpaH3aKUun, 1 3TOT HOMEepP TOXe NPUHUMAETCS! BO BHUMaHWe.
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CHUMOK AaHHbIX Pos{gres

Xmin — HOMep CaMOM paHHeu aKTMBHOW TPaH3aKLuU
Xmax — HOMep, CeyIOLIUM 3a moc/iefHel 3adMKCHMPOBAaHHOM TpaH3aKLen
xip_list — cruCcoK aKTUBHBIX TPaH3aKLIMH

B
:

» xid

J U AN

Y Y Y
U3MEHEHNSI BUAMMOCTb M3MEHEHUI U3MEHeHNs
6€3yC/I0BHO BUAHbI NPOBEpPSIETCS N0 CNUCKY 6€3yC/I0BHO He BUAHbI

20

B MOMEHT co3gaHua CHUMKa AaHHbIX 3anoMyUHalTCA HECKO/TIbKO 3Ha4YeHun,
KOTOpblEe 1 onpegendaroT CHNMOK:

XMin — HWXHSASA rpaHmua CHAMKa, B Ka4ecTBe KOTOPOW BbICTyNaeT HOMep
camoil paHHe akTUBHOW TpaH3aKLUnn.

Bce TpaH3akuun ¢ MeHbLUMMK HOMepamn b0 3adnKCMpoBaHbl, 1 Toraa
NX N3MEeHeHNsi 6e3yCNI0OBHO BUAHbI B CHUMKE, NMM60 OTMEHEHbI, 1 Toraa
N3MEHEHUSI UTHOPUPYHOTCS.

Xmax — BEepXHSs rpaHmLa CHUMKa, B KayecTBe KOTOpon 6epeTtcs Homep,
cnenyoLnin 3a HOMepoMm nocnegHen 3atKCMPoOBaHHOM TpaH3aKLUUK.
BepxHAS rpaHvua onpeaensieT MOMEHT, B KOTOPbIV 6bl/1 caenaH CHUMOK.
O6paTuTe BHUMaHMe, YTO MOMEHT 3a4aeTcA He BpemMeHeM (Kak 6b1s10
YC/IOBHO NOKa3aHo Ha npeablayLux cnaigax), a yBenmumsatoLmMmMmncs
HOMepamun TpaH3aKLNiA.

Bce TpaH3akuuy ¢ Homepamu, 60/1bLINMY UNN PaBHLIMK Xmax, He
CYLLECTBOBA/I B MOMEHT CO3jaHNsi CHUMKA, NMO3TOMY M3MEHEHMUS Takunx
TpaH3akuuii TOYHO He BUHbI.

xip_list (xid-in-progress list) — cnmMcok akTUBHbIX TPaH3aKLUWiA.

STOT CNMCOK UCMNOMb3YeTCs A71st TOro, YTOObl HE NMOKa3bIBaTb B CHUMKE
M3MEHEHUSI TPAH3aKLUUIA, KOTOPbIE YXXe 3aBepLUNINCE, HO B MOMEHT
C03/aH1s1 CHUMKA ObINN eLle aKTUBHbI.

NHdhopmaLmio 0 CHAMKE MOXHO MOYyUNTb C MOMOLLBI0 OYHKLMN
pg_current_snapshot() n HECKONbKUX APYrnxX:
https://postgrespro.ru/docs/postgresqgl/16/functions-info
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[ OPU30OHT CHMUMKa Posigres

HeakTyaslbHble
BEPCUM CTPOK
HE HYXHbI CHAMKY

-9
)

DT, T ELL T ET
[ ]

» xid
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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.

[ecTBnTeNbHO, BUAETH HEeakTyaslbHYl0 BEPCUIO TPpebyeTCs TObKO B TOM
CNnyyae, Korga akTtyasibHasi co3faHa elle He 3aBepLUMBLLENCA TpaH3aKUMEN,
M MO3TOMY MOKa He BuAHa. Ho 3a ropu3oHTOM BCe TpaH3akuun yxe
rapaHTMpPOBaHHO 3aBEPLUU/INCD.
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[[OPN30HT TpaH3aKunmn Posggres

HeakTyaslbHble
BEpPCHM CTPOK
HEe HY)XXHbl TPaH3aKLMK

° Q— =9 » Xid
BEGIN UPDATE

22

Ecnun TpaH3akuusa MeHSET AaHHble, OHA AEPXMUT rOPU3OHT Ha YPOBHE CBOErO
HOMepa Ha c/lyyai oTkaTta.

Ecnun TpaH3akuusa 6yaet foNro HaxoguTbCA B TaKOM COCTOSHUM OXUOAaHUSA
(oHO HasbIBaeTcs idle in transaction), He BbINOMHAA HUKaKNX KOMaHA,
FOPU30HT ByAeT ocTaBaTbCH Ha MecCTe.
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[OpU30HT 6a3bl AaHHbIX Posggres

HeakTyaslbHble HeakTyaslbHble
BEPCUN MOXHO Bepcun CTPOK
BblUMLLATL €eLLe HYXHbl CHUMKaMm
== —e T3
—e T2
—o T1
i UPDATE
; » Xxid
Homep
TpaH3akuum T1 23

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
yaepXxuBaTb ropn3oHT. OgHako TpaH3akums T1 no-npexHemy akTuBHa,

N MO3TOMY FOPU30HTbI CHUMKOB TpaH3akuuin T2 n T3 He cABUHYTCS npasee
HoMepa TpaH3akuum T1. Tem cambiM aKkTUBHAA TpaH3akumsa yaepxmsaeTt
FOPU30OHT caMnM DakTOM CBOEr0 CyLLLeCTBOBaHMS.

A 3TO 03HayaeT, YTO HeaKTyaslbHble BEPCUN CTPOK B 3TON B/l HE MOryT ObITb
ounLleHsbl. [Mpn aTom «gonrovrparoLas» TpaH3akumsa MOXET HUKakK He
nepecekarbcd no gaHHbIM C APYrMMU TPpaH3akUNAMMU — 3TO COBEPLUEHHO
He BaXXHO, TOPMU30HT 6a3bl AaHHbIX OANH Ha BCEX.

DTO ofHa M3 MPUYNH, NO KOTOPbIM TpaH3akuumn He cnegyert genatb A/IMHHee,
4yemM abCcoNTHO He0bxoaMMO.



CHHMKH JaHHBIX

U emie pa3 HayHEM TpaH3aKILMIO B OTAEJIBHOM CeaHCe.
| => BEGIN ISOLATION LEVEL REPEATABLE READ;
| BEGIN

| => SELECT ctid, xmin, xmax, * FROM t;

ctid | xmin | xmax | id | s
------- R i LR
(0,1) | 826 | 827 | 42 | FOO
(1 row)

OpHOBPEMEHHO C 9THM BHIIIOJIHMM HECKOJIPKO OPYTHX TPaH3aKIWH.
=> UPDATE t SET s = 'BAR';

UPDATE 1

=> INSERT INTO t(id, s) VALUES (43, 'BAZ');

INSERT 0 1

T'Opu30HT TPaH3aKUUN MOXKHO YBUAETH CIIEOYIOIUM 00pa3oMm:

=> SELECT query,backend_xmin
FROM pg_stat_activity

WHERE backend_xmin IS NOT NULL
AND datname='arch_mvcc';

query | backend_xmin
____________________________________ e e e e e e oo -
SELECT ctid, xmin, xmax, * FROM t; | 828
SELECT query,backend xmin +| 830
FROM pg stat activity +|

WHERE backend_xmin IS NOT NULL +|
AND datname='arch_mvcc';
(2 rows)

BupHOo, 4TO OTKpHITasA TpaH3aKIUs yAepKUBaeT FOPU30HT, IIOCKOJIbKY €l Hy2>KHEI CTapble BEPCUU CTPOK.
3aBepuIuM ee.

| => comMmIT;

| commIT

TTocne atoro TOPHU3O0HT 0a3kl HOaHHBIX IIPOOBUT'AETCs BIIEpEN, II03BOJIAA OYHUINATh HEeaKTyaJIbHbI€ BEPCUU:

=> SELECT query,backend_xmin
FROM pg_stat_activity

WHERE backend_xmin IS NOT NULL
AND datname='arch_mvcc';

query | backend xmin
________________________________ e e e e e e oo
SELECT query,backend xmin +| 830
FROM pg stat activity +|

WHERE backend_xmin IS NOT NULL+|
AND datname='arch_mvcc'; |
(1 row)
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Toru Posigres

PostgreSQL vcmnosb3yeT MHOTOBEPCUOHHOCTb U U30JISIL[AI0
Ha OCHOBEe CHMMKOB JIaHHBIX

WHpekchbl He cofieprkKaT MH(GOpMal[ii 0 BepCUOHHOCTHU

4yT00BI BEPHYTh [JaHHbIe, HY>KHO TIPOBEPUTH BUAUMOCTh
(1o Tabsnu1le WK KapTe BUJUMOCTH)

JIvllIHMe WHEKChI He TOJIBKO B/IeKYT HaK/laJHble pacXo/bl,
HO ¥ npensitcTByr0T HOT-00HOB/IEHMSIM

TpaH3aKLMHU JO/PKHBI ObITH HACTO/IBLKO JI/TAHHBIMH,
HACKOJILKO HeoOXoaumo, HO He bosee
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[1pakTnKa POQSF?;%

1. ®yHKIMOHA/ TOUEK COXpaHEHUs ZI0/DKEH MO3BOJISITh OTKATLIBATh
uacmb TpaH3akiuu. YTobbl pa3obpaThcs, Kak 3To paboTaerT,
BBITIO/THUTE OTepal[ii BHYTPH OFHOM TPaH3aKI[HH:

— BCTaBbTe CTPOKY B Tabmuily;

— yCTaHOBUTEe TOUKY coxpaHeHus (SAVEPOINT);
— BCTaBbTe B TaOMILY ellje OfHY CTPOKY;

— OTKaTuTe U3MeHeHHs 10 TOUKW COXpaHeHus;

— BCTaBbTe ellle O/IHy CTPOKY;

— 3apuKCUpyliTe U3MeHeHUs.

[1pu 5TOM MOC/Ie KaXK[0M Orepaliy BEIBOAWUTE HOMED TeKylern
TPaH3aKI[M1 U MPOBepsIATe 3HaUeHHsI CTOIOII0B Xmin ¥ Xmax.
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1. ToukHu coXpaHEeHHUs

=> CREATE DATABASE arch_mvcc;

CREATE DATABASE

=> \c arch_mvcc

You are now connected to database "arch mvcc" as user "student".
Co3pgapuM TabnuILy:

=> CREATE TABLE t(s text);

CREATE TABLE

HauynzaeM TpaH3aKLIUIO.

=> BEGIN;

BEGIN

BcraBnsieM IepBYIO CTPOKY:

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

INSERT 0 1

Bot HOMED Hamen TPAH3aKIUU U COCTOAHUE TaﬁJ'II/ILII:I:
=> SELECT pg_current_xact_id();

pg_current_xact_id

=> SELECT *, xmin, xmax FROM t;

S | xmin | xmax
_______ e
first | 817 | 0
(1 row)

Tloka Bce KakK OGEIYHO.

YcTaHaBIHBaeM TOYKY COXPAHEHUS U BCTABJIIEM BTOPYIO CTPOKY:
=> SAVEPOINT sp;

SAVEPOINT

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

INSERT 0 1

=> SELECT pg_current_xact_id();

pg_current_xact_id

HomMmep TpaH3aKIUM IPEKHUH.

=> SELECT *, xmin, xmax FROM t;

S | xmin | xmax
________ o m e e e e oo - oo
first | 817 | 0
second | 818 | 0
(2 rows)

A BOT B Xmin BTOPOM CTPOKHU yKa3aH OPYTrod HOMep. ITO BIOXKEeHHAs TPaH3aKIKsa, OHA HaYWHAETCs CPa3y MOoC/ie YCTaHOBKHA
TOYKHM COXPaHEHUS.

OTKaTUM U3MEHEHU S A0 TOYKHU COXpPaHEHHUsA U BCTaBUM TPETBIO CTPOKY:

=> ROLLBACK TO sp;



ROLLBACK

=> INSERT INTO t VALUES ('third');
INSERT 0 1

=> SELECT pg_current_xact_id();

pg _current xact id

=> SELECT *, xmin, xmax FROM t;

s | xmin | xmax
....... B T
first | 817 | 0
third | 819 | 0
(2 rows)

Y TpeTwel CTPOKU OISATH OPYTOH HOMep. OTO ellle OgHa BIOXKEHHAas TpaH3aKIIKsA, KOTopasi Hadajachk Cpa3y IociIe oTKaTa K
TOYKEe COXPaHEHUd.

3adukcupyeM U3MEeHEHUS:
=> COMMIT;
COMMIT

Kaxxpnas BoxKeHHasi TpPaH3aKIUsI UMeeT COOCTBEHHEIN CTaTyC U MOXKeT OBITh 000pBaHa HE3aBUCUMO OT CTaTyca OCHOBHOU
TpaH3akiuu. OTKaAT YaCTHU TPaH3aKLUU — 3TO HaKTUYECKHU OTKAT OOHOM MU HECKOJIbKUX BIIOKEHHBIX TPaH3aKIUH.

Ho npu 3aBepIlleHNH OCHOBHOM TpaH3aKIHWM 3aBepIIaloTCs U BCe ellle aKTUBHLIE BIIOKEHHBIe TPAH3aKIIUN: IPpU GUKCalluu
— QUKCHUPYIOTCS, IPU OTKaTe — OTKATHIBAIOTCS.



