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No6ble NoBpexaeHnsa 1 yobITKKX, BK/loYas NoTeplo Aoxona, HaHeCeHHbIe
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06HOBNEHUSA, pacCLUMPEHNA N N3MEHEHUS,


mailto:edu@postgrespro.ru

Tembl POQSF?SN&

CTpaHuLibl
Bepcuu cTpok

CHHMKU JTaHHbBIX



CTpaHunubl

CTpyKTypa CTpaHuL]
dopMar JaHHbIX



of] PROFESSIONAL

CTpaHuybl Pos{ares

3aro/10BoK s
CTpaHnLbl T Tl

",‘;/;:5;’/’/ TabnmMyHas cTpaHmua T CTpaHuLa UHaeKca

N
\ ykasaTenu Ha
BEpCUM CTPOK

Bepcust
3aro10BoK CTpoKN
BEpPCUM CTPOKK
X !

[ - 4 6aiita

\
i i
|
) |
|
I I
cneuyanbHas
obnactb

Pa3smep cTpaHuubl cocTaBnsieT 8 K6ainT. 3To 3Ha4eHNEe MOXHO YBETUUYUTb
(BnnoTb Ao 32 K6aliT), HO ToNbKO npu c6opke.  Tabnnupl, 1 MHAEKCHI,

N 60NbLLIMHCTBO APYrnx 06bLEKTOB, KOTOpPble B PostgreSQL o603HavatoTcs
TEPMWHOM relation, NCNob3yT OANHAKOBYH CTPYKTYPY CTPaHUL, YTOObI
Nnonb3oBaTbCa 06LWKMM BydhepHbIM KelleM. B Havyane ctpaHuybl naet
3arosioBOK (24 6aiiTa), cogepalinin obline ceegeHnsa o cTpaHuue

N pasMep ee obnacrtein: ykasaresien, CBo604HOro NPoCcTpaHCTBa, BEPCUi
CTPOK 1 cneumasibHOn 0bn1acTwu.

Bepcuu CTPOK cofepXar Te caMble AaHHble, KOTOPbIE Mbl XpaHUM

B Tabnuuax n apyrmx oobektax B/, nntoc 3aronoBok. «Bepcus CTPoKm»
No-aHINNInCKM HasblBaeTcs tuple; nHoraa Mbl 6yieM rOBOPUTL NMPOCTO
«CTpOKa».

YkasaTtenu umeroT IUKCMpoBaHHbI pasmep (4 6arita) u coctasnsaloT
MaccuB, NO3ULNA B KOTOPOM onpeaenset ngeHtndmkarop cTpoku (tuple id,
tid). Ykasarenu ccolnarotcsa Ha Bepcum CTpok (tuple), pacnonoxeHHble

B KOHLe 6n1oka. Takas KOCBeHHas agpecauns yaobHa Tem, UTO BO-NePBbIX,
NMO3BO/ISIET HAUTU HYXXHYIO CTPOKY, HE Nnepebupast BCe coaepXmmoe 61oka
(CTPOKM MMEIOT pasHyto AJIMHY), a BO-BTOPbIX, NO3BOJISET NepemeLlartb
CTPOKY BHYTpW 6/10Ka, HE IoMas CCbINIKN U3 MHAOEKCOB.

Mexay ykazatensiMu 1 BEpCUsiMN CTPOK HaXoaMTcsi CBOGOA4HOE MecCTO.

[Ns HEKOTOPbIX TUMNOB UHAEKCOB HYXXHO XPaHWUTb CMYXXe6HYH MHopMaLNIO;
[N151 3TOr0 MOXET UCMNO/b30BaTbCA Hy/1IeBasi CTpaHuLa, a Takke
cneuuvanbHaa 06/1acTb B KOHLE KaXA0l CTPaHULbI.

https://postgrespro.ru/docs/postgresql/16/storage-page-layout
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dopmMat gaHHbIX Pos{ares

CTpaHI/IL[bI UHUTAIOTCA B OIIEPATUBHYIO IMAMATH «KdK €CTb»

JdHHbIE€ He MepeHOCHUMbI MeXX1y Pa3HbIMH l'IJ'[aTCbOpMaMI/I
MeXAy MOJIAMH JaHHBIX BO3MOXKHBI ITPOITYCKH M3-3a BEIDABHUBAHUA

—

dopmar gaHHbIX Ha AUCKEe NOSTHOCTbIO COBMNaAaeT C NpeacTaB/IEHNEM
[laHHbIX B onepaTnuBHOM NamaTn. CTpaHuua untaetcsa B 6ydoepHbiii KeLu
«KaK ecTb», 6e3 npeobpa3oBaHuii.

MoaTomy dpainibl AaHHbIX Ha 0AHOK nnartdopme (pa3psaaHOCTb, NOPSAA0K
6anToB U T. N.) OKa3bIBAOTCA HECOBMECTUMbIMU C APYTMMW niaTgpopmamu.

Kpome Toro, MHOrMe apxuTekTypbl NpeaycmaTpuBaloT BblipaBHUBAHNE
[IaHHbIX NO rpaHMLaM MallUHHbIX C/10B. Hanpumep, Ha 32-6UTHOI cucteme
x86 uenble uncna (Tvn integer, 3aHnMaeT 4 6arita) 6yayT BbIPOBHEHbI MO
rpaHuue 4-6anTHbIX CMI0B, KakK U YMcia ¢ naasarouen TOUKON ABONHOM
TouHoCTM (TKn double precision, 8 6anT). A B 64-6UTHOI cMCTEME 3HAYEeHUSA
double precision 6yayT BbIpOBHEHbLI MO rpaHnLe 8-6alTHbIX C/0B.

N3-3a 3TOro pasmep 1ab/IMyHON CTPOKM 3aBUCUT OT NOpPSAAKa PacnooXeHUs
nonen. O6bIYHO 3TOT 3PEKT HE CU/ILHO 3aMETEH, HO B HEKOTOPbLIX Crlyvasax
OH MOXET NPUBECTM K CyLLLeCTBEHHOMY YBeNMyeHuto pasmepa. Hanpumep,
ecnv pacnonaratb nong Tmnos char(l) un integer BnepemeLlky, Mexay HAMMU,
Kak npasuno, byaet nponagarb 3 6anTa.

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

=> CREATE DATABASE arch_mvcc;
CREATE DATABASE
=> \c arch_mvcc
You are now connected to database "arch mvcc" as user "student".
CosgazauM TabJIMIy U HH/IEKC 110 OJ{HOMY U3 II0JIeH.
=> 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

YT0GbI U3YUUTD CTPYKTYPY CTPAHHUITHI ¥ BEPCHI CTPOK, BOCIIOIB3yeMCs paclIupeHHeM pageinspect.
=> CREATE EXTENSION pageinspect;

CREATE EXTENSION

IIocMOTPHM Ha II0JIs 3ar0JI0BKa CTPAHUIIBI, OIIPe/IeJISIOLre IPAHHUIILI ee 06IacTem.

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

lower | upper | special | pagesize

28 | 8160 | 8192 | 8192
(1 row)

06J1aCcTH 3aHUMAIOT ciIeayroniye quarasoHbl aipecoB:

0 — HavaJIo 3ar0JI0BKa CTPAHUITEI U YKa3aTesIH Ha BepCUU CTPOK,
lower — HavaJIo CBOGOJHOTO MeCTa,

upper — HaydaJIo JaHHBIX (BepCHI CTPOK),

special — HaudaJIo crell. JaHHBIX (TOJILKO 711 UHAEKCOB),
pagesize — KOHeIl CTPaHHITBL.



Bepcun cTpokK

CTpyKTypa BepCyi CTPOK
Kak paboraroT onepaiuu Hajj, JaHHbIMA

HOT-00HOB/IeHUS
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BcTaBka Pos}gres

committed

CLOG
aborted

100

HOMEp TpaH3aKLum,
yAanvslUeil Bepcuio

HOMEp TpaH3aKLuu,
co3/aslUeii Bepcuio

Xmin Xmax AaHHble

100 0 x| 42F00

3HaueHns noneit
TabnIM4HOI CTpoKN

BEPCUS CTPOKM
B Tabnuue

PaccmoTpuM, Kak YCTPOEHbl Bepcuu cmpok (tuples) n Kak BbINO/THAKTCA
onepauum co CTpoKaMm Ha HU3KOM YPOBHe. HauyHeM CO BCTaBKMW.

B Hawewm npumepe — Ttabnuua ¢ aByms ctonéuamm (YNCNo 1 TEKCT).

[Mpn BCTaBKe CTPOKMN B mab/suyHol cmpaHuye (heap page) nosButcs

yKasaTtesib C HOMepPOM 1, ccblnarwmincsa Ha NepByo N eGUHCTBEHHYHO
BEPCUIO CTPOKN. KaxkabIi Takoi yka3aTeslb MOMUMO CCbIIKN COAEPXUT
ANIMHY BEPCUM CTPOKN U HECKOJIbKO OUT, onpeaenstowmx ee ctaTyc.

Bepcun CTpoK KpoMe COB6CTBEHHO AaHHbIX MMEKT TakKe 3arosioBokK,
3aHMMaoLWmi MUHUMYM 23 6ainTa. NMoMUMO NPoYero OH COAEPXUT:

* Xmin 1 xmax — nons, onpeaensitouime BUAMMOCTb AaHHOWN Bepcumn
CTPOKV B TEPMUHAX HAYa/IbHOTO M KOHEYHOTO HOMEPOB TPAH3AKLWIA;

* KapTy HeonpeaeneHHbIX 3HauYeHuii (B Heli 0TMeYeHbl Mo CO 3HAYEHNEM

NULL);

* psii NPU3HAKOB, NOKa3bIBAKLLMX, HANPUMEP, CTaTyC TpaH3akuuiA xmin
N Xmax, ec/iM OH yXe U3BeCTeH (3adMKCMpPOBaHbl UM 060pPBaHbI).

B Hawlei Bepcun CTPOKKM Nosie Xxmin 3arno/IHeHO HOMEPOM TeKyLel
TpaH3akumn (100). NocKobKy N3MeHeHns ele He PUKCMpPoBasINCh
N TpaH3akuusi akTUBHA, TO B XypHasie cmamyca mpaH3akyuli (CLOG)

COOTBETCTBYyOLWaA 3anmck 3anosiHeHa HynaMmn. CLOG MOXHO npeAcTaBUTb

cebe Kak MaccuB, B KOTOPOM /151 K&XKA0W TpaH3akuum (HaymHas
C HEKOTOPOW) OTBOAMTCA POBHO ABa buTa.

[Mone xmax 3ano/IHeHO (PUKTUBHbLIM HOMepoMm 0. TpaH3akuun He ByayT
obpallartb BHUMAHNE Ha 3TOT HOMEP, MOCKO/bKY YCTAaHOB/EH MPU3HAK,
4TO 3Ta TpaH3akumsa obopsaHa.
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BcTaBka Pos}gres
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HWHAEKC HEe COAEPIXUT I/IH(bOpMaI_II/II/I 0 BEDCHOHHOCTHU

MycTb Takke nMeeTcst MHAEKC B-aepeBo, Co3/1aHHbIli N0 TEKCTOBOMY MOJIHO.

NHhbopMaLuusi B UHAEKCHOI CTpaHMLEe CUNbHO 3aBUCUT OT TUNa UHAEKCA.

N paxke y oHOro TMna nHaekca 6biBaloT pa3Hble BUbl CTpaHul,. Hanpumep,
y B-gepeBa ecTb cTpaHmua ¢ MeTafaHHbIMK, CTPaHWLbI 415 INCTOBbIX

1 NPOMEXYTOUHbIX Y3/10B.

TeM He MeHee, 00bIYHO B CTPaHULE MMEETCA MaccuB yKasaTenemn u
NHOEKCHbIE 3annucy (aHanorMyHble BEPCUSIM CTPOK B TabNMYHOM CTpaHuLe).

HOEKCHbIE 3ancKn TOXe MOryT UMETb OYEeHb PasHyt CTPYKTYPY

B 3aBMCUMOCTM OT Tuna nHgekca. Hanpumep, onsa B-gepesa 3anucu

B JIMCTOBbIX CTpaHuLax cogepxar 3Ha4YeHne K/oya MHAEKCMPOBaHMS

N ccblnky (ctid) Ha COOTBETCTBYHOLLYHO CTPOKY Tabnuubl (CTpyKTypa
B-nepeBa pa3bupaetca B TeMe «Kaccbl oneparopos» U B y4ebGHOM Kypce
QPT «Ontnmmnsayms 3anpocos»).

B o6uiem criyyae MHOEKC MOXET ObITb YCTPOEH COBCEM APYrMM 06pa3om,
HO Kak NpaBun/i0 OH BCe paBHO OyAeT cofepXaTb CCbI/IKM HA BEPCUN CTPOK.

B HallueM npuMmepe B MHAEKCHON CTpaHuLIe Takke co3AaeTcsl ykasaTeb

C HOMEpPOM 1, KOTOPbIi CCbINTAETCA HA MHAEKCHYIO 3annchb, KOTopasi, B CBOHO
ouepe/lb, CChbiNIaeTcsl Ha NepBY CTPOKY B TAGNNYHOW cTpaHuLe. YTobbl He
3arpomMoXaatb PUCYHOK, YKasaTe b U CTpoKa Tab/vLbl 06beANHEHbI.

BaXHbI/i MOMEHT COCTOUT B TOM, UTO HUKAKOWN MHAEKC HE COAEPXMNT
MHAOPMALIMIO O BEPCMOHHOCTM (HET nosei xmin 1 xmax). MNpountas
NHAEKCHYH 3anuncb, HEBO3MOXHO ONPEAeNnTb ee BUANMOCTb, He 3ar/isiHyB
B TAG/IMYHYIO CTpaHuLYy (415 ONTMMMU3ALUK CNYXUT KapTa BUANUMOCTN).
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dukcaumns N3AMeHeHUn Posigres

ctid K104

3
(0,1) | FOO =
¥
SR
100 |t
Xmin Xmax AaHHble
(0,1) 100 ,| 0 g  42F00

npuv nepsom
o6palLeHIn K CTPOKe
pyroii TpaH3akuyuei
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Korga TpaHsakuus dgoukcupyetcsi, B CLOG ansi aToil TpaH3akuum
BbICTaAB/MISIETCS NPU3HaK committed. 3T0, NO CyTH, AMHCTBEHHAS onepauus
(He cumTas XypHana npeasanucu), kotopast Heobxoauma.

Korpa kakasi-nnmbo apyras TpaH3akums obpaTtuTcs K Bepcun CTPOKWU, el
NpUAETCs OTBETUTbL HA BOMPOCHI:

1) 3aBeplumnach v TpaHsakumna 100 (Ha4o NPoOBEPUTHL CMUCOK aKTUBHbBIX

NPOLECCOB U X TPaH3aKUMiA; Takasa CTPYKTypa B 00Llel namMaT umeet
Ha3BaHune ProcArray),

2) a ecnu 3aBepwmnach, To domkcaumnein nnm otmeHomn (ceeputbes ¢ CLOG).

[MoCKoNbKY BbINONHATL NPoBepKy No CLOG kaxAablii pa3 HaknagHo,
BbISICHEHHbIN OfHaXAbl CTATYC TpaH3akuumn 3anmcbiBaeTcs B Hhopmaum-
OHHble BUTbI-NOACKA3KN 3arofloBKa CTPOKWU. Ecnn oguH N3 aTux 6UToB
YCTaHOB/1EH, TO COCTOAHME TpaH3akLUumM Xmin cYMTaeTcs U3BECTHbIM

N cneayroLllen TpaHsakuum yxe He npuaetca oopatwarbes kK CLOG.

[Mouemy 3T GUTbLI HE yCTaHaB/IMBAKOTCS TOW TpaH3akuuen, Kotopas
BbIMO/IHSANA BCTaBKy? B MOMEHT, Korga TpaH3akumsa pukcmpyeTtca nnm
OTMEHSIETCS, Y)XXEe HEMOHATHO, Kakne MMEeHHO CTPOKN B KAKUX MUMEHHO
CTpaHuuax TpaH3akums ycnena nomeHsTb. Kpome Toro, 4acTb 3TUX CTPpaHuL,
MOXET ObITb BbITECHEHA N3 BY(PEpPHOro Kella Ha AUCK; YnTaTb X 3aHOBO,
4YTOObI U3MEHUTb GUTbI, 03HAYas10 Obl CYLLLECTBEHHO 3aMe/INTb oMKCaLMIO.

O6paTrHasa cCTopoHa COCTOUT B TOM, YTO /1l06as TpaH3akuus (gaxe
BbINONHAOLWAaA npocTtoe yteHne — SELECT) MOXeT 3arpAa3HnUTb AaHHbIe
B 6ydoepHOM Kelle 1 NOPOAUTb HOBbIE XYPHaslbHbIE 3anucu.



YpaneHune Pos{gres
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BbICTYnaeT
Kak 6710KMpoBKa
CTPOKM
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[Mpn yganeHnn cTpokn B nose xmax TeKyLLlleI\/ll BeEpCUMn 3arnncboiBaeTcqa HOMep

TekyLllen yaansawLen TpaH3akumm, a npu3Hak 060pBaHHON TpaH3aKLUmm
cbpacbiBaeTcs. bonblue HAYEro He MPOUCXOAMNT.

3amMeTuM, 4TO YCTaHOB/IEHHOE 3HaYeHe Xxmax, COOTBETCTBYHLLLEE aKTUBHO
TpaH3akumm (4To onpeaensieTcs ApyruMn TpaHsakumusimu no ProcArray),
BbICTYNaeT B Ka4ecTBe 6/10KMPOBKW. Ecnn apyrasi TpaH3akuusi HamepeHa

06HOBUTb UNN YAANUTb 3TY CTPOKY, OHA ByAEeT BbIHYXAeHa A0XAATbCS
3aBepLUeHNst TpaH3aKUUM Xmax.

Moapo6Hee 6/10KMPOBKM paccMaTpuBaroTca B TeMe «b/10KMPOBKM» 3TOr0
mMoAayns. Noka OTMETUM TOJSbKO, YTO YNC/I0 BNTOKMPOBOK CTPOK HAYEM He
orpaHnyeHo. OHKM He 3aHMMalOT MeCTO B OrnepaTMBHON NaMsATH,
NPOM3BOAMTENBHOCTL CUCTEMbBI HE CTpagaeT OT UX Ko/inyecTBa
(pasymeeTcs, 3a UCK/TIOYEHMEM TOr0, YTO NepPBbI Npouecc, 06paTnBLLMIACA
K BEPCUN CTPOKN, A0/MKEH ByAeT NpoCTaBUTb BUTLI-NOACKA3KN).



OTmMeHa U3MeHeHui Pos{gres
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npu nepsom
06palLLeHnm K cTpoke
[Apyroii TpaH3akumeit
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OTmeHa n3MeHeHuin pabotaet aHanorM4yHo pukcaumm, Tonbko B CLOG
[N TpaH3akuMn BbiCTaBNsAeTcs 6UT 060pBaHHON TpaH3akumn. OTMeHa

BbIMOJTHAETCSA TakK Xe 6bICTPO, Kak 1 diukcaunsa — He TpebyeTcA BbINOMHATb
OTKaT BbIMO/IHEHHbIX AENCTBUIA.

Homep npepBaHHOl TpaH3akUMM OCTaeTcs B Nosie xmax. Koraa apyras
TpaH3aKuusi 06paTUTCA K BEPCUN CTPOKM, OHA NPOBEPUT CTaTyC TPaH3aKuum
101 n yCTaHOBUT B BEPCUI0 CTPOKU MPU3HAK-NOACKA3KY, UTO TpaH3aKLms

ob6opBaHa. OT0 6yAeT 03HayaTb, YTO Ha 3HAYEHME B NoJie Xmax CMOTPETb He
HYXXHO.
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O6HOBJIEHNE Posigres

ctid KoY

8
(0,2) | BAR =5
£ 5
(0,1) | FOO S g
100 |t
RSO 101 t
CTPOKM
102
nepesanucaH N
HOMep OTMeHEeHHOU
TpaH3akLuun
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1pr /11060M 0OHOB/IEHUU CTDPOKHU HA/Jl0 U3MEHATH BCE€ MHAEKChI Ha THGHI/II_IG
B MHEKCE HaKaIlJIMBAKOTCA CChIJIKM HAa HEAKTYaJ/IbHbIE BEPCUN
13

O6HoBNeHMe paboTaeT Tak, kak Oy4To cHavasa BbIMNOJIHAETCA yaasieHme
CTapown Bepcum CTPOKK, a 3aTeM — BCTaBKa HOBOA.

Crapas Bepcus nomevyaeTcs HOMepPOM TeKyLLen TpaH3akumm B Nnosie xmax.
O6paTuTe BHUMaHue, 4To HoBOe 3HayeHne 102 3anucasiocb NOBEPX CTaporo
101, Tak kak TpaH3akumsa 101 6bl1a oTMeHeHa. Kpome Toro, 6uTbI-NnoAcKasku
CcOpOLLEHbI, TaK Kak CTaTyC TeKyLLel TpaH3akLmu eLe He N3BECTEH.

B MHAEKCHOV CTpaHuULE NOSIBNSIETCA BTOPO yka3aTesb U BTopasi 3anuchb,
CCblaloLLLascs Ha BTOPYO BEPCUIo B Tab/IMUYHON CTpaHuLe.

Tak e, Kak 1 Npu yaaneHnn, 3HaueHne xmax B NepBoli BEPCUM CTPOKK
CNYXXWUT NPU3HAKOM TOT0, YTO CTPOKa 3a6/10KMpOBaHa.

Uem nnoxo Takoe o6HOBNEHNE?

Bo-nepBbIx, Npy /1I060M U3MEHEHUN CTPOKM NPUXOAUTCA 0OGHOBNATL BCE
MHAEKCHI, CO3AaHHble 418 Tabnmubl (4aKe ecnn N3MEHEHHbIE Mo He
BXOAST B MHAEKC). O4eBUAHO, 3TO CHUXKAET NPOM3BOAUTENBHOCTD.

BO-BTOprX, B MHAEKCaxX HaKal/sinBakoTCA CCbIJIKM Ha NCTOPUYECKNE BEPCUN
CTPOKKM, KOTOpPbIE MOTOM MNMPUXoaANTCA oHnNLLaTb.

Bonee T0ro, ectb 0CO6EHHOCTL peannsaumn B-gepesa B PostgreSQL. Ecnu
Ha MHOEKCHOW CTpaHuue HeaocTaTtovyHO MecTa /151 BCTaBKM HOBOW 3anucu,
CTpaHuua AenuTca Ha [IBe U BCe JaHHble nepepacnpeaensorca Mexay
HuMK. OgHaKo Npu yaaseHnn (UAn OYNCTKE) 3annucein aBe NHAEKCHbIE
CTpaHuLbl He «CKNnenBarTcA» B 04HY. 13-3a 3TOro pasmMep MHAeKCa MOXET
He YMEHbLUMUTLCA Aaxe Npu yaasieHNn cyuecTBEHHOW YacTn AaHHbIX.



Bepcuu cTpok

HauHeM C YHCTOTO JIKCTA.

=> TRUNCATE TABLE t;

TRUNCATE TABLE

BcTaBUM O/JHY CTPOKY, IIpe/iBapUTeIbHO HauaB TPaH3aKIIHI0.
=> BEGIN;

BEGIN

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

HoMep Hamel TeKyIei TpaH3aKIIUU:

=> SELECT pg_current_xact_id();

pg _current xact id

IIoCMOTPHM Ha TabJIHILy, ZO6ABHB CHCTEMHEIE CTOJIGITBI:

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

ctid | xmin | xmax | id | s

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

Xmin coBIIafiaeT c HOMEPOM Halllel TPaH3aKI[HH, a XMax paBeH GUKTHUBHOMY 3HaUeHHIO 0.

YT0o6HI 3aIJITHYTh B HHJEKC, BOCIIO/Ib3yeMCsI paclIupeHreM pageinspect. HysieBasi cTpaHHIIa HH/IEKCA COJEPIKUT
MeTarHGOPMAIIHI0, II03TOMY CMOTPHUM 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

BuiumM oilH yKa3aTesb Ha e[UHCTBEHHYIO CTPOKY Tab/uisl. (B mmosie data MokHO yragaTth ASCII-kozsl 6yxB FOO.)

Pageinspect I103BOJISIET YBUETH U II0JHYI0 MHGOPMAIIHIO O TOM, UTO HaXOJUTCS B TAaGJIMUHOM CTpaHUIIe, HO B 3TOH TeMe MBI He
6yzeM yIay6sIsiThCS B 9TH JIeTasId.

3adukcupyeM HsMeHeHHe.

=> COMMIT;

COMMIT

Teneps IIpoBepHUM, KaK paboTaeT 06HOBJIEHHE.

HauHeM BTOpO#i ceaHC.

student$ psql arch_mvcc

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

| BEGIN

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

(0,1) | 821 | 0 | 42 | FOO
(1 row)



Ternepb 0GHOBJISIEM CTPOKY.

=> BEGIN;

BEGIN

=> SELECT pg_current_xact_id();

pg_current_xact_id

=> UPDATE t SET s = 'BAR';
UPDATE 1
3arpoc B IIEPBOM CeaHCe BHIJAeT OIHY CTPOKY (HOBYIO BEPCHUI0):

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

ctid | xmin | xmax | id | s

------- e ek CE L P
(0,2) | 822 | 0 | 42 | BAR
(1 row)

Ho B cTpaHuIIe IPUCYTCTBYIOT 06e BepcHH. IIpeIbIayINyI0 IIPOj0JDKaeT BU/IETh BTOPOH CeaHCc:

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

ctid | xmin | xmax | id | s

------- LR R R
(0,1) | 821 | 822 | 42 | FOO
(1 row)

HoMep TpaH3aKIUH, Y/a/JIUBIIeH IIEPBYI0 BEPCHUIO CTPOKH, 3aIIHCAJICS B XMaX.
IIpu 3TOM B MHJIEKCHOH CTpaHUIle 0GHApY >KHUBaeM yKasaTesIH Ha 06e BepCHH:

=> 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)

VHJeKCHBIe 3aIIMCH BHYTPHU CTPAaHUIIBI YIIOPSAL0UeHEL. [I09TOMy IIepBOM H/leT 3aIHCch ¢ KIouoM BAR (ccrutaeTcs Ha Bepcuro (0,2)),
a BTOpOX — 3anuchk ¢ kirodoM FOO (cceltaeTcd Ha Bepcuio (0,1)).

3aBepIIUM TpaH3aKI[UU.
=> COMMIT;

COMMIT

| => comMmIT;

| commIT
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HOT-o0HOBNEHME Posigres

ctid K104

(0.1)

42

committed
aborted

100
101
102

—

ccbinka
TONBKO Ha ronoBy
Lenoukm

—

Bepcun
CTPOK 06beNHEHbI
B CIUCOK

Xmin Xmax [aHHble
0,1) 100 .,/ 102 42 FOO
0,2) 102 0 x 42,BAR (&

00HOB/IsIEMBbIe CTO/OL[BI He AO/DKHBI BXOJUTb HU B OAUH UHJEKC
L[eTI0uKa OOHOB/IEHUI — TOJTBKO B TIpe/iesiax OJJHOM CTPAaHUIIbI
15

OpfHako ecnn HAEKC co3aaH no nosto, 3Ha4YeHne KOToporo He U3SMEHUoCh
B pe3yfibTate 06HOB/IEHMS CTPOKU, TO HET CMbIC/1a CO34aBarb
AOMNONHUTENbLHYIO 3anuch B B-Aepese, coaepxXallyto To Xe camoe 3HayeHne
Kntoya. MimeHHO Tak paboTtaeTt ontummusauus, HasbiBaemad HOT-
ob6HoBneHnem — Heap-Only Tuple Update.

Mpy TakoM 06HOBMEHNM B MHAEKCHOW CTpaHuLe HaxoauTcsa NMb ofHa
3anmncb, CCbiAOWANACS Ha NepBY0 BEPCUIO CTPOKM Tab/IMUHON CTpaHuLbI.
A BHYTPW Tab/IMYHOW CTpaHWLbl OPraHN3yeTcs Lienoyka u3 Bepcuii, Ha
KOTOpble rapaHTMPOBaHHO HET BHeLLHMX ccbinok (heap-only tuples).

Ecnn npu ckaHnposaHun nHaekca PostgreSQL nonagaet B TabIMYHYHO
CTpaHuLy 1 06Hapy>XMBaeT BEPCUIO, HAYMHAIOLLYIO LLeNoYKy, OH NPOXOANT No
BCEW Lernoyke 06HOB/IEHWIA (O/151 BCEX NOTYYEHHbIX TaknM 06pa3om BepCuit
CTPOK MpoBepseTcs BUANMOCTb, Npexae Yem oHu 6yayT BO3BpaLleHbl).

MogyepkHeMm, yTo HOT-06HOBNEHNSA paboTaloT B C/yvae, ecnu
06HOBNSAAEMbIE NMOMA HE BXOAAT HU B OOUH UHOEKC — MHa4ye B KaKoM-/1nbo
NHAEKCe OKa3aslacb Obl CCbl/IKa HENocpeACTBEHHO Ha HOBYHO BEPCUIO
CTPOKW, YTO NPOTUBOPEUNT naee aToin ontummsaymn. B yactHocTtu, HOT-
06HOBNEHME UCMNONb3YETCA, ecnn y Tabnunubl BOOOLLE HET NHAEKCOB.

OnTuMU3aums AeincTByeT TOMbKO B Npeaenax OfHON CTpaHuLbl, MO3TOMY
[ONO/THUTENbHbIN 06X0A, LEeNOYKN He TpebyeT obpalleHns K Apyrm
CTpaHULLAM 1 He yXy/LaeT Npov3BoanTenibHoCTb. OgHaKo ecnn Ha
CTpaHuLe He XBaTUT CBOBOAHOro MecTa, YTobbl pa3MeCcTUTb HOBYIO BEPCUIO
CTPOKM, Lienoyka npepBeTcs. Ha Bepcuio CTPOKM, pa3MeLLIeHHY0 Ha ApYyrol
cTpaHuue, 6yaeT caenaHa HoBasl CCblflka U3 MHAEKca.



HOT-06HOBJICHHE

CHOBAa OIIYCTOIIKMM TaGJIHILY.

=> TRUNCATE TABLE t;

TRUNCATE TABLE

Ho mycTh Tenephb MH/EKC Oy/1eT IIOCTPOEeH II0 CTOJIOIy 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

HauHeM TpaH3aKIHIO ¢ YypOBHEM H30JsIIuH 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)

Jlo 3TOT0 MBI 06HOBJISLIN IIPOMH/[EKCUPOBAaHHBIH CTO0JIGEI], a Telleph CTOJIGEI] S He BXOJUT HU B O/IUH HUHJIEKC.
=> BEGIN;

BEGIN

=> UPDATE t SET s = 'BAR';

UPDATE 1

I[TosBJIsIeTCSI BTOpAsi BEPCHUS CTPOKHU.

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

ctid | xmin | xmax | id | s
------- e ek CE L P
(0,2) | 827 | 0 | 42 | BAR
(1 row)

Ho /ipyroii ceaHc MpojiorKaeT BUETh CAMYIO IEPBYI0 BEPCHIO:

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

ctid | xmin | xmax | id | s

------- LR R R
(0,1) | 826 | 827 | 42 | FOO
(1 row)

YTo >ke 0GHAPYKUTCS B HHIEKCE?
=> SELECT itemoffset, ctid, data FROM bt_page_ items('t_id',1);

itemoffset | ctid | data

1] (6,1) | 2a 60 00 00 00 00 00 00

MBI BUJIUM, UTO B MHJIEKCe He JJ06aBHJIach HOBas 3aIIUCh. MH/IEKC IIPO0/DKAET CCHIIATHCS Ha IIEPBYIO0 BEPCHIO, a YK€ BHYTPH
TaGJIMYHO CTPAHHUITHI ITIEPBasi BEPCHS CBsI3aHA CO BTOPOM B IIEIIOUKY.

E1te oguH CII0co6 yﬁe,qI/ITI)CH B TOM, YTO BBITIOJTHUIIOCHE HOT-06HOBIEHHE — 3aIJIIHYTh B CTATUCTHUKY TeKyHleI‘/II TPaH3aKITUHU:



=> 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 BUAMIM, YTO BCEero TpaH3aKIMs 00HOBIMJIA OfHY CTPOKY (n_tup_upd), mprdeM c momoinso HOT (n_tup_hot_upd).
=> ROLLBACK;

ROLLBACK

| => ROLLBACK;

|  ROLLBACK



CHUMKN AaHHbIX

CHHMOK JJaHHBIX
BuarmocTs Bepcuii CTPOK
T'opu30HT CHUMKA
['opU30HT TpaH3aKL[UU

T'opu30HT 6a3bl JAHHBIX

17
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CHMMOK AaHHbIX Pos{gres

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

18

Mbl BUAENKW, 4To B CTpaHMLaxX AaHHbIX PU3nYeckn MOryT HaxoAnTbCs
HECKOJ/IbKO BEPCUIA OQHOM U TOW e CTPOKN.

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
3aOUKCUPYIOT 3MEHEHNS!, BO3MOXHbI HEMOBTOPSIEMOE 1 (DAaHTOMHOE
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.

CHUMOK JaHHbIX He AB/SeTCH (OU3NYEeCKOn Konuen BePCUin CTPok,
NPUHAANEXHOCTb BEPCUM CTPOKM K CHUMKY onpeaensercs ¢ NoMoLLbio
npasusi BUOUMocCmu.
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BnanmMmocTb BepCcuin 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

V3MeHeHUs1 TpaH3aKLUU BUHbI, KOTZa

b0 3TO Ta )Ke camast TPaH3aKI[¥sl, UTO CO3/ia/ia CHUMOK,
6o oHa 3aBepIIi/Iachk (PUKcalyelt 10 MOMeHTa CO3/jaHusi CHUMKA

OTaenbHBIE TTpaBU/a /11 BUAUMOCTH COOCTBEHHBIX W3MEeHEeHUN

YUMTBIBAaeTCs MOPSKOBBIM HOMep Orepaliy B TpaH3aKLyu (cmin/cmax)

19

Bynet nnv HeT faHHas Bepcusa CTPOKM BUAHA B CHUMKe, onpeaesniseTcs
[ABYMS MOMISIMW €€ 3aro/ioBka — Xmin 1 Xxmax, — TO eCTb HoMepamu
co3faBsLUen 1 yaganuslLein TpaH3akumii. Takne nHTepBasibl He
nepecekatoTcs, NO3TOMY OfHa CTpPOKa npeacTas/ieHa B 1060M CHUMKe
MaKCMMyM OZHOW CBOEeW BEpPCUEN.

TouyHble npasuia BUAUMOCTU [OBOSIBHO CNOXHbI U YUUTBIBAKOT pas/inyHble
«KpaiHue» cniydyan. YyTb ynpoLyas, MOXHO cKasaTtb, YUTO BEPCUSA CTPOKM
BUAHA, KOrga B CHUMKe BUOHbI U3MEHEHWS, CAeNaHHble TpaH3akumen xmin,
N He BUOHbI NU3MEHEHUS, cAeNnaHHble TpaH3akumein xmax. HbIMn crnosamu,
co3faHve Bepcun CTPOKM A0/HKHO 6biTb BUAHO, a yaaneHue (ecsiv oHO
Obl/10) — HeT.

B cBOI oyepenb, N3MEHEHUSA TPaH3akUMn BUAHbI B CHUMKE, eCc/iv IGO0 3TO
Ta XXe camas TpaH3akums, YTo co3fasia CHUMOK (TpaH3akunsa BUOUT CBOU Xe
N3MeHeHus), NMb0o TpaH3akuusa 6blna 3aukcnpoBaHa 40 CO34aHUA CHUMKA.

HecKonbKo YCNOXHSIET KapTUHY Cny4yaii onpeaeneHms BUANMOCTY
COGCTBEHHbIX U3MEHEHWI TpaH3akLUMK. 34ecb MOXET NoTpeboBaTbCs BUAETh
TONbKO YacTb TaKMX M3MeHeHMn. Hanpumep, Kypcop, OTKPbITbIi

B OMpeeneHHbli MOMEHT, HU NPY KAKOM YPOBHE M30/1SILMN HE [0/MKEH
YBUAETb N3MEHEHWIA, CAeMaHHbIX NOC/e 3TOro MoMeHTa. 1 3Toro

B 3aro/I0BKe BepCUn CTPOKM eCTb crnelunasibHoe nose (NceBaocTonoLpb

cmin 1 cmax), NnokasblBatoLlee NopsAKOBbIi HOMEP onepaLyun BHYTPU
TpaH3aKuun, 1 3TOT HOMEepP TOXe NPUHUMAETCS! BO BHUMaHWe.
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CHMMOK AaHHbIX Pos{gres

Xmin — HOMep CaMOM paHHel aKTMBHOW TpaH3aKLUU
Xmax — HOMep, C/Ie/IyIOIIUM 3a Moc/iefAHel 3aMKCMPOBaHHOM TpaH3aKI1ei
xip_list — cryMcoK akKTUBHBIX TPaH3aAKLIUA

» Xxid

J U AN

Y Y Y
N3MeHEeHs BMAMMOCTb M3MEHEHMUI U3MEHeHNs
6€3yC/I0BHO BUAHbI NpoBepsieTCs MO CNUCKY 6€3yC/I0BHO He BUAHbI

20

B MOMEHT co3aHna CHUMKa AaHHbIX 3anoMUHalOTCA HECKO/LKO 3Ha4YeHun,
KOTOpblEe 1 onpegendaroT CHUMOK:

XMin — HWXHASA rpaHnLa CHAUMKa, B Ka4eCTBe KOTOPOIi BbICTyNaeT HoMep
camoil paHHe akTUBHOW TpaH3aKunu.

Bce TpaH3akuuy ¢ MeHbLLIMMX HoMepamu /IM60 3adhKCUPOBaHbI, U Toraa
NX N3MEHEeHNs1 6e3yCI0BHO BUAHbI B CHUMKE, IMG0 OTMEHEHbI, U Toraa
N3MEHEHUSI UTHOPUPYHOTCS.

Xmax — BepXHss rpaHunua CHUMKa, B Ka4eCcTBe KOTOpon bepetcsa Homep,
cnenyoLnin 3a HOMepoM nocnegHer 3athKCMPoOBaHHOW TPpaH3aKLUuUu.
BepxHAS rpaHvua onpeaensieT MOMEHT, B KOTOPbIV 6bln caenaH CHAMOK.
O6paTuTe BHUMaHWe, YTO MOMEHT 3aaeTcA He BpeMeHeM (Kak bbls10
YC/IOBHO NoKa3aHO Ha NpeablayLwux cnagax), a yBesimunsatoLmmmcs
HOMepamun TpaH3aKLUWiA.

Bce TpaH3akuum ¢ Homepamu, 60NbLIVMK U PaBHBLIMK Xmax, He
CYLLECTBOBa/IM B MOMEHT CO3/aHNs CHUMKA, NO3TOMY U3MEHEHUSI TaKnX
TpaH3akUuii TOYHO He BUHbI.

xip_list (xid-in-progress list) — CNMCcOK akTUBHbIX TPaH3aKLNiA.

STOT CNUCOK UCMNOMb3YeTCs A5l TOro, YTOObl HE NOKa3biBaTb B CHUMKE
N3MEeHEeHNs1 TpaH3aKLUWiA, KOTOPbIE YXXe 3aBepLUNINCL, HO B MOMEHT
CO3/1aHMS1 CHUMKA ObINN eLle aKTUBHBI.

Hpopmaymio 0 CHUMKE MOXHO MOJTy4YNTb C MOMOLLbIO dOYHKLNK
pg_current_snapshot() n HECKONbKNX APYTUX:
https://postgrespro.ru/docs/postgresagl/16/functions-info



https://postgrespro.ru/docs/postgresql/16/functions-info
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[ OPU30OHT CHMUMKa Posigres

HeakTya/lbHble
BEPCUM CTPOK
HE HYXHbI CHAMKY

. )
)

T LT
[ ]

» xid
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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.

[leiicTBUTENbHO, BUAETH HEAKTYasIbHYI0 BEPCUIO TPEBYETCS TO/TbKO B TOM
cryyae, Kora akTyasibHasi Co3aHa elle He 3aBepLUMBLLIECS TpaH3akUue,
1 NO3TOMY MOKa He BMAHa. HO 3a ropr3oHTOM BCE TPaH3aKLuM yxe
rapaHTUPOBaHHO 3aBEPLUW/INC.
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[[OPU30OHT TPaH3aKUnn Posigres

HeaKTyaslbHble
BEPCUU CTPOK
HE HYXHbI TpaH3aKLuu

° Q— =9 » Xid
BEGIN UPDATE

22

Ecnun TpaH3akuusa MeHSIET AaHHble, OHAa AEPXUT FOPU30HT Ha YPOBHE CBOETO
HOMepa Ha c/yyai oTkaTa.

Ecnn TpaH3akuua 6yaeTt A0Nro HaXoANTbLCA B TaKOM COCTOAHUN OXUOAHUSA
(oHO HasbiBaeTcA idle in transaction), He BbINO/IHAS HUKaKUX KOMaHA,
rOPU30HT ByAeT ocTaBaTbCH Ha MecTe.
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[OPU30HT 6a3bl AaHHbIX Posjigres

HeakKTyasibHble HeakTyasibHble
BEPCUN MOXHO BEepcun CTPOK
BbluMLLATb eLLe HY>XHbl CH/MKam
*—o *—0 T3
*~—e T2
6—0 T1
UPDATE
; » xid
Homep
TpaH3akuun T1 23

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
yaepXnBatb ropn3oHT. OgHaKo TpaH3akuma T1 no-npexHemy akTMBHa,

N NO3TOMY rOPMU30HTbI CHUMKOB TpaH3akuunii T2 n T3 He cABUHYTCA npaBee
HOoMepa TpaH3akuum T1. Tem cambiM aKTUBHaA TpaH3aKUusa yaepxmsaeT
FOPU30HT caMnM (hakToM CBOErO CyLLeCTBOBaHUA.

A 3TO 03HauYaeT, YTO HeaKTyasibHble BepPCUnN CTPOK B 3TOM B[], He MoryT 6bITb
ouuLleHsbl. [pn aTOM «gonronrparoLas» TpaH3akumMsa MOXET HUKaK He
nepecekarbcd Nno gaHHbIM C APYruMu TpaH3akuMaMm — 3TO COBEPLUEHHO
He Ba)XKHO, ropu30HT 6a3bl AaHHbIX OAWNH Ha BCEX.

DTO 04Ha 13 NPUYKNH, NO KOTOPbIM TpaH3akuun He cneayet genartb A/IMHHeE,
4yeM abCoNTHO He0bXoaMMO.



CHHMMKM JaHHBIX

n eIlfe pa3 Ha4YHeM TPpaH3aKITHI0 B OTAe/IbHOM CeaHCe.
| => BEGIN ISOLATION LEVEL REPEATABLE READ;
| BEGIN

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

ctid | xmin | xmax | id | s
------- R s S E I
(0,1) | 826 | 827 | 42 | FOO
(1 row)

OJIHOBPEMEHHO C 3THM BBIIIOJIHHUM HECKOJIBKO JPYTHX TPaH3aKIHH.
=> UPDATE t SET s = 'BAR';

UPDATE 1

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

INSERT 0 1

TOpPHU30HT TPaH3aKI[UI MOXKHO YBUAETH CIEIYIOIIUM 06Pa3oM:

=> 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)

BI/IAHO, YTO OTKPBITasd TPaH3aKIUA YAEPKUBA€T T'OPHU30HT, IIOCKOJIBKY en HY’>XHBI CTapble BEPCHUU CTPOK.
3aBepIInM ee.

| => commIT;

| commIT

ITocse aToro TOPU30HT 6asbl JAaHHBIX ITPOABUTAETCS BIIePe[, II03BOJIAA OUHUIIaTh HeaKTyaJIbHbIe 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)



of] PROFESSIONAL

Toru Posygres

PostgreSQL ucmosib3yeT MHOTOBEPCUOHHOCTD U U30JISIL[AI0
Ha OCHOBE CHUMKOB JJaHHBIX

WHpekcel He cofiep>kaT MHGOpMaLMy O BEpCUOHHOCTH

uyT0OBI BEPHYTH [JaHHbIE, HY>)KHO TIPOBEPUTH BUAUMOCTh
(o TabnuIle WK KapTe BUUMOCTH)

JIuiiHre UHZAEKCHI He TOJIBKO B/IEKYT HaK/IaJHbIe PACXO/Bbl,
HO Y nipenATCTBYIOT HOT-00HOBIEHUSIM

TpaH3aKLMU JO/DKHBI ObITh HACTO/ILKO JI/TMHHBIMH,
HACKOJILKO Heo0XoIuMo, HO He bosee
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of] PROFESSIONAL

[1pakTuka Pos{gres

1. ®yHKLMOHA/ TOUEK COXpaHEeHHUs Z0/DKEH MO3BOJISITh OTKAThIBATh
uacmbp TpaH3akiuu. YTobbI pa3obpaThCs, Kak 3ToO paboTaerT,
BBITOJ/IHUATE OTepaljii BHyTPH OJHOM TPaH3aKI[UH:

— BCTaBbTe CTPOKY B Tab/nuLly;

— YCTaHOBUTE TOUKY coxpaHeHus1 (SAVEPOINT);
— BCTaBbTe B TaOJHITY ellje OAHY CTPOKY;

— OTKaTUTe U3MEHEeHU 10 TOUKU COXPaHEeHUS,

— BCTaBbTe ellle OAHY CTPOKY;

— 3a(puKCUpyliTe U3MeHeHUsl.

[Ipu 5TOM MoC/Ie KaXKI0M Orepaliy BbIBOAUTE HOMED TeKyllen
TPaH3aKI[M1 U MPOBEPsIATe 3HaUeHHUsI CTOOII0B Xmin ¥ Xmax.
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1. TOukH cOXpaHeHHs

=> CREATE DATABASE arch_mvcc;

CREATE DATABASE

=> \c arch_mvcc

You are now connected to database "arch mvcc" as user "student".
Cosgazum TabIuIly:

=> CREATE TABLE t(s text);

CREATE TABLE

HaunHaeM TpaH3aKITHIO.

=> BEGIN;

BEGIN

BcTaBJisieM epBYyIO CTPOKY:

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

INSERT 0 1

BoT HOMep HaIle TpaH3aKIIUK U COCTOSTHHE TaGJIUITBL:
=> SELECT pg_current_xact_id();

pg_current xact id

=> SELECT *, xmin, xmax FROM t;

s | xmin | xmax
_______ B LIy
first | 817 | 0
(1 row)

IToka Bce KaK 0OBIYHO.

VcTaHaBIMBaeM TOUKY COXpaHEHUs U BCTaBJIsseM BTOPYIO CTPOKY:
=> SAVEPOINT sp;

SAVEPOINT

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

INSERT 0 1

=> SELECT pg_current_xact_id();

pg_current_xact_id

HoMep TpaH3aKIMK IIPeXKHUL.

=> SELECT *, xmin, xmax FROM t;

s | xmin | xmax
........ e
first | 817 | 0
second | 818 | 0
(2 rows)

A BOT B Xmin BTOPO¥ CTPOKH yKa3aH APYyroil HOMep. ITO BIOYKEHHAsI TPAH3AKIIHS, 0HA HAUHMHAETCS Cpasy I10cje YCTaHOBKH
TOYKH COXPaHEHUSL.

OTKaTUM U3MeHeHHUs [0 TOUKH COXpaHeHUs U BCTaBUM TPETHIO 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)

V TpeTheit CTPOKH OISTH JPYToi HOMEP. ITO ellle O/{HA BJIOKEHHAs TPAH3aKIIH, KOTOpas Havajach Cpasy II0CJIe 0TKATa K TOUKe
COXpaHEHUs.

3apuKcHpyeM M3MeHeHUs:
=> COMMIT;
COMMIT

Kavk/ast BJIO)KeHHAsI TPAaH3aKIIHs UMeeT COGCTBEHHBIH CTAaTYC ¥ MOYKET OBITH 000pBaHa HE3aBUCHMO OT CTaTyCa OCHOBHOM
TpaH3aKIuH. OTKAT YaCTH TPAH3aKIUK — 3T0 paKTHUECKH OTKAT OHOH KM HEeCKOJIBKHX BJIOYKEHHBIX TPAH3aKITHH.

Ho IIpU 3aBePINeHUN OCHOBHOM TPaH3aKIIUY 3aBePINanTCAa U BCe ellfe aKTHBHBIE BJIOJKEHHBbI€ TPaH3aKITUU: IIPU (l)HKCElHI/IH —
(l)I/IKCI/IpyIOTCH, IIPpH OTKaTe — OTKAaThIBAIOTCH.



