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Pa3smep cTpaHuLbl cocTaBnsaeT 8 Kb6anT. ITo 3HAUYEHNE MOXHO YBEMNUYNTb
(Bna10Tb A0 32 K6alT), HO TO/bKO Npu cbopke. V1 Tabnuubl, U MHOEKCHI,

N BONBLUMHCTBO ApPYrMX 06bLEKTOB, KOTOpble B PostgreSQL o6o3HavaroTcs
TepMMHOM relation, NCNO/Mb3YIOT OANHAKOBYIO CTPYKTYPY CTpaHul, YTOoObI
NoNb30BaTbCA 06LWKMM BydhepHbIM KewleM. B Havane cTtpaHuubl nget
3arosioBOK (24 6aiita), cogepaLimini ooLine ceegeHns n pasmep obnacrei
CTpaHuubl: yKaszaTesnein, cB0604HOro NPoCcTpaHCcTBa, BEPCUn CTPOK U
cneyymanbHoi obnacTu.

Bepcuun CTPOK COAEPXKUT Te camble AaHHble, KOTOPbIe Mbl XPaHUM
B Tabnunuax n gpyrux oobvektax b/, natoc 3aronoBok. «Bepcus CTPOKU» no-
aHINIMACKN Ha3blBaeTcA tuple; nHorga Mbl 6y4emM roBOpUTb MPOCTO «CTPOKa.

Ykasatenu nmelT qdUKcMpoBaHHbIi pasmep (4 6ainta) u coctaBnsaloT
MaccuB, NO3MLNA B KOTOPOM OnpesenseT ngeHtudukarop ctpoku (tuple id,
tid). YkazaTtenu ccblnarotcsa Ha Bepcun CTpok (tuple), pacnosnoxeHHble

B KOHUe 6/10Kka. Takas KocBeHHas agpecauums yaqobHa Tem, 4To BO-NepsblX,
MO3BONSAET HAWTU HYXXHYIO CTPOKY, He nepebupas Bce cogepxumoe 610ka
(CTPOKN UMEIOT pasHyto A/INMHY), a BO-BTOPbIX, NO3BOISET NepemMeLlarb
CTPOKY BHYTPW 6/10Ka, He /ioMasi CCbIJTIKA N3 NHAEKCOB.

Mexay ykazatensimv u BepcusiMm CTPOK HaxXoaMTcs CBOGOAHOE MeCTO.

HekoTopble TWMNbl MHAEKCOB HYX/AAKTCSA B XpaHEHUWN CTy)XeOHO
MHCpopMaLMK; AN 3TOF0 OHW MOTYT MCNO/b30BaTh cNeyuanbHY 06nacTb
B KOHLIE CTpaHuLibI.

https://postgrespro.ru/docs/postgresql/12/storage-page-layout
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CTpaHMILIbl YUTAKOTCSI B OMIEPAaTUBHYIO MaMsITh «KaK eCThb»

AdHHbIE He TIeEPEHOCHMbI MEXXy Pda3HBIMH HJ'IaTCbOpMaMI/I
MeXAy IMOJJIAMHA JaHHBIX BO3MOXXHBI TTPOITYCKHW M3-3d BEIDABHUBAHUSA

—

dopmar gaHHbIX Ha ANCKe NOSIHOCTbIO COBNafaeT ¢ NpeacTaBeHnem
[aHHbIX B ornepaTuBHoOi namaTn. CTpaHuua ymtaetcs B 6ydepHbIi kel
«KakK ecTb», 6e3 npeobpasoBaHui.

MoaTomy dhaiinbl AaHHbIX Ha ogHOM nnatopme (pa3psaHOCTb, NOPSAOK
6anToB U T. N.) OKa3blBAOTCA HECOBMECTUMbIMW C APYrMM naatopmamu,

Kpome TOoro, MHOrMe apxmuTekTypbl NpegycMaTpuBaloT BblipaBHUBaHNE
[AAHHbIX MO rpaHnuLam MallvHHbIX cnoB. Hanpumep, Ha 32-6UTHOIN cucteme
x86 uernble uncna (Tun integer, 3aHMMmaeT 4 6aiita) 6yayT BbIPOBHEHbI NO
rpaHuue 4-6anTHbIX C/1I0B, KaK 1 Yynca c niasaloLLlei TOUKoW ABONHOM
TouyHocTu (Tun double precision, 8 6aiT). A B 64-6UTHOIN cCUCTEME 3HAYEHUS
double precision 6yayT BbIPOBHEHbI NO rpaHuLe 8-6anTHbIX CNOB.

N3-3a 3aTOro pasmep 1ab/M4yHOM CTPOKM 3aBUCUT OT NOpPsSiAKa pacrnosioXeHns
nonen. O6bIYHO 3TOT APPEKT HE CUNBHO 3aMETEH, HO B HEKOTOPLIX CyYasix
OH MOXET NPUBECTU K CyLLLeCTBEHHOMY YBE/IMYEHWNIO pasmepa. Hanpumep,
ecniv pacnonaratb noss Tmunos char(1l) v integer BnepemeLlky, Mexay HUMMU,
Kak npasuno, byaet nponagartb 3 6aiTa.

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




ITogroroBkKa

=> CREATE DATABASE arch_internals;
CREATE DATABASE
=> \c arch_internals
You are now connected to database "arch internals" 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 CTPpaHHIIBI

YToOBI U3YUHUTH CTPYKTYPY CTPAHUILEI M BEPCUU CTPOK, BOCIIOJIb3yEMCS PacIInpeHreM pageinspect.
=> CREATE EXTENSION pageinspect;

CREATE EXTENSION

TTocMOTpHM Ha IIOJIA 3ar0JI0OBKa CTPAHMUIIH, 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 agpecos:

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

upper — Had4aJo JaHHBIX (BepCUl CTPOK),

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



Bepcun cTpokK

CTpyKTypa BepCUM CTPOK
Kak pabotaroT orneparuu HaJj JaHHbIMU

HOT-o0HOB/IeHYS
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committed
aborted

XACT

100

HOMEp TpaH3aKLum,
yAanmelUeil Bepcuio

HOMEp TpaH3aKLuK,
co3/jaBLLUeil BepCUMio

Xxmin Xmax AaHHble

100 0 gy 42F00

3HaueHuA nonei
TabMMYHOI CTPOKN

BEpCUs CTPOKM
B Tabnuue

PaccmoTpum, Kak YCTPOeHbl Bepcuu cmpok (tuples) n kak BbINOSTHAKTCA
onepauum co CTpokaMm Ha H1U3KOM YpOoBHe. HauyHem CcOo BCTaBKW.

B Hawem npumepe — Tabnunuya ¢ aABymMsa ctonbuamm (4MCo 1 TEKCT).

[Mpn BCTaBKe CTPOKN B mabsiudHol cmpaHuye (heap page) nosasBuTcA
yKkasaTesib C HOMepoM 1, cCbilaloWmincs Ha NepByto U eANHCTBEHHYIO
BEPCUIO CTPOKU. Kaxxapblh Takor ykasare/lb MOMUMO CCbI/IKU COAEPXUT OJINHY
BEPCUN CTPOKN N HECKOJTLKO OUT, ONpeaenstoLmx ee craryc.

Bepcun CTPOK KpoMe COBCTBEHHO AaHHbIX MMEIOT TakXe 3aro/10BOK,
3aHnMarowmmn MMHUMYM 23 6ainTa. NMoMMMO NPoYero OH COAEPXKUT:

- Xmin © xmax — nosns, onpeaensiowme BUANMOCTb JaHHOW BEPCUN CTPOKN
B TEPMUHAX Ha4asIbHOro 1 KOHEYHOr0 HOMEPOB TPaH3aKLNIA;

- KapTy HeonpeaeneHHbIX 3Ha4YeHuin (B HEN OTMeYeHbl Nons, pasHble NULL);

- PS4 NPU3HaKOB, NoKasblBaKLWMX, HANPUMep, cTaTyc TpaH3akumi xmin u
Xmax, eC/i1 OH Y>e N3BeCcTeH (3adoMKkcupoBaHbl U1 060pPBaHbI).

B Hallei Bepcun CTPOKM Nose Xxmin 3ano/IHEHO HOMEPOM TekKyLLEeN
TpaH3akumm (100). MNMocKonbKy N3MeHeHNs eLle He OUKCUPOBaSTUCH U
TpaH3aKuMa akTuBHa, TO B XXypHasie cmamyca mpaH3akyul (XACT)
COOTBETCTBYKOLWAad 3annck 3anonHeHa Hynamm. XACT MOXHO npeactaBuTh
cebe Kak MaccmB, B KOTOPOM AJ151 KaXKAOW TpaH3akumn (HauymHas

C HEKOTOPOW) OTBOAUTCHA POBHO ABa buTa.

[Mone xmax 3ano/iIHeHO (OUKTUBHbLIM HOMepom 0. TpaH3akuuu He ByayT
obpawjatb BHMMaHWE Ha 3TOT HOMep, MOCKO/IbKY YCTaHOB/MEH MPU3HaK, YTo
aTa TpaH3akuua obopsaHa.
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WH/IeKC He COZIep>KUT UH(GOPMaLIMU O BepCUOHHOCTH

[ycTb TaKkke nmeeTca nHaekc B-gepeso, C03,£I|aHHbII7I No TEKCTOBOMY NOJIHO.

NHhbopMaLus B UHAEKCHOI CTpPaHuLEe CUMbHO 3aBUCUT OT TUMNa MHAeKca.
N paxke y oHOro TMna nHaekca 6biBaloT pasHble BUAbl CTpaHul,. Hanpumep,
y B-gepeBa ecTb CTpaHuua ¢ MeTafaHHbIMN 1 «00bIYHbIE» CTPaHNULbI.

Tem He MeHee, 06bIYHO B CTPaHMLLE MMEETCA MacCuB yKa3aTesieil 1 CTPOKK
(Tak e, Kak 1 B TabNIMYHON CTpaHULE).

CTpoKM B MHAEKCAX TOXEe MOTYT MUMETb OYE€Hb Pa3HY CTPYKTYpY

B 3aBMCMMOCTM OT TuUna nHaekca. Hanpumep, onsa B-gepesa cTpoku,
OTHOCSAILLMECS K IMCTOBbIM CTpaHuuam, cogepaT 3Ha4yeHne Kaova
NHAEKCMPOBaHUS 1 cCblfiKy (ctid) Ha COOTBETCTBYHOLLYO CTPOKY Tabnmupl
(cTpykTypa B-aepeBa pasbupaercsa B Teme «Kiacchl oneparopos» u

B yuebHOM Kypce QPT «OnTtummsaumnsa 3anpocoB»).

B o6uiem cnyyae NHAEKC MOXET BbiTb YCTPOEH COBCEM ApYyrnM 06pa3om, HO
Kak npaBui0 OH BCe paBHO OyaeT cofdepXaTb CCbIIKM HAa BEPCUN CTPOK.

B Hallem npumepe B MHAEKCHOW CTpaHuLE TakKe CO3[aeTcs ykasarte/lb

C HOMEpPOM 1, KOTOPbIN CCbINTAETCSA HA UHEKCHYI0 CTPOKY, KOTopasi, B CBOIO
ouepe/b, CCbINIAeTCsl Ha NEPBYI0 CTPOKY B TabNMUHOl cTpaHule. YTobbl He
3arpomMoXxaaTb PUCYHOK, yKasaTtesb 1 CTPOKA 06bEANHEHDI.

BaXKHbIiA MOMEHT COCTOUT B TOM, YTO HUKAKON MHAEKC HE COLEPXNT
NHpopMaLNIo 0 BEPCUOHHOCTK (HET nosein xmin n xmax). MpoyunTtas CTPOKY
NHOEKCa, HEBO3MOXHO OnpeAesiuTb BUANMOCTb 3TON CTPOKN, He 3ar/isiHyB

B TabNMUHy0 cTpaHuyy (419 oNTUMU3aunmy CyXXnT Kapta BUAMMOCTH).
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Korga TpaH3akuus domkceupyetcs, B XACT a/15 3TOM TpaH3aKumm
BbICTaBNSAETCA Npu3HaK committed. 310, N0 CyTH, eAMHCTBEHHAA onepauns
(He cuuTas XypHana npeasanunciu), kKotopas Heobxoguma.

Korpa kakasi-nnmbo apyras TpaH3akuus 06paTuTcs K BEPCUM CTPOKK, el
NpUAETCA OTBETUTbL HA BOMPOCHI:

1. 3aBepunnach v TpaHsakuma 100 (Ha4o NPOBEPUTL CMMCOK aKTUBHbIX
MPOLLECCOB M MUX TPaH3aKUWiA; Takas CTPYKTypa B 06Lein namaTn nmeet
Ha3BaHue ProcArray),

2. a ecnv 3aBeplumnacs, To gomkcaumen nnm oTMeHoi (ceeputbest ¢ XACT).

[MocKonbKy BbINOMHATL NPoBepPKy Mo XACT Kaxablii pa3 HakagHo,
BbISICHEHHbIN OfHaXAbl CTATyC TpaH3akuumn 3anmcbiBaeTcs B MHpopma-
LNOHHbIE BUTLI-NOACKA3KN 3arofioBKa CTPOKN. Ecniv ognH n3 atnx 6mutos
YCTaHOB/EH, TO COCTOAHNE TPaH3aKLUMN XMin CYNTAETCHA U3BECTHbLIM U
cneayroulein TpaHsakumm yxxe He npuaertcsa obpawarbca K XACT.

[MoyemMy 3T GUTLI HE yCTaHaB/IMBAKOTCA TOW TpaH3akumen, kotopas
BbINOJIHANA BCTaBKy? B MOMEHT, Korga TpaH3akuma quKCMpyeTcsa uim
OTMEHSIETCH, Y)XXEe HEMNOHATHO, KakMe MMEHHO CTPOKM B KaKUX UMEHHO
cTpaHuuax TpaH3akuusa ycrnena noMeHsTb. Kpome Toro, 4acTb 3TUX CTpaHuy,
MOXET ObITb BbITECHEHA U3 Oy(pepHOro Kewa Ha ANCK; unTatb UX 3aHOBO,
4yTOObI N3MEHUTb GUTLI, 03HAYas10 Obl CYLLLECTBEHHO 3amMen/INTb hrkcalmio.

O6paTrHas cCTopoHa COCTOUT B TOM, YTO Nt06asa TpaH3akumsa (gaxe
BbINoNHAKOLWaA npoctoe yteHne — SELECT) MOXET 3arpAa3HnUTb faHHble
B 6ydoepHOM Kelle 1 NoOpPoAMTb HOBbIE XXYPHaslbHbIE 3arnucu.



YpanexHue Pos{gres

ctid K/1HoM 2
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0,1) 100 .,/ 101 42,FOO

BbICTynaet
Kak 6/10KMpoBKa
CTPOKM
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Mpn yaaneHun cTpokn B Nos1e Xxmax Tekyllel Bepcumn 3anmcbiBaeTcs Homep
TekyLen yaansawLen TpaH3akumm, a npudHak 060pBaHHON TpaH3akumm
cbpacbiBaeTcs. bosblle HNYEro He NPOUCXOANT.

3aMeTnM, YTO YCTaHOB/IEHHOE 3Ha4YeHne xmax, COOTBETCTBYOLLee
aKTMBHOM TpaH3akuumn (YTo onpeaenserca gpyrumMu TpaH3akuuamMm no
ProcArray), BbICTynaeT B kayecTBe 6/10KMpoBKN. Ecniv gpyraa TpaH3akums
HamepeHa 0GHOBUTb WV yAaNUTb 3TY CTPOKY, OHa ByAeT BblHYXAeHa
[0XOAaTbCA 3aBepLIeHUs TpaH3akuum xmax.

MoapobHee 6/10KMPOBKM paccMaTpuBaloTca B TeMe «Bb/1oKMPOBKM» 3TOro
mMoAayns. Noka OTMETUM TOMbKO, UYTO YNC/10 BNTOKMPOBOK CTPOK HUYEM He
orpaHnyeHo. OHUM He 3aHUMaloT MeCTO B OnepaTnBHON NamMATH,
NMPOM3BOAUTENBHOCTL CUCTEMBI HE CTPadaeT OT MUX Ko/myecTBa
(pasymeeTcs, 3a UCKIYEHNEM TOro, YTO NepPBbI Npouyecc, 0bpaTnsBLLNINCA
K CTpaHuue, Ao/HKeH ByaeT NpocTaBUTb OUTbI-NOACKA3KN).



OTMeHa U3MEHEHUI Posigres

ctid K/1HoM 2
(0,1) | FOO £3
: 3
88
100 |t
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Xxmin Xmax AaHHble
0,1) 100 | 101 »|  42,FOO

npy Nepeom
06paLLeHnm K CTpoke
APYroii TpaH3akumuein
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OTMmeHa n3MeHeHuiH paboTaeT aHa/IorMyHo dmkcaumm, Tonbko B XACT ans
TpaH3akLUMK BbICTABASAETCS GUT 060pBaHHON TpaH3akuun. OTMeHa

BbIMO/IHAETCA Tak e 6bICTPO, Kak 1 oukcaumsa — He TpebyeTcA BbINOSHATb
OTKaT BbIMO/IHEHHbIX AENCTBUNA.

Homep npepBaHHOI TpaH3akUMM OCTaeTcs B Nosie xmax. Koraa apyras
TpaH3aKuusi 06paTuTCa K BEPCMU CTPOKM, OHA NPOBEPUT CTaTyC TpaH3akLmm
101 » yCTAHOBUT B BEPCUIO CTPOKM NPU3HAK-MOACKA3KY, YTO TpaH3aKLus

o6opBaHa. IT0 GyAeT 03Ha4YaTb, YTO Ha 3HAYEHKE B NoJie Xmax CMOTPETb
HE HYXHO.
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OO6HOBJIEHNE Posigres

ctid K/toY

8
(0,2 | BAR =
£ 5
(0,1) | FOO S8
100 |t
RSO 101 t
CTpOKM
102
nepesanucad .
HOMep OTMEHEeHHOMN
TpaH3akuymun
Xmin Xxmax AaHHble
(0,1) 100 | 102 42,FOO
(0,2) 102 0 & 42 BAR

IpH J1:000M 0OHOBJ/IEHUH CTPOKH HAJ0 M3MEHATH BCe€ MHAEKCHI Ha Ta6J'II/IL[E
B MHEKCe HaKaIllJ/IMBAKOTCA CChIJIKM HAd HEAKTYaJ/IbHbI€ BEDCUN
13

O6HoBNeHMe paboTaeT Tak, Kak 6yATO cCHavyasa BbINOJIHAETCS yaasieHme
CTapon Bepcun CTPOKKM, a 3aTeM — BCTaBKa HOBO.

CTtapas Bepcus noMmevyaeTcsi HOMEPOM TeKyLLeiln TpaH3akuMn B nosie xmax.
O6paTtuTe BHUMaHne, 4To HoBOe 3HayeHne 102 3anucasiocb NoBepx cTaporo
101, Tak KaK TpaH3akuma 101 6b1a oTmeHeHa. Kpome Toro, 6uUTbl-noAckasku
CcOpOLLEHbI, TakK Kak cTaTyc TekyLein TpaH3akuun eLle He N3BECTEH.

B MHAEKCHOW CTpaHuLe NOSIBASIETCA BTOPOI yKasaTesb 1 BTopas CTpoka,
cCblnaloLlasca Ha BTOPYH BEPCUIO B TaGNNYHON CTpaHULe.

Tak e, Kak 1 Npu yaaneHnun, 3HaueHne xmax B NepBoli BEPCUN CTPOKM
CNYXXWT NPU3HaAKOM TOT0, YTO CTPOKa 3abnoKMpoBaHa.

UeMm nsioxo Takoe 06HOBNEHNE?

Bo-nepBbixX, Npy 1I060M M3MEHEHWM CTPOKM NPUXOANTCSA 0OHOB/MATL BCE
NHAEKCbI, CO3/laHHble ANS Tabnuubl (Aaxe ecnv N3MeHeHHbIe Noss He
BXOAAT B MHAEKC). OUeBUIHO, 3TO CHMXAET NPOM3BOANTENBHOCTb.

Bo-BTOpLIX, B MHAEKCAX HaKanmBalTCA CCbIJIKN HA NCTOPUYECKME BEPCUN
CTPOKH, KOTOpPbIE NMOTOM MNMPUXOANTCA OYHULLIATD.

Bonee T0ro, ectb 0CO6EHHOCTL peann3aunn B-agepesa B PostgreSQL. Ecnn
Ha MHOEKCHOM CTpaHuLe He4oCTaTOMHO MecTa 4J1s1 BCTaBKM HOBOW CTPOKM,
CTpaHuLua AenuTcda Ha ABe U BCe AaHHble nepepacnpenenanTcs Mmexay
HuMn. OgHaKko npu yaaneHnn (Uam oYNCTKe) CTPOK ABe UHOEKCHbIe
CTpaHuLbl HEe «CKNenBalTca» B OA4HY. /13-3a aTOro pasmep nHaekca MoxeT
He YMEHbLUUTLCA faxe Npu yaanieHUn cyLeCTBEHHON YacTu AaHHbIX.



Bepcuu cTpok

HauneM ¢ 4uCTOrO IHCTA.

=> TRUNCATE TABLE t;

TRUNCATE TABLE

BcraBuM OOHY CTPOKY, IPEBAapPUTENIbHO HauyaB TPAH3aKIIUIO.
=> BEGIN;

BEGIN

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

INSERT 0 1

Howmep Halllel Tekylllel TpaH3aKIuU:

=> SELECT txid_current();

txid current

ITocmoTpuM Ha Tabnuny, fo6aBUB CHCTEMHEIE CTOJIOLB:

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

ctid | xmin | xmax | id | s

------- R s EEEEE R
(0,1) | 520 | 0 | 42 | FOO
(1 row)

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

YTOOH 3arJITHYyTh B UHAEKC, BOCIIOIB3YEMCs paciiupenneM pageinspect. HyneBast 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 o3BosisieT yBUAETH U IOJIHYIO UHGOPMAIIMIO O TOM, YTO HAaXOOUTCS B TaOIMYHON CTPAHHUIIE, HO B 3TOM TEME MHI
He OyaeM yriyOnsThCsl B 3TH AeTalld.

3adukcupyeM u3MeHEHUE.

=> COMMIT;

COMMIT

Temneps npoBepuM, Kak paboTtaeTr oOHOBIEHHE.

HauHeM BTOPO¥ ceaHC.

student$ psql arch_internals

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) | 520 | 0 | 42 | FOO
(1 row)

Teneps 06HOBIISIEM CTPOKY.



=> BEGIN;
BEGIN
=> SELECT txid_current();

txid current

=> 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) | 521 | 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) | 520 | 521 | 42 | FOO
(1 row)

Howmep TpaH3aKUuH, yoaluBIIeH IepPBYI0 BEPCUIO0 CTPOKH, 3aMKCaJICS B Xmax.
TIpu aTOM B MHOEKCHOM CTpaHulle 00HApPyKUBaeM yKa3aTesn 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)

VHEeKCHbIE 3alIMCH BHYTPY CTPAHUIEI YIIOPSIAOYeHH. [109TOMy epBOi uaeT 3anuch c KimodoM BAR (cchinaeTcss Ha Bepcuio
(0,2)), a BTOpO# — 3anuck c kimouyoM FOO (ccrimaercsa Ha Bepcuto (0,1)).

3aBepumIM TpaH3aKIWHU.

=> COMMIT;

COMMIT

| => comMMIT;

| commIT
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HOT-o6HOBNEHue Posigres

ctid KoY

0.1)

42

committed
aborted

100
101 t
102

—

CCblflKa
TONIbKO Ha ronosy
ueno4ykun

Bepcun
CTPOK 06BbE/VHEHbI
B CIUCOK

Xmin Xmax AaHHble
0,1) 100 ;| 102 42,FOO
0,2) 102 0 y  42BAR 4

00HOBJ/IIEMEIE CTO]'I6I_[I:I He O0/IXKeH BXOAWUTh HU B OAMH MH/IEKC

L[eTI0YKa 0OHOB/IEHUH — TOJIBKO B TIpeZiesiaX OJHOM CTPaHHI[bI
15

OpfHako ecnn MHAEKC co3faH no nosto, 3Ha4YeHne KOToporo He N3MeHWU0ch
B pe3ynibrare 06HOBMEHWA CTPOKN, TO HET CMbIC/1a co34aBarb
[OMONHUTENBLHYIO CTPOKY B B-AepeBe, cogepxallyo TO e caMmoe 3HavyeHune
Kntoya. MimeHHo Tak pabotaet onTummusauus, HasbiBaemad HOT-
o6HoBNeHnem — Heap-Only Tuple Update.

Mpy Takom 06HOBNEHUN B MHAEKCHON CTPaHNLIE HAXOAUTCA NULLIL OfHa
CTPOKa, CChINALLAACA HA NePBY BEPCUIO CTPOKM Tab/IMUHONM CTpaHWLbI.
A BHYTPY Tab/IMYHO CTpaHWLIbl OPraHn3yeTcs Liernoyka 13 Bepcuii, Ha
KOTOPbI€ rapaHTUPOBAHHO HET BHeLLHUX ccbinok (heap-only tuples).

Ecnu npu ckaHnpoBaHun nHaekca PostgreSQL nonagaeT B Tab/INYHYIO
CTpaHuLy 1 obHapy>XMBaeT BEPCUI0, HAUNHAKOLLYIO LIEMOYKY, OH NPOXOAMUT MO
BCEW Llernoyke o6HOB/EHUIA (O/151 BCEX NOJTyYEHHbIX TaknMm 06pa3om Bepcuia
CTPOK NPOBEPSETCHA BUANMOCTb, Npexae Yem oHu 6yayT BO3BpaLleHbl).

MoavepkHeM, yTo HOT-06HOBNEHUS paboTaloT B C/lyyae, ecnu
0OHOBNSAAEMbIE NOMSA HEe BXOAAT HU B OOUH UHOEKC — MHa4ye B KaKoM-nbo
NHAEKCe oKasanacbh Obl CCblsIKa HEMOCPEACTBEHHO HA HOBYO BEPCUIO
CTPOKM, YTO NPOTMBOPEUUT naee atoi ontummusaumm. B yactHoctu, HOT-
06HOBNEHME UCMNONb3yeTcH, ecnu y Tabnuubl BOObLE HET NHAEKCOB.

OnTumMmn3aums 4encTByeT TOMbKO B Npeaesiax 0O4HON CTpaHuLbl, NO3TOMY
[OMNONHUTENbHBIN 06X0A LenoYykn He TpebyeT obpalleHns K pyrum
CTpaHuuam n He yxyauwaeTt npon3soanTenbHOCTb. OQHaKo ecrniv Ha
CTpaHuLe He XBaTuUT CBOOOAHOro MecTa, YTobbl pa3MeCcTUTb HOBYO BEPCUID
CTPOKMU, Lienoyka npepseTcs. Ha Bepcuio CTPOKK, pasMeLLEeHHYO Ha ApYrow
cTpaHuue, byaeT caenaHa HoBas CCblika U3 MHAEKCA.



HOT-o0HOB/ICHHE

CHOBa OYHUCTUM TaOIUIly.

=> TRUNCATE TABLE t;

TRUNCATE TABLE

Ho nycTh Teneps uHOeKC 6ymeT MOCTpOoeH 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

HauneM 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) | 525 | 0 | 42 | FOO
(1 row)

ITo 3TOro MBI OOHOBJISIIIM MIPOUHAEKCUPOBAHHEIN CTOIOEL, a Teeph CTOJI0 1] S He BXOOUT HU B OOUH WHIEKC.
=> BEGIN;

BEGIN

=> UPDATE t SET s = 'BAR';

UPDATE 1

ITosBnsgeTCs BTOPasi BEPCUSI CTPOKH.

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

ctid | xmin | xmax | id | s

------- R s EEEEE R
(0,2) | 526 | 0 | 42 | BAR
(1 row)

Ho ,upyrofl CeaHC IIpoaoJIZKaeT BUOETh CaMyIO IIePBYIO BEPCHUIO:

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

ctid | xmin | xmax | id | s

------- s TR R R
(6,1) | 525 | 526 | 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 MHIEKCE HOBOM CTPOKH He mo0aBUIIOCh. MHIEKC IPO0IKaeT CChIIAThCS Ha IIEPBYIO BEPCHIO, @ yKe
BHYTDPH TaGJIWYHOM CTPAHUIIL IEPBAsi BEPCHUS CBsI3aHa CO BTOPOM B IIENOYKY.

Eure omuH criocob y6eguThCsi B TOM, YTO BHITOIHUIOCh HOT-00HOBIEHUE — 3aTJITHYTh B CTaTUCTUKY TEKYIeH TpaH3aKIUH:



=> 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 TPaH3aKIus 00HOBUJIA OFHY CTPOKY (n_tup upd), mpuuem c nomoursio HOT (n tup hot upd).
=> ROLLBACK;

ROLLBACK

| => ROLLBACK;

| ROLLBACK



CHUMKM ANaHHbIX (12

BuauMocTs Bepcuii CTPOK
CHHUMOK JaHHBIX

«[OpH30HT COOBITHII» TPAH3aKIMK U 0a3bl JaHHBIX

17
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CHUMOK Posigres

JlaeT cornacoBaHHYIO KapTHUHY [JaHHBIX HA MOMEHT BpeMeHH!

BH/HBI TOJIBKO 3&(1)HKCHPOB&HHBIE Ha 5TOT MOMEHT /[laHHEIe

Cospgaercs:

Read Committed —
B Hauasie KaXk/Ioro oriepaTopa

Repeatable Read, Serializable —
B HayaJie MepBOro orepaTopa TpaH3aKIuu

» Xid

18

Mbl BUAENKW, YTO B CTPaHMLAX AAaHHbLIX (PU3NYECKM MOTYT HAXOANUTLCS
HECKO/IbKO BEPCUiA OHOWM U TOW XXe CTPOKMN.

TpaH3akuun paboTaloT CO CHUMKOM OaHHbIX, KOTOPbI onpeaensieT, Kakue
BEpCUN AO/MKHbI ObITb BUAHbI, & Kakne — HeT, YTobbl 06ecneyunTb
COrNacoBaHHY0 KapTUHY laHHbIX Ha onpeaesieHHbI1 MOMEHT BPEMEHN
(Ha MOMEHT CO3aHNA CHUMKA — MoKa3aH Ha PUCYHKE CUHUM LBETOM).

CornacoBaHHOCTb 3f1eCb NOHMMaEeTCs B 00bIYHOM ACID-cMbIc/ie: AaHHble
OOSIKHbI ObITb KOPPEKTHbI, YTO, MO CYTWU, O3HAYAET, YTO BUAETL HYXXHO
TO/IbKO Te flaHHble, KOTOPble ObI/IN 3athnKCMPOBaHbl HA MOMEHT CO34aHus
CHMMKA. DTO NOJSTHOCTbIO UCKNKOHAET aHOMasIMIO TPA3HOIO YTEHMA Ha NOO0OM
YPOBHE U30/14LUUN.

Ha ypoBHe nsonsuun Read Committed cHUMOK co3aaeTcsi B Havane
KaXx[10ro onepartopa TpaH3akuui. CHUMOK aKTUBEH, MOKa BbINO/THAETCS
onepartop. Takum 06pa3om Kaxblii onepaTtop BUANT COrMacoBaHHbIe
[laHHble, HO ecNn MexXay ABYMsi onepaTtopamu 6yayT 3addUKCUpPOBaHbI
N3MEHEHUS!, BO3MOXHbI HEMOBTOPSIEMOE M (PAHTOMHOE UTEHNS.

Ha ypoBHe Repeatable Read (1 Serializable) cHUMok co3gaertcsa oguH pas
B Hayasle NepBoro oneparopa TpaH3akuun. Takoil CHUMOK OCTaeTcs
aKTUBHbLIM [0 CamMOro KoHua TpaH3akumn. B aTom cnyyae HenoBTopsemMoe U
haHTOMHOE UYTEHUNA UCK/TIOYAETCA.
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BnanmocTb Bepcuit CTPOK Pos{gres

BuMoCTh BepcuM CTPOKU OrpaHrWYeHa Xmin ¥ xmax

BepCI/IH I1oriagdeT B CHUMOK, KOrd

HN3MeHeHUA TPaH3dKLKWN Xmin BU/HBI 1/ CHUMKa,
HN3MEeHEeHHS TPaH3dKIIMKU XINdX He BUAHbI /11 CHUMKA

V3MeHeHUs1 TpaH3aKILUU BUHBI, KOT/a

7100 3TO Ta )Ke camasi TPaH3aKLHsl, UTO CO3/ja/la CHUMOK,
b0 oHa 3aBepIIM/IACh (PUKCaLMeli 10 MOMeHTa CO3/laHusI CHUMKA

OTaenbHBIe TTpaBU/Ia /1 BUJUMOCTH COOCTBEHHBIX M3MeHeHUH

YUWTBIBAETCS MOPSIKOBBIN HOMEp Ollepalivy B TpaH3aKLMKY (cmin/cmax)

19

Byget nnv HeT gaHHasa Bepcus CTPOKM BUAHA B CHUMKe, onpeaensieTcs
ABYMS NOMSIMU ee 3arofioBka — Xmin 1 Xxmax, — TO eCTb HoMepamm
co3faslueil n yaanveLiein TpaH3akunii. Takne NHTepBasibl He
nepecekarwTcs, N0O3TOMY OfiHa CTPOKa npeactasfieHa B NI0O60M CHUMKE
MakCMMyM OfIHOW CBOEI BEpCUEN.

TouHble NpaBuia BUANMOCTY [A0BO/IbHO CNOXHbI U YUUTLIBAKOT pa3/inyHble
«KpaiiHue» cnydan. YyTb ynpouasi, MOXHO ckasaTb, YTO BEPCUS CTPOKM
BWAHA, KOTa B CHUMKE BUOHbLI U3MEHEHUS, CAENaHHble TpaH3akumein xmin,
N HE BUOHbI U3MEHEHUS, clleNnaHHble TpaH3akuueli xmax. VHbIMu cnoBamu,
co3aaHne CTPOKM A0/MKHO ObITb BUAHO, a yaasnieHne (ecnv OHo 6bIs10) —
HET.

B cBoto ouepefb, U3MEHEeHUA TpaH3akuun BUAHbI B CHUMKE, ecnn inbo 3To
Ta )Xe camas TpaH3akuus, YTo co3gasia CHMMOK (OHa cama BUAUT CBOW e
N3MeHeHuns), NMbo TpaH3akuus 6blnia 3adpukcupoBaHa 40 Co34aHus CHUMKA.

HecKonbKo YCMOXHAET KapTUHY criydain onpegeneHus BUANMOCTH
COOCTBEHHbIX U3MEHEHWNI TpaH3akunn. 34ecb MOXET NoTpeboBaTbCs
BUAETb TO/IbKO YacTb TakMX U3MeHeHuin. Hanpumep, Kypcop, OTKPbITbI

B OnpefeneHHbI MOMEHT, HU MPU KakoM YPOBHE N30 HEe O0/DKEH
YBUAETb N3MEHEHWIA, CAENaHHbIX NMOC/1e 3TOro MomeHTa. 519 aToro

B 3aro/I0BKE BEPCUN CTPOKM €CTb crneyuasnibHoe none (ncesgocTonéubl cmin
N cmax), nokasblBatolLllee HOMep onepauum BHYTPU TpaH3akuumn, n aTot
HOMep TOXe NPUHUMAaETCA BO BHUMaHNE.
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CHMMOK AaHHbIX Pos{gres

Xmin — HOMep CaMOU paHHel aKTUBHOW TPaH3aKLU

Xmax — HOMep, CJIeYIOIIWI 3a HOMEPOM TIoC/iefHel
3a(hMKCUPOBaHHOM TpaH3aKLIUN

xip_list — CIMCOK aKTUBHBIX TPaH3aKLMH

-9
®

R )
)

-9
)

» xid
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Ha pucyHke YepHble OTpe3kn nokasbiBatoT TpaH3akumMm. Ham n3secteH
MOMEHT Hadasia TpaH3akuum (Xid = xmin naM xmax 13 3arosioBka Bepcum
CTPOKM), HO MOMEHT 3aBepLUEHNS TPpaH3aKUNN HUrAe He 3anncbiBaeTcs. Mol
NN MOXEM Yy3HaTb TEKYLLMIA CTaTyC TpaH3akKLumMi Npu co3gaHnn CHUMKa.

Ecnn TpaH3akums 3aBeplumiach oukcauueit 4o co3gaHnsa cHUMKa (Mmeet
ctaryc committed B XACT), TO ee UsaMeHeHusA AO/MKHbI 6bITb BUAHbI
B CHMMKe (TpaH3akuumn 1 1 3 Ha pUcyHke).

Ecnn TpaH3akums Hayanacb nocse co3faHus CHUMKA, TO ee U3MEHEHNA He
OO/MKHbI nonagaTtb B CHAMOK (TpaH3akuma 5).

I3MeHeHns TpaH3akunii, KoTopble 6bI/IN HavaTbl 40 CO3[4aHNA CHUMKA, HO
B MOMEHT CO3[aHNA CH/MKA eLle He 3aBepPLUNINCE, TaKKe He LO/HKHbI ObITb
BUAHbI (TpaH3akumn 2 u 4).

[MOCKONbKY r1ocsie co3fgaHnsi CHUMKA yXKe HEBO3MOXHO NOHATb, Oblsia n
TpaH3aKUuMin akTUBHa B MOMEHM c030aHusi, HeobxoauMo 3apaHee
3aNOMHUTb CMUCOK TEKYLMX aKTUBHbIX TpaH3akuunii (MCNosb3ysa CTPYKTYpPY
ProcArray, KoTopasi COAepPXUT BCE aKTUBHbIE CeaHCbl N UX TpaH3akKumm).

NTak, CHUMOK AaHHbIX ONpefensieTca HeCKO/IbKMMU napamMeTpamu:
- HOMEpPOM CaMOil paHHel U3 aKTUBHbIX TPaH3akKUuin (Xmin CHUMKA);

- HOMepoM, Nnocsie KOTOPOro HeT 3atpMKCUPOBaHHbIX TpaH3akuumi (Xmax,
KOTOPbIA MOXHO CUMTATb «MOMEHTOM CO3aHUA» CHUMKA);

- CMMCKOM aKTMBHbIX TpaH3akuumi (xip_list = xid in progress).

Taknm 06pas3om, B CHMMKE BUAHbI TpaH3akumm Xid: xmin <= xid < xmax,
He BXxogsLue npu atom B xip_list.



o)) PROFESSIONAL

«["OPN30HT COObLITUN Pos{gres

TOPU30HT

HeakTya/lbHble
BEPCUM CTPOK
HE HYXHbI CHAMKY

-9
®
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)

» xid
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Homep camoli paHHeli U3 akTUBHbIX TPaH3akUuMii (Xmin CHUMKA) nmeeT
BaXKHbI CMbIC/T — OH ONPEAENseT «TOPU3OHT COOLITUI» TPaH3AKLNN.
A VIMEHHO, 3a CBOVM FOPN30HTOM TpaH3akLUuUs Bceraa BUANUT TO/TbKO
aKTyanbHble BEPCUN CTPOK.

[leicTBUTENbHO, BUAETL HEAKTyasIbHYI0 BEPCUIO TPEGYETCS TO/IbKO B TOM
Cnyyae, Korfa akTyasibHas co3faHa ellle He 3aBepLUMBLLECS TpaH3akUmei,
1 NO3TOMY He BUAHA. HO 3a «fTOPM30HTOM» BCE TPAH3aKLUN yXKe
rapaHTMPOBaHHO 3aBEPLLUIINCS.
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«["OpPU30HT cobbITUN» B/J1 Pos{gres

TOPU30OHT

HeakTyaslbHble HeakTyasibHble
BEPCUM CTPOK : BEpPCHM CTPOK

MO>XXHO o4vunaTtb : HENb3A oynuwatb

AKTUBHbIA
CHUMOK
r——

o —0

CHUMOK
«[0NrourparoLLLet»
TpaH3akumu
0

» xid

xmin
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CyLLECTBYET N «TOPU30HT COOLITUIN» Ha YpOBHE 6a3bl AaHHbIX. [ANnsa ero
onpeeneHnsa Haao B3siTb BCe aKTUBHbIE CHUMKN U CPpean HUX HanTu
MUHUMaJ/IbHbIN (CaMblid paHHKIA) Xmin. OH 1 ByaeT onpeaensATb ropu3oHT,
3a KOTOPbIM HeakTyasibHble BepCcumM CTPOK B aTo B/, y)xe Hukorga He o6yayT
BUAHbI HA OHOW TpaH3akLmu. Takme Bepcum CTPOK MOTYT OblTb OUULLEHBI.

Ecnn kakas-nmbo TpaH3akuus yaepXuBaeT CHAMOK B TEYEHMUU O0NTOro
BPEMEHU, OHA TEM CaMbIM YAEPXNBAET U TOPU3OHT COObLITUIN 6a3bl AAaHHbIX.
Bonee Toro, He3aBepLUEHHas TpaH3aKUNa yaepXnBaeT ropusoHT CaMnMm
doakToM CBO€ero cyllectsoBaHus (aaxe Ha ypoBHe Read Committed).
PUCYHOK UNINIOCTPUPYET Takyto CUTyaumio.

A 3TO 03HAYaEeT, YTo HeakTyaslbHble BEpCUn CTPOK B 3To BJ] He cMoryT
ObITb OUMLLEHBI. [TPK 3TOM COBEPLLUEHHO HE BAXHO, KakMe AaHHble untana
N 3MEeHsINa «aonrourparLlas» TpaH3akums. OHa MOXeT BOOO6LLE HUKaK
He nepecekaTbCs No JaHHbIM C APYrMMU TPaH3aKUNSIMU — FOPU3OHT 6a3bl
[laHHbIX OfIMH Ha BCEX.

DT0 ofHa M3 MPUYKMH, MO KOTOPbLIM TPaH3akUuMn He cnenyeT genatb A/IMHHEE,
yemM abCONTHO HEOBXOAMMO.



CHHMKH JaHHBIX

U eme 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) | 525 | 526 | 42 | FOO
(1 row)

OpHOBPEMEHHO C 9THM BHIIIOJIHMM HECKOJIPKO APYTHX TPaH3aKIWH.

=> UPDATE t SET s = 'BAR';

UPDATE 1

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

INSERT 0 1

T'opu30HT COOBITHH TPaH3aKIWH MOXKHO YBUAETH CIENYIOIIUM 00pa3oM:

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

backend xmin

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

backend xmin

BHJIHO, YTO OTKPEITAsA TPAH3aKUUA YOEPXKHUBAE€T T'OPU3OHT, IIOCKOJIBKY en HYXXHEI CTapble BEPCUU CTPOK.
3aBepIIuM ee.

| => comMmMIT;

| commIT

TTocne sToro TOPU3O0HT 06a3bl JaHHBIX IIPOOBUTAETCs BIIEpEeN, IMO03BOJIAsA OYHUIATh HEAaKTyaJIbHbIe BEPCHH.
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Toru Posigres

PostgreSQL wvcmnosb3yeT MHOTOBEPCUOHHOCTh U U30JISILIUIO
Ha OCHOBe CHUMKOB JIaHHbBIX

WHpekchbl He cofiep>KaT UH(OPMaLMU O BEpCUOHHOCTU

4T0OBI BEPHYTh [JaHHbIE, HY>KHO TIPOBEPUTH BUAUMOCTh
(T10 Tabsu1le UK KapTe BUJUMOCTH)

JIvllIHMe WHEKChbI He TOJIBKO B/IeKYT HaK/laJHble pacXo/pbl,
HO ¥ nipenisitcTBYyr0T HOT-00HOB/IEHMSIM

TpaH3aKLMU JO/DKHBI ObITh HACKOIBKO JIJTUHHBIMH,
HACKOJILKO Heo0X0IMMO, HO He OoJjiee

24



[1pakTuka POQSFE%

1. ®yHKIMOHA/ TOUEK COXpaHEeHHUs JO/DKEH MO3BOJISITh OTKAThIBATh
uacmbp TpaH3akiuy. YTobbl pa3obpaThCs, Kak 3To paboTaerT,
BBITIO/THUTE Orepal[ii BHYTPH OFHOM TpaH3aKI[UH:

— BCTaBbTe CTPOKY B Tabmuily;

— yCTaHOBUTEe TOUKY coxpaHeHUsi (SAVEPOINT);
— BCTaBbTe B TaO/MILY ellje OfHY CTPOKY;

— OTKaTuTe WU3MeHeHHs 10 TOUKW COXPaHeHus;

— BCTaBbTe ellle 0/Hy CTPOKY;

— 3apuKCcUpyliTe U3MeHeHUs.

[1pu 5TOM MOC/Ie KaXK0M Orepaly BEIBOAWUTE HOMEP TeKyllen
TPaH3aKI[MH1 U TPOBepsIiTe 3HaUeHHs CTOAOII0B XmMin ¥ Xmax.
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1. ToukHu coXxpaHEeHHUs

=> CREATE DATABASE mvcc_internals_overview;
CREATE DATABASE

=> \c mvcc_internals_overview

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

=> CREATE TABLE t(s text);

CREATE TABLE

HauynHaeM TpaH3aKLIUIO.

=> BEGIN;

BEGIN

BcraBnseM IepByIO CTPOKY:

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

INSERT 0 1

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

txid_current

=> SELECT *, xmin, xmax FROM t;

S | xmin | xmax
_______ e
first | 992 | 0
(1 row)

Tloka Bce KakK OGEIYHO.

YcTaHaBIHMBaeM TOUYKY COXPAHEHUsS U BCTABJIIEM BTOPYIO CTPOKY:
=> SAVEPOINT sp;

SAVEPOINT

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

INSERT 0 1

=> SELECT txid_current();

txid_current

HoMmep TpaH3aKIUM IPEKHUH.

=> SELECT *, xmin, xmax FROM t;

S | xmin | xmax
________ o m e e e e oo - oo
first | 992 | 0
second | 993 | 0
(2 rows)

A BOT B Xmin BTOPOM CTPOKHU yKa3aH ApPyrol HoMep. OTO — BJIOKeHHas TpaH3akius. OHa HayuHaeTCsI cpa3y IIocie
YCTaHOBKHU TOYKU COXPaHEHUS.

OTKaTUM U3MEHEHU S A0 TOYKHU COXPaHEHHUsA U BCTaBUM TPETBIO CTPOKY:

=> ROLLBACK TO sp;



ROLLBACK

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

=> SELECT txid_current();

txid current

=> SELECT *, xmin, xmax FROM t;

s | xmin | xmax
....... e
first | 992 | 0
third | 994 | 0
(2 rows)

Y TpeTwel CTPOKU OISATH OPYTOU HOMepP. OTO — ellle OfHa BIIOKEHHasi TPAH3aKIus, KOTopasi Hadasachk cpa3y IIoCJie OTKaTa
K TO4YK€ COXpPaHEeHUs.

3adurcupyeM U3MeHEHUsI:
=> COMMIT;
COMMIT

Kaxxnas BroKeHHasi TpPaH3aKIUs UMeeT COOCTBEHHEIN CTaTyC U MOXKeT OBITh 000pBaHa HE3aBUCUMO OT CTaTyca OCHOBHOU
TpaH3aknuu. OTKaAT YaCTHU TPaH3aKLUU — 3TO HPaKTUYECKHU OTKAT OOHOM MU HECKOJIbKUX BIIOKEHHBIX TPAH3aKIHUH.

Ho npu 3aBepIlleHNH OCHOBHOM TpaH3aKIHWM 3aBepIIaioTCs U BCe ellle aKTUBHLIE BIIOKEHHBIe TPaH3aKIIUN: IPpU GUKCalluu
— QUKCHUPYIOTCS, IPU OTKaTe — OTKATHIBAIOTCS.



