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CTpyKTypa cTpaHuy Pos{gres
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Pa3mep cTpaHulbl cocTaBnisieT 8 K6anTt. 310 3Ha4eHne MOXXHO YBENTMUYUTb
(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 codepXaT Te caMble AaHHble, KOTOPbIe Mbl XPaHUM B

Tabnuuax n gpyrux 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 ccolnarotca Ha Bepcum CTpok (tuple), pacnonoxeHHoble B
KoHLUe 6510Kka. Takast KocBeHHas agpecauuns yqooHa Tem, YTo BO-NepsbIX,
NMO3BO/ISIET HAUTU HYXXHYIO CTPOKY, HE Nnepebupast BCe coaepXmmoe 61oka
(CTPOKM MMEIOT pasHyto AJIMHY), a BO-BTOPbIX, NO3BOJISET NepemeLlartb
CTPOKY BHYTpW 6/10Ka, He ToMas CCbIIKN U3 UHAEKCOB

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



https://postgrespro.ru/docs/postgresql/16/storage-page-layout

of] PROFESSIONAL

dopmaTt gaHHbIX Pos{gres

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 onepaTtnBHOM NamaTu. CTpaHuua 3anucbiBaeTcs B doain un
ynTaeTcsi B BydoepHblil KeLl «Kak ecTb», 6€e3 npeobpaszoBaHuii.

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
1 TMNoB nonei. O6bIYHO 3TOT 3PPEKT HE CUMNBHO 3aMETEH, HO B HEKOTOPbIX
CNyyasx OH MOXET MPUBECTU K CYLLLIECTBEHHOMY YBE/IMUYEHNIO pasmepa.
Hanpumep, ecnn pacnosnarartb rnosasa TmnoB boolean v integer BepeMexky,
Mexay HAMK, Kak npasuno, 6yaet nponagatb 3 6anTa.

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

JIJ1 U3y4eHUsI CTPYKTYPBI U COZleprKaHUsI CTPAHUIT IIpefHa3sHaueHO paclIupeHue pageinspect.
=> CREATE DATABASE mvcc_tuples;

CREATE DATABASE

=> \c mvcc_tuples

You are now connected to database "mvcc tuples" as user "student".

=> CREATE EXTENSION pageinspect;

CREATE EXTENSION

I'paHHUITEI 06IacTeH CTPAHHUITEI 3aIIMCAHE] B ee 3ar0JI0BKe. Bo3bMeM /11 IpHrMepa HyJIeBYH0 CTPAHUITY OFHOM M3 Ta6JIHIL
CHCTeMHOTI0 KaTaJsora:

=> SELECT lower, upper, special, pagesize
FROM page_header(get_raw_page('pg_class',0));

lower | upper | special | pagesize

212 | 7744 | 8192 | 8192
(1 row)

06J1aCTH 3aHUMAIOT CjleyIoIne nrualra3oHbl apecoB:

0 — HaYaJIo 3ar0JI0BKA CTPAHUITHI U YKa3aTeIH Ha BepCUU CTPOK,
lower — Hayas10 CBO6OHOIO MECTa,

upper — HavaJo JaHHBIX (BEPCHUH CTPOK),

special — Ha4aJI0 cIIel]. JaHHBIX (TOJIBKO JJIs1 UHEKCOB),
pagesize — KOHell CTPaHHUIBL.
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YKasaresm Ha BEPCUN CTPOK  Posfgres

CCblIKa
Ha BepCuto CTPOKH,
ee AniMHa n ctatyc

yKasaresib BEPCUS CTPOKM

CTpaHuua CoAepXUT MacCuB yKasaresei Ha BepCumn CTPOK.
Kaxabli yKkasaTenb (3aHnMatowmin 4 6aiita) Coaepxur:

* CCbl/IKy Ha BEPCUIO CTPOKY;

* [/INHY 3TON Bepcun CTPOKM (AN yaobeTea);

* HEeCKOJIbKO OUT, onpeaensowmx ctatyc BepCum CTPOKN.
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Bepcun cTpok B Tabnuue Pos{gres

infomask — pasnnuHble
VMHOPMaLMOHHbIE BUTbI
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Bepcuu cTpok (tuples) B TabnuyHbix ctpaHuuax (heap pages) kpome
COBGCTBEHHO AaHHbIX TakKe MMEeKT 3aro/1I0BOK. TOT 3aro/10BOK, MOMUMO
NMpoyero, COAEPXUT cnenyoLme BaxHble Nons:

* Xmin 1 Xmax onpeaesnsoT BUAMMOCTb AaHHON BEPCUN CTPOKK
B TEPMUHAX Ha4yasIbHOro 1 KOHEYHOro HOMEpPOB TpaH3akunin. Homepa
TpaH3akumin (Transactionld nnu xid) nocnegosatenbHO BoiGMpatoTcs Ans
TpaH3akumin n3 rnobasibHOro cyeTymKa, KOTOpPbIA NCNOJb3YEeTCS BCEMMU
6azamu AaHHbIX B pamkax knactepa PostgreSQL.

* infomask cogepxut pag 6uTos, onpenenstolwmnx cCBoMCTBa AaHHOM
Bepcun. Ha prcyHke nokasaHbl OCHOBHbIE U3 HUX, HO Aa/IeKO He BCe.
YacTb nokasaHHbIX 6UTOB OyAeT paccMOTpeHa B 3TO TeMe, YaCTb —
B APYrMx Temax 3Toro Mogy/nis.

« ctid aBnsieTcs ccbiIKo Ha cneayoLLyo, 6o5ee HOBYH, BEPCUIO TON Xe
CTPOKW. Y caMoi HOBOWN, akmya/ibHoU, BepCUK CTPOKK ctid ccblnaeTtcs
Ha camy 3Ty Bepcuio. Takme CCbINIKM UCTMOMb3YHTCA He BCeraa, Mbl
paccMoTpum ux B Teme «HOT-06HOBNEHUA M CAMOOUYNCTKa.

3aro/10BOK BEpCUM CTPOKN Ha TabnMyHOM CTpaHuLe cocTaBnseT 23 bainta
(Mnn 6onbLIe: B HErO BK/KOYAETCA bMTOBas KapTa HeornpeaeneHHbIX
3Ha4YEeHNN).

HanomMHuM, 4YTO Kaxxgas Bepcus CTPOKM Bcerga LienIMkom nomeLlaercs
BHYTPb OfHOI CTpaHuLbl. ECnn Bepcus CTPOKN MMeET 60/bLLIOK pasmep,
PostgreSQL nonpobyeT cxxaTb YacTb NoNen U BbIHECTUN YacTb Mosei
BO BHewHee TOAST-xpaHunvLie (3To paccmMmarpmBaeTcs B Moay/e
«OpraHusaumsa gaHHbIx» Kypca DBAL).
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IHOeKCHbIe 3anncu Posigres

ctid K104
(0,1)
(0,2)

3HaueHus: Kouei
WHAEeKcupoBaHus

yKazare/ib Ha BEPCHI0
CTpOKM B Tabnuue
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NHhbopMauust B UHAEKCHOIM CTpaHMLEe CUbHO 3aBUCUT OT TUna UHAEKCa.
N naxe y ofiHOro Tuna nHaekca 6bIBatoT pas3Hble BUAbl CTpaHuL,. Hanpumep,
y B-gepeBa ecTb CTpaHuLa ¢ MeTaflaHHbIMU U «0ObIYHbIE» CTPaHWULLbI.

TeM He MeHee, 00bI4YHO B CTpaHuLe MMEETCA MacCuB yKasartesieil U CTPOKM
(Tak e, Kak 1 B TabnnyHoi ctpaHuue). Bo nsdexaHue nytaHuubl Mbl 6ygem
Ha3blBaTb MHAEKCHbIE CTPOKM 3anucsiMmu. Kpome Toro, B KOHLE MHAEKCHOW
CTpaHunubl OTBOAUTCA MECTO Moj creunasibHble faHHble.

CaMn MHOEKCHble 3anncu ToXXe MOryT MMEeTb O4YEHb Pa3Hyl CTPYKTYpY
B 3aBMCUMOCTM OT Tuna nHgekca. Hanpumep, gnsa B-gepesa 3anucy,
OTHOCSILLMECA K IMCTOBbIM CTpaHMLam, CoAaepaT 3Ha4yeHne Kava
NHOeKcnpoBaHua n naeHTndukarop (ctid) ctpoku Tabnumubl (NOAPOGHO
CTPyKTypa B-gepeBa u gpyrue nHaekcol pasdmparorcsa B yuebHOM Kypce
QPT «OntnmMusayms 3anpocos»).

YCTPOCTBO MHAEKCOB APYrMX TUMOB MOXET ObITb Pa3HbIM, HO, KaK NpaBuo,
CTPaHULIbl UHAEKCA BCe PaBHO COAEPXAT CChINIKA HA BEPCUMN CTPOK.

NaeHTudpmnkaTopsl ctid umeroT Bug, (X,y): 34eCb X — HOMeEpP CTpaHuubl, y —
NOPSAKOBbLIA HOMEp ykasaTtensa B maccuse. [nsa ygo6ctea Mbl yaem
nokasblBaTb UX C/ieBa OT yKasartesieil Ha Tab/iMyHble BEPCUN CTPOK.

Hunkakoi nHAEeKC He coaepXnUT MHGOpPMaLn0 O BEPCUOHHOCTM (B HEM HET
nosnei xmin n xmax). Mpountas To/IbKO NHAEKCHYHO 3aniCb, HEBO3MOXHO
onpeaennTb BUAMMOCTb CTPOKKN, HA KOTOPYHO OHA CCbISTaeTcs: NPUXOANTCS
obpallarbca K TabMYHOM CTpaHnue Ui kapte BUOUMOCTMW.

Ha prcyHke nokasaHbl 3an1cu IMCTOBbIX CTPAHML, 06bIYHOIO NHAEKCA —
B-aepeBa. N5 NPOCTOTbI yKa3aTenv Ha 3TU 3anncy onyLeHbl.
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BcTaBka Pos}gres
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PaccMoTpuM, KaK BbIMOJTHAKTCA onepawnm co CTpoKkamMy Ha HU3KOM YPOBHE,
"M HaA4YHEM CO BCTaBKW.

B Hawewm npumepe npegnonaraetca Tabnuua ¢ AByms ctonéuamm
(UMCNOBOW 1 TEKCTOBbI); NO TEKCTOBOMY MOS0 CO34aH NHAEKC B-aepeso.

Mpn BCTaBKe CTPOKM B TABMMYHOWN CTpaHULEe NOABUTCA yKasaTtesib

C HOMEepOM 1, cCbiTaloWmMncs Ha NnepByto U eANHCTBEHHYO BEPCUIO CTPOKM.
B Bepcun CTPOKM Nosie Xmin 3anosIHEHO HOMEPOM TeKYLLEn TpaH3akumm
(100 B Hawem npumepe).

B xypHase ctarycoB TpaH3akymii (CLOG) XpaHATCA COCTOAHUSA BCeX
TpaH3akumin (Ha4YMHast C HEKOTOPO), A1 KaXKAOW TpaH3akuMu oTBeAeHO ABa
6uTa. 3TN gaHHble xpaHaTcsa B Katanore PGDATA/pg_xact, a HeCKOJbKO
Hanbosiee akTyaslbHbIX CTPaHuL, KeLUMPYOTCA B pasgensemMon namaTu
cepsepa. [MockonbKy B Hawem npumepe TpaHsakymsa 100 elle akTuBHa, 06a
6uTa noka copOoLLEHbI.

B MHAEKCHOI CTpaHuLEe Takke co3aeTcs ykasate/lb C HOMepPoM 1, KOTOpbIl
CCbI/TAETCA Ha MHAEKCHYIO 3annch, KOTopasi, B CBOK O4Yepefb, CCbiNaeTcs Ha
NepByH BEPCUIO CTPOKU B TaOGNMUYHOI CTpaHuLe. UTo6bl He 3arpoMoXaaTb
PUCYHOK, yKa3aTe/lb U MHAEKCHas 3annucb 06beaNHEHbI.

Mone xmax 3ano/IHEHO (OUKTUBHBLIM HOMeEpPOM 0O, MOCKO/IbKY AlaHHasi BEPCUS
CTPOKM He yaasneHa u ABNSeTCA akTyanlbHOW. TpaH3akunn He ByayT
obpaularb BHUMaHUe Ha 3TOT HOMEP, MOCKO/bKY YCTaHOB/IEH BUT Xmax
aborted.



BcraBka

Co3aguM TabIUITy U HHEKC:

=> CREATE TABLE t(
n integer,
s text

)i

CREATE TABLE
=> CREATE INDEX t_s on t(s);

CREATE INDEX

Jl1s1 yoo6eTBa Co3qafuM IIpe/icTaBIeHHe, KOTOPOe C IIOMOIILI0 PAaCIIHpeHuUs pageinspect ToKa>KeT HHTEPECYIONIYI0 Hac
UHOGOPMAITHIO 0 BEPCUSX CTPOK K3 HYJIEBOM CTPAaHUITHI TaGIUITBL:

=> CREATE VIEW t_v AS
SELECT '(0,'[|lp]]|')" AS ctid,
CASE 1p_flags
WHEN 0 THEN ‘unused'’
WHEN 1 THEN ‘normal’
WHEN 2 THEN 'redirect to '||lp_off
WHEN 3 THEN 'dead’
END AS state,
t_xmin as xmin,
t_xmax as xmax,
CASE WHEN (t_infomask & 256) > 0 THEN 't' END AS xmin_c,
CASE WHEN (t_infomask & 512) > 0 THEN 't' END AS xmin_a,
CASE WHEN (t_infomask & 1024) > 0 THEN 't' END AS xmax_c,
CASE WHEN (t_infomask & 2048) > 0 THEN 't' END AS xmax_a
FROM heap_page_items(get_raw_page('t',0))
ORDER BY 1p;

CREATE VIEW

TaxoKe CO3aTUM IIpe/iCTaBJIeHHe, UTOOBI 3aTIJITHYTh B MH/IeKC. HysieBast cTpaHUITa MHIEKCA COIEePKUT MeTanH(OpMaIlHio,
II03TOMY CMOTPHM B IIEPBYIO:

=> CREATE VIEW t_s_v AS
SELECT itemoffset,
ctid
FROM bt_page_items('t_s',1);
CREATE VIEW
BcTaBUM OJfHY CTPOKY, IIpe/IBapUTEIbHO HadaB TPaH3aKI[HIO.
=> BEGIN;
BEGIN
=> INSERT INTO t VALUES (42, 'F00');
INSERT 0 1
BoT HOMep HallleH TeKyllled TpaH3aKIIUH U ee CTaTyC:

=> SELECT pg_current_xact_id(); -- txid_current() po Bepcum 13

pg _current xact id

=> SELECT pg_xact_status('749');

pg_xact_status

in progress
(1 row)

BOT 9TO COZIep>KUTCS B TAOJIHMYHOM CTpaHHUIle:

=> SELECT * FROM t_v;



ctid | state | xmin | xmax | xmin c | xmin _a | xmax_c | xmax_ a
(0,1) | normal | 749 | 0 | | | | t

(1 row)

IT0X07KYI0, HO CYII[eCTBEHHO MeHee JeTaJIbHY0 HHYOPMAIIHMI0 MOXKHO ITOJIYUUTh U M3 CaMOM TabJIHUIThI, UCIIOIb3YS
TICeBAOCTOJIOIEI ctid, Xmin ¥ Xmax:

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

ctid | xmin | xmax | n | s

------- LR EE D
(0,1) | 749 | 0 | 42 | FOO
(1 row)

B I/IH;LEKCHOIZ CTpaHUIle BUAUM OMUH YKa3aTe/lb Ha eTUHCTBEHHYIO CTPOKY TaﬁJII/ILH:IZ

=> SELECT * FROM t_s_v;
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%/_/

npu nepsom
06palLLeHnm K CTpoke
[Apyroii TpaH3akumei

11

Mpwn hukcaummn nameHeHnin 8 CLOG ana gaHHOM TpaH3akuum BbiCTaBISETCA
npu3Hak committed. 31O, N0 CyTU, eANHCTBEHHAsA onepauns (He cumtas
XypHana ynpexgaroLein 3anmcn), kotopas Heobxoanma.

Korga kakas-nmbo gpyrasi TpaH3akumsa obpatmuTca K 3TOl TabnMyHoiM
CTpaHuue, e NpuaeTca OTBETUTL Ha BOMPOCHI:

1) 3aBepwmnack nun TpaHsaxkuma 100 (Hago NpoBepUTL CMNCOK aKTUBHbIX

TpaH3aKUnin — Takasi CTPYKTypa noaaepXxmnBaeTca B 06LLENn naMsaTu
cepsepa),

2) a ecnu 3aBeplunnach, To hukcaumen nnm otmeHoi (ceeputbcs ¢ CLOG).

[MoCKoNbKY BbINONHATL NPoBepKy No CLOG kaxAablii pa3 HaknagHo,
BbISICHEHHbIN O4HaXAbl CTATYC TPaH3aKLUUKM 3anmcbiBaeTca B GUTbI-
noackasky xmin committed n xmin aborted. Ecnv oamMH U3 atnx 6utoB
YCTaHOBJIEH, TO COCTOSIHNE TPaH3aKuMM Xmin cCYMTaeTCs U3BECTHbLIM U
cneayroulein TpaHsakumm yxe He npuaetca obpatwarbces 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.



duKcanys u3MeHeHUil

BBITTOJTHUM QHKCAIIHIO:

=> COMMIT;

COMMIT

YTO U3SMEHUJIOCE B CTPaHHUIle?

=> SELECT * FROM t_v;

ctid | state | xmin | xmax | xmin_c | xmin_a | xmax_c | xmax_a
------- R et e T TR
(0,1) | normal | 749 | 0 | | | | t

(1 row)

Huuero, Tak Kak eJUHCTBEHHA OIlepaIiys, KOTopas BBIIOTHSIETCS IIpU GUKCAIMU — 3aIlUCch cTaTyca TpaHsakiuu B CLOG.
=> SELECT pg_xact_status('749');

pg xact status

committed
(1 row)

VHdopMarys o cTaTycax TpaH3aKIMM XpaHUTCS B IToOAKaTaIore pg_xact karasora PGDATA u KeIlupyeTcs B 0011el ITaMsTH.
HauwnHas ¢ PostgreSQL 13, cTaTUCTUKY UCII0JIb30BaHUA Kelllel, B TOM YHCJIe Kellla CTaTyCOB TpaH3aKIIui, II0KasblBaeT
TIpejicTaBJIeHHe pg_stat_slru:

=> SELECT name, blks_hit, blks_read, blks_written
FROM pg_stat_slru WHERE name = 'Xact';

name | blks hit | blks read | blks written

TpaH3aKIus, IepBoi 06paTUBIIASACI K CTPAHUITE, IOJDKHA 6YeT OIIpeie/ IUTh CTaTyC TPaH3aKIMHU Xmin. ITOT cTaTyc 6yzAeT
3amrcad B ”HGOpMaIjHoHHbIe OUTHI:

=> SELECT * FROM t;

n | s
e
42 | FOO
(1 row)

=> SELECT * FROM t_v;

ctid | state | xmin | xmax | xmin_c | xmin_a | xmax_c | xmax_a

(0,1) | normal | 749 | 0]t | | | t
(1 row)



Ypanexune Pos{gres

ctid K104
(0,1) | FOO
©
g
=0
€
E o
o Q
O @©
100 |t
° 9 101
25 2
ESEL
ESE3
g8 o
£EE3 s
yKazaresb xmin xmax £ £ & & JlaHHble
(0,1) normal » 100 | 101 |t 42,FOO

BbICTynaeT
6/10KMPOBKOIA
CTpOKM
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[Mpn yganeHnn cTpokn B nose xmax TeKyLLlleI\/ll BeEpCUMn 3arnncboiBaeTcqa HOMep

TekyLlen yaanawLlen TpaHlakumm, a 6ut xmax aborted cépacbiBaeTtcs.
Bonblue HUYEro He NPOUCXOANT.

3amMeTnM, UTO YCTaHOB/IEHHOE 3HaYeHne Xxmax, COOTBETCTBYHOLLEE aKTUBHO
TpaH3akumm (4To onpeaensieTcs ApYruMmn TpaH3akUUsIMK No CrnCKy
aKTMBHbIX), BbICTYMNaeT B KAYecTBe rnpu3Haka 6/10kMpoBku. Ecnu apyras
TpaH3akUMs HamepeHa 06HOBUTb NN YAanuUTb 3Ty CTPOKY, OHa byaet
BbIHYX/EHa J0XAaTbCA 3aBEPLUEHNS TPaH3aKLMM Xmax.

Moapo6Hee G/10KMPOBKN paccMaTpMBalOTCsl B OAHOMMEHHOM MOyre.

[MoKa OTMETUM TO/IbKO, UTO YMC/I0 B/TIOKMPOBOK CTPOK HUYEM HE OrpaHnYeHo.
OHM He 3aHMMalOT MECTO B onepaTMBHOI NaMSATK U NPOU3BOANTENBHOCTb
CUCTEMbI He CTpaflaeT OT UX KonmyecTBa (pasyMeeTcsi, 3a UCK/TYeHNEM

TOro, YTO NePBbIN Npouecc, 0bpaTMBLLUMIACS K CTpaHuue, AO/KEH byaeT
NpoCTaBUTb BUTbLI-NOACKA3KN).



Vnanenue

Teneps yaauM CTPOKY.

=> BEGIN;

BEGIN

=> DELETE FROM t;

DELETE 1

HoMep TpaH3aKI[MH 3aIIKCAJICS B IT0JIe Xmax:

=> SELECT * FROM t_v;

ctid | state | xmin | xmax | xmin_c | xmin_a | xmax_c | xmax_a

(0,1) | normal | 749 | 750 | t | | |
(1 row)



OTmMeHa U3MeHeHui Pos{gres

ctid K/t
(0,1) | FOO
°©
o
=0T
S
€ o
o QO
O ®©
100 |t
5 B 101 t
ELESL
ocTaetcs S _(;D g 8
HOMEp OTMEHEHHOV 8 c © ©
TpaH3akuum c c ('>E<$ ('>é
yKazaresb Xmin\\xmax E E E § [JaHHble
(0,1) normal — > 100 | 101 |t t| 42,FOO
H(_/

npwv nepsom
obpatieHnn
K CTpOKe
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OTmeHa n3MeHeHuin pabotaet aHanorM4yHo pukcaumm, Tonbko B CLOG
ANA TpaH3akumn BbicTaBnsaetcs 6ut aborted. OTMeHa BbINO/THAETCA Tak Xe

ObICTPO, Kak N dpukcaunsa — He TpebyeTcA BbINOMHATL OTKaT BbINOSIHEHHbIX
[EeNCTBUA.

Homep npepBaHHOM TpaH3akuum ocTaeTcs B Nnosie Xmax — ero MoXHo 6bIs10
Obl CTEpETb, HO B 3TOM HeT cmbicna. NMpun obpaweHnn K cTpaHuue oyaet
NMPOBEepeH cTaTyC 1 B BEPCUIO CTPOKN ByaeT yCTaHOB/IEH OUT NOACKa3Ku
xmax aborted. 310 6yaeT o3Ha4yaTb, YTO Ha Mos1e XMmax CMOTPETb HE HYXXHO.



OTMeHa H3SMEeHEeHHIH

IIpu 06pBIBe TPAH3aKI[UKU HOMep XmMax 0CTAeTCsI B 3aT0JIOBKe.
=> ROLLBACK;

ROLLBACK

=> SELECT pg_xact_status('750');

pg xact status

aborted
(1 row)

=> SELECT * from t_v;

ctid | state | xmin | xmax | xmin_c | xmin_a | xmax_c | xmax_a
------- R e e S S s LR
(0,1) | normal | 749 | 750 | t | | |

(1 row)

A TIpu IIepBOM 06pAaIeHN!Y K CTPAaHHUIIe BEICTABJIIETCSI COOTBETCTBYIOLIU GUT:

=> SELECT * FROM t;

n | s
i
42 | FOO
(1 row)

=> SELECT * FROM t_v;
ctid | state | xmin | xmax | xmin_c | xmin_a | xmax_c | xmax_a

(0,1) | normal | 749 | 750 | t | [ | t



O6HOoBNEeHne Pos{gres

ctid K104
0,2) BAR
15
(0,2) FOO Eo
EQ
E o
o Q
o®
aRh ) 100 |t
CTPOKN
3 3 101 t
Eo£73
EQE £ 102
nepesanucaH E 5 g 8
HOMep OTMEHEHHO 8 -('% (S
TpaH3aKuumn c c ('>é ('>é
yKasaresnb xmin Xmax E E E ; JaHHble
(0,2) normal » 100 | 102 |t 42 FOO
(0,2) normal » 102 0 t 42 BAR
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O6HoBNeHMe paboTaeT Tak, Kak OyATo cHavasia BbINOSIHANOCH yaaneHne
CTapon Bepcum CTPOKK, a 3aTeM BCTaBKa HOBOWA.

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, 6utbl Xmax
committed n xmax aborted cTapoi Bepcun CTPOKM COPOLLEHbI, TaK Kak
cTaTryc TekyLlel TpaH3aKkLMn eLle He N3BECTEH.

B nHAEKCHOW cTpaHuLe nosiBfsieTcsl BTOPOiA yKasaTtesb 1 BTopasi 3anucb,
CCblaruasics Ha BTOpPYH BEpPCU0 B TaB/IMYHON CTpaHuLe.

Tak e, Kak U Npu yaaneHuu, 3HaueHne xmax B NepBoil BEpCUM CTPOKN
CNY>XXMT NPU3HaAKOM TOro, Y4TO CTPOKa 3abMoKMpoBaHa.



OOHOBJICHHE

Teneps IPOBEPUM O0GHOBJIEHUE.

=> UPDATE t SET s = 'BAR';

UPDATE 1

3amnpoc BhIZAeT OJJHY CTPOKY (HOBYIO BEPCHUIO):

=> SELECT * FROM t;

n | s
I .
42 | BAR
(1 row)

HoB CTpaHUIle MBI BUTUM obe BepcHUU. HqueM HOBBIH HOMeEpP TpaH3aKITWUHY 3allkcaJICsa Ha MeCTO CTaporo (HOCKOJII)Ky CTapast
TPaH3aKIIUsa 6bLIa OTMEHEHA).

=> SELECT * FROM t_v;

ctid | state | xmin | xmax | xmin_c | xmin_a | xmax_c | xmax_a
------- R e e S S s LR
(0,1) | normal | 749 | 751 | t | | t |

(0,2) | normal | 751 | 0]t | | | t

(2 rows)

IIpu 3TOM B MHJIEKCHOH CTpaHuUIle 0GHAPY)>KHUBaeM yKa3aTesH Ha 00e BEpCHH:
=> SELECT * FROM t_s_v;

itemoffset | ctid

(2 rows)

VH/IeKCHBIe 3aIIUCH BHYTPH CTPAHUIII YIIOPSAOUYeHE! 110 3HAUEHUI0 KJIto4a. I[03ToMy ITepBO UJieT 3aIIuCch € KII0YOM BAR
(cceLnaeTcsd Ha Bepcuio (0,2)), a BTOpoM — 3anuch ¢ KiIro4yoM FOO (cceliaeTcs Ha Bepcuo (0,1)).



Touka coxpaHeHus Pos{gres

B03MOXXHOCTBH OTKAaTUTh YaCTh TPaH3aKIINH

BEGIN;
INSERT INTO t(n) VALUES (42); 100
SAVEPOINT SP;

101 t
DELETE FROM t; baid = 100

txid = 101 102 |t

ROLLBACK TO SP;
UPDATE t SET n = n + 1;
COMMIT;

= \ committed
| aborted

OCHOBHas

txid = 102 TpaHsaKuns

B/IOXEHHbIE
TpaH3aKuumn
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TOHKWIA MOMEHT NpeAcTaBnsieT PYHKUNOHaT TOYEK COXPaAHEHNS,
NO3BONSAOLNA OTMEHUTbL YaCTb onepauunii TEKYLLIEN TpaH3akUuMn. DTO He
yKNnaabiBaeTcs B NPUBEAEHHYIO BbILLIE CXEMY, MOCKO/bKY (hrn3nyecku

HVKakne AaHHble He OTKaTbIBAlOTCS, a /Mb U3MEHSIETCS CTaTyC BCEl
TpaH3aKLUMN LENNKOM.

[MosToMy TpaH3aKLUMs C TOYKON COXPaHEHMSI COCTOUT N3 OTAENbHbIX
B/IOXEHHbIX (HE NyTaTb C aBTOHOMHbIMK!) TpaH3akuuii (subtransactions),
CTaTyCOM KOTOPbIX MOXHO YNpaBnATb OTAE/NLHO.



of] PROFESSIONAL

BnoXXeHHble TpaH3aKunn Posigres

CobcTBeHHbIM HoMep U cTatyc B CLOG

KOHEUHBIH CTaTyC 3aBHUCHUT OT CTaTyCa OCHOBHOM TPAH3dKIUH

WHdopmaliys 0 BITO)KEHHOCTH COXPaHsIeTCsl Ha AUCKe

karanor PGDATA/pg_subtrans
JlaHHBIE KeLTUPYIOTCs B Oydepax obier namsatu (aHasmornuyHo CLOG)

HpI/IMepr HCITI0/Ib30BaHUA

Touka coxpaHenusi SAVEPOINT
obpabotka uckmouenuii B PL/pgSQL (EXCEPTION)
pexxum psql ON_ERROR_ROLLBACK = on/interactive
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BrioXeHHble TpaH3akuum MMeKT cBO HoMep (60NbLUINIA, YEeM HOMEP
OCHOBHOW TpaH3akKumun). CTaTyC BNOXEHHbIX TPaH3aKLUMi 3anncbiBaeTcs
006bI4HbIM 06pa3om B CLOG, ogHako (PpuHasbHbIN cTaTyc 3aBUCUT OT
cTtaryca OCHOBHOM TpaH3aKuuKn: ec/in oHa OTMEHEHA, TO OTMEHSAITCS Takxke
N BCE BIOXXEHHbIE TPpaH3aKLuu.

Hdhopmaumsi 0 BNOXEHHOCTUN TpaH3aKUMA XpaHUTCA B Katasore
PGDATA/pg_subtrans. O6palleHune K thainsiam nponcxoanTt yepes dydepsl
B 06LLEN NaMATU cepBepa, OpraHn3oBaHHbIE Tak Xe, Kak 1 6ydepbl CLOG.

BnoxeHHble TpaH3aKuUn HeMb3s NCMN0/1b30BaTb SIBHO, TO €CTb HEfb3S
HayaTb HOBYH TpaH3akKLUI0, HE 3aBEPLLMB TEKYLLYH. ITOT MEXaHU3M
3a/1eCTBYETCSA HEABHO MPU UCMNO/Ib30BaHNN TOYEK COXPaHEHWs, Npu
o06paboTtke ncknoveHnin PL/pgSQL u T. n.

Oco6eHHbI nHTepec npeacTtasnsiet pexum ON_ERROR_ROLLBACK

B psql, Npu BKAKOYEHUN KOTOPOro TpaH3akKLUms, BbINO/HUBLIAA OLLIMOOYHYHO
onepauuto, He NpepbIBaeTcs, a nNpodo/nkaeT paborarb. [lovyemy 3TOT pexumm
He BK/IKOYEH M0 yMOoN4aHunio? [1eno B TOM, YTO OLUMOKa MOXET NPOU30UTHU
rae-To B cepeguHe BbINOSIHEHUS oneparopa, U Takum 0bpa3omM HapyLUIUTCS
aTOMapHOCTb BbINOSIHEHMA onepaTtopa. EAUHCTBEHHbI cnoco6 OTMEHUTb
N3MEHEHUS, Y)XXe cAe/laHHble 3TUM onepaTopoM, He Tporas oCcTaslibHble
N3MEHEHUSA — NCNONb30BaTb BNIOXEHHbIE TPaH3aKUUN. [103TOMY pexum
ON_ERROR_ROLLBACK thaktnyeckun ctaBuT nepes Kaxaoin KomaHnoi
HEeABHYI0 TOUKY COXpPaHeHUA. A 3TO YpeBaTo CyLLLEeCTBEHHbIMU HakNa4HbIMU
pacxofamu.



TTNIKI[CO)q}aHe}Hlﬂ]ﬂ]&ﬂO)Ke}HHLIe'Tpall3alﬂlﬂﬂl

OrrycToNINM TaGJIHITy (IIPH 3TOM OITYCTOIIAITCS GpaiiyIbl TabINITEI U HH/EKCa):
=> TRUNCATE t;

TRUNCATE TABLE

HaupHaeM TpaH3aKIUIO ¥ BCTABJIIEM CTPOKY.

=> BEGIN;

BEGIN

=> INSERT INTO t(n) VALUES (42)
RETURNING *, ctid, xmin, xmax;

n | s | ctid | xmin | xmax
R DL S Homm - e
42 | | (0,1) | 753 | 0
(1 row)

INSERT 0 1

CTaBUM TOUYKY COXPaHEHUS U y/ajIsieM CTPOKY.
=> SAVEPOINT sp;
SAVEPOINT

=> DELETE FROM t RETURNING *, ctid, xmin, xmax;

n | s | ctid | xmin | xmax
B el LR B Fo-----
42 | | (8,1) | 753 | 754
(1 row)
DELETE 1

ObpaTuTe BHUMaHHUe: QyHKIIUA pg_current_xact_id() BEIaeT HOMep OCHOBHOH, a He BJIO’KEHHOM, TpaH3aKIIHH:
=> SELECT pg_current_xact_id();

pg_current xact id

OTKaTHUMCS K TOUKe COXpaHeHMs. Bepcuu CTPOK B CTPaHUIle OCTAKTCA Ha MeCTe, HO MSMEHHUTCS CTaTyC BJIOYKeHHOM TPaH3aKIIHHU:
=> ROLLBACK TO sp;
ROLLBACK

=> SELECT pg_xact_status('753') xid,
pg_xact_status('754') subxid;

xid | subxid
............. B
in progress | aborted
(1 row)

BaHpoc K TaﬁJII/II.IE CHOBaA ITOKa’>XeT CTPOKY — ee yJaJIeHHue OBLJI0 OTMEHEHO:

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

n | s | ctid | xmin | xmax
B el LR B Fo-----
42 | | (0,1) | 753 | 754
(1 row)

[ manpHeHINNX N3MeHeHUH co3/jaeTcsl HoBasl BJIO>KeHHas TpaH3aKIys. Ee HoMmep 6y/ieT 3amucaH B I10JIe Xmax IIepBOM BepCUU
CTPOKH BMeCTO HOMepa OTMEHEeHHOM BJIOKeHHOU TpaH3aKIMK 754 U B I10JIe XMin HOBOM BepCHUU:

=> UPDATE t SET n=n + 1
RETURNING *, ctid, xmin, xmax;



n | s | ctid | xmin | xmax
B L el TR R R
43 | | (0,2) | 755 | 0
(1 row)
UPDATE 1

=> SELECT pg_xact_status('753') xid,
pg_xact_status('754') subxidl,
pg_xact_status('755') subxid2;

subxidl | subxid2

in progress
(1 row)

aborted | in progress

dukcupyeM UsMeHeHHUs. [Ipy 3TOM B TabJIMIle, KaK H IIpeXk/ie, HUYero He MeHseTCs:
=> COMMIT;
COMMIT

=> SELECT * FROM t_v;

ctid | state | xmin | xmax | xmin_c | xmin_a | xmax_c | xmax_a
------- R s I S e R e
(0,1) | normal | 753 | 755 | | | |

(0,2) | normal | 755 | 0 | | | | t

(2 rows)

A B CLOG oCHOBHas TpaH3aKI[Hs U BCe BJIOKeHHBIe, KOTOPBIE ellle He 3aBepIlleHk], II0JIy4aloT cTaTyc committed:

=> SELECT pg_xact_status('753') xid,
pg_xact_status('754') subxidl,
pg_xact_status('755') subxid2;

xid | subxidl | subxid2
........... T T T
committed | aborted | committed
(1 row)

VHdopMaIiys o BJI0KeHHOCTH TPaH3aKIHI XpaHUTCA B IToKaTasore pg_subtrans katasora PGDATA. OHa KeIlTupyeTcs: B 0011e
naMATH, KaK 1 HTHPOPMAIUs 0 cTaTycaxX TpaH3aKI[HH:

=> SELECT name, blks_hit, blks_read, blks_written
FROM pg_stat_slru WHERE name = 'Subtrans’;

name | blks hit blks read | blks written

Subtrans | 2
(1 row)



ITormn POQSFE%

B Tab/MMYHBIX CTPAaHUIIAX MOYKET XPaHUThCSI HECKOJIBKO BepCUi
OJJHOU Y TOM ke CTPOKU, OrpaHUUYeHHbIX HOMepaMM TpaH3aKLuHh
Xmin ¥ Xxmax

B MHAEKCHBIX 3dITUCAX HeT I/IH(l)OpMaLII/II/I 0 BEPCHMOHHOCTHU
(DI/IKCaL[I/IH M OTKAT BBITNTIOJIHAKOTCA OJWMHAKOBO 6bICTpO

,Z[JIH TOUEK COXPaHEHHA UCIT0J/Ib3YHOTCA B/I0KE€HHbIE TPAH3dKIINK
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[1pakTnka Pogga’?é%

1. Cos3gaiite Tabnuily 1 BCTaBbTe B Hee OJHY CTPOKY. 3aTeM
JBaKbl 0OHOBUTE 3Ty CTPOKY U yzAanute ee. CKOJIBKO BepCrit
CTPOK HaXOZIWUTCs ceiuac B Tabnmiie?

ITpoBepsTe, UCIIONB3YS paclupeHue pageinspect.

2. Ormpepnenure, B KaKO CTPaHUI[e HAXOJUTCS CTPOKA TaOJIHLIbI
pg_class, oTHOCsI[asica K camoi Tabnuiie pg_class. CKObKO
aKTyaJ/IbHbIX BEPCUM CTPOK HaXOAUTCS B TOU »Ke CTpaHuIe?

3. Bxktouure B psql mapamerp ON_ERROR_ROLLBACK
1 yOeauTeCh, UTO 3TOT PEXKUM HCIIO/Ib3yeT BIIOYKeHHbIe
TpaH3aKLUHU.

23



1. Bepcuu cTpOK

CosflaeM paciIupeHue U TabIuiy.

=> CREATE DATABASE mvcc_tuples;

CREATE DATABASE

=> \c mvcc_tuples

You are now connected to database "mvcc tuples" as user "student".
=> CREATE EXTENSION pageinspect;

CREATE EXTENSION

=> CREATE TABLE t(s text);

CREATE TABLE

BcTaBiisieM CTPOKY, OGHOBJISIEM €€ U 3aTeM Y/jaisieM:

=> INSERT INTO t VALUES ('F00');

INSERT 0 1

=> UPDATE t SET s = 'BAR';
UPDATE 1

=> UPDATE t SET s = 'BAZ';

UPDATE 1

=> DELETE FROM t;
DELETE 1

B Ta6IuIle HUYEro HeT:
=> SELECT * FROM t;

S

(0 rows)

IIpoBepsieM BEPCHHU B CTPAHUIIE:

=> SELECT '(0,'||lp|]|')" AS ctid,
t_xmin as xmin,
t_xmax as xmax,
CASE WHEN (t_infomask & 256) > 6 THEN 't' END AS xmin_c,
CASE WHEN (t_infomask & 512) > 0 THEN 't' END AS xmin_a,
CASE WHEN (t_infomask & 1024) > 0 THEN 't' END AS xmax_c,
CASE WHEN (t_infomask & 2048) > 0 THEN 't' END AS xmax_a
FROM heap_page_items(get_raw_page('t',0))
ORDER BY 1p;

ctid | xmin | xmax | xmin_c | xmin_a | xmax_c | xmax_a
------- B et S S i e e
(0,1) | 746 | 747 | t | | t |

(0,2) | 747 | 748 | t | | t |

(0,3) | 748 | 749 | t | | t |

(3 rows)

2. Bepcuu CTPOK Ha OIIpe/ieIeHHOH CTpaHHIie

HoMep cTpaHHIIBI COJIEPKUATCA B IIePBOM KOMIIOHEHTe 3HaueHus ctid:

=> SELECT ctid FROM pg_class WHERE relname = 'pg_class';

K corxaseHuI0, TUIL AaHHBIX tid He TO3BOJISIET HeII0CpeACTBEHHO II0JIyUUTE HOMED CTPaHHUIIbl, HO MOKHO, HaITpuMep,



BOCIIOJIB30BAaThCA IIPUBEEHUEM K TUITY pOiI’ltZ

=> SELECT (ctid::text::point)[0]::integer FROM pg_class WHERE relname = 'pg_class';

KosimgectBo CTPOK Ha TOH 7Ke CTpaHHUIE:

=> SELECT count(*)
FROM pg_class
WHERE (ctid::text::point)[0]::integer = (
SELECT (ctid::text::point)[0]::integer FROM pg_class WHERE relname = 'pg_class'
)i

3. Pecxxum ON_ERROR_ROLLBACK

BKJIIOUUM peXuM:

=> \set ON_ERROR_ROLLBACK on
HauHeM TpaH3aKIIMIO U BCTaBUM CTPOKY.
=> BEGIN;

BEGIN

=> INSERT INTO t VALUES ('F00')
RETURNING s, xmin, pg_current_xact_id();

s | xmin | pg_current xact id
_____ s
FOO | 751 | 750
(1 row)

INSERT 0 1

BcTaBHM ellje OHY CTPOKY.

=> INSERT INTO t VALUES ('BAR')
RETURNING s, xmin, pg_current_xact_id();

s | xmin | pg_current_xact_id
_____ g
BAR | 752 | 750
(1 row)

INSERT 0 1

Karkzast KoMaH/ia IIPOMCXOAMT B OT/e/IbHOM BJIOYKeHHOM TPaH3aKIUH, YTO ¥ TPe60BaIoCh yCTaHOBUTD.
=> COMMIT;
COMMIT

VCTaHOBJIEHHBIH PeXKUM GY/ieT eHCTBOBATh BILUIOT /IO 3aBepIIIeHHUs ceaHca psql. A YTo6HI 3Ta HaCTpoiKa He IToMelaa
JabHeHIIelt paboTe B 9TOM JKe CeaHce, BepHEM IIPeXKHUN PerKUM:

=> \set ON_ERROR_ROLLBACK off



