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OTKa3 OT OTBETCTBEHHOCTU

KomnaHus Postgres Professional He HeceT HMKako OTBETCTBEHHOCTM 3a
N06bIE NOBPexXAeHUA 1 YObITKKX, BK/IOYas NoTepto A40X04a, HAHECEHHbIe
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Pa3smep cTpaHuLbl COCTaB/SAET 8 KM106aiT. ATO 3HAUEHNE MOXHO
yBeNnnunTb (BNMOTb A0 32 KNnobaunT), HO TONbKO Npu cO0pKe.

N Tabnuubl, 1 MHAEKCHI, U 6OMBLLUMHCTBO APYrnX 06bEKTOB, KOTOPLIE

B PostgreSQL 0603Ha4atoTCcs No-aHIMMNCKN TeEpMUHOM relation, cnonb3yoT
O4MHaKOBYI CTPYKTYPY CTpaHuL,, 4ToObl Nosib30BaTbCA 06LWMM 6ydhepHbIM
Kewwem. B Hayane cTpaHuupbl MAET 3arofioBoK (24 6aiita), cogepxalimia
o6Lue cBeneHus 1 pasmep cnepyowmx obnacrtei: ykasarenei, cBo06o4HOro
NPOCTpPaHCTBa, BEPCUI CTPOK 1 cneumasnibHOn o6nacTu.

«Bepcusi cTpokm» HasbIiBaeTCA No-aHrnuiicky tuple; ecnv aTo He HapyLLaeT
O[IHO3HAYHOCTU, Mbl By1IEM COKpaLlllaTb Ha3BaHNE [10 «CTPOKa».

Ykaszarenv nmeroT oMKCUpoBaHHbIN pasmep (4 6aiTa) n cocTaBnAwoT
MaccuB, No3nuus B KOTOPOM onpeaenseTt naeHtndukarop ctpoku (tuple id,
tid). Ykazatenu ccblnarotcsa Ha CO6CTBEHHO Bepcum CTPOK (tuple), kotopble
pacnosioXeHbl B KOHLUEe 6/10ka. Takasd KOCBEHHas agpecauns yaqobHa Tem,
4TO BO-NePBbIX, MO3BOJIAET HANTK CTPOKY, HE Nnepebrpas Bce CoAepXMmoe
6n0oKa (CTPOKN UMEIOT pasHyto 4J1IMHY), a BO-BTOPbIX, NO3BOJAET
nepemeLarb CTPOKY BHYTPU 6/10Ka, He JioMasi CCbISTIKA N3 NHAEKCOB.

Bepcusi CTPOKK, B CBOKO oYepefib, MMEET 3aro/IoBOK U aHHbIE.

Mexay ykasatensiMu 1 BepCUsiIMN CTPOK HaxoamTcst cBo60oaHOe MEeCTO.
B KOHLe 6/10Ka MOXET HaxoAuTbCs cneyunasibHas 0651acTb, kKoTopast
MCMO/b3YETCS B HEKOTOPbIX UHAEKCHBIX CTPAHULAX.

https://postgrespro.ru/docs/postgresgl/13/storage-page-layout




o)) PROFESSIONAL

dopmaT AaHHbIX Pos{gres

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 dpainibl AaHHbIX C 0AHOW NnaTdopMbl (paspsaHOCTb, NOPSAOK
6ainToB U T. N.) He MOryT ObITb NepeHeceHbl Ha Apyrne nnaTtqpopmbi.

Kpome Toro, MHOrve apxmuTekTypbl NnpegycMaTpusaloT BblpaBHUBaHNE
[AHHbIX MO rpaHnLam MallrHHbIX cnoB. Hanpumep, Ha 32-6UTHOW cucTeme
x86 uenble yncna (Tun integer, 3aHMMaeT 4 6aiiTa) BblpaBHUBAKOTCA MO
rpaHuue 4-6anTHbIX C/I0B, KaK 1 Yicia c nnasaloLlei TOUKo ABONHOM
To4yHocTu (Trn double precision, 8 6aiT). A Ha 64-6UTHOI cucTeme
3HaueHus double precision 6yayT BbIPOBHEHbI M0 rpaHuLe 8-6aiTHbIX C/10B.

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




CTpyKTypa CTpaHMHI]

[t ©3y4eHusI CTPYKTYPHL U COOEPKAHUSI CTPAHULL IpefHa3HaYeHo paciuperHne 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'parunsl o6nacTel CTpaHUIIE 3allMCaHEL B €€ 3arojI0BKe. Bo3bMeM 1 mpuMepa HYJIeBYIO CTPAHUITY OOHOU U3 Tabull
CUCTEMHOT'0 KaTajora:

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

lower | upper | special | pagesize

212 | 7760 | 8192 | 8192
(1 row)

O6macTv 3aHUMAIOT criegyroiiye qualia3oHbl agpecoB:

0 — HayaJo 3aroj0BKa CTPAHUIE U yKa3aTelu Ha BePCUU CTPOK,
lower — Hayano cBOGOOHOTO MeCTa,

upper — Had4aJio JaHHBIX (BepCul CTPOK),

special — HaYaJo cmen. JaHHBIX (TOJIBLKO OJIsI UHAEKCOB),
pagesize — KOHeI] CTPaHUIIBL.
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YKasaresnn Ha Bepcun CTPOK Pogggres

craryc
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cTartyc BEPCUSI CTPOKM

CTpaHuvLa CoAepXUT MacCcuB yKkasaresniein Ha Bepcum CTPOK.
KaxkabIi yKkasaTtenb (3aHnMatownin 4 6aiita) coaepxur:

- CCbI/IKY Ha BEPCUIO CTPOKM;

- OJIMHY 3TOW Bepcumn CTpoku (ans yaoobceTsa);

- HECKOJIbKO BUT, onpeaenstwmux ctatyc Bepcmm CTPOKMN.



Bepcun cTpok B Tabnuue Pos{gres
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Bepcuu cTpok (tuples) B TabnmyHbix cTpaHuyax (heap pages) kpome
COBCTBEHHO AaHHbIX UMEIOT TaKXKe 3aro/1I0BOK. 3aro/1oBOK, NOMMMO MPOYeEro,
COAEPXUT criefytoLimne BaXHble Moss:

- Xmin 1 Xmax onpeaensioT BUANMOCTb AAaHHOW BEPCUM CTPOKM B TEPMUHAX
HauyasIbHOro 1 KOHEYHOTO HOMEPOB TPaH3aKLWIA.

- infomask cogepxut psg 6uToB, onpeaensiowmx CBONCTBa AaHHOIA
Bepcun. Ha pucyHke nokasaHbl OCHOBHbIE 13 HUX, HO Aasieko He Bce. YacTb

NokasaHHbIX GUTOB OyAEeT pacCMOTPeEHa B 3TOM TEMe, YaCcTb — B APYrux
TemMax 3Toro Mogyns.

- ctid saBNseTCA ceblIKoN Ha criegytowyto, 60/1ee HOBYIO, BEPCUIO TOM Xe
CTPOKW. ¥ camMoil HOBOIA, aKTyaslbHOW, BepCcumn CTPOKK ctid ccblnaeTca Ha

camy 3Ty Bepcuto. Takme CCbINIKN UCNOMb3YTCS HE BCerda, Mbl pacCMOTPUM
nx B Teme «HOT-06HOB/IEHUSA».

3aronoBOK BEpPCUM CTPOKN Ha TabNMUYHOM CTpaHuLe cocTaBndet 23 banta

(Mnn 6onbLUe: B HEro BK/IOHaEeTCs buToBasi kKapta HeornpeaeneHHbIX
3Ha4YeHu).

HanomMHuM, 4YTO Kaxxgasa Bepcusi CTPOKM Bcerga LiesIMkoM nomMmellaeTcs
BHYTPb OAHOW CTpaHuupbl. Ecnn Bepcnsa CTPoKn nmeet 60/bLLOK pasmep,
PostgreSQL nonpobyeT cxaTb 4acTb Nosei UM BbIHECTM YacTb NOsein
BO BHellHee TOAST-xpaHunuwe (3To paccmaTtpmBaeTca B Moay/e
«Pusnyeckan opraHnsaumsa gaHHbix» kypca DBAL).
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IHOeKCHbIe 3annciu Posigres
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NHbopMaLusi B UHAEKCHOW CTPaHMLEe CUNbHO 3aBUCUT OT TUNa MHAeKca.
N naxe y ofHOro Tuna nHaekca 6biBatoT pasHble BUAbl CTpaHuL,. Hanpumep,
y B-nepeBa ecTb cTpaHuLa ¢ MeTaJaHHbIMU U «06bIYHbIE» CTPAHWULbI.

TeM He MeHee, 06bIYHO B CTPaHNULLE MMEETCA MacCuB yKasaTesiell U CTPOKU
(Tak e, Kak 1 B TabNMUHON cTpaHuue). Bo nsbexxaHue nytaHuubl Mbl byaem
Ha3blBaTb MHAEKCHbIE CTPOKM 3anucsimMu. Kpome Toro, B KOHUE UHAEKCHOM
CTpaHuubl OTBOAUTCS MECTO Nof creunasibHble faHHbIe.

MHOEKCHble 3anncy ToXe MOTyT MMETb OYeHb pasHy CTPYKTYpY

B 3aBMCUMOCTM OT Tuna nHgekca. Hanpumep, gnsa B-gepesa 3anucu,
OTHOCSAILLMECSH K JIMCTOBbIM CTpaHULaM, CoAepKaT 3Ha4YeHne Ka4va
NHOEKCUPOBaHUA N CCbI/KY (Ctid) Ha COOTBETCTBYIOLLLYHO CTPOKY Tabnumubl

(nogpobHo cTpykTypa B-aepesa pasdbupaercs B yuebHoM Kypce QPT
«OnTuMmn3aunsa 3anpocoB»).

B o6uiem criyyae UHAEKC MOXET 6bITb YCTPOEH COBCEM ZIPYrIM 06pa3oM,
HO KaK NpaBu/o OH BCE paBHO ByJeT coAepXaTb CChbIIKU Ha BEPCUN CTPOK.

Homepa ctid nmetoT B1A, (X,y): 34eCb X — HOMep CTpaHuLbl, y —
NopsiAKOBbIVi HOMep ykasaTtensi B maccuee. [ns yao6ctea Mbl 6yaem
nokasblBaTb HOMepa C/ieBa OT yKasaTeseii Ha Tab/IMYHbIe BEPCUM CTPOK.

BaXXHbIA MOMEHT COCTOUT B TOM, YTO HUKAKOW MHOEKC HE COAEPXUT
NHd)OpPMaLINIO O BEPCUOHHOCTU (HET nosein xmin n xmax). Npountas
NHOEKCHYIO 3anncb, HEBO3MOXHO OnpeaennTb BUANMOCTb CTPOKM, Ha
KOTOPYH OHa CCblNaeTcs, He 3ar1saHyB B TabnnMyHy0 cTpaHuuy. Ons
onTUMM3aLMmM 3TON NPOBEPKN CNYXUT KapTa BUAMMOCTMW.

Ha pucyHke nokasaHbl 3anmcu 06bI4HOro nHaekca-B-gepesa. [na npocToThl
yKasarenu Ha 3T 3anucu onyLleHsbl.
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PaccMoTpuM, KaK BbIMOJTHAKTCA onepaunm co CTpoKamMn Ha HU3KOM YPOBHE,
N Ha4YHEeM CO BCTaBKW.

B Hallem npumepe npeanonaraetcs Tabnuua ¢ ABymsi ctonéuamm
(U1CnNOBOli N TEKCTOBBIN); MO TEKCTOBOMY MNOJIKO CO3/laH MHAEKC B-aepeso.

Mpv BCTaBKe CTPOKM B TAG/IMUYHOI CTpaHULIE NOSABUTCA yKasaTeslb
C HOMEPOM 1, cCbiNarLNIACS Ha NepPBYI0 U eANHCTBEHHYI0 BEPCUIO CTPOKN.

B Bepcuu CTpPOKK nosie Xmin 3arno/IHeHO HOMEPOM TeKyL el TpaH3akuum
(100 B Hawem npumepe). NMoCcKoNbKy N3MEHEHUS eLle He (ONKCUPOBasIUCH

N TpaH3aKUMs akTUBHA, TO B XXypHasne ctatyca TpaH3akumii (CLOG)
COOTBETCTBYOLadA 3annck 3anosiHeHa Hynamu. CLOG MOXHO npeacTaBuUTh
cebe Kak MaccuB, B KOTOPOM [/151 KaXA0W TpaH3akumm (HaunHas

C HEKOTOPOW) OTBOAMTCA POBHO ABa buTa. 3TN faHHbIX XPaHATCA B KaTtasiore
PGDATA/pg_xact, a HeCKo/IbKO Hanbonee akTyasibHbIX CTPaHuL
KeLIMpYHTCS B pasfensiemoil namMmaTn cepeepa.

B MHAEKCHO CTpaHuLIe Takxe co3aaeTcsl ykasaTe/lb C HOMepoM 1, KOTopblii
CCbI/TAETCA HA MHAEKCHYH 3anucb, KOTopas, B CBOK oyepeb, CCbI/TaeTcs Ha
NepBy0 BEPCUIO CTPOKM B TaBNUYHOWN cTpaHuue. YTo6bl He 3arpoMoXaaTth
PVUCYHOK, yKasaTeslb U MHAEKCHasi 3anicb 06 beAVHEHbI.

Mone xmax 3anosiHeHo OUKTMBHLIM HOMepPoM O, NOCKO/bKY AaHHas Bepcust
CTPOKM He yaaneHa u SIBNSIeTCS akTyaslbHOW. TpaH3akuun He ByayT

obpallarb BHUMaHMe Ha 3TOT HOMEP, MOCKO/bKY YCTaHOB/IEH BUT Xmax
aborted.



BcTaBKa

Co3pmapuMm TaGIUIly ¥ WHIEKC:

=> CREATE TABLE t(
id integer GENERATED ALWAYS AS IDENTITY,
s text

);

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

st ynoGCTBa CO3maauM MpefCTaBieHre, KOTOPoe C IOMOIIBI0 PACIINPE s pageinspect moKa)xeT NHTEPECYIOLIYIO Hac
nHGOPMAIUIO 0 BEPCUSX CTPOK U3 HYJIEBOM CTPAHUIILI TAOIUIIbL:

=> CREATE VIEW t_v AS
SELECT '(0,'[|lp]]|')" AS ctid,
CASE 1p_flags
WHEN @ 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

TakKe co3maguM IMpeNCcTaBIeHre, YTOOH 3arjIsiHyTh B UHAEKC. HyneBas cTpaHulla MHAEKCA COOEePKUT MeTanH(OopMaIuio,
II09TOMY CMOTPHM B IIEPBYIO:

=> CREATE VIEW t_s_v AS
SELECT itemoffset,
ctid
FROM bt_page_items('t_s',1);
CREATE VIEW
BcTaBuM OfHY CTPOKY, IPEABapPUTENIFHO HauyaB TPAH3aKIIUIO.
=> BEGIN;
BEGIN
=> INSERT INTO t(s) VALUES ('F00');
INSERT 0 1
BoT HOMeD Halllell TeKylllel TpaH3aKIUU U ee CTaTycC:

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

pg_current_xact_id

=> SELECT pg_xact_status('1204281");

pg xact status

in progress
(1 row)

BOT 4YTO COmEPXUTCS B TAGIUYHON CTPAHUIIE:

=> SELECT * FROM t_v;



| xmax | xmin c | xmin_a | xmax c | xmax a

ctid | state | xmin
------- B ek e S ek e R R
(0,1) | normal | 1204281 | 0 | | | | t

(1 row)

IToxoxKy!0, HO CyIIeCTBEHHO MeHee NeTaJIbHYI0 NH(GOPManWio MOXKHO IIOIYyYHUTh U U3 CAaMOW TaOJIHUIIEI, UCIIOIb3Y S

1IceBmocToNONE ctid, xmin 1 Xmax:

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

ctid | xmin | xmax | id | s

------- L e T (PR PR
(0,1) | 1204281 | 0] 1] FoO
(1 row)

B uHOEKCHOU CTpaHUIle BUOUM OOWH yKa3aTellb Ha eIUHCTBEHHYIO CTPOKY TaOIUIIEL:

=> SELECT * FROM t_s_v;

itemoffset | ctid
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Mpu doukcaumm nameHennin 8 CLOG ansa gaHHOW TpaH3akunn BbICTaBNAETCA
npu3Hak committed. 310, NO CyTU, eAUHCTBEHHAA onepauns (He cuntas
XypHana ynpexgaaroLein 3anucn), kotopas Heobxoanma.

Korga kakas-nmbo gpyrasi TpaH3sakuusa o6patuTcs K 3Tol TabnimMyHoM
CTpaHuue, er NpuaeTca OTBETUTbL Ha BOMPOCHI:

1) 3aBepwmnacbk nu TpaHsakuma 100 (Hago NPOBEPUTL CMINCOK aKTUBHbIX

MPOLLEeCCOB 1 X TpaH3aKUWi; Takas CTPYKTypa B 06LLeil namaTn nmeet
Ha3BaHue ProcArray),

2) a ecnu 3aBepLunniachk, To pukcaumein nnm otmeHon (ceeputbcsa ¢ CLOG).

MoCcKoNbKy BbINONHATL NpoBepky No CLOG Kaxabli pas HaknagHo,
BbISICHEHHbIN Of4HaXAbl CTaTyC TpaH3akuuKn 3anmcbiBaeTcs B GUTbI-
noackasky xmin committed n xmin aborted. Ecnin oanH 13 atnx 6UTtos
YCTaHOB/IEH, TO COCTOSAAHNE TPaH3aKUMM Xmin CYNTAETCSA M3BECTHbLIM U
cneayroLlein TpaHsakumm yxe He npuaetca obpawarscs kK 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.



duKcanusi H3MEeHeHU N

BrimonHuM ukcaiuio:

=> COMMIT;

COMMIT

YTO U3MEHUJIOCH B CTPaHUIle?

=> SELECT * FROM t_v;

ctid | state | xmin | xmax | xmin c | xmin_a | xmax c | xmax a
------- B ek e S ek e R R
(0,1) | normal | 1204281 | 0 | | | | t

(1 row)

Huyero, Tak Kak eqUHCTBEHHAas ollepauus, KOTopas BHIIOIHSAETCS IPU PUKCcAaluyu — 3anuch craryca tpan3aknuu B CLOG.
=> SELECT pg_xact_status('1204281"');

pg xact status

committed
(1 row)

Wubopmanus o craTycax TpaH3aKIWHM XPaHUTCS B MofgkaTasnore pg xact karanora PGDATA u KemupyeTtcs B o0Iei
namsatu. Hauunas ¢ PostgreSQL 13, craTucTuKy MCIOIL30BaHUS Kellla IOKA3kBaeT IpeacTaBiieHne 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

Xact | 332270 | 4 | 0
(1 row)

TpaH3akiys, epBoi 06paTUBIIAsCS K CTPAHUIIE, HOKHA OyOeT onpefeuTh CTAaTyC TPAH3aKUUKU Xmin. DTOT cTaTyc OymeT
3anucaH B HHOOPMAI[MOHHbIE OUTHI:

=> SELECT * FROM t;
id | s
1 | FOO
(1 row)
=> SELECT * FROM t_v;

ctid | state | xmin | xmax | xmin_c | xmin_a | xmax _c | xmax a
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©
9
£
=)
3
S8R
100 |t
e o 101
S5 2o
E2EL
EsES
8 % O ®
£33
craryc xmin xmax % £ % & [aHHble
(0,2) normal » 100 | 101 |t 42,FOO

BbICTYnaeT
Kak 6710kMpoBKa
CTpOKM
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[Mpn yganeHnn cTpokn B nose xmax TeKymeM BepCcunun 3anncbiBaeTCA HOMEP

TekyLlen yaansawLlen TpaH3akumm, a 6ut xmax aborted copacbiBaeTcs.
Bonblue HUYero He NPOUCXOANT.

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 G/10KMPOBKN paccMaTpMBarOTCA B OAHOMMEHHOM Mogayne. Moka
OTMETUM TOMbKO, YTO YMC/I0 BNOKMPOBOK CTPOK HUYEM He orpaHnyeHo. OHu
He 3aHMMaloT MecTo B onepaTMBHONM NamsATH, NPOM3BOAUTENBHOCTb
CUCTEMbI He CTpPaaeT OT UX KomyecTBa (pa3ymMeeTcsi, 3a NCK/THUYEHNEM

TOro, YTO NEePBbIN Npouecc, 0bpaTMBLUMICS K CTpaHuue, Oo/MKeH byaeT
NpOCTaBUTb GUTbLI-MOACKA3KN).



Yoanenue

Temneps yganuM CTPOKY.

=> BEGIN;

BEGIN

=> DELETE FROM t;

DELETE 1

HoMep TpaH3aklIuM 3alucacs B II0JIe Xmax:

=> SELECT * FROM t_v;

(0,1) | normal | 1204281
(1 row)

1204282 | t | | |



OTMeHa U3MEHEHUI Posigres

ctid KoY
(0,2) FOO
©
9
=20
EQ
E oS
o Q
o ®
100 |t
:8 E’j - 101 t
=2 T = Q
ELEC
ocTaetcsi E B gg
&= % o°%°°
£ L@
craryc Xmin Xmax ; § ; ; JaHHble
(0,2) normal —> 100 | 101 |t t 42,FOO
H(_/

npu nepeom
obpatleHnum
K CTpOke
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OTMeHa n3MeHeHui pabotaeT aHanorMyHo dmkcaumm, Tonbko B CLOG anis
TpaH3akuun BoicTaBnsetrca 6ut aborted. OTMeHa BbINOMHAETCA Tak e

ObICTPO, Kak 1 domkcauusa — He TpebyeTcs BbINOHATL OTKAT BbINOSTHEHHbIX
OEencTBui.

Homep npepBaHHOM TpaH3akuum oCTaeTcs B Nnosie xmax — ero MoXHo 6b110
Obl CTEpeTb, HO B 3TOM HET cMbIcna. Npu obpalleHumn K cTpaHuue byaet
NMpOBepeH cTaTyC 1 B BEPCUIO CTPOKN ByAeT yCTaHOBEH GUT NoACKa3Ku
xmax aborted. 310 6ygeT o3HayaTb, YTO Ha NoJsie Xmax CMOTPETb HE HYXHO.



OTMeHa U3MEHEeHHH

IIpu oOpEIBE TPaH3aAKIMM HOMEP XMaX OCTAeTCs B 3aTr0JI0BKE.
=> ROLLBACK;

ROLLBACK

=> SELECT pg_xact_status('1204282"');

pg xact status

aborted
(1 row)

=> SELECT * from t_v;

ctid | state | xmin | xmax | xmin_c | xmin_a | xmax_c | xmax_a
------- R e R S T
(0,1) | normal | 1204281 | 1204282 | t | |

(1 row)

A Ipu 06paH.[eHI/II/I K CTPAHHUIIE BBICTABJISAETCA COOTBeTCTByIOH.IHI:I OUT:
=> SELECT * FROM t;
id | s
1 | FOO
(1 row)
=> SELECT * FROM t_v;

ctid | state | xmin

(0,1) | normal | 1204281
(1 row)

1204282 | t | | | t



O6HOoBMNEeHne Pos{gres

ctid K/toY
(0,2 | BAR
3
0,1) FOO b=l
eg
€ o
o QO
O ®©
e S 100 |t
CTPOKM
:8 g - 101 t
=2 0T = Q
EQE¢C 102
nepesanucaH E B g 8
ey cS8°°
S E£Eaa
cTatyc Xmin “Xmax EEEE [aHHble
(0,2) normal » 100 | 102 |t 42,FOO
0,2) normal » 102 42 BAR
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OG6HoBMeHMe paboTaeT Tak, Kak OyA4To cHavasia BbIMOMHANOCH yaaneHne
CTapon Bepcun CTPOKKM, a 3aTeM BCTaBKa HOBOIA.

Crtapas Bepcus nomevyaeTcsi HOMEPOM TeKyLein TpaH3akLun B rnosie xmax.
O6paTuTe BHUMaHne, 4To HOBOe 3HayeHne 102 3anucasiocb NOBEpPX CTaporo
101, Tak kak TpaH3akums 101 6bl1a OTMeHeHa. Kpome Toro, 6utbl Xmax
committed n xmax aborted c6poLleHbl B HOMb, TakK KakK CTaTyc TEKYLLEN
TpaH3akuMn eLle He N3BECTEH.

B MHAEKCHOI CTpaHuLe NOosIBMSIETCS BTOPOiA yKaszaTesnb 1 BTopast 3anuchb,
CCblalouasics Ha BTOpY BEPCUIO B Tab/IMYHOM CTpaHuLLe.

Tak e, Kak 1 Npv yaaneHny, 3Ha4eHne xmax B NepBoit BEPCUMM CTPOKM
CNYXXMT NPU3HaAKOM TOro, Y4TO CTPOKa 3abnoKmMpoBaHa.



OOHOBJIeHHE

Temneps MPOBEPUM OOHOBJIEHUE.

=> UPDATE t SET s = 'BAR';

UPDATE 1

3amnpoc BeIZaeT OOHY CTPOKY (HOBYIO BEPCUIO):
=> SELECT * FROM t;

id | s

Ho B cTpaHune Mbl BuguM o0e Bepcuu. [IpuyeM HOBHIM HOMED TPaH3aKI[UK 3aIllMCaJICs Ha MECTO CTaporo (IIOCKOJIbKY
cTapasi TpaH3aKLus Obljla OTMEHEHA).

=> SELECT * FROM t_v;

ctid | state | xmin | xmax | xmin ¢ | xmin_a | xmax ¢ | xmax_ a
------- B ek e S e e S
(0,1) | normal | 1204281 | 1204283 | t | | t |

(0,2) | normal | 1204283 | 0|t | | | t

(2 rows)

IIpu 5TOM B MHIEKCHOM CTpaHulle 060HApyKUBaeM yKa3aTeNlu Ha 06e Bepcuu:

=> SELECT * FROM t_s_v;

(2 rows)

WUHpeKCHBIE 3aIIUCU BHYTPU CTPAHMUIIL YIIOPSIHOYeHE. [103TOMy epBol umeT 3anuch ¢ KiouoM BAR (cchliaeTcs Ha BEPCUIO
(0,2)), a BTOpPO# — 3anuchk c kimouyoM FOO (ccrimaetcs Ha Bepcuio (0,1)).



Toyka coxpaHeHusd Pos{gres

B03MOXHOCTb OTKATUTh YaCThb TPaH3aKIIUH

°©
2
= T
S
BEGIN; £ 5
INSERT INTO t(n) VALUES (42); - T“’E
SAVEPOINT SP;
101 t
DELETE FROM t; txid = 100
txid = 101 102 |t
ROLLBACK TO SP;
UPDATE t SET n = n + 1; ocHoBHas
D(|d =102 TpaH3akuws
COMMIT;

BNIOXEHHbIE
TpaH3akuumn
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TOHKUI MOMEHT NpeacTaBnseT PyHKUMOHAT TOUEK COXPaHEHMS,
NO3BO/ISAOLLNIA OTMEHUTb YacTb onepauuneint TekyLen TpaH3akumm. 310 He
yKnaablBaeTcsi B NPUBEAEHHYIO BbILLIE CXEMY, NOCKOMbKY (OU3NYECKN

HUKakKne AaHHble HE OTKaTbiBakdTCA, a J/Inllb UISMEHAETCA CTaTyC BCel
TpaH3akunn UeTNKOM.

[Mo3aTOMy TpaH3akKumMsi C TOUYKON COXPaHEHMsI COCTOUT N3 OTAE/bHbIX
B/IOXEHHbIX (HE nyTaTb C aBTOHOMHbIMK!) TpaH3akumi (subtransactions),
CTaTyCOM KOTOPbIX MOXHO YNpaBnsATb OTAENbHO.



o)) PROFESSIONAL

B10OXXeHHbIe TpaH3aKunu Posigres

CobctBenHbIii HOMep U ctatyc B CLOG

KOHEUHBIH CTaTyC 3dBHUCHUT OT CTaTyCd OCHOBHOH TPAH3dKIIUU

WHudbopmaliyisi 0 BIOXKeHHOCTHA COXPaHSIeTCs Ha JIUCKe

karasor PGDATA/pg_subtrans
JaHHbIEe KellupyrTcs B Oydepax obire namst (aHasornuHo CLOG)

HPI/IMEPBI HCII0J/Ib30BaHUA

Touka coxpaHeHuss SAVEPOINT
obpabotka uckmouennii B PL/pgSQL (EXCEPTION)
pexxuM psql ON_ERROR_ROLLBACK = on/interactive
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BnoXeHHble TpaH3aKuM1 MMEeOT CBO HoMep (60/1bLIniA, YeM HOMep
OCHOBHOW TpaH3akuun). CtaTyc B/IOXKEHHbIX TPaH3akLMii 3anicbiBaeTcs
06bI4HbIM 06pa3om B CLOG, ogHako douHasbHbIA cTaTyc 3aBUCUT OT
cTaryca OCHOBHOW TpaH3akUun: ecniv oHa OTMEHEHa, TO OTMEHSAITCS Takke
N BCE B/IOXEHHbIE TpaH3aKuun.

NHdopmaLmsi 0 BMOXEHHOCTU TpaH3akUMii XpaHUTCA B KaTasiore
PGDATA/pg_subtrans. O6palleHue K thaitnam nponcxoamt yepes bydepsl
B 06LLEN NaMsITU cepBepa, OpraHn3oBaHHbIE Tak Xe, Kak 1 6ydepbl CLOG.

BnoXeHHble TpaH3aKuMn Henb3s NCNo/1b30BaTh IBHO, TO €CTb HE/b3s
HauyaTb HOBYIO TpaH3aKLMI0, HE 3aBEPLUNB TEKYLLYH. DTOT MEXaHU3M
3a/1eCTBYETCA HESABHO MPY UCMNO/Ib30BaHUN TOYEK COXPAHEHUS, NMpK
o6paboTke ncknoveHnin PL/pgSQL n T. n.

Oco6eHHbI nHTepec npeactasnset pexum ON_ERROR_ROLLBACK

B psql, Npu BKOYEHUM KOTOPOro TpaH3aKUms, BbIMOHUBLLAS OLLMO0YHYIO
onepauuio, He nNpepbIBaeTCA, a NPoAo/mKaeT pabotarb. NoyemMy 3TOT pexunm
He BK/IKOYEH MO YyMoN4YaHuio? [leno B TOM, YTO OMbKa MOXET NPON30MATH
rae-To B cepefuHe BbINOSIHEHWS oneparopa, 1 Takmm 06pa3omM HapyLUIUTCS
aTOMapHOCTb BbIMNOSIHEHMA onepatopa. EANHCTBEHHbI cnoco6 OTMEHNUTb
N3MEHEHUS, Y)XXe cAe/laHHble 3TUM onepaTopomM, He Tporas ocTasibHble
N3MEHEHUA — UCNO/1b30BaThb B/IOXKEHHbIE TpaH3aKUnK. NMoaToMy pexnm
ON_ERROR_ROLLBACK thakTtnyeckn ctaBuT nepes Kaxkaom KomaHaoum
HEeABHYI0 TOUKY COXpaHeHUsA. A 3TO YpeBaTo CYLEeCTBEHHbIMW HaKNaAHbIMU
pacxogamu.



Touknu COXpPaHEeHHsI U BJIOZKEHHbI€ TPAaH3aKIITHHA

OnycTomuM TabIuIly (IIpU 9TOM OIYCTOUMIAIOTCS (aiinbl TaGIUIE ¥ UHOEKCA):
=> TRUNCATE t;

TRUNCATE TABLE

HaunHaeM TpaH3akKLMIO U BCTaBJIsieM IIEPBYIO CTPOKY.

=> BEGIN;

BEGIN

=> INSERT INTO t(s) VALUES ('F00')
RETURNING *, ctid, xmin, xmax;

id | s | ctid | xmin | xmax

B Fo--m- - Fommmemmm - B
2 | FOO | (0,1) | 1204285 | 0

(1 row)

INSERT 0 1

CTaBUM TOUYKY COXPaHEHHs U BCTaBJIsIeM BTOPYIO CTPOKY.
=> SAVEPOINT sp;
SAVEPOINT

=> INSERT INTO t(s) VALUES ('BAR')
RETURNING *, ctid, xmin, xmax;

id | s | ctid | xmin | xmax

R SR Foomao-- EEEEE TR TR
3 | BAR | (0,2) | 1204286 | 0

(1 row)

INSERT 0 1

O6paTtuTe BHUMaHue: GyHKIUS pg current xact id() BEIgaeT HOMep OCHOBHOM, a He BJIOKEHHOM, TPaH3aKINH:
=> SELECT pg_current_xact_id();

pg_current_xact_id

OTKaTHMCS K TOYKe COXpPaHeHUsi. Bepcuu CTPOK B CTPAHMIE OCTAIOTCS Ha MECTe, 3aTO U3MEHUTCS CTATyC BJIOKEHHOU
TPaH3aKIUHU:

=> ROLLBACK TO sp;
ROLLBACK

=> SELECT pg_xact_status('1204285') xid,
pg_xact_status('1204286') subxid;

in progress | aborted

(1 row)

TToaToMy 3anpoc K TabJIuIe BTOPYIO CTPOKY HE ITOKaXKeT:
=> SELECT *, ctid, xmin, xmax FROM t;

id | s | ctid | xmin | xmax
R R Fammmm- e Fommmm e m - Femmmm-
2 | FOO | (0,1) | 1204285 | 0
(1 row)

HJ’[F{ uaaneﬁme N3MEeHEHUHN CO30aeTCsda HOBasd BJIOKEHHAsA TPAH3aKIIUA:

=> INSERT INTO t(s) VALUES ('BAZ')
RETURNING *, ctid, xmin, xmax;



id | s | ctid | xmin | xmax
B e Fommme e - R

4 | BAZ | (0,3) | 1204287 | 0
(1 row)

INSERT 0 1

=> SELECT pg_xact_status('1204285') xid,
pg_xact_status('1204286') subxidl,
pg_xact_status('1204287') subxid2;

subxidl | subxid2

in progress
(1 row)

aborted | in progress

dukcupyeM u3MeHeHus. [Ipu 9ToM B Tabulle, Kak U Npexkae, HUUEro He MEHSIETCS:
=> COMMIT;
COMMIT

=> SELECT * FROM t_v;

ctid | state | xmin | xmax | xmin_c | xmin_a | xmax _c | xmax a
------- B i S S e T
(0,1) | normal | 1204285 | 0 | | | | t

(0,2) | normal | 1204286 | 0 | | t | | t

(0,3) | normal | 1204287 | 0 | | | | t

(3 rows)

A B CLOG ocHOBHas TpaH3akKIUs U BCe BJIOKEHHEIE, KOTOPHIE eIlle He 3aBepIleHk!, II0JIy4yaloT cTaTyc committed:

=> SELECT pg_xact_status('1204285') xid,
pg_xact_status('1204286') subxidl,
pg_xact_status('1204287') subxid2;

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

WubopManus o BIOKEHHOCTH TPaH3aKIWHM XPaHUTCS B IOfgKaTasnore pg subtrans katanora PGDATA. OHa KemupyeTcs B
0011ei maMsaTH, KaK ¥ nHpOpPMAIUs 0 CTaTycaX TPAaH3aAKIUN:

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

name | blks hit | blks read | blks written

Subtrans | 6 0
(1 row)



o)) PROFESSIONAL

Toru Posigres

B Tab/MAYHBIX CTPAHUIIAX MOYKET XPaHHUThLCSI HECKOJILKO BepCUi
OJJHOUM U TOU >Ke CTPOKM, OTpaHUUEeHHbIX HOMepaMH TpaH3aKI[ui
Xmin ¥ Xxmax

B uHAEKCHBIX 3anucsaX HeT MH(OpMalMM O BepCUOHHOCTHU
duKcalusi ¥ OTKaT BBIMOHSIIOTCS OJJMHAKOBO OBICTPO

,Z[J'[H TOUEK COXPaHeHHA UCII0J/Ib3YIOTCA B/I0OKE€HHbBIE TPAH3dKLINKN
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o)) PROFESSIONAL

[1pakTnKa Pos{gres

1. Co3gaiite Tabnuily ¥ BCTaBbTe B Hee OAHY CTPOKY. 3aTeM
[BaXK/Ibl 0OHOBHTE 3Ty CTPOKY U yjanuTe ee. CKOIbKO BepCuii
CTPOK Haxo[uTcs ceiiyac B Tabnure?

ITpoBepeTe, UCTO/B3YSA paclpeHKe pageinspect.

2. Ompenenure, B KAKOW CTPAHUI[e HAXOJUTCS CTPOKA TaO/IHL[bI
pg_class, oTHOCsIIasICs K camoii Tabnwmiie pg_class. CKOTBKO
aKTya/lbHbIX BepPCHI CTPOK HAaXOJUTCS B TOM >Ke CTpaHuLie?

3. Bxktouute B psql mapamerp ON_ERROR_ROLLBACK
1 yOe[uTeCh, UTo 3TOT PEXKUM UCTIONb3YyeT BIOXKEHHbIe
TpaH3aKL[1K.
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1. Bepcuu CTpPpOK

Co3spmaeM pacmupeHye U TabIuIry.

=> 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

BcTaBnsieM CTPOKY, OOHOBJIsIEM ee U 3aTeM yIanseM:

=> 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 Tabnuiie HU4YEro HeT:
=> SELECT * FROM t;

S

(0 rows)

[IpoBepsieM BEPCUH B CTPAHHUIIE:

=> SELECT '(0,'||lp]||')"' AS ctid,
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) > 06 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 ¢ | xmin_a | xmax_c
------- R A R
(0,1) | 1259216 | 1259217 | t |

(0,2) | 1259217 | 1259218 | t |

(0,3) | 1259218 | 1259219 | t |

(3 rows)

2. Bepcuu CTPOK Ha onpeae/IeHHOH CTPAaHHIIe

Howmep cTpaHUIIEI COOEePKUTCS B IEPBOM KOMIIOHEHTe 3HaueHus ctid:

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

K coxaneHuro, TUI JaHHLIX tid He MO3BOJILET HEIIOCPEACTBEHHO OJIyYUTh HOMED CTPAHUIIEL, HO MOXKHO, HAlIPUMED,
BOCIIOJIb30BAThCS IPUBEIEHNEeM K TUITY point:



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

KonugecTBO CTPOK Ha TOH K€ CTPaHUIE:

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

3. Pexxum ON_ERROR_ROLLBACK

BxouuMm pexum:

=> \set ON_ERROR_ROLLBACK on
HauyHeM TpaH3aKIHUIO U BCTAaBUM CTPOKY.
=> BEGIN;

BEGIN

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

s | xmin | pg_current xact id
_____ L T T ey
FOO | 1259221 | 1259220
(1 row)

INSERT 0 1

BcraBuwm emie OOHY CTPOKY.

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

s | xmin | pg_current_xact_id
_____ P
BAR | 1259222 | 1259220
(1 row)

INSERT 0 1

Kaxnmas komaHpma IIPOUCXOOUT B OTJ:[e]'II:HOI:I BJIOKEHHOU TPaH3aKIUY, 4YTO U TpeGOBaJ’IOCB YCTaHOBHUTS.
=> COMMIT;

COMMIT



