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OTKa3 OT OTBETCTBEHHOCTHU

KomnaHus Postgres Professional He HeCceT HMKaKo OTBETCTBEHHOCTM 3a
N06ble NOBPEXAEHUA N YObITKA, BKKOYAA NOTEPI0 40X04a, HAHECEHHbIEe
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Pa3smep cTpaHuLbl cocTaBnseT 8 K6anT. 3To 3HAYEHNE MOXHO YBETNYNUTb
(Bnn1oTb Ao 32 K6aliT), HO TO/bKO npu coopke. V1 Tabnuubl, U MHOEKCHI,

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

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

Bepcuu CTPOK cofepxar Te camble AaHHble, KOTOPbIe Mbl XpaHUM B

Tabnunuax un gpyrux oovektax b/, nioc 3aronoBoK. «Bepcusi CTpokm»
No-aHIrNINCKU Ha3biBaeTcs tuple; nHorga Mol 6yaem roBOpuTb MPOCTO

«CTPOKa.

YkasaTtenu nmeloT UKCMpoBaHHbI pasmep (4 6ainta) u coctaBnsaloT
MaccuB, NO3MLUNA B KOTOPOM ornpeaenseT ngeHtndukarop ctpoku (tuple id,
tid). Ykazarenu ccblnarTca Ha Bepcumn CTPokK (tuple), pacnonoxeHHble B
KoHLe 6/10ka. Takasd KOCBeHHas agpecaums yaobHa T1em, YTo BO-NepBbIX,
MO3BOJISIET HAWUTU HYXXHYIO CTPOKY, HEe nepebupas Bce cogepxmnmoe 6r10ka
(CTPOKM MMEIT pasHyto A/IMHY), a BO-BTOPbLIX, MO3BOJISET NepemMeLLarb
CTPOKY BHYTpW 6/10Ka, He /ioMasi CCbI/TIKA N3 NHAEKCOB

Mexay ykasatensiMm n BepcusiMn CTPOK HaxXoaMTcs CBOGOAHOE MEeCTO.

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

https://postgrespro.ru/docs/postgresqal/16/storage-page-layout
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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 dhaiinibl AaHHbIX Ha ogHOM nnatopme (pa3psaHOCTb, NOPSAOK
6ainToB U T. N.) OKa3blBAOTCA HECOBMECTUMbIMW C APYrMU NaatopmamMu.

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

N3-3a 3TOro pasmep 1ab/IM4HON CTPOKM 3aBUCUT OT NOpALKA PaCrosiOXeHUS
nonen. O6bIYHO 3TOT 3PPEKT HE CUBHO 3aMETEH, HO B HEKOTOPLIX CyYasix
OH MOXET NPUBECTU K CyLLLeCTBEHHOMY YBENYEHNIO pa3mepa. Hanpumep,
ecnim pacnonaratb nosna Tunos char(1l) v integer Bnepemexky, Mexay HUMu,
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 | 7744 | 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 Pog%gres

CCblNiKa
Ha BEPCUI0 CTPOKU,
ee [i/imHa n ctaryc

yKasatesb BEPCUA CTPOKKU

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

* CCbl/IKy HA BEPCUIO CTPOKU;

* [/INHY 3TON Bepcun CTPoku (Ansa yaobeTea);

* HeCKO/bKO 6UT, onpeaenstowmx ctatyc Bepcum CTPOKMN.



Bepcun cTpok B Tabnuue Pos{gres
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Bepcuu cTpok (tuples) B TabnmyHbix cTpaHuyax (heap pages) kpome
COBGCTBEHHO AaHHbIX Takke UMEIOT 3aro/IoBOK. ITOT 3aro/10BOK, NMOMUMO
MpOYero, CoOAePXMUT cneayoLme BaxHble Nons:

* Xmin 1 Xxmax onpeaensoT BUAMMOCTb AaHHON BEPCUN CTPOKU
B TEPMUHAX Ha4YasIbHOTO M KOHEYHOro HOMEpPOB TpaH3akunin. Homepa
TpaH3akumin (Transactionld nnu xid) nocnegosatensHO BblGuparoTcs Ans
TpaH3akumin n3 rnobasibHOro cyeTymKa, KOTopbI MCNOJb3YeTCs BCEMMU
6azamMu AaHHbIX B paMkax Knactepa PostgreSQL.

* infomask cogepxut pag 6utos, onpenenstowmnx cBoOMCTBa 4aHHOM
Bepcun. Ha prcyHke nokasaHbl OCHOBHbIE N3 HUX, HO Ala/1eko He BCe.
YacTb nokasaHHbIX 6UTOB ByAeT pacCMOTpPeHa B 3TOil TeMe, YacTb —
B APYrnx TemMax aTtoro Mogyns.

« ctid aBnsieTcs ccbiNKoin Ha cneayouyto, 60/1ee HOBYHO, BEPCUIO TON Xe
CTPOKW. Y camMoil HOBOW, akmyasibHOU, BEPCUN CTPOKK ctid ccbliaeTcs
Ha camy 3Ty Bepcuto. Takme CCbISIKU UCMOMb3YHTCH He BCeraa, Mbl
paccMoTpumM ux B Teme «HOT-06HOBMEHUA».

3aro/10BOK BEpCUM CTPOKN Ha Tab/IMyHOM CTpaHuLe cocTaBnser 23 6aiTta

(nnn 6onbLUe: B HETO BK/IOHAETCA GUTOBas KapTa HeonpeaeneHHbIX
3HaYEeHU).

HanomMHuM, 4YTO KaXkaasa Bepcusa CTPOKM BCeraa Lie/IMKoM nomMmeLlaeTcs
BHYTPb OfHOM CTpaHuubl. ECnn Bepcusi CTPOKK MMeeT 60/bLLIOIN pa3mep,
PostgreSQL nonpobyeT cxaTb YacTb Nosieil Un BbIHECTU YacTb Noen
BO BHelWlHee TOAST-xpaHunvue (3To paccMmarpusaeTcs B Moayrie
«OpraHusauunsa 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.

CamMn MHOEeKCHble 3anncu ToXe MOryT UMEeTb O4YEHb PasHyl CTPYKTYpY
B 3aBMCMMOCTM OT TuUna nHaekca. Hanpumep, onia B-gepesa 3anucu,
OTHOCSAILLMECSH K JIMCTOBbIM CTpaHULaM, CoAepKaT 3Ha4YeHne Ka4va
NHOeKcnpoBaHua n naeHTudukarop (ctid) ctpoku Tabnuubl (No4pPO6HO
CTPYKTypa B-gepeBa v apyrve nHaekcol pasbuparotcs B yuebHOM Kypce
QPT «OntnmMusayms 3anpocoBs»).

yCTpOVICTBO MHOEKCOB APYTNX TUNOB MOXET 6bITb pa3HbIiM, HO, KaK npaBumnio,
CTpaHnubl NHAEKCa BCE PaBHO coAepXaTr CCbIJ/IKM Ha BEPCUN CTPOK.

NaeHTudpmkaTops! ctid umeroT Bug, (X,y): 34eCb X — HOMepP CTpaHuubl, y —
NMOPSAKOBbLIA HOMEp ykasartensa B maccuse. [nsa ynob6crea Mbl bygem
NnokasblBaTb UX C/ieBa OT yKasaTesniei Ha Tab/imyHble BEPCUN CTPOK.

Hukakoi nHaekc He coaepXuT MHopmaLMio 0 BEPCUOHHOCTY (B HEM HET
nonew xmin 1 xmax). NMpountaB TONIbKO UHAEKCHYIO 3annCb, HEBO3MOXHO
onpeaenvTb BUAUMOCTb CTPOKM, HA KOTOPYIO OHa CCblIaeTcs: NpUxoanTcs
obpallaTbCcsa K TabnnyHol CTpaHuLEe Un Kapte BUANMOCTU.

Ha prcyHKe nokasaHbl 3anvMcuy IMCTOBbIX CTPaHUL, 0ObIYHOIO MHAEKCA —
B-aepeBa. N5 NpOCTOTbI yKa3aTesiv Ha 3TU 3anncy onyLeHbl.
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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.

Mpu BCTaBKe CTPOKM B Tab/IMYHOW CTpaHuLEe NOABUTCA yKasaTe b

C HOMepoM 1, cCcblnarLwmincs Ha nepByro U eAMHCTBEHHYIO BEPCUIO CTPOKMU.
B Bepcumn cTpoku nosie Xxmin 3anosIHEHO HOMEPOM TeKyLLeil TpaH3aKunm
(100 B Halwiem npumepe).

B XypHase ctatycoB TpaH3akumii (CLOG) XpaHATCA COCTOSAHMS BCEX
TpaH3akumin (Ha4MHast C HEKOTOPOIA), ANA KaKA0W TpaH3akLMM OTBeAeHO ABa
6uTta. 3TN AaHHble xpaHATcsa B katanore PGDATA/pg_xact, a HeCKOMbKO
Hanbosiee akTyasibHbIX CTPaHuL, KEeLUMPYIOTCA B pasgensaeMon namaTm

cepsepa. NockonbKy B HaweMm npumepe TpaH3akumsa 100 ewe akTnBHa, oba
GuTa noka copoLLEeHbI.

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(
n integer,
s text

)5

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 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

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 VALUES (42, '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('749');

pg xact status

in progress
(1 row)

BOT 4YTO COmEPXUTCS B TAGIUYHON CTPAHUIIE:

=> SELECT * FROM t_v;



ctid | state | xmin | xmax | xmin c | xmin _a | xmax_c | xmax_ a

(0,1) | normal | 749 | 0 | | |
(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 | n | s

------- e ek CE L P
(0,1) | 749 | 0 | 42 | FOO
(1 row)

B uHOEKCHOU CTpaHUIle BUOUM OOWH yKa3aTellb Ha eIUHCTBEHHYIO CTPOKY TaOIUIIEL:

=> SELECT * FROM t_s_v;

itemoffset | ctid
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11

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

TpaH3akuuin — Takas CTpyKTypa nogaepXxmBaeTcs B 06Len namaTu
cepsepa),

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
------- R ik e e e e
(0,1) | normal | 749 | 0 | | | | t

(1 row)

Huyero, Tak Kak eqUHCTBEHHAas ollepauus, KOTopas BHIIOIHSAETCS IPU PUKCcAaluyu — 3anuch craryca tpan3aknuu B CLOG.
=> SELECT pg_xact_status('749');

pg xact status

committed
(1 row)

Wubopmanus o craTycax TpaH3aKIWHM XPaHUTCS B MofgkaTasnore pg xact karanora PGDATA u KemupyeTtcs B o0Iei
namsaTu. Haunnras ¢ PostgreSQL 13, cTaTHCTUKY UCIIOIB30BaHUS Kelllel, B TOM YHCJIe Kellla CTaTyCOB TPaH3aKIUH,
TIOKa3kIBaeT IIpefcTaBlieHne 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 | 3875 | 4 | 7

TpaH3aKIus, IepBoi 00paTUBIIASICS K CTPAHUIlE, HOJIXKHA OyIeT ompefesiuTb CTaTyC TPAaH3aKIUK Xmin. DTOT cTaTyc OymeT
3amnucaH B UHGOPMAUNOHHEIE 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
©
9
£
=)
3
S8R
100 |t
e o 101
S5 2o
E2EL
EsES
8 % O ®
£33
yKasaresb xmin xmax % £ % & [aHHble
(0,2) normal » 100 | 101 |t 42,FOO

BbICTynaeT
610KNPOBKOI
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.

3amMeTuM, YTO YCTaHOB/IEHHOE 3HaYeHne Xmax, COOTBETCTBYOLLEE
aKTMBHOI TpaH3akumu (4To onpeaensieTcs ApyruMy TpaH3akLusiMm no
CMMCKY aKTMBHbIX), BbICTYNaeT B KAYeCTBe Npu3Haka 6/10K1MpoBKU. Ecnu
[ipyrasi TpaH3akLUusi HamepeHa 06HOBUTbL UMK YAANUTbL 3Ty CTPOKY, OHa
OyaeT BbIHYXAeHa A0XAATbCA 3aBePLUEHUsI TPaH3aKUUM Xmax.

MoapobHee 6/10KMPOBKN paccMaTpMBaKOTCA B OAHOMMEHHOM Moy e.

[oKa OTMETUM TO/IbKO, UTO UYNCNO G/IOKMPOBOK CTPOK HAYEM HE OrPaHMYeHo.
OHW He 3aHMMaloT MEeCTO B OnepaTMBHOI NaMSTU U NPOU3BOANTENIbHOCTb
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 TpaH3aKLIXK 3aIIMCAJICS B IIOJIe 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)



OTMeHa U3MEHEHUI Posigres

ctid K/Ttou
(0,1) | FOO
°©
e
=T
€
€0
(oo}
O ®©
100 |t
°©
:8 2 - 101 t
=2 T = Q
EQEC
ocTaetcs S _8 g 8
HOMEp OTMEHEHHO 8 < © @©
TpaH3aKuumn c c é é
yKasaTtesib Xmin\\xmax ; § ; ; OaHHble
(0,1) normal —> 100 | 101 |t t 42,FOO
H(_/

npu nepeom
obpatleHnum
K CTpOke
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OTmMeHa U3MeHeHuin pabotaeT aHanorM4yHo dpukcaumm, Tonbko B CLOG
015 TpaH3akunn BbicTaBnaetrcs 6ut aborted. OTMeHa BbINOMHAETCS Tak Xe

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('750');

pg xact status

aborted
(1 row)

=> 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 | 749 | 750 | t [ | |

(1 row)

A IIPpU IIEPBOM oﬁpameHI/m K CTpaHHIIE BEICTABJISAETCA COOTBeTCTByIOH.IHI:I OuT:

=> 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 | 750 | t | | | t
(1 row)



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
yKazatesib Xmin “Xmax EEEE [aHHble
(0,2) normal » 100 | 102 |t 42,FOO
0,2) normal » 102 0 t 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 cTapoit Bepcun CTPOKM COPOLLIEHLI, TaK Kak
cTaryc TekyLlein TpaH3aKLMn 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;

n | s
i
42 | BAR
(1 row)

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 c¢ | xmin a | xmax_c | xmax_ a
------- R ik e e e e
(0,1) | normal | 749 | 751 | t | | t |

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

(2 rows)

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

=> SELECT * FROM t_s_v;

(2 rows)

HHOeKCHBIE 3allUCU BHYTPU CTPAHUIIL YIIOPSOOYEHEl 10 3HaYeHHI0 Kio4ya. [109ToMy epBoi UAeT 3aluch ¢ KirodoM BAR
(ccrinaeTcst Ha Bepcuto (0,2)), a BTopoit — 3amnuchk ¢ kiodoMm FOO (cchimaercs 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/ISAOLWNIA OTMEHUTb YacTb Onepauunii TekyLLen TpaH3akumu. 3T0 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 TpaH3aKLUIO ¥ BCTaBIIsIEM CTPOKY.

=> BEGIN;

BEGIN

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

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

INSERT 0 1

CTaBUM TOUYKY COXpPaHeHHs U yhajseM 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

O6paTtuTe BHUMaHue: GyHKIUS pg current xact id() BEIgaeT HOMep OCHOBHOM, a He BJIOKEHHOM, TPaH3aKIHHU:
=> SELECT pg_current_xact_id();

pg_current xact id

OTKaTUMCS K TOUKe COXpaHeHus. Bepcpm CTPOK B CTPAHHIIE OCTAIOTCA Ha MeCTe, HO UBMEHHUTCA CTaTyC BJIO2KEHHOM
TPaH3aKIUNn:

=> ROLLBACK TO sp;
ROLLBACK

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

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

3aHpoc K TabuIle CHOBA MOKAXKeT CTPOKY — €€ yhaJieHue OBIJIO OTMEHEHO:

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

n | s | ctid | xmin | xmax
R DL S Homm - e
42 | | (0,1) | 753 | 754
(1 row)

I7s manbHEWIINX U3MEeHEeHHUH CO3[MaeTCs HOBas BIOXKeHHas TpaH3akuus. Ee HoMep OyfeT 3amucaH B II0JIe Xmax IIepBOM
BEPCUU CTPOKU BMECTO HOMepa OTMEHEHHOU BJIOXKEHHOM TpaH3aKUuu 754 U B II0JIe 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;

xid | subxidl | subxid2
_____________ B T
in progress | aborted | in progress
(1 row)

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
------- i e e R LI
(0,1) | normal | 753 | 755 | | | |

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

(2 rows)

A B CLOG ocHOBHasl TpaH3aKI[Us ¥ BCE BJIOXKEHHEBIE, KOTOPHIE ellle He 3aBePIIeHH], I0Iy4YaoT CTaTyc committed:

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

xid | subxidl | subxid2
___________ e
committed | aborted | committed
(1 row)

Wudopmanus o BIOKEeHHOCTH TpaH3aKIIWM XpaHUTCS B ITofKaTajore pg subtrans katasnora PGDATA. OHa KemupyeTcs B
obmiedt mamMsaTH, Kak ¥ HHDOpPMaIus o cTaTycax TPaH3aKIun:

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

name | blks_hit | blks_read | blks_written

Subtrans | 2 | 0 | 5
(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. Ormpenenure, B KaKOW CTPaHULIe HAXOAUTCS CTPOKA TaO/IULIbI
pg_class, oTHOCsMIasics K camoit Tabsutie pg_class. CKobKo
aKTyasIbHbIX BEPCUM CTPOK HaXO[UTCS B TOW JKe CTpaHuLie?

3. Bxktouure B psql mapamerp ON_ERROR_ROLLBACK
1 yOeauTeCh, UTO ITOT PE’KUM UCII0/Tb3yeT BIOKEHHbIE
TpaH3aKLUH.
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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 | xmax_a
------- B S e L R R
(0,1) | 746 | 747 | t | | t |

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

(0,3) | 748 | 749 | t | | 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
FOO | 751 | 750
(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
_____ g
BAR | 752 | 750
(1 row)

INSERT 0 1

Kaxpass KoMaH[a IPOUCXOAUT B OTHEIbHOM BJIOKEHHON TPaH3aKIUH, YTO U TPe6OBaI0Ch yCTAHOBUTS.
=> COMMIT;
COMMIT

YcTaHOBNIEHHHIHN pexkuM Oy[eT neiiCTBOBaTh BILIOTH O 3aBEPIIEHNS ceaHca psql. A 4ToOH 3Ta HACTPOMKa He IoMelana
nmanpHeHen paboTe B 3TOM Ke CeaHCe, BePHEM IIPEXKHUM PEKUM:

=> \set ON_ERROR_ROLLBACK off



