MHOFOBepCl/IOHHOCTb
HOT-00HOBMIEHUA 1 caMOO4YnCTKa

Pos gres

ABTOpCKuMe npaBa

© Postgres Professional, 2016—-2025

ABTOpbI: Erop Poros, NaBen JlysaHos, Vnba bawTaHoB, Vropb 'HaTOK
®oT10: Oner bapTyHoB (MOHacTbIpb Xy 1 Nk BxpukyTn, Henan)

Mcnonb3oBaHue MaTepuasioB Kypca

HekoMmmepueckoe ncnosib3oBaHne Marepuanos Kypca (npeseHtauuu,
AeMOHCTpaummn) paspeluaeTtcs 6e3 orpaHnyeHnii. Kommepueckoe
MCNOMb30BaHNEe BO3MOXHO TOSIbKO C NMMCbMEHHOIO paspeLleHms KoMnaHum
Postgres Professional. 3anpeliaercs BHeECEHNE U3MEHEHWNI B MaTepuabl
Kypca.

OGpaTtHaA cBsi3b
OT3bIBbl, 3aMeYaHns 1 NPeasIOKEHUA HanpasnsnTe No agpecy:
edu@postgrespro.ru

OTKa3 OT OTBETCTBEHHOCTHU

KomnaHus Postgres Professional He HeCceT HMKaKo OTBETCTBEHHOCTM 3a
N06ble NOBPEXAEHUA N YObITKA, BKKOYAA NOTEPI0 40X04a, HAHECEHHbIEe
NPSAMbIM UM HENPAMBIM, CleunasibHbIM UK CyvYaiHbiM UCMO/Ib30BaHWEM
mMaTepuanos kypca. KomnaHusa Postgres Professional He npegoctasnsaet
Kakux-nnbo rapaHTuii Ha matepuasbl Kypca. MaTepuasbl Kypca
NPeAoCTaBNSTCS Ha OCHOBE NMpuHLUMNa «Kak ecTb» U KoMmnaHusa Postgres
Professional He 06s13aHa NpefoCcTaBNATb CONPOBOXAEHME, NOALEPXKKY,
OGHOB/EHNSA, PaCLUNPEHNS N N3MEHEHNS.
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MepTBbie BepCcHUU CTPOK

TIPUBOJAT K pa3pacTaHuIo (aiiioB

CHUHXpOHU3aLUsI UH/IEKCOB

I1pru JIF0O0M M3MEeHeHNUU CTPOKU Ta6J'II/ILU>I HY>XHO MEHATH BCe MH/AEKChI

PacienieHre MHAEKCHBIX CTPAHMUL]
CHWXKAET MPOU3BOAUTE/IBHOCTD

yBeMurBaeT pasmep

Mpy paboTe MexaHn3Ma MHOTOBEPCUOHHOCTI 06pa3ytoTCs HEHYXXHblEe
BEPCUM CTPOK, YTO NPUBOAMUT K paspacTaHunio Tabnul, 1 MHAEKCOB U, Kak
CneAcTBUE, CHMKAET NPOM3BOAUTENIbHOCTL 3anpoCoB.

Ecnv y Tabnuubl eCTb MHAEKCHI, NPU U3MEHEHUW TabNULbl NTPUXOANTCS UX
CMHXPOHU3NPOBaTh. DTO NPUBOAUT K U3MEHEHWIO BO/LLLIOTO YMcna CTPaHWLL
N TaKXXe CHMXAET NPOU3BOANTENbHOCTb.

Mpobnema ycyryonaercsa ocobeHHOCTbIO peannsaunn B-agepesa B
PostgreSQL: ecniv Ha MHAEKCHOW CTpaHULe HeaoCcTaTo4YHO MecTa A/
BCTaBKW HOBOW 3anucu, cTpaHuua genntcs («pacuennsercs») Ha ABe N Bce
AaHHbIe nepepacnpenenanTca Mexay HAMK. YacTele pacuienneHns
CHWXatoT NPOM3BOANTENILHOCTbL NPU BCTaBKe U N3MEHEHUU CTPOK.

Bonee Toro, Npu yaaneHun (UNn o4nCcTKe) 3anunceii e MHAEKCHbIE
CTPaHULIbl HE «CK/IENBAIOTCA 06PaTHO» B OAHY. V13-3a 3TOro pasmep nHaekca
MOXET HE YMEHbLUNTLCS [laXe NPU YaaneHUn CyLLLECTBEHHOM YacTu AaHHBbIX.

PerynapHas ouncTtka peluaet npobnemy paspactaHusa Tabnuy n MHAEKCOB,
oAHaKo TpebyeT 3HaunTe/bHbIX pecypcoB. NoaTomy Aaxe npu 0ObIYHOM, He
CBSI3aHHOM C OYMCTKOW, 06palleHNN K CTpaHuLe XenatenbHO yaanatb
HEHY>XHble BEPCUN CTPOK UIN MHAEKCHbIE 3anncu. A 4Tobbl NpeaoTBpaTuTb
N30bITOUYHbIE OOHOBIEHNA UHAEKCOB NPU N3MeHeHun Tabnuubl, PostgreSQL
06beanHsaeT Bepcumn cTpok B HOT-uenoukn. Mbl pacCMOTPUM MX Ha
cnepnyoLmnx cnanpax.



OO6bIYHOE 0OHOBMEHME Posigres
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HanoMHuM, 4To Npu 06bIYHOM OGHOB/IEHUN B MHAEKCE CO3AaK0TCSI CChISIKA
Ha BCEe BEPCUWN CTPOKM, NPUCYTCTBYHOLME B TABNYHbIX CTpaHMLAX.

(UckntoueHne coctaBnsetr nHaekc BRIN, KOTOpbIi HE COAEPXNT CCbINTOK
Ha oTAeNbHble Tab/iMyHble CTPOKN; NOAPOOHOCTM YCTPONCTBA UHAEKCOB

pa3/IMYHbLIX TUNOB paccMmaTpmsaloTca B Kypce QPT «Ontumusayma
3arnpocoB»).

Yem 3TO nN10oxo?

Mpy N060M N3MEHEHMM CTPOKM NPUAETCSA U3MEHSTb BCE MHAEKCHI,
co3flaHHble Ans Tabnuupbl (axe ecnm N3MeHeHHbIe Nons He BXOAAT B
nHAekc). EcTecTBeHHO, YeM 6osiblLE UHAEKCOB CO3/1aHOo Ha Tabnuue, Tem
C 6GONbLINMU CNOXHOCTSIMM NPUXOANTCS CTa/IKMBATLCS.



HOT-o6HOBNEHne Posigres
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Ecnn nHgekc cosgaH no nosto, 3Ha4eHne KOToporo He N3MEHNNOCH B
pe3ynbTate 06HOB/IEHNS CTPOKM, MOXHO He co3faBaTb B B-gepese
[OMNONTHUTENBHYO CCbINIKY AJ151 TOr0 Xe 3HaYeHus Kn4va. MIMeHHO Tak
paboTtaeT onTumMmnsaumd, HasbiBaemass HOT-o6HoBNneHnem — Heap-Only
Tuple Update.

Mpn TakoM 0BGHOBNEHNM B UHAEKCHOWN CTPaHULLE HAaXoaMTCs NMb OgHa
CCbl/IKa — Ha NepBY0 BEPCUIO CTPOKN TabMNYHON CTPaHULbI, a BHYTPU
Tab/IMYHOM CTPaHuULbl OpraHn3yeTcs Lenoyka BepCuii:

* CTPOKMW, KOTOPbIE N3MEHEHBI 1N BXOAAT B LIENOYKY, MapKMpyoTCca GUTOM
Heap Hot Updated;

* CTPOKM LIENOYKM, Ha KOTOPbIE HET CCbINOK M3 MHAEKCA, MapKMpYoTCs

o6utom Heap Only Tuple (To eCTb — «TONbKO TabnnyHas Bepcus
CTPOKU»);

* BEpPCUN CTPOK CBSA3aHbI B CNMCOK C MOMOLLLIO Nons ctid, Bxogsawero
B 3aro/10BOK BEPCUIA.

Ecnun npu ckaHnposaHun nHaekca PostgreSQL nonagaet B TabnnMyHyro
CTpaHuuy 1 obHapyXXnBaeT Bepcuto, nomeyeHHyo kak Heap Hot Updated,
OH NMOHMMAET, YTO HaA0 NPOMTY Aasiblie No Lenoyke 0OHOBAEHNIA.
(Pasymeetcs, Ansa Bcex NoslyYeHHbIX Takum 06pa3om BepCcuin CTPOK
NpoBepseTcs BUANMOCTb, Npexae Yem oHM OyayT Bo3BpaLleHbl K/INEHTY.)

https://qit.postgresql.org/gitweb/?p=postgresql.git;a=blob;f=src/backend/acc
ess/heap/README.HOT:hb=HEAD
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HOT-o6HOBNEHne Posigres

3HaueHUs WHAEKCUPOBAHHBIX CTO]I6LIOB He JO0/DKHbBI U3MEHATBhCA

MHaue Npu/ieTcs 100aBUTh B MHJEKC CChITIKY Ha HOBYIO BEPCHIO CTPOKH,
Y BepCHIo Hesib3si OyzieT noMeTuTh Kak «heap only»

Ilermouka 06HOBIEHNMI — TOMBKO B TIpeiesiaX OJHOM CTPaHUIIbI
He TpeOyeTcst oOpalieHue K APyTUuM CTPaHULAM,
00X0/1 LIeTI0YKH He yXy/IIaeT MPOU3BOAUTETHLHOCTh

ec/v B TabJIMUHOM CTpPaHUIle He XBaTaeT MecTa JJisi HOBOW BepCHH,
1jeriouka obpbiBaeTcs (Kak eciv O6bl onTUMU3alys He paboTana)

MEeCTO B CTPaHMILIE MOXKHO 3ape3epPBUPOBaTh, YMEHBIIIMB MTapaMeTp
xpanenus Tabmugl fillfactor (100 % — 10 %)

MoavepkHeM, uTo HOT-06HOB/EHUST paboTaloT TO/IbKO B c/iyvae, ecu

He N3MEHSIETCA HU OOUH K/1Ho4 B UHOeKcax. IHauye B KaKoOM-1nb0o NHAEeKCe
nosiBusIacb Obl CCblSIka HENOCpPeACTBEHHO HA HOBYHO BEPCUIO CTPOKU, YTO
NPOTUBOPEUNUT naee aToin onTumMmsaumn. ToNbKO YNOMSHYTbIN Bbllle UHOEKC
BRIN He npenaTtcTByeT HOT-06HOBMIEHNIO (B HEM HET CCbIJTIOK Ha
Tab/IMyYHbIEe CTPOKN).

B Tom uncne HOT-06HOBNEHUSI MPUMEHSAIOTCA N K Tabnmuam, Ha KOTOpbIX
HeT BOOGLLIE HM OAHOro NHAEeKca: Npyn 06HOBEHUN NOObLIX NOME Takown
Tabnunubl 6yaeT CTPOUTLCA LienoYvka BEPCUIA.

OnTuMmnsaums AencTByeT TOMIbKO B NpeAesniax o4HOM CTpaHuLbl, NO3TOMY
[OMNOMTHUTENbHBIN 06X0A LIeNoYkn He TpebyeT obpalleHns K apyrum
cTpaHuuam 1 He yxyallaeT Npov3BoANTENIbHOCTb.

O/[IHaKO ec/n Ha CTPaHULIE He XBAaTUT CBOGOAHOIO MecTa, YToobl
pPasMecTUTb HOBYIO BEPCUIO CTPOKM, LIEMOYKA NpepBeTcs. Ha Bepcuto
CTPOKM, pa3MeLLeHHYH0 Ha APYroi cTpaHuLe, NpuaeTcsa caenartb U CCbiKy
N3 VHJEeKca.

Mo3ToOMy Npun YacTbIX OOHOBIEHMAX HEVHAEKCUPOBAHHbIX NOJSIEN MOXET
MMETb CMbIC/T YMEHbLINTL NapamMeTp xpaHeHus fillfactor. 3ToT napameTp
onpeaenseT NoporoBbIin NPOLEHT 3aHATOrO Ha CTpaHuLe MecTa, nocne
KOTOPOro BCTaBKa HOBbIX CTPOK B 3Ty CTpaHuuy byaeT 3anpeleHa.
3Ha4yeHue no ymonyaHuio — 100%, MoxHo ymeHblwatb 40 10%.
OcTaBLUeecs MeCTO pe3epBupyeTca A/151 OGHOB/IEHWNIA: B 3TOM C/ly4ae HoBas
BEPCUSA CTPOKMN MOXET 3aHATb CBOOOAHOE MECTO Ha TOW e CTpaHuLe.

(C gpyroit cTOpoHbl, Yem BbliLe fillfactor, TeM KOMMNaKTHeEE pacrnonararTcs
3anucu n, COOTBETCTBEHHO, pa3mMep Tabnunubl Nosy4aeTca MeHbLUe.)



HOT-o0HOB/ICHHE

Co3pagum Tabnuny. 11 IpocTOTH He OymeM co3maBaTh UHAEKC: Jt06oe obHoBIeHUe OynmeT HOT-o0HOBIEHHEM.

Kaxpmas crpoka tabmunsl cocTouT u3 2000 cUMBOJIOB; €CJIH UCIIONIL30BaTh TOJIBKO JIATUHCKUE OYKBEL, TO BEPCUSI CTPOKU
6ymeT 3aruMaTh 2000 6aiT IIIOC 3aT0JIOBOK.

IMapawmerp fillfactor yctanoBuM B 75%, 4TOOH Ha CTPAHUILY IIOMEINAaJIOCh TOJILKO TP BEPCUHU U OOHA ObIsIa JOCTYIIHA IS
OOHOBJIEHUS

=> CREATE DATABASE mvcc_hot;

CREATE DATABASE

=> \c mvcc_hot

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

=> CREATE TABLE t(
s char(2000)
)
WITH (fillfactor = 75, autovacuum_enabled = off);

CREATE TABLE

[t u3y4eHusI COOEPKUMOr0 CTPAHUIIEI UCIIOIb3yeM paclINpeHne pageinspect.
=> CREATE EXTENSION pageinspect;

CREATE EXTENSION

s yno6cTBa cO3maguM yKe 3HAKOMOe IIPeficTaBIeHre B HEMHOT0 60jlee KOMIIAKTHOM BUJIE U IOIOJIHEHHOE OBYMSI
TIOJISIMU:

=> 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 || CASE
WHEN (t_infomask & 256) > @ THEN ' (c)°'
WHEN (t_infomask & 512) > @ THEN ' (a)°'
ELSE "'
END AS xmin,
t_xmax || CASE
WHEN (t_infomask & 1024) > 0 THEN ' (c)'
WHEN (t_infomask & 2048) > 0 THEN ' (a)'
ELSE "'
END AS xmax,
CASE WHEN (t_infomask2 & 16384) > 0 THEN 't' END AS hhu,
CASE WHEN (t_infomask2 & 32768) > 0 THEN 't' END AS hot,

t_ctid
FROM heap_page_items(get_raw_page('t',0))
ORDER BY 1p;

CREATE VIEW

BcTaBuM CTPOKY U OGHOBHM €€, 4YTOOBI CO30aTh HOBYIO BEPCHIO:
=> INSERT INTO t(s) VALUES ('A');

INSERT 0 1

=> UPDATE t SET s = 'B';

UPDATE 1

ITockonmbKy OOHOBIIEHHEIN CTOIOEI] He BXOOUT HU B KaKOU MHAEKC (B HallleM CiIy4ae HYM OOHOTO MHAEKCa IIPOCTO HET), B
TabIMYHOM CTPaHUIIE IOSBIAETCS IIelI0YKa H3MEeHEeHU!:

=> SELECT * FROM t_v;

ctid | state | xmin | xmax | hhu | hot | t_ctid
------- R e S S e
(0,1) | normal | 747 (c) | 748 | t | | (0,2)
(0,2) | normal | 748 | 0 (a) | |t ] (0,2)

(2 rows)



e ¢mar hhu (Heap Hot Updated) moka3riBaeT, 4YTO HAAO UATHU 110 Hemodke ctid,
e (nar hot (Heap Only Tuple) moka3siBaeT, YTO Ha JaHHYIO BEPCHUIO CTPOKHU HET CCHIJIOK U3 UHIIEKCOB.

ITpu manbHEHUIMX U3MEHEHUX 1ernodyka 6yaeT pacTu (B Ipefesax CTPAHUIIBL):
=> UPDATE t SET s = 'C';
UPDATE 1

=> SELECT * FROM t_v;

ctid | state | xmin | xmax | hhu | hot | t_ctid
------- R e SRR R R
(0,1) | normal | 747 (c) | 748 (c) | t | | (0,2)
(0,2) | normal | 748 (c) | 749 | t | t | (0,3)
(0,3) | normal | 749 | 0 (a) | | t | (0,3)

(3 rows)
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CamoouuncTka B Tabnuue Posigres

BrimosiHsieTcst 1ipu /i060M oOpaliieHny K CTpaHulle
€C/Ii paHee BBITIOJIHeHHOe 0OHOB/IEHHEe He HAIIIO MecTa
IJIsl HOBOM BEPCHM CTPOKH Ha 3TOM )K€ CTPAHUI[E
eCJIM CTPaHMIa 3arojiHeHa Ooee ueMm Ha fillfactor vnu 6onee uem Ha 90%

[eiicTByeT B TIpeiesiaXx OHOM TabIMUHON CTPaHUILIBI

He 0CBODOOXK/JaeT yKa3aTe/i, Ha KOTOPbIe MOTYT CChIJIAaThCsl MHAEKCHI
He 0OHOBJISIET KapTy CBOOOHOTO IMPOCTPAHCTBA
He 0OHOBJIsIeT KapTy BUAUMOCTH

Mpu obpalleHnmn K CTpaHuLe — Kak npy 06HOBMEHUN, TaK N NPU YTEHUN —
MOXET NPOoMCXoANTb BbICTpass camoouncTka, ecnm PostgreSQL couTer, 4To
MECTO Ha CTpaHuue 3aKkaHuymsaeTcA. [JO/MKHO BbINOIHUTLCA O4HO U3
YCNOBWM:

1. PaHee BbINO/THEHHOE Ha 3TOl CTPaHULLE 0GHOB/IEHNE HE 06HAPYXNI0
[I0CTaTOYHOrO MecTa, YTo6bl Pa3MeCcTUTb 3[1EChb Xe HOBYH BEPCUIO
CTPOKW 1 YCTAHOBW/IO B 3ar0/I0BKE CTPaHULIbI COOTBETCTBYOLLMIA NPU3HAK,
MO KOTOPOMY MpU cneayrLLemM 06pallleHnm K Heli cpabaTtbiBaeT oUncTKa.

2. CtpaHuua 3anonHeHa 6onee vyem Ha fillfactor nnn 6onee yem Ha 90% —
o4uMcTKa cpaboTaet cpasy.

CamoouncTka yénpaeT Bepcum CTPOK, He BUAVMMbIE HA B OAHOM CHUMKE
(HaxoasLwmecs 3a ropnsoHTOM 6a3bl AaHHbIX), HO paboTaeT CTPOoro B
npegenax ogHon TabMYHOM CTpaHnLbl. YKasatesiv Ha BepCcum CTPOK He
0CcBO6OXAATCA, Tak Kak Ha HUX MOTYT ObITb CCbIJIKM U3 NHOEKCOB, a 3TO
yXe apyras ctpaHuiua — OHa He O4YuLLLaeTCs.

Kapta cBO60AHOro NpocTtpaHcTBa He 0OHOB/IAETCA N3 3KOHOMUW PECYPCOB,
a Takxe 13 coobpaxeHus, YTO 0CBOOOXAEHHOE MECTO fyyLle npnéepeys
ONs 0OHOB/MIEHWIA, a He A1 BCTaBOK. Takke He 0OHOB/ISETCA U KapTa
BUAVMOCTMW.

TOT (pakT, 4YTO CTpaHMLLA MOXET OUULLATLCA NPU YTEHUWN, O3HAYAET, YTO
3anpoc SELECT MoXeT BbI3BaTb U3MEHEHWE CTPaHUL,. DTO eLle OAUH TaKoM
C/yyai, B AONO/IHEHME K paCCMOTPEHHOMY B TeMe «CTpaHuLbl 1 BEpcUn
CTPOK» U3MEHEHUD BUTOB-NOACKA30K.



o HOT-camMooumncTkm Posigres
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YacTHbIN, HO BaXKHbI Ciyvya caMOO4YMCTKN NpeacTaBisieT coboi ouncTka
npn HOT-06HOBNEHUSAX.

Ha pucyHke npusefeHa cutyaumsa 0o o4nCTku. B Tabnuue Tpy Bepcum
OlHOW 1 TOW Xe CTPoKKN. Ha nepsyto n3 Hux (0,1) ccbinaeTca NHAEKC,
octanbHble e (0,2) n (0,3) NoMmeyeHbl Kak «TO/IbKO Tab/nyHbIe.

Bepcum cTpok (0,1) n (0,2) HeakTyasibHbl, He BUAHbI HX B O4HOM CHUMKE
N MOTYT ObITb YAaNeHbI.



[Mocne HOT-caMOOUYnNCTKU Posigres
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CamoouuncTka YAUTAET HEaKTYyaJIbHbIE BEPCUN CTPOK.

Mpu HOT-06HOBNEHMAX B UHAEKCE MOXET ObITb TO/IbKO OfHA CCbl/IKa Ha
BEPCUIO CTPOKK, NpeAcTaBNAwoLLY coboi «ronoy» HOT-Lenouvkn, Kotopas
No4AEPXMBAETCA BHYTPY OA4HON TabMyHOWN cTpaHuLbl. [py NobbIxX

N3MEHEHUAX BepCMVI CTPOKM YKa3aTte/lb A0/KeEH OCTaBaTbCA Ha CBOEM
MeCTe N CCbl/laTbCA Ha rosioBy LENOYKN.

MoaToMy NpuUMeHsieTCa ABONHaA agpecauns: ANa ykasaTtesns, Ha KOTopbIii
ccblnaeTca nHaekc — B gaHHom cnydae (0,1), — mucnonb3yercs craTyc
«redirect», nepeHanpasNAOLNA HA yKa3aTeslb HY)KHOW BEPCUN CTPOKM.

Ykazatesib Ha BTopyto Bepcuio (0,2) 60/bLie He HyxeH. OH nosy4aert cTaTtyc

«unused» 1 6yaeT UCNosb30BaH Npu BCTaBKE KaKO-HMOY/1b HOBOI Bepcum
CTPOKM.

Bce ocTaBlUMecs Bepcun CTPOK CABUraloTCA BMecTe Tak, YUToObl cBO6oAHOE
MECTO Ha cTpaHuue 6biN10 NpeacTaBNeHo OAHUM doparMeHTOM.
COOTBETCTBYIOLMM 06pa30oM U3MEHSIOTCA U 3HAYEHNS yKa3aTenei.

Bnarogapsi 3ToMy He BO3HMKAET Npo6/iem ¢ oparmeHTalmeli CBo6oHOro
MecTa B CTpaHuLE.



HOT-caMmoo49HCTKa

IIpoBepuM, Kak paboTaeT camoouucTtka npu HOT-o6HOBIeHUsTX. OOHOBUM CTPOKY ellle pa3:
=> UPDATE t SET s = 'D';

UPDATE 1

B cTpanune ceituac yeTblpe BEPCUU CTPOKHU:

=> SELECT * FROM t_v;

ctid | state | xmin | xmax | hhu | hot | t ctid
------- R e R Y R R
(0,1) | normal | 747 (c) | 748 (c) | t | | (0,2)
(0,2) | normal | 748 (c) | 749 (c) | t | t | (0,3)
(0,3) | normal | 749 (c) | 750 |t |t | (0,4)
(0,4) | normal | 750 | 0 (a) | | t | (0,4)
(4 rows)

Ha camowm pmese MuI TOnbKO 4TO mpeBwicunu nopor fillfactor. 75% ot pa3mepa cTtpanunsl coctasnset 6144 6aiiTos, a
pa3Hulla MeXAy 3Ha4YeHHUsIMH pagesize u upper paBHa 8192-64=8128:

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

lower | upper | pagesize

40 | 64 | 8192
(1 row)

IIpoBepuM, YTO ITOPOT AEHCTBUTENIBHO IPeBHIeH. OOHOBUM CTPOKY ellle pa3:
=> UPDATE t SET s = 'E';

UPDATE 1

Kakue u3MeHeHHUs IPOU3OUIYT CO CTpaHUIEH?

=> SELECT * FROM t_v;

ctid | state | xmin | xmax | hhu | hot | t_ctid
------- e e e
(0,1) | redirect to 4 | | | |

(0,2) | normal | 751 | 0 (a) | | t | (0,2)
(0,3) | unused [ | | |

(0,4) | normal | 750 (c) | 751 | t | t | (0,2)
(4 rows)

Bce nHeakTyanbHble Bepcuu cTpok (0,1), (0,2) u (0,3) OpIM OYMINEHBI; TIOCJIE 3TOI0 HOBAasi BEPCUSI CTPOKHU Oblyta fobOaBIeHa
Ha 0cBOOOOUBIIIEECS MECTO.

VkaszaTenu Ha OYUIIEHHEIE CTPOKHU OCBOOOKIEHE! (MMEIOT cTaTyc unused).

IIpu sTOM yKa3aTenb Ha IIePBYI0 BePCUIO OCTAJICS Ha MeCTe, HO moiny4u craTyc redirect. [IpocnenuTe CCEIIKYU OT 3TOU
ToN0BHOH Bepcuu A0 KoHlla HOT-11enoyku.

BrImomHUM OOHOBJIEHUE €eIlle HECKOJIBKO pas:

=> UPDATE t SET s = 'F';

UPDATE 1

=> UPDATE t SET s = 'G';

UPDATE 1

=> SELECT * FROM t_v;

ctid | state |  xmin | xmax | hhu | hot | t ctid
------- L T e i e R S
(0,1) | redirect to 4 | | | | |
(0,2) | normal | 751 (c) | 752 (c) | t | t | (0,3)
(0,3) | normal | 752 (c) | 753 | t | t | (0,5)
(0,4) | normal | 750 (c) | 751 (c) | t | t | (0,2)
(0,5) | normal | 753 | 0 (a) | | t | (0,5)

)



Crnepnyloliiee OOHOBJIEHVE CHOBA BBI3BIBAET CAMOOYUCTKY:
=> UPDATE t SET s = 'H';
UPDATE 1

=> SELECT * FROM t_v;

ctid | state |  xmin | xmax | hhu | hot | t ctid
------- L e L T e S
(0,1) | redirect to 5 | | | |

(0,2) | normal | 754 | 0 (a) | | t | (0,2)
(0,3) | unused | | | | |

(0,4) | unused | | | | |

(0,5) | normal | 753 (c) | 754 | t | t | (0,2)
(5 rows)

A Temeps IOCTPOUM MHAEKC II0 CTONOILY S U CO3[lafiM BCIIOMOTaTEeNIbHOE IIpefCTaB/IeHue, YTOO 3aIyIIHyTh B HETO:
=> CREATE INDEX t_s ON t(s);
CREATE INDEX

=> CREATE VIEW t_s_v AS
SELECT itemoffset,

ctid
FROM bt_page_items('t_s',1);
CREATE VIEW

ITpu co3gaHumM nHAEKCA HepeCTpOﬁKH MaHHBIX B TAOTUYHBIX CTpaHHUIIaX He IMMPOUCXOOHUT, HOT-1iennouku COXPaHAKTCA:

=> SELECT * FROM t_v;

ctid | state |  xmin | xmax | hhu | hot | t ctid
------- R e e e e e
(0,1) | redirect to 5 | | | | |

(0,2) | normal | 754 (c) | 0 (a) | | t | (0,2)
(0,3) | unused | | | | |

(0,4) | unused | | | | |

(0,5) | normal | 753 (c) | 754 (c) | t | t | (0,2)
(5 rows)

A u3s HWHIEKCa CCBIJIKa BeeT K YKa3aTeJIl0 Ha4dalla LEeIIO4YKHn:
=> SELECT * FROM t_s_v;

itemoffset | ctid



J10 CaMOOUMNCTKM Posggres

ctid KoY

(0,2) | BAR
(0,3) | BAZ
(0,1 | FOO

3B 8_ o

bt =20 o

EBELER

ESESZ>

S8ow25

T
ykasarenb xmin xmax ¥ X % % £ 2 panHble
(0,2) normal » 100 | 101 |t t 42,FOO
0,2) normal » 101 | 102 |t t 42,BAR
(0,3) normal » 102 t 42,BAZ

12

Pa3ymeeTcs, caMoouncTKka paboTtaeT 1 Ans Bepcuii, NOABUBLLMXCA B
pe3ynbrare 06bI4yHoro (He HOT) o6HOBNEHMS.

Ha pucyHke npuBeaeHa cuTyaums Ao O4YUCTKWA. B TaGnnyHOI cTpaHuLe Tpu
BEPCUM OJIHOWN CTPOKW. [lBE€ U3 HUX HeakTyaslbHbl, He BUAHbI HU B OIHOM
CHUMKE 1 MOTYT ObITb yaaneHbl.

B MHAEKce ecTb TPY CChISIKN HA KaXAyHo U3 BEPCUIl CTPOKM.
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[Tocne caMmOOUYUCTKU Posigres

ctid KoY

(0,2) BAR
(0,3) BAZ , He ounuiaetca
(0,1) | FOO

3 3 o
= o o
EBELE2
EsEgZ >
nomy:j;::ﬁﬂgrie [e ] 8 '(% o C
0CBOGOX/EHDI O ®© < O
T
. (SR
Xmin- Xmax X X X X £ < AaHHble
(0,1)
0,2)
(0,3) normal » 102 t 42,BAZ
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Ecnun BbINO/THEHO yCnoBMe A1a cpabaTbiBaHUSA CAMOOYMCTKN,
ABe HeakTyasbHble Bepcumn ctpokun (0,1) n (0,2) MoryT 6bITb €10 YaasIeHbI.
Torga ykasarenum Ha yfasnieHHble Bepcun nosyyaroT ctaTyc «dead»,

a 0cB0o60AMBLLIEECA MECTO MOXET ObITb MCMO/Ib30BAHO A1 BCTaBKM HOBbIX
BEpPCUiA.

B otnnume ot cutyauum ¢ HOT-06HOBNEHUSAMMU, 34eCb HENb3A 0CBOOOANTL
yKasaresim Ha yas/leHHble BepCuUM CTPOK, NOCKOSIbKY Ha HUX CYLLLEeCTBYHOT
CCbI/IKM U3 NHOEKCHOWN cTpaHuubl. MNpu nHaekcHom aoctyne PostgreSQL
MoxeT nony4untb (0,1) nnn (0,2) B KauecTBe naeHTudmkaropa Bepcum
CTPOKK, a 3aTeM nNonpo6oBaTtb NPONTM MO 3TOMY UAEHTUUKATOPY

B TabGNMYHYIO CTpaHuLy, HO 6narogaps ctatycy ykasaresid 06HapyXuT,

YTO 3Ta BEPCUS YXKe He CYLLEeCTBYeET.

MPUHLUNMAIBHO TO, YTO CAMOOUYMCTKA PaboTaeT TOMbKO B Npeaesnax ofHo
Tab/IMYHOI CTPaHWLbI 1 HE OUYULLIAET CTPaHULIbI MHAEKCA.
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Camoo4ncTka B nHaekce Posigres

HEHY)KHBIE HHAEKCHbIE 3alTMCH

TIOMEYar0TCsl TIPU BLITIO/IHEHUH 3allpOCOB
OyZyT yzianeHsbl, eC/ii B CTPaHUL{e He XBaTaeT MeCTa

Bocxopsiiiee ynaneHre UHAEKCHBIX 3amucei

€CJ/IM MeCTa BCe pdBHO He XBATdET, IIPOBEPAIOTCA BEPCUM CTPOK

14

Ecnn Tabnuua nveeT HeCKO/IbKO MHAEKCOB N 0BHOB/ISIEMbIA CTONGEL,
BXOAMT XOTS 6bl B 0AMH 13 HUX, HOT-06HOBNEHME ByAeT HEBO3MOXHO. [Npu
3TOM 3Ha4YeHnsa CToM6LO0B, BXOAALWMX B APYrOA MHAEKC, MOTYT He
N3MEHUTLCSH, OQHAKO B TaKO MHAEKC BCE paBHO NpuaeTcsa 406aBUTb CCbISIKY
Ha HOBYIO BEPCUIO CTPOKN (MHAEKC N3MEHSETCS (DU3NYECKN, HO HE
nornyeckn). Ytobsbl n3bexarb HaCTON OUNUCTKN UM NEPECTPONKN HAOEKCA,
MOXHO 3apaHee pacno3HaBaTb HEHYXHble UHAEKCHbIE 3anucn 1 yaanatb X
Npun HegocTaTtke MecTa B MHAEKCHOM cTpaHuue. B PostgreSQL ecTb ABa
MexaHun3ma, No3BosisLmMe 3To Aenarthb.

Ecnv npu BbINONHEHWM 3anpoca BbISICHAETCS, YTO MHAEKCHAsA 3anuncb
CCbI/IaeTCsl HAa BEPCUIO CTPOKM, KOTOpPas He CYLLECTBYET UM HAXOAMTCS 3a
rOpM30HTOM, Takas 3anuncb NnoMedyaeTcsl Kak MepTBasi. Ecnun He yaaetcs
pPa3MecTUTb B CTPaHuLLEe oyepeaHyo MHAEKCHYHO 3annck, B NEPBYIO oYepe/b
yAanaoTCA Takue NoMeYeHHble 3anucu.

Ecnn nsbexatb pacliensieHns Takmm ob6pas3om He yaaeTcs, BKIYaeTCs
MeXaHU3M «BOCXOAALLEro yaaneHus koptexeit» (bottom-up delete),
[o6aBneHHbIn B PostgreSQL 14. N5 MHOEKCHbIX 3an1cein ¢ 0AnHaKoBbIM
3Ha4YeHneM Kroya NPoBEPAOTCA COOTBETCTBYIOLLNE BEPCUN CTPOK. Ecnn
OKasblBaeTCs, UTO BEPCKUS OTCYTCTBYET WU/ HAXOAUTCA 3a rOPU30HTOM,
NHAEKCHaA 3anucb 6yaeT yaaneHa. lNpoeepka TpebyeT obpalleHuns K
Tabnvue, HO 3TO OKa3blBAETCH BbIfogHEE, YeM NIMLLHee pacliensieHmne
NHOEKCHON CTPaHULbI.



CaMOOYHCTKa HHIEeKCa

YMEeHBIIUM OJIMHY CTPOKHU TabJIUIIE], OIyCTOIINM €€, BCTABUM CEMb CTPOK U OOHOBUM HX:

=> ALTER TABLE t ALTER COLUMN s TYPE CHAR(500);

ALTER TABLE

=> TRUNCATE t;

TRUNCATE TABLE

=> INSERT INTO t SELECT random()::text FROM generate_series(1,7);

INSERT 0 7

=> UPDATE t SET s = random()::text;

UPDATE 7

3arnsiHeM B [IOCTPAHUYHYIO CTATUCTUKY MHEKCA C IOMOIIbI0 GYHKIMY U3 paciiupeHus pageinspect:

=> SELECT blkno, type, live_items, dead_items, avg_item_size, page_size, free_size
FROM bt_multi_page_stats('t_s',1,-1) \gx

-[ RECORD 1 ]-4-----

blkno | 1
type | 1
live items | 14
dead items | ©
avg item size | 512
page size | 8192
free size | 924

B unpekce ceifyac BCEro OfHA JIMCTOBAs CTPaHUIA (0OHA JXKe KOPHEBAsi), B KOTOPOH 0cTaiock okojo 900 6aiiT cBOOOTHOTO
MecTa. B Hel HaxoOsaTcs 14 MHOEKCHBIX 3alliCen:

=> SELECT itemoffset, ctid, dead FROM bt_page items('t_s',1);

itemoffset | ctid | dead

____________ Fomm e a oo -
11]¢(0,9 | f
2| (0,5) | f
31 (0,6) | f
41 (0,11) | f
51 (0,13) | f
6| (0,3) | f
71 (0,14) | f
8 | (0,10) | f
9| (0,2) | f
10 | (0,8) | f
11 | (0,1) | f
12 | (0,7) | f
13 | (0,12) | f
14 | (0,4) | f

(14 rows)

A BOT CTPOKH, Ha KOTOPBI€ OHU YKa3bIBAIOT:

=> SELECT * FROM t_v;



ctid | state | xmin | xmax | hhu | hot | t ctid
-------- B I R ek T TR
(0,1) | normal | 759 (c) | 760 | | | (0,8)
(0,2) | normal | 759 (c) | 760 | | | (0,9)
(0,3) | normal | 759 (c) | 760 | | | (0,10)
(0,4) | normal | 759 (c) | 760 | | | (0,11)
(0,5) | normal | 759 (c) | 760 | | | (0,12)
(0,6) | normal | 759 (c) | 760 | | | (0,13)
(0,7) | normal | 759 (c) | 760 | | | (0,14)
(0,8) | normal | 760 | 0 (a) | | | (0,8)
(0,9) | normal | 760 | 0 (a) | | | (0,9)
(0,10) | normal | 760 | 0 (a) | | | (0,10)
(0,11) | normal | 760 | 0 (a) | | | (0,11)
(0,12) | normal | 760 | 0 (a) | | | (0,12)
(0,13) | normal | 760 | @ (a) | | | (0,13)
(0,14) | normal | 760 | 0 (a) | | | (0,14)
(14 rows)

CeMb 3amucei CChIIAlOTCS Ha aKTyaJIbHbI€ BEPCUU TaGIMYHBIX CTPOK, OCTaJIbHbI€ CEMb — Ha MEPTBHBIE, HO IIOJIYyYUTH 3Ty
I/IH(I.)OpMaLII/IIO U3 UHOEKCa HEBO3MOXKHO. HOSTOMY IIpu ClieayrlieM 00HOBIIEHUU CTpaHHIla UHOEKCa PAaCIIelInuTCd.

Ho ecnu Kako#-TO 3apoc o6paTuTcs K Tabnuie Yepes WHAEKC, eMy IPUAETCS IPOUTH II0 CChUIKAM U Y3HATh CTATYyCHI
TabGIMYHBIX CTPOK:

=> SET enable_seqscan = off;

SET

=> SET enable_bitmapscan = off;

SET

=> EXPLAIN (analyze) SELECT count(*) FROM t;

QUERY PLAN

Aggregate (cost=48.84..48.85 rows=1 width=8) (actual time=0.044..0.045 rows=1 loops=1)
-> 1Index Only Scan using t s on t (cost=0.14..48.74 rows=40 width=0) (actual
time=0.037..0.040 rows=7 loops=1)
Heap Fetches: 14
Planning Time: 0.103 ms
Execution Time: 0.067 ms
(5 rows)

Taxkoii 3anrpoc oMevaeT HeHYKHbIe UHIEKCHEIe 3anucy Kak dead...

=> SELECT itemoffset, ctid, dead FROM bt_page_items('t_s',1);

itemoffset | ctid | dead
____________ Fomm e a oo -
11]¢(0,9 |f
2| (0,5) |t
31 (0,6) |t
41 (0,11) | f
51 (0,13) | f
6| (0,3) |t
71 (0,14) | f
8 | (0,10) | f
91 (0,2) |t
10 | (0,8) | f
11 | (0,1) | t
12 | (0,7) | t
13 | (0,12) | f
14 | (0,4) | t
(14 rows)

... ¥ €CJIH TIOCJIe TOT0 BHIIIOJHUTH OOHOBIIEHHE, ..

=> UPDATE t SET s = random()::text;

UPDATE 7

... TO OHO He IPUBOJAUT K PACIIEIIEHUIO0 CTPAHUIIE, ITOCKOIBKY yAaeTCsI 0CBOOOIUTH MECTO IJIsi HOBBIX 3aIHUCEeH:

=> SELECT blkno, type, live_items, dead_items, avg_item_size, page_size, free_size
FROM bt_multi_page stats('t_s',1,-1) \gx



<[ RECORD 1 ]-+-----

blkno | 1
type | 1
live items | 14
dead items | ©
avg item size | 512
page size | 8192
free size | 924

Bocxopsiiee ymaieHnue

Teneps 0o6aBUM K TabJIHIlE BTOPOI TEKCTOBEIN CTONGEI ¥ HHAEKC 110 HEMY:

=> ALTER TABLE t ADD r CHAR(500);

ALTER TABLE

=> CREATE INDEX t_r ON t(r);

CREATE INDEX

OnsiTh OIyCTOMIMM TaGIuIly ¥ BCTABUM CTPOKU B TAONIUILY:

=> TRUNCATE t;

TRUNCATE TABLE

=> INSERT INTO t SELECT random()::text, 1 FROM generate_series(1,12);
INSERT 0 12

Temepb, TOCKOIBKY 00a CTOJIGIa MIPOUHAEKCUPOBAHKI, mpu 06HOBIeHUn HOT-1[eTT0YKY CTPOUTLCS He OyayT. Ecnu uaMeHsTh
TOJIBKO MEPBHIA CTOJI0EI, MHAEKC 10 HeMy OyaeT pacTu:

=> UPDATE t SET s = random()::text;
UPDATE 12

=> SELECT blkno, type, live_items, dead_items, avg_item_size, page_size, free_size
FROM bt_multi_page stats('t_s',1,-1) \gx

-[ RECORD 1 ]-+-----

blkno | 1
type | 1
live items | 10
dead items | 0
avg item size | 512
page size | 8192
free size | 2988
-[ RECORD 2 J-+-----
blkno | 2
type | 1
live items | 3
dead items | ©
avg item size | 512
page size | 8192
free size | 6600
-[ RECORD 3 J-+-----
blkno | 3
type | r
live items | 3
dead items | ©
avg item size | 344
page size | 8192
free size | 7104
-[ RECORD 4 ]-+-----
blkno | 4
type | 1
live items | 13
dead items | 0
avg item size | 512
page size | 8192
free size | 1440

OpHakKo K04 BTOPOT'O MHAOEKCA JIOTUYECKHU He U3MEHAIOTCs, IIO3TOMY IIPU HEOJOCTATKe MeCTa cpa6aTHBaeT MeXaHUu3M
BOCXO[ALIEro ynajleHusi ¥ CTpaHHUIla BTOPOI'O HHAEKCA PacCIIelIAThCA He 6yneT:

=> SELECT blkno, type, live_items, dead_items, avg_item_size, page_size, free_size
FROM bt_multi_page stats('t_r',1,-1) \gx



<[ RECORD 1 ]-+-----

blkno | 1
type | 1
live items | 10
dead items | ©
avg item size | 521
page size | 8192

free size | 2892
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Toru Posigres

Ecm n3MeHsieMbIi CTO/I0€1] He BXOAWT HU B OIUH UHJEKC
Y Ha CTpaHuile ecTb MecTo — npumMeHsiercss HOT-o0HoB/eHMe

[Ipu HemoCTaTKe MecTa B CTpaHMIle TabJIULIbI UM UHAEKCa
aBTOMAaTH4YeCKH BBITTOJ/IHSIETCS CAaMOOYMCTKA

16
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[1pakTnKa Pos{gres

1. Bocnpou3sBeauTe cUTYyaly0 CaMOOUMCTKH Oe3 yuactus HOT-
obHoBneHui. [IpoBepsiiiTe comep>xumMoe TabIMUHON 1
VH/IEKCHOW CTPaHUL] C TIOMOLL[bIO0 paclIMpeHus pageinspect.

2. Bocnpoussegute cutyaro HOT-o6HOBeHus1 Ha Tabmuiie
C UH/IEKCOM T10 HEKOTOPBIM TIOJISIM.

3. Bocnpousseaure cutyaiuio HOT-o6HOBIeHMs, TTPU KOTOPOM
CaMOOYMCTKA He 0CBODOOKAAeT JOCTAaTOYHO MeCTa Ha CTPaHHULIe U
HOBasi BepCUs CO3Z,aeTCs Ha Apyrou crpanulie. CKOMBKO 3anucei
OyzeT B MHJEKCe B 3TOM Clydae?

17

1. 3anpoc A8 NHAEKCHOW CTpaHuULbl NOSABNSAICA B AE@MOHCTPaLMM K TeMe
«CTpaHuLbl 1 BEPCUM CTPOK» 3TOTO MOAYNS:

SELECT itemoffset, ctid
FROM bt_page_items('ums-uHgekca',1);



1. CamoouucTKa

Co3panuMm Tabully ¢ OBYMSI IIOJISIMU.

ITapawmerp fillfactor ycranoBum B 75%, Kak B HEMOHCTPAIUHU.

=> CREATE DATABASE mvcc_hot;

CREATE DATABASE

=> \c mvcc_hot

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

=> CREATE TABLE t(
id integer GENERATED ALWAYS AS IDENTITY,
s char(2000)

)

WITH (fillfactor = 75);

CREATE TABLE

Co3gapuM HHAEKC IO CTONIOLy S:

=> CREATE INDEX t_s ON t(s);

CREATE INDEX

Kak 00BI9HO, HCIIOIB3yEeM paclIupeHue pageinspect.
=> CREATE EXTENSION pageinspect;

CREATE EXTENSION

=> 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 || CASE
WHEN (t_infomask & 256) > 0 THEN ' (c)'
WHEN (t_infomask & 512) > 0 THEN ' (a)'
ELSE ''
END AS xmin,
t_xmax || CASE
WHEN (t_infomask & 1024) > @ THEN ' (c)'
WHEN (t_infomask & 2048) > 0 THEN ' (a)'
ELSE ''
END AS xmax,
CASE WHEN (t_infomask2 & 16384) > 0 THEN 't' END AS hhu,
CASE WHEN (t_infomask2 & 32768) > 0 THEN 't' END AS hot,
t_ctid
FROM heap_page_items(get_raw_page('t',0))
ORDER BY 1p;

CREATE VIEW

[To6GaBuM CTPOKY U OymeM OOHOBIISATDH CTOJIOEL! S:
=> INSERT INTO t(s) VALUES ('A');

INSERT 0 1

=> UPDATE t SET s 'B';

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

=> UPDATE t SET s '‘D';

UPDATE 1

[Ipu 3TOM B MHAEKCEe AJIsI KaXkO0# u3 Bepcuil Obuia cHopMUpOBaHa 3alKCh:



=> SELECT itemoffset, ctid

FROM bt_page_items('t_s',1);

itemoffset | ctid

(4 rows)

Hanuune nHOeKca Ha 0OHOBJIIEMOM CTOJIOIE IIPUBEJIO K TOMY, 4YTO HOT-00HOBIeHNE HE UCIIOIH30BaIOCh:

R,
1] (0,1)
2] (0,2)
3| (0,3)
41 (0,4)

=> SELECT * FROM t_v;

ctid | state | xmin | xmax | hhu | hot | t ctid
------- B e e S
(0,1) | normal | 748 (c) | 749 (c) | | | (0,2)
(0,2) | normal | 749 (c) | 750 (c) | | | (0,3)
(0,3) | normal | 750 (c) | 751 | | | (0,4)
(0,4) | normal | 751 | 0 (a) | | | (0,4)
(4 rows)

Kak u B AEeMOHCTpaluy, euie OgHoO 0OHOBJIEHUE CTPOKHY IIPUBOOUT K CAMOOYUCTKE:

=> UPDATE t SET s 'E';

UPDATE 1

=> SELECT * FROM t_v;

dead |
normal | 751 (c)
normal | 752

Bce HeakTyanbHEIE Bepcuu CTpoK (0,1), (0,2) u (0,3) oyuniieHsl; IOCNIE 3TOr0 Ha 0CBOOOOUBIIIEECSI MeCTO obaBieHa HoBast
Bepcus cTpoku (0,5).

CaMoo4ucTKa He 3aTparuBaeT UHOEKC:

=> SELECT itemoffset, ctid
FROM bt_page_items('t_s',1);

itemoffset | ctid

____________ .
1] (0,1)
2] (0,2)
3] (0,3)
4] (0,4)
51 (0,5)

(5 rows)

Tlo aTout IIPDUYHHE YKa3aTeJlu Ha OYHUIleHHbIe CTPOKHU B TabGuIle He 0CBOOOXK/IEHEI, @ UMEIOT cTaTtyc dead.

2. HOT-00HOB/I€HHEe MPH HAJIMYHH HHIEKCA

Y@anuM HHAEKC o CTONOLy S ¥ J00aBUM APYroH, o cTonbiy id:
=> DROP INDEX t_s;

DROP INDEX

=> CREATE INDEX t_id ON t(id);

CREATE INDEX

=> CREATE VIEW t_id_v AS
SELECT itemoffset,

ctid
FROM bt_page_items('t_id',1);

CREATE VIEW

OHyCTOH.IHM Ta6nuuy U IIOBTOPUM KOMAaH[FEI, IIPABOAAINNE K CAMOOYUCTKE:



=> TRUNCATE t;
TRUNCATE TABLE

=> INSERT INTO t(s) VALUES ('A');

INSERT 0 1

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

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

=> UPDATE t SET s = 'D';

UPDATE 1
B uHOEeKCHOU CTpaHUIle TOIBKO OfHA CCHIJIKA Ha TabiIuily
=> SELECT * FROM t_id_v;

itemoffset | ctid

B TabnuyHOM CTpaHUIle — BEPCHUU CTPOKH, O0OBEUHEHHBIE B CIINCOK

=> SELECT * FROM t_v;

ctid | state | xmin | xmax | hhu | hot | t_ctid
------- R R S T e S
(0,1) | normal | 757 (c) | 758 (c) | t | | (0,2)
(0,2) | normal | 758 (c) | 759 (c) | t | t | (0,3)
(0,3) | normal | 759 (c) | 760 | t | t | (0,4)
(0,4) | normal | 760 | @ (a) | | t | (0,4)
(4 rows)

WHpekc Ha cTonbue He MemaeT HOT-00HOBIEGHHIO, €CITH 3TOT CTOJIOEI He 0GHOBIISIeTCS.

3. Pa3psiB HOT-nenouku

| => \c mvcc_hot

| You are now connected to database "mvcc hot" as user "student".
| => BEGIN ISOLATION LEVEL REPEATABLE READ;

| BEGIN

| => SELECT count(*) FROM t;

Tenepb BBITIOJTHsSIEM OOHOBJIEHUE B IIepBOM CeaHcCe:

=> UPDATE t SET s = 'I';

UPDATE 1
=> UPDATE t SET s = 'J';
UPDATE 1
=> UPDATE t SET s = 'K';

UPDATE 1

=> SELECT * FROM t_v;



ctid | state |  xmin | xmax | hhu | hot | t ctid
------- L T e i e R S
(0,1) | redirect to 4 | | | | |

(0,2) | normal | 761 (c) | 762 (c) | t | t | (0,3)
(0,3) | normal | 762 (c) | 763 |t |t | (9,5)
(0,4) | normal | 760 (c) | 761 (c) | t | t | (0,2)
(0,5) | normal | 763 | 0 (a) | | t | (0,5)
(5 rows)

Cnepyoiee 00HOBIEHNE y2Ke He CMOXkKeT 0CBOOOAUTL MEeCTO Ha CTpaHUIle:
=> UPDATE t SET s = 'L";
UPDATE 1

=> SELECT * FROM t_v;

ctid | state | xmin | xmax | hhu | hot | t_ctid
------- B L L L T T e L
(0,1) | redirect to 4 | | | | |

(0,2) | normal | 761 (c) | 762 (c) | t | t | (0,3)
(0,3) | normal | 762 (c) | 763 (c) | t | t | (0,5)
(0,4) | normal | 760 (c) | 761 (c) | t | t | (0,2)
(0,5) | normal | 763 (c) | 764 | | t | (1,1)
(5 rows)

Bupuwm ccrinky (1,1), Bemylryio Ha cTpasuiy 1.

IIpencraBnenue pg stat all tables mokaxeT KoIn4ecTBO U3MEHEHHBIX CTPOK (B ToM uucine c npuMeHeHueM HOT), a Takxke
KOJINYECTBO U3MEHEHHHBIX CTPOK C IePexXofioM Ha HOBYIO TaGIUYHYI0 CTpaHUIy. Eciiu 3TO 3Ha4YeHue Mpu paboTe ¢ Tabnulen
OymeT mOCTaTOYHO OOMBIINM, TO CIIEOyeT 3aAyMaThcsi 00 yMeHblieHnu 3Ha4YeHus fillfactor.

=> SELECT relname, n_tup_upd, n_tup_hot_upd, n_tup_newpage_upd
FROM pg_stat_all_tables WHERE relname = 't';

relname | n_tup upd | n_tup hot upd | n_tup newpage upd

Temneps B MHAEKCe [IBe 3allMCH, KaXKaas yKa3blBaeT Ha Hadasno cBoeit HOT-nemouku:
=> SELECT * FROM t_id_v;

itemoffset | ctid

(2 rows)

| => coMMIT;

| commIT



