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

(MckntoueHune coctasnsieT MHAekc BRIN, KOTOPbI HE COAEPXUT CCbINOK
Ha oTAeNbHble Tab/iMyHble CTPOKN; NOAPOOHOCTM YCTPONCTBA UHAEKCOB
pa3/IMYHbLIX TUNOB paccMmaTpmsaloTca B Kypce QPT «Ontumusayma

3arnpocoB»).
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[MpoGemMbl OOHOBIEHUS Posigres

[Tpu mr060M 0OHOB/IEHNY CTPOKH Ha/l0 M3MEHATh UH/EKC

CTpaadeT IIpOU3BOAUTE/IBHOCTE BCTABOK U W3MEeHeHUH

B HWH/IeKCe HaKallJIMBAKOTCA CCbIJIKM Hd HEedKTyd/IbHbI€ BEPCHUH

pa3mMep MH/IeKca pacTeT, TpeOyeTcst OuMCTKa

Bce cnoxxnoctu YMHO>XdIOTCA Hd KO/JIMYeCTBO MHAEKCOB,
IIOCTPOEHHBIX HAd Ta6J'II/IL[e

Yem 37O nN1oxo?

Bo-nepBbIX, Npy 1t060M U3MEHEHWM CTPOKM NPUAETCA 0OHOB/MATL BCE
NHAEKCbI, CO3[aHHble ANs Tabnuupbl (Aaxe ecnv N3MeHeHHble Noss He
BXOAAT B MHAEKC). OUeBUHO, 3TO CHMKAET NPON3BOANTENBHOCT.

Bo-BTOpLIX, B MHAEKCAX HaKanmBalTCA CCbIJIKN HA NCTOPUYECKME BEpPCUN
CTPOK, KOTOPbIE NOTOM MPpUXoanTCA ovHnatb.

EcTecTBeHHO, YeM 60/IbLLE NHAEKCOB CO34aHOo Ha Tabnvue, Tem
¢ 60/1bLUINMM CNOXHOCTAMWN NPUXOLUTCA CTasIKMBATLCA.

Bonee TOro, ectb 0CO6EHHOCTL peannsaunn B-aepesa B PostgreSQL.
Ecnv Ha MHAEKCHOW cTpaHuLe HefoCTaTouHO MecTa A1 BCTaBKu HOBOW
3anncu, cTpaHuua Aennutca Ha ABe U BCe faHHble nepepacnpenenarTca
mMexay Humu. OgHako npu yganeHumn (Mnam o4ncTke) 3anucen ase
NHAEKCHbIE CTPaHWULbl HEe «CK/1IenBaroTCcsa 06paTtHO» B OA4HY. 13-3a aToro
pa3sMep MHAeKca MOXET He YMEHbLUUTLCA Aaxe Nnpu yaasieHnn
CYLLECTBEHHOW YacTu AaHHbIX. B PostgreSQL 14 6bina no6aBneHa
onTMMM3aUunsa «Bocxosuee yaaneHme koptexein» (bottom-up deletion),
no3sonsoLas nepes fobasneHMeM NHAEKCHOM 3anucy yaanuTb 13
CTpaHuubl Y)Xe HeHyxHble. Ee gelicTBue kacaetcs UHAEKCOB, KOTOpble
He OblNn Nnornyeckn nameHeHol oneparopamv UPDATE; B psige cnyyaes
3TO NO3BOJISAET U3bexarb AefleHNA NHAEKCHON CTpaHULbI.



HOT-o6HOBNEHne Posigres
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OfHako ecninm MHAEKC co3AaH Mo nosto, 3HayeHne KOToporo He N3MeHUI0Chb
B pe3ynbrare 06HOBMEHUA CTPOKN, TO HET CMbIC/1a CO34aBarb
AONOSTHNTENLHYIO 3anUchb B B-AepeBe, coaepXalllyto To Xe caMmoe 3HayeHue
Kntoya. imeHHO Tak pabotaet onTuMmmusauns, HasbiBaemasd HOT-
obHoBneHnem — Heap-Only Tuple Update.

Mpy TakoM 06GHOB/MEHNM B MHAEKCHOW CTpaHuLEe HaxoauTcsa NMb ofHa
3anuncb, CCbiNaloWasncsa Ha NepByl0 BEPCU0 CTPOKU TabNIMYHOW CTPaHULbI.
A BHYTPW Tab/IMYHOW CTPaHWLbl OpraHN3yeTcs Lienoyka 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

HWHaue rMpuaeTcs ,E[O6aBI/ITI:x HWHAEKCHYIO 3dlMrCh, CCbIIAIOIIYIOCS Ha HOBYHO
BepCHI0 CTPOKH, U BEPCHUIO HeJIb34 6y,qu ITIOMETHUTDh 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);

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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BHYyTpUCTpaHMUYHasa o4YnCTKa Posggres

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 NPOUCXOANTb BbICTpas BHYTPUCTPAHUYHAA OYMCTKA, eC/u
PostgreSQL couTeT, 4To MecTo Ha CTpaHuue 3akaHymBaeTcs. [o/mKHO
BbIMOJ/IHATLCA O4HO U3 YC/IOBUIA:

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.

BHyTpuCTpaHnyHas ouymcTka youpaeT Bepcun CTPOK, He BUAMMblE

HWU B OHOM CHUMKE (HaxoAsilmecs 3a ropu3oHTOM 6asbl aHHbIX),

HO paboTaeT CTPOro B NpefAesnax ofiHON Tab/IMYHOW CTpaHuLbl. YKkazaTenu
Ha BEpPCUM CTPOK HE OCBOOOXAAIOTCS, TaK Kak Ha HUX MOTYT ObITb CChISIKU
13 MHOEKCOB, a 3TO YXe Apyras CTpaHuLa — OHAa He O4ULLIaeTCs.

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.
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YacTHbIN, HO BaXKHbIA Clyvyait BHYyTPUCTPAHMYHOM OYNCTKM NpeacTaBnser
co6oit ounctka npn HOT-06HOBMEHUSAX.

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-o4ncTKn Posigres
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Mocne cpabaTbiBaHWA BHYTPUCTPAHUUYHONM OYUCTKM HeaKTyaslbHble BEPCUM
CTPOK yaanstoTcsi.

Mpn HOT-06HOBMEHUAX B UHAEKCE MOXET ObITb TO/IbKO OfHA CCbI/IKa Ha
BEPCUIO CTPOKK, NpeAcTaBNAwoLLY coboi «ronoy» HOT-Lenouvkn, Kotopas
NoAnePXXNBAETCA BHYTPU OAHOWN TabNNMYHON cTpaHuubl. Mpu NoobbIxX

N3MEHEHUAX BepCVIVI CTPOKM YKazaTe/lb J0/HKEH OCTaBaTbCA Ha CBOEM
MeCTe 1N CCbl1aTbCA Ha rosioBy LIENOYKN.

[MoaTomMy NPUMEHSIETCA ABONHANA aapecauns: ons ykasaTtens, Ha KOTopbIi
ccblnaeTca nHaekc — B gaHHom cnyyae (0,1), — ncnonb3yercs craTyc
«redirect», nepeHanpaBnALWMIA HA HY)XXHYIO BEPCUIO CTPOKM.

Ykazatenb Ha BTOopyto Bepcuto (0,2) 6onblue He HyXeH. OH nosyyaet cratyc

«unused» 1 6ygeT Ucrnosb3oBaH NpPU BCTaBKe Kakon-HNbYAb HOBOW Bepcumn
CTPOKM.

Bce ocTaBLUMECS BEPCUM CTPOK CABUTralOTCS BMECTE TaK, YToObl CBOGOAHOE
MECTO Ha CTpaHuLe 6b1110 NPeACTaBEHO OAHMM hparMeHToM.
COOTBETCTBYIOLMM 06pa30M U3MEHSIIOTCS U 3HAUYEHUs ykasaTenei.

Bnarogaps aToMy He BO3HUKAET NpobnemM ¢ oparmeHTaumen cBo604HOro
MecTa B CTpaHuLe.



BayrpucrpannuHas HOT-ouncrka

IIpoBepuM, Kak paboTaeT BHyTpUCTpaHuYHas ounucTka pu HOT-o6HOBIeHUsIX. 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 OUYUCTKY:
=> 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
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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
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Pa3ymeeTcs, BHyTPUCTpaHUYHaA o4yncTka pabotaeT v 415 Bepcuid,
NOABMBLUNXCA B pe3ynbTate 06bl4yHOro (He HOT) o6HOBMEHUA.,

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.



[Toc/ie OUUCTKU Posigres

ctid KoY

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

3 3 o
= o o
EBELE2
EsEgZ >
nomy:j;::ﬁlmme [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 ycioBMe 415 cpabaTbiBaHNA BHYTPUCTPAHMYHOM OUNCTKMN,
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 TaG/IMYHYIO CTpaHuLYy, HO 6narogapsi ctaTycy ykasaresisi 0GHapyXuT,
UTO 3Ta BEPCUS YXKE HE CYLLECTBYET.

(Ha prcyHKe He nokasaHbl yka3atesim Ha MHAEKCHble CTPOKU. Ha camom
fene, B nepsblii pa3 06HapYXMB OTCYTCTBME BEPCUM TAB/TMYHON CTPOKM,
PostgreSQL n3aMeHnUT 1 ctatyc ykasatensa B UHAEKCHON CTpaHuue, YToObI
NMOBTOPHO He obpaulaTbCs K Tab/IMYHOM CTpaHuLe.)

MpUHUMNNAbHO TO, YTO BHYTPUCTPAHMYHAS OYMCTKA paboTaeT TO/bKO
B Npeaenax ofiHoi TabNNYHON CTPaHULbl U HE OUULLAET CTPaHULIbI MHAEKCA.



of] PROFESSIONAL

Toru Posigres

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

[Tpu ynobHoM cilydae aBTOMaTHyeCcKy BBITIO/IHSIETCS ObICTpast
BHYTpUCTPaHUUHAas OYUCTKA

[Tpu yacThIX 0OHOBIEHUSX MOXKHO TIO[yMaThb 00 yMeHbIIeHUH
fillfactor
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of] PROFESSIONAL

[1pakTnKa Pos{gres

1. BocnpousBegure CUTyalWiO BHyTPUCTPAaHUUYHOM OYMCTKH
6e3 yuactuss HOT-o0HOB/IeHUTA.
[TpogepsiiiTe cozepkumoe TabMMUHON U UHIEKCHOUW CTpaHuL]
C MIOMOILIBIO paclIMpeHus pageinspect.

2. Bocnpousseaure curyaiuto HOT-00HoB/IeHYs Ha Tabuiie
C VIH/IEKCOM T10 HEKOTOPBIM T0JISIM.

3. Bocmpousseaure curyaruo HOT-00HOBeHHs], TIPU KOTOPOM
BHYTPUCTPaHUUHAsi OUMCTKAa He 0CBOOOXK/]aeT J0CTaTOUHO MeCTa
Ha CTPaHMLIe ¥ HOBasi BepCHsl CO3/jaeTCsl Ha APYTroM CTPaHULIE.
CKOJbKO CTPOK OyZieT B MH/IeKCe B 3TOM CJlyuae?
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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. BHyTpuCTpaHH4YHasi OYHCTKa

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

............ Fommm
1] (0,1)
2] (0,2)
3| (0,3)
41 (0,4)

(4 rows)

Hanuune nHOeKca Ha 0OHOBJIIEMOM CTOJIOIE IIPUBEJIO K TOMY, 9YTO BHYTPUCTPAHUYHOE 00HOBIIEHHE He HUCII0Ib30BaJIOCh:

=> 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 1 B meMOHCTpauuy, elle OOHO OOHOBJIEHUE CTPOKU IIPUBOOUT K BHYTPUCTPAHUYHON OUUCTKE:
=> UPDATE t SET s = 'E';
UPDATE 1

=> SELECT * FROM t_v;

ctid | state | xmin | xmax | hhu | hot | t_ctid
------- R e Rt RS P
(0,1) | dead | I I I I

(0,2) | dead | I I I I

(0,3) | dead | I I I I

(0,4) | normal | 751 (c) | 752 | | | (0,5)

(0,5) | normal | 752 | © (a) | | | (0,5)

)

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

BHyTpI/ICTpaHI/I‘-IHaH O4YUCTKa 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

OnycromumM TabauIy ¥ MOBTOPUM KOMaHOH!, IPUBOASIIYE K BHYTPUCTPAaHUYHON OYHUCTKE:



=> 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



