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HanoMHuM, 4To Npu 06bIYHOM OGHOB/IEHUN B MHAEKCE CO3AaK0TCSI CChISIKA
Ha BCE BEPCUUN CTPOKM, NPUCYTCTBYHOLLME B TAB/IMYHbIX CTPaHMLAX.
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[MpoGemMbl OOHOB/IEHNS 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 I10 Ta6JII/ILIe

Yem 37O nN1oxo?

Bo-nepBbIX, Npy 1l060M M3MEHEHMN CTPOKN NPUXOANTCS OGHOBNATL 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
CTPOKKM, KOTOpPbIE MOTOM NPUXOoANTCA OHNLLIATDb.

Bonee ToOro, ectb 0C06EHHOCTL peannsaunn B-gepesa B PostgreSQL. Ecnn
Ha WHAEKCHOW CTpaHuLe HegoCTaToOuYHO MecTa A1 BCTaBKM HOBOW 3anuncu,
CTpaHuua AenuTcsa Ha [iBe 1 BCe faHHble nepepacnpeaenstorcs Mexay
HuMKN. OgHaKo Npu yaaneHun (UM oYNCTKE) 3annucein aBe NHAEKCHbIE
CTpaHuLbl He «CKlenBaroTcA» B 04HY. [13-3a 3TOro pasmep MHAEKCa MOXET
He YMEHbLUMUTLCA Aaxe Npu yaasieHNN CyLeCTBEHHON YaCcTu AaHHbIX.

EcTtecTBeHHO, Yem 60/blLE NHOEKCOB CO3A4aHOo Ha Tabnuue, Tem
C 60NbLUNMM CMTOXHOCTSMU NPUXOANTCS CTa/IKMBATbLCS.
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OfHako ecnn 3HayeHue noss, No KOTOpoMy co3jaH MHAEKC, HE N3MEHUNOCH
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;

- CTPOKM, KOTOPbIE U3MEHEHLI U BXOAAT B LENOYKY, MapPKUPYHTCS GUTOM
Heap Hot Updated;

- CTPOKW, Ha KOTOpPble HET CChIJIOK U3 MHAEKCa, MapkupytoTcsa 6utom Heap
Only Tuple (To ecTb — «TOJIbKO Tab/MyHasa BEPCUSA CTPOKU»);

- BEPCUN CTPOK CBA3aHbl B CNUCOK C NMOMOLLbIO nong ctid, Bxogawero
B 3aro/I0BOK BEPCUIA.

Ecnun npu ckaHnposaHun nHaekca PostgreSQL nonagaet B TabMUHyHO
CTpaHuLy 1 06HapyXX1nBaeT Bepcuto, NnoMeveHHyto Kak Heap Hot Updated,
OH NOHMMAET, YTO HaA0 NPOWTY fasiblie No Lenoyke 0OHOBEHWNIA,
(Pasymeetcs, Ansa BCeX NO/yYEeHHbIX Taknm 06pa3om BEPCUin CTPOK
NpoBepsieTcs BUANMOCTb, Npexae Yem oHu 6yayT 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-o6HOBNEHue Posigres

3HaueHUs WHAEKCUPOBAHHBIX CTO]I6LIOB He JO/DKHBI U3SMEHUTBLCA

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/I LIeMOYKH He yXY/IIIaeT MPOU3BOUTETHLHOCTh

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 %)

MoauepkHeM, 4To HOT-06HOBEHUST paboTaloT TO/IbKO B C/lyvae, ecriv He
N3MEHSIETCSA HU OOUH K/1H04 B UHOEKcax. VIHaue B KaKkOM-/1nbo nHaekce
nosiBusIacb Obl CCblSIka HENOCpPeACTBEHHO HA HOBYHO BEPCUIO CTPOKU, YTO
NPOTUBOPEYUUT naee aTon onTumMmnsaLmn.

B Tom uncne HOT-06HOBNEHMUS MPUMEHSAIOTCA N K Tabnmuam, Ha KOTOPbIX
HeT BOOGLLIE HM OAHOro nHAeKca: npu o6HOBIEHUN NOObLIX NOME Takown
Tabnunubl 6yaeT CTPOUTLCA LienoYka BEPCUIA.

OnTMMmnsaumst 4enNcTBYET TOMILKO B Npeesnax of4HOM CTpaHuLbl, NO3TOMY
OONOSTHUTENbHbIN 06X0[, LLIEeNOYKN He TpebyeT obpalleHnsa K Apyrum
CTpaHuuam 1 He yxyalaeT Npon3BoANTENbHOCTD.

OfiHaKo ec/im Ha CTpaHuLe He XBaTUT CBOGOAHOIO MecTa, YToObI
pa3MecTUTb HOBYHO BEPCUIO CTPOKM, Liernoyka npepeeTcs. Ha Bepcuio
CTPOKMU, pa3MeLLEeHHYH Ha ApYyroi cTpaHule, NpuaeTcs caenatb U CCbinkKy
N3 MHOekca.

[Mo3TOMY NPU YacTbIX 0OHOBIEHNAX HEUHAEKCUPOBAHHbLIX NOME MOXET
MMETb CMbIC/1 YMeHbLIaTb napameTp xpaHeHus fillfactor. 3Tot napameTp
onpeaenseT NoporoBbIin NPOLEHT 3aHATOrO Ha CTpaHuLe MecTa, nocne
KOTOPOro BCTaBKa HOBbIX CTPOK B 3Ty CTpaHuuy byaeT 3anpeLleHa.
OcTaBlLUeecs MeCTO OCTaeTCH 3ape3epBUpPoOBaHHbIM 419 0GHOBNEHWIA: NP
06HOB/IEHNN HOBasA BEPCUS CTPOKN MOXET 3aHATb CBOOOAHOE MECTO Ha TOM
Xe cTpaHuue. (C gpyroi CTopoHbl, YeM Boiwe fillfactor, Tem KoMmnakTHee
pacnosiaraloTca 3anncu 1, COOTBETCTBEHHO, pasmep Tab/nuvubl nonyyaeTcs
MeHbLLUE.)



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 BCTABIISIIUCH TOJILKO TPU BEPCHUH, U elle ofHa Gblyia JOCTYIIHA
[J1s1 OOHOBJIEHHS.

=> 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) > 0 THEN ' (c)'
WHEN (t_infomask & 512) > @ 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

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 s e R e R
(0,1) | normal | 1204299 (c) | 1204300 | t | | (0,2)
(0,2) | normal | 1204300 | 0 (a) | | t | (0,2)

(2 rows)



e ¢mar Heap Hot Updated moka3siBaeT, YTO HagO UATHU II0 Iemouke ctid,
e ¢mar Heap Only Tuple noka3riBaeT, 9YTO Ha JaHHYIO BEPCUIO CTPOKU HET CCHIJIOK M3 MHIEKCOB.

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
------- e e e
(0,1) | normal | 1204299 (c) | 1204300 (c) | t | | (0,2)
(0,2) | normal | 1204300 (c) | 1204301 | t | t | (0,3)
(0,3) | normal | 1204301 | 0 (a) | | t | (0,3)

(3 rows)
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BHYyTpUCTpaHMYHasa o4YnCTka Posggres

BrimosiHsieTcst 1ipu /i060M oOpaliieHny K CTpaHulle
ec/in paHee BEITIO/JIHEHHOE O6HOBII€HI/IE He HaIllJIO MeCTa
A HOBOﬁ BEPCI/II/I CTPOKI/I Ha 3TOI71 Ke CTpaHI/IL[e
eCJTH CTpaHMIa 3arosiHeHa 6osbie, yeM Ha fillfactor

[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 3akaH4ynBaeTcsa. EcTb aBa
KpuTepus:

1. PaHee BbINO/IHEHHOE HA 3TOl CTpaHuLEe 0GHOB/EHVE He 0BHapPYXMIo
[lOCTAaTOYHOrO MecTa, YTOObl pa3MeCcTUTb HOBYIO BEPCUIO CTPOKU Ha TOI Xe
CTpaHuLe.

2. CTpaHuua 3anonHeHa 6onblie, yem Ha fillfactor.

BHyTpuCTpaHnyHas ouymcTka youpaeT Bepcun CTPOK, He BUAMMblE

HW B OIHOM CHUMKe (HaxoAsiLmMecs 3a ropu3oHTOM 6a3bl AaHHbIX),

HO paboTaeT CTPOro B NpefAesnax ofHON Tab/IMYHOW CTpaHuLbl. YKkazaTesnm
Ha BEpCUM CTPOK HE OCBOOOXAAIOTCS, TaK Kak Ha HUX MOTYT ObITb CCbISIKU
13 UHJEKCOB, a 3TO YXXe Apyras CTpaHuLa — OHa He OuuLLIaeTCs.

KapTta cB060HOr0 NPOCTPaHCTBA HE 0OHOBSIETCS 3 93KOHOMUM PECYPCOB,
a TaKkKe U3 CO0BPaXEHUs], YTO OCBOGOXAEHHOE MECTO fyuylle npuéepeyb
151 0O6HOBNEHWIA, @ He A1t BCTaBOK. Takxke He 0GHOB/ISIETCA U KapTa
BUAVMOCTMW.

ToT dpakT, UTO CTpaHMLUa MOXET QUMLLATLCA MPU YTEHUN, O3HAYaET, YTO
3anpoc SELECT MoXeT BbI3BaTb U3MEHEHUEe CTPaHuL,. JTO eLle OAUH TaKoM
cnyyai, B AOMNOJIHEHME K paCCMOTPEHHOMY B Teme «CTpaHuLbl 1 BEpCUmn
CTPOK» U3MEHEHN 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-o4ncTKu 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
------- B ek e T LR Tl
(0,1) | normal | 1204299 (c) | 1204300 (c) | t | | (0,2)
(0,2) | normal | 1204300 (c) | 1204301 (c) | t |t | (0,3)
(0,3) | normal | 1204301 (c) | 1204302 |t |t | (0,4)
(0,4) | normal | 1204302 | 0 (a) | [t ] (0,4)

)

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
------- R Rt R e e
(0,1) | redirect to 4 | | | | |

(0,2) | normal | 1204303 | 0 (a) | | t | (0,2)
(0,3) | unused | [ | [

(0,4) | normal | 1204302 (c) | 1204303 | 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 IlepBasi BepCUs OCcTajach Ha MecTe, HO Iony4yuna cratyc redirect. IIpocienuTe CCHUIKHM OT 9TOM I'OJIOBHOM BepCUU
no koH1a HOT-11emouku.

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
------- B e S e R R
(0,1) | redirect to 4 | | | | |
(0,2) | normal | 1204303 (c) | 1204304 (c) | t | t | (0,3)
(0,3) | normal | 1204304 (c) | 1204305 | t | t | (0,5)
(0,4) | normal | 1204302 (c) | 1204303 (c) | t | t | (0,2)
(0,5) | normal | 1204305 | 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 S s e S e
(0,1) | redirect to 5 | | | | |

(0,2) | normal | 1204306 | 0 (a) | | t | (0,2)
(0,3) | unused | | | | |

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

(0,5) | normal | 1204305 (c) | 1204306 | t | t | (0,2)
(5 rows)
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Pa3symeeTcsi, BHyTPUCTPaHNYHAs o4McTKa paboTaeT 1 Ans Bepcui,
NOSIBMBLUMXCSA B pe3ysibTate 06bIYHOT0 0GHOB/IEHUS.

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.



[1oc/ie OUYUCTKU Posigres

ctid KoY

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

3 &_ o
2 S EDT o
Ec =280
ELEELSZ
nomy:j;::ﬁlm) He [e ] 8 '(% o C
0CBOGOX/EHDI O ®© < O
££338¢
: EEEEQO
cTatyc Xmin- Xmax X X X X £ < AaHHble
(0,2) dead
(0,2) dead
(0,3) normal » 102 t 42,BAZ
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Ecnun BbINOMHEHbI yCN0OBUA cpabaTbiBaHUs BHYTPUCTPAHUYHON OUNCTKM,
OBe HeakTyasbHble Bepcum ctpokun (0,1) n (0,2) MoryT 6bITb yaaneHsl.
YkazaTtenu Ha yaasieHHble Bepcum nonyyaet ctatyc «dead»,

a ocBoboamBLUeecs MeCTO MOXET ObITb MCNOJIb30BaHO /19 BCTaBKM HOBOW
Bepcuun.

B otnnume ot cutyauum ¢ HOT-06HOBNEHUSAMMU, 34eCb HENb3A 0CBOOOANTL
yKasare/sim Ha yasleHHble BepCun CTPOK, NOCKOSIbKY Ha HUX CyLLLeCcTBYeT
CCbI/IKM U3 NHOEKCHOWN cTpaHuubl. MNpu nHaekcHom aoctyne PostgreSQL
MoxeT nony4untb (0,1) nnn (0,2) B KauecTBe naeHTudmkaropa Bepcum
CTPOKW, NONPOBYET NONYyYnUTb cCaMy CTPOKY U3 Tab/IMUYHO CTpaHnLbl,

HO Gr1arolaps cTaTycy ykasartesisi 0GHapyXWT, UTO 3Ta BEPCUs yXKe He
CYLLEeCTBYET.

(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.)

MpyHUMNMaIbHO TO, YTO BHYTPUCTPAHNYHAA OUYNCTKA PaboTaeT TOMbKO

B Npeaenax oflHoi TabNNYHON CTPaHULbl U HE OUNLLAET UHAEKCHbIE
CTpaHULpbI.



o)) 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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o)) 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. Bocmpousseaure cutyaruo HOT-o0HOBIeHUsS Ha TabsurIe
C UHJEKCOM TI0 HEKOTOPBIM TIOJISIM.

3. Bocnpousseaure curyaruio HOT-00HOB/IeHHs, TIPU KOTOPOi
BHYTPHUCTPAHUUHAsI OUMCTKA He 0CBOOOXK/IaeT TOCTAaTOUHO MeCTa
Ha CTpaHuLie U HOBasi BepCHs CO3AeTCsl Ha IPYrou CTpaHuLe.
CKOJIbKO CTPOK OyzleT B MH/IeKCe B 3TOM CJTydae?
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1. 3anpoc A8 NHAEKCHOW CTpaHuULbl NOSABNSAICA B AE@MOHCTPaLMM K TeMe
«Bepcun CTPoK» 3TOr0 MoAYNA:

SELECT itemoffset,
ctid
FROM bt_page_items('umsa-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
Takxke CO3MaauM IpeaCcTaBlieHre, YTOOH 3arIsiabBaTh B UHIEKC:

=> CREATE VIEW t_s_v AS
SELECT itemoffset,
ctid
FROM bt_page_items('t_s',1);
CREATE VIEW
[To6aBuM CTPOKY U OymeM OOHOBIIATH CTOIOEI S, KaK B HeMOHCTPAIIUHU:
=> INSERT INTO t(s) VALUES ('A');
INSERT 0 1

=> UPDATE t SET s

n
w

UPDATE 1

=> UPDATE t SET s

n
(@]
-



UPDATE 1

=> UPDATE t SET s = 'D';

UPDATE 1

Hanuune nHOeKca Ha 0OHOBIISIEMOM CTOJIOIE IIPUBEJIO K TOMY, YTO BHYTPUCTPaHUYHOe OOHOBIIEHHE He HCII0Ib30BaIoCh:

=> SELECT * FROM t_v;

ctid | state | xmin | Xmax | hhu | hot | t ctid
------- B ek e T LR Tl
(0,1) | normal | 1259247 (c) | 1259248 (c) | | | (0,2)
(0,2) | normal | 1259248 (c) | 1259249 (c) | | | (0,3)
(0,3) | normal | 1259249 (c) | 1259250 | | | (0,4)
(0,4) | normal | 1259250 | 0 (a) | | | (0,4)

)

Kaxk 1 B meMOHCTpaluy, ellle ONHO OOHOBJIEHUE CTPOKM NIPUBOAUT K BHYTPUCTPAHUYHON OYUCTKE.:
=> UPDATE t SET s = 'E';
UPDATE 1

=> SELECT * FROM t_v;

ctid | state | xmin | xmax | hhu | hot | t_ctid
------- e e e
(0,1) | dead | | | | |

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

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

(0,4) | normal | 1259250 (c) | 1259251 | | | (0,5)
(0,5) | normal | 1259251 | 0 (a) | | | (0,5)

)

Bce HeakTyanbHBe Bepcuu cTpok (0,1), (0,2) u (0,3) ouullieHs]; IIocie 3TOro Ha 0CBOOOOMBIIEECs MeCTO fo0OaBjieHa HOBas
Bepcus ctpoku (0,5).

Yka3zaTenu Ha OYHIIeHHBIE CTPOKH HE 0CBOGOXIEHEI, @ UMEIOT CTaTycC dead.

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

Y@anuM HHAEKC o CTONOLy S ¥ 400aBUM 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
Onycromum TaGauly ¥ TOBTOPHUM KOMAaHAE!, IPUBOISIINE K BHYTPUCTPAHUYHON OYUCTKE:
=> 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 MHMIEKCHOM CTpaHHUIle TOJIBPKO OfHA CChUJIKA Ha TabnuIly:

=> SELECT * FROM t_id_v;



itemoffset | ctid

B TabnuyHOM CTpaHUIle — BEPCUU CTPOKH, O0BENUHEHHEBIE B CIINCOK:

=> SELECT * FROM t_v;

ctid | state | xmin | xmax | hhu | hot | t_ctid
------- Lk L S L h R SRS
(6,1) | normal | 1259256 (c) | 1259257 (c) | t | | (0,2)
(0,2) | normal | 1259257 (c) | 1259258 (c¢) | t | t | (0,3)
(0,3) | normal | 1259258 (c) | 1259259 |t |t | (0,4)
(0,4) | normal | 1259259 | 0 (a) | |t | (0,4)
(4 rows)

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

Pa3priB HOT-nenmouku

Teneps, uto6s1 HOT-04uncTKa He cMoriia 0CBOOOOUTL MECTO, HAYHEM IIapaUIe/IbHYIO TPAH3AKIUIO U IOCTPOUM B HEH
CHUMOK [IaHHBIX.

| => \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 BHIIOJIHsIEM OOHOBJIEHNE B IIEPBOM CEAHCE:

=> 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
------- B e T S s L I R
(0,1) | redirect to 4 | | | | |

(0,2) | normal | 1259260 (c) | 1259261 (c) | t | t | (0,3)
(0,3) | normal | 1259261 (c) | 1259262 | t | t | (0,5)
(0,4) | normal | 1259259 (c) | 1259260 (c) | t | t | (0,2)
(0,5) | normal | 1259262 | 0 (a) | | t | (0,5)
(5 rows)

Crnenyroiiee 0GHOBIIEHKE YK€ HE CMOXKET OCBOGOIUTL MECTO Ha CTPAHUIIE:
=> UPDATE t SET s = 'L';
UPDATE 1

=> SELECT * FROM t_v;

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

(0,2) | normal | 1259260 (c) | 1259261 (c) | t | t | (0,3)
(0,3) | normal | 1259261 (c) | 1259262 (c) | t | t | (0,5)
(0,4) | normal | 1259259 (c) | 1259260 (c) | t | t | (0,2)
(0,5) | normal | 1259262 (c) | 1259263 | | t | (1,1)

)



Bupuwm ccrnky (1,1), Bemyiryio Ha cTpasuiy 1.

Temneps B MHAEKCe — [IBe CTPOKHU, KaxKas yKa3blBaeT Ha Hadano cBoed HOT-1emnouku:
=> SELECT * FROM t_id_v;

itemoffset | ctid

(2 rows)

| => comMmIT;

| commIT



