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MepTtBBIe Bepcuu CTPOK

TIPUBOJSAT K pa3pacTaHuio (aiiyios

CI/IHXpOHI/BaL[I/IH HNHIEKCOB

pu J1000M H3MeHeHUH CTDPOKHU Ta6JII/IL[LI HY>XHO MEHATDH BCE€ MHAEKCBI

PaciienieHre WHJEKCHBIX CTPAHMUL]
CHWXKAET MPOU3BOAUTEIbLHOCTD

yBe/IMUMBAET pa3Mep

Mpu paboTe MexaHn3Ma MHOTOBEPCUOHHOCTI 06pa3ytoTcs HEHYXHble
BEPCUM CTPOK, YTO NPUBOANT K paspacTaHutio Tabnul, 1 UHAEKCOB U, Kak
CneacTBUE, CHUXKAET NPOM3BOAUTENBLHOCTL 3anpOoCoB.

Ecnv y Tabnuubl eCTb MHAEKCHI, NPY U3MEHEHUN TabNULbl NPUXOANTCS UX
CUHXPOHU3NPOBaTh. DTO NPUBOAUT K U3MEHEHUIO BO/LLLIOTO YMcna CTPaHuL
N TaKXKe CHMXAET NPOU3BOANTENBHOCTb.

[Mpobnema ycyrybnsaercs ocobeHHOCTbIO peannsaumn B-gepesa B
PostgreSQL: ecnin Ha MHOEKCHOI CTpaHuue HeaocTaTtovyHo MecTa /s
BCTaBKW HOBOW 3anucu, cTpaHuua genurtca («pacwensiserca») Ha aBe 1 Bce
AaHHble nepepacnpeaensanTca mexay HuUMn. YacTtele paclienneHns
CHMXal0T NPOU3BOAUNTENLHOCTL NPU BCTaBKE U U3SMEHEHNU CTPOK.

Bonee Toro, Nnpu yaaneHnun (U1 oUNCTKe) 3annceil ABe NHAEKCHbIE
CTPaHULIbl HE «CK/IeNBalOTCA 06PATHO» B OAHY. V3-3a 3TOro pasmep nHgekca
MOXET HE YMEHbLUNTLCS AaXe NPu YAaNeHUn CyLLLECTBEHHON YacTu AaHHbIX.

PerynspHas ouncTtka peluaet npobsnemy paspacraHusa Tabnuuy n UHAEKCOB,
oAHaKo TpebyeT 3HauYnTe/bHbIX pecypcoB. NMoaTomy gaxe npu 06bIYHOM, He
CBA3aHHOM C OYMCTKOW, 06paLleHnn K CTpaHuLe XenartesbHo yaansTb
HEHYXXHble BEPCUN CTPOK UM UHAEKCHbIE 3anmMcu. A 4ToObI NPeaoTBpaTUTb
N30bITOYHbIE OOHOB/IEHNA MHOEKCOB NPU N3MeHeHUn Tabnuupl, PostgreSQL
o6beanHsaeT Bepcumn cTpok B HOT-uenoukn. Mbl pacCMOTPUM UX Ha
cnepnywoLnx cnangax.



OObIYHOE OOHOB/1IEHNE Posigres
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HanoMHMM, 4TO NPy 06bIYHOM OBGHOBIEHMMN B MHAEKCE CO3aTCS CChISIKU
Ha BCe BEpPCUM CTPOKM, MPUCYTCTBYHOLLME B TABNNYHBIX CTPAHMULAX.

(UcknoyeHne coctaBnseT nHaekc BRIN, KOTOPbIA HE COAEPXUT CCbISTOK
Ha oTAenbHble TabIMYHbIE CTPOKKM; NOAPOOBHOCTN YCTPONCTBA NHOEKCOB

pas3/INYHbIX TUMNOB paccMmaTpusaloTca B Kypce QPT «Ontumusayma
3arnpocoB»).

Uem 3T0 naoxo?

Mpy NtO6OM M3MEHEHUN CTPOKN NPUAETCS U3MEHSTh BCE UHAEKCHI,
co3/laHHble Ans Tabnuupl (aaxke ecnm N3MeHeHHbIe NoNs He BXOAAT B
nHaekc). EctecTBeHHO, YeM 60/ibLIe MHAEKCOB CO3[aH0 Ha Tabnuue, Tem
C 6GONbLUMMIU CNOXHOCTAMU NPUXOANTCH CTa/IKUBATLCS.



HOT-o0HOBNEHME Posigres
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Ecnu nHaekc co3gaH no nosto, 3Ha4eHne KOToporo He U3MEHUIO0Ch B
pe3ynbraTe 06HOB/IEHNSA CTPOKN, MOXHO He co3faBaTb B B-gepese
[OMNOMTHUTENBHYIO CCbISIKY A8 TOrO Xe 3HayeHus kadva. MiMeHHOo Tak
paboTtaeTt onTummnsaums, HasbiBaemass HOT-o6HoBNneHnem — Heap-Only
Tuple Update.

MNpu TakoM 0GHOBNEHNM B UHAEKCHOW CTPaHMLLE HAaX0AUTCA NULLb OAHA
CCbl/IKa — Ha NEePBY0 BEPCUIO CTPOKN Tab/IMYHOM CTpaHuLbl, & BHYTPU
Tab/IMYHONM CTPaHuULbl OpraHn3yeTcs Lenoyka BePCUi:

* CTPOKW, KOTOPbIE U3MEHEHbI N BXOAAT B LEENOUKY, MapKUpyoTCa GUTOM
Heap Hot Updated,;

* CTPOKM LIENOYKM, Ha KOTOPbIE HET CCbI/IOK U3 MHAEKCA, MAPKUPYHOTCS

6uTom Heap Only Tuple (To eCTb — «TONbKO TabnmyHas Bepcus
CTPOKU»);

* BEepCuM CTPOK CBA3aHbI B CMIMCOK C NOMOLLbIO Nons ctid, BxogAwLero
B 3aro/10BOK BEPCUIA.

Ecnn npu ckaHnposaHun nHaekca PostgreSQL nonagaet B Tab/IMYHYHO
CTpaHuuy 1 obHapy>XnsaeT Bepcuio, NoMevyeHHyto kak Heap Hot Updated, oH
MOHUMAET, YTO HaZ0 NPONTN AasibLue MO Lenovyke 06HOBNEHWIA.
(PasymeeTcs, Ansa Bcex nosiyyeHHbIX Takum 06pa3om BepCuin CTPOK
npoBepseTcs BUOMMOCTb, Npexae Yem OHM OyayT BO3BPALLEHbI K/TMEHTY.)

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



https://git.postgresql.org/gitweb/?p=postgresql.git;a=blob;f=src/backend/access/heap/README.HOT;hb=HEAD
https://git.postgresql.org/gitweb/?p=postgresql.git;a=blob;f=src/backend/access/heap/README.HOT;hb=HEAD
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HOT-o0HOBNEHME Posigres

3HaueHUs HHEKCUPOBAHHBIX CTO]I6I_[OB He JOJ/DKHBI H3MEHATHCA

MHaue rpuzeTcs A006aBUTh B MH/EKC CChIJIKY Ha HOBYIO BEPCHIO CTPOKH,
Y BePCUIO HeJlb3si OyzieT moMeTuTh Kak «heap only»

Ilermouka 06HOBIEHWI — TOJILKO B TIpe/iesiaX OHOM CTPaHHLIbI
He TpeOyeTcst oOpailjeHre K IPyTUM CTPAHHUIIAM,
00XO/I LIEeMTOYKH He YXY/IIaeT POU3BOANUTETHHOCTh

ecIv B Tab/IMYHOM CTpaHULle He XBaTaeT MeCTa /ijisl HOBOM BepcuH,
1jeriouka obpriBaeTcs (Kak ecu O6bl onTHMU3alvs He paboTana)

MECTO B CTPaHMILIe MOXKHO 3ape3epBUPOBaTh, YMEHBIIIHB MTapaMeTp
xpaHenus Tabmuel fillfactor (100 % — 10 %)

MoguepkHem, yTo HOT-06HOBNEHNA paboTatoT TOMLKO B C/lyyae, ecnu

He N3MEHSIETCA HU OOUH K/1to4 B UHOEKcax. Haye B KakoM-nnbo nHaekce
nosBuiach bl CCblSika HENOCPEeACTBEHHO Ha HOBYIO BEPCUIO CTPOKU, YTO
NPOTUBOPEUNT naee aToi onTumMmnsaumn. TosibKO YNOMSAHYTbIN Bbllle NHOEKC
BRIN He npenatctByeT HOT-06HOB/IEHNIO (B HEM HET CCbINIOK HA TabIMyHbIe
CTPOKMN).

B Tom uncne HOT-06HOBNEHMUS MPUMEHSIOTCA U K Tabnnuam, Ha KOTopbIX
HeT BOOOLLIE H/N OQHOro MHAEKCA: NPy OOHOBNEHMM NOOLIX NONEN TaKoi
Tabnuubl 6yaeT CTPOUTLCA LienoYvka BEPCUIA.

OnTMMmn3aums OencTBYeT TO/bKO B Npeaenax O4HOM CTpaHuLbl, NO3TOMY
AOMONTHUTENbHBIN 06X0A Lienoykn He TpebyeT obpalleHns K apyruv
cTpaHuuam 1 He yxygLlaeT Nponu3BoANTENIbHOCTb.

O[flHaKo ec/in Ha CTPaHuLe He XBaTUT CBOGOHOrO MecTa, YToobbl
pa3MecTUTb HOBYH BEPCUIO CTPOKMU, Lienoyka npepeeTcs. Ha Bepcuto
CTPOKW, pa3MelLLeHHY0 Ha ApYroi cTpaHuue, NPUaeTCs caenatb U CCbifKy U3
nHaekca.

Mo3TOMy NpU YacTbIX 0OHOBMEHUAX HEVHAEKCUPOBAHHBIX MOME MOXET
MMETb CMbIC/T YMEHbLINTL NapamMeTp xpaHeHus fillfactor. 3ToT napameTp
onpeaenseT NoporoBbIii NPOLEHT 3aHATOrO Ha CTpaHuLe MecTa, nocsne
KOTOPOro BCTaBKa HOBbIX CTPOK B 3Ty CTpPaHuUy OyAeT 3anpeLlieHa.
3HayeHue no ymosniyaHuo — 100%, MoXxXHo ymeHbLlaTtb A0 10%.
OcTaBlueeca MecTo pesepBupyertcs 4/ 0OHOB/IEHWIA: B 9TOM C/lyyae HoBas
BEPCUS CTPOKM MOXET 3aHATb CBOGOAHOE MECTO Ha TOW e cTpaHuLe.

(C apyroit cTopoHbl, YeMm BblLwLe fillfactor, Tem KOMNakTHee pacnosiaraloTcs
3anucu n, COOTBETCTBEHHO, pasmep Tab/nmupbl Noy4yaeTcs MeHbLLUe.)



HOT-06HOBJICHHE

CospmaguM Tabsuiy. /715 IpOCTOTHI He Oy/leM co3/jaBaTh MHAEKC: JI060e 06HOBIeHHe 6yzeT HOT-06HOBIeHIEM.

Kaskzast cTpoka TabJIUIIb COCTOUT M3 2000 CMBOJIOB; €CJIM MCII0JIb30BaTh TOIBKO JJATHHCKHE GYKBEI, TO BEPCHSI CTPOKH Oy/ieT
3aHUMAaTh 2000 6aMT IUTIOC 3aTr0JI0BOK.

ITapamerp fillfactor ycTaHOBUM B 75%, UTOGHI Ha CTPAHHITY IIOMEIIIAIOCH TOJIHKO TP BEPCHH U OffHA GbLIa [OCTYIIHA IS
00HOBJIEHUS.

=> 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

JJ1s1 U3ydeHHUs CORep>KMMOT0 CTPaHHUITBI HCII0/Ib3yeM pacIIlpeHue pageinspect.
=> CREATE EXTENSION pageinspect;

CREATE EXTENSION

JL1s1 yoo6eTBa COo3a/fuM yrKe 3HAaKOMOe ITpe/icTaBIeHHe B HEMHOTO0 6osiee KOMIIAaKTHOM BHJIE U JIOIIOJTHEHHOE ABYMS IIOJISIMHE:

=> 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) > 0 THEN ' (a)'
ELSE "'
END AS xmin,
t_xmax || CASE
WHEN (t_infomask & 1024) > 0 THEN ' (c)'
WHEN (t_infomask & 2048) > @ 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

BcTaBHM CTPOKY ¥ 0GHOBHUM ee, YTOOBI CO37,aTh HOBYIO BEPCHIO:
=> INSERT INTO t(s) VALUES ('A');

INSERT 0 1

=> UPDATE t SET s = 'B';

UPDATE 1

HOCKOJH:KY 00HOBJIEHHBIN CTOJI6EI.I He BXOJUT HU B KaKOM UHIEKC (B HallIeM CjIydyae HU OJHOT'0 HH/IEeKCa IIPOCTO HeT), B
Tab6IUYHOH CTpaHUIle IT0SBJISIETCS IeII0YKa H3MeHEeHUM:

=> 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 ¢uar hhu (Heap Hot Updated) mokasbIBaeT, 4YTO HaJj0 UATH II0 IellouKe ctid,
e ¢uar hot (Heap Only Tuple) mokasbsIBaeT, UTO Ha JJaHHYIO BEPCHUIO CTPOKHU HeT CChLIIOK M3 UH/IEKCOB.

IIpu faIbHEHINX N3MeHEHHSIX ITelIouKa GyeT pacTH (B IIpefesiaX CTPaHUIIbI):
=> UPDATE t SET s = 'C’;
UPDATE 1

=> SELECT * FROM t_v;

ctid | state | xmin | xmax | hhu | hot | t ctid
------- L e R e T ik ST
(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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CamoouncTka B Tabnumue Pos{gres

BrimosiHsieTcst 1ipu Jiro60oM oOpaiijeHrH K CTPaHUIIe
€CJIU paHee BBIMOJHEHHOe 0OHOB/IEHHE He HAILI0O MeCTa
11 HOBOM BepCHH CTPOKH Ha 3TOH »Ke CTPaHULe
eC/IM CTpaHuIja 3aroyiHeHa 6osiee uem Ha fillfactor unu 6onee uem Ha 90%

eiicTByeT B TipeJiesiaXx 0JHOW TaOIUUHOM CTPaHULIbI

He 0CBOOOXK/IAeT yKa3aTe/u, Ha KOTOPbIe MOTYT CChLIAThCsT MH/EKChI
He 0OHOBJIsIET KapTy CBOOOJHOTO IPOCTPAHCTBA
He 0OHOBJISIET KapTy BUJUMOCTH

[Mpn obpaleHnm K CTpaHuLe — Kak npy 06HOBNEHWU, TakK U MPU YTEHUN —
MOXET NPOUCXOAUTb BbICTpas camoouncTka, ecsim PostgreSQL couTerT, 4To
MEeCTO Ha CcTpaHuue 3akaHumBaeTcs. [Jo/MKHO BbINOSTHATLCA O4HO M3
YCNOBWM:

1. PaHee BbINO/THEHHOE Ha 3TOI CTpaHuLEe 06HOB/EHME HE 0GHAPYXNI0
[I0CTaTOYHOro MecTa, YTo6bl pa3MecTUTb 3[1ECh XXe HOBYH BEPCUIO CTPOKU
1 YCTAHOBW/IO B 3arofI0BKE CTPaHULbl COOTBETCTBYHOLLMI NPU3HAaK, No
KOTOPOMY Mpu cneayroLem o6palleHnm K Heli cpabaTtbiBaeT oUncTka.

2. CTpaHuua 3anonHeHa 6onee vyem Ha fillfactor nnu 6onee yem Ha 90% —
o4YMcTKa cpaboTaet cpasy.

CamoouncTka yérnpaeT Bepcumn CTPOK, He BUAMMbIE HU B O4HOM CHUMKE
(HaxopgAwmeca 3a ropn3oHToM 6asbl AaHHbIX), HO paboTaeT CTPOoro B
npeaenax ogHon TabnMYHOW CTpaHuLbl. YKasatesiv Ha Bepcum CTPOK He
ocBO6OXAAaTCA, Tak Kak Ha HUX MOTYT ObITb CCbIJIKM U3 UHAEKCOB, a 3T0
yXe gpyrasi cTpaHuua — OHa He O4YULLLaeTCS.

Kapta cBO60AHOro NpocTpaHCcTBa He 0OHOBNAETCA N3 IKOHOMUW PECYPCOB,
a Takxe 13 coobpaxeHus, YTO OCBOOOXAEHHOE MEeCTO JlydLle npnoepedb
ANA 06HOB/IEHWIA, @ HEe ANA BCTABOK. Takke He 0OHOBNAETCA M KapTa
BUANMOCTMW.

ToT dpakT, 4TO CTpaHMLa MOXET OUMLLATLCS MPU YTEHWUU, O3HAYAET, YTO
3anpoc SELECT MoxeT Bbl3BaTb U3MEHEHNE CTPaHUL,. ITO elle OANH Takoin
cnyyai, B JOMNOJIHEHME K pACCMOTPEHHOMY B TeMe «CTpaHuLbl 1 BEpCUM
CTPOK» N3MEHEHNI0 BUTOB-MOACKA30K.



o HOT-camMoouncTkm Posigres
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YacTHbIN, HO BaXKHbIM C/lyyaid CaMOOUNCTKN NpeacTaB/isieT cO60i ouncTka
npn HOT-06HOBNEHMSIX.

Ha pucyHke npuBefeHa cutyaumsa 0o o4ncTky. B Tabnuue Tpy Bepcum
OlHOW 1 TOW Xe CTPoKKn. Ha nepsyto n3 Hux (0,1) ccblnaeTcs MHAOEKC,
octanbHble e (0,2) n (0,3) noMeyeHbl Kak «TO/IbKO TabnyHbIe».

Bepcum cTpok (0,1) 1 (0,2) HeakTyasibHbl, HE BUAHbI HA B OAHOM CHUMKE
N MOTYT ObITb YAa/1EHBbI.



[Mocne HOT-caMOOUYnNCTKU Posigres
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CamoouuncTka yaasiaeT HeakKTyaJlbHble BEPCUN CTPOK.

Mpn HOT-06HOBNEHMAX B UHAEKCE MOXET ObITb TO/IbKO OfHA CCblNKa Ha
BEPCUIO CTPOKW, NpeacTasnsaowyo coboin «ronosy» HOT-Lenoykn, kotopas
NoAepPXXMBAETCA BHYTPW OAHOM TabNYHON cTpaHuubl. [py nobbIx

N3MEHEHUNAX BGpCI/II7I CTPOKM YKa3aTes/lb 4O/DKEH OCTaBaTbCA Ha CBOEM MeECTE
N CCblJ1aTbCA Ha rosioBy LEMOYKN.

MoaToMy NpuUMeHsieTCca ABONHaA agpecauns: AN ykasaTtens, Ha KOTopblid
cCblnaeTcs nHaekc — B AaHHom cnydae (0,1), — ncnonb3yeTtca cratyc
«redirect», nepeHanpaBNALWNA HA yKa3aTeslb Hy)XHO BEPCUM CTPOKN.

Ykazate/ib Ha BTopyto Bepcuio (0,2) Gonblie He HyxeH. OH NnoslyyaeT cTaTyc

«unused» 1 6yaeT UCNoMb30BaH NpU BCTaBKe KaKON-HNOYAb HOBOW BEPCUM
CTPOKM.

Bce ocTaBluMecs Bepcun CTPOK CABUratoTCsl BMeCTe Tak, UToObl CBOGOAHOE
MEeCTO Ha cTpaHuue 6bl10 NpeacTaBeHO OAHUM oparMeHTOM.
COOTBETCTBYIOLLUM 06PA30M N3MEHSIIOTCA N 3HAYEHNSA yKa3aTesen.

Bnarofapsi 3ToMy He BO3HMKaET Npo6/iem ¢ doparmeHTalmeli CBO60HOro
MecTa B CTpaHuLie.



HOT-camoouucTKa

IIpoBepHM, KaK pa6oTaeT caMoo4ucTKa IIpr HOT-0GHOB/IeHHsIX. OGHOBHUM CTPOKY €Ille Pas:
=> UPDATE t SET s = 'D';

UPDATE 1

B cTpaHuIIe cefigac YeThIpe BEPCUH CTPOKH:

=> SELECT * FROM t_v;

ctid | state | xmin | xmax | hhu | hot | t_ctid
------- s e s LR
(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 camoM [ejie MBI TOJIBKO UTO IIpeBbIcuiIu nopor fillfactor. 75% oT pasMepa CTpaHUITEI cocTaBJIsgeT 6144 6aiiToB, a pasHUIlA
MeXK/ly 3Ha4eHHUsIMU pagesize 1 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)

IIpoBepHM, UTO IIOPOT IeHACTBUTEILHO IpeBhIlTeH. OGHOBUM CTPOKY ellle pas:
=> UPDATE t SET s = 'E';

UPDATE 1

Kakwue H3MeHeHHs IIPOU30HAYT CO CTPaHHUIIeH?

=> SELECT * FROM t_v;

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

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

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

Bce HeakTyanbHbIe Bepcuu CcTpoK (0,1), (0,2) u (0,3) 6pLIM OUHIIEHE; ITOC/Ie 3TOTO HOBas BePCHUs CTPOKH ObLIa fobaBieHa Ha
0CBOGOIHBIIIEECS MECTO.

VKasaTesIH Ha OYHIIEHHBIE CTPOKH 0CBOGOXK/IEHE! (MMeIOT cTaTyc unused).

IIpu 3TOM yKasaTeJsb Ha IIepBYI0 BEPCHIO OCTAJICSI Ha MeCTe, HO II0JTy4mI cTaTyc redirect. [IpociefuTe CCHLIKH OT 3TOM TOJIOBHOM
Bepcud 10 KoHIa HOT-11ermouku.

BEITIOSTHEM 06HOBJIEHHE ellle HeCKOILKO 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)
(5 rows)
Crenytoliee 06HOBJIEHHE CHOBA BHI3bIBA€T CAMOOUYHCTKY:
=> UPDATE t SET s = 'H';
UPDATE 1
=> SELECT * FROM t_v;
ctid | state |  xmin | xmax | hhu | hot | t ctid
------- L e e e S e e (LR
(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 Tellephb IIOCTPOUM HH/IEKC 110 CTOJIGIY S M CO3/IaJiIM BCIIOMOIaTeJIbHOE IIpe/icTaBIeHHe, YTOObI 3aIJITHYTh 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

HpI/I CO3/IaHUH HHIEKCa HepeCTpOfIKH JAaHHBIX B TaGJIMUHBIX CTpaHUIIaX He ITPOMCXOJUT, HOT-jerrouku COXPaHAITCA:

=> SELECT * FROM t_v;

ctid | state | xmin | xmax | hhu | hot | t_ctid
------- B L L L T T e L
(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 us HHJIEKCa CChIIKA BeIeT K YKasaTeJIl0 HadaJjla IeII0YKH:
=> SELECT * FROM t_s_v;

itemoffset | ctid



J10 CaMOOUNCTKM Posggres

ctid K104

(0,2) | BAR

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

3 B_ o

= =2 T o

EBELE 2

ESESZ>

S238R82S

S E33SZ
yKasaresib Xmin  xmax E E § Eg 2 [aHHble
(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

Pa3ymeeTcsi, caMOo4mMCTKa paboTaeT 1 ANns Bepcuii, NOABUBLLMXCS B
pe3ynbrare 06bI4HOro (He HOT) o6HOBNEHMS.

Ha pucyHke npvBeaeHa cuTyaunst 0 O4MCTKN. B TabmuHo cTpaHuue Tpu

BEPCUMN OHOWN CTPOKU. [IBE N3 HUX HEAKTYaslbHbl, HE BUAHbLI HX B OAHOM
CHUMKE W MOTYT ObITb YAa/EHbI.

B MHAEKCe eCcTb TP CCbISIKN Ha KaXayt 13 BEPCUiA CTPOKMW.



[Toc/ie caMOQUUCTKU Posigres

ctid K/THou

0,2) BAR
03 v e oumaeTc
(0,1 | FOO

©
2 2,2
= o i — T 2
EZELe2
5 € o >
ykasatenu E (@] o 8 — E
oy 882TE5
cedszaeo
EEEES &
yKasaresk Xmin_ xmax X X X X £ €  [aHHble
(0,2) dead
(0,2) dead
(0,3) normal » 102 t 42 BAZ

13

Ecnun BbINOMHEHO yCNnoBKe A1 cpabarbiBaHUS CaMOOUYMCTKN,
[Be HeakTyasibHble Bepcun cTpoku (0,1) u (0,2) moryT ObITb €10 YaasIEHbI.
Toraa ykasartenu Ha yganeHHble Bepcun rnony4varoT ctatyc «dead»,

a ocBoboamBLLIEEeCs MECTO MOXET ObITb MCMOb30BaHO A1 BCTABKM HOBbIX
BEPCUIA.

B otninume ot cutyauum ¢ HOT-06HOBNEHMSAMU, 34€eChb HENMb3A 0CBOOOANTL
yKasartenu Ha yaanieHHble BepCUn CTPOK, MOCKO/IbKY Ha HUX CYLLEeCTBYHOT
CCbI/IKW U3 UHOEKCHOW cTpaHuupbl. Mpn nHaekcHoM goctyne PostgreSQL
mMoxeT nonyunts (0,1) nnnm (0,2) B kKadyecTse ngeHTudukaropa sepcun
CTPOKM, a 3aTem nonpoboBartb NPOITH N0 3TOMY UAEHTUUKATOPY

B TabGNMYHYIO CTpaHuLy, HO 6narogaps craTycy ykasarensa 06Hapyxur,

YTO 3Ta BEPCUA Y)Ke He CYLLEeCTBYET.

MpUHUUNMAIBLHO TO, YTO CAMOOUYMCTKA PaboTaeT TOIbKO B Npeaeniax ofHoii
Tab/IMYHOI CTPaHULbI 1 HE OUYULLLAET CTPaHULIbI MHAEKCA.



of] PROFESSIONAL

CamMoouuncTKa B MHgekce Pos{gres

HEHY)KHBIE WH/IeKCHbIE 3alT1CH

TIOMEYarOTCsI TIPH BHITIOJIHEHUH 3alpOCOB
OyayT yz#aneHbl, eC/ii B CTPAHHLIE He XBaTaeT MeCTa

Bocxopsiiiee ynaneHre UHAEKCHBIX 3amucei

eC/IM MeCTa BCe pdBHO He XBaTdeT, IIPOBEPAIOTCA BePCHUH CTPOK

14

Ecnn Tabnuua nmeet HeCKO/IbKO MHAEKCOB 1 0GHOB/ISIEMbIA CTONGEL,
BXOAUT XOTS 6bl B 0ANH U3 HUX, HOT-06HOBNEHME BYyAeT HEBO3MOXHO. [pu
3TOM 3HA4YeHUs CTONOLIOB, BXOAALLMX B APYrOi MHOEKC, MOTYT He
N3MEHUTLCHA, OQHAKO B TakOW MHAEKC BCEe paBHO NpUAETCS A06aBUTb CCbINKY
Ha HOBYIO BEPCUIO CTPOKM (MHAOEKC U3MEHSAETCA OM3UYECKN, HO He
norunyeckn). Ytobbl ndexarb 4acToM OUNCTKM UIN NepPeCcTPoOrKN NHAEKCA,
MOXHO 3apaHee pacno3HaBaTb HEHYXHblE NHAEKCHbIE 3annucu N yaanatb Ux
npwn HepocTaTke MecTa B MHAEKCHOW cTpaHuue. B PostgreSQL ecTb aBa
MexaHun3ma, No3Bosisoume 3To Aenartb.

Ecnv nNpu BbINONHEHUN 3aMNpoca BbISICHAETCS, UTO UHAEKCHAas 3anuchb
CCbI/IAeTCSl HA BEPCUIO CTPOKM, KOTOpas He CYLLLECTBYET UM HaxoamUTCs 3a
rOpU3oHTOM, Takasi 3anMcb NoMeyaeTcs kak MmepTBas. Ecnu He yaaetcs
pa3MecTUTb B CTpaHuLE OYepedHY0 UHAEKCHYIO 3anucb, B NEPBYL0 oyepeab
yAanaTCS Takme NoMeYeHHble 3anmncu.

Ecnn nsbexatb pacliensieHns Takum obpasom He yaaeTcs, BK/IoYaeTcs
MeXaHN3M «BOCXOAALEro yaaneHus koptexen» (bottom-up delete),
Ao6aBneHHbln B PostgreSQL 14. s MHAEKCHbIX 3annucei ¢ ognHaKoBbIM
3Ha4YeHneM Kr4va NpoBEPAOTCA COOTBETCTBYIOLLME BEPCUU CTPOK. ECiu
OKas3bIBaeTCA, UTO BEPCUA OTCYTCTBYET WU/ HAXOAUTCA 3@ rOPU30OHTOM,
NHAEKCHas 3anucb byaet yaaneHa. lNpoBepka TpedyeT obpalleHuns K
Tabsnvue, HO 3TO OKas3bIiBAETCH BbIrogHEee, YeM N1LLHee paclensieHmne
NHOEKCHOWN CTPpaHULbI.



CamoouncTKa HHIEKCa

VMEHBIINM JINHY CTPOKU TabJIUIIB], OIIYCTOIIINM ee, BCTABUM CeMb CTPOK U 0GHOBUM 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

3aryisHeM B IIOCTPaHUYHYI0 CTaTUCTUKY MHEKCa C IIOMOIITbI0 QYHKITMY M3 pacliupeHus 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 ]-+-----

blkno | 1
type | 1
live items | 14
dead items | 0
avg item size | 512
page size | 8192
free size | 924

B mH/eKCe celfuac Bcero ofiHa JINCTOBas CTpaHMIla (0Ha >Ke KOpHeBas), B KOTOPO ocTaochk 0koJo 900 6aiiT cBO60ZHOTO MecTa. B
Hel Haxo[AaTcs 14 MHIeKCHBIX 3allHCel:

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

itemoffset | ctid | dead

____________ e
1] (0,10) | f
2] (0,2) | f
3] (0,12) | f
4| (0,11) | f
5] (0,8) | f
6] (0,9) | f
71 (0,14) | f
81 (0,3) | f
9| (0,4) | f
10 | (0,6) | f
11 | (0,13) | f
12 | (0,1) | f
13 | (0,7) | f
14 | (0,5) | f

(14 rows)

A BOT CTPOKY, Ha KOTOPBI€ OHU YKa3bIBAIT:

=> 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 3aIIvCced CChIIAI0TCA Ha aKTyaJ/IbHbI€ BEPCUU TabGJIMUHBIX CTPOK, OCTaJIbHBbI€ CEMb — Ha MEPTBEIE, HO IIOJIYUUTH 3TY
I/IH(I)OpMaI_(I/IIO U3 UHAEKCa HEBO3MO’KHO. HOSTOMY IIpH cjleAyrolieM 00HOBJIEHUH CTpaHUIla UH/IEKCa paCHIieIInTCA.

Ho ecyix Kako#-To 3anpoc 06paTUTCS K TabJIHIle Yepes HHAEKC, eMy IIPHU/eTCs IIPONTH 110 CChUIKAaM M Y3HATh CTaTyChI Ta6IMYHBIX
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=0.060..0.061 rows=1 loops=1)
-> Index Only Scan using t s on t (cost=0.14..48.74 rows=40 width=0) (actual
time=0.042..0.046 rows=7 loops=1)
Heap Fetches: 14
Planning Time: 0.060 ms
Execution Time: 0.088 ms
(5 rows)

Takoi 3alIpocC rioMedaeT HEHY>XKHbI€ HH/IEKCHBIE 3aIlIMCH KaK dead...

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

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

... ¥ €CJIH TI0CJIe 9TOTO BBIIIOJIHUTEL 0OHOBJIEHUE,..

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

UPDATE 7

... TO OHO He IIPUBOJUT K pacllleIJIEHUI0 CTPaHUITb], IIOCKOIBKY yAaeTcs 0CBOOOAUTEL MeCTO /IJIsT HOBBIX 3aITHCel:

=> 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

Bocxosimee yaaJieHne

Teneps 106aBUM K Ta6JIHIle BTOPOIH TEKCTOBBIH CTOJIGEI] M MH/IEKC 110 HEMY:

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

ALTER TABLE

=> CREATE INDEX t_r ON t(r);

CREATE INDEX

OIIATH OITyCTOIIMM TabJIMITy ¥ BCTaBUM CTPOKH B TabJIUITY:

=> TRUNCATE t;

TRUNCATE TABLE

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

Terneps, IIOCKOJIBKY 06a CTOJIOIIA IIPOUH/eKCHPOBAHE], ITPH 00HOBIeHHH HOT-IIeII0YKH CTPOUTHCS He GyAyT. EC/I H3MeHSTh
TOJILKO ITEPBHIY CTOJIGELI, MHIEKC IT0 HeMy GYZeT pacTH:

=> 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 | 8
dead items | ©
avg item size | 512
page size | 8192
free size | 4020
-[ RECORD 2 J-+-----
blkno | 2
type | 1
live items | 7
dead items | ©
avg item size | 512
page size | 8192
free size | 4536
-[ RECORD 3 J-+-----
blkno | 3
type | r
live items | 3
dead_items | ©
avg_item size | 344
page size | 8192
free size | 7104
-[ RECORD 4 J-+-----
blkno | 4
type | 1
live items | 11
dead items | ©
avg item size | 512
page size | 8192
free size | 2472

OHAKO KJII0YU BTOPOTO MHAEKCA JIOTHYEeCKHU He U3MEHSIOTCS, II03TOMY IIPK HeJoCTaTKe MecCTa Cpa6aTLIBaeT MeXaHHn3M
BOCXOIAIIET0 yaaJIeHNs U CTPaHUIla BTOPOT0 MHAEKCa paClleIlIAThCA He ﬁy,t[eTZ

=> 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



of] PROFESSIONAL

Toru Posygres

Ecnm n3MeHsieMbIi cTobel] He BXOAUT HU B OJIMH WH/IEKC
1 Ha CTpaHulle ecTb MecTo — npuMeHsiercst HOT-o0HoB/IeH1e

[Tpu HeOCTaTKe MecTa B CTpaHuIle TaOJ/IUIbI UK UHZEKCa
aBTOMAaTHUeCKH BBITIOJ/IHSETCS CAaMOOYMCTKA

16



of] PROFESSIONAL

[1pakTuka Pos{gres

1. BocnpousBeauTe cUTyaldi0 CaMOOYMCTKH 6e3 yuactus HOT-
obHoBnenuii. IIpoBepsiiiTe comep>kumMoe TabTMUHOM 1
VH/IeKCHOM CTPaHML] C MOMOILIBIO PaCIIMpeHust pageinspect.

2. Bocmpoussegute cutyaruo HOT-o6HOBeHus1 Ha Tabuie
C WH/IEKCOM 110 HEKOTODPBIM TIOJISIM.

3. Bocmpouseegute curyaruro HOT-06HOBIeHMs, TIPH KOTOPOH
CaMOOYMCTKA He 0CBOOOJKaeT AOCTAaTOUYHO MeCTa Ha CTpaHUlLe U
HOBasi BepCHsl CO3/1aeTcsl Ha Ipyror crpaHuLe. CKOJIBKO 3arnucen
OyzeT B UHJEKCe B 3TOM CJydae?

17

1. 3anpoc Ans UHAEKCHOW CTpaHULLbl NOSIBASINICSA B AEMOHCTPALUN K TEeMe
«CTpaHuLbl 1 BEPCUM CTPOK» 3TOF0 MOAYNS:

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



1. Camoo4HncTKa

Co3nauM TabJIHIY C IBYMS ITOJISIMHU.

ITapamertp fillfactor ycraHOBHUM B 75%, KaK B IeMOHCTPAITHHU.

=> 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

Co3/aiiM MHIEKC 10 CTOJIGIY S:

=> CREATE INDEX t_s ON t(s);

CREATE INDEX

Kak 06BIYHO, HCITOIB3yeM pacIiupeHye 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) > 0 THEN ' (c)'
WHEN (t_infomask & 2048) > @ 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
Jlo6aBUM CTPOKY U 6y/1eM 0GHOBJISATH CTOJIGEI] 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

IIpy 3TOM B MH/[EKCe I KaXK/[08 U3 BepCHii GblyIa COOPMHPOBAHA 3aIIHCh:



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

itemoffset | ctid

____________ .
1| (0,1)
2| (6,2)
3] (0,3)
4 | (0,4)

(4 rows)

Hasnmuune uHaeKca Ha 06HOBJISIEMOM CTOHGHG IIpUBeEJIO K TOMY, UTO HOT-06HOBJIEHHE He UCII0Ib30BaIOCh:

=> SELECT * FROM t_v;

ctid | state | xmin | xmax | hhu | hot | t ctid
------- R e R Y R R
(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)

Kax 1 B IleMOHCTpaLMH, ellle 0JHO 0OHOBJIEHHe CTPOKH IIPUBOJUT K CAMOOYHCTKE:
=> UPDATE t SET s = 'E';
UPDATE 1

=> SELECT * FROM t_v;

ctid | state | xmin | xmax | hhu | hot | t ctid
------- B i S s e
(0,1) | dead | | I I
(0,2) | dead | | | | |
(0,3) | dead | | | | I
(0,4) | normal | 751 (c) | 752 | | | (0,5)
(0,5) | normal | 752 | 0 (a) | | | (0,5)

)

Bce HeakTyanbHBIe Bepcuu CcTPoK (0,1), (0,2) u (0,3) oUHILleHE]; IIOCJIE 3TOT0 Ha 0CBOOOUBIIIeeCs MECTO fobaBIeHa HOBask BEpCUs
cTpok# (0,5).

CaMoOuHCTKa He 3aTparuBaeT UHJEKC:

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

itemoffset | ctid

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

(5 rows)

ITo saTout IIpUYHHE YKa3aTe/In Ha OUHII€eHHbIe CTPOKU B Ta6ﬂHHe HeE OCBO60>K,E[EHLI, a UMeRT CTaTycC dead.
2. HOT-0GHOB/IEHIE IPH HATHYHH HHAEKCa

V@aauM MH/eKC IT0 CTOJIOIY S ¥ fo6aBHUM APYTOH, 110 cToI6ITy 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.II/IM TaGJ’II/IHy U IIOBTOPHUM KOMaH/JBI, IIPUBOJAIIE K CAMOOYHCTKE:



=> 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 I/IHﬂeKCHOI;I CTpaHUIle TOJIBKO O/THA CChLJIKA Ha TaGJII/IU;yZ
=> SELECT * FROM t_id_v;

itemoffset | ctid

B TabuuHOM CTpaHHUIEe — BEPCHUU CTPOKH, 06'LEAI/IHEHHBIE B CITHCOK:

=> SELECT * FROM t_v;

ctid | state | xmin | xmax | hhu | hot | t ctid
------- R e R Y R R
(0,1) | normal | 757 (c) | 758 (c) | t | | (0,2)
(06,2) | normal | 758 (c) | 759 (¢) | t | t | (0,3)
(0,3) | normal | 759 (c) | 760 | t | t | (0,4)
(0,4) | normal | 760 | 0 (a) | | t | (0,4)
(4 rows)

HHpekc Ha cTos611e He MertaeT HOT-06HOBJIEHHIO, CJTH 3TOT CTOJIGEI] He 06GHOBJISETCS.

3. PaspeiB HOT-nenmouxku

| => \c mvcc_hot

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

| BEGIN

| => SELECT count(*) FROM t;

Tereps BBINOJ/IHAEM 0OHOBJIEHHE 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
------- 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)

Crenyroliee 0OHOBJIEHHE YKe He CMOKeT 0CBOOOJUTE MeCTO Ha CTPaHHMIIe:
=> UPDATE t SET s = 'L';
UPDATE 1

=> SELECT * FROM t_v;

ctid | state |  xmin | xmax | hhu | hot | t ctid
------- L e S ek T R
(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)

BupuMm ccpuiky (1,1), BeAyIyro Ha CTpaHHIy 1.

[IpencraBiaeHue pg_stat_all tables rmoka’keT KOJIMYeCTBO U3MEHEHHBIX CTPOK (B TOM YHcIIe ¢ IpuMeHeHHeM HOT), a Taxoke
KOJINYECTBO U3MEHEHHBIX CTPOK C IIepexX0/Io0M Ha HOBYIO TabIMYHYI0 cTpaHuIly. Ecyiu 3To 3HaueHUe ITpH paboTe ¢ TabIuriei
6yZleT LoCTaTOUHO GOJIBIIINM, TO CJIe[[yeT 3aJyMaThcsl 06 yMeHbIleHUH 3HaueHu 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

Ter[epb B HHJIEKCe IB€ 3aIlCH, Ka>K[lasl YKa3bIBae€T Ha Ha4daJI0 CBOEH HOT-HEHO‘IKPIZ
=> SELECT * FROM t_id_v;

itemoffset | ctid

(2 rows)

| => commIT;

| commIT



